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METHOD AND APPARATUS FOR ENERGY CONVERSION

The present invention relates to a method and an apparatus for energy conversion. More particu-
larly, the invention relates to such energy conversion in which nuclear energy is converted to other

energy types via a nuclear fusion process.

In general, nuclear fusion of chemical elements will produce excess energy when a number n of
such input chemical elements with mass numbers 4; and an atomic numbers Z; are fused, as long
as the resulting 4y = A; + A, + -+ + A, and Z; of the fusion product satisfies Zp < 26. The total
number Ay = N, + N, of N, number of protons and N, number of neutrons does not change in
the fusion process, at least not for the energies used herein. it is well-known that a central diffi-
culty with nuclear fusion is that it is necessary to overcome the electromagnetic repulsion be-
tween two nuclei of the fusion material and to bring the nuclei close enough for the attractive but

short-range strong nuclear interaction to overcome the electromagnetic repulsion.

Conventionally, an approach has been tried using a plasma having high temperature, and to over-
come the electromagnetic repulsion through high-speed collisions between nuclei due to said high
temperature. The rationale behind this approach is to achieve random high-speed collisions at
high temperatures, typically exceeding 10° K. The property of random collisions, however, trans-
lates directly to low efficiency. The high temperature also transiates to an expensive energy pro-

duction and safety problems.

it would therefore be desirable to achieve nuciear fusion at low temperatures. in particular, it

would be desirable to be able to achieve such low-temperature nuclear fusion in an efficient pro-
cess. Such efficient low-temperature nuclear fusion could then be used in a fusion reactor, a bat-
tery or a fuel cell to provide large amounts of energy. The present invention solves the above de-

scribed problems.

Hence, the invention relates to a method for converting nuclear energy by fusing deuterium or trit-
ium nuclei, which method comprises the initial step of providing a first hydrogen atom, in turn com-
prising a first deuterium or tritium nucleus and a first electron, and a second hydrogen atom, in turn
comprising a second deuterium or tritium nucleus and a second electron, which method further
comprises the following steps: a} bringing the first nucleus and the second nucleus together to a
distance between the first and second nucleus of at the most 7 A; b) applying a first magnetic field
such that a resuiting total magnetic field {B) is arranged to align a first spin of said first nucleus in

relation to a second spin of said second nucleus so that a respective spin axis of said first and second
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spins are anti-parailel and directed sither towards each other or away from each other and so that
said first and second spins are projected on a common line between the first and second nuclei,
which common line is parallel or anti-paraliel to the total magnetic field {B); ¢} ionizing said first
hydrogen atom, or modifying the electron orbit of said first electron such that a spatial distribution
for the first electron is such that the probability for the first electron to exist in a region between
the first and second nuclei along the common line is smaller than in a spherically symmetric spatial
distribution; d) ionizing said second hydrogen atom, or modifying the electron orbit of said second
electron such that a spatial distribution for the second electron is such that the probability for the
second electron to exist in a region between the first and second nuclei along the common ling is
smaller than in a spherically symmetric spatial distribution, wherein steps a)-d} may be performed
in any order but so that the first and second nuclei are provided at said distance, with said spin

orientation and said ionized or electron orbit modified state, at one and the same time.

Each of the steps a}-d) can also be performed any number of times, in parallel and/or in sequence.

Hence, the invention relates to the fusion of deuterium and/or tritium. In preferred cases, only trit-
ium or only deuterium is used {within contamination limits}. In other words, the first and second
nuclei are preferably either both deuterium nuclei or both tritium nuclei, and preferably all {within
contamination limits) participating nuclei pairs of a plurality of such nuclei pairs fused according to
the present invention are either all deuterium or all tritium. However, it is foreseeable that, in some
cases, deuterium-deuterium and tritium-tritium pairs may be fused within one and the same pro-

cess.

That the nuclel are brough together means that they are geometrically displaced to a common ar-
rangement in which they are provided at said small distance in relation to each other. it is this rela-
tive geometric arrangement of the nuclei that is to prevail at the same time as said spin orientation
and said ionized/electron orbit modified state is to prevaii for fusion to occur with a probability farge

enough so as to release significant amounts of fusion energy.

Using a selected and adapted magnetic field to achieve such spin alignment to first and second nu-
clei that are at the same time brought into such close proximity to each other and the respective
electron distribution has thus been modified (or the atom in question even being compietely ion-
ized}, fusion of the deuterium or tritium nuclei can be achieved even at low temperaturss, forming

a helium nucleus.
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The “total magnetic field” includes the “first magnetic field”. It is understood that the total magnetic
field also may include, as a subcomponent, the sarth magnetic field and/or any other external or
internal magnetic field. What is important that the first magnetic field is a magnetic field that is

actively applied, and which achieves said effect in terms of spin alignment.

That the spatial distribution for the first/second electron is modified such that the probability of the
electron in question exists in a region between said nuclei along the common line is smaller than in
a spherically symmetric spatial distribution means that said spatial distribution is skewed away from
said region. In practise, this means that the spatial distribution of the electron in question is affected
so that it does not significantly prevent the approach of the first and second nuclei due to repelling
electric force between an electron encircling the first nuclei and an electron encircling the second

nuclei. This may, for instance, be achieved using applied magnetic fields as described herein.

The same magnetic field achieving the spin alignment can also be used to modify the electron dis-

tribution, or the latter can be achieved in other ways.

The fusion can be performed for one or a plurality of hydrogen nuclei pairs, each carefully being
individually aligned and brought together using carefully selected electromagnetic fields, or a large
plurality of hydrogen nuclei can be brought together under conditions where there is a significant
probability for such atoms to pairwise end up in such spin aligned, electron distribution modified,
proximate conditions by random movements of such nuclel under such conditions. This will be ex-

emplified below.

it is understood that the term hydrogen/deuterium/tritium “nuclei”, as used herein, may referto a
nucleus only consisting of a proton and zero or more neutrons, or to a hydrogen/deuterium/tritium

atom also consisting of an electron.

Generally, the principles described herein are applicable to deuterium, and as an alternative and as
applicable also to tritium. However, protium {*H) is not useful as a Fusion Material according to the
present invention and the description provided herein. in the atmosphere, and on Earth in general,
protium dominates the hydrogen resources. Therefore, in order to perform the present invention
first a deuterium and/or tritium source must be selected and provided to provide such Fusion Ma-
terial. in all embodiments, such a deuterium and/or tritium provision step may hence form an initiai
step, and the system according to the invention will generally be adapted to receive such Fusion
Material from such a source, which source may form part of the system in question. At any rate, the

Fusion Material used according to the present invention may contain other elements than
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deuterium and/or tritium, but preferably contains (by volume) at east 50%, such as at least 80%,
such as at least 90%, or even at least 95%, deuterium, tritium or a mixture of deuterium and tritium.
Specifically, the present Fusion Material may comprise {by volume) at the most 50%, such as at the

most 20%, such as at the most 10%, or even at the most 5%, protium.

In general, the present invention can be used to convert energy, for instance by giving rise to thermal
and/or electric energy which is ready to harvest and use for different purposes. in order to achieve
such energy conversion at macroscopic levels, the invention will typically be used to fuse not only
one pair of hydrogen nuclei, but to perform the invention on a plurality of hydrogen nuclei that are
pairwise fused. in other words, it is typically question of a population of hydrogen atoms/nuclei. For
any two hydrogen nuclei of such a population, fusion will occur at some probability, inter alia de-
pending on the distance between the nuclei in said pair. The present inventor has discovered thata
distance of at the most 7 A will result in sufficiently probable fusion so as to achieve significant
energy production at macroscopic levels. Hence, while according to the invention the particular hy-
drogen nuclei pair which is to be fused is to be located at a relative distance of at the most 7 A, on
the macroscopic level it is desirable that a sufficient share of the hydrogen nuclei to be used for
fusion are pairwise arranged (at the same time or at different times, depending on embodiment) at
a respective relative distance of at the most 7 A. This may mean, for instance, that at least 0.1%,
such as at least 1%, such as at least 10%, such as at least 50%, such as at least 80%, or even all or
substantialiy all, of nudlei of such pairs of hydrogen nuclei, are arranged at the most 7 A from each

gther at least at some point during the process. The number will depend on embodiment.

In some embodiments, said total magnetic field is arranged to generate an energy splitting between
hydrogen nucleus spin states which is then used to separate wanted spins from unwanted spins
using an electromagnetic field arranged to filter out nuclei not having particular predetermined en-
ergy states. This increases yield in terms of proportion of fused nuclei. As mentioned, the total mag-

netic field may be controlled by selecting and applying a suitable first magnetic field.

In some embodiments, said total magnetic field is at least 100 uT of strength, or at least significantly

above the natural magnetic field of the Earth.

In some embodiments, said fusion between the first and second nuclei produces a helium nucleus
as well as electromagnetic radiation, which electromagnetic radiation is absorbed by an energy ab-
sorbing means. Such an absorbing means comprises a water body which is at least 0.1 meters of

connected water in a radiation direction of said electromagnetic radiation, and the absorbed energy
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then manifests as thermal energy. This provides for a simple and failproof way of harvesting the

energy released via the fusion reaction.

in some embodiments, said absorbing means comprises a photovoitaic cell, and the absorbed en-
ergy then manifests as electric energy. This is an alternative or additional way of providing such

simple and failproof harvesting.

In some embodiments, said hydrogen atoms and deuterium or tritium nuclei are kept at an average
temperature which is at the most 1,000 K, preferably at the most 500 K, preferably at the most 350
K, throughout the process. Moreover, the hydrogen atoms and deuterium or tritium nuclei may be
kept at an average temperature which is at least 0 °C throughout the process. It is pointed out that
the present invention in general does not require very elevated temperatures, and that it may even
perform significantly better under such lower-temperature conditions. This is advantageous since it
substantially reduces investment requirements as compared to conventional {(still experimental)
very high temperature {tens of million degrees or even more} fusion processes. These mechanisms

will be described in detail below.

in some embodiments, the present method further comprises the initial step of locally producing
said first and second hydrogen atoms by separating, such as using electrolysis, hydrogen dioxide,
such as deuterium or tritium dioxide, to form hydrogen gas and oxygen gas. This provides a simple
way of obtaining Fusion Material, which may be performed physically directly in connection to the
fusion process itself, as applicable. Such a separation step may be preceded by a separation step in
which deuterium and/or tritium containing material is first separated from non-deuterium and/or
tritium containing material, and where such separated out material is used in said local production

of Fusion Material.

In some embodiments, said steps ¢} and d) comprise ionization of said first and second hydrogen
atoms. Such ionization may be performed by subjecting the hydrogen atoms to electromagnetic
radiation. lonization provides an efficient way of removing electrons from a volume between two

deuterium or tritium nuclei to be fused so as to facilitate fusion.

In some further embodiments, the present method may further comprise applying a first aligning
electric field to the first hydrogen nucleus, arranged to align a neutron of the first hydrogen nucleus
in relation to a proton of the first hydrogen nucleus along a predetermined first alignment direction,
and also applying a second aligning electric field to the second hydrogen nucleus, arranged to align

a neutron of the second hydrogen nucieus in relation to a proton of the second hydrogen nucleus
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along a predetermined second alignment direction. In such embodiments, said first and second
alignment directions may furthermore be arranged so that said neutron of the first hydrogen nu-
cleus faces either said neutron of the second hydrogen nucleus or said proton of said second hydro-
gen nucleus, preferably so that said neutron of the first nucleus faces said neutron of the second
nucleus. Using two such aligning electric fields provides an efficient way of achieving a desired rela-
tive alignment between two nuclei to be fused. In particular in a setup in which two such nuclei are
injected towards each other from two different directions, each such injected nucleus can be af-
fected by its own separate electric field. in this and other embodiments, the two aligning electric
fields can have mutually different orientations and affect different, or even completely separated,
volumes in space, in which respective volume either of said aligning electric fields dominates. The
point of fusion between said nuclei may then be arranged between said volumaes, such as at the

border between them.

The method may hence further include injecting at least said first nucleus into a reaction chamber
as a part of a particle beam so that said bringing together specified in step a} thereby is achieved. In
particular, both said first nucleus and said second nucleus may be injected into said reaction cham-
ber as a part of a respective hydrogen particle beam, where the first nuclei is a part of a first beam
and the second nuclei is a part of a second beam, which first and second beams intersect by having
at least one flow direction component which is paralliel and of opposite sign. Said particle beams
may be parallel and oppositely directed. Using the principles described herein, for instance, the spin
and proton/neutron alignment of such injected nuclei can be controlled, together with a relative
nuclei velocity at the point of fusion, to a sufficient degree so as to achieve fusion. Then, an injection

achieves a very simple and efficient way of providing the Fusion Material to the point of fusion.

Moreover, each beam in question may be achieved simply using a respective accelerating electric
field, accelerating the nucleus in question. in some of these embodiments, for each of said beams
the accelerating electric field may have an opposite field direction as compared to said first aligning
electric field. Then, the aligning field may be used both for aligning and decelerating the injectad

niuclei to a desired final velocity at the point of fusion.

In some embodiments, said accelerating electric field has a vertical field direction. This provides a

way to achieve a very well-controiled injection path without having to consider the effects of gravity.

Said first and second aligning electric fields may be applied so as to decelerate the velocity of the
nuclei in question, so that its velocity relative to the other nuclei in question is less than £1-10" m/s

when they are brought together in step a}, or alternatively so that the total kinetic energy of the
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first and the second nuclei, when they are brought together in step a), is less than 1 keV. This is
achievable, for instance using the principles described herein, and provides adequate conditions for
fusion at a sufficient probability to vield sufficient fusion on a statistical level for adequate energy

production.

In some embodiments, the method may further comprise ionizing a third hydrogen atom, in the
form of a deuterium or tritium atom, to achieve a third deuterium or tritium nucleus; applying said
first or second aligning electric fields to the third nucleus, arranged to align a neutron of the third
nucleus in relation to a proton of the third nucleus; bringing the third nucleus into physical proximity
to a fourth deuterium or tritium nucleus, which third and fourth nuclei do not fuse; and collecting
the third nucleus, such as using a collecting electric field, and reusing the third nucleus as the first
nucleus in steps a) - ¢). This way, non-fusion of a statistical share of nuclei, due to chance misalign-

ment and similar, is handled by simply reusing the non-fused material.

in some embodiments, the method further comprises applying at least one quantum state filter only
allowing said first and/or second nucleus to be brought together in step a} in case the hydrogen
nucleus in guestion with a total spin S = K has a spin projection state §, = +K, such as by increas-
ing a nucleus scattering amplitude for other spin energy states. In particular, the method may fur-
ther comprise applying a respective bending electric field to at least one of said first and second
nuclei, arranged to bend a path through space of the nucleus in gquestion, wherein a magnitude of
said bending depends on a spin of the nucleus in question, and wherein the nucleus in question, due
to said bending, will be brought into contact in step ¢} only in case said spin fulfils a predetermined
condition. This provides an efficient way of filtering away individual nuclei before reaching the point
of fusion (being brought together with a counterpart nuclei for fusion}, which individual nuclei have
poor prospects of actually participating in a nuclear fusion and that as a result risk disturbing the

fusion between other pairs of nuclei.

In some embodiments, the distance of step a) is at the most 1000 fermi. This provides adequate

prerequisites for fusion.

in some embodiments, said modifying of the electron orbits of steps ¢} and d} and said bringing
together of step a) is performed by loading a plurality of ionized or non-ionized deuterium or tritium
atoms into a metal crystal, such as via diffusion or bombardment of deuterium or tritium nuclei into
the metal crystal, or by connecting the metal crystal as an anode and placing the corresponding
cathode into water composed of the selected hydrogen isotope and then loading the metal crystal

with hydrogen via electrolysis. The metal crystal may be a monocrystal or polycrystalline material
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having a crystal structure achieving said modifying of the electron orbits of steps ¢} and d} as a result
of a geometry of said crystal structure when said deuterium or tritium nuclei are loaded into said
metal crystal so as to occupy crystal lattice positions with a distance between two adjacent ones of
said nuclei of at most one lattice constant apart. Such loading into a metal crystal lattice provides a
simple way of achieving both a suitable intra-nuclei distance for fusion, and a fixing of adjacent pairs
of nuclei in the wake of fusion. In other words, such loading into a lattice provides adequate time
for the nuclei to fuse, given that under the influence of an externally provided magnetic field the

required alignment takes place on a statistical level, providing a large number of such nucleus pairs.

In order to achieve a reasonably frequent fusion in such metal crystal over time, the ratio of the
number metal atoms per number of ionized or non-ionized deuterium or tritium atoms after loading

may be at least 0.8, preferably at least 1.5.

The metal crystal may be of macroscopic nature, constituting a battery or fuel cell type arrangement.

More particularly, a total mass of said metal crystal may be at least 1.2 - 107 grams.

In order to further facilitate the fusion by improved statistical conditions in various embodiments of
the present invention, a third aligning electric fieid may be applied causing Bloch osciliations ar-
ranged to momentarily decrease a relative distance between nuclei situation adjacent each other in

said metal crystal.

In some embodiments, in order to efficiently harvest the produced energy the method further com-
prises encapsulating said metal crystal in a material arranged to absorb photons and possible neu-
trons to generate thermal energy, and/or absorbing thermal energy directly in that form, and/or
absorbing photons to generate electric currents and to convey such thermal energy and/or gener-

ated electric current away from the metal crystal.

The metal crystal may be any of palladium, titanium, magnesium, aluminium, lithium, sodium, lan-
thanum or nickel, or a {possibly complex) compound with any of these elements as one component.

Hence, metal alloy crystals of two or more different metals are thinkable.

in order to further facilitate fusion on the statistical level, a field strength of an induced magnetic
fisld within the metal crystal may be increased using a ferromagnetic material comprising cobalt,

iron, nickel, neodymium and/or samarium inside or in connection to the metal crystal.
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In order to further facilitate fusion, a second magnetic field may also be applied, which second mag-
netic field is varied over time with a frequency within 25% of the corresponding nuclear spin projec-

tion transition resonance energy of the ionized or non-ionized deuterium or tritium.

Said second magnetic field may hence be a different subcomponent contributing to said total mag-
netic field, and is in general different from said first magnetic field. Both said first and said second

magnetic fields are preferably externally and actively applied, when used.

Furthermore, said second magnetic field may be applied so that it is orthogonal, or at least substan-

tially orthogonal, such as orthogonal within a £10% margin, to said first magnetic field.

Also, said first magnetic field may furthermore be a static magnetic field. This is then in contrast to

the variable second magnetic field.

Generally, the total magnetic field as described above, including said first and possibly said second

subfields, may be applied at least during 10 ms.

in some embodiments, said bringing together of step a) may be achieved by the first and second
nuclei forming {when the nuclei in question is an ionized hydrogen atom)}, or forming part of {(when
the nuclei in question is a nuclei of a non-ionized hydrogen atom}, a deuterium or tritium molecule.
Forming deuterium or tritium molecules is a simple way of achieving sufficient geometric proximity
of the nuclei to achieve fusion once the two nuclei of the same molecule are aligned according to
the principles described herein. it is noted that, also in this case, the electron orbits are modified or

that electrons are removed as a result of the ionization.

in particular, the method may further comprise keeping a plurality of such deuterium and/or tritium
molecules in a confined volume under subjection of the entire confined volume to the total mag-
netic field of step b) for at ieast 1 minute, such as at feast 1 hour. Then, the volume hence kept may

be gaseous.

in some embodiments, the method may be designed to be repeatable by further comprising a sub-
sequent emptying step in which helium formed is emptied and the confined volume is refilied with

a new plurality of deuterium and/or tritium molecules.

In some embodiments, steps ¢} and d) may comprise ionizing said first and second hydrogen atoms

forming said deuterium or tritium molecule.
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Moreover, the invention also relates to a system for converting nuclear energy by fusing deuterium
or tritium nuclei, which system comprises a hydrogen atom provision arrangement, arranged to, in
an initial step, provide a first hydrogen atom, comprising a first deuterium or tritium nucleus and a
first electron, and a second hydrogen atom, comprising a second deuterium or tritium nucleus and
a second electron, which system further comprises a nucleus movement-imparting arrangement,
arranged to bring the first nucleus and the second nucleus together to a distance between the first
and second nucleus of at the most 7 A, which system further comprises a magnetic field provision
arrangement, arranged to apply a first magnetic field such that a resulting total magnetic field is
arranged to align a first spin of said first nucleus in relation to a second spin of said second nucleus
so that a respective spin axis of said first and second spins are anti-parallel and directed either to-
wards each other or away from each other and so that said first and second spins are projected on
a common line between the first and second nuclei, which common line is parallel or anti-parallel
to the total magnetic field, which system further comprises a hydrogen atom electron orbit modify-
ing arrangement, arranged to ionize said first hydrogen atom, or to modify the electron orbit of said
first electron such that a spatial distribution for the first electron is such that the probability for the
first electron to exist in a region between the first and second nuclei along the common line is
smaller than in a spherically symmetric spatial distribution, which hydrogen atom electron orbit
modifying arrangement is further arranged to ionize said second hydrogen atom, or to modify the
electron orbit of said second electron such that a spatial distribution for the second electron is such
that the probability for the second electron to exist in a region between the first and second nuclei
along the common line is smaller than in a spherically symmetric spatial distribution, and wherein
the system is arranged to perform said bringing said nuclei together, said application of said mag-
netic field and said electron orbit modification in any order but so that the first and second nuclei
are provided at said distance, with said spin orientation and said ionized or electron orbit modified

state at one and the same time.

Said nucleus movement-imparting arrangement may work using different per se known principles,
such as an electric field accelerating a hydrogen ion or by allowing individual hydrogen atoms to

form hydrogen molecules. This is described in various detailed examples herein.

Said magnetic field provision arrangement may be a per se conventional magnetic field-inducing

mechanism, providing a magnetic field of any suitable shape and magnitued.

Said hydrogen atom electron orbit modifying arrangement may also work using different per se

known principles, such as by applving an electric and/or magnetic field, by ionizing hydrogen atoms
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and/or by loading hydrogen atoms into a metal lattice, such as is described in various detailed ex-

amples herein.

in the following, the invention will be described in detai, with reference to exempiifying embodi-

ments of the invention and to the enclosed drawings, wherein:

Figure 1 iHlustrates the compact space-like 2-surfaces representing the neutron n and proton p as a

boundary of gluon and other interactive boson propagations in a deuterium atom nucleus;

Figure 2 illustrates two deuterons with their @ = 0 tubes aligned;

Figure 3 illustrates a continuous homeomorphic deformation of the simple Kerr-Newman model

depicted in Figure 1;

Figure 4 illustrates how a small non-zero electric repulsion arises on the average from impossibility

to exactly prepare the quantum statesas § = §,;

Figure 5 illustrates a first exemplary embodiment of the invention;

Figure 6 is an overview of a Fusion Reactor embodiment according to the present invention;

Figure 7 illustrates a conventional nuclear fission plant, suitable for modification to be used with a

method according to the present invention;

Figure 8 illustrates a Fusion Reactor embodiment of a Fusion Material container version according

to the present invention;

Figure 9 is an overview diagram illustrating a gas chamber principle used by the present invention;

Figure 10 is a simplified illustration of a Battery according to the present invention;

Figure 11 is an illustration of two deuterium atoms in a particular isospin ordering of the nuclei;

Figure 12 illustrates a modification of the electron orbits of the deuterium atoms shown in Figure

11, which modification is obtained by applying a magnetic field;

Figure 13 illustrates the deuterium atoms shown in Figure 11 but after ionization;
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Figure 14 illustrates the deuterium atoms shown in Figure 11 loaded into a hydrogen absorbing

material;

Figure 15 illustrates the deuterium atoms shown in Figure 11 brought together to form a deuter-

ium molecule;

Figure 16 is a flowchart showing a method according to a first embodiment the present invention;

Figure 17 is a flowchart showing a method according to a second embodiment the present inven-

tion; and

Figure 18 is a flowchart showing a method according to a third embodiment the present invention.

Put generally, the present invention solves the efficiency problem for nuclear fusion by a more
precisely controlled fusion process. Since the present method can be performed at relatively low
temperatures, it will normally involve significantly lower costs than conventional fusion processes.
More particularly, the operating temperatures used in the present method may be in the range of

0-10% K, including STP.

As used herein, the term “cold fusion” may refer to nuclear fusion in a fusion reactor, a battery
and/or a fuel cell, as the case may be, which nuclear fusion is performed within said relatively low

temperature interval.

Theoretical background

The existence of low temperature nuclear fusion has been under debate. However, as will be ex-
plained herein low temperature nuclear fusion is actually allowed by well-known theory. in the fol-
lowing, this will be shown by providing the same conclusion from different and independent
branches of physics. In General Relativity, and in particular in black hole thermodynamics (see Rob-
ert M. Wald, General Relativity {The University of Chicago Press 1984), Section 12.5, p. 330-337),
the area of an event horizon is directly related to the entropy of the black hole. The First Law of
Thermodynamics relates a change in energy to a change in entropy. Two black holes can coalesce
in a low temperature environment with a change in area of the new merged black hole. This

change in area implies a change in entropy, and therefore a change in energy.

It was initially believed that the area of the event horizon could only increase, and that the merged
event horizon would therefore not in principle be able to emit significant energy. However, Hawk-

ing {Hawking, S. W., Comm. Math. Phys. 43, 199-220; 1975) discovered that a black hole can
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decrease the area by emitting significant radiation or energy. This consideration is not only valid
for astrophysical objects in cold interstellar environments. The physical size of an astrophysical
black hole depends, apart from its mass, directly on the value of the Newton Gravitational Con-
stant G. If G has a different value, then event horizons can arise with different masses, different
mass densities and different sizes. Recent measurements (see Gillies, George 7., Reports on Pro-
gress in Physics 60 (2), 151-255; 1997) of G have yielded results with mutually exclusive values of
G. These measurements indicate that G is not a universal constant but instead it is apparently a
variable. Fermi observed that General Relativity in the original form provided by Einstein does not
implement the Mach principle fully, and for this reason Brans and Dicke {Brans, C. and Dicke, R.H.,

Phys. Rev. 124, 925-935; 1961} have modified General Relativity by treating G as a scalar field.

Event horizons of guantum object size may be obtained as extremum values, singular values, poles
or limiting values of the Brans and Dicke scalar field. An event horizon is mathematically a null
hypersurface of which the space-like projection part is compact. A Kerr-Newman event horizon

space-like projection part is homeomorphic to the 2-sphere §%.

Bounded stable regions defined by the propagation of massless fields define such null surfaces.
The compactness implies in this case that the massless fields do not propagate to space-like infin-
ity. Compact null hypersurface space-like projection parts therefore define space-time curvatures
for systems that are stable, or equivalently stationary, and non-radiating of energy. This applies to
massltess gluon fields holding quarks together in protons and neutrons as well as to other massless
vector boson fields associated with carrying the electroweak and strong interactions of nuclei, the
gauge boson fields. The propagation surfaces of massless fields can be used to define the geome-

try and space-time curvature. The mass is associated with a Higgs scalar field.

The ad-hoc spontaneous symmetry breaking or an ad-hoc brute force addition of massive Lagran-
gian terms is disregarded in this model, but in principle the same observation of compactness for
the space-like projection of the propagation of probability amplitude wave functions applies for
massive fields. The propagation of gluon and interaction boson null fields, i.e. massless fields that
do not escape to space-like infinity, generating stable systems of nuclei, define compact nuli

hypersurfaces for the space-like projection part and thereby define event horizons.

Nuclear fusion as regarded as the merging of event horizons therefore does not depend on a high
ambient temperature or high velocity collisions but instead on producing compact space-like pro-
jection parts of null hypersurfaces by an appropriate engineering of the space-time curvature and

the electromagnetic field tensors F;, in a local neighbourhood of the nuclei. The ambient
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temperature of the nuclei can be the same as the cold interstellar temperature in the black hole

null hypersurface case. The energy-momentum {-strass) tensor Ty, is directly connected to the

space-time curvature through the Einstein field equations.

in Quantum Hadrodynamics {QHD}, in Quantum Chromodynamics {QCD} and in particular in Lat-
tice Gauge Theory (LGT), a quark-gluon plasma phase transition {see John Dirk Walecka, Theoreti-
cal Nuclear and Subnuclear Physics {Imperial Collage Press 2013}, Chapter 19, p. 160-168) is ob-
tained for nuclear matter at high enough baryon density as a low temperature limit 7 — 0 when
combining QHD and QCD. The QHD phase, i.e. describing the nuclear matter as interacting neu-
trons and protons, is a phase transition in the limit T — 0 under the same baryon density condi-
tion. QHD describes nuclear fusion, and in particular the concept of nuclear fusion as interacting
neutrons and protons has a real meaning only in the low temperature limit T — 0 at sufficient en-
ergy-momentum density. The concept of nuclear fusion has no meaning in the limit T — oo, QHD
nuclei formations and transitions, including fusion, therefore do not depend on a high tempera-
ture environment but on an appropriate engineering of the nuclear forces in order to overcome

the electromagnetic repulsions.

Regarding nuclear forces as a relativistic quantum field theory or a relativistic mean field theory
{RMFT), again nuclear forces can be engineered at low temperatures by engineering the space-
time curvature and the electromagnetic field tensors in the region under consideration. In fact,
this engineering becomes simpler at lower temperatures. The engineering of the nuclear forces
can be achieved independently whether the nuclear forces are regarded as carried by null fields or
symmetry broken massive fields. For example, if the nuclear forces are described by a Yukawa po-
tential on a given space-time, then one aspect of the space-time curvature engineering implies an
engineering of the Yukawa potential by stretching, compressing, bending and twisting this space-
time, or executing a non-homeomorphic transformation of the topology of this space-time. The
space-time curvature engineering is not limited by a particular value of the Newton Gravitational
Constant G, as it is possible to vary the energy-momentum density T, in this engineering. The
space-time curvature engineering can be considered as an engineering of the Einstein field equa-
tions, but where the Newton Gravitational Constant may have any value. As an example, a mean
field theory, such as the RMFT above, can be used as a R.H.S. source T, in the Einstein Field equa-
tion using known techniques from Quantum Field Theory on curved space-times and changing the

Newton Gravitational Constant can be regarded as changing T,;, by a re-scaling.

The Basis of the space-time curvature engineering
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This section focuses on the space-time curvature engineering part, since the engineering of the
electromagnetic field tensor part F,;;, is already well-known. This section shows how to apply the
method of space-time curvature engineering by engineering T, in practice, either by building a
theoretical model from which the required design of T, can be deducad depending of what Fu-
sion Material and Doping Material is at hand, or by using an experimental model on how to design
Typ- For both the theoretical model and the experimental model, the present invention has the
following physical and mathematical basis. The basic physics and mathematics is presented in
terms of 4-tensors, although the model can equivalently but more compactly be described in re-
duced 2-spinor form {see R.Penrose & W.Rindler, Volume 1, Two-Spinor Calculus and Relativistic

Fields {Cambridge University Press 1990}, Section 4.6, p. 231-237).

Baryons and other hadrons are assigned space-like extensions into space-time in the sense that
not all energy-momentum density for the system is concentrated to a space-like point. The mean
square radius is of the order 0.8 % 1075m (0.8 fm) for the neutron and the charge density radius
of the proton is of the order 0.85 x 107*%m. On the other hand, the electron and other leptons

are in a first approximation treated as point particles in this energy-momentum density sense.

The space-time is in this model treated as a continuum and in general as a manifold M with metric
Jas- In the event that the continuum description fails, it is generally believed that such failure will
arise at distance scales of the order Planck length, i.e. at the order of 1073%m, and in any case the
continuum approximation would be valid at the 107 *%m scales of prime interest here. Under
these conditions, the null hypersurface constructions are well defined. Conversely, we can use for
example the gluon or any other null vector boson null hypersurfaces and energy-momentum den-
sities to define the space-time geometry and curvature. The propagation of null fields probe the
effective space-time geometry and curvature, and these propagation flow-lines define the curva-

ture.

The space-time curvature in terms of the Ricci tensor R, and the scalar curvature R, using stand-
ard summation conventions R = R, %, is related to energy-momentum density tensor Ty, by the
Einstein field equations with metric signature {— + ++), Newton Gravitational Constant G and in
abstract indices form as {see Rohert M. Wald, General Relativity {The University of Chicago Press
1984}, Section 4.3, equation (4.3.21)):

1 BTG
Rap = 5RGap =7 Tap (1)
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Here, the cosmological constant is set to zero. The significance of considering G as a scalar field for

example in Brans and Dicke theory in this context is that if G increases, it takes a smaller energy-

momentum density to generate the same curvature and manipulate the fusion process. Neverthe-

less, the present method is independent of any particular value of G.

The space-time curvature engineering is now achieved via the Einstein equations {1} by engineer-
ing Typ. In order to design the electromagnetic field part, classical field approximations can be
used as the field intensities in most embodiments will correspond to the second quantization vec-
tor potential occupation number N limit N — oo, In this case, we have for the electromagnetic con-
tribution including the repulsive proton-proton interaction in geometrized units for electromag-
netic field tensor F,;;, {see Robert M. Wald, General Relativity {The University of Chicago Press

1984), Section 4.3, equation (4.3.14)):

1 1 4
Tap = o (FacFo® =3 ganFae %) (2)

If the electromagnetic field is not treated classically, but instead as a quantum field, the vector po-

tential 4, in Lorentz gauge is used subject to the standard quantum conditions.

The electromagnetic field tensor is trace-free and therefore does not contribute to engineering the
scalar curvature part R. This part of the T, engineering is instead obtained by engineering mass
density fields. In this case, the scalar curvature from the trace part of 7, arises from the electro-
weak, QHD and QCD energy-momentum densities readily obtained by standard methods from La-
grangian formulations. The massive part in terms of energy-momentum densities can be regarded
as arising from Higgs scalars ¢ subject to the Klein-Gordon equations {see F. Mand! & G. Shaw,

Quantum Feld Theory {John Wiley and Sons Ltd. 1986}, Chapter 3, equation (3.3}):

9%8,0 + m?e6 =0 {3)

The curved space-time specific “minimal substitution” replacing the ordinary derivative as -

3x¢

V., where V is the unique curved space-time Christoffel derivative satisfying V gy = 0, can be
used in this engineering as we restrict to spin s = {O,% , 1} for Higgs fields, protons, neutrons and
interaction vector bosons {see Robert M. Wald, General Relativity {The University of Chicago Press
1984}, Section 13.2, p. 359-). Linearized gravity approximations cannot be used for the null hyper-

surface formations under consideration.
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However, care is required in applying the theoretical model as a standard procadure in QHD is to

assume that the baryons satisfy the Dirac equations, and this is reflected by the fact that standard

QED Dirac factors are inserted into the corresponding Feynman diagrams {see John Dirk Walecka,

Theoretical Nuclear and Subnuclear Physics {Imperial Collage Press 2013}, Section 16.2, p. 136-

142).

However, the Dirac equations are point particle approximations and for the fusion process any
hadron neeads in general to be treated as an energy-momeantum density with a space-like exten-
sion, not as a point particle. The point particle approximation may well apply to 5-matrix scattering
problems where the detectors a located at large space-like distance, but not in general in this nu-
clear fusion engineering process. As a first approximation, individual quarks may be regarded as
point particles in the QHD domain, but the guiding principle is in general to use density functions

as General Relativity mainly refers to continuous energy-momentum densities.

Thus, Higgs field densities are normally used rather than point particle Dirac §-distributions in or-
der to describe mass. Here the term distribution refers to the mathematical definition of a distri-
bution as defined in Functional Analysis. Using densities rather than point particles corresponds to
replacing m? - ¢2 in (3) ahove. In general, Feynman rules also contain other distributions such as
Feynman propagators. Any distribution will lead to mathematical difficulties, for example in the
form of divergences, when combining with the densities of General Relativity. Similar care isre-
quired when modelling nuclear matter and combining QHD with General Relativity as rigid bodies

do not exist in General Relativity.

It is now straightforward to build a theoretical and mathematical model for designing the T, us-
ing standard methods and the above observations, and where the objective is to achieve compact
and stationary space-time null hypersurface formation space-like projection parts corresponding
to stable nuclei formations after nuclear fusion. These null surfaces will define the space-like
boundary to which the gluon fields and other null interaction vector bosons can extend and where
all massive fields are confined to the interior of these boundaries for these stable systems. The
space-time curvature engineering by engineering T,;, is in most embodiments achieved in practice
by applying the electromagnetic fields and design the scalar curvature by non-zero mass densities
by properly designing the quantum states for a set of dynamical variables and by designing the Fu-

sion Material and Doping Material compaosition.

It is also possible to take an experimental approach rather than theoretically designing T, when

constructing a specific embodiment of the method. A properly designed space-time curvature
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engineering will manifest itself as resonance states for the set of dynamical variables. At these res-
onance states the rate of nuclear fusion in the Fusion Material or combined Fusion Material and
Doping Material will increase, and this increase will occur at specific values for the dynamical vari-
ables, but where the impact energies for achieving fusion are low compared to the energies re-
quired in plasma fusion. These resonance states can be defined in terms of an increase in effective
cross sections for the nuclear fusion as a function of quantum states, or equivalently as a function
of Fusion Material of Doping Material preparations. This allows for a proper design of T, through

experiment.

From the above, a specific embodiment of the method may be constructed from the specified the-
oretical model, or from an experimental model determining resonance states, or from a combina-

tion of both.
The General Physics in Embodiments of the Present Method

This section gives an overview of the physics of one embodiment of the method by applying a sim-
ple theoretical model. This example uses deuteron Fusion Material and no Doping Material. The
resulting Fusion Product in the indicated Cold Fusion proceass is ;‘He nuclei together with energy
release products. For typographical reasons, the upper index in 4He herein represents the mass
number 4, while the lower index represents the electron occupation number 2, with a zero in gHe

representing full ionization. The atomic number Z is represented by the symbol He itself.

QHD, QCD and other models of nuclear and sub-nuclear physics frequently try to model the sys-
tem by building a Lagrangian through describing the particles and interactions in as great as detail
as possible, from which for example system dynamics, symmetries, conserved quantities, energy-
momentum tensors T, and anti-symmetric tensors Fy, follow. This system construction is typi-
cally completed by matching various parameters in the model to experimental results in order to
obtain an as accurate approximation as possible of the underlying physics. The presently utilised
methodology for the space-time curvature engineering part does not, however, depend on such
internal system constructions, but instead considers the space-time curvature R.H.S. of equation
{1) as generated by an effective T,;, as L.H.S. of {1}. This can be applied for example on the neutron
or on the proton. In this particular nucleon case, this approach is similar to the strong gravity ap-
proach to QCD and confinement by Salam and Sivaram (Salam, A. and Sivaram, C., Mod. Phys. Lett.
Vol. 8, 4, 321-326; 1993}, including running coupling constants like the Newton Gravitational Con-

stant as well as running or effective Planck constant h, or equivalently for constant A = h/2n, but
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the focus of the present methodology is the compact null hypersurface formations generated by

this effective Ty.

The embodiment example in this section covers both Fusion Reactor applications and Battery &
Fuel Cell applications, while any of these implementations may be of macroscopic size, nano size
or quantum size. In this outline of the method, classical electromagnetic fields and mass-energy
densities of nucleons will be used in the effective space-time curvature design. The Maxwell equa-

tions apply on the electromagnetic field tensor part Fy;,.

We design the compact null hypersurfaces space-like projection parts as follows. We take ali sca-
lar, pseudo-scalar, vector and tensor boson fields carrying the interactions as massiess fieids. We
take the compact null hypersurface space-like projections as the boundary compact space-like 2-
surfaces on which these massless fields propagate. If the null boson fields propagate to the inte-
rior of this boundary surface, then the interior null propagation fields are considered trapped by
the closed boundary 2-surface, i.e. this is a model of confinement. This model therefore uses only
null fields as defined in QFT, while standard QFT at some instances also needs introduces masses
through an ad-hoc spontaneous symmetry breaking mechanism. The property of mass is in this
method regarded as a global property of these energy-momentum densities. In the mathematical
terminology of Functional Analysis, the global properties of energy-momentum densities or den-
sity amplitudes |1} are obtained from |1} as functionals (]} by operating on |1/} by integral op-
erators (|. Nevertheless, it is in principle possible to introduce massive fields corresponding to
Lagrangian mass terms, and in this case the massive fields carrying the interactions propagate to
the interior of these limiting 2-surfaces. Stationary space-time compact null surfaces are defined

as event horizons in General Relativity.

In comparing this space-time curvature model with the most basic nuclear physics shell model, say
in photon quantum interactions with the system, the injection or extraction of system energy and
angular momentum in an axial space-time symmetry is in the space-time curvature model re-

garded as expanding or contracting an effective Kerr-Newman event horizon and ergosphers.

We now apply the above method to Cold Fusion of two deuterons. We begin by constructing a
space-time curvature model given by the Kerr metric approximating a neutron and a Kerr-Newman
metric for approximating the proton, but with a running coupling constant G. The Kerr metric can
be obtained from the Kerr-Newman metric by setting the integration constant Q, commonly inter-

preted as the electric charge of the system, to @ = 0. The Kerr-Newman metric and the
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electromagnetic vector potential A, in geometrized units is obtained from {see Robert M. Wald,

General Refativity {The University of Chicago Press 1984), Section 12.3, equation {(12.3.1)):

, A—a?sin?\ ,  (2asin® 0@ +a® — A)
ds? = = (e e - o )dtdgﬁ

(24 n2N% 2 winZ o\
+((r +a?) ;a sin d) SinZSd(pZ +§-d7'2 +5do? @

Ap = — %((dt}b —asin® 8 {dg)y)

in the set of equations (4}, the following definitions apply:
Z=vr?+a’cos’s A= 1r? +a? + Q% — 2Mr

We introduce a simple deuteron approximation, which will be generalized below, by illustrating
the compact null surface formations by the Kerr-Newman metric corresponding to event horizons

for aspin § = 1 deuteron as depicted in Figure 1.

In this Figure 1, the baryon § = -;-spins are aligned in the § = 1 state and the deuteron is a boson.

The iower half part of the proton boundary ellipsoid has been homeomorphically deformed to an
approximate z = 0 plane, and correspondingly for the upper part of the neutron ellipsoid. The
space-time geometry in the region z > 0 is defined by the Kerr-Newman metric by setting @ = +e
and in the region z < 0 by @ = 0. The coordinate r in the Kerr-Newman geometry is not the same
as r in Euclidian geometry. In this geometry, the null surface space-like projection part of the up-
per and lower hemisphere becomes tangential to the z = 0 plane in the limit z — 0. At this stage,
the metric and space-time geometry is undefined on the z = 0 plane itself, and will be discussed

helow.

In the above simple model, we disregard the discontinuity in the metric in the z = 0 plane for the
moment, this has been illustrated by the neutron and proton compact space-like null field bound-
ary surfaces being aligned in the z = 0 plane. The key point with this geometry here is that there
exists no space-like geodesics from the region z > 0 originating from the boundary surface that
can reach the § = 0 tube in the region z < 0. This means that no electric field lines from the pro-
ton can reach the ¢ = 0 tube and we could in principle place another proton in that tube without
obtaining electromagnetic repulsion. This follows from the effective space-time geometry in (4).
No massive particle following a time-like geodesic nor a massless particle following null geodesics

can enter the compact 2-surface of the neutron and re-emerge again on the other side of the
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neutron. This applies to particles as well as to the propagation of quantum mechanical probability
amplitudes. The electrostatic repulsion is therefore disabled by the neutron as no interaction can
propagate through the neutron. In General Relativity terms, no interaction energy that enters an
event horizon can emerge again on the other side. In this model, it is therefore the effective space-
time geometry and curvature that makes the neutron a perfect electric field insulator relative to

the @ = 0 tube. The mathematical expression of this fact in terms of (4) is that when taking an ap-
parent short-cut over the neutron, any field expressedas £ = % + % + % +... will vanish as, due

to the space-time curvature, R — oo when attempting to come out on the other side of the neu-
tron boundary 2-surface. We denote the topology of the deuteron pair neutron and proton by N#P
and placing another proton in the @ = 0 tube and topologically connecting this null boundary sur-

face to the neutron with at least one point in common is in this mode! denoted by PENHP.
We now take a second deuteron and align the two § = 0 tubes as illustrated in Figure 2.

In this Figure 2, the spins of the two deuterons are antiparallel in order to produce an § = ( state
of ¢He, where it is assumed that at least two additional Fusion Products, such as y-quanta with
pairwise antiparallel helicity, are produced. The two deuterons limit null surfaces are drawn in a
stightly different way in anticipating the discussion below. This particular nucleon configuration is
denoted from left to right as a PEN+N#P null surface topology. In Figure 2, the deuteron spin vec-
tors are drawn in opposite directions and away from each other. The alternative § = { fusion with
the identical topology PEN+N#P is that the spin vectors are in opposite directions but pointing to-
ward each other. Both the cases with anti-parallel spins pointing away from each other and point-
ing toward each other are referred to as § = {§ — § = 0 transitions. For an exactly stationary
space-time in the sense of General Relativity, which is here interpreted as the temperature limit

T - (0, no state transitions can occur. This means that neither iso-spin transitions changing roles
between protons and neutrons, nor spin transitions changing directions of spins, can occur. This
means in turn that for low enough temperature, the deuteron configurations freeze into the
P#N+N#P configuration with anti-parallel spins either pointing towards or away from each other.
In the present description, the configuration of spins pointing away from each other will be used
for the purpose of illustration, but the principles are often interchangeable between spins pointing

towards or pointing away, in particular under time reversal symmetry.

The § = 1 deuteron is a boson. We can therefore bring the two deuterons with @ = 0 tubes
aligned arbitrarily close together in absence of electromagnetic repuision, and without a Pauli Ex-
clusion Principle force arising at close distance tending to pull the two deuterons apart as the spins

of each fermion in each deuteron is anti-parallel. in fact, the only exchange interaction is the
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attractive boson exchange interaction. We now take the deuterons close enough for the short

range attractive nuclear forces to take over and which at least with some non-zero probability will

result in nuclear fusion. In this simplified model, we obtain $He production of spin § = 0 states by

fusion in the limit of impact energy £, = 0, which for an ensemble in an ideal gas approximation

o 3 -
for Boltzmann constant kg is £, = ;i—cBT and corresponds to the temperature 7 = (.

One may ask how realistic the above simple approximation model and application really is. We can
generalize the above model by performing a homeomorphic transformation of the boundary null
surface construction in Figure 1 by continuously deforming the space-like 2 surface in the plane

z = ( as illustrated in Figure 3.

Figure 3 illustrates a continuous homeomorphic deformation of the simple Kerr-Newman model
depicted in Figure 1. This system is topologically denoted N#P. Such a deformation is achieved by
smoothly compressing the ellipsoid in Figure 1 at the equator z = 0. The long-distance behavior of

the stretched out intermediate region can be approximated by an attractive Yukawa potential field

—-mgr

Viry=—a Z " for some a and m,. A short-distance repuisive term complementing this attrac-

tive potential in order to generate a stable system is provided in the text below {V(r) =

—myT o—MmsT

2 2
giv_¢ g5
4rc? anc?  r

1. if ¢, is a solution to dynamical equations describing how the energy-
momentum distribution of the neutron propagates at the horizon null surface with r = 7y, or

equivalently ifm]ﬁtp;gbn describes the probability of locating a particle with mass m, = m, car-
T

e—-mg{r—-ru)

rying this energy-momentum density field, then YV, = « ——r--y-----t,b;y’)n describes how this
o

rapidly decreasing density propagates to the exterior of the horizon with r > 1. A corresponding
solution for the proton is ¥, where we assume that an identical particle my is propagating the
proton field, in the event that we assume that the energy-momentum density propagation field is
carried by a particle with mass m,,. In a linear approximation, the field in a neighborhood of points

intermediate between the neutron and proton is carried by an overlap amplitude ¥ =

N

e~ Ms(T=TonI\7Z e Ms(F—Top)) . . .
(a ----;-r—---> P, + (a —-------—-‘) Y, with density Y"1 The neutron and proton null surface
~Ton r—tep /

horizon formation itself represents, from a QCD point of view, closed trapped surfaces generated
by the confined quark interaction gluon null field propagations. The horizon formation from a
strong gravity point of view is either regarded as generated by strong Brans-Dicke scalar fields or a
strong gravity obtained by formally taking the limit in c.g.s. units G — 6.7 - 10%° for Newton gravi-

tational constant G. From the strong gravity point of view, the null surfaces represent a Kerr-New-

man event horizon in geometrized units with parameter g = 7\31!"' for deuteron mass Mp, and a? +
Mp
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Q% = ME, for proton charge @. In this case, the inner and outer horizons degenerate to a single

horizon with ergosphere. This ergosphere is not indicated in Figure 3.

The above model and the conclusions of §He fusion at T = 0 do not change under this homeo-

morphic transformation.

There is however one general adjustment to the above model that is required, and that decreases
the fusion efficiency or rate as we in the general case cannot prepare the two deuteron Fusion
Material guantum states exactly as depicted in Figure 2. The significance of this adjustment in the
model increases in different embodiments using heavier nuclei. We can at best align the two spin
projections along the z-axis on a spin projection cone, and therefore some electrostatic repulsion

will arise on the average.

This effect is illustrated in Figure 4, showing how a small non-zero electric repulsion arises on the
average from impossibility to exactly prepare the quantum states as § = 5,. A small residue

means that the @ = 0 tube remains at close distance.

To estimate the order of magnitude for this effect, we consider a single deuteron as an isolated
dynamical system at rest in the laboratory system inertial reference frame, and consider § = 1 as
the ground state of this system. We now add intrinsic energy and intrinsic angular momentum to
the system by adding y-guanta from two beams with cancelling momentum by which the deuteron
remains on the average at rest. Following basic quantum principles, at excitation state K, the S;
states can be denoted by the integer sequence K, XK —-1,K—-2,...,0,—-4, -2, ..— K +1,—K, and
with 52 kept at fix value when projecting S on different S.. In this sequence, for Planck constant A,
the constant A = A/2misset to A = 1. This means in this simple model that the electromagnetic
repulsion between the protons will increase from 5, = K with decreasing norm |5, |. If a geometric
fraction r; of each proton i can be reached by each other thorough space-like, time-like or null geo-
desics, and disregarding quantum effects such as tunnelling, the classical potential energy for cou-

pling constant o is approximately:
= .y, % /
E=rrn— (5)

Equating this energy in a symmetric geometric configuration r = r; = ry, such as in Figure 4, with
2 . . .
the ideal gas approximation £ = = kT, at distance R = 4 Fermi, we have approximately T =

725 x 10°K and we are back at plasma fusion temperatures unless 12~107% or smaller. Cold fu-

sion will therefore only be achieved for § = 0 state $He for the quantum states §, = K fusing with
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guantum states §, = —K. In other words, one aim in non-relativistic terms is obtaining a vanishing
arbital angular momentum L = { in the superposition § = L + §. The space-time geometry with a
combination of a Kerr and a Kerr-Newman geometry, together with homeomorphic transfor-
mations as illustrated in Figure 3, is also rather complex and a non-zero screening factor v = r{x)
can be included in {5) in order to allow for electromagnetic field lines from the upper hemisphere
in Figure 1 to be bent back into the @ = 0 tube by the space-time curvature around the neutron.
The Fusion Reactor embodiment below will be approximated by r = 0, while a non-zero r(x) will
be added into the Battery and Fuel Cell embodiments {see below) using a dielectric function sym-
bol. Adding a residual electromagnetic repulsion requires an adaption of the illustrated embodi-

ments accordingly.

Moreover, the Gibbs density p for a system in thermodynamic equilibrium at temperature 7, Ham-

iltonian H and Boltzmann constant kp, is for some C
p = Ce H/ksT {6}

The equation (6} can be taken over immediately to quantum theory as a von Neumann density,
from which follows that in the limit T — oo we have p — € and all quantum states are equally
probable {see P.A.M Dirac, The Principles of Quantum Mechanics {Oxford at the Clarendon Press
1947, Third Edition), Section 33, p. 130-135). This means that the average electromagnetic repul-
sion will increase with increasing temperature. We wish to maintain the space-time geometry pro-
duced shielding by neutrons and simplify quantum state preparations by keeping the temperature

low.

On the other hand, one space-time geometry factor is improving the situation. The mass of the
proton is approximately 938.3 MeV /c? and the neutron mass is 939.6 MeV /c?. When applying
the Kerr-Newman geometry in (4), the neutron effective boundary null surface space-like projec-
tion will be slightly larger than the proton boundary surface, thereby providing more shielding. Re-
storing the value of # in the above integer sequence K, K — 1A, K — 2h, ...,0,—1hk, —2h, ..— K +
1A, —K, it is seen that it is in general sufficient to prepare the quantum states with S, close
enough to the values +K rather that exactly +K in order to achieve cold fusion. In this particular
deuteron embodiment and at Cold Fusion temperatures we can reduce the general model to just

the triplet state §, = {+14,0}.

in this deuteron embodiment example, the dynamical or guantum state preparations may be

achieved for example by applyving a classical magnetic field 8 that will split the deuteron energy
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states due to an effective magnetic moment y of the deuteron parallel to the spin, this energy
splitting is obtained from the Hamiitonian term Hy = g - B for small velocities v < ¢ at Cold Fu-
sion. The difference in the energy levels for different 5§, can be increasad by increasing the magni-
tude of the vector B. A quantum state filtering can now be achieved by applying additional classi-
cal electromagnetic fields in order to remove the energy states that differ from 5, = +K. Alterna-
tively, this filtering can be achieved by applying Quantum Electrodynamics (QED), electro-weak,
QHD or QCD filters in such a way that the scattering amplitude is smali for the 5, = £ K states, i.e.
the states §, =~ 1K will continue through the filter, while other states are scattered away from for

example a beam.

In the above model illustrated by Figure 1, the discontinuity of the metric was disregarded in the
equatorial plane z = 0. The mathematical model can be improved by adding an adiabatic cut-off
for the electric field in the limit z — 0 in the region z > 0, and adiabatically cutting off a possible
energy-momentum density difference in the limit z — 0 in the region z < 0. This may be com-

bined with topological identifications similar to standard treatment of the Kerr-Newman ring sin-

gularity in General Relativity.

The present method does not depend on the particular mathematical model used to describe the
method. The space-time geometry model above was built in such a way that known analytic solu-
tions of the Einstein equations {1) could be utilized for simplicity. In addition, several other mathe-
matical as well as physical simplifications were used above. More general mathematical models of
this deuteron embodiment of Cold Fusion may also be constructed using numerical methods. The
present method does not depend on any particular mathematical or physical models and approxi-

mations used to describe the method.

In particular, the deuteron embodiment is illustrated in Figure 1 through Figure 4 classically in the
sense that the neutron and the proton have a given order in the N#P null surface formation. An
embodiment of the present method, such as illustrated in Figure 5, may use an electric field E to
order the sequence N#P according to Figures 1-4. The present method does not depend on consid-
ering the neutron and proton with each particle given fixed classical properties. The particles may
be considered as assigned such fixed properties in which case the field E in Figure 5 {see below}
tends to order the neutron and proton in the N#P formation with the iliustrated orientation. Alter-
natively, in a quantum field model the iso-spin n-p rotations or oscillations are interchanging the
neutron and proton states. In this latter quantum model, the electric field E is considered as polar-
izing the iso-spin with isoc-spin expectation values or shifted iso-spin probabilities as illustrated in

Figures 1 through 4.
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In the above, the Fusion Product éHe in state § = 0 should in the general case be regarded as a

collective symbol for a number of possible nuclear fusion channels. For instance, the symbol may

collectively denote the reaction channels for protium 3H, deuteron D = 2H, triton 3H and neu-

tron m:
D+D->3He+n -IH+H

Many other fusion reaction channels may also occur. However, for reasons of brevity and clarity,

in the embodiments presented here the objective will be to pin-point the specific channel D +

D - ¢He. The actual channels that the general symbol ¢He represents depends among other
things total angular momentum § = L 4+ § and on the impact energy £ or the equivalent energy
7. The actual channels that a particular embodiment of the present invention targets for produc-
tion have an impact among other thing on the design geometry of the Fusion Reactor and Accumu-
lator, choice of materials used for the construction of various components etc. For example, re-
garding the fusion as inelastic scattering of energy-momentum or particles, this scattering ampli-
tude is angle-dependent. The applicability of the present method is essentially independent of the

actual reaction channels used in any particular embodiment.
Embodiments of the present invention

Hence, the present method is a method of dynamical state preparations to achieve Cold Fusion,

that can be applied to any class of embodiments that require energy generation.

The dynamical state preparations for the embodiments described herein are in practice achieved
by engineering electromagnetic fields. Two exemplary embodiments, or more precisely two clas-

ses of embodiments, will be presented below. These embodiment classes are:
& Fusion Reactor embodiments
e Battery and Fuel Cell embodiments

With regard to Fusion Reactor embodiments, these embodiments do not depend on whether the
present method is applied for supplying energy for an autonomous system or if the present
method is applied in order to provide distribution of energy through a distribution network. The
distributed energy may be of any form such as heat of any material such as water, electricity or
any other form of electromagnetic energy and on any scale. The Fusion Reactor embodiments do

not depend on any particular scale of the energy or power production. The scale of energy or
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power production is partly related to the independence of the present method on geometrical
scales and on the scales under which the Power Control operates. For autonomous systems, the
method can be applied on arbitrary small scale of arbitrary positive integer nin 107" W for power-
ing individual electronic or optical circuits of any scale, contemporary smali-scale engines and so-

called “nanc-engines”.

Moreover, the present method can be applied on arbitrary large scales such as contemporary
transport engines such as car engines or other automobile engines, building and construction ma-
chines such as excavators, manufacturing machines, telecommunication and navigation stations,
trains or similar transport system vehicles of contemporary design, aircrafts of any design, boats
and naval ships of any size, space vehicles, submarine vehicles etc. For energy distribution sys-
tems, the method can be applied on any energy production and distribution scale. A power plant
may generate energy from the scales of isolated buildings, small settlements, isolated settlements,
as well as to power plants of arbitrary order of magnitude exceeding 1GW and 1TW, i.e. for power
plants of arbitrary positive integer n in 10™ W. The now enumerated possible embodiments do not

constitute an exhaustive list.

With regard to Battery and Fuel Cell embodiments, these embodiments can in principle be used
for the same or similar purposes as for the Fusion Reactor embodiments, which includes in partic-
ular power plants, conventional transport engines such as car engines or other automobile en-
gines, building and construction machines such as excavators, manufacturing machines, telecom-
munication and navigation stations, trains or similar transport system vehicles of otherwise con-
ventional design, aircrafts of any design, boats and naval ships of any size, space vehicles, subma-
rine vehicles etc. The Battery and Fuel Cell embodiments are also suitable in conventional mobile
and other communication devices or transportable devices, as well as individual electric and opti-

cal circuits.

The present general method of Cold Fusion energy production by dynamical state preparations
can be performed with any frequency of refuelling or refilling Fusion Material or Doping Material,
as well as with any frequency of refilling in comparison with the life span of the entity consuming
the produced energy. For example, the duration of the Fusion Material may exceed the lifespan of
an autonomous system such as a mobile device. The Fusion Material may be used to define the life
span of a space vehicle. A car or a transport vehicle may be refilled once every few years. A nuclear

fusion power plant may be refilled with Fusion Material or Doping Material on a regular basis.

Fusion Reactor Embodiments — General Specifications
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The following general specification applies for Fusion Reactor embodiments of the present inven-

tion.

1. The method utilizes a Fusion Reactor, an Accumulator and a Power Control. The Fusion Re-
actor power production capacity is any from 1 W and upwards to 10" W for integerany n. As a
particular example, for n = 11 the Fusion Reactor is a 100 GW reactor. A Fusion Reactor may pro-
duce any from 1W and downwards to 107" W for any integer n. As a particular example, forn = 6
the Fusion Reactor is a 1 4W reactor. Different Fusion Reactor implementations are exemplified by

a power production of > 1W, or > 1kW, or >1IMW, or >1GW, or >100 GW. The Accumulator may

. . E . P
absorb energy E, in any fraction E—" of the energy produced £y, or any fraction P—“ of the power
4 (4

produced, the latter defined as energy produced per second. As particular examples, the Accumu-
lator may absorb the fractions 0.01, 0.1, 0.5, 0.998999, corresponding to absorbing 1%, 10%, 50%
and 99.9999% of the produced energy. The Power Control may control the power production in
any granularity of the interval from 0 W to maximum power production capacity B, of the Fu-

Pm

sion Reactor. The resolution of the Power Control can be defined as )’I‘“ for any integer n. As par-

ticular examples, n = 10, n = 100, n = 1000 and n = 10° gives a Power Control in steps of 10%,
1%, 0.1% and one millionth of the maximum power production capacity of the Fusion Reactor. The

Power Control is achieved by varying any the parameters determining the power production rate.

2. In principle, the Input Material, comprising the Fusion Material or from which the Fusion
Material is extracted, may consist of solid material, liquid material or gaseous material of arbitrary
isotope of arbitrary chemical element with atomic number Z in the interval 1 < Z < 26, or any
combination thereof, or any composition in which such elements are included. One aspect of the
present invention is focused towards using hydrogen, such as deuterium, or possibly protium or
tritium, as the Fusion Material. Such Fusion Material may be extracted from heavy water D,0 In-
put Material in two steps. First, heavy hydrogen gas may be formed, after which D nuclei may be
extracted by ionization, D,0 — I, + 0 — 2D + excess material. As will be discussed hereinbe-
low, the inventive principles used to achieve Cold Fusion of hydrogen are readily extendible also to

other basic elements, such as lithium.

3. The input Material is most conveniently a compaosition of neutral atoms, ionized matter may

also be used as the Fusion Material.

4, The Fusion Reactor operating temperature is 0-10* K. This temperature refers both to the

temperature of the Fusion Reactor itself, and to the temperature of the Fusion Material in the
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event that the Fusion Material is a collection of particies and a temperature can be defined. A col-
lection of particles as Fusion Material is implemented by allowing Fusion Material to accumulate in
the Fusion Reactor Core or by directly inserting the Fusion Material into the Fusion Reactor Core
by mechanically inserting a gas container or a liquid container. The operating temperature may be
any sub-interval of 0-10° K. Operating temperatures and the temperatures at which Cold Fusion is
initiated are exempilified by a temperature of < 10* K {Cold Fusion range), or < 1950 K, or < 950 K,
or<500K,or<125C,0r<50C or<5C or<-30C or<-60C, or<150K, or < 77 K {liquid nitro-
gen), or < 30 K {hydrogen phases). The temperature intervals used depend on the particular appli-
cation under consideration. For example, in a specific Battery & Fuel Cell application, the tempera-
ture range depends among other things on the particular temperature dependence of thermal

conductivity, electric conductivity, as well as melting points of the materials used.

5. When restricting to the Fusion Reactor implementations, the method according to the pre-
sent invention differs from thermonuclear fusion in that the impact energies used are relatively
small. The impact energy £}, is defined as the total sum of kinetic energies £y = £y, + Ej; of the

two fusing particles, which for the non-relativistic energies used here is approximated by £y; =
1 . s . -
Eml—viz for mass m and velocity v, and for each particle index { for the indices 1 and 2. In order to

fuse particles using thermonuclear fusion, the required impact energies in order to overcome the
Coulomb repulsion are > 80 keV, and more generally > 100 keV. The prasent method is applying
impact energies for fusing two hydrogen isotope nuclei as exemplified by a total impact energy of
<lkeV,or<220eV,or<1eV, or <100 meV, or < 1meV, or < 0.01 meV, depending on the con-
crete embodiment as exemplified herein. Of course, any such impact energy can be translated to a

corresponding temperature, as applicable.

6. The Fusion Reactor itself may consist of, comprise and be built from any suitable material. In
particular, the Fusion Reactor may be a solid chamber holding an internal vacuum. However, the
whole or part of the Fusion Reactor chamber may also be any gas, a liquid, or a solid material. As a
specific example, the Fusion Reactor may be a solid-state implementation using conventional elec-
tronics industry materials such as silicon, rare earth metals etc. The material{s} that constitutes the
Fusion Reactor by filling various chambers or shielding is referred to herein as Moderator Materi-
als, and when Moderator Materials are applied, these are used taking part in the dynamical state
preparations to allow Cold Fusion. The function of the Moderator Materials is distinct from the
function of materials that participate in the actual nuclear fusion reaction, herein denoted Fusion

and Doping Materials. Nevertheless, Moderator Materials may still be the same material, such as
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D, for example in the case the density of a deuteron beam is used to control the dynamical states

of the fusion deuterons.

7. Fusion Reactor Materials, Accumulator Materials and Power Control Materials are the mate-

rials or compositions from which the Fusion Reactor, Accumulator and Power Controls are built.

8. The Fusion Reactor and Power Control engineers the dynamical state preparations of the
Fusion Materials in the Fusion Reactor by applying electromagnetic fields as will be described

hereinbelow.

g, This dynamical state preparation engineering inciudes engineered control over nuclear spin
of the Fusion Material. The spin state preparations may use magnetic fields to project the spins
relative to the direction of these magnetic fields as described herein. Such a magnetic field may be
a single magnetic field generated by a single component in the form of a single current loop using
induction to generate the magnetic fields or constructed from a single magnetic material generat-
ing the field. The magnetic field may also be a synthetic field with a resulting field constructed
from any number of different current loops or any number of magnetic materials, or a combina-
tion of current loops and magnetic materials including a magnetization M of paramagnetic and di-
amagnetic materials. The resulting field may be calculated as a first approximation by using the
principle of superposition, i.e. simply adding the contribution from the different components at
each point in space to obtain the resulting field. The direction of the field in each point is deter-
mined by the particular application as described herein. The field strength |H| of an applied field
H may be any strength in the interval 0 - 1000 T, as well as exceeding 1000 T. In particular, the ap-
plied magnetic field is for example, for different embodiments and with 1nT denoting 107°T, 1uT
denoting 107°T and mT denoting 107°T, of strength above the magnetic field of the Earth, or >

100 uT, or > 500 uT, or 50 mT, or > 1T, or in the interval 100 uT <

H| < 50mT such as for small-
scale applications such as individual Batteries or Fuel Cells, or alternatively in the interval 17 <

{H| < 10007 such as for iarge-scale installations of Fusion Reactors.

10. The Accumulator absorbs energy generated by the Fusion Reactor. The Fusion Reactor deliv-
ers the energy to the Accumulator in form of massive or massless particles or heat transport
through Accumulator Materials, Reactor Materials, Power Control Materials and Absorber Materi-

als.
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11. The Accumulator can absorb the energy as heat, as electromagnetic energy or electric cur-
rents, or as any combination thereof. This includes photovoltaic translation from radiation to elec-

trical energy.

12. The Accumulator can be made from or contain any suitable material in any solid, liguid
and/or gaseous form, and of any suitable density and temperature. Any field, such as for example
electromagnetic fields, can be applied onto the Accumulator and to the interior of the Accumula-
tor. In particular, electromagnetic fields are applied in such a way that, depending on material,
photovoltaic elements and photo electric effects can be utilized for electric current and electric en-

ergy generation.

13.  The nuclear spin control may also be used to direct the produced energy to the Accumula-
tor. This is achieved by allowing only such spins to pass through Spin Filters where the spin de-

pendent cross section is significant in de desired direction of the Accumulators.

14. The Power Control may be used to actively control any or all of the following parameters of
the Fusion Reactor, here regarded as a confined chamber, including any combination of the follow-
ing exemplary parameters: Pressure; Temperature; Volume in 3-dimensial spatial space; Modera-
tor Material composition and density; Electromagnetic field intensities in F,, and T,,,; Electromag-
netic field directions in £, and T,,,; Electromagnetic field frequency components in Fy;, and Typ;
Separation of input Fusion Material and output Fusion Products; Fusion Material composition; Fu-
sion Material quantity; Fusion Material phase form; Fusion Material density; Fusion Material distri-
bution in 3-dimensial spatial space; Doping Material composition; Doping Material quantity; Bop-
ing Material phase form; Boping Material density; Moderation of Fusion Material - Energy spec-
trum filtering, translation and intensity {(amplitude} rescaling; and/or Moderation of Fusion Prod-

ucts - Energy spectrum filtering, translation and intensity {amplitude) rescaling.

15.  Optional Doping Material of any suitable isotope of any suitable chemical element, any suit-
able ionization, any suitable composition of such isotopes, elements and ionizations, and of solid,
liquid or gas form or any suitable combination thereof, may be used to stimulate nuclear fusion. In
the simplest form, Doping Material consists of neutrons or high-neutron isotopes of any chemical
element and of arbitrary ionization. One simple form of doping is low energy or thermalized neu-
trons that can be extracted from another nuclear fusion or nuclear fission process provided within

the Fusion Reactor Core.
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16. The method does not depend on any particular geometrical shape of the Fusion Reactor, Ac-
cumulator or the mechanical parts of the Power Control, as the dynamical state preparation engi-
neering described herein can be adapted to different geometrical shapes and can be split into dif-

ferent separate shapes.

17. The Fusion Reactor, Accumulator and Power Control may further have any suitable physical
size. In particular, these sizes may vary in size upwards and downwards. A practical limiting factor
is contemporary available technology. For instance, the physical boundaries of “nano technology”
limits how small components may be buiit. The physical extension in the dimension or direction of
maximum extension of any of the components used in the construction may be, for different em-
bodiments, any value in the interval 0 — 100 km. in particular this interval may be 107% — 1000
m, 107° —500m, 1071 =100 m, 1070 - 10m, 107 -~ 1m, 107% - 1071 m, 10720 —
1072m, 1077 — 107 m, 107° — 1 m, or 1078 — 1073 m. Quantum and nano-technology applica-
tions are typically contained within 1078 m, cars < 107" m, local power plants < 10 m, GW reac-

tors < 10%m, 100km constructions may include long distance Fusion Material injection.

18. The geometrical shapes, configurations and sizes of the Fusion Reactor, Accumulator and
Power Control can be but need not be constant in time. Regarding nuclear fusion as scattering, the
scattering angle of the Fusion Products depends for example on the impact energies, Fusion Mate-
rial and Doping Material. An adjustment of for example the position of the Accumulator may
therefore be required in dependence of these factors. In general, any of said geometrical shape,
configuration and size can be an arbitrary function of time. In particular, the shape of the Fusion

Reactor can be an ellipsoid in cross-section, but may have any suitable shape.

19. Different dynamical state preparation objectives may be achieved in the present method in
various orders. In the example illustrated in Figure 5, a spin control using a magnetic field B is ap-
plied before a maximal proton-proton shielding by neutrons is applied through an electric field £.
However, the order in which various such dynamical state preparation steps are taken to control

the Fusion Products can vary.

20.  Similarly, the physical location of where such dynamical state preparation steps are taken
may also vary. Hence, such steps may be executed in any location within the Fusion Reactor, or
even outside the Fusion Reactor. Figure 5 shows an implementation of the method where a pro-
ton-proton shielding is executed by applying an electric field E within the Fusion Reactor. In a dif-
ferent embodiment, this engineering step could have been performed outside of the Fusion Reac-

tor and before injecting the Fusion Material into the Fusion Reactor.
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21.  Inthe present method, the Fusion Material can be injected into the Fusion Reactor in vari-
ous ways. In Figure 5, an example of an implementation of the invention and method is illustrated
in which a deuterium nucleus beam is injected into the Fusion Reactor. In a different embodiment,
the way in which the Fusion Material is injected into the Fusion Reactor may vary. For instance, it
need not be in the form of a beam, but could instead be mechanically transported into the Fusion
Reactor. Also, the Fusion Material could be injected using more than one beams, such as a plural-

ity of parallel beams.

22. Furthermore, the Fusion Material can be brought together for nuclear fusion to occur in var-
ious ways, and the fusion components can have various composition. Figure 5 below shows one
possible implementation in which symmetric material, i.e. the same material on both sides of the
Fusion Reactor, is injected as beams. The Fusion Materials symmetrically injected may itself be of
various Fusion Material compositions, and the method to bring the Fusion Material together in the
Fusion Reactor may also vary. For example, one type of Fusion Material may be inserted by me-
chanically transporting it into the Fusion Reactor, and others may still be injected as beams. The
density of Fusion Material in any phase of the power production process measured as number of
fusion particles per unit of volume element is in the interval 0 — 1 particles per (f m. )% =
(10715m)3. The Fusion Material particle number density of 1 particle per (£ m.)? corresponds to
nuclear matter density in the QHD phase and in the gravitational field of the Earth. In particular,
the Fusion Material particle number density used may be 107%% — 1,107 - 05,1071 —
1,107~ 1,1071% -~ 0.8,107%° - 1,107%% — 1, or 107%% — 1. The Fusion Material number den-
sity in terms of number of particles per unit Sl volume instead of per unit cubic Fermi will be de-

noted by nyp in the text below.

23. The sequence of how Doping Material is applied can also vary, as can any other preparation
of the Fusion Material. Figure 5 shows a possible implementation of the method in which a single
doping step is performed inside the Fusion Reactor core. This doping could be applied in any num-
ber of steps and before injecting into the Fusion Reactor, or at any location within the Fusion Reac-

tor.

24. The average temperature, maximum temperature, minimum temperature of the process
may vary, as may any particular pressure in any of Fusion Reactor, Accumulator or Power Control,
in any compartment of these components. However, the average operating Fusion Reactor tem-
perature T according to the present invention is 0 < T < 10% K. It is notad that this interval is also
advantageous from an economical point of view, and the best economy is typically achieved

around STP, in contrast to plasma physics fusion that requires T = 108. Preferably, the average
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operating temperature inside the Fusion Reactor is at least 0°C. Moreover, the average operating

temperature inside the Fusion Reactor is at the most 1800 K, more preferably at the most 900K,

even more preferably at the most 350 K.

25. The individual dynamical or guantum states of individual atoms in the Fusion Material may
vary, as may the individual quantum states of individual atoms in the Doping Material and the Fu-
sion Products. The preparation of the Fusion Material, the preparation of the Doping Material or
the processing of Fusion Products may instead be considered as operations performed on a collec-
tion of atoms, ions, nuclei, protons, neutrons or other particles. However, this preparation and
processing can also be regarded as operations on individual dynamical or gquantum states on indi-
vidual atoms, ionizations, nuclei or operations on individual particle level such as operations on
neutrons and protons. In the implementation example illustrated in Figure 5, the magnetic field B

is indicated as a coliective spin control mechanism.

26. Importantly, the present method does not rely on the presence of chain reactions. High
temperature and plasma fusion often depend on fusion direct or indirect chain reactions to main-
tain a high temperature. An indirect chain reaction is here defined as part of the produced energy
being re-directed or fed back to the plasma in order to maintain the plasma at high enough tem-
perature for continued power production. The present method aims at controlled fusion and al-
lows for nuclear chain reactions to occur, but the method does not depend on such chain reac-
tions to occur. in particular, the method does not depend on such chain reactions for directly or
indirectly producing adequate temperatures. Maintaining chain reactions at high temperature is
both expensive to achieve, expensive to maintain and difficult to control, i.e. carries greater safety
hazard, than low temperature non-chain reaction dependent production. Uncontrolled chain reac-
tions are in effect nuclear explosions. This implies that the energy production using this invention
is both economically more efficient as well as safer for the workers and the public as compared to
conventional fusion processes. With regard to safety hazard in plasma fusion, it is often claimed
that this type of nuclear fusion reactors are inherently safe. However, the required energy feed-
back into the reactor in order to maintain high enocugh temperature in effect creates mathemati-
cally a non-linear system and such systems are generally known to be able to enter into unstable

states. In the present invention, such difficulties can be avoided altogether.

Figures 5 and 6 illustrate, in a X-Y plane cross-section, an illustration of one possible implementa-
tion of a device and method according to the present invention, and in particular an example of
how to engineer dynamical state preparations of the Fusion Material with the help of electromag-

netic fields acting on deuteron Fusion Material and neutron Doping Material. The deuterons in
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question are injected at a low velocity corresponding to a cold fusion temperature (as specified
above). The n-p orientation for maximum proton-proton electromagnetic shielding is controlled by
an electric field £ and the nuclear spin control is achieved by a magnetic field B. In the simplest
implementation these are static fields. The Fusion Reactor F core FCis in this example doped with
neutrons and forms part of the overali space-time curvature engineering. Doping Material in the
form of thermalized neutrons may be obtained from a separate nuclear fission or fusion process
that is arranged and executed in a system external to the Fusion Reactor of the type illustrated in
Figure 5. Such neutrons may then be injected into the Fusion Reactor Core through a separate
Monochromator which is not shown in Figure 5. Such neutrons may then be injected into the Fu-

sion Reactor Core through a separate Monochromator which is not shown in Figure 5.

The accumulator A absorbs energy of massless fields or massive fields. Quantum state filters are
not included in the figure. The Power Control is to a substantial part consisting of electronics and

software, and is not part of the illustration.

If nuclear fusion is used in this external Doping Material generation process, this needs not be a
Cold Fusion process as is formally illustrated by gH + ?)H - ¢He + 2n. The accumulator A absorbs
energy of massless fields or massive fields. Quantum state filters are not included in Figure 5. The
Power Control is to a substantial part implemented using electronic circuitry and software execut-
ing on such circuitry, and is not shown in Figure 5. The unfilled arrows on the Accumulator(s) indi-
cate that the geometric shapes, sizes and configurations may vary. For example, the Accumulator
angle of radiation emission by the fusion process and subsequent absorption may change, and/or
the Accumulator may be expanded with expanding angle of the Fusion Reactor Core, aven during
power production. The accumulation of energy in the Accumulator is increased by increasing the
Accumulator area receiving the radiation from the Fusion Reactor Core. The accumulation of en-
ergy in the Accumulator is also increased by increasing the depth of the Accumulator. Conversely,
the energy received by the Accumulator is decreased by decreasing the Accumuiator area or depth

of both.

Figure 11 shows two hydrogen atoms at an arbitrary distance apart and with arbitrary spin orien-
tations before an externally provided magnetic field is applied. The two atoms are here illustrated
by two deuterium atoms and are drawn in a particular isospin ordering of the nuclei. The illustra-
tion shows the two deuterium atoms at an arbitrary chosen point in time and in an approximately
spherically symmetric electron probability density state. The dark regions iliustrate where the elec-
trons are mainly located. Quantum mechanically this is described by regions where the probability

of locating the particle is significantly different from zero. A probability density will be referred to
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as a density for short in the text below and in the Figures described below. These densities typi-

cally decrease as exponentials e 77/

for some constant 1y with the distance r from a point of
charge symmetry or an axis of charge symmetry generated by the nuclei. These non-zero regions
of Figure 11 and the following Figures are not intended to show exact solutions of the equations
describing the electron orbits (often taken as the Schridinger equations), but only to illustrate the
principles of the present invention. The relative dimensions of various parts in the figure are not
proportional and again only serve to illustrate the principles; the electron orbits are at a distance
in the order of 1A from the nuclei while the size of the nuclei are in the order of 107 %A. The char-
acteristic feature here, when disregarding matter condensation energies such as generated by Van
der Waals forces, is that there is a repulsive force between the two electron densities tending to
move the two atoms apart if they come too close, as well as a repulsive force between the two nu-
clei tending to move the two nuclei apart if they come too close, and therefore the hydrogen nu-

clei cannot fuse spontaneously. In this illustration and in the following illustrations, the electron

orbits or densities are shown as a cross section in the {y,z)-plane of the paper.

Figure 12 shows two deuterium atoms with a separation of the nuclei of at most 7A. The nudlei
spins have been aligned by applying the magnetic field B. The sign +B or —B is immaterial. In this
particular example the nuclear spins are illustrated as pointing away from each other, but they
may also be pointing toward each other. The magnetic field will at non-zero probability orient the
spins in this illustrated fashion. The densities do not change when this plane is rotated along the z-
axis joining the two deuterium nuclel. A first modification of the electron orbits represented by the
density, apart from orienting the nuclei by aligning the nuclei spins which also effect the electron
orbits, is obtained by applying the magnetic field B. This will increase the probability of nuclear fu-
sion in the particular iso-spin arrangement shown. The lack of electrons in a neighborhood of the
common spin axis, or equivalently in a neighborhood of the = 0 tube, arise from two factors.
The first factor depends on a Landau gquantum number n and arises when approximating the illus-
trated deuteron as a point particle generating a Coulomb field that interacts with the electron.
Firstly disregarding the electron-proton interaction, the solutions of the electron Schridinger
equations in this case are for the co-ordinate dependent part in Landau gauge 4 = (—y, 0,0)B,,
for a homogenous field B and for the y-coordinate in the plane perpendicular to the common z-
axis or the magnetic field axis, with y, given by this axis, functions of the form y,,{(y) =

1~

e~y /(2ar) g (Xa_-’-)-i) Here, H, (%) with x = Z
. ag

—==are Hermite polynomials of ordern, ag =
B

JA/Mewg, wp = |e|B,/Mc {see L.D. Landau and E.M. Lifshitz, Quantum Mechanics (Non-relativ-

istic Theory) {Pergamon Press 1977, Third Edition), §112, equation {112.9}}. The energy levels are
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E= (n + % + (f\) hwp + p; and the first term is the Landau quantization. The first three Hermite
4 e

polynomials are Hy(x} = 1, H (x) = 2x, H,(x) = 4x? — 2. For odd quantum numbers n, the
function ¥, (0) = 0 and therefore the probability P(y)~|x,|? of locating the electrons on and in a
neighborhood of the z-axis vanish. A quantum number n # 0 implies a finite temperature T # 0.
Next including the nucleus-electron interaction but disregarding the magnetic field, the hydrogen

wave function for a separate quantum number nis (r, 8, @) = R,;(")Vin (0, @), where Y, =

am

Ce™?P™(cosd) and P = (—1)Tn(557'19)mm ,

the latter which all vanish for 8 = 0 {and

m # 0}, i.e. vanish on the common axis. Therefore, for the complete system when both the nu-
cleus-electron and magnetic field-electron interactions are taken into account, there exist system
states where the electrons are not located in a neighborhood of the common axis, as it is not pos-
sible to form sums or products of wave functions representing the complete system using y,(y) =
0 and (7, 8, @) = 0 to obtain a non-zero vaiue on this axis. This consideration also applies to
forming linear combinations of atomic orbitals {LCAC) of such electron states. For such states and
in the iso-spin configuration given in Figure 12, the hydrogen nuclei will fuse with a non-zero prob-
ability. The given iso-spin configuration is promoted by charge and electric field polarizations, or
freeze out in that form by taking a low temperature limit T — 0. The second factor in keeping the
0 = 0 tube clean arises when taking the full space-time curvature into account. Considering the
electron as a test particle in the Kerr-Newman geometry, the electron will trace out paths in this
geometry such that a neighborhood of the @ = 0 tube will remain free of electrons. Due to pro-
ton-proton repulsion, the nuclei again tend to align the iso-spins as illustrated in this figure. A fur-
ther effect illustrated in Figure 12 is that the electrons tend to collect on the average on the pro-
ton side, which further helps to keep the region around the common line between the nuclei clean
from electrons in this configuration. The combined effect is an increased probability of nuclear fu-
sion as the electron density repulsions between the two atoms and the proton-proton repulsion
between the two nuclei have been reduced. From a space-time geometry point of view, the deu-
teron does not generate a spherically symmetric point particle potential, it instead generates a po-
tential that is rotationally symmetric only around the common axis. In Figure 12, the magnetic field
is Hlustrated as homogenous for simplicity, which means that the arrow B can be parallel trans-
lated to the common axis of the nuclei while remaining unchanged. The paramagnetic or diamag-
netic response by the electron orbits to B are not indicated in Figure 12. Figure 12 illustrates a

main finding of the present invention.

Figure 13 illustrates the result of the modification of the electron orbits after an additional step of

applying ionization. This step removes the electron orbits altogether from a neighbourhood of the
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nuciei. The ionization in this illustration is achieved by applying electromagnetic radiation, using a

per se conventional UV radiator (UV lamp).

Figure 14 illustrates the result of the modification of the electron orbits after an additional step of
loading the hydrogen atoms inte a hydrogen absorber, which additional loading step may be per-
formed as an additional or alternative step to the ionization step iflustrated in Figure 13. The hy-
drogen absorber is in this case illustrated, by way of example, by a simple cubic lattice in two spa-
tial dimensions, the third dimension is not shown for the purpose of simplicity. The hydrogen ab-
sorber may be, for example, a simple palladium Pd metal. In this particular exemplifying case of
Pd, the dark spots at lattice vertices represent the Pd core system. A core system includes the
closed electron shells of Pd, but not the Pd valence electrons. The valence electron bands are not
shown in Figure 14. The lattice constant ¢ for the simple and clean Pd lattice is in the order of 4A.
The resulting modified electron orbits of the hydrogen atoms in the Pd lattice may be described as
that the hydrogen electron are merging into the Pd lattice electron bands, and in this sense the hy-
drogen atoms can be regarded to an exient as free from the electrons even if not ionized prior to
being loaded into the Pd lattice. This particular illustration, when taking the core systems as Pd
and assuming for simplicity that Pd is a cubic lattice as in Figure 14 rather than face-centered cu-
bic, shows a degree of loading of one hydrogen per four Pd atoms, and the resulting combined lat-
tice may be formally described as PdHp 5. More generally, the loading performed is PdHx for any
value of loading ratio x. In the particular case of x = 1, the form for palladium is PdH. The first ad-
justment to Figure 14 in this particular PdH case is taking into account that palladium is face-cen-
tered cubic {fce), which means that additional Pd cores are located at the intersacting diagonals of
each of the sides of the cube, i.e. an additional 4 cores are added to Figure 14. The second adjust-
ment to Figure 14 in this particular PdH case is to add 7 hydrogen atoms into the cube in order to
obtain 8 hydrogen atoms. in order to minimize the internal energy of the system, these hydrogen
atoms can be regarded as located in a symmetric way inside the Pd cube. In this case the average

distance between the hydrogen nuclai is in the order of 1 A.

Figure 15 illustrates two deuterium atoms brought to a distance from each other of less than 7 A
by providing the two atoms as a hydrogen molecule Hs, or in hydrogen isotope deuterium notation
as a D2 molecule. The overlapping electron orbit density amplitudes in this case do not change the
fact that a @ = 0 tube remains between the two nuclei in certain { # 0 and m # 0 states. This also
implies a further modification of the eiectron orbits. In a hydrogen molecule the distance between
the nuclei is in the order of 0.7A. A hydrogen molecule with reverse nuclear spins represents para-
hydrogen. In standard terminglogy, Figure 15 illustrates for example a X electron spin singlet state

parahydrogen where the respective electron states are [ # 0 p-states with opposite orbital
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angular momentum projections [, on the z-axis (the molecular or inter-nuclear axis} and cova-

lently bonded by a single ¢, _,,,_ bond. There is no density overlap in a neighborhood of the molec-

ular axis for the particular states under consideration as the individual atomic electron configura-

tion densities vanish in that region. It is realized that a magnetic field B, according to the present

invention, is applied also to the hydrogen molecule illustrated in Figure 15.

Hence, for all of these examples illustrated in Figures 12-15, a magnetic field B is used to align a
first spin of a first deuterium nucleus in relation to a second spin of a second, neighbouring, deu-
terium nucleus so that a respective spin axis of the first and second spins are anti-parallel and di-
rected either towards each other or away from each other, and further so that the first and second
spins are projected on the common line between the nuclei in guestion, which common line is par-

allel to the magnetic field B.

Furthermore, the electron cloud of said nuclei are modified by either principle illustrated in Figures
12, 13 or 14. In Figure 12, the magnetic field B is used to keep the common line of the nuclei and
the spins of the nuclei clean from the electrons {this may be described as the electron distribution
assuming a non-spherically symmetric form in which the probability for finding an electron on or
near the common axis is lower than what would be the case with a spherically symmetric distribu-
tion; may also be described as “skewing” the electron distribution of the electron cloud away from
a region at and near the common line}; in Figure 13, ionization {prior or in connection to nuclei
alignment) is used to completely remove the electrons; and in Figure 14, loading into an hydrogen
absorber with a selected lattice structure achieves electron cloud modification. in the embodiment
illustrated in Figure 15, the hydrogen atoms are brought together by forming a hydrogen mole-
cule, which then is aligned using a magnetic field B which also achieves said keeping the common

line between the nuclei in question clean from electrons.

Figure 16 is a flowchart illustrating a first embodiment, below referred to as Fusion Reactor.

In a first step, the method starts.

In a subsequent step, a first hydrogen atom and a second hydrogen atom are provided. The hydro-

gen atoms are both either deuterium or both tritium.

in a first subsequent step, a respective nucleus of said hydrogen atoms are brought together at a
distance of at the most 7 A. This bringing together takes place by some sort of particle transpert,

such as by injection or particle {deuterium nucleus, tritium nucleus) beam provision.
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In a second subsequent step, a magnetic field is provided, arranged to align the respective spin of

said nuclei in relation to each other so that a respective spin axis of said spins are anti-parallel and

directed either towards each other or away from each other and so that said spins are projected

on a common line between the nuclei, which common line is paraliel to the provided magnetic

field. This alignment may take place during the transport of the nuclei to the location of the subse-

quent fusion,

In a third subsequent step, the first hydrogen atom is either ionized, or the electron orbit {electron
distribution) of the electron of the first hydrogen atom is modified such that a spatial distribution
for this electron is such that it is not located {(or at least located with a lower probability, suchas a
significantly lower probability, than an electromagnetically unaffected case) between the respec-
tive nuclei of said first and second hydrogen atoms along said common line {“skewed away from

the region”, as described above).

in a fourth subsequent step, the second hydrogen atom is either ionized, or the electron orbit
{electron distribution) of the electron of the second hydrogen atom is modified such that a spatial
distribution for this electron is such that it is not located between the respective nuclei of said first
and second hydrogen atoms along said common line {as described above}. This region may be the

same region as in the third subsequent step.

The first, second, third and fourth subsequent steps may be performed in any order.

The result of these subseqguent steps is that the first and second hydrogen atom nuclei are ar-
ranged in sufficient proximity, with a proper spin alignment and without disturbing effects from

electron distributions, so as to allow fusion to form a helium atom.

Hence, in a subsequent step, such fusion takes place. This fusion takes place at a statistical proba-
bility, due to the laws of quantum mechanics. Hence, not all such pairs of hydrogen nuclei will ac-
tually fuse. However, a sufficient proportion of such pairs of hydrogen nuclei will fuse so that,
when a large plurality of hydrogen nuclei pairs are brought together this way, significant energy

production can be achieved.

In a subseguent step, the method ends.

Figure 17 is a flowchart illustrating a second embodiment, below referred to as Battery / Fuel Cell.

in a first step, the method starts.
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In a subsequent step, a first hydrogen atom and a second hydrogen atom are again provided, be-

ing both either deuterium or both tritium.

in a first subsequent step, a respective nucieus of said hydrogen atoms are again brought together
at a distance of at the most 7 A. In this embodiment, this bringing together takes place by loading
the hydrogen atoms into a metal crystal, fixing intra-nuclei distances as a result of the crystal lat-
tice geometry. The loading into the lattice executes a first modification of the electron orbits, by

the electron being integrated into the conduction bands of the metal.

In a second subsequent step, a total magnetic field is provided by the application of a magnetic
field which may be sole magnetic field affecting the crystal volume or being an additional magnetic
field working in concert with an already-existing magnetic field {such as the Earth magnetic field),
which total magnetic field is arranged to align the respective spin of said nuclei in relation to each
other so that a respective spin axis of said spins are anti-parallel and directed either towards each
other or away from each other and so that said spins are projected on a common line between the
nuclei, which common line is parallel to the magnetic field in the metal lattice. This alignment may
take place during the transport of the nuclei to the location of the subsequent fusion. The applica-
tion of the magnetic fields executes a second modification of the electron orbits such that the
electrons are not located between the respective nuclei of said first and second hydrogen atoms

along said common line.

In a third and fourth subsequent respective step, the first and second hydrogen atoms are either
ionized, or the electron orbit (electron distribution) of the respective electrons is further modified
such that a spatial distribution for this electron does not locate this electron in a region between
the respective nuclei of said first and second hydrogen atoms and along said common line {as de-

scribed above).

The electron distribution such that the electron orbit {electron distribution) are not located be-
tween the respective nuclei of said first and second hydrogen atoms along said common line {as

described above)}, in this embodiment, can be achieved at least partly by the said magnetic field.

Again, the first, second, third and fourth subsequent steps may be performed in any order, and the
result of these subsequent steps is again that the first and second hydrogen atom nuclei are ar-
ranged in sufficient proximity, with a proper spin alignment and without disturbing effects from

electron distributions, so as to aliow fusion to form a helium nucleus.
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In a way which is similar as for the Fusion Reactor embodiment, in a subsequent step such fusion

takes place at a statistical probability.

in a subsequent step, the method ends.

Figure 18 is a flowchart illustrating a third embodiment, using liquid or gaseous hydrogen freely

moving in a confined volume,.

In a first step, the method starts.

In a subsequent step, a first hydrogen atom and a second hydrogen atom are again provided, be-

ing both either deuterium or both tritium.

In a first subsequent step, a respective nucleus of said hydrogen atoms are again brought together
at a distance of at the most 7 A. In this embodiment, this bringing together takes place by aflowing

the first and second atoms to bond chemically, to form a molecule.

In a second subsequent step, a magnetic field is provided, arranged to align the respective spin of
said nuclei in relation to each other so that a respective spin axis of said spins are anti-parallel and
directed either towards each other or away from each other and so that said spins are projected
on a common line between the nuclei, which common line is parallel to the provided magnetic
field. This alignment may take place onto the molecules of said type freely moving through said

confined volume.

In a third and fourth subsequent respective step, the first and second hydrogen atoms are either
ionized, or the electron orbit {electron distribution) of the respective electrons is modified such
that this electron is not located between the respective nuclei of said first and second hydrogen

atoms along said common line {as described above)}.

The electron distribution by keeping the said common axis clean from electrons, in this embodi-

ment, can be achieved by a previous ionization of said hydrogen atoms forming said molecules.

Again, the first, second, third and fourth subsequent steps may be performed in any order, and the
result of these subsequent steps is again that the first and second hydrogen atom nuclei are ar-
ranged in sufficient proximity, with a proper spin alignment and without disturbing effects from

electron distributions, so as to allow fusion to form a helium nucleus.

Also, each step may be performed multiple times in each such iteration.
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In a way which is similar as for the Fusion Reactor embodiment, in a subsequent step such fusion

takes place at a statistical probability.
in a subsequent step, the method ends.
Detailed Specification ~ Fusion Reactor Embodiments

This section is concerned with a more detailed specification of the Fusion Reactor class of embodi-
ments. The prototype of Fusion Reactor embodiments is the use in power plants, but the princi-
ples described herein may also be used in any of the objects discussed above, like ships. One par-

ticular example of the Fusion Reactor embodiment is as foliows. Reference is made to Figure 6.
1. Input Material

Deuterium oxide D, 0, where here D = ZH for mass number 2 and atomic number 7=1 (heavy wa-

ter) is used as input material to the power plant.

Argentina produces approximately 200 metric tonnes of D, 0 per year in 2018 at one plant, and a
decommissioned plant in Canada had a capacity of 1600 tonnes per year. The price of Cambridge
Isotopes of purity 89.96%-D in 2015 was approximately 995 USD/kg. This example is not purity
sensitive and 99.96%-D can be assumed. The channel D + D — 3He + n — §He produces Amc? =
(2x2.0136 — 4.0026)ul.6605 x 107%7¢% = 0.0246 X 1.6605 X 10747 x 9 x 10%¢ =

0.368 x 1071 § per D, 0 molecule. This channei wiil be used to exemplify the total energy budget.

1000
.5

— ) X 6.022 % 10%% = 3.343 x 107> molecules, with ;0 10% less

1 kg of water contains (

than that, and therefore 1 kg of heavy water produces approximately 1.107 x 10%1. The total

electricity consumption world-wide in 2012 was approximately 19,000 TWh, this approximately

equals 1.9 x 10% x 10% x 3600 = 6.840 x 10). It therefore takes (fff%} x 1016714 =

6.178 x 107 kg, i.e. approximately 0.6 tonnes of heavy water for that channel to cover 100% the
global electricity consumption in 2012. This corresponds 1o a global consumption of approximately
0.07 kg of D, 0 per hour. This number assumes an overall efficiency of 100% from fusion energy to

electrical energy. From general considerations, an efficiency rate of 10-30% can be assumed at

some industrial maturity level.

From a safety perspective, 1,0 is not radicactive and becomes toxic for humans only at approxi-
mately 50% of the total bodily water concentration. The body water constitutes 50 — 75% of the
body mass, meaning that an 80 kg person needs to drink in the order of 20 liters of pure D,0 over

a period of the order of 10 days before toxic doses are obtained.
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2. Material Separator

The Material Separator takes the Input Material, in this embodiment example D, 0, and separates

it into Fusion Material, Doping Material, and to by-products.

In this simple embodiment of the method only Fusion Material is used and no Doping Material is
applied. Both deuterium atoms in the D, 0 molecule are used as Fusion Material. In this embodi-

ment example, only a single by-product is produced which generally is oxygen gas 0,.

Fusion Material separation of [J, 0 may be achieved by adding energy to the D,0 molecules in or-
der to dissolve the HO — H hydrogen bond and the 0 — H covalent bond. This bond-dissociation
energy can be disregarded in the overall energy budget as it is comparing nuclear energies with

chemical energies. The two dissociation energies for H,0 is 497 + 426 ki/mol, i.e.

(69(?237) % 105723 = 1,533 x 10718}, We use the same value as an approximation for D, 0 dissocia-

tion as the adjustment to D, 0 is only of the order of 10% or less of the hydrogen value. This disso-
ciation energy of 1.533 x 107 2%} is to be compared with the nuciear energy of 0.368 x 1071 J
per D, 0 molecule and can therefore be disregarded in the overall energy budget. From this we
can also assume 100% efficiency in the Material Separation process for simplicity in the energy

budget calculations for this embodiment.

This embodiment example uses standard electrolysis to separate D, 0 into Fusion Material gas D,
and by-product oxygen 0, by standard methods. From Faradays first law of electrolysis, the pro-

duction rate of Fusion Material is proportional to the DC current applied.
3. Material lonization Chamber

This embodiment of the present method uses deuteron Fusion Material. The deuterons are ob-
tained by ionization of the D, gas obtained from the Material Separator process. This embodiment

applies ionization of D, at STP.

The ionization energy of hydrogen is for Planck constant i approximately E£; = hf; =

2.18 x 10718) and differs from deuterium only by a factor 1.000272. Therefore, to a good approx-
imation 2.18 x 107% } is to be compared with the nuclear energy of 0.368 x 107 J per D,0
molecule and this energy part can again be disregarded in the overall energy budget. For the D,
gas, the ionization energy is slightly higher but does not change the fact that this energy is disre-

garded in the overall energy budget.
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The ionization in this embodiment is performed by applying an electromagnetic radiation with fre-
guency f = E/h for Planck constant A, A = 6.626 X 107345, and where the electron orbital reso-
nance energy £, which is selected not to be a deuteron nucleus resonance energy or frequency,
satisfies £ > E;. For the frequency, this implies a resonance frequency condition f > f; =
I

, the resonance wave-
ii

3.29 x 10*5Hz with the above estimates, withc¢ = 3 x 108 m/sand A; =

length is of the order 100 X 10™°nm and is part of low energy UV spectrum in this estimate.

The rate of the ionization and Fusion Material production in this embodiment is defined by the in-
tensity of the resonant UV radiation and the density of the D; gas, which also to some extent de-

fines the rate of nuclear fusion or power production.

Ideally, the deuterons that exit the Material lonization chamber and enter into the Fusion Reactor

have the same kinetic energy, or equivalently, have monochromatic de Broglie wavelength.

This is achieved with either low lonization Chamber operating temperature and/or by applying a
Monochromator that may use standard monochromator or spectrometer techniques to perform a
kinetic energy dynamical state preparation at some point before deuteron entry into Fusion Reac-

tor, and before entry into magnetic fields.

The UV radiation may be generated using a standard UV lamp arranged to radiate UV radiation in-
side the lonization chamber, or to radiate from the outside of the chamber into the chamber,

which chamber is then provided with wall material allowing the UV radiation to pass therethrough.

An alternative implementation to the electromagnetic radiation, is to use a strong static electric
field to achieve the ionization of the deuterium atoms. The electric field is made strong enocugh to
separate the electrons from the deuterons. Typically, a potential of 0.1-6 keV for a separation of 2

mm between a pair of charged anode-cathode plates is used to achieve this.

in both the electromagnetic radiation and the static electric field ionization cases, a further mag-
netic field can be applied parallel to B, as indicated in Figure 5, in the Material lonization Chamber
or prior to the deuterium atoms entering this chamber such that the nuclear spins become polar-

ized before applying the ionizing fields.
4. Fusion Reactor

In this presentation, i in the magnetic field vacuum definition B = ygH is set to yy = 1 unless

otherwise explicitly stated.
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The ionized deuterium Fusion Material (the deuterons), are injected into the Fusion Reactor

through an electric field E extracting the D Fusion Material from the lonization Chamber. The Fu-

sion Material extraction rate, which is proportional to the energy production rate, can be con-

trolled by the direction and magnitude of the vector field E, {see Figure &) together with the phys-

ical opening in the Matter Wave Lens connecting the Material lonization Chamber and the Fusion

Reactor. Further production rate control can be exerted by an optional Spin Filter.

This embodiment of the method of dynamical state preparations will be exprassed in the terminol-
ogy of quantum state preparations in order to allow Cold Fusion to occur. The terminology of
quantum state preparations for dynamical state preparations follows from the chosen model! to
describe the physics involved as given below. The Fusion Reactor embodiment of the method is
now cbtained by applying a magnetic field B parallel or anti-parallel to the electric field E,. This
means that in this embodiment, the electric field £ is used to direct the Fusion Material to the Fu-
sion Reactor Core, which is a preparation of the dynamical or quantum linear momentum states,
while the magnetic field B is used for the dynamical or quantum state preparation of the spin
states. Apart from spin, the geometry of this embodiment of the method is such that the orbital
angular momentum vector L of the deuterons relative to the origin vanishes in terms of classical

physics. In terms of non-relativistic quantum mechanics from the non-commutativity of L, L,

and L, referring to Figure 6, Ly = 0, L, = L, = 0, where the bar over operator symbol denotes
expectation values as defined in standard quantum mechanics. The Fusion Reactor Core is the re-
gion where the Cold Fusion occurs. The engineering of the Maxwell fields E and B are obtained by
constructing electrical circuits implementing current loops, capacitors and tori within and around
the Fusion Reactor. Such electromagnetic field generation is conventional as such, and will not be
detailed herein. However, this engineering can in principle be achieved in a very large number of
possible ways, what is important is that the resulting Maxwell fields are correct with respect to
achieving Cold Fusion in the manner described herein by the linear momentum and spin states

preparation of the Fusion Material. In the particular example shown in Figure 6, static fields E and

B are generated and used.

By maintaining the two half-chambers in Figure 5 at equal temperature and with equal magnitude
in electric and magnetic field strengths, the left and right beams of Figure 5 will be in the same nu-
clear spin state for identical energy, say S = +1 for a particular energy. The two spin states are
therefore opposite for identical energy states corresponding to Figure 2 by applying opposite mag-
netic fields B as illustrated in Figure 5 and the absolute direction of the field B is chosen such that
Figure 2 is achieved by combining B with E, and this absolute direction is either as illustrated in

Figure 5 or the reverse polarity of B. The static field B is generated by a DC current in this



<y

70

20

30

WO 2021/206617 PCT/SE2021/050309
4

~J

embodiment. The field B determined by the DC current is made strong enough to generate signifi-
cant dynamical or guantum state deuteron energy splitting between the three deuteron spin
states S5, = +1,0 aliowing a practical separation of the desired dynamical or guantum states that
contribute to Cold Fusion from the unwanted states that do not contribute to Cold Fusion. Un-
wanted states in general degrade the qguality of the deuteron stream. In this embodiment, de-

scribed in classical terms and disregarding thermal velocity, all deuterons acquire identical kinetic
1 . . . . . .
energy £, = ;mDvZ, or equivalently identical velocity v along the x-axis, when accelerated {with

sign 1} in the electric field E until the magnetic field B is effectively switched on for the particle.
Applying the field B corresponds to applying a spin 5, = +1,0 dependent potential without
changing the total deuteron energy, which in this approximation in turn will split the velocity into
three different velocities depending on S, = +£1,0. This applies generally as long as the there is
only one effective spin dependent potential as explicitly illustrated by equation {7) below. A differ-
ent embodiment would be to use a different procedure of separating the desired dynamical or
quantum states that contribute to Cold Fusion from the unwanted states that do not contribute to
Cold Fusion by, for example, applying the general method described in the text in connection with

equations {41} through equations {45}.

One purpose here is to set up the conditions of the electromagnetic fields required to achieve the
Cold Fusion as described in Sections 2 and 4 above. The Cold Fusion conditions will be related to
the electromagnetic fields through dynamical equations, which for this particular embodiment will
be described by a physical model given by equation {7). The Cold Fusion conditions themselves will
in this example be described as the boundary conditions for the deuterons vy = v, = v, = 0 and
Sy = +1 at the point (x, v, z) = 0. The condition S, = 1 refers explicitly to Figure 5 and in a dif-
ferent configuration of the electromagnetic fields, the states S, = 0, —1 could also be used. Any
embodiment of the method of dynamical state or quantum state preparation for achieving Cold
Fusion by allowing it to occur uses the same underlying physical principles with some dynamical
equation corresponding to {7}. The equation {7} is only one physical model used for describing this
particular embodiment of the method of dynamical guantum state preparation for achieving Cold
Fusion, other physical or mathematic models that result in identical measured results are possible.
For this particular embodiment of the present invention, the dynamical equations {7} with or with-
out the boundary conditions is called the Fusion Reactor Equations. Solving the Fusion Reactor
Equations will give the required relations between the fields £, H, physical dimensions and shapes
of the Fusion Reactor components, operating temperatures and other factors that have any effect
on achieving the deuteron boundary conditions v, = v, = v, = 0 and S, = +1 at the point

(x,y,2z) = 0 with the required precision in order to achieve Cold Fusion. Thase conditions imply
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that the orbital angular momentum vanishes, i.e. L = 0 in the classical sense, and thatf = L +

§=38.

The time ¢ is measured in the rest frame of the Fusion Reactor and this reference frame of co-ordi-
nates are referred to as the laboratory system. The rest frame of the deuteron will travel with ve-
locity v relative to the laboratory system and measure a time £5. For v < ¢ the two frames will
measure approximately the same time intervals {5 = ¢ and mathematical approximations where
tp = t are called non-relativistic approximations. In a non-relativistic approximation, the Fusion
Reactor Equations are in this chosen model of description determined by the Schrédinger equation
for dynamical state Hiibert space vectors ¥, where ¢ is a co-ordinate and spin state function in the
Schridinger representation. For a time-independent, i.e. static, field B in the direction of positive
x-axis for x > 0, for generalized linear momentum operator p,, deuteron mass my, deuteron
charge g, deuteron magnetic moment g and with Hamiltonian H, the non-relativistic Schrédinger
equation is (see P.A.M Dirac, The Principles of Quantum Mechanics (Oxford at the Clarendon Press
1947, Third Edition), Section 27, equation {7}; and D. Landau and E.M. Lifshitz, Quantum Mechan-
ics {Non-relativistic Theory) {(Pergamon Press 1977, Third Edition), §111, equation (111.4)):

e = Hp = (5=p}+ o~ B)y 7)

ot Zmp

In this approximation we treat the Maxwell fields E and B as given classical vectors, not as guan-
tum field operators and the back-reaction by the deuteron on the electromagnetic fields is in this
approximation disregarded. The third term on the right-hand side {RHS) of {7} corresponds to the
splitting of the energy due to the field B into three energy states for the deuteron triplet § = +1,0
depending on whether the deuteron magnetic moment g is parallel, anti-parallel or zero projected
on the magnetic field B. For electron energy levels in an atom, this energy splitting by B results in

the Zeeman effect. The deuteron transport time over distance [ from the Material lonization

. . 0<x s . .
Chamber to the Fusion Reactor coreis t = [ v L(x)dx, in this form excluding points where

Jx<d

v = (, and where the ciassical velocity v is determined by the Lorentz force in a non-relativistic

approximation as

av q
detquchva {8}
In this particular embodiment, as exemplified in Figure 6, the classical velocity v without consider-
ing spin is fully determined by the applied electric field E in (8) as in this particular embodiment

we have ¥ X B = (0 as v is parallel to B. The quantum average deuteron velocity while
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transported to Fusion Reactor Core is from the classical relation (8) integrated tobe v = ;-f-—Ext +
D

v, with no collisions at x{t) over macroscopic {i.e. non-quantum} distance [. For the thermalized
low temperature Material lonization Chamber with ionization radiation applied at x = [, we have
gquantum average velocity vy = 0 (for 7 = 0). In order to describe this, a mathematical and physi-
cal approximation could in principie be introduced where the transport of the deuteron Fusion
Material over macroscopic distances [ is treated classically, but the dynamical state preparations
required to achieve Cold Fusion by projecting spin on the magnetic field B is treated guantum me-
chanically as guantum state transition amplitudes. However, this embodiment of the method is
concerned with turning points of the form v(0) = 0, while quasi-classical approximations are in
general not valid at such points {see L.D. Landau and E.M. Lifshitz, Quantum Mechanics {Non-rela-
tivistic Theory) (Pergamon Press 1977, Third Edition), §46, equation {46.7}) and the connection be-
tween quantum theory and classical theory becomes more uncertain. For this reason, also the
space-time dependence will here be treated quantum mechanically as expressed by {7) rather
than using a Newton form of description (apart from guantum mechanics using classical analogies)

as expressed by equation (8).

The spin transition probability from initial spin state { to final spin state [ is given as the Hilbert

H; L,L'L‘)Z for the spin interaction Hamiltonian H; = —jt - B acting on the spin

space square |{1;
states @. The experimental values {see John Dirk Walecka, Theoretical Nuclear and Subnuclear
Physics (imperial Collage Press 2013}, Section 8.1, equation {8.1) and Section 37.3, eguation
{37.66}) for the magnetic moments g and the spins for the proton, the neutron and the deuteron

respectively, and in terms of Pauli spin matrices 5,5 and nuclear magnetons n.m. are given by

pp = +2793-20 5,5 = +2.793 - S5 n.m. (92)
ép = +{.857 -SAH n.m. (QC}

The fact that the deuteron magnetic moment is approximately the result of adding together the
magnetic moments of the proton and the neutron confirms the model illustrated in Figure 3. Writ-
ten explicitly in terms of Pauli spin matrices with abstract spin indices 4 and B, the equations (2} in
terms of (x, y, z) vector components and relabelled by cyclic permutation from the usual repre-
sentation for the purpose of projecting spin on the x-axis in an S,-diagonal representation, the ex-
pressions g, - B in this embodiment become

fy B = +27938, B = +2.793 (é 1) B, nm.T (10a)
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fo B = ~19135,; B = -1913(} © ) B T (10b)
7 S A 2RAR - b -1 X’ x
10 0\
4y, B =-+0857S,, B=-+0857l0 0 o )Bx nm. T (10¢)
00 —1/

Unit T in {10) is Tesla. In the equation (10c}, the Pauli spin matrices have been generalized with re-
spect to spin 1 projections and with S,-diagonal eigenvaluas 1, 0 and —1. The generalization of the
Pauli matrices with respect to spin projections is here different from generalization with respect to
generators of a Lie algebra. The deuteron energy splitting AS corresponding to the Zeeman effect
for an atom due to the 3 different deuteron spin projections is now from {10c¢) between each en-

ergy level in the sequence 5, = (1,0, —1) given by

AE 0= +0.857(1 — (0))B, = +0.857 - B, n.m.-T (11a)
A&y = +0.857(0 — (—1))B, = +0.857 - B, nm.T {11b)
AE4qy 4 = +0.857(1 — (—=1))B, = +0.857 - 2B, n.m.-T (11c)

From (11}, the energy splitting is increased by increasing the field B. When disregarding the kinetic
and electric field terms, the spin Hamiltonian term in {7} is —g¢ - B, and therefore the lowest en-
ergy is obtained with the deuteron spin paraliel to the magnetic field B, i.e. for S, = +1 as in Fig-
ure 6, and from (10c) with the energy £, = —0.857 - B, n.m.T, while the highest energy is p anti-
paralel with B, i.e. for §, = -1 with £_; = +0.857 - B, n.m.T. In the high temperature limit T —
o all states S, = *1, 0 are equally probable according to equation (6), in which case there is a sig-
nificant need of spin alignment using strong fields B and filtering out unwanted spins. In the low
temperature T — 0 all states will be the low energy states 5, = 41 and weak fields 5 can be used
while the need of filtering out unwanted spins disappear in this limit. For low encugh operating
temperature T, the dynamical system in a thermally radiating environment will tend to align the
magnetic moment to lowest energy, which in this deuteron case is u(f) becoming parallel to B as
follows from equations {7} and {10)}. in classical terms, a torque T = g X B will act on the deuteron

until g is aligned with B, much like a compass needle in magnetic field of the Earth.

For order of magnitudes for spin alignment, magnetic fields of the order of 20T at STP are used in
standard Nuclear Magnetic Resonance {NMR) in order to align the spins in a material substance
with an external magnetic field.

|2 is

(el = |y - Blwo)

increased by increasing the field B. In standard NMR, spin flips are obtained after order of 107°

In the same fashion from {10c¢}, the spin transition probability

seconds from applying a small orthogonal time-dependent perturbation of the static 20T field.



<y

-

<y

20

30

WO 2021/206617 PCT/SE2021/050309
51

Optional time-dependent magnetic or electromagnetic fields stimulate magnetic spin transitions if

E = hwp, for the field frequency wpg, is close to the energy differences A€ in equation {11}, and

which correspond to resonance frequencies. The option of using time dependent electromagnetic

fields for stimulated transitions will not be used in this simple illustration of applying the dynam-

ical state preparations, in order to simplify the presentation.

The term “spin states” refer, in this non-relativistic approximation, to different dynamical degrees
of freedom as compared to the deuteron space-time or linear momentum x-coordinate transport.
The different terms in {7} acting on different degrees of freedom in effect separate the dynamical
state function ¥ into the product ¢ = ¢(x, t)o. From the dynamics and the non-relativistic ap-
proximations used in modelling this embodiment of the method, the LS-coupling for orbital angu-
lar momentum L vanishes, L - § = 0 as L = § in a point particle approximation for the classical or
quasi-classical trajectory of the deuteron for the purpose of illustrating this embodiment of the
method. A more precise expression in terms of this fact in this non-relativistic approximation is
that LS, = 0 and m = 1,5, = 0. If a Spin Filter is not used, each deuteron emerging from the
fenization Chamber into the Fusion Reactor is expressed as a different linear combination y; =
141 + Yo + 3. There, the index labels the dynamical states by the eigenvalues of the

Hermitian operators under consideration. For completely unpolarised dynamical states if;, the av-

1 , 1 1
erage state can be expressed as ); = _«Et’ij“ tx Py + ‘\7:'§LL’1

In order to obtain relations between the electromagnetic fields, physical dimensions etc., the solu-
tion for ¢ in the differential equation (7} is needed. First, the Fusion Reactor Equations for this
particular embodiment will be detailed, and solutions of these equations will be described subse-

guently. The Fusion Reactor Equations refer to Figure 6.

In this particular embodiment, two fields £ and E, are applied between 0 < x < [ and[; <x <
{,, reversing directions at distance I, such that during transition from x = [, to x = 0, the velocity
v{x) = 0 for x = Q for the correct Sy = +1 and for the correct ordering N#P of the deuteron. For
x > 0 and in this approximation, the magnetic field B is switched on at x = [;. The electromag-
netic fields in the mathematical expressions are the resultant fields arising from superpositions in

the electromagnetic field engineering part. In the non-relativistic approximation, the quantum op-

erators p; = —zhﬁ are used together with the external Maxwell field minimal substitutions aris-

ing from classical analogy, with generalized momentum given by the replacement p; —» p; + %Az—
and where the space-like part of 4; is defined by B; = V X 4,;. The Schrédinger equation (7} is now

for space-like 3-indices k and with electromagnetic potential @
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., 8 F 1 8 z °
ihSE = Hy = (-Z—mg<—1haik+%f-ik) +qq;>—,u-B)zp (13)
We substitute g = —gF,x in {13} for a homogenous and static electric field £}, in the direction of

the x-coordinate and that vanish in the y and z directions in the approximation used here for the
purpose of illustrating this embodiment. Taking B again as static and homogenous along the deu-
teron beam, we obtain in this approximation of the guantum state preparation embodiment {see
P.A.M Dirac, The Principles of Quantum Mechanics {Oxford at the Clarendon Press 1947, Third Edi-

tion), Section 41, eguation (88)):

., O 1 . BN . \
inSh =y = (mﬂ(—mc/%) —qux—;i-B)zj} 0<x<l—¢ (14a)
Ly O 1 L, 83\2 P _ -5

lfl—é}f =Hy = (gmp (—Eﬁ:%; - qEﬂ)lp L+esxgl, {14b)
., BY {1 Y \ i

hE = Hp = (o (<ih) —qEcx—p- Bl Osxslo—e (14c)

An optional equation {14¢) with guantities indexed by € has been added here in the case when the
electric and magnetic fields are designed differently in the Fusion Reactor Core, which is generally
needed if the physical size of the Fusion Reactor Core is large. For the purpose of illustrating this
embodiment, such differences in the Fusion Reactor Core will not be used here, i.e. only {14a) and

i ons —in 2~ NV and (—inl 1 24p LY
{14b) will be used. In equatmns(l4),thetwoterms( zhay ZC‘BXZ) and( zhaz—e—ZCBX}>

inthe gauge 4 = EB X ¥ (g = 1) vanish in the guasi-classical trajectory approximation used here
and have been omitted for the deuteron beam along the x-axis. Dynamical evolution or motion in

(v, z)-plane will be brought back later using diffraction. A more exact treatment is obtained by in-

V2

cluding the dynamical evolution in the (y, z)-plane by including the terms (—iﬁa% - %%sz) and
3 2

(méﬁﬁ-} + %%Bxy) in the Hamiltonian in {14} and will result in oscillations in the (y, z)-plane (see

L.D. Landau and E.M. Lifshitz, Quantum Mechanics {Non-relativistic Theory) (Pergamon Press 1977,

Third Edition}, §112, equations {112.5} and (112.7}} and a corresponding Landau quantization in

lgliB]
mpc

. A small number € has

Landau gauge with energy levels £; = (n + é—) fiwe, where wg =

been included in {14} in order to take account to a singularity described below.

For the initial or boundary conditions for the Fusion Reactor Equations {14) regarding the deuteron
velocity v at x = [, in general vy # 0 due to thermal velocities, but vy = 0 in the low tempera-
ture limit of the lonization Chamber. This iow temperature limit simplification will be used here for

the purpose of illustration of this embodiment. The boundary conditions at x = 0 in order {o
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achieve Cold Fusion will discussed below. A more precise mathematical mode! would also use the
exact solutions of the Maxwell equations in a given setting, which will generate smooth fields at

x = I, rather than step functions at x = {;. One tool to engineer exact Maxwell equations, apart
from engineering currents, is to take various physical segments of the Fusion Reactor to specific
electromagnetic potentials, including earth. We continue to use the above simplified, i.e. non-ex-
act, electromagnetic field model for illustrating this particular embodiment of the method accord-

ing to the present invention.

The above non-relativistic approximation may be improved by a more exact relativistic model,
where it is not necessary that v < ¢ but maintaining the approximation that the deuteron can be
regarded as a point particle in a macroscopic Fusion Reactor. in such a model, the electromagnetic
fields are constant over the point particle even if the fields over the macroscopic Fusion Reactor
vary. This approximation may not be valid for an embodiment of the inventive method in a small
enough nano-Fusion Reactor or quantum-Fusion Reactor, as a deuteron has a “size” of the order
107 m. With this point particle approximation, the electromagnetic fields are acting at the point
of the deuteron and we have instead of (14) the relativistic Dirac equation for fermions in the la-
boratory frame of the form {see P.A.M Dirac, The Principles of Quantum Mechanics {Oxford at the

Clarendon Press 1947, Third Edition), Section 67, equation {9}}:

{-ZEE +5Z-(p+p1 (Ui-(pi—kiz-f‘ii))—i-pgmﬂc}?}) =0 . {15)

In {15}, the 4 X 4 matrices p, and p4, Pauli spin matrices g; = (§,5); are defined as in Dirac
{again, see P.A.M Dirac, The Principles of Quantum Mechanics {Oxford at the Clarendon Press
1947, Third Edition), Section 67, equation (9}) for a 4-spinor ¥. The Dirac y-matrices arise as Lo-
rentz transformations acting on ¢ and on the operator a; defined by oy = 1, a;, = ppo) fork =
1, 2,3 and &, = p3. The Dirac equation {15} is only valid for each neutron and proton separately if
the two nucleons are considered as non-interacting, and one would need to use outer products of
spinors to construct spinor vectors and tensors to include such interactions {see R.Penrose &
W.Rindler, Volume 1, Two-Spinor Calculus and Relativistic Fields {Cambridge University Press
1990}, Section 4.6, p. 231-237.}. A nuclear interaction can also be introduced through a Lagrangian
associated with standard Euler-Lagrange variational principles, or by direct inspection from elec-

tromagnetic minimal substitution and mass renormalization analogies. In this model, the proton

. . . . . 14
and neutron nucleons in the deuteron are described as a baryon isc-spinor field ¥ = (n) where
/

iso-spin (é) represents a proton and iso-spin (?} a neutron. The interaction between the two nu-

cleons is mediated by an attractive scalar meson field o and a vector meson field V; satisfying the
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simultaneous equations {John Dirk Walecka, Theoretical Nuclear and Subnuclear Physics {imperial
Collage Press 2013}, Section 14.2, equ. {14.9)}), with the given metric chosen as in the given refer-
ence {lohn Dirk Walecka, Theoretical Nuclear and Subnuclear Physics {imperial Collage Press

2013}, Appendix D.3, p. 573-}, of the form

Vi iV = i P, (162)

%% - mﬁ) 0= —a ¥ {16b)
a .

[}/i (a - szVi) + (M- czscr)] Y= {16¢)

The non-linear differential equations {(16) use the definitions ¥ = WT]@ with Hermite conjugate
upper index, Vy; = V, V; — V,;V},, vector and scalar meson coupling constants ay and ag, free bar-
yon mass M, meson masses my and mg, and in a nuclear interactions approximation a conserved
baryon current [ of the form /g, = iPy, ¥, in the low temperature limit T — 0, a Relativistic
Mean Field Approximation {see John Dirk Walecka, Theoretical Nuclear and Subnuclear Physics
{Imperial Coillage Press 2013}, Chapter 14, p. 119-, Section 18.1, p.155, bullet 1) can be applied to
solve {16}). For the S = 0 Fusion Product gHe, a Relativistic Hartree Approximation (John Dirk Wal-
ecka, Theoretical Nuclear and Subnuclear Physics {Imperial Collage Press 2013}, Section 14.4, p.

125} can be used to solve {16).

One should note that although the illustration of this particular embodiment of the inventive
method will mainly be in terms of non-relativistic Quantum Mechanics below, some aspect of the
nuclear fusion details, like spin and iso-spin dependencies, nuclear matter saturation {see John
Dirk Walecka, Theoretical Nuclear and Subnuclear Physics {imperial Collage Press 2013}, Section
14.4, p. 125}, depend on relativistic aspects. The equations (16) can be augmented (John Dirk Wal-
ecka, Theoretical Nuclear and Subnuclear Physics {Imperial Collage Press 2013}, Section 20.2, eqgu.
(20.8)) by adding a m-meson iso-vector (n¥, 7%, ™) with charge +g, 0, —g respectively, where
now a change in nucleon iso-spin can be regarded as an interchange of such m-mesons {see John
Dirk Walecka, Theoretical Nuclear and Subnuclear Physics {imperial Collage Press 2013}, Section
21.1, equations {21.5}, {21.8))}, for example the deuteron polarization changing from N#P to PH#N
can be modeled as a ©* emission by P and a 7 absorption by N. The m-meson is a scalar with re-
spect to space-time rotations, meaning that the m-meson interchange converting a proton to a
neutron and conversely, only changes energy and the charge of the nucleon, while the true deu-
teron spin S, = 41,0 remains unchanged. A further improved relativistic approximation is to not
anymore disregard the guantum back-reaction on the electromagnetic fields and subject the elec-

tromagnetic fields to a full quantum field treatment following standard Quantum Field Theory (see
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F. Mandl & G. Shaw, Quantum Feld Theory (John Wiley and Sons Ltd. 1986), Chapter 5, p 81-}. The
QFT treatment is required for weak electromagnetic fields when the Fock space occupation num-
bers n are small in the sense that n + 1 is significantly different in value from n. A still further im-

provement of exactness is to introduce QCD and charge densities to describe the nucleons.

In the context of nuclear matter saturation, the second purpose of the field £/ is to polarize the
deuteron on the two sides of the x-axis according to Figure 2 in order to minimize or eliminate the
electromagnetic repulsion that would prevent Cold Fusion. The field £, can be calculated either by
a rigid body approximation from the nuclear matter saturation property, and the deuteron turning
to align the proton with the field E, or as an iso-spin polarization, say from N#P to P#N, by m-me-
son exchange. In the classical rigid body model, the deuteron spin reversal must be disregarded as
the spin § does not quantum mechanically couple to the electric field E,in a first approximation,
while in the m-meson exchange the true space-time spin remains unchanged. Alternatively, the
field £, can be determined experimentally by varying E, until the desired fusion efficiency is
achieved, which also fixes E, from the v = 0 at x = 0 condition. The conditionv = 0 at x = 0 for

Cold Fusion is explained in more detail below.

The particle thermal velocities generated by thermalization correspond to Em[)vz = E:’cBT orv =

3kpT/mp . inserting values ky = 1.381 X 1072%}/K and m,, = 1875.613 MeV/c* -

1.6 X 107%%/elV = 3.0 x 1079 /¢? gives at operating temperature T = 10*K the value 7 =

£4/3-1.381-10723-10%/3.0- 10710 = ¢(3.7 X 1075) m/s and therefore v < ¢ for T = 10%K.
The deuteron particle velocity generated by accelerations in the electric fields E, before exiting

the Matter Wave Lens is for the relativistic energy and disregarding spin and integration constants

22

2

.2
c?

Eper = mpc? (1 - 3--) ‘e ~mpc? + %mDvZ + g, where the latter approximation is valid

for:—i « 1, ie for v « c. The velocity acquired by the particle in the electric field over distance {;
is in the non-relativistic approximation obtained from %—msz = g or%mpvz = gf,[; for a ho-

mogenous field £, or more generally %msz =g f: E(r)dr. We assume for the sole purpose of
iHustrating the principles lying behind the embodiment of the inventive method that the electric

fields are weak enough or that the physical dimensions of the Fusion Reactor are small enough

such that the condition v « cis valid. For v « ¢, the Fusion Reactor Equations under these ap-

proximations are given by {14).

The equations {14) are partial differential equations with a non-constant coefficient x. Using

standard notation, the spin variables ¢ represent the 3 discrete deuteron eigenvalues g, = 5, =
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+1,0 in the S,.-diagonal representation as made explicit in {10c). Following standard procedure for
separating the x, £ and spin variables ¢, with the spin variables already in effect separated, by as-

suming a solution of the form Y({x, Yo — Y)Y (e = Y(x, )Y (t) = Y)Y (o) with

; ; 1/) t) (2879 e / heE

starting point ih ——={x)o = (E" (— “ ?> —qExip(x)—p- Btp(x)) y(t)o, or after
. -1 L 0Py 1 1 71 (x T\

multiplying by ¢ * from the left, Lh#)(t) TR (ZmD( B2 ) gE. x¥(x,0) —

By(x, rr)) = —& for some number &€ independent of x, o and £. The number —£& is the eigenvalue

of the Hermitian operators (iﬁ; ) and — ( ~

2mp dxz

- gE,x+p- B) acting on ¥(t) and Y (x, o)

1 8%Y{x
respectively. The x and o variables are in turn separated by (——(—ﬁz -ﬂy—) -
Yi{x)\2mp axs J

qu;vg&(x)) + &= 1!’ = (+u- By (o)) = —Ep. This results in the separated Fusion Reactor Equa-

tions for {14) given by

P i 4 ey(t) =0 {173)
P 5 ( 12 D) — B p(x) + (€ + Ex)p(x) = 0 (17b)
Plo) (u-B+Ex(e) =0 (17¢)

Mathematical properties of (17} will be discussed first, subsequently followed by physical interpre-
tation. The mathematical details are significant, for example, when constructing Fusion Reactor

simulation software.

The equation (17¢) only reiterates what has already been assumed, in equation {10¢), namely that

—p - B = £g. The differential eguation (16.a}) with constant coefficients is integrated to

. . LEt+8,¢]
Hb(t,) - Cleﬁ o+ ¢0t élga)

in {18a), C; is taken as real when the complex phase information at ¢ = 0 is carried by 8y¢. The ho-

mogenous differential equation (17.b), with non-constant coefficient x and using the definition

Q(x) = "2

5)), is of the normal form

Wx: 2 l’)m it 4+ Q) P(x) = 0 (175"}
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The functions Q{x) or (x — {,)?Q(x) are not analytic at the irregular singular point x = I, which
arises from the jump discontinuity at x = {;. This singularity arises from the mathematical idealiza-

tion of the fields £ and B as Heaviside functions of the form

Ex=E1 G<x<£1

Ex=E2 £1SX<l2

For this reason, a small number € was included in (14}, and @(x) is analytic on each interval 0 <

x <l —eandl; +e < x <1, Since (17b} is a second order differential equation with non-con-
stant coefficients, we do not in general expect solutions of this equation to be expressible in terms
of elementary functions. in addition, if a step function of the form above is used, then E, and B,
would not be continuous nor have continuous derivatives at x = [, and the need of introducing
distributions and weak derivatives arise. This complication will be avoided below by deleting the
small segment x = [ + ¢ for the purpose of illustrating this embodiment of the inventive method.
The mathematical problem at x = {; does not arise from physics. An exact solution of the Maxwell
equations will result in C™ fields aiso on the interval x = [ + ¢, and solutions in terms of power
series can be assumed {George F. Simmons, Differential Equations with Applications and Historical
Notes {CRC Press, Third Edition), Section 28, p. 210-) over all x.In practice, {17b) or {17b") would in

most cases be solved by numerical methods.

We now further assume that the fields E, and B, are weak enough, and that the intervalx = [; +
¢ is small enough, such that the dynamics of the deuteron when passing through this interval re-
mains unaffected apart from a phase shift .. In this approximation, theintervalx = [, + ¢ is
simply eliminated from the system and the equations are solved separatelyforx <, —candx >
[, + €. This reduces the system to a regular Sturm-Liouville problem when determining for what

particular values of € + £y solutions of {17b} or {17b") will be permitted. Rewriting @(x) =

2mp
he

2 2mpqEy L
- Z_;D (E+E&p) +£§—§-—-—*-x = —q + bx, itis

(gE,x —(E+EZ))in{17b}ontheform Q(x) =
seen that @(x) is a first order polynomial in the independent variable x. For such ¢{x), the
method of Laplace transforms may in principle be used to solve {17b7) {see George F. Simmons,
Differential Equations with Applications and Historical Notes (CRC Press, Third Edition}, Chapter 8,
p. 447-). However, this method will depend on identifying inverse Laplace transforms as the solu-
tions ¥ {x). This identification will be difficult for general Fusion Reactor Equations and therefore,
in practice, the general methods for solving the Fusion Reactor equations like (17b} or {17b) are
reduced to power series or numerical methods. Here, power series are obtained by removing seg-
ments x = {; + € under the approximation that such segments have small impact on the dynam-

ical system. Since @{x) is now analytic {C™ with convergent power series) over all x, the equation
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{17k} has two linearly independent unigue analytic solutions on all x in the Fusion Reactor

{George F. Simmons, Differential Equations with Applications and Historical Notes {CRC Press,

Third Edition}, Section 29, p. 214, Theorem A). Fora = 0 and b = 1 in ¢(x) = —a + bx, the equa-

tion {17b") reduces to the well-known Airy equation with Airy functions as solutions. As a starting

point, the general method power series will be used, and Airy functions that are valid for this par-

ticular case will be introduced later.
Assuming now a power series solution of {17b") of the form
Yx) = Yoo Cnx™ = co + 0y X + %% + c3x” + . {18b)

The conditions on ¢, in {18b} are obtained by inserting {18b} in {17b"} of the form

32 (x) - ((l . bx)y')(:x*) = { €17b”)

dx?

From (18b) follows that

%if; = ¢y +2¢% +3c3x% 4 = 32 ync,x™ Tt
a2y . 3. 4p o2 0 AN T2
o7 = A0y T 236X + 3 degx® + e = Smmgt(n — Deyx {19}

Inserting {19} into {17b"") gives {17b7"}) in the form
Za=on(n — j-)cnxn_z —(a—bx)Ip=gCax" =0 (1767}

Equating equal powers in the resulting {17b""") provides the conditions on the coefficients ¢, as

1

x% 2¢, —acy =0 ¢y = =ac, (20a)
i i i 3

x*: 2 -3c3+bcy =0 €3 = ——=bc; {20b}

%% 3 deg—ac, + be, =0 ¢y = ;%4(_&@2 —bey) = i@azcg - bcl) {20¢)
3. 4-Beg—acy+ bey =0 g == (ac; — bey) = ——= (== abe, +>ab 20d
x°: Scg — acy ¢, =0 cg==(acs €2) = —o=l5zaba +5abg {20d)
x*: . etc.

No conditions are placed on the constants ¢g and ¢; in the recursion above, the constants ¢, and
¢, are determined from the boundary valuesonthesegments 0 < x <[, —eand; +e<x <
{,. The boundary values are chosen to maximize probability of deuteron fusion, and this optimiza-

tion wili be made more precise below. The constants a and b carry the information of the fields B
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and E respectively. The solutions of the Fusion Reactor equations {17} is now from {18a) and {17.b}

given as

P00 = POPDE = (Enocar™ (Cre T 4 4y, ) o (21)

In the above mathematical approximation using step functions for the fields in this particular em-

bodiment as indicated in Figure 6 Airy functions Al may be used 1o solve {17b). Using the form

(170"} with —(a — bx) = _?—;";2((5 + Ep) — gEyx) = —

2my

e ((€ + £p) — Fx) and with variable

1
)3 rasults in the equation and solution of the form (L.D. Landau

e £+E5\ f2mpF
substitution & = (x o £) =

F \ h?

and E.M. Lifshitz, Quantum Mechanics {Non-relativistic Theory} {Per-gamon Press 1977, Third Edi-
tion), §24, equations {24.2), (24.3}, {24.4)}

A ;

3&2 - éw(é) =0 (223)
P(&) = CAi(—&) (22b)
A& = :/-%f;a cos (%153 + u{) du . (22¢)

We will now turn to the physical interpretation of (17}, and in particular (17b), while initial and
boundary values to achieve Cold Fusion will be discussed subsequently. The separated Fusion Re-
actor Equation (17b) states that the kinematics along the x-axis depend on the number £;. There
are 3 different values of this number, as explicitly given by (11} above. All deuterons with initial ve-
locity vy = 0 at x = { will have exactly the same total energy when exiting the Matter Wave Lens
and entering into the field B. Under the approximations given above, the small intervalx = {| + ¢
does not have any effect on the energy of the deuterons. This implies that the same total energy is
split into 3 different kinematics along the x-axis depending on the deuteron spin orientation 5, =

+1,0. As the electric field term in {17b} is the same for all deuteron spin orientations, only the ki-

i ”Zil ) e . - .
. i’_.‘t’_i.’f.i) can be different for the 3 spin orientations. The lowest value

netic energy term -/--;-; (—- e
of the number &y gives the highest value of the kinetic energy from conservation of total energy.
This means that if the condition for Cold Fusionis v, = 0 at x = 0, and if this is applied to the spin
component that has the highest kinetic energy, then only this particular deuteron spin will reach
x = 0 in the Fusion Reactor Core, while the other deuterons have been removed from the stream
and travel with a non-zero v, + v, = v,. velocity expectation value component as indicated in Fig-

ure 6.
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This process of spin dependent kinetic energy is also indicated by classical field theory. From the
current loop analogy of the spin magnetic moment, for synchrotron radiation for a particle with

v < ¢, twice as much radiation intensity is received in the diraction of the magnetic moment }
than in the plane orthogonal to g (see L.D. Landau and E.M. Lifshitz, The Classical Theory of Fields
{Pergamon Press 1975, Fourth Revised English Edition), §74, equation {74.5}}.

Furthermore, as most easily seen from continuity and the ultra-relativistic case v~c, radiation
from a moving charged particle under acceleration is asymmetric in the direction of the velocity
and the opposite direction {see L.D. Landau and E.M. Lifshitz, The Classical Theory of Fields {Per-
gamon Press 1975, Fourth Revised English Edition), §74, equation {74.5}). Therefore, from conser-
vation of momentum, radiation associated with spin transitions from S = —1,0t0 § = +1 will
change v,. In this case, filtering of the undesired spins can be achieved by the deuterons having
different velocities v,.. Again, such spin filtering is not required in the low temperature limit 7 —

©o, as in this limit all deuteron states are § = +1 from the outset.

For the purpose of illustration of this embodiment, we arbitrarily choose to fuse the highest kinetic
energy components by allowing only such deuterons travel to x = 0 and therefore chose the low-
est magnetic energy deuterons which are oriented parallel to the magnetic field B. In this embodi-
ment, we could equally well have chosen to take the highest magnetic energy components to fuse
by taking the spin and magnetic field B anti-parallel, in which scenario the highest kinetic energy
deuterons will travel through x = 0 and be collected in the opposite half of the Fusion Reactor or

in the Fusion Reactor Core.

A third option for this embodiment is to introduce one or several further electromagnetic fields
and bend the streams corresponding to § = +1, 0 differently depending on spin. For this option,
the Matter Wave Lens could for example be placedaty = +hforx > Jandy = —hforx < 0.
With appropriate adjustments of the fields E and B, the electromagnetic fields are designed to
bend the deuteron streams toward (x, y, z) = (0,0,0), in which case only the desired spin compo-
nent streams will meet at (x, v, z) = (0,0,0) at some angle, the undesired deuteron streams will

either bend too fast or too slow and not meet subject to Cold Fusion boundary condition v =

I
[v2 +v2+vZ=0atx=0.
\ )

The initial and boundary values determining all constants in (21) will now be discussed, of which C,
will be taken to scale the number of deuterons per unit time emerging from the lonization Cham-
ber into the Fusion Reactor. The number of deuterons emerging from the lonization Chamber into

the Fusion Reactor is controlled by the deuterium density in the lonization Chamber and by the
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intensity of the ionization radiation. The solution over all x is given by joining the solutions for 0 <
x <l —eandl, +¢ < x < I, by matching the boundary conditions Y{l; — €) = (i, + )ee
with the approximation used here that the interval [; 1 € has no effect on the dynamics. Again,

the purpose of this assumption is only for illustrating this embodiment of the present invention.

The initial values and boundary conditions are chosen to optimize the probability of deuteron fu-
sion. In order to extract information on this optimization, some principles of relativistic QFT are
invoked. The probability of fusion can be regarded as the probability to achieve (strong) interac-
tion, while the probability of interaction can be expressed in terms of probability of a particular
scattering from initial state |i} to final state |f) by scattering matrix Sg;. This probability is propor-
tional to [{f]S]i)]|%. Assuming now a spiit of the system Hamiltonian H into the free system part
Hy, describing H when the two deuterons are a large distance apart and non-interacting, and an

interaction Hamiltonian H; of the form
H =Hy+H,; (23}

The S-matrix can be expanded in power series in natural units (A = 1, ¢ = 1) for time ordered
product T in interaction Hamiltonians H; of the form {F. Mand! & G. Shaw, Quantum Feld Theory
{lohn Wiley and Sons Ltd. 1986}, Section 6.2, equation {6.23}}):

. (,__i\ﬁ,
oxron i)
§ = Yot

=

[ fd®xid®xg o d?o, T{H (0 ) H; (x2) . Hi(x)} (24)

The key point here is that the derivation of the S-matrix in terms of power series does not depend
on the interaction being weak in the sense that H in {23} is only a small perturbation of Hy. Per-
turbation methods arise only at the instance when assuming that {24) is rapidly converging by cut-
ting the expansion of {24) after the first few terms or by assuming that the perturbed states
change only slowly with time when expressing the states in a representation where H, is diagonal,

the latter referred to as an interaction representation. In QED for example, the H; are expressed in

terms of fine structure constant o = the power series term n will be proportional to a™ and

137.04’

{(24) will converge rapidly. The existence of the power series {24} is also independent of any possi-
ble interpretation of each order of power series in terms of physical processes and corresponding

Feynman graphs. The existence of the power series of the form (24} depends only on the conver-

Unt1

< 1 for power series of the

gence of (24), which can be expressed as the ration test lim
n

—00

form § = Yoo Uy, in contrast to perturbation theory that assumes that S is well approximated by

truncating the sum after a few initial terms. From the principle of regarding the gluon fields as
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defining effective null surfaces as described in Section 3 above, from the C™ structure of space-
time, and results from General Relativity that mass is associated with complex space-times {see
R.Penrose & W.Rindler, Volume 1, Two-Spinor Calculus and Relativistic Fields {Cambridge Univer-
sity Press 1990), Section 4.6, p. 231-237), we expect analytic fields in general which can be ex-
pressed in term of power series. Therefore (24) is assumed, but with strong interactions such that
{24) still converges. The S-matrix (24) in energy-momentum space and for Feynman amplitude M is
written in terms of transition amplitudes as (F. Mandl & G. Shaw, Quantum Feld Theory {John

Wiley and Sons Ltd. 1986}, Section 7.3, equation {7.45)):

1

1
Z

(FISt) = 8 + QmY* 6D P, ~ ) Text (52 Hewe (5)7 M (25)

The equation {25} is a general expression wherein the detailed information of the interaction is
carried by the Feynman amplitude M. The index ext in (25) refers to the external particles before
and after the interaction or scattering, or equivalently the external lines in the momentum space
Feynman diagrams. Equation {25} is now applied to the channel D + D — gHe + 2y(w). When
treating the proton and neutron separately in the scattering in the S-matrix equation with index +
and - indicating whether the deuteron emerge from positive or negative x into the Fusion Reactor
Core, index 1 and 2 for each emitted photon and index n and p for neutron and proton respec-

tively, equation {25]) is now written

(F1810y = 84 + @m*S@ (P, — Py) x

4

1 1 1 1 1 1
My N2 { Mp \2/ m; \Z{ My \2 1 N/ 1 N2/ m \Z
() () o) () ) () () e s
VEns/ \VEpe) \VEn./ \VEp,.) \2ve,/ \avw,/ \VEg,

In (26}, the mass and energies of neutrons and the protons in the resulting $He has been approxi-

mated to be the same in the last factor. From {26} it is immediately seen that, independently of
the details of the interactions carried by the Feynman amplitude M, the maximum probability of
interaction by deuteron fusion for £ = mis when £ = m in all factors. The boundary conditions
constraining the fields E and B contained in the constants a and b of (20} are therefore that the
non-relativistic deuteron momentum and velocity become p, = 0 and v, = 0 in the Fusion Reac-

tor Core at x = 0. In summary, the Cold Fusion boundary conditions and referring to Figure 6 are

pi=0 atx =0 {27a)
S=+1 atx =10 {27b)
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in {27a}, p; = O formally represents p; = (Do, P, P2 P3) = (myc, 0,0,0) if relativistic mechanics is

used, orp; = [* {—lﬁﬁ—-) PYdV = 0 in a small neighbourhood of x = 0 if non-relativistic Quan-

tum Mechanics is used. From ;mnvz = ngT it also follows from the low temperature limit in the

lonization Chamber when v? = 0 atx = {,, disregarding the back-reaction of the ionization radia-
tion of the deuteron and disregarding the magnetic spin-splitting, that the deuteron acceleration

by £, must be cancelled exactly by E;, or more precisely that
Bl = El,— ) (28)

in order to maximize the probability of deuteron fusion by the method of dynamical or quantum
state preparation, the two deuterons from each side need to be transported by the Maxweli fields
to the point x = 0 where p,, = 0, and with the correct spin and iso-spin polarizations PEN+N#P at
x = 0. It is clear that if this could be achieved exactly, then the deuteron fusion will certainiy oc-
cur, or, more precisely, will occur with high probability. This follows from the fact that once the
deuterons considered as bosons are close enough, the always attractive boson exchange energy
will attract the deuterons until they come close enough for the always attractive nuclear forces to
take over. The nuclear forces can at large distances be approximated by the Yukawa potential (see
John Dirk Walecka, Theoretical Nuclear and Subnuclear Physics {Imperial Collage Press 2013), Ap-
pendix A, p. 549-, equation {A.8)}):

2 -ty
gs e s

V{ry=— {29}

4me?  r

We consider the Yukawa potential interaction associated with an exchange of a neutral {pseudo-

% meson. Neutral means here that once a correct iso-spin polarization is obtained, say

jscalar
N#P, this nuclear interaction does not change the order in N#P. The scalar property means here
that once the correct spin orientation is obtained, this nuclear interaction does not change the

spin orientation.

As an estimate of the nuclear interaction range at low energies, 17,:, we take the known experi-
mental neutron-proton effective nuclear interaction range. The cross section at low energy is 20.4
barns {see John Dirk Walecka, Theoretical Nuclear and Subnuclear Physics {imperial Collage Press
2013), Section 1.2, equation (1.4)) or 20.4 X 107 %8m. From 4 = nr?, this gives 1, =

2.55 x 107 ¥m, or 25.5 f.m. A more conservative value of the nuclear interaction range for nu-

clear fusion will be used, rather than 2.55 x 107 *¥m, given by

Teor = 107 m = 10 £.m. {(33)



<y

70

75

25

30

WO 2021/206617 PCT/SE2021/050309

(o)

In fact, the above low eneargy neutron-proton cross section can be expected to be far too small if
the dynamical state preparations are perfectly eliminating electromagnetic repulsions as the deu-
teron-deuteron is fusing into an even-even number of neutrons and protons as compared to the
odd-odd neutron-proton fusion. One factor is that, in the neutron-proton case, there is no identi-
cal particle state function symmetrisation, while in the identical particle deuteron-deuteron fusion
there is a boson state function symmetrisation resulting in an additional attractive deuteron-deu-
teron exchange interaction. In addition, for nuclear matter the deuteron is larger than the proton
or neutron further extending the range of nuclear interactions. The advantage of fusing deuteron-
deuteron over neutron-proton is illustrated by the difference in binding energies. The neutron-
proton binding energy in the deuteron is 2.225 MeV, while the deuteron-deuteron binding energy
in ‘éHe is 23.8 MeV. If this difference is interpreted as a stronger Yukawa potential {29), then the
nuclear range is extended in the deuteron-deuteron fusion case as g; and my in {29) do not
change. Nevertheless, for the purpose of testing theoretical limits, in particular in connection with
the Heisenberg Principle of Uncertainty, and for setting extreme engineering objectives, (33} will

be used.

In summary, a high rate of deuteron fusion in the Fusion Reactor Core and in a neighbourhood of
% = 0 is obtained by placing the two deuterons within 107 m from x = 0 at v, = 0. To the ex-
tent v, = 0 cannot be maintained, the two deuterons need to be located within the region

r = 107 *m approximately simultaneously.

There are essentially three limiting factors on the precision of reaching v, = 0 and x = { for each
fusion deuteron. In this approximation we assume that the fields E and B are classical fields that
can be determined with infinite precision. The remaining limiting factors, when the fields Eand B
are disregarded, are the Heisenberg Principle of Uncertainty and the point particle approximations
used. With regard to the point particle approximation, the deuteron radius R in {30} is R = 1.3 fm,
and is therefore significantly ess than the 10 fm precision required. The point particle approxima-
tion therefore does not have a significant effect on the required engineering precision in a first ap-
proximation. The remaining limit of resolution of reaching v, = 0 and x = 0 simultaneously is the

Heisenberg limit. For uncertainty A and in the non-relativistic approximation v <« ¢ this Heisen-

berg limitis
Ap Ax = mpAv, Ax = -i-h {(34a)
Apy,Ay = mplAv Ay = ;h {34b)

Ap. Az = mplhv,Az = %h . {34c)
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AEAE = Sh (34d)
Formp = 2.0-1.7 x 107%7kg and A = 1.1 x 1073%Js, the result of the resolution limit in {34a} is
11 ~34+2 € -8 2 /0
Av, Ax = Wl@ 34427 = 16 x 1078 m?/:. (35}

As the required precision on Ax is 107 *m = 10 fm, the possible precision on velocity is from (35)
given as

Av, = 71:1.6 X 1078 = 1.6 x 107814 = 1.6 x 10°m/s (36)
AsAv, Ko =3 %108 m/s, there is no theoretical limit preventing to achieve the required engi-
neering precision of Ax = 107"*m. This uncertainty in velocity, however, restricts the time that
the deuteron spends within the region v = 107" m. This time is on the average estimated as £ =

s 107

o e = 0.6 % 107%%. The requirement is that the deutsron fusion is achieved in shorter

time than 0.6 x 107%%s. Considering the deuteron fusion again as an interaction, and the interac-
tion in turn again as a scattering process as in {24) above, the exact decay rate from the original
two-deuteron D + D system to the fused ¢He + 2y{(w) for the channel D + D - $He + 2y(w)
can be calculated exactly from the square norm of the second term in {25}, and differential decay
rates can in turn be calculated from these momentum space results {see F. Mandl & G. Shaw,
Quantum Feld Theory (John Wiley and Sons Ltd. 1986}, Section 11.5, equations (11.35), {11.36),
{11.37}, {11.38}}. In this context, a simple estimate of the fusion reaction time is made by again us-
ing the Heisenberg principle as given by {34d). The uncertainty in the energy for the synthetic two-
deuteron system is the energy change 0.368 x 1071 J as specified under heading “Fusion Mate-

rial”, above. With this uncertainty in energy inserted in (34d), the limit resolution time is
11

At = —h = 1073441 = 15. 10723 (37)

208 2-0.368

Comparing {37) with the time 0.6 X 107?%s spent in the region r < 10 fm, it follows that deuteron

0.6x10720

fusion occurs in the average ——————
1.5-10723

= 400 times within the time that the deuterons spend in

the region r < 10. From these results follows that the deuteron dynamical state preparations
v, = { at x = 0 are possible while maintaining deuteron fusion. Obtaining a high rate of deuteron
fusion in the Fusion Reactor Core is therefore only a matter of engineering precision along the x-

axis.
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One purpose of the Matter Wave Lens is to obtain the precision engineering required in the v and
z directions. The total lensing effect is obtained by the Matter Wave Lens and the fields £ and B.
In this particular simple embodiment illustrating the method, the field B is in this approximation
uniform along the deuteron paths. in such an approximation all lensing with E, and £, homoge-
nous is achieved by the Matter Wave Lens, and to which optional magnetic and electric fields field
can be added to improve the lens. From the Lorentz force (8), the deuterons will rotate around the
qcBy _ 296Ey Ll . EMplr

x-axis with coordinates (y, z) = r(cos wt, sin wt) where w = = ———=andr = =
£ mpv? a8y gBy

|

with v, = i-v; + v2 as follows from direct calculation {see L.D. Landau and E.M. Lifshitz, The Clas-
N

sical Theory of Fields (Pergamon Press 1975, Fourth Revised English Edition), §21, equations {21.3},
{21.5}, (21.6})). When disregarding the magnetic field effects, the spreading of the deuteron stream
into the Fusion Reactor and the Fusion Reactor Core arise, when disregarding deuteron-deuteron
interaction within the same stream emerging into the Fusion Reactor Core, from the diffraction at
the exit point of the Matter Wave Lens at x == {,. This diffraction can be calculated by exact solu-
tions of the Schrédinger equations {13) for the exact solutions of the Maxwell equations of the
vector potential A, used in {13} in the neighborhood of x = [;. Alternatively, this diffraction can

be calculated by a geometric optics analogy with a de Broglie wave of wavelength A = A/porp =

hik frombk = Z}—W In this latter model, the deuteron velocity, say at 100K, is from ¥ = /3kpT /mp

above, or 7 = ¢/3- 1.381- 10723 - 102/3.0 - 10720 = ¢(3.7 X 107%) ~ 1.1 x 10%m/s. From this

B o 6.6x1073

follows for v € cthat 1 = = = =% = 181015734103 = 1 8. 107 for
p mpv 3.0x107%0-1,1x103

the deuteron in a point particle approximation. As long as the opening 2r in the Matter Wave Lens
is much larger than the deuteron de Broglie wave length 1.8 - 107%m, i.e. 1.8-107%m « 2r ata
hypothetical velocity of 100K, diffraction calculations using geometric optics analogy can be used,

which here corresponds to Fraunhofer diffraction (L.D. Landau and E.M. Lifshitz, The Classical The-

ory of Fields {Pergamon Press 1975, Fourth Revised English Edition}, §61, p. 153-).

One must however keep in mind that the optics null condition k;k* = 0 does not apply for matter
waves, and all geometric optics equations must be adjusted accordingly. In order to simplify the
illustration of this embodiment of the method, a third method of again using the Heisenberg Un-
certainty Principle will be used here to estimate the diffraction effect. Constraining the deuteron
to the Matter Wave Lens opening gives Ay = Az = 2r which from (34b) and (34c) yields the maxi-

mum precision in the v and z momenta as

Apy = Ap, = —h (38)

4r
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The Matter Wave Lens must therefore be constructed in such a way that the effect of the diffrac-
tion (38} at x = [, does not significantly spread the matter wave at x = 0 outside the fusion re-
gion of 10 fm as given by (33). The effect of the diffraction at x = 0 depends in the general case on
the fields ¥ and B, and on all the physical dimensions like I, and [;, and 7 in {38) must be chosen

such that the Matter Wave Lens will focus the deuteron stream within 10 fmatx = 0.

Up to this point, gravity has been disregarded in the present embodiment. The Fusion Reactor
need to be kept at approximate atmospheric vacuum in this simple illustration in order for, by way
of example, the deuteron streams not to be distorted by collisions with the accumulating Helium
or other molecules, and for avoiding that the electromagnetic fields are distorted by polarizations
and other effects. Due to the vacuum, the gravitational field will have the increasing effect that the
v = () deuterons in the Fusion Reactor at x = 0 will start falling towards the centre of gravity
when the Fusion Reactor is built on the surface of a planet. We assume for the purpose of illustrat-
ing the present embodiment that the Fusion Reactor is built on the surface of the Earth, tangential
to the Earth surface and that the physical size { is much smaller than that of the Earth. This approx-
imation means mathematically that the acceleration of the deuterons in the gravitational field
does not depend on the coordinate x in the Fusion Reactor or in the Fusion Reactor Core when the
x-~axis is tangential to the Earth surface. We choose the z-axis with negative z-direction pointing
towards the centre of gravity of the Earth. In this approximation, effects from the Earth rotation
are also disregarded. The gravitational potential at z relative to some z-coordinate zg, and for ef-
fective gravitational acceleration g at the point on the Earth surface where the Fusion Reactor is

built, can now be approximated by

e = mpg(z — zg) (39)

When adding the gravitational contribution to the dynamical system by adding the term (39} to
the Hamiltonian in equations {14), the two terms (wiﬁ% - Eﬂ}?X/)Z and (wih; + :i Bxy>2d0

N dy 2¢ / S 8z 2¢
not anymore vanish even in the quasi-classical deuteron trajectory approximation. Now the v and
z coordinates enter into the description and the magnetic field B affects the complete motion as
iflustrated by (8}, not just fixing the spin projection part. In an exact model, the gravity effect on
the spin should also be included. Gravity also increases the required precision engineering in the
Fusion Reactor physical dimensions, and the fields nead to be exactly symmetric when interchang-
ing positive and negative x-axis. The deuteron emission from the lonization Chamber for small
deuteron beam intensity must be exactly synchronized in order for two deuterons to meet at the

same time at x = (. These complications can be reduced by rotating the Fusion Reactor x-axis in
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the power plant an angle 64 = % in order to align the x-axis with the line pointing towards the

center of gravity of the Earth, together with introducing an asymmetry in the electric fields E be-
tween positive and negative x-axis, corresponding to a modification of {28}, such that the deu-
teron on average stays hovering with a given spin projection in the gravitational and electromag-
netic field at x = 0 with v, = 0. This rotation of the x-axis will increase the fusion probability

without the need to increase the deuteron stream intensity.

This embodiment of the method has been mainly iHustrated by a P#N iso-spin polarized deuteron
emerging from the left x < 0 and an N#P iso-spin polarized deuteron emerging from the right x >
(. We write this polarization undergoing fusion symbolically from left-to-right as P#N-+-N#P. How-
ever, it is realized that the present method can also be implemented with other polarizations.
Hence, the iso-spin polarizations cancelling the electromagnetic repuision may equally weli be
N#P-+N#P or PEN--P#N. An embodiment with a change in iso-spin polarization requires the corre-
sponding changes in the electromagnetic fields and in optional Spin Filters, i.e. the dynamical state

preparations are performed differently.

With regard to the angular distribution of the produced energy, say for example of the channel

D + D — {He + 2y, from the general symmetry of this embodiment the physics is invariant with
respect to rotation of the x-axis, i.e. a rotation in the y, z-plane. This means that the radiated en-
ergy will be symmetric with regard to this rotation. Secondly, the two deuteron bosons are sym-
metric with respect to interchange of the two deuterons. From this follows that the produced en-
argy is radiated symmetric with respect to an angle & measured from the y, z-plane. The exact 8-
dependence of the radiation can be determined experimentally from case to case. If the nuclear
interactions were exactly described by {29}, then the radiation can be expected to be spherically
symmetric, but it is known from experiment that the interaction is spin dependent, and strongest
spin dependence for even spins {see John Dirk Walecka, Theoretical Nuclear and Subnuclear Phys-
ics {Imperial Collage Press 2013}, Section 1.4, Section 1.9} S = 0, § = 2, § = 4 etc. In this illustra-
tion of an embodiment with the even § = { case, the two deuterons fuse into an § = 0 state f;He
and for this channel the two photons are emitted in exactly antipodal (angle= ) directions with
identical photon energy and with opposite helicity from conservation of spin and momentum for
v, = 0 at x = 0. The design of the Fusion Reactor Core is adjusted with the angle 8, of the shield
separating the Fusion Reactor Core, followed by adjustments of the electromagnetic fields and the
Accumulator, in order to improve the ratio of the energy radiated into the Accumulator by the to-
tal energy produced in the Fusion Reactor Core. The rotational symmetry around the x-axis is

maintained for optimum fusion production efficiency.
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This simple illustration of this particular embodiment does not use an explicit Spin Filter. A Spin Fil-
ter for this embodiment can be described as an energy filter using the energy splitting {11} in order
to extract the correctly iso-spin and spin polarized deuterons for optimum fusion efficiency. A Spin
Filter works in principle in the same way by analogy with polarization filters for light or more gen-

eral electromagnetic waves, with the polarization replaced by spin.

The principle used here is that the deuteron interaction in the deuteron stream with the Spin Filter
depends on spin or hoth spin and iso-spin in such a way that the corract spin or both spin and iso-
spin one wishes to extract does not interact with the filter, but that the particle in question simply,
with a significant probability, passes through the filter, possibly with a phase shift e ~%osF deter-
mined by the Spin Filter. The unwanted spins or both spins and iso-spins are extracted from the
deuteron stream by the interacting with the filter by being absorbed or scattered in directions dif-
ferent to the x-axis. A spin filter may be any solid state, liquid or gas medium, or simply an electro-
magnetic field construction, or an arbitrary combination of solid state, liquid, gas and electromag-
netic field constructions. If a Spin Filter is used, then a magnetic field B is still usually applied in

conjunction with the filter in order to improve and maintain the filter results.

Explicit Spin Filter design by experiment is achieved by varying the physical Spin Filter material,
which is typically a crystalline material or composition in order to introduce a directional scattering
dependence and varying the crystalline orientation, varying the Monochromator output de Broglie
wave length, and optionally varying the Fusion Material, and subsequently measure at what com-

binations a maximum Cold Fusion probability is achieved.

The illustrated embodiment of the invention does, however, include an implicit Spin Filter in the
sense that only correct spins and iso-spins will reach exactly {within the Heisenberg principle limit}
v = 0 at x = 0. Incorrect spins and iso-spins will either be deviated from moving in the x-direction
before reaching x = 0 {too low kinetic energy) or pass through x = 0 {too high kinetic energy).
This can be achieved experimentally by varying the electromagnetic fields F and B, and in particu-
lar by varying the magnetic field B given a particular electric field E, until significant fusion is
achieved. The Spin Filter construction is desirable in order to minimize the interaction of the un-

wanted spins and isc-spins with the wanted deuteron stream.

The deuterons D that did not undergo fusion, due to spin or iso-spin projection opposite to what is
required or due to too small fusion cross section at the given impact energy in the Fusion Reactor
core, will be collected again at Q; and Q, where the ions in general reduce to neutral deuterium

atoms again and are transported for example by pressure gradients and re-inserted into the D, gas
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chamber for re-cycling, at which point depending on the D density and operating temperature,

most of the D has recombined into D, gas again. The produced ﬁh’e accumulate for example at

weakly charged boundary points close the Accumulator and is collected for example by pressure

gradients mainly after recombining to ZHe at the boundary.

Two factors in the above simple model to illustrate the present embodiment of the present inven-

tion decrease the quality of the dynamical state preparation and the deuteron stream.

The firstis interactions between deuterons within the same stream. The second is non-exact spin
state preparations in the sense that the spinisnot exactly § = +18, + 0§, + 0 - §,, in a particu-
lar example when operator eigenvalue $¥ = 18,4 is attempted, but in practice § = +a8, +
Sy +vS; and where « =1, and 8,y ~ 0. A common standard way to improve the above model
to include the first effect, is to regard each deuteron in the stream as placed in a mean field cre-
ated by all other deuterons in the stream, this is referred to {non-relativistic) Mean Field Theory or
Relativistic Mean Field Theory. For low enough deuteron density, deuteron distances separated by
much more than effective nuclear interactions range, the interaction mean field can be limited to
electromagnetic interactions. This new effective potential in the non-relativistic case @y is added

to the Fusion Reactor equations (14) as an additional term +q@yr in the Hamiltonian.

The second results in a small residual electromagnetic repulsion at x = § as Hllustrated in Figure 4
above. This residual repulsion adds another term +q@p,., to the Fusion Reactor Hamiltonian. A re-
sidual repulsion yields one more modification of the condition {28}, besides the gravitational cor-
rection given above. With these particular corrections of the model, for example, the general

equation {13) with integration constants disregarded and the Fusion Reactor rotated -;E is now writ-

ten

Lh%ﬁ =M = (;-;i—;{“lﬁ;} + %Ak>2 +qp—p B- ngx+Q‘pﬂ/iF+q(!9Res> Y {40}
In summary, for the Fusion Reactor and referring to Figure 6, this particular embodiment of the
method requires strong enough magnetic fields B in order to align the deuteron spin with the
magnetic field before reaching x = 0, and strong enough electric field E, in order to achieve
strong enough iso-spin polarization at x = 0. It is preferred to use low operating temperatures, in
particular in the lonization Chamber, and strong fields, but it is envisioned that it is also possible to
increase the operating temperatures and to reduce the electromagnetic field strengths. The re-

guired fields for such embodiments can be estimated theoretically and determined numerically or

experimentally.
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In the above exemplified embodiments of the dynamical or quantum state preparation method for
allowing Cold Fusion according to the present invention, the deuterons emerging from the loniza-

tion Chamber when the optional Spin Filter is not used were described as unpolarized deuterons
. - . 1 1 1
with respect to S, of the approximate average form y; = -\7:—3;1/)‘;_1 + -,:,-51,/)0 + mf—?lp._l. As the deu-
v v
terium atoms have a non-zero total angular momentum, this embodiment can be improved by de-

signing the ionization radiation in such a way that the deuterons emerging from the lonization

Chamber are already polarized or partially polarized such that the average state isy; = a4 +
by + cp_ wherea > —%and b,c< % in this case, the lonization Chamber participates in the
V3 '

dynamical or quantum state preparations.

In the case of unpolarized deuterons emerging from the lonization Chamber, and for low enough
operating temperature, the low energy S, = +1 is the preferred state once the deuteron moves in
the magnetic field, while according to {6} an equal distribution over states is only valid in the limit
T — oo, Therefore, transitions towards preferred state 5, = +1 must have occurred somewhere
between the Fusion Chamber and the magnetic field section 0 < |x| < [, — €. Such transitions are
in effect hidden in the mathematical idealization by removing the segments [, + €. The mathemat-
ical approximation to match solutions over different segments of the x-axis simply by assuming
phase shifts therefore have a limitation. The exact ™ solutions of the Maxwell equations on the

segments [; + € will give a magnetic field B that is dependent on x, B = B(x). From standard

guantum mechanics, the Hamiltonian term —ifz% in (40) does not anymore commute with the

. ’ . O . . .
magnetic operator term —g - B{x) as '-tﬁ-g-; does in general not commute with a function of x.

Therefore, the operator g - B{x) does not commute with the Hamiltonian. This means that g -
B(x), or rather the expectation value {£ - B(x)) = [ ¢" - B(x)ydV, is not constant on the inter-
val [, + ¢, i.e. the projection of g and § on the given magnetic field B is changing along the ap-
proximate path of the deuteron. This is expressed in the Schridinger representation and in time

derivative operator form (see L.D. Landau and E.M. Lifshitz, Quantum Mechanics {(Non-relativistic

Theory} {(Pergamon Press 1977, Third Edition), §9, equation (9.2)} as %(ﬂ- B(x)) =

i

L[HQu BG)) — (u- BG))H] # 0.

More precisely, and simplifying by disregarding the electric field accelerations in this discussion, in

this case the equation (7} becomes for Hamiltonian eigenstate ¥ with eigenvalue £,

R =y = Ge=pi—n- B(x)) Y= En .
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The equation (41} is not anymore separable of the form ¢¥(x, ¢) = Y{(x)yP(a) as was used in {17},

meaning that on the interval {; + ¢ the spin and linear momentum along x are not anymore inde-

. . . . . ... . BH
pendent operators acting on different dimensions. If the system is not radiating, i.e. Fri 8, or

equivalently that the system is isolated in the constant in time external electromagnetic fields {L.D.

Landau and E.M. Lifshitz, Quantum Mechanics {Non-relativistic Theory) {Pergamon Press 1977,

Third Edition}, §10, p. 27-), only the total Hamiltonian A = ;ﬁ-—-pé — 1~ B(x) is conserved, which
2mp

is expressed as ﬂ—’: = {, and transitions of projections of g on B within the same energy level £,
at

wiil fead to corresponding transitions or changes in linear momentum p,.. As a consequence, deu-
terons with different spins will have different momenta. This condition on transition between spin

and linear momenta for the same energy level £, is written as

dH a 1 N

—=0= E(sz pi— g B(X)) or (42a)
a 1 a .

-;,;(zmg pﬁ) = —{(u B(x)) (42b)

The deuteron leaving the region {; + € with B = B(x) and entering x < [} & € from the right in
Figure 6 where B = constant, the term fi - B again commutes with the Hamiltonian resulting in

that the terms -Z-m—pﬁ and g - B are again separately conserved and the transitions between
$2

ﬁ—p% and g - B within the same £,, cease. The deuterons in this way freeze into different eigen-

values of linear momenta p, depending on the spin projection S, = £1,0. The kinetic energy dif-
ference AL, between each level of different spin projections follows directly from {11) and is =
+0.857 - B, n.m.T, with the state S, = -1 as the most rapidly moving deuteron. This corresponds
from (14) to a difference in the maximum distance Ax reached along x from gE,Ax = 0.857 - B,

n.m.T given by

Ax =Z£g710.857 nm.T. (43)

£y

With the polarity of B chosen as in Figure 6, we wish for the deuterons not participating for exam-
ple in the PEN+N#P, i.e. the spins S = —1,0, to peel off the deuteron stream before reaching the
fusion region |Ax| < 107 *m as given by (33), while S, = +1 is to reach this region. From this we

obtain a relation between the fields F and B given by the conditions

Ax > 107 ¥m (44a)

> e 10 (o) {44b)
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In fact, as {33} is a conservative estimate described by for example the Yukawa potential {29} and
which includes the effect an average electromagnetic repuision for unprepared dynamical or quan-
tum states. It is therefore reasonable to assume that when correct dynamical or quantum states

preparations are executed the conditions (33) and {44b) instead become

Teoe > 107 m {45a)
By o, 9 .4n-14..,.¢ —1
Ry 107 *m-(n.m.) {45b)

The implicit Spin Filter as described in the above way arises from quantum mechanical effects. For
a more exact treatment of transitions along the x-axis, the dynamics and the quantization in the

(y, z)-plane shouid be taken into consideration.

As already mentionead above, this embodiment can be further improved by stimulating such transi-
tions toward S, = +1 through a standard guantum mechanical or QFT mechanism of stimulated
emission by applying electromagnetic radiation at resonance frequencies. These resonance fre-
guencies are defined by the energies given in (11} and by the relation AE = Aw, for frequency w

of the resonant electromagnetic radiation for stimulated transitions.

With regard to Fusion Products, in traditional thermonuclear fusion where the kinetic energy is
used to overcome the coulomb barrier by colliding deuterons, the excited unstable energy state of
éHe with non-zero angular momentum excess energy above nucleus ground state, besides the

mass difference in the fusion of 24 MeV, is symbolically written with asterisk as
D+D - jHe* {46)

Experiments have shown the following decay paths for this non-zero angular momentum $He exci-

tation and with branching ratios given by

sHe™ > n+ 3He + 3.3 MeV ratio = 50% {47a)
GHe™ = p+ 3H + 4.0 MeV ratio = 50% {47b)
tHe* — tHe + v (23.8 MeV) ratio = 107 {47¢)

in this embodiment of Cold Fusion however, for exact dynamical or quantum state preparations in
classical mechanics terms v, = 0 at x = 0 as in {27a)}, the starting point is not the general {46}, as
the general ¢He" represents for example in a shell model a non-zero angular momentum, while
exact dynamical or quantum state preparation with cancelling deuteron spins must generate a

spherically symmetric zero angular momentum S = § stationary or quasi-stationary solution from
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conservation of angular momentum. The Cold Fusion starting point is only the two deuteron and

helium nucieus ground state mass difference 23.8 MeV with kineticenergy £, = 0 atx = (..

Therefore, instead of {46}, the Cold Fusion starting point and the only channel a short-cut from

L.H.S. of {46) to R.H.S. of {47¢) and is
D+ D - ¢He+ 23.8 MeV {48)

In conclusion, the Cold Fusion is cleaner than the thermonuclear fusion in the sense that the radio-
activity from the neutrons in channel {47a} and the tritium in channel {47b} disappear in this Cold

Fusion embodiment, subject to exact dynamical or quantum state preparations. Only the
1 T . ;
5 24 MeV y-radiation intended for the Accumulator remains. We call channels of the form {47¢)

Cold Fusion Channels.

The branching ratic of 107% in {47¢) gives an estimate of the arder of magnitude of the probability
of accidentally obtaining conditions for Cold Fusion for ionized deuterium without applying the

method of dynamical or guantum state preparations.

it may be noted that for dipole transitions, general quantum mechanical selection rules prohibit
the Cold Fusion Channel type of § = (0 — § = 0 transitions. This forbidden dipole transition gives
information on the two y-quanta by considering time reversals. As § = ( states imply time rever-
sal symmetry, both before and after executing a Cold Fusion Channel, we can eliminate the electric
dipole by phase shifting the electric fields of the two y-quanta at x = { relative to each other by
phase 7. But phase shifting 7 is equivalent to a time reversal. Therefore, the two y-quanta are
time reversed copies of each other, which eliminates the electric dipole as well as maintains time
reversal symmetry. The § = § — § = 0 transition is not an electric dipole transition in this system

sense.

With regard to transitions, we do not ¢ priori exclude the theoretical possibilityof S=0 -5 =0
transitions in the sense of scalar field transitions. Such time-dependent scalar fields can here be
interpreted as spherically symmetric mass-energy density oscillations where the emitted free
spherically symmetric scalar fields propagate according to the Kiein-Gordon-Higgs field equations
{3). One such interaction model is provided by the scalar meson equation {16b), where in this case
the R.M.S. generator in {16b) is the time dependent baryon density. For this type of dynamics, we
need a short range repulsive positive potential to complement the long distance attractive nega-

tive potential in the static and large central mass limit in the form of Yukawa potential (29). Such a

repulsive term V{r) = + g e
P SA T Vagez oy

is provided by equation (16a) in this limit {see John Dirk
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Walecka, Theoretical Nuclear and Subnuciear Physics {Imperial Coliage Press 2013), Section 14.1,

2 Lemyr 2 emsT
gy e "V gy e s

equation (14.4)} resulting in V() = s pPur i

. In standard nuclear terminology

with iso-spin T, the even-even nucleus gHe with § = 0 and T = 0 represents a special low-energy

Fusion Product configuration.

The above-described Fusion Reactor embodiment may also find application in the form of a nano-
reactor or an even smaller quantum reactor. However, for small enough physical components, the

Fusion Reactor Equations {14} need to be taken more exact by taking into account the dynamical

3 2 2
A N . . x 8 lgn inl iq )
evolution in the (y, z}-plane by including the terms ( i 5 e bxz) and ( Lﬁaz + == By} in
the Hamiltonian in {14). This will result in a quantization of the motion in the (v, z}-plane {see,
again, L.D. Landau and E.M. Lifshitz, Quantum Mechanics {Non-relativistic Theory} (Pergamon

Press 1977, Third Edition), §112, equations {112.5) and {112.7)}).

Furthermore, the approximately continuous eigenvalue spectra of the linear momentum p, along
the x-axis will in general change to discrete spectra and a quantization of the motion also arise
along the x-axis. At somea point when lowering the electromagnetic field intensities | E|% and {B{?,
a OFT treatment of the electromagnetic fields will be required. For a nano- or quantum-reactor
one would also not in the general case be able to compensate for (39) by a fixed rotation. Apart
from mainly these considerations, a nano-Fusion Reactor or an even smaller quantum-Fusion Re-

actor embodiment is the same as a macroscopic Fusion Reactor embodiment.

As already mentioned above, Figure 6 offers an overview of a Fusion Reactor embodiment of the
present method of dynamical state preparation for Cold Fusion by electromagnetic field engineer-
ing. In the simplest form, this corresponds to engineering of constant and homogenous magnetic

and electric fields as expressed by the simplified Fusion Reactor Equations.

Hence, Figure 6 gives an overview of the Fusion Reactor embodiment of the present method, per-
forming dynamical state preparation for Cold Fusion by electromagnetic field engineering. Inits
simplest form, this corresponds to engineering of constant and homogenous magnetic and electric
fields as expressed by the simplified Fusion Reactor Equations. Figure 6 gives an overview of this
electromagnetic field engineering, where the objective of this electromagnetic field engineering is
achieving the Cold Fusion conditions at x = (. The Fusion Material deuterons are ejected from the
lonization Chamber (1) by the field E,, with the ionization UV radiation indicated by arrows (7).
The Monochromator selects the correct deuteron kinetic energy (8). The deuteron stream passes

an optional explicit Spin Filter (2} and enters into the Matter Wave Lens (3}). An electric field E; is
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applied {5), designed to achieve v(0) = 0 and correct iso-spin polarization at x = 0. The applied
magnetic field B splits deuteron energy levels and implements an implicit spin filtering {4). The an-
gles indicate adjustments for Accumulator scattering angles (#.) and for the gravitational field
{6,). The restriction to constant and homogenous fields is only made for the purpose of illustration
- the Active Matter Wave Lensing may in general use homogenous or non-homogenous fields. The
Fusion Reactor Core is indicated by simplified white (6). The electromagnetic engineering in this
region is designed to secure and maintain the Cold Fusion Conditions at x = 0. The electric and
magnetic fields indicated are the resultant fields from all fields engineering both inside and outside
of the Fusion Reactor Core. The deuterons that did not undergo fusion, due to spin or iso-spin pro-
jection opposite to what is required or due to too small fusion cross section at the given impact
energy in the Fusion Reactor core, will be collected again at Q3 and Qu. Constant homogenous
magnetic fields are obtained by DC current loops, most frequently by coils, and electric fields by

charge distributions, most frequently by capacitors.
5. Accumulator

The Accumulator absorbs the energy obtained from the nuclear fusion. In this embodiment, and
for the sample channel D + D — {He, the excess energy is 0.368 X 10711). When this excess is

split into two ¥ quanta emitted, each quantum carries approximately 1.84 x 107*J or
1.84

==x10"71 = 1.15 x 107 eV= 11.5 MeV.

This embodiment uses water H, 0 as the Accumulator bulk collecting the excess fusion energy. In
general, the energy absorption at distance y in cm in the Accumulator bulk is determined by the
intensity relation { = Ize ™Y for absorption coefficient u = no, with n number of H, 0 molecules
per cm® and o the absorption cross section for the water molecules in cm?. The first order energy
transfer to the water is Compton scattering and some degree of pair production or other particle
creation process, followed by a second order process such as photo electric effect. With sufficient

thick water Accurmulator, the fusion excess energy carried by the y radiation will eventually ther-

malize into the water Accumulator, heating the water.

The gasses generated by the y radiation in the water includes H, and 0,, and are coliected from
the Accumulator. The water level needs to be maintained by a per se conventional water-regulat-

ing regulator.
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The Accumulator water temperature is kept at operating temperature and prassure by pumping
the water through the secondary water system for cooling. The secondary water system may be a

part of the steam turbine system in this embodiment.

The Accumulator depth, total maximal distance v in water, is in this embodiment at least 5 m, such
as at least 10 m. This distance can be modified by using various water solutions by affecting the
absorption coefficient 4. A simple improvement of a H, 0 Accumulator is to add y radistion Ab-
sorber Materials, like for example Pb, into the Accumulator and/or onto the Accumulator con-
tainer material. This will reduce the required physical size of the Accumulator for the same power
production. The Absorber Materials required bulk thickness to absorb the y radiation depends
both on the atomic number Z and on density p of the Absorber Materials, the higher atomic num-
ber and density, the better y radiation absorption. The Pb absorption coefficient g inl = lje ™ is
approximately 1/cm, meaning that 1 cm of Pb will absorb a factor of 1 — e 7! = 63% and 5 cm of
Pb will absorb 99% of the radiation energy. The values for other Absorber Materials are estimated
by comparing the densities and the atomic numbers with Pb, and by making a first approximation
of u(p, Z) as a linear approximation separately in the density p and in the atomic number Z varia-
bies. The composition of Absorber Materials combines good thermal conductivity with high atomic
number Z and high density p. These conditions are satisfied by metals and for this reason metals
are normally used. The absorption coefficient values for various Absorber Materials are obtained

from standard tables.

6. Accumulator - Upgrading of Nuclear Fission Plant to Nuclear Fusion Plant

This section is primarily relevant for larger structures than a nano-Fusion Reactor or a quantum-
Fusion Reactor. Figure 7 illustrates a standard nuclear fission plant. In this particular example be-

low, the moderator is heavy water D, 0 which defines a CANDU reactor.

In Figure 7, a nuclear fission reactor is illustrated, contained in a reinforced concrete building. Fig-
ure 7 is a schematic diagram of a per se conventional CANDU reactor without fuelling robots. In
Figure 7: 1 Fuel bundle. 2 Calandria reactor core. 3 Control/adjuster rods. 4 I3, 0 pressure reser-
voir. 5 Steam generator. & H,0 pump. 7 0,0 pump. 8 0,0 neutron moderator. 8 Pressure tube.
10 Steam to steam turbine. 11 Cold water return from steam turbine. The nuclear fission reactor
may be an existing nuclear fission reactor, which is retrofitted for Cold Fusion operation according
to the present invention, by removing the fission reactor core and replacing it for a Fusion Reactor

atc. of the type described herein.
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In this embodiment of the method according to the present invention, which is for a first-genera-
tion fusion power plant, the moderator and nuclear fission fuel of the fission reactor {items 1, 2, 3
and 8 in Figure 7) are simply replaced for the Accumulator and a corresponding Accumulator pri-

mary H,0 light water loop instead of a D, 0 loop according to the invention, and maintains other

infrastructure such as the secondary H, 0 light water loop, the steam turbine systems etc.

7. Accumulator —~ Next Generation power plants

In first generation fusion power plants, existing industrial infrastructure can be used to a farge ex-
tent, in order to minimize implementation time and cost. However, for a next generation fusion
power plants, such consideration may not be desired or needed, in particular when the industrial
structure has changed. For example, it is foreseen that the input material, by-products and Fusion
Material may be different than as in the above-described examples. Furthermore, the Accumula-
tor need not be water, instead it may be any solution, any gas or any solid compound. Also, the
Accumulator need not produce heat, it may instead produce electricity directly, for example

through high-energy photo cells. These given examples are not exhaustive.

The method of dynamical state preparation to achieve Cold Fusion however remains the same.

8. Power Control

The Power Control in this embodiment controls the power production rate, which is linear to the
heat transferred to the Accumulator. in this particular embodiment, this may imply control of at

least one or several of the following:

¢ A D,0 injection rate into the Material Separator

® A DC current for the electrolysis in the Material Separator

e A D, injection rate into the lonization Chamber

®  Anintensity of the ionization UV radiation in the lonization Chamber

¢ Afield strength E determining or affecting the exiraction rate of the deuteron Fusion Material
from the lonization Chamber

®  Asize and/or geometry of a physical opening between the lonization Chamber and the Fusion
Reactor determining or affecting the extraction rate of the deuteron Fusion Material from the
ionization Chamber

® A current generating magnetic field B, and/or B itself, determining the transition rate to cor-
rect dynamical state preparation for achieving Cold Fusion

® A rate of collecting unfused material
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¢ A physical size and/or geometry of the exposure of the Accumulator to the Fusion Reactor
core
& A pump speed of transporting the heated water of primary water system 1 through secondary

water system 2.
Fusion Reactor — Generalizations

As mentioned above, the present invention is not only applicable to the case of Cold Fusion of
deuterium as Fusion Material. In the following, we will describe how instead use can be made of

tritium as the Fusion Material, and in particular 3H triton.

In the tritium case, the input material can be of the same chemical compositions as for deuterium.
The fusing nuclei are contained in molecules or atoms, and in liquid, solid or gas form. The pro-
cesses that produce the Fusion Material depend on the selected Input Material, using the general

principles outlined above.

The Material Separator process may also be the same as for the deuterium case. An additional hy-

drogen isotope separation may be needed if deuterium and tritium are mixed.

In terms of the material ionization chamber, the ionization process of tritium may be identical to
the deuterium case, with the difference that the icnization radiation frequency w is adapted to the

ionization energy £ = hw for tritium. The deuterium and tritium ionization energies are close.

Moreover, the Fusion Reactor using tritium nuclei is identical to the deuteron case. All equations

{7) — {45} are still valid with the following adjustments:

&  The deuteron mass mp is replaced by the mass of the tritium nucleus my.

¢  The deuteron spin § = 1 and the deuteron magnetic moment §i, are replaced by the spin
§= ;iand magnetic moment gy approximately given by (9a) for the triton. This means that

the deuteron and triton spins are opposite and therefore implicit Spin Filtering is opposite
when using the general principles described above, meaning that if -+ B gives highest kinetic
energy for the deuteron, then — B gives the highest kinetic energy for the triton. At instances
where g is not indexed, such as in equations {14), the value of g for the deuteron is still re-
placed by the value g for the triton.

e  The 2 % 2 Pauli spin matrix for the triton is given in equation {10a) and therefore only two en-
ergy levels split by the magnetic field exist, and with a greater energy difference correspond-

ing to the equations {11} due to the deuteron g, compared to the triton g;.
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#  The Cold Fusion with nuclei different from deuterons results in processes different from pro-

cesses {46) — (48).

From the above points follows that the number of unwanted spin projections to be filtered out by
implicit or explicit Spin Filters decrease for the triton spin § = %, and therefore only one unwanted
triton spin component needs be removed. Figure 5 and Figure 6 still apply with the deuterons re-
placed by the tritons. The Pauli exclusion principle repulsion at close distance for the § = -:‘-;-triton

particles is removed by the use of anti-parallel spins when fusing tritons.

The Accumulator for Cold Fusion of tritons is identical to the Accurmulator in the deuteron fusion
case, with the difference that the y-radiation and other energies are lower and therefore smalier
size Accumulators and thinner Absorber Materials can be used. The highest energy for the triton
energy productionisinthe D + SH -+ ¢He -+ n process {with § = 0} which generates 17.6 MeV
and the 3H + 3H — &He + 2n process {with 5 = 0) generates approximately 50% of the pure

deuteron fusion energy of 23.8 MeV.

Finally, the Fusion Reactor Power Control may be identical using the triton as for the deuteron

case.
Fusion Reactor Embodiments ~ Fusion Material Container Version

This saction describes a different embodiment in the class of Fusion Reactor embodiments. In this
embodiment, the Transport of the Fusion Material to the Fusion Reactor Core where the Cold Fu-
sion occurs is performed on neutral atoms or molecules. This is different from the Fusion Reactor
application described above, in which electrically charged particles are transported to the Fusion
Reactor Core by the use of electric fields. A particular version of the electrically neutral Fusion Ma-
terial Transport will be described hereinbelow, where the Fusion Material in the form of gas, liquid
or solid is transported mechanically or manually in containers to the Fusion Reactor Core. For in-
stance, the neutral Fusion Material atoms or molecules may be transported into the Fusion Reac-

tor Core using pipes.

The General Specification for the Fusion Reactor as described above applies also to this embodi-
ment. In particular power production intervals, Power Control, temperature intervals, physical
sizes and volumes, magnetic field strengths and Fusion Material particle number densities apply.

The generalization to tritium also applies for this Fusion Material Container version.
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The input material can be the same chemical compaositions as for the first Fusion Reactor embodi-

ment described above.

The Material Separator process may be the same as for the first Fusion Reactor embodiment
above. The optimal Fusion Material in molecular state to use is the parahydrogen spin isomer

state.

Parahydrogen here refers to a [J, molecule. For this embodiment, mainlythe 0 — D pairina D,
fuse without the ionization radiation option. In particular, pairs of the form D — %H or D — éH do

not fuse unless ionization radiation is applied.

in this parahydrogen state, the nuciear two spins are already anti-parallel and no spin filtering is
required on such a pairs of nuclei to form anti-paraliel pair. At STP and for the protium case, ap-
proximately 25% is parahydrogen and 75% is ortohydrogen with the spins parallel. The fraction of
parahydrogen increases with decreasing temperature. In the interval 33 — 20 K in the protium
case, the parahydrogen share reaches 99.79% while ortchydrogen is reduced to 0.21%. The Fusion
material deuteron-deuteron distance in the Hs is at this point approximately 70 pm = 0.74in the
protium case. [}, properties are similar, but due to higher deuteron mass than the protium nuclei,

all parameters acting in favor of Cold Fusion improve for deuterium.

The ionization of the Fusion Material is an option in this Fusion Material container embodiment
that can be added as the ionization is not required for Cold Fusion. If this option is used, then the
lonization Chamber corresponds fully to the Fusion Reactor chamber. The ionization is performed

after the Fusion Material has been Transported into the Fusion Reactor Core.

However, the Fusion Reactor in the Fusion Material container version includes optionally the loni-
zation Chamber function. The ionization is best applied after the spin control magnetic field is ap-

plied, but may also be performed before applying a magnetic field.

The Cold Fusion conditions are in this case achieved for the particular collection of pairs of deuter-
ons where the orbital angular momentum L = 0 around the axis where the magnetic field B is ap-
plied. A non-zero probability of Cold Fusion of deuterons in the form of § = 0 = § = 0 transitions
through quantum tunnelling will occur at deuteron-deuteron distances of the order of 0.74. This

quantum tunneling process is described in detail for 44 inthe Battery and Fuel Cell application de-

scribed below.
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With regard to the Fusion Reactor Equations, the electric field E, whose main purpose is to

transport electrically charged Fusion Material particles, is not used in the Fusion Material con-

tainer embodiment presently described. Figure 8 below aiso illustrates an example where the

magnetic field B is applied differently to that of Figure 6, which means the coordinate depend-

ences of the new Fusion Reactor equations for this Fusion Material container version are different.

In Figure 8, the container holding the Fusion Material is indicated by 1, and this is optimally para-
hydrogen form where the deuteron spins point in opposite directions in a D, molecule. The [,
phase is any of gas, liquid or solid. The applied magnetic field is indicated by 2. An optional UV ion-
ization radiating is indicated by 3, and is originating from the UV lamp implementation 4. An Accu-

mulator geometry change is indicated as in Figure 6 by 8,.

Apart from the above described differences, the Fusion Reactor embodiment in the Fusion Mate-

rial container version is equivalent to the Fusion Reactor embodiment described above.

The Accumulator may be the same for the two Fusion Reactor embodiments described above.

The Fusion Reactor Power Control may also the same as in the Fusion Reactor embodiment de-
scribed above and illustrated by the example given in Figure 6, with the exception that controlling

the field strength of E becomes redundant.

Figure 8 illustrates the Fusion Reactor container version. The container holding the Fusion Material
is indicated by 1, and this may optimally be parahydrogen form where the deuteron spins point in
opposite directions in a D, molecule. The D, phase is any of gas, liquid or solid. The applied mag-
netic field is indicated by 2. An optional UV ionization radiation is indicated by 3, and is originating
from the UV lamp implementation 4. An Accumulator geometry change is indicated as in Figure &

b\/ 92,

Detailed specifications - Battery and Fuel Cell Embodiments

Based on the same general considerations as described above for the Fusion Reactor embodi-
ments of the present invention, in the following a second broad implementation of the invention
will be described. These general considerations include specifically, but are not limited to, given
intervals for power production, Power Control, operating temperature, magnetic field directions,
magnetic field strength, maximum physical dimensions and Fusion Material particle number den-

sity. This embodiment is denoted Battery and Fuel Cell embodiments.
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Thus, this section is concerned with a more detailed specification of the Battery and Fuel Cell em-

bodiments. The definitions used in this text are in particular:

Battery: A solid state encapsulated energy source that is Loaded {see below) with a finite
discrete amount of Fusion Material. The materials in the interior to the external
encapsulation need not be of solid form, but may be any combination of solid, lig-
uid and gas phases of any elements or any combination of chemical elements. The
iHustration of the Battery and Fuel Cell applications is made below by simplifying
to a solid simple palladium (Pd) crystal with only one Loaded deuterium Fusion
Material. Fusion Material in this section refers to either the nuclei, ions or neutral

atoms.

Fuel Cell: A solid state encapsulated energy source as defined for a Battery but with a con-
tinuous externally provided supply, but not an infinite such supply, of additional
Fusion Material that has not been initially Loaded into a solid-state encapsulated
energy source. Here, a Fuel Cell, in contrast to a conventional fuel cell, does not
convert chemical energy stored in dynamical electron states to other forms of en-
ergy {typically electrical energy). Instead, a Fuel Cell in the present context con-

verts nuclear energy to other forms of energy, such as electric energy.

Loading: Adding Fusion Material into a solid-state encapsulated energy source. The term
Loading of a Battery is used rather than chorging of a Battery as the energy source
is not stored in the form of an electromagnetic charge difference within the Bat-

tery, but instead the energy is stored in the form of Fusion Material.

in the following description, deuterons will be selected as the Fusion Material, for illustrating the
Battery and Fuel Cell embodiments using Cold Fusion in order to obtain a parallel treatment of the
Battery and Fuel Cell embodiment with the Fusion Reactor embodiments described above. This
paralle! treatment of a Battery and Fuel Cell embodiment with a Fusion Reactor embodiment is
made in order to bring clarity into the differences between these classes of embodiments. As a
consequence of selecting deuterium as the Fusion Materials, materials absorbing deuterium will
also be chosen for the illustration herein of Battery and Fuel Cell embodiments. In order to further
simplify the presentation, a simple metal is chosen. More specifically, solid state palladium Pd will
be chosen, in particular as much data is available concerning palladium hydride PdH. But even for
a single chemical element Battery and Fuel Cell restriction, other hydrogen absorbers like for ex-

ample titanium Ti could be selected. The Pd selected herein is any stable isotope of Pd. The reason
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why Pd is chosen once the deuteron is chosen as Fusion Material is that individual hydrogen atoms
diffuse easily through Pd, even in the form of H; gas outside the lattice. Diffusion depends on
chemical properties between atoms carried mainly by valence electron state properties, and
therefore different atomic isotopes have approximately identical chemical properties. As a result,
as hydrogen atoms easily diffuse through Pd, then the hydrogen isctope deuterium will also easily

diffuse through Pd.

As mentioned above, the underlying physical principles of the Battery and Fusl Cell embodiments
are the same as for the Fusion Reactor embodiments. The difference in the Battery and Fuel Cell
embodiments is that the Fusion Material propagate in a matter environment rather than in an al-
most vacuum, as described for the simplest form of a Fusion Reactor embodiment as described
above. The Cold Fusion conditions (27a), (27b) and (33) subject to the Heisenberg constraints {34}
are the same, but the Fusion Reactor Equations {14} arising from the dynamical description {7), or
the more complete Fusion Reactor Equations {40), are replaced with Battery and Fuel Cell Equa-
tions that suitably describe propagation of deuterons in media of said type. One way to address
this propagation in a medium is to the replace deuteron mass with an effective mass for the partic-
ular medium under consideration. Apart from deuteron-lattice core atom interactions and deu-
teron-deuteron interactions, it is also necessary to consider the deuteron interaction with the

electron bands, including with the conduction bands, if conductors or semiconductors are used.

We rewrite the Cold Fusion conditions {27}, {33) and constraints (34} in a form that is suitable for
the Battery and Fuel Cell embodiments restricted to solid state embodiments, in particular if deu-

terons with index D are chosen as Fusion Material, as

(vp) = Mi(pD) = [ ¢ ppyPdV = 0 at lattice atomic site 7 = R, {49a)
Mp

§ = 41 relative to a magnetic field B at fusion site in a neighborhood R, or Ry 4 (49b) 1 =

10 fm = 10" *m {49¢)
ApAxt = mpAvAxt = %h the Heisenberg constraint {43d)
P&#N + N#P or P#N + P#N iso-spin polarizations. {49e)

Cold Fusion by this embodiment of the present invention, performed in a solid-state embodiment,
does not depend on attempting to compress a lattice for nuclear forces to overcome electromag-
netic repulsions. Rather, this embodiment depends on elimination of the electromagnetic repul-

sion of the Fusion Material by spin alignments and iso-spin polarizations.

1. Input Material
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As an illustration of the class of Battery and Fuel Ceil embodiments, deuterium oxide D, 0 is se-
lected as input material to the process, just as in the illustration of the Fusion Reactor class of em-
bodiments above. The considerations with regard to the input material are principalily the same

for the Battery and Fuel Cell embodiments as for the Fusion Reactor embodiments.
2. Material Separator

The separation of the Input Material for the Battery and Fuel Cell embodiments can be achieved in
the same way as for the Fusion Reactor embodiments. For the purpose of illustrating the Battery
and Fuel Celi embodiments, a standard electrolysis into [J and O atoms, ions or gas can be as-
sumed. The Fusion Material, with upper indices for typographical reasons representing ionization
in this section, is here I}, DT, D5 or D;, and the Fusion Material needs not be injected into an loni-
zation Chamber as in the Fusion Reactor case. Instead, a component in the bulk material in the
Battery unit is chosen below for the purpose of illustration of the Battery and Fuel Cell embodi-
ment such that Loading of the Battery Unit can be achieved through Fusion Material diffusion.
However, the general method dynamical state preparations for achieving Cold Fusion does not de-

pend on Battery loading by diffusion.
3. Battery Loader

in this ilustration of the present embodiment, the method of Loading of the selected Fusion Mate-
rial D, DY, D, or .Dz+ into the Battery has been chosen to be the method of diffusion. Therefore, a
combination of Battery materials must be selected in such a way that it allows for deuterium diffu-
sion. Again, for the purpose of llustration, a simple palladium Pd metal will be chosen below. The
Pd Battery is Loaded with deuterium by any diffusion process. For example, surface vacancies pro-
mote dissociation of H, or D, molecules to atoms. This embodiment does not depend on the de-

gree of Loading as long as the details of applying the method are adjusted accordingly.

it is preferred that the metal crystal is loaded with Fusion Material until substantial or complete
saturation, or even more than full saturation. In the example of Palladium, palladium hydride PdH

will result for a degree of loading of one Pd atom per one hydrogen isotope atom.

The actual capacity at re-Loading of a used Battery will depend on the technologies used to re-
move the Fusion Products from the Pd [attice once the deuterons for Cold Fusion are exhausted.
For clean 2He Fusion Products, this technology is a matter of removing the helium in order to re-
use the Pd. This may for example be achieved by diffusion through re-inserting the used Battery

into the Battery Loader again, and which is assumed to have a low }‘He density compared to the
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Pd lattice, and using methods to separate the [, gas from the E*He gas {assuming gas tempera-

tures) in the Battery Loader. The most basic form to reuse the Pd is melting the Pd metal at some

point, in particular if simple re-Loading is not efficient.

Figure 9 illustrates the gas chamber principles according to the present invention as specificaily ap-
plied to the embodiment of Pd battery loading into PdH. The D, gas pressure depends on the de-
gree of ioading x in PdH,. An alternative to placing the Pd in a gas chamber is to place the Pd in lig-
uid D, 0 and perform electrolysis directly with the Pd as the electrolysis cathode. This type of Bat-
tery Loading is similar to the 1989 Martin Fleischmann and Stanley Pons “cold fusion” experi-
mental set-up {see Fleischmann, Martin; Pons, Stanley {1988}, "Electrochemically induced nuclear
fusion of deuterium”, Journal of Electroanalytical Chemistry, 261 {(2A): 301-308). In the context of
the present method, the Fleischmann and Pons set-up is not Cold Fusion energy production, but

merely a Battery Loading.
4. Battery Unit

In the sections below, the unit electromagnetic charge is denoted by e instead of g. in order to give
one example of the Battery embodiment according to the present invention, we choose a simple
palladium metal Pd as a solid-state encapsulation of deuterium representing the Battery unit. Typi-
cally, but not elaborated in detail in the below-described illustration, further external insulator
combinations may be added to insulate the solid-state encapsulation electrically and electromag-
netically; to impart temperature control and maintaining the Loaded Fusion Material within the
Battery unit; to eliminate unwanted radiation or Fusion Products resulting from the Cold Fusion
energy production; or any combination of these functions. The diffusion property of H into Pd is
for example expressed by H and Pd having identical electronegativities of 2.20 on Pauling scale.
Anocther aspect is that the Pd lattice constant g = 3.86 - 10710 1m, while the Pd atomic radius
measured as the covalent radiusisrpy = 1.4 - 107 %n. As the hydrogen covalent radius is only

gy = 0.25 - 107 %m, the hydrogen “fits” into the Pd lattice, subject to electron wave function per-
turbations. Covalent radii vary somewhat depending on the reference and slightly different values

of rpg = 1.28 Aand ry = 0.32 A will also be used below (1 A = 1071%m).

Experimental results and theoretical Density Functional Theory numerical calculations using stand-
ard solid-state design software show that in the ground state and in a first approximation the Pd
and H are joined by covalent bonds in the lattice, and that the electronic structure modification in
the PdH compared to Pd is that a new energy band arises by overlapping the Pd 4d state with the

H 1s state {Abdasalem Houari, Samir F. Matar and Volker Eyert, Abstract:
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https://arxiv.org/abs/1411.0542 , PDF: https://arxiv.org/pdf/1411.0542 pdf). PdH, for the degree
of Loading of D or DV per Pd atom or saturation x, PdH, with x < 0.57 is paramagnetic, while for
x > 0.57 itis diamagnetic. PdH, for x < (.5 is a conductor, while for x > (.5 it is a semiconductor.
The Pd-H covalent bond length {for the rocksalt structure) is 2.03 A, which is much more than the
sum 1.28A + 0.324 = 1.60A for the Pd and H covalent radius respectively, and the covalent bond
can therefore be regarded as weak metastable that easily decomposes {see Marvin L. Cohen and
Steven G. Louie, Fundamentals of Condensed Matter Physics {Cambridge University Press 2016),

Section 1.6, equations {1.2) and {1.4)).

The Pd crystal itself is an FCC {face-centered cubic) structure with lattice constant a = 3.86 A. This
lattice constant corresponds to the a-phase PdH, with degree of hydrogen saturation x < 0.017,
while a = 4.05 A for f-phase x > 0.58, and in between the phase is an @ — § mix. The presenta-
tion of the Battery and Fuel Cell embodiments herein will focus on palladium hydride PdH, with

x = 1, and actually use x = 1, although dihydride PdH, and PdsH, to a large extent have similar
properties and may even be better for certain Battery and Fuel Cell embodiments. However, for
reasons of clarity this limitation to PdH reduces the complexity of describing this class of embodi-

ments.

With regard to the attractive nuclear forces, the above choices imply that the deuterium-deuter-
ium nuclear distance in a saturated PdH lattice is approximately ¥ = a = 4.05 - 107%%m, for r for
example in the asymptotic Yukawa potential of equation (29). The attractive Yukawa potential will
not induce deuterium-deuterium fusion even if the deuterium atoms in the Pd lattice are approxi-
mated as free atoms as various repulsive forces prevent fusion. This embodiment is again based on
applying electromagnetic fields in such a way that the repulsive forces are reduced enough for the
attractive nuclear forces to take over and ideally only the Cold Fusion Channel is selected. The un-
derlying physical principles are the same as in the Fusion Reactor embodiment, but the ways of ap-
plying the electromagnetic fields are different. It is clear that the exact electromagnetic field engi-
neering depends both on the selected Fusion Material, here deuterons for the purpose of illustra-
tion, and on the selected solid-state encapsulation, here a simple Pd lattice for the purpose of ii-

lustration.

For alignment of iso-spins as indicated in {49e}, besides PHN+N#P we could in principle also align
the deuteron spins for the N#P + N#P iso-spin polarization as long as the total system transition is
S =0 — 5§ = 0 defining the Cold Fusion Channel. If the resulting nuclear state after fusion is an

L # 0 excited state, such transitions would produce non-clean channels {47a} and (47b}, resulting

in radicactive waste material.
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With regard to general dynamics, for a deuteron propagating in a PdH lattice we assume that non-
refativistic approximations are valid, i.e. v < ¢ and the reference frame is that of the PdH lattice.
The general dynamics of a deuteron propagating in a PdH lattice as compared to deuterons propa-
gating in an almost vacuum Fusion Reactor is that the dynamics of the deuteron, and here in par-
ticular the Hamiltonian H, is modified by interactions that can be interpreted as resufting in an ef-
fective deuteron mass mp that incorporates the average properties of the environment in which
the deuteron moves. The non-relativistic kinetic deuteron energy with the definition p = Ak for
wavevector K is (see Marvin L. Cohen and Steven G. Louie, Fundamentals of Condensed Matter

Physics {Cambridge University Press 2016}, Section 1.6, equations {1.2) and (1.4}} :

. 2 ¥ 2k2
E.(J) = A in vacuum (50a)
2mp Zmp
L RKE AP P31 .
E. (k) = T L?ki(_m”) k;  inmatter {50b)

in the last equality of {50b), a lattice directional dependent inverse effective mass tensor has been
defined as a generalization of a directional invariant effective mass scalar (m*) ™%, The curve E(k)
defines the dispersion curve for the media or lattice transporting the deuterons. Strictly, m; =
m;j(}?b + 1), ie. 47**} is a function of position, while mf’l,- independent of lattice position can be
interpreted as an average dynamical property with the environment incorporated into the effec-
tive mass when transported over many lattice periods. To indicate when the external environment
is incorporated into the effective mass, the term quasiparticle will often be used for such systems.
Corrections arising from interactions not included in the effective mass model can be obtained as

small effective mass and effective charge quasiparticle renormalizations in analogy with standard

electro-weak QFT theory.

The difference in the dynamical description here from usual solid-state physics is that we are here
interested in the deuteron or atomic nucleus dynamics and deuteron transport energy bands, in
contrast to electron dynamics and electron energy bands. In the PdH ground state, i.e. in the limit
T —= ( K, the deuteron or deuterium atom is covalently bonded to the Pd and the PdH lattice is
fixed. The dynamics of the deuteron can be regarded as an excitation from the ground state just as
an electron in a semiconductor can be excited to a conduction band energy state. However, the
deuteron energy bands are not the same as the electron energy bands in the crystal. The dynam-
ical description used below to illustrate the Battery and Fuel Cell class of embodiments is for most
part a simplified physical model where the deuterons move in an average field created by all other

particles and fields that constitute the PdH lattice system. This single particie dynamical
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description is generally referred to as a Hartree approximation or a Hartree-Fock approximation if

exchange symmetry information, such as anti-symmetry, is included in the wave functions.

in order to illustrate the Battery and Fuel Cell embodiments, as a first step a Hamiltonian wili be
set up in which the deuterons are approximated as moving in the iattice free from the covalent Pd-
H bond and excluding any attractive nuclear forces. As a first step, we also treat the deuterons as
peint particles with charge +¢ and introduce corrections to the point particle approximation later.
A complate many-particie Hamiltonian for the complete lattice system will for one mol of crystal
result in an order of 1023 coupled non-relativistic Schrodinger equations to solve, one for each
particle in the PdH lattice system. The total number of quantum states N arising from variables
commuting with the many-particle Hamiltonian for the PdH lattice system is N = nV » 1023, for
density of states n and crystal volume V. We now foilow standard solid-state physics treatment to
reduce the 1023 coupled Schrédinger equations to uncoupled single-particle equations. We also
consider the electron dynamics as divided into rigid core lattice points consisting of the nuclei with
corresponding closed shell electrons and consider the valence electrons moving more or less freely
in conduction bands. For the deuteron dynamics and from the diffusion property, we also consider
the deuterons moving more or less freely relative to the Pd cores in effective deuteron conduction

bands in the PdH lattice as already noted above.

As a first step, a Born-Oppenheimer type of approximation is introduced, wherein the lattice core
atoms are regarded as fixed and generating fixed potentials V for the electron and deuteron dy-
namics, after which the total system Hamiltonian H can be expressed in terms of a deuteron Ham-
iftonian Hp, a valence electron Hamiitonian H,, a fixed core lattice Hamiitonian H,, a deuteron-
valence electron interaction Hamiltonian H,p, and a relativistic correction term Hy where at this

stage all effects related to spins are included. By definition:

H=Hy+H,+H,+ Hyp + Hy (51)

The Born-Oppenheimer approximation for the deuteron-core interaction is motivated by the fact
that the Pd core mass m, is much greater that the deuteron mass mp, i.e. mey > mp, implying
that Pd cores move much more slowly than the deuterons. The Born-Oppenheimer type of approx-
imation largely separating the deuteron and electron dynamics from the Pd core dynamics now
gives for particie I, core atom n at fixed site R, and the number of valence electrons Z outside the
core {see Marvin L. Cohen and Steven G. Louie, Fundamentals of Condensed Matter Physics {Cam-

bridge University Press 2016}, Section 2.2, equation (2.2)):
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25' - 1 2 PN

Hp =3 Eﬁ; + X0 Ve O — ch)] + E’Ziij'l';;;:;;;'l' + {Vpe(rp)} (52a)
H, = >y [zprf: + Yo Ve (T — ch)} Zz—;; l’" + {2 X0 Von (ree — 7p0)} (52b)

1 e? ,
Hep = _}Zz-i,jﬁ (52¢)

E {"Di~Tej

2 ZiZj e? y N
He = Biget+ 5 Bie Ty + Vee(B) + Ve (Re) (52d)

in{52), p, = ——iﬁ-;—x-. Further in (52}, two interaction terms V., and V,p have been introduced rep-

resenting small average perturbations of the cores from the valence electrons and deuterons re-
spectively. These two terms can be estimated from the ground state of electron and deuteron dy-
namics after first solving the dynamical equations for these sub-systems. By fixing R, in (52a) and
{52b) to constants removes R, as dynamical variables in (52a} and {52b}, and thereby separating
the electron and deuteron dynamics or wave functions from the core dynamics or wave functions.
The electron dynamics includes the extra valence electron from the deuterium in the PdH lattice.
As mp » m, we can repeat the Born-Oppenheimer approximation argument and also separate
the deuteron and electron dynamics or wave functions. This eliminates {52¢} and adds a final term
n {52a} and in (52b) respectively, as is indicated by a parenthesis. As a second step, a Hartree
mean field approximation is introduced. in this approximation, all deuterons move in a mean field
created by all cores, all electrons and all other deuterons. The same approximation is made re-
garding the valence electron dynamics. This assumption takes each term in the Hamiltonians (52a)
and {52b} into terms where each term depends only on a single variable and subsequently the
electronic and deuteron wave function become separable by products of independent single parti-
cle electron wave functions and single particle deuteron wave functions. The many-particle va-
lence electron and deuteron wave functions have now been reduced to single particle wave func-
tions. As a third step, we assume that the Hartree average field is a perfect and periodic lattice
with potential V{rp) = (rp + R,). For the deuterons, this results in the single particle Schridinger

equation for the deuterons of the form

n? .
Hppp = | =55 V2 +V (1) |0 (1) = Evip(rp) (53)

For lattice vector R, equation {53) have solutions in terms of Bloch functions, which are of the
form
3 ; ikpr
in(rp) = uyg, (rp)et?’D
Yp(p %, (D) (54)

ukD(rD) = ukD(TD + Rb) (54b)
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By inserting {54) in {53}, the Schrodinger equation {53) for the periodic part of the Bloch functions

becomesforr = (x,y,2)

1/ . 3 212 Y e - .
s (1272 = 2ihke 2 B2 ) 4V (1) |ty (10) = B (it ()

Zmp

(55)

in (55}, a new guantum number 1 has been added arising from taking an infinite lattice finite and
imposing periodic boundary conditions at the lattice end-point {see Marvin L. Cohen and Steven G.
Louie, Fundamentals of Condensed Matter Physics {Cambridge University Press 2016}, Section 3.2,
equation (3.8)}. Deuteron band structure including energy band gaps in E,, (k) now arise from the
lattice periodicity and symmetry properties for attractive and repulsive potentials gqualitatively
similar to electronic band structures and band gaps, with the difference that the energy levels are
different by the electron mass m, being replaced by mp and the charge —e is replaced by +e. To

iltustrate the meaning of such parameter variations, the hydrogen energy levels F,, =

meet 1 . . . . .
- ———2(;;;?‘%2 —can be varied by varying the parameter m, while keeping the parameter e fixed.
FTEQ )

The symbols m and e appear from this perspective as parameters in the Schrédinger equation.
Furthermore, approximation methods used for electron states can in a similar way be reused for
deuteron states. In particular, this includes Density Functional Theory {DFT) with standard soft-
ware available, as long as this software allows for the variation of the parameters m and e. One
difference is however when Pauli exclusion principle information is added, for exampie through
anti-symmetrized wave functions for Slater determinants in a Hartree-Fock treatment, anti-sym-
metrized electron wave functions are replaced by symmetrized deuteron wave functions. The
Pauli exclusion principle information in the anti-symmetric wave function tends to move electrons
apart, while the symmetric wave functions tend to bring deuterons closer together and is working

on behaif of Cold Fusion. Now, if E,,(¥) can be solved in {55}, the effective mass is known by as-

7

suming £, (k) = = E;-ki(mzj)ﬂkj as in {50h).

2y2
The weak covalent bonding in the PdH can in a first approximation be interpreted as the deuter-
ium atoms already being ionized and the deuterons being located in specific lattice spacings {see
Tanaka, T., Keita, M. and Azofeifa, D.E., Phys. Rev. Vol. 24, 4, 1771-1776 {1981}). In this approxima-
tion, the deuteron dynamics is described by the Bloch form (55) without the nead of adding a co-

vaient bonding potential.
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An external magnetic field H is now applied on the PdH crystal. PdH at PdHyat x > 0.57 is diamag-
netic {Tanaka, T., Keita, M. and Azofeifa, D.E., Phys. Rev. Vol. 24, 4, 1771-1776 {1981)). The mag-
netic susceptibility y of paramagnetic Pd is +567.4 - 10"‘6cm3/’moi which is decreased by increas-
ing x in PdH; {again, see Tanaka, T., Keita, M. and Azofeifa, D.E., Phys. Rev. Vol. 24, 4, 1771-1776
{1981)). The magnetic field B in the PdH lattice is B = H + 47 M for magnetization M, the latter
defined by M = yH or more generally M; = y;, Hy. In a first approximation, the magnetization is
disregarded and B = H. The applied magnetic field H is made strong enough such that spin align-
ment of the quasi-free deuterons occur just as in the Fusion Reactor embodiment. However, as the
deuteron velocity is almost vanishing being quasi-fixed in the PdH lattice, the applied field H canin
general be much reduced compared to the Fusion Reactor embodiment. In fact, it is just a matter
of waiting long enough after applying the magnetic field for deuteron spin alignment with # to oc-
cur. The signature in +4 - B will not be used below and the term — i - B is now added to the Ham-

iltonian in the same way as for the Fusion Reactor Equations {14}, and {55) now becomes

oy, a0 - )
T K\—nzvz — 2ihk o=+ szkz) +V(rp) — g B+ Hypl iy, (p) =

= n(k}un,ka {rp) (56)

in {56}, the symbol V(1) includes the Pd lattice part and the effective electron field part, the func-
tions wy, &, (7p) now include spin variables, and a term H 5 has been added to include ali orbital
terms interacting with B, in classical terminology additional Lorentz force terms. With spin in-
cluded, a separation into a product of spin and orbital wave functions will however depend on dis-

regarding any spin-orbit interaction.

We now make the approximation {vp) = 0 and Hypp = 0. With H applied along a lattice cell vec-
tor, deuteron alignments and iso-spin polarizations as indicated in Figure 2 will now occur with an
approximate probability at STP of 10%. For these alignments, the electromagnetic deuteron-deu-
teron repulsion disappears and only an attractive Yukawa potential {29) remains, disregarding at-
tractive deuteron-deuteron exchange interactions. Electrons will accumulate in the lattice around
positive charges ¢ > 0 while the § = 0 tube in Figure 2 will be free of electrons in this free deu-
teron approximation. This also reduces the probability of N#P+N#P fusion in favour of PEN+N#P
fusion, just as in the Fusion Reactor case, as electrons would accumulate in the tube around the
proton introducing electromagnetic interactions in that region. Thus, classically only attractive
deuteron-deuteron forces exist and a non-zero probability of Cold Fusion exist for the Cold Fusion

Channel (47¢) with null surface topology PEN+N#P.
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Furthermore, Landau quantization of deuteron or electron orbits in the plane with normal paraliel
to H will further assist in keeping the @ = { tube clean from electromagnetic chargas. The space-
time orbits of the electrons will in general depend on the band structure and crystal directions. It
is therefore possible to optimize the direction of H with respect to crystal directions in order to
keep the ¢ = 0 tube clean. The optimum directions are found by simply varying the angie he-
tween the different crystal directions and the magnetic field H, and measure at what angles the

probability of Cold Fusion reaches its maximum.

If a weak attractive covalent bond potential Vp4_p working against fusion is added to the Hamilto-
nian together with the attractive Yukawa potential (29} with deuteron separation Arp, equation

{56} for the perfectly aligned deuterons becomes

gg e -mgArp

— U 7
4‘7‘562 ArD n,kD( D)

i a \
#2772 : R 1 K242 Y . — . —
[Zm,r) (—h Ve — 2ihk —{,ﬁ - hek )+V(:D) u-B—=Voip

= En(k)un,kg () (57)

g§ o~Mshrp

AsmaxiVpy_pl K max -2
4mc=  Arp

) gz -mgArp
,max|V{rp)l « max ==
! 4me? Arp

when varying the deu-

teron separation, and for the total repulisive barrier max |V (r, )| « oo, then quantum mechani-

caliy there will be a non-zero tunnelling from the smaller potential well —Vp,_p, to the much

. Z emmsATp . .
deeper potential well V = — 4‘?2 ~ where the minima are separated by a distance order of
e AT p

lattice constant a. Quantum mechanically, Cold Fusion occurs at non-zero probability by guantum
tunnelling even if the deuterons are considered as covalently bonded with Pd. The nuclear deu-
teron-deuteron fusion well is in the order of 23.8 MeV deep, while from experimental results all
other wells and barriers are in the meV — 100 keV range. This range includes Coulomb barrier
penetration in the thermonuclear fusion case without any dynamical state preparations. The deu-
teron falls into new lower stationary states in the nuclear fusion well by losing energy through
electromagnetic and phonon field excitations, where the latter translates to heat in the PdH lat-
tice. Other quantum field excitations may also occur in this process. in the event that produced y-
radiation propagate to the outside of the PdH lattice, the spectrum of such radiation can be ex-
pected to be complex, even if the possible scalar field transitions as discussed at the end of the Fu-
sion Reactor section are excluded. For the y-radiation, atomic X-ray terms as well as radiationless
atomic transitions {Auger effect) need also be taken into account. The y-spectrum is not the same

as a single or first order Compton scattering in vacuum.



<y

20

30

WO 2021/206617 PCT/SE2021/050309
94

With regard to the Cold Fusion conditions {49}, in a first approximation, and with the Battery unit
in a thermodynamic equilibrium state, the deuterons are considered as fixed in the Pd + D lattice.
in this sense {49a) is approximately and automatically satisfied, subject only to small accelerations
and velocities required to move the deuterons to a fusion point between deuteron atomic lattice
sites Ry, and R, 4. Condition {49b) will be satisfied just by waiting long enough depending on fieild
strength of H and B. Condition (49c) will be achieved by quantum tunnelling. Condition {49d) be-
comes redundant as, in contrast to the Fusion Reactor case, we do not need to decide precisely
which deuterons are to fuse. Iso-spin polarization PEN+N#D is promoted. All Cold Fusion condi-

tions {49} are now satisfied in this approximation for this selected set of deuterons in the lattice.

With regard to the iso-spin PEN+N#P polarization and angular momentum during deuteron Fusion,
at some inter-deuterons distance Arp = 74 — 73, for deuterons 1 and 2, the deuteron point parti-
cle approximation must be abandoned and the separation into neutrons and protons must be
taken into consideration. As the two fusing deuterons will be in approximately the same kinetic
and potential energy states for Cold Fusion condition (vp;) = (vp,) = 0, the protons and neu-
trons need to be in opposite spin states which again promotes S = 0 — § = 0 deuteron Cold Fu-

sion as in the Fusion Reactor case and the Cold Fusion Channel {47¢} is selected.

A more exact guantum mechanical treatment will vield a spectrum of interacting factors, including
spin-spin interactions, spin-orbit interactions for all particles involved, and a more general class on
interactions collectively referred to as exchange-correlation effects. in an even more general case,
but still limiting to static fields in the electromagnetic field engineering, an external electric filed £
can also be added to improve probability of Cold Fusion in the Battery and Fuel Cell embodiments
{see item B under heading “Battery Performance Enhancement” below). Defining the complex an-
alytic dielectric function €;;, and inverse (e, ) for the approximately free homogenous deuteron
gas analogously to the linear response dielectric function € for a valence electron gas the general-

ized Hamiltonian and the Battery and Fuel Cell Equations in the above approximations, for the pe-

riodic Bloch function part and with symbol (—'fzzvz — 2ihk - ;—r + hzkz) = (p + k)?, become

g2 e MsATp

—el(ey) FErh +

‘-
K

= P+ + V)~ B = Vpgp —

Zmp 4me?  Arp

p-p__ ¢ N )

€§ 70 =ttty 4, () = Ep (Kt 1, (1) (58)
D1~ "Dzl

in (58} a residual term for deuteron-deuteron repulsion in the @ = { tube of the form

+e§_D has been included as illustrated in Figure 4, which may also include a neutron

I"p1—7p2l

charge density effect and additional space-time curvature effects. in both the residual term and
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the diglectric function term, effects can be included from exchange-correlation, screening by elec-

trons and screening by deuterons, QFT type Feynman graph vacuum polarization, and other ef-

fects that have not been included up to this point. For a perfect @ = 0 tube, even in an external

D = 0 in this section of the

electric field with E parallel or anti-parallei to H, (€)™ = O and e~
tube. Adding the diglectric and residual terms does not change the conclusions regarding quantum
tunnelling and Cold Fusion, as the Yukawa potential stili remains the deepest potential well, while
the electromagnetic repulsion barrier remains finite once the point particle approximation of the

deuteron is abandoned and space-time curvature effects are taken into account.

A Battery with the above function now comes in two versions, namely a heat producing Battery

and an electricity producing Battery.

For the heat producing Battery, the purpose of the encapsulation is simply heat transfer to the
Battery from the Cold Fusion process, and the Battery encapsulation is chosen to optimize y pho-
ton energy transfer to the lattice and its encapsulation. Such a heat producing battery can be

placed in a room, or placed in or in thermal contact with a material or a liquid to be heated.

For the electricity producing Battery, the Battery unit may be encapsulated in arbitrary photovol-
taic layers with materials optimized for the Cold Fusion Channel energy. Additional material layers
can be usad to optimize the optical properties of photovoltaic layers depending on which photo-
voltaic technology is used. The optimizing layer material is obtained by first selecting the photovol-
taic technology and observe what absorption wave lengths are optimal for this technology. Subse-
guently the optimizing layer materials are selected by observing what materials shift, for example
deuteron-deuteron Cold Fusion 23.8/2 = 11.9 MeV wavelength, to the absorption wave lengths
of the selected photovoltaic technology. This wave length shifting is not limited to Compton scat-
tering, all relevant quantum field processes are involved. For caiculations, optical properties are
defined by the complex dielectric tensor function €;; = €44, + i€35. The damping k of the pro-
duced Cold Fusion y-photons when travelling through approximately homogenous layers of mate-
rial, for which €;;, = € and ¢ is a constant diagonal matrix, is obtained from the imaginary part of
the complex dielectric function. For complex refractive index N and usual real refractive index n,
the damping k is obtained from N = n + ik = V€ {see Marvin L. Cohen and Steven G. Louie, Fun-
damentals of Condensed Matter Physics {Cambridge University Press 2016), Section 8.1, equation

(9.13)).
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in general embodiments, the fusion channels {47a) and (47b) are for most part regarded as con-

taminations resulting from insufficient engineering precision, but these channels can still contrib-

ute positively to for example heating Battery embodiments if used in an appropriate way.

For a nano- and a quantum-Battery or Fuel Celi, the same considerations apply as for a nano-and a
guantum-Fusion Reactor. However, additional quantization in bands, charge transport, heat

transport, optical and other properties need also to be taken into account in the physical model.

Figure 10 is a simple illustration of a concrete embodiment of a Battery according to the present
invention. A standard photovoltaic implementation is not explicitly shown, but only indicated by a
DC current source symbol. The top enclosure is drawn with a permanent magnet generating the
field H, but in principle this could also be generated by a current loop, for example on both top
and bottom enclosure, and which is simpler to control. A permanent magnet would require a mag-
netic shield enabling and disabling in order to halt the Cold Fusion and current generation process
as indicated by the arrow on the top enclosure. For the bottom enclosure, the magnetic field is
preferably generated with the same magnetic field direction as for the top enclosure if the bottom
is also used for magnetic field generation. Some layers are indicated in the Battery cross section.
They may be for example two photovoltaic layers indicated by mesh. From the center in Figure 10,
a ferromagnetic core improving the internal magnetic field B generated by the external field H, is
indicated in the figure as black. The ferromagnetic core is followed by one photovoltaic layer. The
Pd loaded with D is the next layer indicated by black. In between the PdH and the photovoltaic
layer is a small y-radiation optimization layer from Cold Fusion energy fuw, to optimize fiw for the
photovoltaic materials and technologies involved, as indicated by thin white. The two outer layers
may represent for example radiation shielding, contamination shielding, temperature shielding
and Fusion Material enclosure. The Battery is here indicated as a cylinder, but the embodiments
are independent of geometric forms, including thickness of the various layers indicated in the fig-

ure.
4.2 Battery Performance Enhancement

The above simple illustration of only using a static and homogenous external magnetic field H re-
sults in non-zero quantum tunnelling and deuteron-deuteron Cold Fusion. A number of additional
features may be added in order to improve the overall technical performance and economy of the
Battery and Fuel Cell embodiments described above. In the particular case of PdH, the Cold Fusion

rate can be increased by increasing the quantum tunnelling rate, which in turn is increased by
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flattening the Pd-H covalent bond potential well or by decreasing the deuteron-deuteron distance.

The following are some examples.

A} Deuteron — Deuteron distance reduction by external electromagnetic fields and Bloch os-
cillations: In order to illustrate this improvement of the class of Battery and Fuel Cell embodi-
ments, a time-constant and homogenous external electric field £ is applied parallel or anti-paraliel
to the external magnetic field H above. For the purpose of illustration, E is chosen parallel with H.
The limitation to constant and homogenous fields is only made in order to simplify the dynamical
description, but the method may use other types of electromagnetic fields. Re-iterating that the
deuteron band dynamics is similar to electron hand dynamics, but with a different mass parameter
mp instead of m, and with a change of sign of charge, standard electron band results can be ap-
plied to deuterons. Using among other things the Bloch function properties (53}, {54) and {55), adi-
abatic approximations, the fact that the homogenous fields £ and H vary slowly over lattice con-
stant a, with dynamical state and operator representations in terms a Wannier functions, in the
simplest approximation of single non-composite energy bands £,,, and approximating by vanishing
Berry curvature, with the deuteron quasiparticle group velocity v, parallel to the magnetic field #
and in @ = 0 tube, the deuteron space position can be written {see Marvin L. Cohen and Steven G.
Louie, Fundamentals of Condensed Matter Physics {Cambridge University Press 2016), Section 5.4,

equation {5.35)):

x(O) = [y vp(Odt =+ [12 0k, = [, (ku (1)) ~ €, (n(t = 0)] (59)

20 dity Bl
The Block oscillations (59} must be in opposite directions similarly to phonon optical and acoustical
branches in one dimension, possibly with a degree of randomness, or else the complete lattice will
oscillate. Equation (59) shows that for increasing bandwidth W of energy band £, the deuteron-
deuteron distance for two Bloch oscillations relative phase shift of w can be decreased by 2 -

w . o e e . .
Ay = 2 ToEd assuming all above approximations. The electric field is applied to temporarily

iery

minimize the distance between two neighbouring potentially fusing nuclei as given by eguation
{59), and thereby Bloch oscillations increase the probability of quantum tunnelling and nuclear fu-

sion.

The dynamics of adding the field E in the Battery and Fuel Cell embodiments is similar to adding
the field E in the Fusion Reactor embodiments in that it creates triangular potentials between en-

ergy gaps and result in Airy-like functions.
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B) Deuteron ~ Deuteron distance reduction using phonon excitations and oscillations: The
temperature is increased by direct thermal contact transport {such as using cooling flanges or sub-
mersion into a cooling liguid) or by other methods such as incident electromagnetic {IR) radiation
with the material specific thermal radiation frequency. The increased temperature results in that
internal scattering processes induce iattice vibrations, here modelled as phonon excitations follow-
ing a second quantization QFT analogy. Both optical and acoustic branch excitations contribute to
the vibrations with period T > 107235, and which in turn for H-H oscillations temporarily reduce
the lattice distance from the average value represented by the lattice constant a. in fact,

l;~1 0THz = 10*%°Hz, i.e. T~1071%5 {again, see Marvin L. Cohen and Steven G. Louie, Fundamen-

tals of Condensed Matter Physics {(Cambridge University Press 2016), Section 1.6, equations {1.2}

and {1.4}}. This in turn implies that the distance between deuterons is momentarily reduced by ap-
proximately the same amount. The reduction or change in deuteron distances may for example be
estimated using standard theory from {see Marvin L. Cohen and Steven G. Louie, Fundamentals of

Condensed Matter Physics {Cambridge University Press 2016}, Section 13.2, equation {13.60)}:

™

SRig = Yau (ﬁﬂ%—) et (a + al ) (60)
In {60), g, and aiqa. represent phonon annihilation and creation operators, respectively, N is the
number of lattice cells per unit volume, M is the ionic mass per cell, [ is the lattice vector index for
locating a cell, b is the atomic site in the cell,  is the phonon hranch index, Wgq is the phonon fre-
guency for wave vector g, and @qa is the phonon polarization unit vector. The distance reduction
can reach order of 20% of the lattice constant a at the Cold Fusion operating temperatures. This

implies an increase in the attractive deuteron-deuteron Yukawa potential of the order

Vrg) _ _gé eSS gi eTmse

Vola) ~ 4mc?  a-08 ! 4mc? a

= 1.25¢026ms > 125 | (61)

The equation {61) estimates the increase in probability amplitude of deuteron-deuteron fusion
due to phonon excitations. The distance reduction by phonon excitations can be applied in prac-
tice by increasing the temperature from T ~ 0 K in steps of 5 K, vary the direction of the applied
magnetic field H in the different crystal directions at each temperature, and observe at what tem-
perature maximum Cold Fusion is obtained. This will provide the optimum operating temperature

and magnetic field direction for the Battery and Fuel Cell configuration chosen.

The following sub method may be used for obtaining Cold Fusion optima by variation of the pa-

rameters in question.
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1. Fix the Fusion Material particle number density at some value n,. in the above illustration of
PdH, the density was chosen to correspond to one deuteron [ per one palladium Pd, but ny isin
principle an arbitrary density starting point. Divide the number density interval [0, n,] into 100
subintervals with equal number density change.

2. Fix the temperature at some vaiue T in the Cold Fusion temperature range. Divide the Kel-
vin temperature range into 1K intervals.

3. Fix the applied magnetic field H at some field strength H, = |H|. Divide the field strength
interval [0, H;] into 100 subintervals with equal field strength change.

4. Fix a starting point for applied magnetic field direction relative to any Battery orientation
axis specified by standard polar coordinates (8,, ¢, ). Divide the polar angle intervals 8 € {0, 7],

@ € [0,21] into 100 equal angle subintervals.

5. Measure the Cold Fusion rate.

5. Repeat items 4 and 5 for each subinterval angle.

7. Repeat items 3, 4 and 5 for each field strength from H; and downto H = {, and from H; up
to the desired maximum using the same interval steps, and for each polar angle step.

8. Repeat 2, 3, 4 and 5 for each temperature step in the Cold Fusion range, for each field
strength from H, down to H = 0 and from H, up to the desired maximum using the same interval
steps, and for each polar angle step.

9. Repeat 1, 2, 3, 4, and 5 for each number density step down from n; to n = 0 and up from
n4 to the desired maximum particle number density, for each field strength from H, downto H =
0 and from H; up to the desired maximum using the same interval steps, and for each polar angle
step.

10.  Once the optima for number density, temperature, field strength and field directions have
been found, take one or several numbers M of such intervals nearby each optimum and divide this
optimum interval again into a number N of smaller and equal intervals, and with N < M, until the
desired precision of the optima are obtained for each of the variables n, T, H, 8 and @. For each
iteration of item 10, typically N = 10 is used, i.e. each optimum interval is again divided into 10

equal intervals.

The sequence in which the variations are performed with respect to number density n, tempera-
ture T, field strength H and field direction (8, @) for finding the optima is immaterial. The particu-

lar parameter variation sequence 8, ¢, H, T, np in steps 6-9 is only one example.

The order in which step 10 is executed for each parameter is also immaterial. The desired preci-

sion in any of the parameters may be determined at any point while executing steps 6-9.
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C) Improving magnetic field B and spin alignment by ferromagnetic materials: The deuteron
spin alignment efficiency depends on the induced magnetic field B by the external field H. The re-
sulting B can be improved by adding layers of ferromagnetic materials, such as Fe, Cu, Ni or Mg,
within the Battery or in the Battery encapsulations. As stated above, the magnetic field B in the
PdH lattice now combined with ferromagnetic materials is B = H + 4 M for magnetization M,
the latter defined by M = yH or more generally M; = y;; Hy. For each ferromagnetic material y is
obtained from standard tables and the contribution from the ferromagnetic materials is added to
the contribution from the PdH lattice to obiain the induced field B. The ferromagnetic material is
any of cobalt, iron, nickel, necdymium or samarium, or a compound with any of these elements as
one component, or a complex compound (including at least three elements) with any of these ele-

ments as one component.

D} Battery refurnishing by time-dependent NMR-type magnetic fields: The efficiency of the

Battery is determined by that there is of the order of 10% of the deuterons that are correctly
P#N+N#P spin aligned initially. More precisely, a fraction of appmximately% : % are correctly

aligned at an operating temperature significantly different from T = §, like STP. To increase the
efficiency, a time dependent magnetic field with a frequency w close to the magnetic spin transi-
tion resonance energies AE = hw for the transitions between the energy levels as defined by
equations {11) can be applied to increase the use of the Loaded Fusion Material. This is achieved
by creating new correct spin alignments once most of the correct alignments have been used up
by Cold Fusion. The Battery re-conditioning time is reduced by increasing the strength of the time-

dependent magnetic field.

E) General magnetic field, temperature and Loading optimization: The optima for the Cold
Fusion energy production rate with respect to Battery operating temperature and applied mag-

netic field H depend on the precise Battery composition and configuration. For example, itis
known that once the Fusion Material particle number density nip is fixed, hereny = %fm number

of Fusion Material particles Ny in volume V, material properties will oscillate with H. Two such os-
cillation examples are oscillations in the magnetic susceptibility y(B), in literature called the de
Haas-van Alpen effect, and oscillations in the resistivity p(B), in literature called the Shubnikov-de
Haas effect. For each selected Fusion Material, taken as deuterium in the above illustration exam-
ples, it is therefore a complex matter to theoretically predict optimal degree of Fusion Material
Loading, optimal operating temperatures and optimal applied magnetic field H. The general
method to determine these optima for any given Battery design is therefore to separately vary all

the parameters Fusion Material particle number density np and which corresponds to a degree of



<y

70

20

25

30

WO 2021/206617 PCT/SE2021/050309
101
Loading, operating temperature T, the applied magnetic field strength H = |H| of H and the ap-
plied magnetic field direction relatively to the Battery orientation, the latter expressed for exam-
ple in standard polar coordinates (@, ¢). Each parameter is separately varied to the desired degree
of accuracy. The desired Cold Fusion production rate is determined in the same way as for deter-
mining the optima, the desired rate at each instance may not be the same as optimum rates. A
Battery Power Control is obtained by mechanically, electromagnetically or electro-mechanically

controlling the parameters ng, T, H and (4, @).

5. Fuel Cell

A Fuel Cell is in principle a Battery, a Battery Loader and with additional Fusion Material being
added to the Battery Loader over time, making the Battery Loading capacity in principle infinite, or
rather the same as the total access volume to Fusion Material. For a Fuel Cell, the Battery remains
in the gas chamber of Figure 9 for the gas case, or the Battery in placed in a liquid in the liquid
case, while gas or liquid is continuously added when required. In this Fuel Cell scenario, Fusion Ma-
terial is continuously added into the Battery though diffusion, and Fusion Products are continu-

ously extracted from the Battery through diffusion.

A Fuel Cell Power Control is obtained by mechanically, electromagnetically or electro-mechanically
controlling the parameters ng, T, H and (8, @) as in the case of Battery Power Control, and in addi-
tion to mechanically, electromagnetically or electro-mechanically control the Fusion Material re-

placement rate into the Battery part of the system.

Battery and Fuel Cell — Generalizations

As is the case for the Fusion Reactor embodiments, the present invention in its Battery and Fuel
Ceil embodiments is also not restricted to deuterium as the Fusion Material. Hence, in the follow-
ing a generalization of the deuterium Fusion Material for the Battery and Fuel Cell class of embodi-
ments to tritium Fusion Material will be described. Moreover, as will be seen in the following, it is
possible to use other materials than palladium Pd to absorb the Fusion Material in the Battery and

Fuel Cell embodiments.

Suitable hydrogen absorber materials include palladium Pd, titanium Ti, magnesium Mg, alumin-
ium Al, lithium U, sodium Na, lanthanum La and nickel Ni, as well as compounds and complex com-
pounds {containing at least three elements) wherein at least one component in such a compound
contains any of these listed chemical elements. All equations {43} — (61} still apply. Figure 9 and

Figure 10 stiil apply with Pd replaced by the chemical element or the compound selected.
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The degree of loading as compared to PdH is also generalized, first using Pd, and also using any of

the hydrogen absorbers listed above. For Pd, the degree of deuterium or tritium loading may be

any x in PdH,, such as for example PdH {x = 1), PdHo7 {x = 0.7}, PdH; {x = 2). Similarly, for exam-

pie for titanium Ti, we may have TiH {x = 1), TiHz0s {x = 2.08). In general, x may be atleast 0.8, or

even at least 1.5.

The Input Material for tritium may be the same as for deuterium. The fusing nuclei may be con-

tained in molecules or atoms, and in liquid, solid or gas form.

The Material Separator process may also be the same as for deuterium. An additional hydrogen

isotope separation may, however, be needed if deuterium and tritium are mixed.

The Loading of tritium Fusion Material through diffusion may be the same as for deuterium - Pd
case, with Pd atoms replaced by any selected Battery hydrogen absorber element or compound. if
diffusion using a gas chamber is used, then Figure 9 still applies with the specified replacements.
As an alternative to gas chamber diffusion, the Battery is Loaded by sinking the Battery into a lig-
uid containing the Fusion Material under the pressure required in order to achieve the desired de-

gree of Fusion Material saturation.

The Battery Unit for tritium is identical to the deuteron case. All equations {49} — (61} are still valid

with the following adjustments:

®  The deuteron mass my replaced by the mass of the tritium nucleus my.

&  The deuteron spin S = 1 and the deuteron magnetic moment fip are replaced by the spin
S = %and magnetic moment gy approximately given by {9a) for the triton. At instances

where g is not indexed, such as in equations (14}, the value of g for the deuteron is still re-
placed by the value p for the triton.
®  The Cold Fusion with nuclei different from deuterons results in processes different from pro-

cesses {46) - {48).

A Fuel Cell is for tritium defined exactly as in the deuterium-Pd case, with the corresponding
changes of Pd atoms by the chosen hydrogen absorber atoms or compounds hosting the Fusion

Material.

The Battery enhancements for the tritium Fusion Material case and the general Battery bulk mate-
rial case may be identical to deuterium-Pd case with the same changes as defined above. This in-

cludes:
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A} Nucleon — nucieon distance reduction by external electromagnetic fields and Bloch oscilla-

tions

o

2 o =

iy
—

Nucleon — nucleon distance reduction using phonon excitations and oscillations
improving magnetic field B and spin alignment by ferromagnetic materials
Battery refurnishing by time-dependent NMR-type magnetic fields

General magnetic field, temperature and Loading optimization

TERMS AND DEFINITIONS

The terms used in the text refer to conventional scientific terms. Some specific terms used in the

text are defined in the following table. The capital letter in a term or a definition is not mandatory

in the text, but when used in the text generally indicate that the term used has a particular defini-

tion in the context of this application.

Term Definition or Description
Absorber As specified in different parts in text. In addition, and in general, it refers to
Materials materials in for example Fusion Reactor Core and Accumulator that absorb

energy in the form of massive or massless particles and translates this energy
to lower energy particles and bulk heat. Lower energy particles need not ap-

pear, in which case all energy is translated to bulk heat.

Accumulator

Materials

As specified in different parts in text. In addition, and in general, it refers to

the materials from which the Accumulator is constructed.

Battery Power

Control

A Battery Power Control is obtained by mechanically, electromagnetically or
electro-mechanically controlling the parameters Fusion Material particle num-
ber density ng, operating temperature T, applied magnetic field strength H =
|H| and relative orientation of the applied magnetic field H and the Battery
expressed for example in standard polar coordinates (8, @). Here, the defini-

tion ny = 7F for number of Fusion Material particles Ny in volume V is used.

Chain reaction

A chain reaction refers to the case when energy in any form generated from a
nuclear fusion or fission in any fraction is used to feed-back into the original
process for maintaining such process at production level. This includes feed-
back of thermalized neutrons into a nuclear fission process to maintain energy
production level or feed-back of energy in a thermonuclear fusion process in

order to maintain a high temperature.
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Cold Fusion

Operating temperature T between 0 — 10% K. in general, and from quantum
theory, it is not possible to say that Cold Fusion will occur with a 100% cer-
tainty. It is only possible to say that dynamical state preparations that are exe-
cuted correctly will allow Cold Fusion to occur at some probability P per unit
time ¢ different form zero, P # 0, such that energy can be produced. For the
purposes of this invention, this probability of Cold Fusion is high enough so

that Cold Fusion in practise will occur in measurable amounts.

Cold Fusion

Channel

Specifies the nuclear reaction channel in the two forms D + D — gHe® —
GHe + v (23.8 MeV)
D+D - {He+ 238 MeV

Doping Material

As specified in different parts in text. In addition, and in general, it refers to
the material that is added to stimulate Cold Fusion to occur. This material is
typically neutrons of neutron rich nuclei of chemical elements or composi-

tions of elements.

Fuel Cell Power

Control

A Fuel Cell Power Control is obtained by mechanically, electromagnetically or
electro-mechanically controlling the parameters ng, T, H and (4, @) asin the
case of Battery Power Control, and in addition to mechanically, electromag-
netically or electro-mechanically control the Fusion Material replacement rate

into the Battery part of the system.

Fusion Material

As specified in different parts in text. In addition, and in general, the Fusion
Material is the nuclei of chemical elements that change mass number during
the nuclear fusion process. Neutronium is here considered a chemical ele-
ment. For Battery and Fuel Cell applications, the term Fusion Material may
also refer to the used chemical elements, combination of chemical elements

or arbitrary ok of such elements and element combinations.

Fusion Product

As specified in different parts in text. In addition, and in general, it refers to
the output particles, nuclei, chemical elements of arbitrary ionization, or en-

ergy in any form that is the cutput of the Cold Fusion procass.

Fusion Reactor

Materials

As specified in different parts in text. In addition, and in general, it refers to
the materials from which the Fusion Reactor is constructed. This excludes

Moderator Materials by definition.

Fusion Reactor

Power Control

As defined in the text, and as a more detailed addition by mechanically, elec-
tromagnetically or electro-mechanically controliing the parameters Fusion

Material injection rate into Material Separator, BC current for electrolysis
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when electrolysis is used, Fusion Material injection rate into lonization Cham-
ber, intensity and wave length of the UV radiation in the lonization Chamber,
the local field strength and direction of E used for charged particle transport
or iso-spin polarization or both, physical openings in connecting lonization
Chamber and Fusion Reactor, strength and direction of currents generating
applied magnetic fields, pressure gradients for uncharged particle and mole-
cule transport which includes collecting Fusion Products and unused Fusion
Material or Doping Material, Accumulator incident radiation area and Accu-

mulator bulk volume, pump speeds.

input Material

The material or compositions of materials from which the Fusion Material is
extracted. In the examples in the text deuteron I or D; is extracted from

D,0.

Matter Wave

Lens

in terms of an optics analogy, the Matter Wave Lens focuses a Fusion Material
stream, or a Doping Material steam to a dedicated point, and where Cold Fu-
sion occurs in a neighbourhood of that point. The Matter Wave lens may con-
sist of vacuum, any material media in any phase that is transparent to the de
Broglie wave lengths in question, and with arbitrary electromagnetic fields for
the purpose of obtaining and maintaining the Cold Fusion conditions, or any

combination thereof.

Moderator

Materials

As specified in different parts in text. In addition, and in general, it refers to
materials that participate in the dynamical or quantum states preparations for
allowing Cold Fusion of any dynamical variable. This includes momentum or
velocity variables and spin variables in explicit Spin Filters. The dynamical vari-
able may refer to any variable depending on which mathematical or physical

model is used in the dynamical description.

Monochromator

This term refers to a single de Broglie wavelength. The Monochromator se-
lects the Fusion Material {deuteron) kinetic energy with velocity v around a
narrow band with average velocity vg such that the Cold Fusion conditions are
satisfied with the required precisions for energies around this vg. The veloci-
ties v and v, determine the electromagnetic fields, but not necessarily
uniquely. Conversely, the electromagnetic fields determine v, (and v). Stand-

ard monochromator or spectrometer methods may be used.

Nano size

The term nano size refers to a small size in one or several dimensions with a
physical distance d in real space restricted by d = 1.0 - 1077 m. The term

guantum size refers to a size less that nano size, i.e. d < 1.0~ 107 m.
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Operating

temperature

The temperature at the point or in the neighbourhood where the non-ther-
monuclear fusion occurs at the beginning of the energy or power production.
if vacuum is used, this will correspond to the initial temperature of the Fusion
Material and Doping material in the Fusion Reactor Core in the Fusion Reactor
application. This does not exclude the fact that some specific regions of the
Fusion Reactor, Accumulator or other components that absorbs energy from
the nuclear fusion may reach temperatures much higher than the gperating
temperature some time into the energy production. For vacuum, the temper-
ature is defined by the corresponding radiation frequency distribution, that

may or may not be a black-body distribution.

Operating
temperature

module specific

If a specific module or component is referred to, such as for example explicitly
Accumulator operating temperature, lonization Chamber operating tempera-
ture, Battery operating temperature, the operating temperature refers to the
average temperature over that module or component at the beginning of the
energy or power production. For the Accumulator and the Battery and Fuel
Cell, this term also refers to the average temperature during normal opera-
tions of the energy or power production, not only at the beginning of the en-

ergy or power production.

Phase of matter

This specifying definition of the term “phase” is to complement standard sci-
entific definitions. The term phase refers to any of the forms solid, liguid, gas,
plasma or any transitions between such phases. More generally, it refers to
non-analytic or sharp edges when one set of thermodynamic variables are
plotted against another set for a collection of particles or synthetic systems,
which in this latter case includes a QHD nuclear matter phase and a quark
matter phase. The term phase within a solid may also refer to a change in
some property of the solid, such as for example a change in the lattice con-

stant.

Power Control

Any of Fusion Reactor Power Control, Battery Power Control or Fusl Cell

Power Control.

Power Control

Materials

As specified in different parts in text. In addition, and in general, it refers to
the materials from which the Power Control is constructed. This includes pos-

sible superconducting materials to, for example, generate magnetic fields.

Quantum size

The term nano size refers to a small size in one or several dimensions with a
physical distance d in real space restricted by d = 1.0 - 1077 m. The term

guantum size refers to a size less that nano size, i.e. d < 1.0~ 107 m.
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Spin Filter

A Spin Filter filters out unwanted dynamical spin states from wanted dynam-
ical spin states in Fusion Material and Doping Material in order to allow Cold
Fusion. A Spin Filter may consist of vacuum, any material media in any phase
that is transparent to the wanted spin states but less transparent to the un-
wanted spin states, and with arbitrary electromagnetic fields for the purpose
of obtaining and maintaining wanted spin states, or any combination thereof.
A Spin Filter may also use standard methods from spin measurement technol-

ogies.

Transport

The term Transport refers both to individual atoms or molecules of arbitrary
ionization, and to a collection of atoms or molecules of arbitrary ionization. In-
dividual atoms or molecules of arbitrary ionization are here called particles. If
this collection of particles is a gas or a liquid, then this collection is located in
some form containment while for a solid the collection is contained in the
solid itself. For an individual particle, Transport refers to bringing the particle
from an arbitrary initial position 7 = (X, Vg, Zo) in 3-dimensinal space and
with arbitrary initial velocity v = vy in an arbitrary fashion to a neighbour-
hood of r = 0 with v ~ O where Cold Fusion occurs. For a collection of parti-
cles, Transport refers to bringing the collection of particles with arbitrary ini-
tial collective position r = {xg, ¥, Zo) and arbitrary collective initial velocity
v = v, {in a container and if the average velocity vector is zero then the con-
tainer itself initially moves with vy} with arbitrary initial pressure P, arbitrary
initial volume V, and arbitrary initial temperature Ty in an arbitrary fashion to
a neighbourhood of r = { with v = 0 where Cold Fusion occurs, and in an ar-
bitrary thermodynamic fashion to a final pressure P, a final volume V and a fi-

nal Cold Fusion temperature 7.

PARAMETER INTERVALS

In the foliowing, useful values for different parameters pertinent to the present invention, both

generally and for different specific embodiments, are discussed.

impact Energy & Temperature
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in the following, we use kinetic energy rather that velocity for a single particle consideration (Fu-

sion Reactor, Battery & Fuel Cell with bombardment of deuterons), and a corresponding tempera-

ture is given for a collection of particles {Battery & Fuel Cell, Fusion Reactor - gas/liquid container).

The kinetic energy in particie consideration is E;, = E — Mpc? =~

SRS

o

Mgv? . The kinetic energy in

5 particie collections {ensemble/assembly) is approximated from %M(j(vz) = kpT. Boltzmann con-

stantky = 1.38- 10727 [J- K] =862-107% [eV - K711

Class of Kinetic Temperature used
Standard industry Energy used TiK] =
eV k-10%-e-1.6-107%y
/kp

Normal intervals in

Operation | Embodi-

ments of

invention

Thermonuclear fu- 10-100keV | 1.16-10°—-11.6-10°K

> 70 keV < 10 keV

/neutron medicine

sion power produc- <10%K
tion
Nuclear medicine 10-100keV | 1.16-10°—11.6-10°K | > 70 keV < 10 keV

<10°K

Typical normal operation temperatures for different embodiments are as follows:

industry Application Temperature Embodimeant
interval
Space vehicle industry 2-757K <1000 K
Solar system inside Earth
Space vehicle industry 2-393K < 500K
Solar system outside Earth
Uncontrolied temperature on Earth {Antarctica low, -95-95C >-125C
sun exposure high} <+125C
Mil standard aerospace electronics -85 -125C >-70C
<+170C

70 For the Absorber Materials, various such materials have melting points according to the following,

setting upper limits for useful operating temperatures for different useful such Absorber Materials

as follows:
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Element Melting Point Embodiment operating
temperature Intervals [K]
Palladium 1828 K <1800
Titanium 18941 K <1800
Magnesium 923K <900
Aluminium 933K <900
Lithium 453 K <400
Sodium 371K <350
Lanthanum 1193 K <1150
Nickel 1728 K <1700

in a corresponding manner, the melting/boiling point of parahydrogen and hydrogen limits the

useful temperature range according to the following:

Element Temperature Embodiment Operating

Temperature Intervals
Hydrogen H; boiling point 202K >4K
Hydrogen H; melting point 13.99K >4K

Generally, the following preferred parameter intervals apply for Cold Fusion according to the pre-

sent invention:

Kinetic Energy: <1keV,or<220eV, or<1eV, or <100 meV, or <1 meV, or even < 0.01 meV.

Operating Temperature: < 10* K {Cold Fusion Range)}, or < 19580 K, or < 950 K, or <500 K, or < 125
C,or<50C, or<5C or<-30C or <-60C, or < 150 K, or < 77 K {liquid nitrogen), or even <30 K

{hydrogen phases).

Start of Fusion Temperature: Applicable temperature intervals are the same as for said Operating
Temperature. The temperature gap between Start of Fusion Temperature and Operating Tempera-
ture defines the production rate (uW — GW). For example, for a Start of Fusion Temperature of
20°C at loading density PdHo g after 200uT is applied, energy production will reach say a maximum
steady state Operating Temperature of 50°C at applied 200uT in Battery & Fuel Cell or gas/liquid
Container. Energy production gap is then 30°C/K from 20°C at 200uT. This gap defines the power
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production rate in this example, the number of watts needed to maintain the Battery/Fuel Cell at

50°Cin a 20°C environment.

Magnetic Field Strength

In the following, it is noted that magnetization generally depends on temperature, and that the
given intervals take into consideration both low temperature embodiments and large-scale energy

production embodiments at high temperatures:

Magnetic field: > 100 4T {and at least larger than Earth’s natural magnetic field}, or > 500 uT, or >
50 mT, or even > 1 T. For the particular class of embodiments of small energy, low temperature,
semiconductor setups, the magnetic field may be 00 uT < |B| < 50 mT. For large energy, high

temperature, large transport vehicles and power distribution applications, 17 < |B| £ .

isotope Loading Ratio in hydrogen absorber ¥ metal - YH, {density}

Into the Absorber Materials, hydrogen may be loaded with a Max Loading Ratio according to the

following:
Hydrogen Absorber/method Max metal /Deute- Typical Embodi-
rium Ratio x in YHy ment Intervals
Palladium/Diffusion at 1 atm. 0.8 >0.5
Palladium/Electrolysis/ionic bombardment >0.8 >0.5
Titanium TiH,. /Diffusion at 1 atm and at 300-500C. < 2.0 >(.5
Aluminium AlHs 3.0 >0.5

Power production is better the higher the loading ratio is for fixed T and H.

Loading Ratio for metal Y (the number “x” in YH,}: >0.01, or »0.5, or >0.8, or even >1.5.

Fusion Reactor stream density/power production P{W]

The Fusion Reactor stream density is determined by the desired power production and by the effi-
ciency of the power production installation. Instead of fixing power production one could in princi-

ple fix the stream density.

Two such quantities could be used in such case that are commonly used:
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1. Cubic cm x sec {s-ccm] for neutral atoms or D; gas {sometimes mTorr is used). Typical smali lab
equipment: about 10sccm.
2. Milli-Ampere [mA] for deuteron ions. Typical nuclear medicine deuterium accelerator: about

2mA, including ionization capacity.

However, for the output power P{W] of the installation, the following ranges generally apply:

Total Power Production: >InW, or >1uW, or >1ImW, or > I1W, or > 1kW, or > 1MW, or even > 1

GW.

Ahove, preferred embodiments have been described. However, it is apparent to the skilled person
that many modifications can be made to the disclosed embodiments without departing from the

basic idea of the invention.

In general, a number of general principles have been described above to achieve Cold Fusion based
on alignment of the orientation and spin of individual hydrogen atoms and nuclei in relation to each
other. Itis realized that these general principles can be applied in other practical configurations than
what have been exemplified hereinabove. For instance, the application of various acceleration and
aligning electromagnetic fields, together with magnetic fields, may be applied in more complex ways

than what has been described above.

The same general principles can be applied across a broad set of ranges with respect to tempera-

tures, field strengths, geometric sizes, powers and so forth, as has been pointed out above.

The examples provided above are mostly drawn to Cold Fusion of deuterium. However, it is realized

that the corresponding principles are also useful for tritium.

The examples provided above are freely combinable, as compatible.

In general, everything which has been said in relation to the present method is also applicable to

the present system, and vice versa.

Hence, the invention is not limited to the described embodiments, but can be varied within the

scope of the enclosed claims.
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1. Method for converting nuclear energy by fusing deuterium or tritium nuclei, which method
comprises the initial step of providing a first hydrogen atom, in turn comprising a first deuterium or
tritium nucieus and a first electron, and a second hydrogen atom, in turn comprising a second deu-
terium or tritium nucleus and a second electron, which method further comprises the following
steps:

a) bringing the first nucleus and the second nucleus together to a distance between the first and
second nucleus of at the mast 7 A;

b) applying a first magnetic field (H) such that a resulting total magnetic field (B) is arranged to
align a first spin of said first nucleus in relation to a second spin of said second nucleus so that
a respective spin axis of said first and second spins are anti-parallel and directed either to-
wards each other or away from each other and so that said first and second spins are pro-
jected on a common line between the first and second nuclei, which common line is paraliel
or anti-parallel to the total magnetic field (B);

c) ionizing said first hydrogen atom, or modifying the electron orbit of said first electron such
that a spatial distribution for the first electron is such that the probability for the first electron
to exist in a region between the first and second nuclei along the common line is smaller than
in a spherically symmetric spatial distribution;

d} ionizing said second hydrogen atom, or modifying the electron orbit of said second electron
such that a spatial distribution for the second electron is such that the probability for the
second electron to exist in a region between the first and second nuclei along the common
line is smaller than in a spherically symmetric spatial distribution,

wherein steps a)-d} may be performed in any order but so that the first and second nuclei are pro-

vided at said distance, with said spin orientation and said ionized or electron orbit modified state,

at one and the same time.

2. Method according to any one of the preceding claims, wherein said total magnetic field (B} is
arranged to generate an energy splitting between hydrogen nucleus spin states which is then used
to separate wanted spins from unwanted spins using an electromagnetic field {2) arranged to filter

out nuclei not having particular predetermined energy states.

3. Method according to claim 1 or 2, wherein said total magnetic field (B} is at least 100uT of

strength.
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4, Method according to any one of the preceding claims, wherein said fusion between the first

and second nuclei produces a helium nucleus as well as electromagnetic radiation, which electro-

magnetic radiation is absorbed by an energy absorbing means.

5. Method according to claim 4, wherein the absorbing means comprises a water body which is
at least 0.1 meters of connected water in a radiation direction of said electromagnetic radiation,

and wherein the absorbed energy manifests as thermal energy.

6. Method according to claim 4, wherein the absorbing means comprises a photovoltaic cell, and

wherein the absorbed energy manifests as electric energy.

7. Method according to any one of the preceding claims, wherein the hydrogen atoms and deu-
terium or tritium nuclei are kept at an average temperature which is at the most 1,000 K, preferably

at the most 500 K, preferably at the most 350 K, throughout the process.

3. Method according to any one of the preceding claims, wherein the hydrogen atoms and nuclei

are kept at an average temperature which is at least 0 °C throughout the process.

9. Method according to any one of the preceding claims, wherein the method further comprises
the initial step of locally producing said first and second hydrogen atoms by separating, such as using
electrolysis, hydrogen dioxide, such as deuterium or tritium dioxide, to form hydrogen gas and oxy-

gen gas.

10. Method according to any one of the preceding claims, wherein steps ¢} and d) comprise ioni-

zation of said first and second hydrogen atoms.

11. Method according to claim 10, wherein said ionization is performed by subjecting the hydro-

gen atoms to electromagnetic radiation.

12. Method according to claim 10 or 11, wherein the method further comprises applying a first
aligning electric field (E1) to the first hydrogen nucleus, arranged to align a neutron of the first hy-
drogen nucleus in relation to a proton of the first hydrogen nucleus along a predetermined first
alignment direction, and applying a second aligning electric field (1) to the second hydrogen nu-
cleus, arranged to align a neutron of the second hydrogen nucleus in relation to a proton of the
second hydrogen nucleus along a predetermined second alignment direction, and wherein said first

and second alignment directions are arranged so that said neutron of the first hydrogen nucleus
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faces either said neutron of the second hydrogen nucleus or said proton of said second hydrogsn

nucleus, preferably so that said neutron of the first nucleus faces said neutron of the second nucleus.

13. Method according to any one of claims 10-12, wherein the method further includes injecting
at least said first nucleus into a reaction chamber as a part of a particle beam so that said bringing

together specified in step a) thereby is achieved.

14. Method according to claim 13, wherein both said first nucleus and said second nucleus are
injected into said reaction chamber as a part of a respective hydrogen particle beam, where the first
nuclei is a part of a first beam and the second nuclei is a part of a second beam, which first and
second beams intersect by having at least one flow direction component which is paraliel and of

opposite sign.

15.  Method according to claim 14, wherein said particle beams are parallel and oppositely di-

rected.

16. Method according to any one of claims 12-15, wherein each beam in question is achieved

using a respective accelerating electric field (E2} accelerating the nucleus in question.

17.  Method according to claims 12 and 16, wherein for each of said beams the accelerating elec-

tric field {E2) has an opposite field direction as compared to said first aligning electric field {E1).

18. Method according to claim 16 or 17, wherein said accelerating electric field {(£2) has a vertical

field direction.

18. Method according to claim 12 and any one of claims 16-18, wherein said first and second
aligning electric fields (E1) are applied so as to decelerate the velocity of the nuclei in question, so
that its velocity relative to the other nuclei in question is less than +1- 107 m/s when they are
brought together in step a), or alternatively that the total kinetic energy of the first and the second

nuclei, when they are brought together in step a), is less than 1 keV.

20.  Method according to claim 12 and any one of claims 13-19, wherein the method further com-
prises ionizing a third hydrogen atom, in the form of a deuterium or tritium atom, to achieve a third
deuterium or tritium nucleus; applying said first or second aligning electric fields {(E1) to the third
nucleus, arranged to align a neutron of the third nucleus in relation to a proton of the third nucleus;

bringing the third nucleus into physical proximity to a fourth deuterium or tritium nucleus, which



70

5

20

25

WO 2021/206617 PCT/SE2021/050309
115
third and fourth nuclei do not fuse; and coliecting the third nucleus, such as using a collecting electric

field, and reusing the third nucleus as the first nucleus in steps a) - ¢}.

21. Method according to any one of claims 13-20, wherein the method further comprises apply-
ing at least one quantum state filter only allowing said first and/or second nucleus to be brought
together in step a} in case the hydrogen nucleus in question with a total spin § = K has a spin
projection state S, = £K, such as by increasing a nucleus scattering amplitude for other spin energy

states.

22. Method according to claim 21, wherein the method further comprises applying a respective
bending electric field to at least one of said first and second nuclei, arranged to bend a path through
space of the nucleus in guestion, wherein a magnitude of said bending depends on a spin of the
nucleus in question, and wherein the nucleus in question, due to said bending, will be brought into

contact in step ¢} only in case said spin fulfils a predetermined condition.

23. Method according to any one of claims 13-22, wherein the distance of step a} is at the most

1,000 fermi.

24, Method according to any one of claims 1-12, wherein said modifying of the electron orbits of
steps ¢} and d} and said bringing together of step a} is performed by loading a plurality of ionized or
non-ionized deuterium or tritium atoms into a metal crystal, such as via diffusion or bombardment
of deuterium or tritium nuclei into the metal crystal, or by connecting the metal crystal as an anode
and placing the corresponding cathode into water composed of the selected hydrogen isotope and
then loading the metal crystal with hydrogen via electrolysis, which metal crystal may be a mono-
crystal or polycrystaliine material having a crystal structure achieving said modifying of the electron
orbits of steps ¢} and d} as a result of a geometry of said crystal structure when said deuterium or
tritium nuclei are loaded into said metal crystal so as to occupy crystal lattice positions with a dis-

tance between two adjacent ones of said nuclei of at most one lattice constant apart.

25.  Method according to claim 24, wherein the ratio of the number of ionized or non-ionized
deuterium or tritium atoms per number of metal atoms after loading is at least 0.8, preferably at

least 1.5.

26. Method according to claim 24 or 25, wherein a total mass of said metal crystal is at least

1.2 - 10" Mgrams.
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27. Method according to any one of claims 24-26, wherein a third aligning electric field is applied

causing Bloch oscillations arranged to momentarily decrease a relative distance between nuclei lo-

cated adjacent each other in said metal crystal.

28. Method according to claim 26 or 27, wherein the method further comprises encapsulating
said metal crystal in a material arranged to absorb photons and possible neutrons to generate ther-
mal energy, and/or absorbing thermal energy directly in that form, and/or absorbing photons to
generate electric currents and to convey such thermal energy and/or generated electric current

away from the metal crystal.

29. Method according to any one of claims 26-28, wherein the metal crystal is any of paliadium,
titanium, magnesium, aluminium, lithium, sodium, lanthanum or nickel, or a {possibly complex)

compound with any of these elements as one component.

30. Method according to any one of claims 26-29, wherein a field strength of an induced magnetic
field within the metal crystal is increased using a ferromagnetic material comprising cobalt, iron,

nickel, neodymium and/or samarium inside or in connection to the metal crystal.

31. Method according to any one of claims 26-30, wherein a second magnetic field is applied,
which second magnetic field is varied over time with a frequency within 25% of the corresponding
nuclear spin projection transition resonance energy of the ionized or non-ionized deuterium or trit-
ium, wherein said second magnetic field is applied to be orthogonal to said first magnetic field (H)

within a £10% margin, which first magnetic field (H} furthermore preferably is a static magnetic field.

32. Method according to any one of claims 26-31, wherein the total magnetic field (B) is applied

at least during 10 ms.

33. Method according to any one of claims 1-13, wherein the bringing together of step a) is

achieved by the first and second nuclei forming, or forming part of, a deuterium or tritium molecule.

34. Method according to claim 33, wherein the method further comprises keeping a plurality of
such deuterium and/or tritium molecules in a confined volume under subjection of the entire con-

fined volume to the total magnetic field (B) of step b) for at least 1 minute, such as at least 1 hour.

35.  Method according to claim 34, wherein the method further comprises a subseguent emptying
step in which helium formed is emptied and the confined volume is refilled with a new plurality of

deuterium and/or tritium molecules.
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36. Method according to any one of claims 33-35, wherein steps ¢} and d} comprise ionizing said

first and second hydrogen atoms forming said deuterium or tritium molecule.

37. System for converting nuclear energy by fusing deuterium or tritium nuclei, which system
comprises a hydrogen atom provision arrangement, arranged to, in an initial step, provide a first
hydrogen atom, comprising a first deuterium or tritium nucleus and a first electron, and a second
hydrogen atom, comprising a second deuterium or tritium nucleus and a second electron, which
system further comprises a nucleus movement-imparting arrangement, arranged to bring the first
nucleus and the second nucleus together to a distance between the first and second nucleus of at
the most 7 A, which system further comprises a magnetic field provision arrangement, arranged to
apply a first magnetic field (H) such that a resulting total magnetic field {B) is arranged to align a first
spin of said first nucleus in relation to a second spin of said second nucleus so that a respective spin
axis of said first and second spins are anti-parallel and directed either towards each other or away
from each other and so that said first and second spins are projected on a common line between
the first and second nuclei, which common line is parallel or anti-parallel to the total magnetic field
{B}, which system further comprises a hydrogen atom electron orbit modifying arrangement, ar-
ranged to ionize said first hydrogen atom, or to modify the electron orbit of said first electron such
that a spatial distribution for the first electron is such that the probability for the first electron to
exist in a region between the first and second nuclei along the common line is smaller than in a
spherically symmetric spatial distribution, which hydrogen atom electron orbit modifying arrange-
ment is further arranged to ionize said second hydrogen atom, or to modify the electron orbit of
said second electron such that a spatial distribution for the second electron is such that the proba-
bility for the second electron to exist in a region between the first and second nuclei along the com-
mon line is smaller than in a spherically symmetric spatial distribution, and wherein the system is
arranged to perform said bringing said nuclei together, said application of said magnetic field {B)
and said electron orbit modification in any order but so that the first and second nuclei are provided
at said distance, with said spin orientation and said ionized or electron orbit modified state at one

and the same time.



