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Abstract - The spiral Phusor®-type LANR cathode, with open helical geometry
in a high electrical impedance solution, creates a unique electric field distribution.
This results in both deuteron loading flux from the solution and an intra-palladium
deuteron flux at equilibrium. The stereoconstellation of the LANR electrode
augments material factors, and make a LANR ‘metamaterial’. The intra-electrode
palladium flux may produce and drive some of the desired LANR reactions.
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1.1 Metamaterials and LANR Defy Expectations

Metamaterials [1-24] and hydrogen-loaded Group VIII alloys that exhibit “lattice assisted
nuclear reactions” (LANR) [25-42] have surprising, physical characteristics that defy earlier
expectations, yet each produce solid, indelible experimental results. Their precisely engineered
materials and structures have characteristic behavior far beyond what is normally expected,
making previously-"impossible” effects such as negative refractive index [1,2] and
electromagnetic cloaking [3] occur. Similarly, reports of excess energy and nuclear reactions
from solid state LANR [25-42] were initially felt to be impossible, but growing experimental
evidence suggests otherwise. Active LANR devices produce helium-4 [25,26,35,46], tritium
[31,27,28,33] as nuclear ash, very small amounts of emissions [29,30], and hundreds of
thousands of joules of 'excess heat' per day [37,41,39]. This paper reports that both effects are
secondary to the stereoconstellation used. In LANR, we report a unique E-field distribution can
be generated to provide intra-palladium deuteron flux, linked to successful LANR results.

Figure 1. Electric field distributions for wire-wire and wire-Phusor®-type system



1.2 Metamaterials

Metamaterials defy previous expectations, creating negative refractive index materials [1,2],
electromagnetic cloaking (and not just screening) [3], a simultaneous negative phase and group
velocity of light [4], anomalous reflections and excitations of surface waves [5], isotropic lenses
[6], and soliton decoherence [7]. Electrical permittivity, €, and magnetic permeability, p, are both
positive in nature [8]. In such normal materials, classic physics principles use the right-handed
rule for electromagnetic (light) propagation, with the energy [Poynting vector; 9] traveling in the
same direction. However, if a material is a “left-handed material” (LHM), then it has a negative
(refractive) index material (NIM), and other unusual things occur. In left-handed materials
(LHM), both ¢ and p are negative, and the phase and group velocities of light propagate in
opposite directions [10]. This has been observed for metamaterials with their left-handed
properties [11] where the handedness makes light propagate opposite the Poynting vector
(energy flows), and enables reversal of the expected Doppler shift, and causes Cherenkov
radiation, normally emitted in the forward direction, to be emitted backwards [12].

Metamaterials come in both arrays [13-16] and sol-gel composites [17]. They are useful in
electrical engineering, making novel antennas, filters, waveguides, and artificial magnetic media,
composed of a split-ring resonator (SRR) lattice with negative permeability over a certain
frequency range [14]. Metamaterials have been engineered in the optical to mid-IR range with
fabrication by nanoimprint lithography [18,19], using perforated SiC membranes [20], into
broadband devices of right/left-handed metamaterials [21]. Devices have even been designed
using planned zero refraction metamaterials [22], and second-harmonic generation from
magnetic metamaterials [23,24].

The important point is not that €, u, or the group velocity, or the group velocity of light are
negative in this system or electrode, or that the Phusor®-type metamaterial LANR structure
necessarily involves composites or sol-gels, but that metamaterials, through their unique, novel
structures, can make previously “impossible” effects occur. Conventional metallurgy and
material science accrue from the “internal structure of cathode material”, whereas metamaterials
result from the precisely crafted and planned external structure.

1.3 Does Phusor Metamaterial Structure Create Material properties?

We have tried many designs and variations of electrodes, arrangements and materials, but the
uniquely-shaped spiral Phusor®-type cathodic structure has stood out for reproducibility,
activity, and power gain. Its arrangement and stereo-constellation of electrodes appears to be one
of the better arrangements for a LANR system, measured by activity and power gain
[37,38,41,39]. We previously reported that unique well localized, small-area bubble coverage has
been correlated with successful LANR-active Pd/D,O/Pt, Pd/D,O/Au, and Ni/D,O,H,O/Pt
Phusor®-type devices operation. This has been confirmed by heat flow measurement,
calorimetry, electrical and mechanical energy conversion devices, and dual serial calorimetry.

The Phusor®-type LANR device, with its helical, cathodic design and low electrical
conductivity solution, is the most successful half-electrochemical system we have found judged
by robust excess heat production and reproducibility. Why? We investigated that issue.

Our hypotheses for its superior function included the cold working, the preparation, Frenkel
defects, and the possibility of specific alterations in the electric field intensity distribution.
Metamaterials may have begun in the optical and microwave areas but we elected to take a closer



theoretical, calculated look at their use here for energy production and conversion. The
hypothesis examined here is that the metamaterial helix electrode might be interacting with the
applied electrical field intensity distribution. We report below a theoretical investigation which
indicates that our best LANR devices, these cathodes used with a very high resistance solution,
are indeed a metamaterial.

2. Experimental — First Order E-field Analysis

A set of experiments were set up to theoretically determine why the Phusor®-type LANR
setup gave superior results. Examined was the effect of geometric parameters, of both the wire-
wire and wire-Phusor system (Figure 1), upon the electrical field distribution. Metamaterials
have been studied using ab initio numerical simulation [60]. In other non-metamaterial systems,
electric field intensity computations using Laplace's equation for a variety of geometries [61-63]
are well known. Important considerations include that of a “Conducting Circular Rod in Uniform
Transverse Field”, and “Approximate Current Distribution around Relatively Insulating and
Conducting Rods” [61]. More complicated systems have been analyzed in several ways. Such
electric field computations have been undertaken by numerical analysis of the polarizability
characteristics for dielectric circular cylinders through an integral equation for the scalar
potential [64]. This is done by calculating the polarization charge surface density in a Fourier
series, with the related coefficients, the so-called multipoles, obtained from a linear set of
equations [65], by analytic calculations, for two parallel dissimilar cylinders in an electrolyte
solution on the basis of a linearized Poisson-Boltzmann equation [66], by adding to the linear
Poisson-Boltzmann equation further consideration of the electrostatic potential and the energy of
such a charge distribution[67], by a two-term Galerkin solution, for a hollow conducting tube of
finite length held at a fixed potential [68], by a conformal mapping that converts the actual
boundary-free field zone into a rectangular domain [69], by imaging [70], and by dyes sensitive
to the electric potential [71].

There are limitations in this analysis. First, only ab initio, first order, electric field distributions
were qualitatively examined for obvious differences that might be present secondary to structure.
The goal was not to perform a quantitative Gouy determination, nor to examine near surfaces,
nor in double layers. Second, no closed-form solution probably exists because this is a dynamic
system with secondary dielectric effects because conduction and polarization are linked (through
Hilbert Space [72]), and because of convection, and time variant thermal and Bernard instability
issues.

Our gendanken computed simulation used Laplace electrostatic calculations away from the
electrodes, away from the interface, and outside the double layers. These were not quantitative
calculations of the electric field's magnitude, which are difficult in a time-variant system with
solution conduction/polarization changes. Nor were they an attempt to determine fine structure
within the interfacial regions, but a first order extension of the, previous described and successful
QID model of isotope loading [55,56], to now include intrapalladial deuteron flow, similar to
holes and electrons in semiconductors, within the loaded electrode. Although -classical
electrostatics analysis indicates that a perfect conductor does not have an electric field within it,
the real palladium cathode is not a perfect conductor. We measure the palladium electrical
conductivity by four terminal measurements which, for these Phusor cathodes, range from 40 to
~120 milliohms.



This theoretical examination considered the Pd spiral, immersed and bathed, like the platinum
anode, in the high electrical resistivity solution, relatively electrically insulating, for the most
general case of two infinitely long electrodes, placed in a vertical, parallel position. We modeled
the device as an electrically conductive ring of cylindrical symmetry (open at some angle for
each 2D cut) of infinite length. Using boundary conditions and superposition, the electric field
distribution was calculated to first order, qualitatively, in two dimensions. When the field
distribution was analyzed 'around the electrode' this means also an examination as a function of
angular distribution around the electrode with the electrode's center as the angular center.

3.1 Results - Distinguishing E-fields Suggest Possible Metamaterial

The Phusor®-type LANR device is a metamaterial and its physical structure enhances the
metallurgic properties of loaded palladium. This metamaterial change alters the electric field
distribution, producing continuous deuteron flux within the loaded palladium. This is unique to
this device creating a distinguishing electric field (E-field) distribution different from customary
wire-wire, and other systems. The electric field distributions are shown in Figure 1 which shows
in cross-section, the derived first order 2-Dimensional (2D) vector electric field distributions for
the two cases. The first case is that of two parallel, infinitely long, wire electrodes (anode at the
top, and cathode below). The second case is a wire-Phusor system. In cross-section, the complex
structure is approximated. The anode is at the top, and the cathode in each pair is located below
it. Each cathode is electrically polarized against, and physically located opposite, an anodic wire
of platinum. The colors show several arbitrary thresholds in electric field intensity.

The results of this analysis show the 2D E-field distribution and deuteron flux sequelae vary
greatly between the wire-wire system and the wire-metamaterial ystem. The 2-D E-field
distributions reveal there are important differences between the electrostatic distributions
produced by the two arrangements of wire-wire versus wire-Phusor. In a 2D view around the
cathode wire, there is a near isotropic distribution of the E-field. With the Phusor, there is not. In
the configuration examined in this present investigation has revealed that in the helical system
there is a direct, loading, electric field intensity results in those portions of the cylinder which are
closest to the wire; this extends over a solid angle over a two dimensional angle of approximately
~45°-130°, depending on many factors of the Phusor geometry and precise inter-electrode
distance.

The result is a clear deuteron flux through that portion of the cathode, which does not
characterize the two wire situation over as large a volume. With the metamaterial configuration,
there is a flux of deuterons resulting in a quite different performance than conventionally
described, or expected, in electrochemistry using simpler structures such as wires.

Referring to Figure 2, consistent with electrostatics, the fluxes of deuterons in the solution (Jp)
and in the metal, both for loading (Jg), gas evolution (Jg), and fusion (Ji, are now augmented by
an equilibrium intrapalladial deuteron flux (Jip in Figure 2); therein a possible rub for hydrogen
isotope energy production reactions.

3.2 Results - E-Field Distribution Change

Our experimental results and theoretical analysis have suggested that the spiral helical
structure and geometric arrangement of the palladium Phusor®-type electrode, located opposite a
platinum anode may be part of the arrangement which yields unusually high excess heat in this
type of LANR system (37). The theoretical analysis has determined that there is a uniqueness to



the design of the cathode, with its open helical geometry and orientation in a high electrical
resistivity solution. These alter the 2-D electric-field intensity (E-field) spatial distribution
uniquely and perhaps enable the desired reactions to occur. The pericathodic E-field distribution
becomes less isotropic in 2 dimensions. The portion of the cathode vicinal to the anode, off axis,
may sustain a higher than normal internal electric field intensity within its bulk lattice volume.

In this case, metamaterial issues including geometry and stereoconstellation augment
metallurgy of the loaded Pd cathodes. Something unexpected happens: successful LANR
experiments, and a possible explanation for the more reproducible, and higher excess energy
production.

3.3 Results - Deuteron Flow Distribution Change

The metamaterial aspect of these LANR devices appear to enable them to be more fully
loaded, and the structural geometry interacting with the applied electric field intensity produces a
net continuous flux of deuterons moving through the palladium. With the metamaterial LANR
cathode there is an equilibrium intrapalladial deuteron flow, in addition to --and after-- deuteron
loading through portions of the cathode. Two deuteron flows are created by the Phusor®-type
LANR cathode. The first is the standard deuteron interelectrode (between electrodes) loading
flux, beginning in the solution and ending in the metal lattice. This is driven by the applied
electric field intensity. The second is an additional intraelectrode deuteron flux, through the
metal, itself. This intrapalladial deuteron flow continues at equilibrium, similar to the
microscopic equilibrium semiconductor flux of holes and electrons at a p-n junction. We now
suspect that this additional type of deuteron flow is critical and enabling to LANR results. The
results here support this. So do the results of Violante [46] and Iwamura [34].

3.4 Results - Deuteron Flux

Deuteron flux has been examined in metal scandium films, where buildup of deuterium in the
near-surface area is controlled by migration to deeper depths [73], in niobium membranes [74],
and in molybdenum, below 500 K, deuterium retention is enhanced by trapping at defects
produced by the deuterium bombardment; above 500 K, the implanted deuterium is immediately
released [75]. There has been a need to study these deuterium fluxes in palladium systems.
Nernst calculations of the activities of electrolyte [76,77] adjacent to a metal electrode have been
applied to LANR [36] to derive distributions of deuterium in the palladium [30] and solution
[55,79]. However, the LANR systems are not at equilibrium, and Nernst calculation may not be
applicable [55,56]. Also, a vicinal reference electrode may herald the Nernst potential, but
probably not the loading flux rate (which will be shown below to be key to these reactions).
Therefore, a quasi-one-dimensional (Q1D) model for hydrogen loading of an electrode was
formulated [55], which does not require equilibrium for accuracy. The Q1D model describes the
loading flux of hydrogen by the ratio of two energies (electric order to thermal disorder ratio).

Figure 2 is a schematic, simplified, representation of the anode, solution, and a portion of the
cathode along with five types of deuteron fluxes involved in loading, D, evolution, and putative
fusion; in solution and the palladium. The figure shows the deuteron cationic flow (Jp), and the
four types of deuteron flux in the loaded palladium cathodic lattice (Jg, Jg, Jr, and Jip). Deuteron
flux (Jp) begins far from the cathode surface, in the deuterium oxide (heavy water) located
between the electrodes, where the deuterons are tightly bound to oxygen atoms as D,0O. There is
no additional solute. In the absence of significant solution convection, the flux of deuterons (Jp)



results from diffusion down concentration gradients and electrophoretic drift by the applied
electric field [55,80]. Cationic deuteron flux (Jp) brings deuterons to the cathode surface, from
the heavy water as D-defects [81,82] are driven by the applied electric field intensity to create a
cathodic fall and double layer before the electrode surface.
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Figure 2. Schematic Model of the Five Types of Deuteron Flux

From the metallurgical point of view (POV), from the metal surface, atomic deuterons either
enter the metal (“are loaded”), remain on the surface, or form diatomic deuterium gas bubbles
(D2). The gas bubbles (D) are undesirable producing low dielectric constant layers in front of
the electrode, obstructing the electrical circuit. And so, at the metal surface, four components of
deuteron flux must be considered [55,56], fundamental to the entire understanding of these
phenomena. These deuteron fluxes include entry into the metal (Jg), movement to gas evolution
(Jg), and an extremely tiny loss by potential fusion reactions (Jr). There is conservation of
deuterons with the exception of a loss (Jg) to all putative fusion reactions, which are extremely
small, if present. With this paper, we now add the concept of a continuous, equilibrium, flux of
deuterons within the cathode (Jip), which may be consistent with excess heat and an observed
unusual bubbling pattern (see below).

The important point is that different deuteron fluxes must be distinguished [55] at the surface
of the low hydrogen-overvoltage palladium, with its surface populated with atomic, diatomic
(D»), and bulk-entering deuterons [83,84]. This paper expands the Q1D model of loading to
include the possibility of intrapalladial deuteron flow at equilibrium.

3.5 Results - Deuteron Flux Equation Predicts LANR is NOT Electrolysis.

From the mathematical POV, the three components of flux are the entry of deuterons to the
lattice (Jg), gas evolution (Jg), and the desired fusion reactions (Jg). Dividing each flux by the
local deuteron concentration yields the first order deuteron flux constants, kg, kg, and kg
[cm/sec], respectively, which are the basis of the rest of the discussion, and Equation 2.

) AP Y 1-ICX)) S . 4O
b b dz HD [D(Z’ t)] dz Equation 1



The deuteron flux, Jp, depends on deuteron diffusivity (Bp) and electrophoretic mobility (up),
and the applied electric field intensity. At any molecular site across the heavy water solution, the
applied electrical energy is a tiny fraction compared to kg*T, so the deuterons migrate by drift
ellipsoids of L- and D-deuteron defects in the applied electric field creating a ferroelectric
inscription [81,82]. This D-defect conduction/polarization process augments other charge
carriers, ionic drift, space charge polarization, and clathrates. The resultant D-defect migration
produces a "cathodic fall" of deuterons and a E-field contraction so that most of the voltage drop
is at the interface in front of the electrode surface. This concentration polarization may produce
very large local electric field intensities, possibly ranging from 10* to 107 volt/cm [55].

From the concentration polarization of deuterons before the cathode, the Pd loads, controlled
by the double layer, which limits the entry of deuterons to the metal surface. At the inner
boundary of the double layer, intermolecular deuteron transfer from the heavy water solution to
the metal surface, coupled by electron-limited transfer, leaves an atomic deuteron on the metal
surface. This leaves an atomic deuteron attached to the metal surface, and the electrode
metallurgy controlled by the tiny interfacial region, which might be less than 10 Angstroms
thick, by the applied electric field intensity, and by the local concentration of deuterons. The
entry mechanisms to the palladium surface are driven by infrared vibrations and microwave
rotations [55], creating a solution photosensitivity which produces a photoactivated increase of
excess energy and loss of power gain [42].

Palladium has its surface populated with atomic (D) and diatomic deuterium (D;). A large
number of those deuterons can also enter the metal forming a binary alloy [83, 84]. Deuterons
which enter (load) into the palladium lattice are 'dressed' by a partial electronic cloud, shielding
their charge (Born-Oppenheimer approximation). The deuterons drift along dislocations and
through the lattice and its vacancies, falling from shallow to deeper located binding sites. There
is obstruction by ordinary hydrogen and other materials at interfaces and grain boundary
dislocations.

Ke = (Up * E) — (Kg + Ky)

Equation 2

Equation 2 is the deuteron loading rate equation. It relates cathodic deuteron gain from the
applied electric field to the loss of deuterons from gas evolution and fusion, and teaches many
things. The deuteron loading rate equation shows that the deuteron gain of the lattice [through
the first order loading flux rate (kg)] is dependent upon the applied electric field MINUS the flux
rate losses of deuterons from gas evolution (kg) and fusion (kg). The deuteron loading rate
equation, Equation 2, reveals that desired LANR reactions are quenched by electrolysis, which is
opposite conventional “wisdom” that LANR is 'fusion by electrolysis'.

Equation 2 also heralds that LANR can be missed by insufficient loading, contamination
(effecting kg, by protons or salt), and by the evolution of D, gas, which all inhibit the desired
LANR reactions [55], and leading to the optimal operating point manifolds.

__ Bp¥qV
ke = L*[kp*T] (Kg +Ky) .
Equation 3



The modified deuteron flux equation [Equation 3] is Equation 2 changed by substituting the
Einstein relation, which makes for an equation reminiscent of semiconductor physics at p-n
junctions. The first term now has geometric, material factors, and the ratio of two energies [the
applied electric energy organizing the deuterons divided by kg*T, thermal disorder].

The modified deuteron flux equation reveals how competitive gas evolving reactions and the
applied electric field energy to thermal energy [kg*T] are both decisive in controlling the
deuteron loading flux in palladium. Successful LANR experiments are dominated by this ratio
reflecting the 'war' between applied electrical energy which is organizing the deuterons versus
their randomization by thermal disorganization. The two terms are the first order deuteron loss
rates by gas evolution and the desired fusion process(es).

There are several important implications and opportunities. This paper discusses the idea of an
equilibrium flux of deuterons within the cathode (Jip), and we believe that this internal,
intraelectrode rather than interelectrode, flux may be the cause of what has been observed with
excess heat and bubbling (discussed below).

First, this paper expands the Q1D model, and our understanding of these deuteron flows and
their role in hydrogen energy by now including the possibility of secondary microscopic
equilibrium deuteron flux within the metal, an intrapalladial deuteron flow. This is similar to
holes and electrons in semiconductors, and their equations involving the Einstein relation (cf.
Equation 3) are also similar. The Phusor®-type cathode is a unique LANR metamaterial, whose
stereoconstellation connects deuteron loading to other fluxes of deuterons continuing to move
inside of the palladium, just as holes and electrons move in a semiconductor.

Second, Equation 3 is similar to some flux equations from semiconductor physics, so there is
the question of similarity of deuterons in Pd to holes and electrons in semiconductors.

Third, this metamaterial view of these cathodes may explain their relatively-reproducible
excess energy production compared to other LANR systems, thereby opening up new routes to
improved hydrogen energy production by LANR. Finally, although not all of the controlling
factors of LANR success have been elucidated, this paper adds a new control point, deuteron
flux within the lattice from an applied electric field intensity within an electrochemical LANR
cell.

3.6 Results - Role of Bubble Coverage

Bubble formation has a large controlling role in electrochemistry [85], in part because the
adhering bubbles, isolate the electrode [86]. In fact, at high current densities, bubble evolution is
a rate limiting step, dependant upon whether the bubbles coalesce or not [87]. Under
microgravity conditions or if acidic solutions are used, large bubbles are formed, coalesce and
remain on the cathode surface [88,89]. Alkaline solutions make bubble froth [89]. Bubble
coverage has a great role in LANR [37]. The bubbles interfere with competitive reactions,
including loading. Reduction reactions are also competed with by such bubbling, e.g. in
ferricyanide solutions on platinum [90,91]. The activation energy appears to be in the range of 56
kJ/mol-1 (electrodeposited Ni on Pt) to 204 kJ/mol-1 (electrodeposited Hg on Pt) [92].



3.7 Results - Limited-area, Large-Bubble Coverage

Figure 3 shows a close-up of an active Phusor®-type spiral-wound excess-heat-producing
palladium cathode. The Pt anode is to the left of the cathode, and is not shown in the photograph,
as discussed in detail [37]. A high electrical resistivity solution, located between the two
electrodes, bathes the metamaterial cathode, including within the spiral.

There is seen very limited, well localized, small area large-bubble (asymmetric) coverage
bubbling vs. normal bubbling [37]. There are bubbles only on one side of the cathode, what we
call “asymmetric bubbling” which differs from normal bubbling. With LANR success, at current
densities of 1.5 x 10 to ~0.13 amperes/cm”, we have observed behavior similar to what is seen
in microgravity or acidic solutions. This is seen at relatively high voltages. Plasmas have not
been observed, unless the cathode, or anode, are suddenly removed from the solution during the
run at high voltage.

We postulated in 2003 that this unique type of cathodic bubble behavior, “Asymmetric
Electrolysis”, heralds, and drives, intrapalladial deuteron flux deuteron flux through that portion
of the loaded metal cathode. Thus, it is could be used as a sign of LANR success for some
excess-heat-producing cathodes as experimentally observed and reported, and openly
demonstrated at ICCF-10 [37,41].

The present paper goes further and provides confirmatory, theoretical and experimental,
support (Figures 1,3). First, this paper reports that Phusor®-type-LANR generated metamaterial-
derived intrapalladial flux in the cathode does appears to be heralded by small bubble evolving
area on the surface of palladium and linked to activity of LANR cathodes [Figure 3]. This
putative hypothesized intrapalladial deuteron flux is corroborated with this paper whose results
show the asymmetric electric field distribution at the front of the (facing the anode).

Intrapalladial deuteron flux may have implications for palladium loading [37,55,56], for
monitoring that loading, and regarding the likelihood of success. By contrast, many
electrochemists have generally been more concerned with 'throwing power' of their systems and
solutions, rather than focusing on improving active LANR behavior. Generally, in solutions of
more electrical conductivity, with materials other than palladium, and with no possibility to load
(or create other desired reactions), one sees, at hundreds of volts applied yielding a current
density of ~107° amperes/cm?, tiny bubbles over the cathode, beginning at select, preferred sites.

In the future, metamaterial intrapalladial flux may offer new types of devices (like p-n
junctions). In LANR, metamaterial function should now be considered as a method to improve
efficiency, yielding a new spectrum of devices using equilibrium intraelectrode deuteron flow.
This may also open up new routes to improved control of LANR systems.

4. Interpretation and Conclusion
E-Field Distribution Change
The Phusor®-type LANR metamaterial design with its spiral cathode system-wire anode

system, with its open helical cylindrical geometry, creates a unique and unusual electric field
distribution superior in performance. There is an anomalous effect in those portions of the



cathode closest to the anode. In some configurations, this extends over an angle of circa 45°-130°
degrees. This results in both interelectrode deuteron flux from the solution to the electrode for
loading and intra-palladium deuteron flux (after full loading).

Deuteron Flow Distribution Change

Confirming the intraelectrode deuteron flux, analysis reveals that the Phusor®-type shape
effects outcome, as confirmed by the calculated E-field distributions. There is the possibility that
changes resulting from the geometry and stereoconstellation of the cathode material may be a
factor, and may account for the relative success of this system. In addition, the understanding,
and engineering, of these two types of deuteron flows is critical to new key components for
successful LANR, and perhaps other hydrogen, energy production results.

Metamaterial Role in LANR and Hydrogen Energy Production

Geometry, stereoconstellation, and location of electrodes, metamaterial issues, are now shown
to play additional possible roles in successful LANR experiments. The findings of this paper's
theoretical research, supplementing much experimental work involving the Phusor-heavy water
system including with respect to spatial distribution of D, evolution and excess heat production,
suggests these designs are metamaterials. Here the electrode metamaterial function appears to
help produce more successful and efficient, LANR systems by generating additional types of
equilibrium deuteron flux, a possible additional sine qua non for the desired reactions in
successful LANR reactions. We believe that intra-electrode palladium flux is what is necessary
to produce the desired reactions, and that such a flux is often missed in competing systems, based
on our experimental results here, and a review of the poorer performance of some competing
systems.

Thus, there are several connections between metamaterials in general, Phusor®-type LANR
structures in particular, and then hydrogen energy devices in general, LANR devices in
particular. First, the results, theoretically and experimentally, suggest that in the pursuit of
hydrogen energy, the metamaterial function may be important and augment the material
properties by improving efficiency.

The second important point is that in addition to past patterns of failure of LANR systems,
from excessive electrical conductivity of the solution, to failure to drive the system near its OOP,
to failure to adequately load, now metamaterial issues should also be considered.

Third, consideration of metamaterial structure and stereoconstellation of the electrode system
might engineer alteration of the two types of deuteron flows for the ultimate design of future,
more successful, LANR materials and devices. In fact, researchers of LANR, hydrogen energy
production systems, and the solid state have a new way to think about their systems, and a
possible new spectrum of devices using intraelectrode deuteron flow.
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