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Abstract
Some theoretical frameworks that explore the possible formation of dense exotic
electron clusters in E-Cat SK are presented. Some considerations on the probable
role of Casimir, Aharonov-Bohm and vacuum polarization eects in the formation of
such structures are proposed. Dense electron clusters are introduced as a probable
precursor for the formation of proton-electron aggregates at pico-metric scale, stressing
the importance of evaluating the plausibility of special electron-nucleon interactions,
as already suggested in [14]. An observed isotopic dependence of a particular spectral
line in the visible range of E-Cat plasma spectrum seems to conrm the presence of a
specic proton-electron interaction at electron Compton wavelength scale.
Introduction
The E-Cat technology poses a serious and interesting challenge to the conceptual foundations
of modern physics. Particularly promising, for understanding this technology, is the exploration of long range particle interactions. In the paragraph  Nuclear Reactions in Distant

Collisions  [21] E. P. Wigner highlights their importance in nuclear transfer reactions:  The
197
fact that nuclear reactions of the type Au
+ N 14 → Au198 + N 13 take place at energies
at which colliding nuclei do not come in contact is an interesting though little advertised
discovery . More recently a possible double role of electrons in long range interactions has
been suggested in "Nucleon polarizability and long range strong force from

σI = 2

meson

exchange potential " [14]: In other words these two views deals with the electrons role. One
is as a carrier of the nucleon and the other is as a trigger for a long-range potential of the
nucleon.
In this paper we propose that, at a relatively long distance, intermediate between the
atomic and nuclear scale, in the same order of magnitude of electron Compton wavelength,
the eects of magnetic force, Casimir force and quantum vacuum/virtual particles should not
be dismissed. In particular in section 1 we show that Coulomb repulsion between electrons at
a distance of four reduced Compton wavelengths can be balanced by Casimir force in specic
geometric congurations. In section 2 extending to leptons the P. De Sia nuclear force model
[20] based on Biot-Savart law and applying the condition that the four-distance between
charges in Minkowski space-time is a light-like vector, a possible balance of magnetic and
Coulomb force at multiples of Compton wavelength is proposed. In section 3 the L. Nelson
hypothesis that virtual particles generate screening forces in vacuum tubes space-charge is
briey presented as an other possible mechanism for long range particle interaction.

In

section 4 is hypothesized that Aharonov-Bohm eect may be exploited in E-Cat to create
peculiar conditions under which self-organized dense electron clusters and pico-metric protonelectron aggregates are formed.

In this last section one spectroscopic signature of these

1

structures is discussed.

Section 5 contains a brief description of the experimental setup,

while in section 6 the E-Cat SK performance is computed.

1

Charge clusters and Casimir force

Putho and Piestrup in their paper  Charge connement by Casimir forces  [17] propose,
as a possible cause of the high-density charge clustering seen by K. Shoulders and other
researchers, the vacuum pressure hypothesized in 1948 by H. B. G. Casimir and experimentally veried by S. K. Lamoreaux [18] in 1996. To compensate the electrons Coulomb
repulsion with vacuum pressure in a spherical shell distribution of

N

electrons, Putho found
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(1)

c
λe
= 2π
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applying the Compton angular frequency ωe = me c /~ as the cuto frequency for electronwere

re =

vacuum interactions and assuming a vacuum spectral energy density

ρ (ω) =
For a charge cluster of

D = 2RN ≈ 0.39 µm,

N = 1011
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electrons the computed cluster size

D

is approximately

a value not too far from the typical charge cluster size seen by Shoul-

ders. The electron distance

dE

in the spherical shell that minimize electrostatic potential

can be roughly approximated as

r

2
√
4πRN
(2)
= πre ≈ 1.78re ≈ 0.68 · 10−12 m.
N
to note that this distance is not a function of N but a constant value in
−12
the reduced electron Compton wavelength re = λe/2π ≈ 0.38 · 10
m.

dE ≈

It's interesting
the same order of

At this scale the electron should not be modeled as a point-like particle even if as a rst
approximation. Consequently a more detailed and realistic electron model is preferable to
evaluate the Casimir eect in free electron clusters.
An interesting approach along this direction is proposed by J. Maruani in his paper  The

Dirac Electron and Elementary Interactions  [19]. To compute the Casimir force between
electrons, Maruani suggests to apply the Casimir force

FC

formula per unit area

A

for  the

ideal case of perfect plates in perfect vacuum at 0 Kelvin :

where

d

is the distance between

π 2 ~c
FC (d)
=
.
A
240d4
plates and c is the light

(3)
speed in vacuum. Maruani con-

sider a Zitterbewegung [4, 7, 1, 11] electron model where the reduced Compton wavelength
2
is the electron diameter . In this case the plate area in (3) becomes A = π (λe/4π ) and

FC (d)
forceFe (d) :

the attractive Casimir Force
Coulomb repulsion

between electrons can be computed and compared with

FC (d) =

2

π~cλ2e
,
3840d4

(4)

Figure 1: Trends of Casimir, Coulomb and magnetic force as a function of distance.

Fe (d) =

1 e2
.
4πε0 d2

(5)

According to this approach Casimir force balances Coulomb repulsion approximately at
−12
m, a value near to two reduced Compton wavelengths
a distance db ≈ 2λe/2π ≈ 0.77 · 10
(see Fig. 1 in [19]).
According to another Zitterbewegung electron model [11, 13] the electron can be modeled
by a current loop, with radius

re ,

generated by a charge distribution that rotates at light

speed. This current loop is proposed as the origin of electron's mass, inertia, angular momentum, spin and magnetic momentum. In this case the area enclosed by the zbw current is
A = π (λe/2π)2 = πre2 , a value four times larger than that used by Maruani, and consequently
the Casimir force may reach a value four times larger than the one indicated in (4). With
−12
this larger area Coulomb repulsion is balanced at a distance db ≈ 4λe/2π ≈ 1.54 · 10
m as
shown in Fig. 1, where in a logarithmic scale the hypothesized Casimir force between two
electrons is plotted together with Coulomb and a magnetic force computed considering the
electrons as two parallel aligned current loops.

2

Charge clusters, Lorentz force and Zitterbewegung phase
coherence

According to [11, 10], the electron is associated to a magnetic ux
ratio of Planck constant

h

and the elementary charge

e.

ΦM = h/e

equal to the

Consequently, the possible role of a

magnetic attraction in charge connement cannot be dismissed a priori. As shown in Fig. 1,
the magnetic force between two electrons, if naively modeled as two parallel aligned current
loops, cannot compensate the Coulomb repulsion.

However, at this point, it's important

e that
c along a circumference equal to electron Compton wavelength [11, 12]

to remember that the Zitterbewegung current is generated by an elementary charge
rotates at light-speed

and, consequently, a rotation phase coherence between charges in the same light cone may
greatly enhance the magnetic attraction.

In this case the force can be computed as the

3

Lorentz force

FL

acting on an elementary charge that moves at light speed. Its value can

balance the Coulomb repulsion:

e2
µ o e 2 c2
1
·
· ,
FL (d) = ecB (d) =
=
4π d2
4π0 d2

(6)

where

B (d) =

µo ec
4πd2

(7)

is the magnetic ux density generated by another elementary charge that moves parallelly
at light speed

c

at a distance vector

d~ orthogonal

to the charge velocity vector.

A similar approach has been suggested by P. Di Sia in [20, 22], where the Biot-Savart
law is proposed as the possible origin of strong nuclear force. The condition that the charges
must be in the same light-cone [15] can be satised if the electron distance

d

is an integer

multiple of Compton wavelength while the rotating charges have the same Zitterbewegung
phase:

d = nλe

(8)

The very restrictive conditions under which the 6 can be applied may be created only
in very peculiar environments.
spin value

±~/2

A possible solution has been suggested in [13] where the

is interpreted as the component of electron's angular momentum

~

parallel

to an external magnetic eld while the electron as a tiny gyroscope is subjected to Larmor precession. This particular, semi-classical, interpretation of spin does not exclude the
possibility that the electrons angular momentum may be aligned, in particular conditions,
to the external magnetic eld, behaving consequently as elementary particles with whole
spin

~.

In this case electron clusters may form Bose-Einstein condensates where electrons

Zitterbewegung phases are synchronized and electron distances respect the equation 8. In
this highly ordered, low entropy, hypothetical structures the Coulomb repulsion is balanced
by the magnetic force

FL

in agreement with 6.

In [13] a fundamental connection between Aharonov-Bohm equations and an electron
model is proposed, starting from a geometric interpretation of the electron wave-function
complex phase [6, 8, 1]. This approach suggests the possibility of eciently creating electron
condensates exploiting the Aharonov-Bohm eect, a phenomenon that shows the dependence
of electron wave-function phase from electromagnetic potentials [9]. In [13] is hypothesized
that a voltage pulse with a very short, critical rise time may favor the creation of coherent and
dense electron clusters:  The conjecture is based on the possibility that, as a consequence of

Aharonov-Bohm eect, a rapid, collective and simultaneous variation of the Zitterbewegung
phase catalyzes the creation of coherent systems .
These very peculiar electron congurations may form, in presence of protons compact neu−12
tral aggregates at a pico-metric (10
m) scale, intermediate between the atomic (10−10 m)
−15
and nuclear size (10
m), formed by coherent chain of bosonic electrons with protons
located in the center of their Zitterbewegung orbits [13].

A critical, cathode temperature

dependent, threshold of electron density is an important precondition for the creation of such
structures. In this electron rich environment, the creation-annihilation of virtual particles
may play a particular role, as shown in the following section.

4

3

Space-charge, vacuum polarization and virtual particles

An important eect in vacuum tubes is the so-called space-charge. This name is related
to the spontaneous formation of an electron cloud around a cathode heated in vacuum.
Although well known and exploited since the early years of vacuum tube technology this
eect has not a well dened theory. This statement is supported by the observation that the
formation of a stable space-charge should be prevented by the Coulomb repulsion between
free electrons. L. Nelson in US patent 6465965 proposes as a rationale for this long range
electrostatic screening a possible vacuum polarization, generated by the creation-annihilation
of virtual charges pairs as a consequence of the quantum vacuum uctuations predicted
by Heisenberg uncertainty principle.

The lifetime of such particle-antiparticle couples is

inversely proportional to their mass-energy, but during their short existence may act as the
charges in the solid dielectric of a capacitor that, screening the electric eld, lower the voltage
required to accumulate a charge in capacitor plates. The creation of these virtual particles
is favored by the high density of allowable energy states in vacuum and are hindered by the
relatively low number of permitted states in an ordinary metallic conductor. According to
Nelson this dierence may be exploited to generate a macroscopic voltage and an energy
gain. In any case, the long-range interaction between the electrons in the space charge is a
phenomenon that deserves to be seriously studied and investigated.

4

Neutral pico-metric aggregates

The existence of electron-proton and electron-deuteron structures at this scale has been
already experimentally veried and studied [3][16][2]. In [5] Holmlid recognizes the electron
Zitterbewegung as the underlying rationale for such aggregates:  This electron spin motion

may be interpreted as a motion of the charge with orbit radius

rq = ~/2me c ≈ 0.192

pm and

with the velocity of light c (`zitterbewegung') . It's important to note that this radius value

re in [11] and
re/2) implies that no distinction is made between electron

proposed by Holmid, Maruani and Hestenes[1] is one half the zbw radius value
that the choice of such value

(rq =

intrinsic angular momentum and spin, excluding consequently the possibility of existence
of bosonic electrons with spin=~.
An interesting aspect of the electron-proton interactions proposed in [13] is given by
the possibility to experimentally verify the existence of some specic spectral signatures.
According to [13] the electron's charge can orbit around a proton at a distance of about

re = 0.38 pm.

The intense magnetic ux density

Bzbw

generated by the rotating charge at

the center of the Zitterbewegung current loop is [11]

Bzbw = 32.21 · 106 T.
Now, the proton magnetogyric ratio

gH

is

gH = 267.52 · 106 rad · s−1 · T −1
and consequently the Nuclear Magnetic Resonance frequency is

gH Bzbw
= 1.3714 · 1015 Hz
2π
frequency νp is

νN M R =
and the relative precession

5

νp = νN M R/2 = 6.8571 · 1014 Hz.
This frequency corresponds to a wavelength in the visible spectrum

λp =

c
= 4.372 · 10−7 m
νp

The presence of this line in the E-Cat plasma spectrum is a possible indication of
the existence of this type of pico-metric aggregate.

A stronger and reliable clue in this

direction comes from observing that the amplitude of this spectral line is a clear function of the hydrogen isotope present in the plasma:

The line is strongly reduced when

deuterium has been used in the charge instead of protium.

This consideration is sup-

ported by the observation that deuteron has a much smaller magnetogyric ratio then proton
(gD = 41.066 · 106 rad · s−1 · T −1 ). Consequently, considering the strong chemical similarity
of deuterium and hydrogen, this large macroscopic dierence in spectral emission under the
same conditions reveals its nuclear origin.

5

Experimental Setup

The plausibility of these hypotheses is supported by a series of experiments made with the
E-cat SK. The E-cat SK has been put in a position to allow the eye of a spectrometer view
exactly the plasma in a dark room: an ohm-meter has measured the resistance across the
circuit that gives energy to the E-Cat; the control panel has been connected with an outlet
with

220 V , while from the control panel departed the two cables connected with the plasma

electrodes; a frequency meter, a laser and a tesla-meter have been connected with the plasma
for auxiliary measurements; a Van der Graaf electron accelerator

(200 kV ) has been used for

the examination of the plasma electric charge. Other instruments used in the experimental
setup: a voltage generator/modulator; two oscilloscopes, one for the power source and one
for monitoring the energy consumed by the E-Cat; Omega thermocouples to measure the
delta T of the cooling air; IR thermometer; a frequency generator.

6

Evaluation of E-Cat SK performance

The performance of the E-Cat SK is resumed in the following calculations.
temperature can be calculated applying the Wien equation. Calling
law constant and

λmax

The plasma

b the Wien displacement

the observed peak wavelength of the radiation we have

Tk =
Tk =

b
λmax

2.898 · 10−3
= 8106 K.
0.3575 · 10−6

Power emission and the average energy produced in one hour can be computed applying
the Stefan-Boltzmann law

Wout = σεTk4 A ≈ 22 kW
Eout = 22 kW h

6

σ = 5.67 · 10−8 W m−2 K −4 , ε = 0.9 (assuming a non perfect black-body) and
A ≈ 10 m2 (the length of the cylindrical shaped plasma core is l ≈ 1 cm, while its diameter
is d ≈ 0.3 cm). Now, calling E1 the energy consumed by the control panel in one hour
where
−4

E1 = 380 W h
and

E2

the energy consumed by the E-Cat SK in one hour

E2 = 8 · 10−4 W h,
being the other experimental values the following,

Vin = 0.25 V
R = 78 Ω
I = 0.0032 A
Win = Vin I
we can compute the average coecient of performance (COP), rst considering the energy
consumed by the control panel

COP1 =

Eout
Eout
≈
≈ 58
E1 + E2
E1

and after considering only the energy consumed by the E-Cat (i.e. in SSM: Self Sustaining
Mode)

COP2 =

Eout
> 107 (SSM )
E2

Denitely a huge value! After 60 days of continued operation an E-Cat SK has produced

31680kW h of heat, approximately the equivalent
same time, the emission of about 800 kg of CO2 ).

(as we can nd from a simple extrapolation)
of

2762 kg

of heating oil (avoiding, at

Conclusions
In this paper three dierent, not mutually exclusive, ansatz for long-range particle interactions in E-Cat SK have been proposed. The rst one is based on the possible role of Casimir
force in dense electron aggregates: two dierent approaches, one of which is based on Zitterbewegung electron models, both indicates that Coulomb repulsion between electrons may
be balanced at a pico-metric scale. The second one deals with the Lorentz forces in coherent
systems, where electrons Zitterbewegung phases are synchronized and electron charges are
in the same light cone. The third one is based on the possible electrostatic screening eect
of virtual particles pairs created by the uctuations of quantum vacuum.
As a consequence of these relatively long range forces the possible formation of dense
aggregates at pico-metric scale has been proposed.

An E-Cat plasma spectral signature,

isotopic dependent, in the visible range of a proton-electron pico-metric structure has been
reported.
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