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Abstract

The energy density of the vacuum is still one of the unsolved questions in physics. Principally it should be possible to
calculate this energy density by summing up the energy of all zero point oscillations of the vacuum. The problem is that this
sum leads to a divergent improper integral. An approach to a solution is found within the theory of Geometrodynamics,
however this approach is regarded sceptical nowadays and it is in contradiction with measurements of Astrophysics.
The present work introduces a new solution for the convergence problem of the improper integral on the basis of Quantum
electrodynamics (where improper integrals are solved), coming to values appearing realistic. The only necessary postulate is:
It is known that the speed of propagation of electromagnetic waves is influenced by electric and magnetic DC-fields. The
postulate is now to assume, that the zero point oscillations of the vacuum display the same behaviour.
But the article is not restricted to theoretical calculations of the energy of the zero point oscillations of the vacuum; it also
goes back to the experimental verification and to the utilization of those zero point oscillations in laboratory giving a
theoretical (quantumelectrodynamical) explanation of the operation of the experiment, which already has been conducted
successfully.

Article body

1. Introduction

As generally known in Quantum theory, the eigen-values of the energy of electromagnetic waves are given as
(n+2)-(h/2n)-w, where "n" is number of photons, calculated as the eigen-values of &' with regard to the wave function g,
in the equation 4"aw,-n.y, (with &" being the operator of particle creation and & being the operator of particle annihilation).
As long as no particles are present, we have n=0, and the eigen-values of the energy of the ideal (physical) vacuum [0> (in
Dirac’s notation) are found by integration over all frequencies w respectively over all wave vectors k in the k-space ( letters
in bold symbolize vectors) leading to
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(without consideration of polarization) [1].

We know that this integral is divergent, because for small wavelength A—0 (which fit well into every small volume), the
absolute values of the wave vector |k|=(k<*+k,>+k,?)" as well as the frequency w go to infinity. This brings the problem that
the integral in (1) leads to an infinite energy density. Normally this energy density is treated as a constant without
significance to physics, and which is eliminated by setting the zero point of energy to the ground state |0> of the vacuum
[2]. The production of one photon 4"|0>=|1> results in the excited state of a harmonic oscillator, of which the eigen-value of
the energy is by 1:(h/2n)-w=(h/2n)-c|k| above the energy of the ground state [3].

The propagation of a photon is known to follow the speed of light. Because the propagation of electrostatic and magnetic
fields are understood as the exchange of photons, the logical consequence should be, that electric and magnetic DC-fields
should also follow this speed of propagation. Assigning this conception to DC-fields is not usual for everybody, but we will
find further justification in the following chapters with arguments within the theory of Relativity and with arguments within
Quantum theory.

The fact, that even the ground state |0> of the empty vacuum contains the energy of harmonic oscillations of
electromagnetic waves, is the reason that they got the name "zero point oscillations". Their energy according to (1) defines



the vacuum-energy of the ground state. If we want to have access to this energy (and to convert it into a classical form of
energy), we have to understand their nature. A well known example for a force coming out of the vacuum-energy is the
Casimir-force [4,5,6,7], which is explained on the basis of zero point oscillations. This explanation is based on the analysis of
the influence of two ideally conducting (metallic) plates onto the spectrum of zero point oscillations of the vacuum. The free
vacuum (i.e. without those plates) consists of a continuous spectrum of all imaginable wavelengths, whereas the space
between the plates only contains a discrete spectrum of resonant (standing) waves, because the plates act as reflectors with
a field strength of zero at the surface of each plate, defining nodal points of the oscillation. From the energy-difference
between those both spectra, Casimir deduces the energy density and the force between the plates.

This arises the expectation that the conversion of vacuum-energy into mechanical energy as reported in [8,9] can be
understood in analogy to the Casimir-effect. Its invention came out of this analogy. If this energy conversion shall be done in
a perpetual process, we have to find a possibility to move the plates relatively to each other without alteration of the distance
between them. So there is some similarity with the Casimir-effect, but there is also an important difference. The solution can
be found in a construction of rotating plates, as they are presented in chapter 2.

Although the Casimir-effect helped the author to invent a machine which verifies the existence of the energy of the zero point
oscillations and converts it into mechanical energy, it was clear from the very beginning of the development, that the metal
plates and the vacuum, necessary for the Casimir-effect are not enough for the endless conversion of vacuum-energy. A
further item, like an electric or a magnetic field would be necessary in addition to the components of the Casimir-effect, and
these further items have to interact with the zero point oscillations.

The experiment which finally succeeded in converting vacuum-energy into classical mechanical energy [8,9] confirms this
approach. The first explanation of the functioning principle of the energy converting rotor was given on the basis of an
electrostatic field within classical electrodynamics [10, 11]. The logical connection between the zero point oscillations and
classical electrodynamics is topic of this article here. A central aspect thereby is the mechanism how the electric and the
magnetic fields propagate in the vacuum (i.e. into the space). The crucial question is: How do those fields influence the zero
point oscillations. This question will also be answered in the following chapters.

2. Hitherto existing model of the conversion of vacuum-energy

Before we answer the crucial concluding question of chapter 1, we want to recapitulate the basics of the model according to
[11] (within classical physics), which showed the way how to concert vacuum-energy into classical energy:

Electric and magnetic fields as regarded in classical electrodynamics are treated to be "everywhere in space at the same
moment" [12]. This means, that normally their time dependent propagation into the space is not taken into consideration,
but only their presence. For most of the technical and practical applications of electrodynamics (with typical distances inside
the laboratory and velocities negligible in comparison with the speed of light) this is fully sufficient. But as a matter of
principle this is in clear contradiction with the theory of Relativity [13], according to which the propagation of the field
strength has to respect at least the limit of the speed of light [14]. However there is also one issue of electrodynamics taking
the finite speed of propagation into account, this is the retarded Lienard-Wiechert-potential [15]. In this way we see, that
even classical electrodynamics does not ignore completely the finite speed of propagation of the DC-field.

Thus it appears sensible, to assume the speed of propagation of the electric and the magnetic field to be identically with the
speed electromagnetic waves. But this conception has extensive consequences, as for instance the conclusion, that electric
and magnetic fields dispense energy to the vacuum during their propagation, as can be seen from the following
demonstration:

Let us regard an electric field, which is emitted by a point charge "Q" (see fig.1), and let us trace this field during its
propagation into the space. We begin our considerations with a sphere around Q, having the radius x; at the time t=0. At a
moment t>0 (later in time), the field within this sphere will have been propagated with the speed "c" into a sphere with the
radius x;+c-At. This means, that during the time interval At, the charge has emitted the same amount of energy, as
contained inside the spherical shell from x; to x;+c-At, because this is the amount of energy by which the total energy of the
field was enhanced during the time interval At. Because this amount of energy is definitely larger than zero, we can conclude,
that the charge Q really has emitted energy. This is one of the consequences coming from the finite speed of propagation of
the DC-field.

Furthermore we consider the propagation of this spherical shell from x; to x;+c-At into the space until its radii reach from x,
to x,+c-At. Let us nominate the time t, at which the shell reaches this volume (with t, being later than At). By comparing the
amount of energy within the both shells from x; to x;+c-At and from x; to x,+c-At, we will discover the surprising fact, that
the spherical shell has lost some of its field energy during propagation.



Fig. 1: Illustration of a spherical shell, which contains a certain amount of field energy of the electrostatic field of a point
charge "Q". Sense of this sketch is to trace field energy during its propagation into the space. Additional remark: Sometimes
there was a counter-argument against the conception of finite speed of propagation of the field, which said, that all point
charges exist already since the "big bang" at the beginning of the world. Actually this argument does not affect our
considerations, but it only expresses, that the sphere with "Q" in its centre can very large, so that it can have the radius
equal to the speed of light multiplied with the age of the universe.

The calculation which proves these statements about the field energy during the propagation of the field shall be
remembered briefly. The energy density of the field of a point charge with central symmetry is

Consequently the energy within the inner shell from x; to x;+c-At is
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and the energy within the outer shell from x; to x,+c-At is
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Obviously the energy contents within the spherical shell decreased when the field propagated x;...x;+c-At to X, ... Xo+C-At.
The propagation can take place in vacuum, so there is only the vacuum (i.e. the space), which can absorb the energy. (If
there are additionally some molecules within the space, we want to neglect their influence on the process).

On the other hand, the field source, which is the charge Q, permanently feeds the field with energy without being altered or
exhausted at all. But from where does the field source get this energy. It must be supplied from the vacuum, because the
field source is in contact with nothing else but only the vacuum. Finally we notice that there must be a circulation of energy.
The field source gets energy from the space (the vacuum) and emits it into the vacuum. But the vacuum takes part of this
back by absorbing it from the field.

This surprising circulation of energy can be made plausible on the basis of the structure of the vacuum as it is understood in
Quantum mechanics, Quantum electrodynamics and Quantum field theory. The conception is presented in the further course
of the article. By the way, the conception of the vacuum absorbing field energy is not only applicable for the electric field but
also for the magnetic field [16]. Both of them undergo a similar energy circulation process. Thus our Quantum theoretical
model is being developed in a way that it explains the propagation of both types of fields (otherwise it would not be
applicable to electromagnetic waves). And the mechanism has to leads us to the same energy density of the vacuum for both
types of fields, because there is only one vacuum responsible for the propagation of both fields.

For the sake of better comprehensibility, we now want to have a short glance to the experiment, with which the existence
and the conversion of the vacuum energy (within the zero point oscillations) was already successfully performed [8]. The
central point is to extract energy from one of the energy circulations described above. A possible setup therefore is shown in
fig.2, where a rotor made from ideal conducting plates is mounted rotatable (supplied by an axis) below an ideal conducting
slab, which acts as a field source. The field source is brought to a certain electric potential just by putting some electrical
charge onto its surface. Consequently it permanently emits field energy, which it gets from the vacuum. The rotor is
connected electrically to ground and thus it permanently extracts energy from the energy flux emanated by the field source.
This makes the rotor spin. In chapter 3 and 4 we will see how this can happen.

Fig. 2: Principle sketch of the experimental setup for the conversion of vacuum energy into mechanical-energy.

Although the existence of the described energy circulation is concluded logically from basic statements of classical
electrodynamics, its background will be evident only from the inner structure of the vacuum. From the basis of this
understanding, the really observed conversion of vacuum energy into mechanical energy is explained.

In order to prepare the microscopic model of energy conversion, we want to outline the circulation of the energy in the
vacuum: The propagation of an electric as well as a magnetic field influences the wavelength of the zero point oscillations.
We will find the correlation between the field strength and the alteration of the wavelength soon. The central assumption of
the model is that quantum electrodynamical corrections such as vacuum polarisation do not only occur with photons but also
with zero point oscillations, and thus they extract energy from the field. But the particles of vacuum polarisation do not follow
the propagation of the field, and so they can distribute their energy all over the space. This is the drain into which the field
loses its energy during its propagation. On the other hand, this mechanism also gives us the explanation of the source, from



which the electrical charges are permanently supplied with energy in order to produce field strength.

This means that the reason for the transportation of field energy is an alteration of the wavelength of the zero point
oscillations. The loss of energy which the field undergoes during its propagation as well as the mechanism of transporting the
energy to the field source has the reason of vacuum polarisation. In the following chapter 3 and 4 we will see, that this model
does not only explain the experiments of conversion of vacuum energy but it furthermore also allows us the determination of
the energy density of the zero point oscillations in the vacuum.

3. New microscopic model for of the electromagnetic part of the vacuum-energy

The search for the connection between electric magnetic field energy on the one hand and vacuum-energy on the other hand,
begins with a search of the relevant items inside the vacuum. There are the zero point oscillations mentioned above und
besides there are several effects of vacuum polarisation (creating for instance virtual electrons and positrons) [17,18]. The
logical consequence is clear: The energy of the vacuum as well as our mechanism of energy conversion must be explained on
the basis of such items. With other words: We are searching for an explanation of the propagation of electric and magnetic
fields, as well as for the supply of the field sources with energy, on the basis of these items.

A possible model therefore is surprisingly clear and simple, as following: The first thoughts go back to the year 1935, when
Heisenberg and Euler [19] performed quantum theoretical calculations of the Lagrangian of photons in electric and magnetic
fields, coming to the conclusion that photons propagate in such fields with lower speed than in vacuum without field. The
reasons are found in vacuum polarisation, which influences the Lagrangian as calculated by Heisenberg and Euler. The
experimental verification is not yet completely done. It was regarded as complete in [20], but this scientist later withdrew his
results [21] by himself. But it is supposed, that the verification will be done in not too far future [22,23,24].

Logical consequence leads us to a conclusion, which is the only assumption of our model: If electromagnetic waves (as the
photon) undergo retarded propagation within electric and magnetic fields, zero point oscillations should undergo the same
retardation of propagation, because they have the same nature (to be electromagnetic waves). This means that electric and
magnetic fields have an influence on the wave vector k and on the frequency w of the zero point oscillations. This causes an
influence on the energy eigen-values of the zero point oscillations.

Consequently the alteration of the energy of the zero point oscillations should be identical with the energy of electric
respectively the magnetic fields causing these alteration. This working hypothesis will be checked and confirmed by
quantitative calculations on the following pages. The calculations are inspired by Casimir’s considerations regarding the well
known effect with his name. In analogy to his calculations we have to compare the spectrum of the zero point oscillations
with and without an intervention. Casimir’s intervention is to mount two conductive plates. In our case the intervention is to
mount two conductive plates and additionally to apply an electric or a magnetic field. And now we have to compare the total
energy of the spectra of the zero point oscillations in the space with and without field. The difference of those both total
energy sums should be directly the energy of the field. In principle our calculation has the same problems with the
convergence of improper integrals as Casimir’s calculation. And the similar problems should be solvable in a similar way. The
typical method for the solution known from Quantum field theory [25,26], see also [27,28,29]. The mathematical methods
are presented very clearly in [30]. But the result can be obtained much easier, if we can find and use utilisable results
somewhere in literature as done in the following calculation:

The energy density of the electromagnetic field of the zero point oscillations is calculated oftentimes in the k-space [25],
making use of p=(h/2n)-k as leading to the commonly known equation
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where Eg(k) is the spectrum of the energy of the zero point oscillations, so that the integration is going continuously over all
possible k-vectors. The index "Z" stands for "zero point oscillations". The vacuum-energy is related to the transition-
amplitude <0|0> from the vacuum to the vacuum, which is represented by close loops for virtual particles in Feynman
diagrams. The factor "s" is 1 because we want to consider the different states of polarisation separately. They correspond to
the energy eigen-values of Eo(k)=(n+'2):(h/2n)w, where n=0 is the ground state. So we have to insert Eq(k)="2-(h/2n)w
into (4) and we receive
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Furthermore the isotropy of the space allows us to work with the absolute values of the k-vector and to write w=c-|k|, or in



Cartesian coordinates w=c-(k,*+k,>+k,?)". Thus we come from (5) to
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The divergence of the improper integral is commonly known, because the wave vector k goes to infinity for small wavelength
- and all these wave vectors have to be taken into account.

In analogy to Casimir’s thoughts, we are not mainly interested (as explained above) in the limes of this integral, but we are
mainly interested in the difference of the limes of this integral for k-vectors with and without field. This means, we want to
know the limes of
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where the indices "WITH" and "WITHOUT" represent the situation with and without external field. This difference must be the
energy density of the field, as marked by the index "FIELD". Equation (7) is our main interest for the explanation of the rotor
converting vacuum-energy, but additionally it would be nice if we can find a way to solve equation (5) - and we will find it.

And this is the criterion of evaluation of our model: The model has to allow the calculation of the energy density of the zero
point oscillations of the vacuum E/V|z for both types of fields (electric as well as magnetic), and the energy density of the
vacuum must be the same for both types of fields. The field can be regarded like a probe to stimulate the zero point
oscillations, but the vacuum itself is the same, no matter which type of field is applied. The model can only be sensible, if
both ways of calculation confirm each other - and this is, what we will find.

We prepare this evaluation with an introductory remark, applicable for both ways of calculation, before we come to each way
in a separate consideration. [31] gives the Heisenberg-Euler-Lagrangian from [19], but he expresses it in SI-units (for the
sake of understandability):
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where m. is the mass of the electron and the other symbols are interpreted as usually.

There are several articles in which the speed of propagation of electromagnetic waves in electric, magnetic and
electromagnetic DC-fields are calculated on the basis of this Heisenberg-Euler-Lagrangian. And we want to assign this speed
of propagation also to the electromagnetic waves of the zero point oscillations of the vacuum. We will take the speed of
propagation from those articles (which can already be found in literature) to determine the influences of the external field
(electric and magnetic) onto the k-vector of the zero point oscillations and thereby the influence on energy density of the
zero point oscillations of the vacuum E/V|z. These results contain the solution of the improper integrals mentioned above.
This shall be done now for both types of fields separately:

First calculation — Determination of E/V|; with a magnetic field as a probe:

[31] gives the influence of a magnetic field on the speed of propagation of electromagnetic waves as
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where the direction of the propagation of the photon and the direction of the magnetic field enclose an angle of 6, and they
define a plane, which is the reference to classify the parallel-mode (a=8) and the perpendicular-mode (a=14). We have two
different speeds of propagation, namely "v" with external field and "c" without external field. The difference of both speeds



leads us to the Cotton-Mouton-birefringence of the vacuum, being
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which is confirmed by [32] quantitatively for an angle of 8=90° and also by [33]. The last-mentioned reference is often
regarded as a milestone on the way to the comprehension of electromagnetic waves in electric and magnetic DC-fields,
because it is the first work giving quantitative predictions of the birefringence (and thus of the speed of propagation) of
electromagnetic waves in the fields. This is a quantity which can be really measured.

The connection between the frequency and the speed of propagation of electromagnetic waves can be concluded from the
fact, that the range of the integration over the k-vectors is the same with and without the field, and thus k=w/c is
independent of the question whether a field is applied or not. So we have the relation of the ratio
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with "c" as the speed of propagation without field and "v" as the speed of propagation with field. The energy density of the
magnetic field is known from classical electrodynamics [34] to be
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Equations (5) und (7) together with (11) lead us to the expression
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because the external fields alter the frequency and the energy of each quantum mechanical zero point oscillation, according
to our model.

With (9) we find the sum of the energy of all zero point oscillations, because the field strength of the magnetic field is
dispensed from the equation:
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at an excitation with 6=90°, where m. is the mass of the electron and "alpha" is the constant of hyperfine structure.

Free from any problems of convergence of improper integrals, and free from any cut-off functions, we found in literature, this
should be the energy density of the zero point oscillations of the vacuum. The problems of convergence have been solved in
the work, from which we extracted (9). We have in mind that the calculation was done with a magnetic field as a probe, but
the influence of the magnetic field was eliminated during the course of the calculation.



We also see, that the perpendicular-modes and the parallel-modes can be excited with different strength, but this is also an
aspect of the magnetic field as a probe. It must not influence the answer to the fundamental question about the energy
density of the zero point oscillations of the vacuum. Thus we have to extract a measurable quantity from our result, which
will allow a comparison with the result of the second way of calculation. Such a quantity is the birefringence of the vacuum,
which several articles regard as the central quantity of measurement.

We achieve the comparability as following: Also the difference, which represents the measurable birefringence must lead to
the same energy density of the vacuum, this is
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We got this value from the birefringence of electromagnetic waves in magnetic fields. We want to keep it in mind for later
comparison with the birefringence of electromagnetic waves in electric fields, which will be the result of the second way of
calculation.

To avoid confusion: The energy density which we calculated here is the energy density of electromagnetic zero point
oscillations of the vacuum. This is not the total energy density of the vacuum, because it does not take the energy of other
fundamental interactions into account (such as gravitation, weak and strong interaction). They are not matter of this article.

Second calculation — Determination of E/V|z with an electric field as a probe:

According to [32] the Kerr-birefringence of electromagnetic waves in electric fields has the absolute value of
o -l |7
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(with the electric field strength in V/m), with a possible uncertainty due to truncation of the numerical value. The value is
also confirmed by [33].

From there we can easily find the absolute value of the energy density in analogy with (15) as following

2 3
£y &2 _ 1 d'k
T'El = My Igﬁ-mz.wmizmjg
L0l
2
EU Ej
d% 7| | 29 J
17 = | (34 oy presor m =10.10
[ (2 | -a2108 | F

This is the energy density difference for birefringence, determined with an electric field as a probe. Of course the field
strength as an attribute of the probe had to be eliminated, so that the result is free from information about the probe. Thus
(17) should come to the same result as (15), because there is only one vacuum, for which both calculations are valid. The
fact, that this criterion is fulfilled demonstrates, that we have indeed found a possibility to trace back the convergence
problems of (4), (5), (6) to other results found in literature. And it confirms our model of the propagation of electric and
magnetic DC-fields with the model assumptions as described above.

For the sake of completeness, it should be mentioned again, that we calculated only the energy density of the
electromagnetic zero point oscillations of the vacuum. This is not a general value for the total energy density of the vacuum.
This is even not a value on the basis of higher order corrections of events of vacuum polarisation. And it does not contain any



considerations of fundamental interactions other than the electromagnetic interaction. We should not forget, that we try to
explain the conversion only of the electric and the magnetic part of the vacuum energy in this article.

4. Dissolving the paradoxes of the electric and the magnetic fieldby the methods of a QED-model of the zero
point oscillations. Functioning principle of the rotor for the conversion of vacuum energy.

Up to now, the model which was introduced in chapter 3 is capable to explain the propagation of electric and the magnetic
fields in the vacuum. The only assumption it needs is surprisingly simple and plausible: From several articles in literature it is
known, that the propagation of excited states |n> of electromagnetic waves (for n>1) in the vacuum is influenced by electric
and magnetic fields. The assumption of our model is, to apply the same dependence on electric and magnetic fields also to
the propagation of the ground state (for n=0). This assumption looks logic and plausible. One of the consequences is, that
the propagation of electric and magnetic DC-fields can be understood as an alteration of the wavelength of the ground state
(these are the zero point oscillations).

But there is a further aim of the article: We want to explain the above mentioned energy-flux of the electric and the magnetic
field and their propagation. And we want to explain the functioning principle of the rotor for the conversion of vacuum energy
into classical (mechanical) energy. This can be done as following:

Let us begin with the first aspect, the energy-flux of the electric and the magnetic field. This is the question in which way the
space absorbs energy from the propagating field and in which way it supplies the field source (this is the charge) with
energy:

The quantum electrodynamic corrections in the Heisenberg-Euler-Lagrangian, as used in chapter 3, correspond to terms of
energy (otherwise they would not be part of the Lagrangian). Each energy correction corresponds to an event of vacuum
polarisation. The corrections which Heisenberg and Euler took into account do this in the same manner as further corrections
of higher order corresponding to different effects of vacuum polarisation. Also the zero point oscillations have their
contribution to these terms of energy (otherwise they would not be influenced by the fields). Although events of vacuum
polarisation only occur temporarily, there are always some of these events going on, depending on their probability
amplitudes. The situation describes a permanent (statistical) coming and going reminding to a picture of people coming and
going along a street. Although they stay only temporarily in the street, you can always see people there. As long as events of
vacuum polarisation occur, there exist some virtual electrons and positron and so on...

With other words: In our model, the field generates a lot of events of vacuum polarisation during its propagation (because of
the field’s energy) — and this is just the amount of energy which the field gives to the vacuum during propagation, so that the
field strength will follow Coulomb’ law. The events of vacuum polarisation are the medium which extracts energy from the
field.

The way how the field source is supplied with energy follows the same principle but to the opposite direction: The events of
vacuum polarisation take finite time and finite space, but they don’t have to follow the directions of the flux lines of field.
They diffuse to every direction and to everywhere in the space. Obviously they generate the loss of energy from the field
during propagation (see (2) and (3)). Some of them come close to an electrical charge (to a field source), and the charge
extracts energy from them. It is not the issue here, to think about the mechanism of this extraction. It is even not said, that
the fields source gets back the energy from its own field. But it is clear that the field source is supplied with energy, which
does not originate from its own field, because the total energy of the field increases during time as long as the field
propagates into the space. This is clear, because the volume filled with field is permanently increasing during time.

In the notation of particle physics, the zero point oscillations are bosonic Quantum field fluctuations (because they are
electromagnetic waves), and events of vacuum polarisation are fermionic Quantum field fluctuations (because they consist of
particles like virtual electrons and positrons). Their conversion (which is necessary for vacuum polarisation) consists of
processes like virtual pair production and annihilation. Especially in electric and magnetic fields the probability amplitudes for
the conversion for those both types of Quantum field fluctuations depend on external field strength. Thus the distance to the
field source has an influence on the number of such processes occurring in a given time interval.

Under these circumstances we can calculate the energy loss of a field produced by a point charge during its propagation
(which should be connected with the probability amplitudes of the events of vacuum polarisation). This can be done even
with a simple classical calculation on the basis of (2) and (3) and fig.1:

When a spherical shell from x;...x;+c-At filled with field propagates to x,...xx+c:At, it releases the energy
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For small but finite At and Ax (so that they can be neglected as summands in comparison with values devoid of A..., but not
as factors), we come to the approximation.
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To determine the energy transfer, the thickness of the shell c:At has to be finite (otherwise there would no be a shell at all)
as well as the distance of propagation Ax (because for Ax—0 there would not be propagation at all), and then we find that
the shell disperses energy with reciprocal proportionality to the third (!) power of the radius x; of the shell. Now we can
subsume the systematics of the proportionalities of some field-parameters with regard to a point charge and its field (with "r"
being the distance from the point charge) as following:

Field-parameter Proportionality
Electric Potential of a point charge Vo~rt
Field strength caused by a point charge (Coulomb’s law) Frr?
Dispersed energy of a spherical shell around a point charge  E ~ r3
Energy density of the field of a point charge u~rt

Comment: The number of events of vacuum polarisation per space and time (ultimately their probability amplitudes) is
responsible for the amount of energy, which the field gives to the space.

Let us come to the understanding of the functioning principle of the rotor, which is already experimentally proven to convert
vacuum-energy into mechanical: We want to explain the mechanism according to which this rotor works:

Of course the answer shall be based on the energy of the electrostatic field (or the magnetic field in the case of a
magnetically driven rotor), because the forces have been calculated as electrostatic forces successfully. According to our
model the rotor is mounted inside the energy flux going from the field source into the space. So obviously the rotor extracts
energy from this energy flux - in detail as following:

The field source produces an electric field, thereby it emanates an energy flux which causes an alteration of the wavelengths
of the zero point oscillations (see above). As we know from the Casimir-effect, conducting plates block the propagation of the
zero point oscillations. If we adopt this principle to our experiment, this means that between the field source and the rotor,
we have the alteration of the wavelengths. But on the other side of the rotor blades, looking away from the field source, the
zero point oscillations have the wavelengths as in free space without field, because this part of the space, which is shielded
by the rotor blades against the field source. Thus the wavelengths on the one side of the rotor blades differ from the
wavelengths on the other side of the rotor blades. From the point of energy conservation, this is only possible, if the rotor
blades compensate the difference of energy. In fact the rotor blades absorb energy (they do not emit energy), because the
total energy of the field is reduced in comparison to the situation without rotor blades, because the field produced by the field
source does not reach the space behind the rotor blades.

In consequence this means that the energy flux is going from the field source to the rotor blades, which absorb some energy
from the flux. The field source converts vacuum energy into field energy (this is the energy to alter the wavelengths of the
zero point oscillations), which is a flux going into the space. This part of the flux which meets the rotor blades is absorbed
from the rotor blades, being converted into mechanical energy. By the way: If someone wants to calculate the forces onto
the rotor blades from the alteration of the wavelengths, it would be necessary to consider the retroactive action from the
rotor blades on the wavelengths. In this context we know the image- charge method in classical electrodynamics [35].

5. Perorating discussion

The model presented here was developed on the basis of commonly accepted fundamental elements of Quantum theory plus
one very plausible assumption that the propagation of the zero point electromagnetic waves have the same behavior in
electric and magnetic fields as other (non zero point) electromagnetic waves. Certainly the calculus of our model with the
methods of Quantum electrodynamics and/or Quantum field theory should be further developed. This should be hopefully a
good way, because the model is already experimentally confirmed.

Let us compare our results of the energy density of the vacuum (i.e. the space) with energy density values from other
theories or measurements. But when we do this, we should not forget, that the energy density which we calculated within
our model is only due electromagnetic zero point oscillations (as given in chapter 3). This is not the same as the energy
density found in cosmology.

The question of the energy density of the universe is known to be one of the important unsolved puzzles in nowadays
physics, and it is the largest discrepancy known in our days with a range of more then 120 orders of magnitude between



different values from different branches on physics. On the one hand we can find a many workings of cosmology (see for
instance [36,37,38,39,40]), giving values of the density of matter p,, and/or the energy density pgrav Of the universe based
on considerations of gravitation in connection with the expansion of the universe. In the average most of them come to
values in the range of
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The fundaments of the expansion of the universe are experimental observations. On the other hand there are values coming
from Geometrodynamics [41], which are determined by pure theoretical considerations, based on the zero point oscillations
of the vacuum plus the hypothesis that zero point oscillations with a wavelength below the Planck-scale can not exist. The
basis of this hypothesis is just the assumption that it might be like this, there is no physical reason for it. The background of
this hypothesis is simply the idea to get rid of the convergence problems of the improper integral in (5) by restricting the
integral to a finite range. With the value of the Planck-length of L,=(h-G/c®)"~4.05-10"°m [Tip 03], we can just alter (5) and
calculate is value:

zm ﬁm an
@) 5 -2 [ & II:I ﬁ =2 ‘ﬁ =2-zp1ﬁﬂ|k| jif 2% - 2-£'l[2_m]4=2m2=332.1n+mi
FI:[ ’ I J? a2 Al AL L% e
fhrvmem ko

(The factor of 2 in front of the integral represents two states of polarisation.):
But how can we interpret the discrepancy between (20) and (21) ?

Well - the result of (21) is mostly regarded very sceptically, because there is not a serious argument for the way, how the
convergence problems was suppressed. In principle the idea of our model also begins with (5), but we have found a serious
physical argument to solve the convergence problems.

The interpretation of the values from cosmology and astrophysics in (20) is the following: If the value of our model is larger
than the value of (20) - can our values be possible in such a case (which is given here) ? The problem is gravitation: If our
value would be correct - shouldn’t this mean, that the attractive forces of gravitation should be larger than the observed
ones ?

This conclusion is not possible, thus it does not lead to a contradiction. Reason: The values of (20) are deduced from the
expansion of the universe, where the universe is regarded as a spherical distribution of matter (and dark matter) with a
radius taken from the hypothesis, that the beginning of the universe was the “big bang” and the expansion of the matter and
the dark matter is for sure not faster than the speed of light [43]. However our values coming from the energy density of the
zero point oscillations refer to the whole space R*, hence also the space outside the sphere which we call universe. For
gravitation this difference is definitely important. And furthermore there is an other problem with the value from cosmology,
namely the unsolved question of the accelerated expansion of the universe [44], which leads to uncertainties in the
background of (20).

Thus we do not face a contradiction between our value (which is only a part of the energy density of the vacuum) and other
values. We should rather interpret our value like this:

The calculation of the energy density of the zero point oscillations of the vacuum runs into convergence problem with an
improper integral, leading to an infinite energy density. Classical Quantum theory goes around this problem by ignoring the
infinity and fixing the energy scale on top this infinite energy. This perception is not fully satisfying, so Geometrodynamics
tries to cut off the improper integral artificially by taking a finite range for the integration. It is clear that this approach avoids
problems of divergence by principle, but it results in coming to rather strange values. A physical solution for this divergence
problem is found in the work presented here, and it leads to values looking sensible.
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