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Abstract: The idea of manipulating and using the energy@ata to electrodynamic quantum vacuum, also knasvAero
Point Energy (ZPE), for technological applicatiass for example, interstellar space propulsionieggnts one of the most
challenging question both in theoretical and apblphysics. During the past years B.Haish, A.Ruedd H.E.Puthoff
proposed a model according to which inertia coddbnsidered as the electromagnetic reaction torggeraction between a
body and quantum vacuum zero point field (ZPF), nipg interesting perspectives about manipulatingrtia by
electromagnetic fields. Nevertheless this thedititoagh interesting from both a theoretical andl@ptive point of view, is
for from being complete and presents some quedilermints. More recent results have suggestedsal meodel of quantum
vacuum, ruled by “Planck metric” and characteribgdan energy density field, able to give a novétripretation of mass and
gravity in terms of variation of such energy densih this paper we’ll propose an extension of thiedel allowing the
theoretical possibility of inertia and gravity stgth manipulation, as well as a more fundamentdbristical explanation of
some assumptions of the Haish, Rueda and Puthafemm particular, it will be shown that not orihertia but gravitational
“constant” as well can be expressed as functionguaihtum vacuum energy density, analyzing theatieiships with the
electromagnetic field, described by vector poténtnally we will discuss the possibility of spapeopulsion system by
considering the interaction between the zero-piatd of the quantum vacuum and the high poteriattric field generated
in an asymmetrical capacitor, showing the resultorge is driven by quantum vacuum energy density.

Keywords: Zero Point Field, Quantum Vacuum Energy Densitygv@y Manipulation, HRP Model, Space Propulsion,
Asymmetrical Capacitor, Electrogravity

1. Introducti Lamoreux [2], Milonni et al. [3]. From a more thetical
- Introducuon point of view, Russian physicist Andrei Sakharows@arching
for deriving Einstein’'s phenomenological equatiofer

In modern physics the “vacuum” cannot be considetad o )
general relativity from more fundamental set ofuasgtions,

to Heisenberg uncertainty principle, as a void dsiphysical

entity manifesting a complex and fundamental baokgd @M€ to the conclusion that general relativistien@mena
activity in which, even in absence of matter, peses like COuld be seen as induced effects brought abouhayges in
vitual particle pair creation — annihilation and® quantum-fluctuation energy of the vacuum duethi®

electromagnetic fields fluctuations, known as zgmint Presence of matter [4]. , _

fluctuations (ZPF) continuously occur (see Fig.The Based on the Sakharov's hypothesis, Puthoff [S]arepl a
physical reality of ZPF, also known as Quantum Veax{QV), conc_ep?ually simple, classical model _accordl_ng tbiclv
has been proved to give measurable effects fdirtiidime by gravitation could be not a fundamental interactrall, but

Casimir's experiment in 1948 [1] and next confirmbg 'ather an induced effect due to changes in the
guantum-fluctuation energy of the vacuum when mate
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present.
Within this model Puthoff proposed the hypothesiatt

ordinary matter is ultimately made of sub-elemegntar

constitutive primary charged entities (the so chfigartons”)
bound in the manner of traditional elementary d¢ettits and
able to dynamically interact with fluctuating ZRIEcording to

principle of relativity and then assumed [6]
m, =m =V/c* [n(w)o(w)dw (2)

where M, is the gravitational mass of the considered body,
and interpreted gravity as a form of long-range danWaals

a sort of resonance mechanism. In more detaitssimodel, 8 force associated with the “Zitterbewegung” of eletaey
material body should be considered, with respe@ thyaticles in response to ZPF fluctuations of QV.

electromagnetic interaction, as a resonant cawitwhich a
suitable set of ZPF modes oscillates. On this ba#isrsh,
Rueda and Puthoff (HRP) proposed a model in whieh t
inertial mass associated to a body, characterigea jproper

volume V, (the “electromagnetic equivalent volume”), is

given by [6]:
m; = Vo/cgfn(w)p(w)dw

in which @ is the angular frequency of ZPF modéy) is

1)

the spectral energy density of quantum vacuum ZPE

fluctuations andn(w) is a function that would quantify the
fraction of ZPF energy density that electromagmdiic
interacts with the particles contained in the “useblume”
V. or, in other words the “efficiency” of interacti¢@]. In this
way the apparent inertial mass of a given objectldio
originate by the interaction, during the acceletateotion of
the body, between the ZPF energy density fractimiosed in

This interpretation of inertial and gravitationahsses as
the result of the interaction between matter anf Z&ggests
the possibility to modify the inertia of a body arke
gravitational force acting on it by altering ZPFrahgh
electromagnetic interaction. This idea has very pdee
implications both theoretical and technological der
example, the possibility of inertia manipulationr fepace
propulsion [7].

Although the HRP model is very interesting and with
doubt able to give fundamental insights into the @yviamics
nd the origin of inertia and gravitation, it facsgh some
open questions, briefly cited in the following dission,
whose more detailed analysis will be discussed in a
forthcoming paper [8]. The first one is relatedtite type of
QV energy density described by the functiofw) that is
electromagnetic only.

Nevertheless, according to the Standard Model (SM),
total vacuum energy density includes at least three

the object (given by(«)) and the partons contained in thecontributions: the electromagnetic fluctuationsrelsterizing

volume V.

Figure 1. A possible representation of ZPF energy distribution in quantum
vacuum.

In HPR model the inertial mass so defined also aides
with the rest mass of Einstein’s Special TheorRRefativity so
that the rest energ¥ =mc*would represent the quantity of
ZPF energy electromagnetically interacting with rgeal
elementary partons, co - moving with the acceleratady as
viewed by an inertial observer. By means of relstiy
reasoning, involving the demonstration of the egl@mce
between the force in a reference frame fixed abave
gravitational field and the inertia force assodiate (1) in an

the zero-point field (ZPF), the fluctuations chaeaizing the
guantum chromo-dynamic level of sub-nuclear physicd
the fluctuations linked with the so-called Higgseld.
Moreover, one can speculate that there are alswilootions
from possible existing sources outside the SM fffistance,
grand unification theories, string theories, etn)this sense
the HRP model could result incomplete since it ddes
consider the contributions from these other possiblrces of
QV energy density (conversely, the SM is far from
representing a complete and definitive picture bygical
reality, being it affected by worrying defects ateficiencies
as, in particular, its inability to describe thefiamental force
of gravity and the presence of so much matter mparison
to anti — matter). A second question is relatedthe
“efficiency” function 7(w), phenomenologically implying
some type of ‘resonant” interaction between thetquer
included in the body and the ZPF fluctuations cimetd in the
volume cavity, introduced in the model as a frempeeter and
whose physical origin, from a dynamical point adwj is not
explained in the model (as well as that of the mastb cavity
of volume V, associated to any given material body). The

above cited questions as well as other questioradpects of
the HRP model could be overcame by means of its
reinterpretation within a more general model of @aing in
progress [8].

Recently, a new model of QV, consisting of a granul
structure composed by energetic packages havingizkeof

Planck’s volumeV, =13 (where |, is the Planck’s length)
and characterized by a dynamic energy dengifyt) in

accelerated frame, HRP deduced the weak equivalene®ich rest and relativistic mass of a body arisenfthe local

variation of QV energy density, has been proposedre of
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the authors [9,10]. Within this model, gravity cdre
interpreted as dynamically originated by QV enedgysity

gradients 4p0(F,t) due to the presence, in the 3D physical

space, of massive bodies and particles [9,11].

In this paper a reformulation and extension of thixdel,
whose more detailed treatment is discussed in écated
paper [8], in which the gravitational consta@t is expressed
as a function of QV energy density, is presentadt.ofding to
this interpretation, not only the inertial componeof
gravitation (related to gravitational masses) Hab aravity
strength itself (as described iy ) depends upon QV energy
density. In this way, by acting on this energy dgn# is in
principle possible to modify both gravitational itia and
gravity strength so offering the possibility to “nijpulate”
gravitational force according to a wide range oégibilities,
in particular by means of electromagnetic interacti

A possible link between HRP model of gravitatiord dhe
one here proposed is also presented.

Finally we will discuss the very interesting podip of
space propulsion system by considering the intienast
between the zero-point field of QV and the highemtial
electric field generated in an asymmetrical capacithowing
the resulting force is driven by QV energy densityd
considering the possibility of propulsion systensdzhon the
modification of its inertial mass, or gravitatiorstength, by
acting upon the zero-point fluctuations of QV.

2. Gravitational Force as a Consequence
of Quantum Vacuum ZPF
Mass—Density Equivalent

In some previous works [9,10,11] a novel model &f Q
ruled by the dynamics of its own energy densitys baen
proposed. Within this model, physical space is cosegd by
Planck’s volumes and the presence of a materigobhbin a
given area of 3D physical space diminishes the Q¥rgy
density inside a material object or particle. Undae
assumption of a uniform QV energy distribution witlthe
Universe, the energy density conservation leads to

pQV+pem+pM:pU (3)
where gy, is the QV energy density,0,, the non —
fluctuating electromagnetic energy density, is the
relativistic energy density and, is a universal constant
value.

From (3), the QV energy densitgr has its maximum
value Povmx iN the absence of matter and radiating non
fluctuating electromagnetic fields. In order to wasge that
Einstein’s General Theory of Relativity to remaatdig up the
Planck scale, we must have

Povmax = M€ /13 4)

where m. is the Planck mass ant} the Planck length,
whose currently accepted values respectively2at@rnx 10° kg

and 1.616x 10®* m when G =6.67384 10" m°[kg ' [%>
The value of oy, =10"°Jn° so obtained by (4), can be

considered as the maximum possible val@g m.x of QV
energy density, since it would represent, withia turrently
accepted picture, the maximum energy density cast ex
“without being unstable to collapsing space-timefliations”
[6] associated to the valu® =6.67384« 10" m*kg ‘(% ?

currently assumed.

According to the above results, we can then conglu
every particle is made out of electromagnetic enefgQVvV
and so it consists of decreased energy density afeal QV.
For mass-less particles, the decrease of energgitden
corresponding to the “creation” of a particle ofemyy
E =hw is given by

(rnpcz—}‘zw)/lp3

(%)

Pove

where P'o e is the QV energy density after the “creation” of
the mass-less particle. For a massive particlestfmassm
we have instead
pIQV‘rn =Pov ~ mz/v (6)

where Vv is the proper volume of the body and the energy
density variation can be considered to be conctetyfor our
purpose in this paper, in the center of mass oy lmogbarticle.

According to (5) and (6) particles are generated@y
electromagnetic field modes.

From (6) it immediately follows that mass can bpressed
as a result of the variation of energy density of a
“electromagnetic” QV

m:(plov_pczv,m)v/c2 (7)

or equivalently
m=AE,, /¢’

having definedag, =(p'o-ro V.

Introducing the concept of energy density of QVe th
gravitational field existing at a point placed &tdncer from
the center of a given material object of mass given by (8)
can be written as

(8)

G=(GV/r?)(Booy . /c?)F 9)

where ¢ is the unitary vector indicating direction and
orientation of 1.

- We now focus on the relationship between the gativial
“constant” G and QV energy density and its consequences
upon inertia and gravity [8]. In the proposed maithel more
fundamental physical entity of the 3D granular space
represented by Planck’s units, so it is natura] fd2ise them

in order to express the value & as a function of these by
noting that, dimensionally

[G]=[L) M) qrT” (10)
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and
(oo ] =[M]TL]"

where we indicate for simplicity witho,, , from now on, the
so-called Mass — Density — Equivalent (MDE) of Qhvemgy
density (equal to p,, /c2 where p,, is the originally

defined QV energy density function) referring teiinply as
QV energy density, so we can write

G =1/(po, 1)

where t, is the Planck's time whose value
t, =5.391x 10s when G =6.67384x 10" m’kg '[3™°. We

can then assume that also G is a function of QVggrdensity
and that it defines a fundamental properties otspitself
originated from QV

(11)

(12)

G =1z/(met) (13)

Equation (12) can be naturally generalized to #eeof a
variable QV energy density by formally assuming

G(po\/) :]/(pevts)

The gravitational field given by (9), due to a md®s can
then be generalized as

6(pov ) = (¥ 2o B2 ) m( g, ) (12

Equation (15) clearly shows the gravitational fietd a
property of space that directly derives from thargfe of the
energy density of QV in the pertinent volume of gibgl
space

(14)

(15)

According to the above model, the QV energy density

inside and around a mass is modified by the presehthe
mass itself. We can schematically represent thaniihed
energy density region associated to a given ma#isealght
area in Fig. 2.

X

-
>V

<——7Matenial object -

sy

Quantum vacuum

S

Quantum vacuum

Figure 2. Presence of a given material object diminishes energy density of
Quantum Vacuum and this generatesinertial mass and gravitational mass.

This mechanism determines a portion of space, drtlum
body, characterized by the presence of a ZPF erdeggity

gradient, whose dependence on distance from thes mas
determines the dependence of the gravitationalntiateon
the same distance as well. From a dynamical péwiew, the
area of higher energy density of outer QV “pushestiards
the area of lower energy density due to the presefdhe
massive body or elementary particle, generatingvityra
attraction towards the mass, whose strength isgptiopal to
QV energy density gradiemo(7.t).

This theoretical model also suggests, as alreaolysil0],
a simple explanation of the equivalence betweeniaend
gravitational mass, both being originated by thmesaQV
energy density decrease for a given massive boghauicle

is (see Fig. 2).

From (15) we see gravity varies when QV energy idens
does due to two factors:
a)the variation of the value of mass, generating the
gravitational field;
b)the modification of the “strength” of gravitational
interaction due to the different value of
In particular, if sy varies so that G decreases it is possible
to simulate an “anti - gravitational” effect. Evemthis case,
the effect could arise both from gravitational tieerand
gravity strength G) variations .

3. Gravity Control Through Quantum
Vacuum Energy Density Manipulation

The above discussion shows that gravity could be
considered as a function of QV energy density sbath G
and gravitational mass can be expressed as QMdmsciT his
means that, from a theoretical point of view, gnavi
manipulation is possible, provided that we are ablmodify
the local value ofeo , for example by altering ZPE.
The first experimental evidence about this concrete
possibility came from the experiment conducted by
Podkletnov [13] in which a composite bulk YBa2Cu307

superconductor, at a temperature below 70°K intergevith

a suitable e.m. field, manifested “weak gravitatsmelding”
in the space below and above the superconductarajys.
The same experiment was subsequently reproduckeby
al. [14] and analyzed by Modanese [15].
According to Li's conclusions “rotating superconthrs in
an alternate magnetic field would generate grayitgd

suggesting a primary role of electromagnetic enengy

modifying the quantum vacuum ZPE and then, foraheve
considerations, its energy densiy .
From a dynamical point of view, the manipulatiorgodvity,

through ZPE alteration, is based on the possiltditiransfer

one or more photons from or to QV. In particular, the
gravity shielding experiments involving supercondus and
magnetic fields, the reduction of gravity woulddi®ained by
increasing the local value of QV energy densiy ,

transferring photons from e.m. fields to QV.

This would increase the QV pressure, consequetihdo
raised photon density of ZPE whose effect would the
lowering of the weights of the bodies placed in¢basidered

space region.

The effect is qualitatively explained very simplythin the
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proposed model of QV. In fact, from (3) we havayé assume
8p,=0 (i.e. no modification of relativistic energy ofeh
bodies)

Ava =-L0p,, (16)
namely a decrement of e.m. energy density (phadensity)
will correspond to an increase of local QV energpsity and,
by (14), to a gravity weakening.

The same mechanism could be able to qualitativediam,
as already suggested in a previous paper [11]pkysical
origin of the so called Dark Energy (DE) in the \drise as
well as the observed deviation from Newton graidtataw in
the rotating galaxies, ascribed to the so calledk Ddatter
(DM).

The described effect could have enormous implioatio
both theoretical related, for example, to the wgaifion

m =m, =T haf /2mc? (19)

where @w. =@, and I is Abraham-Lorentz damping
constant of the oscillating parton.[16].

If we now consider (18), we see the cutoff frequerx
expressed as a function of gravitational “consta@t’that is,
in turn, a function of QV energy density as pregigushown.
We can then substitute (14) into (18) to obtain

@ =(ctpy /1) (20)
showing that the cutoff frequency is also a funttaf QV
energy density. It is also interesting to consitierexpression

of the maximum quantum vacuum ZPF energy density

corresponding to (17) when), = @, , namely

Ppr = 2772C7/h62 (21)

between gravity and electromagnetism (the so called

“electrogravity”), and technological related, farstance, to
the realization of advanced space propulsion systesiin the
NASA High
Program).

4. On a Possible Link between HRP
Model and QV Energy Density
Dynamics

As recalled in the introduction, the HRP model e to
explain the physical origin of inertia and gravig arising

We can now stress that the maximum ZPF energy tyensi
calculated by (21) is just, within a factor ¢f7*, the

Temperature  Superconductor ResearCrhaximum value of QV energy densit¥ov.max defined by (4),

namely
Pove = 27 Py max (22)
In fact, starting by the definition of Planck time
t, = (nG/c’)"” (23)

we can write (squaring (23)) and multiplying sidedide by

from the interaction between the elementary charge@,, #0)

components of matter and a suitable fraction
electromagnetic ZPF confined within an “ideal” reant
cavity associate to a given massive body. In ddhig it

of

Povt? = Py (hG/<°) (24)

considers the ZPF energy density as obtained by thet the left right of (24) is just equal G so we have

summation of all electromagnetic plane waves of Zid-
given by

@
Door = Ihaf/2m3da) (17)
0

where @is the angular frequency of ZPF plane wave a&ad
is the so called “high frequency cutoff’. This repents the
highest frequency component of the spectrum anaésence
is firstly motivated by the highly divergent behawof energy
density when@ — « that, without an upper cutoff, will

prevents the eventual
instability of QED itself [6].
For relativistic reasons [6], the high frequencyofuis
assumed to be equal to the Planck frequency
@ =a, =(c*/nG)"* (18)
This quantity plays a crucial role in the originarsion of

HRP model since it determines the inertial and itgtional
masses associated with the “parton” oscillator

YG = py, (nG/c*) (25)

then
YG? = py, h/c®

Substituting (26) into (21) we obtain the (22) thhysically
represents, as already said, the maximum energsitdehe
Planck volume can sustain without collapsing if assume
Planck metric to hold. Equation (22) then showst tthe

(26)

quantity O, on which HPR model is based and the quantity
determine an infinite value ofz«. In the second place the it Loy

asymptotically high frequenC\ﬁaQVe

on which the model proposed in this paper is thase
from a physical standpoint, substantially tzame
origin.

We can see from the above discussion that botmtes
associated to the partons in HRP model and the etitiigy
density calculated with the HRP cutoff can be egped as a
function of QV energy density so suggesting a ditieking
between the model here proposed and the HRP orgh Su
connection will be considered in the following dission.
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5. Shift of the Cut — Off Frequency of
ZPF Induced by Electromagnetic
Fields on Quantum Vacuum

Recent works imply that ZPF may play an even mor

significant role as the source of inertia and getion of
matter [17]. Furthermore, this close
electromagnetism and inertia suggests that it nedyuitful to
investigate to what extent the fundamental phygicatess of
electromagnetic radiation by accelerated chargedicfes
could be interpreted as scattering of ambient Zikation.
The expression for inertial mass derived by HRPIves

link between

As suggested by Caligiuri [8], we suppose that dhiff
frequency of the vacuum is shifted &5 = &tomp * AW when
the electromagnetic field is impressed to the dieie
material, which is similar to the assumption prambdy
Musha by studying ZPF propulsion [19], consequertta
%ecomes

AH}, = (€2 2rmye* H{( oy + D) * = i}
(30)
= (ezh/ nmﬁ) AN

It is now important to note that the above equatian be
expressed as a function of QV energy dengly . This can

two free parameters and &, the latter assumed by HRP pe shown by generalizing (20) to a generic frequesatuew

to represent some cutoff frequency dictated elblyean actual
cutoff of the ZPF spectrum or by a minimum size aof
elementary particle [6,8].

(P, )= (ct2pos 1) (31)

If we assume the cutoff frequency to be a resonarb that the shift of frequency, corresponding t@aation of
frequency @, which is specific to a given particle, then theQv energy densityA0,, , can be written as

mass of a particle can be converted by externahdbey
conditions. Haisch, Rueda and Puthoff suggestediftttae
could somehow modify the vacuum medium then thesroés
a particle or object in it would change accordimg the
zero-point field modification.

In a first approximation of the theory, we assurhe t

resonant frequencya, can be considered as somehow

related to the Compton frequendi,,, of the elementary

particle being considered, so we can put
W, = Qoy =My /1 (27)

where m, is the rest mass of the patrticle.

Under an intense electromagnetic field, it has been

theoretically predicted that electron experiencemearease of
its rest mass. This effect is also predictable iwitihhe QV
model based on energy density dynamics discusspdra®,

since to an increase of., can correspond, through (3), a

Aw=w-w= w(pQV + APQ,) - w(va ) (32)

Supposing&p,, -~ 0 we can use a series development for

w(va +APQV) at the first order inAoy, , obtaining, after some
simple mathematical manipulations

Wy +800,) = (t20,/n)* (1+p/20,)  (33)

where 0, is the QV energy density before the application of

electric field. In particular, if we assume, as adbothe
resonance frequency to be equaldh,, we have, by (31)

decrease ofeey and a corresponding raise to the matter
componente,, namely, by (7), an increase of rest mass of the By using (33) into (32) we have

particle in the considered region of space.

Let Ha be the electrodynamic Hamiltonian of the particle

under high electromagnetic field, it has the folrown as [3]

H, =(e?/2mc?) < A2 > (28)
where m, is the rest mass of the particle, is its charge and
A is the vector potential.
A similar equation, obtained by using terms of ZiF field,
was also proposed by HRP [18] whose form is
H! = (ezh/ 2nm)cg)w§ (29)
where  is a Plank constant divided bz and w, is a

suitable cutoff frequency of ZPF spectrum in theuam.
Assuming that electrodynamics Hamiltonians, show(2i8)
and (29), are identical with each other, we hd\és = AH
for the dielectric material under an impressedtelefeld.

w(y) = Wy (34)

and we can obtain, by solving (34)
Po = My, [ €2 (35)
sw=(ct/no,)” (80/2) (36)

so proving that the frequency shiffw is a function of QV
energy density variation.

We can suppose thata=0 at the initial state, then we
obtain the expression

A= (7m/2h e, ) < A > (37)
that can be written, by using the (35) and (36) {i37)
Doy, = (n/ c“tj) <A?> (38)

that gives the QV energy density variation corresipag to
the application of a electromagnetic vector po&nfi, to the

vacuum for the considered apparatus. Equation 380
generally proves that the application of an elenagnetic
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field to QV is able to modify, as supposed, itsrggalensity.

6. Force Generated in an Asymmetric
Capacitor by an Applied Electric Field

capacitor before and after the electric field iplaggl to the
capacitor is given by
E'=E -E, = (n7/6)(R°x*/d?) Aw (39)

where R is the measure of the size of electron cloud Fége

In a previous paper [20] Musha considered, for thg) produced by the applied electric filed adds the distance

capacitor composed of parallel plates, the podsikiff the
force generated by an external electric field frahe
standpoint of ZPF energy [20]. In spite of a palatbpacitor,
let's consider an asymmetrical capacitor as shawkig. 3.

Electric
source

-

Asymmetrical
capacitor

Figure 3. Asymmetrical capacitor under electric field (R indicates the size of
electron cloud produced by electric field).

According to (37), the frequency of the ZPF figidhi space
around the capacitor under electric field can Ipeasented as
shown in Fig. 5.

Figure4. showsthe frequency shift inside the capacitor before (1) and after (2)
the electric field is applied to the triangle shaped asymmetrical capacitor.

& &
ZPF radiation

&

F oy %1
R — \ilw g Pty
$\‘h +F e
& & &
=
E
X

Figure5. Frequencies of ZPF field around the shape of the capacitor.

The difference of energy along the x-axis inside

th @, =

between the capacitor plates.
From (37), the force generated at the end platéhef
capacitor becomes

f = (0E!/0X)| x-q = MR°Aw/2 =
= (72/4) (R ) < A7 >

Using the results given by (38) and (27) we canenttie
above force as

f =(7ReCnt? /Am,) Apy,

(40)

(41)

where m, is the electron rest mass.

From (41) we see that the force generated by teesiction
between the electric fielg and QV is directly proportional
to QV energy density variation like in the Casiwiffect.

Let’'s now consider the vector potential field gexted by
the variance of electric charges in an electronalshown in
Fig. 6.

Cloud of electrons

L—

Figure 6. Viector potential field generated by an oscillating electric field.

The vector potential by an alternate electric fiekth be
given by [21]
A=(:I/477}:(,cz)(c:.)p0 cosut/r) =

= (]/477.»:0c2)(wNed cosut/r) (42)

where N is a number density of electric charge and
d =(gm)[&,/(ef -7)].
From (42), we have
<A >= (N2/16n250204)(e4/m2)><

(2 o) *(E3/2r") “

where @, is the resonant frequency of electrons given by

m (where a, is the electron polarizability).
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By integrating (43) in the volume of the electrdouz with
the radius R, we have

j <AZ>dV =j< A? >sinfdrdddg =

44
= ( N%e*R/87& c’m 2) X (W)ES (44)

where X () = (af /w- a))fz.
The value of X (w) can be plotted as shown in Fig. 7
where we letw, =10 Hz).
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Figure 7. Plot of the function X (w) .

Hence we have

f= (n203/4a)cowp)f< A2>qV =
= ( Ne*R*77/32¢ ¢ Mt gy ) X (W)E{

(45)

Thus from (45) it can be seen that a force candmeigted
at the end of the capacitor by applied electrikifie

This equation suggests that an high potential isipel
electric field, which has wide frequency spectrumpressed
to the asymmetric capacitor can produce a rapidlacation,
which could be utilized for the space propulsionacépace
ship. We also note the force given by (45) deped®QV

(described by the facto& in Newton’s law of gravitation)
both can be considered as quantum variables, dimeg
depend upon QV energy density.

According to this picture inertia and gravity camthen, in
principle, manipulated by modifying the local QVeegy
density, by means of the electromagnetic interactithese
results are in very good agreement with those nbthsome
years ago by Hairsch, Rueda and Puthoff (HRP) iichvh
inertial and gravitational masses as well as gyawere
"interpreted as the result of an electromagnetictieaforce of
ZPF, the so called “guantum vacuum inertia hypa#tigsf
which the model proposed in this paper suggestiferaht
understanding within a more general picture ofitgal

It has been also shown, in particular, that
electromagnetic field could be able to shift theuttdf”
frequency predicted by HRP model for a given phatand,
consequently, its inertial and gravitational massying that
the same effect is explainable, within the propdd®denergy
density model, as a local variation of this enatggsity. This
reveals a direct and deep relationship betweetrelaagnetic
fields and QV energy density variation that alsense to rules
the gravitational strength quantified by the vabfieG .

Finally, we have discussed the application of tiseubsed
theoretical model to the realization of an eventsphce
propulsion system by considering the interactiogtsveen the
zero-point field of the QV and a high potential iaate
electric field generated within an asymmetricala@ior. We
have shown that the generated electromagneticifiedtle to
determine on the capacitor plates, as the resulfiedd
interaction with quantum vacuum ZPF fluctuationdpece
manifesting as a sort of antigravity, directly tethto QV
energy density, whose variation is able to modibghbthe
inertial mass and gravitational strength descrineNewton’s

constantG . In this sense our results suggest that a pulsed

electric fields applied to the spacecraft couldduee artificial
gravity sufficient for practical application to thspace
propulsion technology

an

energy density variation, via the vector poteraigdociated to  More generally the discussed results, althoughl stil
variable electric fieldg as shown in the above discussionpreliminary, appear very interesting also from aotfetical
Furthermore, it is remarkable to observe that, fram point of view since they are able to give valuadfe novel

dynamical point of view, the generated forde is equivalent

to an anti-gravitational pushing force.
This can be viewed by noting that, due to the pasiess of

insights in the understanding of the relationshgtween
gravity, electromagnetism and quantum vacuum dyosias
will be further pointed out in forthcoming and imogress

<A*>, we also havebs,, >0 by (38) and then a reduction of Publications.

gravitational force due both to a decreasezofthrough (14),
and of inertial masses of the interacting partielesording to

(6).

7. Conclusions

In this paper it has been discussed the possibiligjter the

Notes

This paper is based on the collaboration reseancARF
physics and space propulsion systems conducteddfy IP
M. Caligiuri and Dr. T. Musha as scientific actigg of
Foundation of Physics Research Center (FOPRCaiwn It

inertia of a body by modifying the energy density o

electromagnetic quantum vacuum (QV), often callestoZ
Point Field (ZPF). By considering a model of QV d&don
energy density dynamics recently developed it hasnb
shown the inertia of a body (considered as itstimeand
gravitational mass content) and gravity strengtieelfi
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