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Abstract: In a previous paper the author has shown the gtaital constant ruling Newton’s law can be expedsas a
function of quantum variables related to Zero Pé&ileld as Planck’s time and quantum vacuum eneeggity. On the other
hand the quantum vacuum energy density has beergto be modified by the presence of a mass wittérvolume occupied
by the mass itself and in the space surroundiithermore, according to the Einstein’s Theoreheral Relativity the same
mass determines a gravitational potential thatattee speed of light, the clock’s rate and theigarsize as a function of the
distance the distance from the center of massth@lbe considerations strongly suggest that alsadinstant G could be
expressed as a function of quantum vacuum enemgitgesomehow depending on the distance from thesmdiose presence
modifies the Zero Point Field energy structurethis paper, starting from the idea of inertial maés body as the seat of
standing waves of Zero Point Field and from theypee of a fluid-like model of space, it has beetallshed a model in
which the gravitational constant G is expressea #&snction of Quantum Vacuum energy density in tdepending on the
radial distance from center of the mass originatimg gravitational field, supposed as sphericafimmetric. The proposed
model suggests the gravitational “constant” G cdadchot truly unchanging but varying as a funcobthe distance from the
mass originating gravitational potential itself, oge approximate analytic expression has been alsodfand discussed.
Finally a possible experimental test of the modsking use of precise measurements on a satedigebben outlined. The
proposed theoretical model could be able to givealde insights into a deeper understanding otrire origin and dynamics
of gravity as well as the theoretical basis fornimitable applications related, for example, to fibll of gravity control and
space propulsion.
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their relative distance vector.

So far, within the commonly accepted pictué, like
4ight velocity ¢, has been considered as one of the most
fundamental constants of the Universe, whose ntixaue
is estimated to be [1]

1. Introduction

The understanding of the true origin of fundament
physical constants is a crucial task in order tonfdate a
correct theory of all the natural phenomena. Amdmgse
constants a special role is played by the grawitali constant
G that gives the “strength” of gravity through thesliv—
known Newton’s law of gravitation

G =(6.67384+ 0.0008[0 I& m® kg™ '(5™* 2)

regardless of the magnitude of the mass generating
= m [, gravitational field it rules and of the distanceorfr it.
F,=G———=0, (1) Nevertheless, recent theoretical studies [2,3] ssiggl that

r G could be truly expressed as a function of more

where m and m, are the interacting masses amd is fundamental physical quantities, i.e. the so - echll
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“Quantum Vacuum Zero Point Field Mass — Densityexpressed as a function of Quantum Vacuum energgitye
Equivalent” p,, giving a measure of the energy density ofin turn depending on the radial distance from aeofethe

the QED quantum vacuum (also known as ZPF) and tHBass originating the gravitational field, supposes
Planck timet, giving the smallest time interval required SPherically symmetric. o
for the stability of space-time structure withiretiGeneral | The pzoposed model - then sugges.ts the .graV|tat|onaI
Theory of Relativity (GTR). On the other hand in6Z%the constant” G could be not truly unchanging but vagyas a

Russian physicist A. D. Sakharov already suggeitithat function of the distance from the mass originating
gravity could be the effect of a change in thedravitational potential itself and whose approxienahalytic

quantum-fluctuation energy of ZPF quantum vacuur§XPression has been also found and discussed. .
induced by the presence of matter. Finally a possible experimental test of the modedking
Later, starting from Sakharov's results, Puthoff] [5USe of precise measurements on a satellite hascutiered.

proposed the hypothesis that ordinary matter cod The proposed theoretical model could be able te giv
ultimately composed of sub-elementary constitutiharged Valuable insights into a deeper understanding ef tfue
entities he called “partons”, able to dynamicaiiteract with ~ ©rigin and dynamics of gravity as well as the tie¢ioal basis
the fluctuating QED quantum vacuum according tor sf for unthlnkable applications reIated,_ for exampeethe field
resonance mechanism. According to Puthoff's motied, of gravity control and space propulsion

inertia of a body would be the result of the inttien

between partons and ZPF quantum fluctuations weifset 2 Gravitational Potentials and the

would result in the modification of the electromato G f Physical titi
modes of ZPF at the interface between a body asd it auge o ysica Quan Iies

surrounding space determining the so - called

Zero-Point-Field Lorentz force [6]. In this way hothe

inertial and gravitational masses of a body could b

substantially composed of confined e. m. modes Bf Z

whose presence modifies the previous state of QEdhtym

vacuum. 2 _ 2\t 42, .2 2, win2 2
On the other hand, it is a known fact, theoretjcall ds _(1_ZGM/C r) dre+r (dg + sin"gdg )+

explained within the GTR and supported by strong —(1— 2(3|\/|/c2r)<:20|t2

experimental evidences, that the gravitational e

generated by mass, depending on the distance frafiécts where (r,8,¢) are the standard polar coordinates with

the running rate of clocks as well as the velogifylight.  being the radial distance from the mibs

These effects can be accounted to by introducisgitable Now at t=const the size of a physical object at

scale factor (gauge) affecting the length and feeqgy d@=dg =0 is defined, through (3), by the equation

measured within the gravitational fields that, aslhsee in

the following, can also modify the quantum vacuunergy ds® = —(1— ZGM/ch)dr2 4)

density, so suggesting further evidence of a dekgtionship

between the gravitational force streng@ and ZPF energy that can be rewritten, recalling the pseudo — Eealh metric

As known by GTR, the motion of a free falling pali
inside the gravitational field generated by a madscan be
studied in the(r,t) reference system of the Schwarzschild
metric (SM) whose differential element is given by

®)

density. induced by Special Theory of Relativity, i.e.
Moreover, in some recent works [7,8,9] the autbasing )
on similar assumptions, proposed a model of Quantum ds? :czdtz—(dx2+dy2+dzz) =cdt’-dl * (5)

Vacuum (QV), characterized by a Planckian metric,

described in terms of the dynamics of energy dgnisit in the form

which inertial and gravitational mass are interpdeas local

stable variations of QV energy density with respést di® :‘dszz(l‘ ZGM/czr)drz (6)
“unperturbed” value. Within this model gravity istérpreted

as originated by the local gradients of QV energypsity or, equivalently
Ap(F,t), due to presence of mass, giving an unbalanced

ZPF pressure that manifest itself as gravitatidoee.

In another previous work [2] the above model hasnbe
already extended by showing that, under heuristicwell -
founded reasoning, _the graV|tat|_onaI const&ht could b_e & =1- 2GM /c?r ®)
expressed as a simple function of quantum variables
represented by Planck timg, and QV energy density itself. In a similar fashion. the measured time of an ewant

In this paper, starting from the idea of inertiahss of a dr=d6=dg =0, is giv,en by
body as the seat of standing waves of Zero PorldRind '
from the picture of a fluid-like model of space hias been dr? =ds? = (1_ 2GM/c2r)dt2 )
established a model in which the gravitational tamsG is

di? = s?dr? (7

having posed
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that correctly reduces, when — o, to the usual time
measured by an inertial observer at rest with resipe M .

By using (9) we can write, even in this case

dr? = f2dt? (10)

Equation 10 allows us to calculate the frequendft eha

“falling” photon due to the presence of such gmiinal
field as

V'=s.V, (11)

where v'is the shifted frequencyy, the frequency
“outside” (or, more popularly, the “proper” frequsn the
gravitational field ands, is just the “gauge” factor defined
by (8), namely

s, =4/1- 2GM/rc?

determining a clock runs slower in a gravitatiofialds as
experimentally confirmed.

A similar effect influences the measure of the ténig a
gravitational potential, whose value is given byaaalogous
expression

(12)

I'=s, 1, (13)

where |'represents the measured length inside gravitation

field, |, the proper length (outside the gravitational field
and s, isthe same gauge factor given by (8).

The consideration of (10) and (11) allow us to evr#
similar expression for the velocity of light “fally” in a
gravitational potential, simply noting that

c'=Imw' (sflo)(sfvo)=sflolxo=sfc0 (14)

SO we can write

c'=s’c, (15)
showing that the gauge factor affecting light véloés the
square of that applied to the other quantitiess Hffect was
experimentally found in 1966 by Shapiro [10] thhbwed
the gravitational potential of Sun influenced radégnals
reflected back to Mercury and Venus, causing thenbe
delayed, the amount of this delay being greaternwthese
two planets are directly opposed to the Earth witthieir
orbits.

Furthermore the measured delay is in agreementthith
calculated by (14) and with the results obtainedyrem
recently, by means of GPS system [11].

assumption is also coherent with the picture of ZRFa
polarizable medium proposed by Puthoff [13] andhvihe
model here proposed, then it will be adopted in th#
following discussion.

3. The Gravitational “constant” G as a
Function of Quantum Vacuum
Variables and its Dependence on
Distance from Mass

As already well-known, the physical vacuum cannet b
considered, due to Heisenberg uncertainty princgsea void
deprived by any physical dynamics but as physicditye
manifesting a complex and fundamental backgroutidigc
in which, even in absence of matter, processes ikeal
particle pair creation annihilation and e.m. dgl
fluctuations, known as zero point fluctuations (JPF
continuously occur.

The maximum amount of “virtual” energy density
Povuax  Stored in the “unperturbed” ZPF fluctuations of QV

can be estimated by considering the Planck’s caotsta
Planck in fact showed, basing on dimensional argusy¢hat
the values of gravitational constai®@, velocity of light ¢
and Planck’s constant, it was possible to derive some
nF\turaI units for length, time and mass, i.e. thgpectively

go-called Planck’s lengthly), time (t,) and mass iy, ).

Then he (and we with him) reversed the point ofwigy
considering these quantities as the most elemeriags,
from which the “fundamental” constants (&, ¢ and so
on) can be derived.

In order to assume GTR to remain valid up the Fdanc
scale, we must have

pQV,max = n«lF'CZ/Ig (17)

where m, is the Planck mass antl the Planck length,
whose currently accepted values respectively
2.177x 10%kg and 1.616x 10*m when
G =6.67384 10" m’kg™'[5°

The value of p,, =10"°J " so obtained by (17), can
be considered as the maximum possible vapg . of

QV energy density, since it would represent, withire
currently accepted picture, the maximum energy itheean
exist “without being unstable to collapsing spaoeet
fluctuations” [14] associated to the value

G =6.67384 10" m*kg '3 * currently assumed.
As already shown [2,3] the relationship between the

are

Nevertheless, as already shown [12], the Einsteingravitational “constant’G and QV energy densityo,,

gravitational gauge factor given by (8) poses spnublems
and a modified version of it has been proposed [12]

s, =gV (16)

which coincides with that in Eq. 12 at first orddris

can be expressed in a “natural” way by noting that,
dimensionally
[G] =[] M) ]

(18)

and
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=[M1dL1?® 19) the body, between the ZPF energy density fractiusiosed
|:pQV:| =[m]L] (19 : . o
in the object (given byn(a))) and the partons contained in

where we indicate for simplicity witho,, , from now on, the the volume, .
so-called Mass — Density — Equivalent (MDE) of Qvesgy It is now important to stress the physical mearohguch

density (equal tova/C2 where P, is the originally volume that must intended as electromagnetic regarzavity

defined QV energy density function) referring tsitnply as with conducting wall, being the voluma/, the space

QV energy density, SO We can write enclosed Wlthll’l the CaVity Wa||S. In th|S Way the
electromagnetic modes of ZPF are trapped insidecalvéy
G :]/(va [ﬁg) (20)  and the resulting energy is accumulated inside fit.

This energy cannot be however accumulated withmit, |
where t, is the Planck's time whose value is since the possible electromagnetic modes insidesanant
_ " B P TP cavity are upper bounded by a limiting frequeney,
tr =5.391 10%s when G-6.67384>< 1Q mhg 5. We whose value is substantially determined by the mpéas

can then assume that also G is a function of QVggTEeNsity  frequency w, of the electrons in the cavity walls.

and that it defines a fundamental properties otspi&elf  The connection between the modes inside cavity with
originated from QV those outside it is allowed by the conductive stmee of
_|3 2 cavity walls.
G_IP/(mPCZtF’) (21) Now if we consider an ideal resonant cavity (i.e.

neglecting energy dissipation of modes) at the labso
temperatureT =0, outside the cavity there are only the ZPF
quantum fluctuations while inside it there is a cdie
G = t2 22 number of modes possible oscillating at their exact
(pQV) ]/('OQV P) (22) characteristic frequencies ranging from 0 updp .
So, said N the maximum number of this modes, we have

Equation (20) can be naturally generalized to #eeof a
variable QV energy density by formally assuming

Equation (22) also means that far from any masherev
the quantum vacuum energy density reaches its N
“unperturbed” value given by (17), the gravitatibnanstant Eo =2 1 /2 (24)
G, given by (22), takes the value given by (21) @hih the k=t
proximity of a mass its value varies according2a)( We’'ll
see in the following its value in a given pointsiface will
depend upon the radial distance of the consideo@tt from
the centre of mass of the body (or the system afidsy duan
generating the gravitational field.

where w<w,<..<@, <aw, . Now, under the above
assumptions, the energy given by (24) must be egudie
tity given by (23) multiplied by? , namely

b4 N
=mc’ =V, dw=) hw /2 25
3.1. The Model of Inertia as Superposition of Modes of B =M 0'([/7(6()),0(6()) @ kz; @/ (25)

Electromagnetic. Sanding Waves
On the other hand we know that the density of ZPF

Following the suggestion of the model of HairsheBal  g|ectromagnetic oscillation modes in the frequeimtgrval
and Puthoff (HRP) [5,6,14] a material body can b%etweenw and w+daw is given by

represented, with respect to the electromagnetarantion,
as a resonant cavity in which a suitable set ofllang N(a))da)=(wzdw/ﬂzc3)da) (26)
modes of ZPF or Quantum Vacuum oscillate. Accordimg

this hypothesis, the inertial and gravitational sessm and and, assuming an average energy per mode givehdy2,

m, associated to a given material body are given by we obtain the spectral energy density of ZPF flatitin as
° plw)dw=(ho?/2mc?)dw (27)
m =m, :(Vo/cz)'[q(a))p(a))da) (23) («) ( )

° that substituted into (25) gives

(reM)[o(w-a)/w]  @8)

in which w is the angular frequency of ZPF modﬁ(w) N
k=1

is the spectral energy density of quantum vacuunk ZP '7(6‘)):

fluctuations andn (w) is a function that would quantify the
Equation (28) states that the spectrum of e.md fieside

the cavity is composed by a sum ®&f lines placed at
w=a) whose amplitude diminishes with the increase of

frequency.
Equation (28) holds under the simplification thad n

fraction of ZPF energy density that electromagmdiic
interacts with the particles contained in the “useblume”
V, or, in other words the “efficiency” of interactighl]. In
this way the apparent inertial mass of a given adbjeould
originate by the interaction, during the accelaetatetion of
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dissipation occurs. Nevertheless it can be showh tHat, if
the dissipation is small a more accurate expreskiorthe
is given by the expressed, even in the presence of dissipationthas
so-called Lorentzian —lineshape function, whoseresgon

line-shaped functions d(w-a,)/w,
is

(@) =(aw27) (0-@) +(aw2)]  (29)
where the quantity Aw is the

broadening effects.
By discretizing (29) and using it in (28) we have

+(0a/2)]" (30)

n(w) = (ﬂzca/ZWo)i:M [(w-a)

lineshape broadening
parameter and describes the various types of dissipand

Equation (33) is very meaningful since it shows tigl
mass inside the resonant cavity associated to @ tad be

overlapping of the zero point energies of all the
electromagnetic modes of Quantum Vacuum each ah the
broadened by a suitable factor given by (34). Furtiore it

is expected that the most part of modes are natlapgng

as long as the cavity size remains small, sincie ftezjuency
separation will become comparable with the broaugnhw
only at the highest frequencies [14].

Basing on the above result we can then interpeethss
of a body as the place of occurrence of electromtgn
standing — waves of ZPF that determines a storing.r.
energy density within the body itself.

This dynamics of ZPF together with the consideratd
other theoretical elements [3] shows that, insluke gortion

where, as aboveg, is the proper frequency of the k-th of space associated to “electromagnetically usefolfume

mode and Aq, >0 its frequency broadening.

V,, the energy density of ZPF reduces giving riseato

Finally the mass associated to a resonant cavibt (nstanding wave structure in which this energy isorisd”.

including the overall mass of the walls) is given 23)
using the result (30), namely

= (Vo/cz)Tn(a))p(a))daF

= [ (e*/2m0) o) (3D)

sz:A [ (Amk/z)] "dow

k=1

now by using (27) in (31) and recalling the defonit of
energy given by (25), we can write

m= T 776/ 2w, ) p(w) *
30w (0-a) +(0a/2)] do=

0

J' (7c*/2mmy,) (haf/2n2C )

(32)
xgﬂa& [(w-a) +(80/2)]" dow=
= (W) 3 (8 /2 (0-) (2 /2)]
x(hay/2)dw
or, In a more compact form
m= i?*\ () (hew/2)dw (33)
where we have posed
A (w) = c’ZT(A@/zﬂ)[(w—@)z +(aw/2)]" (34)

0

Outside this structure, on the contrary, the quantacuum
energy density is higher and determines the gramital
potential.

This also coherent with the model already develojmed
previous works [2] in which the inertial mass obady or
particle is interpreted as the result of the reiducof the
local QV energy density determining, in its neigtimods
(where the QV energy density is higher), an enalgysity
gradient Ap(F,t) which originates the gravitational
potential.

3.2. The Gauge of ZPF Energy Density insidea
Gravitational Potential Generated by a Masswithin a
Fluid-Like Model of Space

In the proposed model the energy spectrum relatetPE
modes of standing waves inside the resonant cavity
originating the inertia of a body is substantialgiscrete one
and includes a finite number of modes whose fregjiesrare
in the interval ¢ < w< ), with @, < w, . Nevertheless,

when the size of cavity increases so do the nuroberodes
and, due to broadening of frequencies, we obtain a
continuous-like frequency spectrum. Physically tmisst be
the case since, when the maximum size of the cavity
L . — o all the modes are possible and we obtain the limit

max
of continuum.

We can then interpret the standing waves inside the
resonant cavity associated to a massive body Haset
generated within an elastic fluid medium [13]. Ruch a
medium the relation between the (longitudinal) wave
propagation velocityv and the medium densityp can be

written as

v=k/\p

where k is a constant factor related to the medium
characteristics.
By putting our analogy in (35) we have

(39)
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=K/

where c is the velocity of light, p,, is the ZPF energy

(36)

15

this case we can expand the scale factor obtainirtipe first
order inG

density and K a constant related to the elastic medium. By

inserting (36) into (15) and squaring both the mersbwve
obtain

Y oy =5t (¥ Povo) (37)

We now must observe that in our case we can irgtgr
the space surrounding the cavity as the regionid@isthe
gravitational potential generated by the ZPF enatgysity
so the following correspondence holdg,, ' - o, and

Povo = Pov.ea Where p,, is the ZPF energy density in
the space around the body am, .. is the ZPF energy

density “outside” the gravitational field, i.e. & point very
far from it.
Equation (37) then becomes
Pov = Pov.ex] St (38)
showing that QV energy density in the space sudmgthe
body is scaled by a factos;* with respect its “unperturbed”
value.

3.3. The Gravitational Constant G asa Function of
Distance from Mass

We are now in position to reformulate this modebnder
to obtain the dependence of gravitational const@nton the
distance from the mass source of gravitationalma@ke

By using the definition ofs, given by (16) in (38) we
obtain

4GM /rc?

P (r)=¢ (39)

p QV,ext

where we have explicitly expressed

g4/ =1 AGM [rc? + ... (42)
Using this result in Eq. 40 we find
G(r) =G, [1-4MG(r)/rc* ] (43)

Equation (43) is a first order approximate equatfon
G(r) that can be immediately solved to give the sofutio
G(r) =G, /(1+ 4G, M /rc?) (44)
The asymptotic behavior of this function appearsbé&
coherent with physical assumptions since we have
lim G(r) =G,

r - +oo 45
imG(r)=0 (45)

r-0
in fact the caser - +oo correspond to a point far from
gravitational source (in whichG assumes its “unperturbed”
value G,, ), while the caser — 0 corresponds to point at

the centre of spherical symmetrical object in whics
known, gravitational field is zero.

4. Discussion

According to the model proposed in this paper, ilyas
originated by the ZPF energy density gradients gaad by
the presence of a massive body. Inside a body, &gy
density is decreased to give rise to the standiryes
structure described by (33), this consequentlyeiases the
guantum vacuum energy density outside the resaceity
represented by the body and this generates thétajramal
potential associated to it. The increment of ZPergn
density around the body decreases with the distkooethe

the functionatentre as shown by Eq. 41.

dependence ofp,, on r and have assumed the value of When two massive bodies are close each other tife ZP

Povea aS cConstant. Multiplying side by side ky , taking
the reciprocals and using (22) gives our main tesul

G(r) =(_;e)<tefztca(r)M/rc2 (40)

where we have put5, E]/vamtﬁ . A similar expression for

ZPF density can be also obtained by using the g22)ein
(39), giving

Doy (1) =™/ o (41)

energy density increase between them is smaller
originating gravitational attraction.
An important remark concerns the physical meaninp®

parameter G, : it represents the value of G at a point

“infinitely” far from mass M (in our nomenclature
“external” to gravitational field) in which the ZPks
unperturbed. Its value should be determined by raxeatal
measurements (far from any masses) or extrapolated
means of the know value of gravitational field agigen
distance from a masi .

Contrary to what one could think?

ext

is not necessarily

Equations (40) and (41) respectively describe th&dual, within the proposed model, to the quantym.ct;

dependence ofG and p,, on the radial distance from
the massM generating the gravitational potential.

They are transcendent equations and cannot be so

analytically but their qualitative behavior candiecussed in
the case of weak and slowly varying gravitationalds. In

(with the Planck’s unites given by the commonly eated
values) since the values of Planck’s units theneselis

%%rived by previously assuming a value f@& (measured at

arth’s surface or deduced by astronomical observ{t5])
in the presence of other massive bodies. Furthermee
should also consider the contributions to ZPF, &nein

SO
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eventually on G, coming from strong and weak interactions,

at this stage not still included in our model oé tlunction

Conceptually, a possible experimental test of ¢H)ld be
performed on a satellite by measuring, with verghhi

describing G(r) (and not considered in the Haisch, Rued#recision, the value ofG at a certain distances from the

and Puthoff model of inertia as well [6]).

It is remarkable to note that (44) like the moregyal (40)
doesn’t contain any Planck’s units, allowing thécakation
of G without using these values but only that G, .

A possible estimation ofG,, could be obtained by using

the know value ofG at Earth’s surface as given by [1] in

the (40) withr =R_,,, and M =M, -
procedure we obtain
Gs(t = G ( Rianh ) X
X eXp|: 43 ( REarth) M Earth/ REarthC2:| =
=6.673840018% 10'm’kg ' *

Following this

(46)

where assumed ¢ =299792458n3 "
Mg, =5.9736¢ 16'kg andR,, , = 6372.7955 x 10> m .

we have

The value of G,,
constant, associated to the field generated byhEaaiss as if
it should be far from all the other masses of Ursee

It must be noted the numerical value given by (#6)
slightly higher, on the average, of that commordguamed [1]
in agreement with the predictions of our model.

By using this value ofG,, we can plot, by way of

qualitative example, the functioﬁs(r) given by (44) as a
function of distancer (Fig. 1) from the Earth center.

6673840018 x 107114
6673840016 x 107114
6673840014 % 107114
6673840012 x 107114
667384001 x 107114
Gfr)
6673840008 x 10114
6673840006 x 107114

6673840004 x 10714

6673840002 x 107114

667384 x 101!

T —— T )
Lx 1072 x 1083 %1044, % 10% 5. % 10%6. % 108 7. 10%8. % 10° 0. 1081 % 107
-

Figure 1. Plot of G as a function of distance from Earth center. The plot
startsfrom r = R_ ., and G areexpressed in standard units.

In evaluating this graphic we must remember thdj {dst
represents an approximation, at first order, of vhkie of

G(r) thatis valid whenAG - 0, so it doesn't necessarily

represent the actual numerical values of funct@(w)in

particular in the slope-region of the curve, siitds just here
the contribution of the higher order terms of thaes of (42)
could be more important; nevertheless it gives euirr
indications about the asymptotic behavior of thacfion

G(r) atr -0 and r - +w.

represents the value of gravitational

Earth centerry,; and comparing these values among

themselves and to that measured at the Earth'sicsurét
distance R, . More specifically, if we respectively call

these valuesG(ry;,) and G(R,,), we can write Ci , by
(40)

- G@q e_4G(rSATJ )M/r:SAT i

G(Ror, ) (47)

and

G ( REarth ) = Ge« eﬁAG(RGa"h)M/Reanhcz (48)

Dividing side by side (47) by (48) gives the eqoati

6 (rur)/G(Ru) =
= Exp{ - (aM/¢*)[6 (1o, )/ o, ~ G (R} /R |

in which only measured quantities and known coristan
appear so that it can be experimentally verified.

Nevertheless, in a realistic set-up, very high mesment
precisions would be required in order to reveakb thery

small variations between the values Gf(r) at different

distance from Earth.

Furthermore, the influence of other celestial bsdfestly
the Sun and the Moon) on the ZPF energy densitthat
considered points and then, on the overall grawitat
potential, should be taken into account. This wontcbduce
additional terms into (40) able to modify the foramd
behavior of solutions and it also represents anomant
theoretical question to be addressed in the future
developments of the model, already in progress. Agrtbese
we are considering its extension to generic shajukeb and
the calculation of numerical solution of (40) abdequantify
the contribution of the higher order terms to thmction

G(r).

5. Conclusions

(49)

In this paper a novel model of gravity, based ome th
variability of gravitational constantG, expressed as a
function of ZPF energy density, has been propoSéatting
from some previous theoretical results, the inkréad
gravitational mass of a body have been interpratethe seat
of standing waves of ZPF, analogous to longitudimales
generated inside an elastic medium.

These waves are able to alter the local QV eneemgity
determining a decrease of ZPF energy density withi
massive bodies and, consequently, a ZPF energyitglens
increment in the surrounding space in this way gt
Quantum Vacuum energy density gradients (unbalad&¥e
pressure) and ultimately the gravitational force.

We have also shown that Quantum Vacuum energy tyensi
around a spherically symmetric massive body dependbe
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radial distance from its center and that gravitaicconstant
G also depends on ZPF energy density and on radial
distance from the mass generating the gravitatifielal. 5]

The main result of this work is then a model sutjggs
that the gravitational “constantG is actually variable and
its dynamics is ruled by the quantum vacuum endamgsity,
depending on the distance from massive object.

Under some simplifying assumptions, an approximate
analytical expression of the functio@(r), describing the [7]
radial dependence of gravitational “constant”, blatined.

Finally, a possible experimental test of the modzl
suggested, involving the accurate measurementss oft
different distance from Earth surface.

Although the above theoretical model is still invary
preliminary phase and involves some simplifying
assumptions to be addressed in its future develofanés
theoretical, experimental and applicative consegegrould
be very deep. They will be discussed in detailfutare and
forthcoming publications.

(6]

(8]

9]
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