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Abstract

A theory describing an a-temporal gravity-space endowed with a granular structure and a wave
structure is proposed starting from the concept of the density of cosmic space (as physical quantity
tied to the amount of matter present in the region into consideration). A gravitostatic field and a
gravitokinetic field depending on the density of cosmic space itself are defined and a wave function
of a-temporal space is introduced depending on the density of cosmic space and a vector
indicating a sort of rotation-orientation of each elementary grain of space. A mathematical
formalism regarding the wave function of a-temporal space is developed. Finally, the role of the
density of a-temporal cosmic space in the interpretation of subatomic particles and in non-
relativistic quantum theory of motion is analyzed.

1. Introduction

On the basis of elementary perception, time and space cannot be perceived directly
as matter; we can perceive only the irreversible changes of matter into the universe. Our
experience of space is based on observations of material objects. Time can be
considered as a stream of irreversible material changes occurring in an a-temporal gravity
field. It is fundamental to understand that change does not run in time, change itself is
time. Time means change (movement) and, therefore, when there is no change there is no
time. Clocks run in a-temporal space. With clocks we measure the duration and the
numerical order of all changes [1].

Phenomena run in space-time only in the mathematical models of reality, which
sometimes become more real than reality itself, which instead — on the ground of our
elementary perception — turns out to be a-temporal. The stage in which natural
phenomena happen is not space-time but is an a-temporal cosmic space. This is an
alternative, different point of view from that conventionally adopted in physics, but is
perhaps more correct and appropriate because is more coherent with experimental facts
(i.e. with the fact that there is no evidence that material objects move in time) [2].

On the other hand, different physical theories treat space as a quantum. In
particular, loop quantum gravity suggests that at the most fundamental level physical
space has a granular structure, namely is composed by elementary grains, a net of
intersecting loops, having the Planck size [3, 4]. Since the quantum numbers of these
elementary grains and their algebra look like the spin angular momentum numbers of
elementary particles, the elementary grains of space, i.e. the loops of the net, can be
appropriately defined spin elements or “spin networks”. The image of physical space
provided by loop quantum gravity can be so synthesized: nodes of spin networks
represent the elementary grains of space, and their volume is given by a quantum number

that is associated with the node in units of the elementary Planck volume, V = @6/037/2,

where h is Planck’s reduced-constant, G the universal gravitation constant and c the
speed of light. Two nodes are adjacent if there is a link between the two, in which case
they are separated by an elementary surface the area of which is determined by the
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quantum number associated with that link. Link quantum numbers, j , are integers or half-
integers and the area of the elementary surface is A=16aV*",/j(j+1), where V is the

Planck volume.

Taking into account these results of loop quantum gravity, if one assumes that
space-time is really a four-dimensional a-temporal cosmic space (in which the fourth
coordinate indicates the numerical order of material movements), it turns out to be
permissible to think that this a-temporal space has a granular structure at Planck scale. In
other words, it turns out to be permissible to imagine that quanta of space having the size

of Planck length /, = ‘/@ are the fundamental constituents of space (namely that it is not
C

possible to observe areas or volumes smaller than Planck scale) and that these quanta of
space are characterized by an orientation expressed by a quantum number j similar to spin
of quantum mechanics.

In this article, we will develop a mathematical formalism regarding an a-temporal,
granular and wave space. Firstly, we will define the density of cosmic space as the
fundamental physical quantity characterizing space. Then we will introduce a new
treatment of space in terms of a wave function of gravity-space and will try to justify the
fact that there is no contradiction between granularity and wave nature of space. We will
show that the density of cosmic space has an important role also in microphysics, that
thus interesting perspectives are opened in theoretical physics. In particular, in the model
here suggested based on an a-temporal, granular and wave space the possibility is
opened that the fundamental interactions and physical fields can be interpreted as special
states of space under determinate situations, can be seen as entities which derive from
real properties of space [5].

2. The density of cosmic field as the fundamental physical property of a-

temporal cosmic space and the interpretation of gravitation interaction
The fundamental physical property characterizing cosmic space is its density.
Gravitational interaction is transmitted directly by the density of cosmic space
characterizing each point of space. The density of cosmic space can be considered as the
physical quantity which is linked to the amount of matter present in a given region of
space. In particular, the density of cosmic space associated with a material object of mass
m in the points situated at distance r from the centre of this object can be defined through

the relation D(r) :G—'Zn (1) where G is gravitational constant.
r

While in the classical, Newtonian vision, the source of gravitational field is mass, we
suggest the idea that the gravitational field in each point of space is a property that
depends on the density of cosmic space existing in that point. It is the density of cosmic
space that determines the appearance of a gravitational field in each point of space and
therefore determines the appearance of a mass. Introducing the concept of density of
cosmic space given by relation (1), the gravitational field existing in the points situated at
distance r from the centre of a given material object of mass m assumes the form
g =D(r)7 (2) namely derives directly from the density of cosmic space into consideration.

We can say that if a region of space is characterized by a density of cosmic space given
by (1) in the points situated at distance r from a given point P, this means that in the region
there is a material object of mass m and that the point P is the centre of this material
object. It is the density of cosmic space (1) that determines the appearance of a material
object in a given region of space. In other words, considering a certain region of space, the
mass of a particle can be seen as the “portion” of that region where the density of cosmic
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space is bigger. This view allows us to interpret mass as a quantity which is not much

different from space, as a consequence of a property of cosmic space, namely its density.
The extension to the case of more material objects is immediate. If in a region of

space there are n material objects of mass m;, m,, ..., m,, the gravitational field existing in

a given point P (situated at distance », from the centre of the material object of mass m,,
at distance r, from the centre of the material object of mass m,, ..., and at distance r,
from the centre of the material object of mass m,) is given by the relation

£ (P) = 8,(P)+ £,(P) + ..+ £,(P) = Dy (n)A + D, (r,)8 +...4 D, (r,)8 = D,, (P)W

(3) where D,(r,) = G—Tl is the density of cosmic space existing in the point P and tied to the

1

Gm,
2
2

the mass m,, and so on. In other words, if in a region of cosmic space there are n
densities of cosmic space D,(r,), D,(r,), ..., D,(r,) and in the generic point P there is a

gravitational field given by equation (3), this means that in this region there are n material
objects. It is the gravitational field (3) tied to n different densities of cosmic space that
determines the appearance of n material objects in a given region of space. In other
words, considering a certain region of space, the masses of n particles can be seen as the
“portions” of that region where each of the n densities of cosmic space characterizing that
region assumes its biggest value.

According to the view here proposed, gravitational force exists in cosmic space
itself: it does not act between material bodies, it acts between the additional density of
cosmic space around material bodies ([2], [3], [4])- Considering the classical domain, the
gravitational force acting between two masses m, and m, (situated at distance r) can be
seen as a consequence of a more fundamental attraction between two points of cosmic

Gm,
2
1

density of cosmic space associated with a material object of mass m, in a given point of

mass m,, D,(r,) = is the density of cosmic space existing in the point P and tied to

space characterized by a different density of cosmic space. In fact, if D,(r,) = is the

cosmic space situated at distance r, from its centre, D,(r,) _Gmy is the density of cosmic

2
ry
space associated with a material object of mass m, in a given point of cosmic space

situated at distance r, from its centre, ris the distance between these two particular points

| r21r.?
D,(r)* Dé(rj)'r‘ oy (4) which represents the general law of
r

interaction between two densities of cosmic space (the one associated with the mass m,,

the other associated with the mass m,). Equation (4) establishes that gravity acts between

regions of cosmic space endowed with different densities. On the ground of equation (4),
gravitational interaction turns out to be an a-temporal interaction: it acts instantly through
the density of cosmic space and no movement of particle-wave is necessary for its acting.

It is important to observe that, taking into account the definition of the density of

of space, we can write: F, =

r |
cosmic space (1), Newton’s law F, :Gm'r'—zmzf (5) is perfectly equivalent to equation (4).

We can therefore conclude that, introducing the density of cosmic space, Newton'’s law (5)
can be considered as a particular case of a more general equation, the equation (4), which
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describes the interaction between two densities of cosmic space, the one associated with
the mass m,, the other associated with the mass m,. We are presented therefore with this

interesting perspective: two points of space characterized by a different density of cosmic
space attract each other and this concerns all the pairs of points of cosmic space
satisfying this condition. And the following interpretation of masses’ interaction derives: the
material objects move in the direction where the density of cosmic space is increasing.
But, of course, as each point of cosmic space is characterized by the property of the
density of cosmic space, not only the centres of the objects move but also all the other
points move according to equation (4).

A-temporal physical space can be seen as an elastic medium which has a tendency
to shrink. The more medium is dense, the stronger the force of shrinking. The force of
shrinking is the gravitational force [6]. According to the model here proposed, areas of
lower density have a tendency to move towards the areas of higher density. That is why
objects with lower mass have a tendency to move towards objects with bigger mass.

Moreover, it is important to underline that the density of cosmic space given by
equation (1) predicts a different result from Newton’s shell theorem as regards the value of
the gravitational acceleration inside a planet or a star. According to Newton formula
gravitational acceleration on the point T under the surface of the earth is:

g, =[(m-Am)G]/(r -d) (6) where m is the mass of the earth, ! m is the mass of "shell"

above the point T, G is gravitational constant, r is the radius of the earth and d is the

distance from the surface of the earth to the point T. Instead, on the basis of equations (1)

and (2), the gravitational acceleration on the point T under the surface of the earth is:
mG

&= (! df
acceleration g; on the point T under the surface of earth will be bigger than the
gravitational acceleration g on the surface of the earth for the quantity Ag =g; - g, namely

"g :%! EZ (8). In particular, if we take d=4200 m, on the basis of this formula we
r! r

obtain Ag =0,012922#us™. Instead, according to Newton formula the gravitational

acceleration 4200m under the surface of the earth is given by the relation
:M_@ where r is the radius of the earth, Am is the mass of the “shell” above

(r -4200) r’

the point T and therefore it will be equal to ! g =0,002531s'?. It derives therefore the

possibility to perform a crucial experiment in order to verify the prediction of the density of
cosmic field defined by relation (1) for the value of the gravitational acceleration inside the
earth.

The difference between the prediction of a-temporal gravity theory and Newton shell
theorem as regards the value of the gravitational acceleration under the surface of the
earth determines a different prediction of these two theories also in the speed of clocks.

In fact, according to a-temporal gravity theory, the result of general relativity
regarding the effect of the speed of change (time) can be expressed with the following

(7). This means, for example, that according to our model gravitational

D, . .
formula T =TO§‘ C—E# where T, is the duration of an event measured by an observer on
0

the surface of the earth, T is the duration of the same event measured by an observer
situated under the surface of the earth at a distance / from the surface of the earth, D; is

the density of cosmic space existing in that point. Therefore, at 4200 m under the surface



of the earth we obtain: T=T0g,1| 9,8149667°4200 7%

89875,51787"10" ¢ T, 6! 0,458666"10”2) and thus

T,-T

=0,45856610".

0
This equation shows clearly that the duration of an event measured by an observer
situated at 4200 under the surface of the earth is less than the duration of the same event
measured by an observer on the surface of the earth, and precisely according to a-
temporal gravity theory their difference measured with respect to the duration on the

surface of the earth is given by Tt T 0,458566'10 *2.

0
Instead, by utilizing Newton shell theorem, since gravitational acceleration inside
the earth is different, also the speed of change (time) turns out to be different:

(m-AM)GI

(r-h’c’
Newton formula we have therefore 7 =T,|1- 9’80457614200)=T06— 0,4581‘1012) and

8987551787-10"
thus the difference between the two durations (on the surface and under the surface, of
the earth) with respect to the duration on the surface of the earth is given by

I
L' T =0,4581"10"" .

T :To(l— ) At a point 4200 m under the surface of the earth, according to

0
If one considers T, =1month =30!24!60!60sec =259200(¢c = 2592110°sec, in
correspondence a-temporal gravity theory predicts that
T =2,592-10°(1-0,458666-107"?) =(2,592-10° - 1,18886-10~°)sec = 2591999,999998811 14 sec
and thus T," T =1,18886/10 °sec = 0,0000011888sec, while Newton formula predicts that
T =2,592-10°(1-0,4581-10")sec = (2,592-10° —1,187395-10")sec = 2591999,99999812605 sec
namely 7," T =11888610 °sec = 0,00000118795sec. It derives therefore the possibility to

perform a crucial experiment in order to test the prediction of Newton formula and a-
temporal gravity theory also as regards the speed of clocks under the surface of the earth.

Good place to carry out this experiment in order to verity the predictions of our
theory as regards the value of the gravitational acceleration and the speed of clocks under
the surface of the earth would be in “Western Deep Mine” located in Westonaria, Gauteng
Province, South Africa owned by “Gold Mining Company” from Johannesburg.

3. A new model of an a-temporal, granular and wave space based on the

density of cosmic space

Defining the density of cosmic space through relation (1) a problem may arise: this
formula predicts that for r — 0 the density of cosmic space associated with a given
material object should tend to the infinite. Therefore, what physical sense can be ascribed
to the density of cosmic space existing in the centre of a material object? In this section we
will try to show that the solution to this problem can be obtained by assuming that the
gravity phenomenon is characterized by a wave function and thus by a wave nature.

Drawing a starting point from some recent results of Turanyanin [7, 8] as regards
the idea of a gravity-space phenomenon characterized by a non linear wave dynamics, we
want to suggest a new view of a physical gravity-space, endowed with a wave structure
and in which time exists only as motion of matter. According to this interpretation, the most
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fundamental physical quantities describing space are the density of cosmic space (1) and
a quantum vector Ij defined as T:% (9) and therefore having the dimensions of an

angular momentum for unit of volume and multiplied with the gravitation universal
constant. This quantum vector | can be therefore considered as a sort of “rotation-

orientation” of each point of cosmic space. The quantum number j multiplied for r®/G can
assume integer or half-integer multiple values of the Planck reduced constant in order to
assure consistency with the results of standard quantum mechanics. We will say thus that
each point of cosmic space is characterized by a determinate value of the density of
cosmic space and is endowed with a particular rotation-orientation linked to a particular
value of the quantum number j which can assume integer of half integer multiple values of
hG

ré

In the theory here suggested cosmic space is described in terms of two fields: the

gravistostatic/electric field defined on the basis of the relation E“g = D(:);é (10) and the
C
Y . . . .= _D(Mvlsen" ~ |
gravitokinetic/magnetic field defined on the basis of the relation B, =——————b+—=-
c c

(11) where ¢ is the angle between » and the speed Vv of the particle associated with the
density of cosmic field D(r), B is an unitary vector identifying direction and versus of

L=r!'mv, m being the mass of the particle. The modulus of B, is

g
5 = \/(D(r))z#/z#yenz" + 2+ 2D(r) th#hen" #j#cos!
g

. (12) where ! is the angle between

C
and Ij It is important to observe that the gravitostatic/electric field and the

gravitokinetic/magnetic field here defined have the physical dimensions of a wave vector
and a frequency respectively. It appears thus permissible to introduce the wave function of
cosmic space
3, = Aexp%Zi:i;)f-;o . \/(D(r))Z -y -sen’1 + j* +42D(r) -v-senl -j-cosOt L/ 0-)I# (13)
+ C c (!.
0
where the amplitude A is a function of the point (x,y,z) of cosmic space. A will depend in
general on the density of cosmic space (which represents the universal physical property
of cosmic space) and on the speed of the particle determined by this density of cosmic
space. The wave function (13) of gravity-space can be considered the starting-point of an
a-temporal interpretation of the universe, in which time exists only as motion of matter. In
fact, for v=0 and j=0 (conditions which mean no motion), one can easily see that this wave

D(r) .. r )f#

function assumes the form 0 = Aexpg/i*—=0-1, +. ,
Yo + C

independent from time: this means just that when there is no motion there is no time.

(14) namely turns out to be

3.1. Mathematical description of the case j=0
In the particular case j=0 (which determines the presence of a particle with spin

S=0), the wave function of gravity-space (13) becomes
2 5 = Aexpgli* D(Zr)lb-Fo. MH/O)#
% + C c o

(15). This wave function (15) can be



considered as physically real, in the sense that it satisfies the fundamental and general
1 n 2! S _ [D

. . . 2
(non linear) Klein-Gordon equation $ 7/ ¢ # Z

(:)]2! . (18).
C

Now we put ourselves the following important questions. What is the link between
the wave function of gravity-space (15) and the curvature of a-temporal physical space?
What is the link between this wave of gravity-space and the idea that the presence of a
mass causes four-dimensional a-temporal space to curve, which can be considered the
most important content of an a-temporal interpretation of general relativity?

In order to show the Ilink between the wave of gravity-space

2 = Aexpg2li* D(Zr) K'j-rro . —D(r)-vz-seno
% + C c

time exists only as motion), firstly it is important to develop a causal version of the

1o _[POF, 6
CZ atZ 4 S )

Equation (16) can receive a causal interpretation in analogous way to the
corresponding Klein-Gordon equation of the de Broglie-Bohm version of the quantum
theory of the single particle. In fact, decomposing the real and imaginary parts of this
equation, one can obtain a quantum Hamilton-Jacoby equation for the wave function of

t+/ Oi? (15) and a curved a-temporal space (where

equation Vg -

2 2
gravity field ! ,sS! “S:M(HQ) (17) and the continuity equation ! ,J* =0 (18)
C

20 1t
C4 %} C2 ;.A
bmf A

where Q = (19) can be interpreted as the quantum potential associated

with the wave function (16) of gravity-space, S=2Tn izr)r“rro —wt +g@, | (20)is
c c
the phase of the wave function (15) of gravity-space, A is the amplitude of this wave
2 A2
function and J* =" E(Ar‘)! “S (21) is the current associated with this wave function. In this

way, one could propose that the current defines a congruence of an ensemble of particles
connected with the wave ! ¢, their density being given by J°. The tangent to a world line

would be given by the 4-speed u* which is defined in terms of the 4-momentum of density
of cosmic space via the relation E °#* =!"#S (22) where E,° =ﬂ§r)(1+Q)/2 (23) is a
c

u
“gravitostatic/electric field depending on quantum potential”. Solving u” :% (24) where

! is the proper time characterizing the region into consideration, one could apparently
yield a trajectory x* =x*(!) once the initial position of a particle in the ensemble is

2
specified. The particle acceleration implied by differentiating ! | S “S:h[[():+)]2(1+ Q) (17)

u

=1(<5“# " u'u*) ,logl+ Q) (25) where #* (11111) is the Minkowski four-

is given by 1%~ 3
0

. . . d o
dimensional a-temporal space metric and o =ut .

However, this proposal of a causal interpretation of the Klein-Gordon equation for
the density of cosmic space encounters some problems. In particular, the most important
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problem concerning the treatment of gravity-space in the case j=0 on the basis of equation
2 2
I SIES :h[lz#(l +Q) (17) is perhaps the following: since quantum potential can be a

negative number, in general tachyonic solutions would emerge. For this reason,
analogously to the corresponding equation of motion of Bohm’s version of Klein-Gordon
equation, also the equation of gravity-space (17) cannot be considered the correct
relativistic equation of motion. A correct relativistic equation of motion should not only be
Poincaré invariant but also have the correct non-relativistic limit. On the basis of these
requirements, utilizing an interesting and fruitful suggestion of A. Shojai and F. Shojai [9],
one can substitute the term (1+ Q), which determines the problem here mentioned, with

the quantity expQ which is clearly free from this problem. Therefore, one can propose

2 2
that the correct equation of motion has the form 9,$9"S :Mexp(g (26) which has
c

the correct non-relativistic limit.

Now, one can easily show that the quantum potential originating from the wave
function (15) of gravity-space has an important link with the curved a-temporal space
characteristic of general relativity, in other words that it can be considered the element that
determines a curved a-temporal space. In this regard, one should only change the ordinary

differentiating ! , with the covariant derivative ! , and change the Lorentz metric “ , with

the curved metric g,,, obtaining in this way the equation valid in the general relativistic

domain [10] . By making these operations, the equations of motion for a density of cosmic
space D(r) (determining the presence of a particle of spin zero) in a curved background

1
eooF . (V2 _ Cz) A
are V.J*=0 (27) and g"'! 9 .S=—L1" 71 28), where Q = 9

(29) is the quantum potential. Moreover, in analogy with an interesting observation of de
Broglie [11], the quantum Hamilton-Jacoby equation g"'! St .S :Mexpg (29) for
the phase S of the wave function (15) of gravity-space can also be writti:-n in the equivalent
form ﬁg“"! 8 ..S=hz[lz+)} (30). From this relation it can be concluded that the

quantum effects are identical with the change of the space-time metric (or, equivalently
and even better, of the a-temporal space metric, if it is interpreted in a-temporal sense)

from g, to g, " gL, = g,,,Q which is a conformal transformation. Therefore, equation
exp
2 2 2
1 g"l S ..S=M (30) can also be written in the form g*"'! ! .'.S:M
expQ # c c
(31) where ! L represents the covariant differentiation with respect to the metric gL,.

Moreover, in this new curved a-temporal space metric, the continuity equation assumes
the form g,, v, J* =0 (32).
From this treatment we can now draw the following important conclusion: the

presence of the quantum potential Q associated with the wave function (15) of gravity-
space is equivalent to a curved a-temporal space with its metric being given by



E v

expg

in a certain sense, of the quantum potential associated with the wave function (15) of
gravity-space. In this way, we have demonstrated that there is a significant, important link
between the wave function (15) of gravity-space and the idea of the curved a-temporal
space. We have someway provided a geometrization of the quantum aspects of a density
of cosmic space D(r) (in the case in which it determines the presence of a particle of spin

zero). In this way, it seems that there is a dual aspect in the role of geometry in physics.
The a-temporal space geometry sometimes looks like what we call gravity and sometimes
look like what we understand as quantum behaviour, and the wave function of gravity-
space represents a sort of link between these two elements, which indeed can be seen as
two aspects of the same coin.

Finally, it is interesting to put in evidence the link between the standard Klein-
. , 19y _mic?
Gordon equation V7 -— preaialae
particles without spin and the Klein-Gordon type equation for the wave-function of space

. In other words, the curving of a-temporal space can be considered an effect,

1
g/,w

¥ (33) describing the behaviour of relativistic

" 2,
$2 #—2 oy [D(r)] s (16). One can easily observe that when the density of cosmic
c

mc’

space assumes the value D(r)=

(34), the Klein-Gordon equation for the wave

1"2, 2.2

function of gravity-space (16) becomes $% #—— = mhf
C

> I namely allows us to obtain
the standard Klein-Gordon equation of particles of spin 0. Moreover, the condition
3

D(r)= me corresponds to the condition r* = lpz: this suggests us that the appearance of

a particle without spin described thus by the well-known Klein-Gordon equation derives
from a density of cosmic space corresponding to a distance equal to Planck length. In
other words, one can affirm that the standard Klein-Gordon equation (33) describing the
behaviour of relativistic particles without spin can be considered a particular case of

1aws _[on}
c? ot? e ¥s

equation (16): equation V- 16) can be therefore considered as

, 192 m’c?
more fundamental than equation V% _ 20w _me
c® at? h?

as the generalized Klein-Gordon equation for the density of cosmic space.

¥ (33). We can define equation (16)

3.2. Mathematical formalism about the general case | =0
As regards the general case ;! 0, since the particular case ; :%% corresponds to
r

the appearance of a particle of spin 72, namely a fermion, one can introduce in this case
the idea of a general wave function of gravity-space ! ; satisfying a Dirac-type equation

for the density of cosmic space %*“(H D(r)f (35) where x= (x°,x1,x2,x3)= t,x)
0
N : 0 Oft ,-
and y, are the well-known relativistic matrices )~ = 1( b * =) , 4 and r
" Yo



1 - r
are the Pauli matrices which are linked to j through the relation | :%Gh'—s). The general
r

solution of equation (35) can be expressed as ! ((x)=! {?(x)+! {’(x) (36) where ! {P(x)

represents the wave function of gravity-space associated with the appearance of particles

of spin %2 and Y (x) represents the wave function of gravity-space associated with the

appearance of the corresponding antiparticles. These two set of wave functions of gravity-

space can be expanded as v (x) :Zbkuk(x) (37), " P =1 d. v, (x) (38) respectively
k

[12, 13, 14]. Here u, are positive-frequency 4-spinors of gravity-space while v, are
negative frequency 4-spinors of gravity-space; they together form a complete set of
orthonormal solutions to (35). The label k is an abbreviation for the set (k, j) where k is

the 3-momentum l'c:(pl,pz,ps) and j:G—3S with s:%, is the label of the rotation-
r

orientation of the generic point of cosmic space at distance r from the centre of the density
of cosmic space D(r) (namely where D(r) assumes its maximum value). As regards the
expressions of u, and v, equation (35) leads to the following results:

r . r .
u= Wz(k)expg/‘ IE pyx“f (39) with z=1,2 and v = Wz(k)exp[ﬁ p,x"| (40) with z=3,4, where
0

pO:M and
C
& 1 #
|
3 0

1_cE+hD(r)$ P
W= c $cE + hD(r)! @),
$(P1+ipz :
%E +hD(r)"

0

1
_ce+hD(r)| (p.-ip. )
c CE+hD(r)
Y
_cE+hD(r)_
& pc #
$(:(E+hD r)E
s _CE+aD(r) (P +ip, |
W= c %CE+hD(r) (43),
1

5 o0 i
&(p, " ip, ) #

SE +hD(r)!
s CE+hD(r)g ' P |
= S %c$—E+hD(r) (44).
0

% 1

WZ
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where E is the energy of the particle associated with the density of cosmic space D(r).
Now, by introducing the quantites QP (xx')= Zuk(x)u;(x') (45),

Q(A)(x,x')=2vk(x)v;(x') (46), one can obtain ! ’(x) and ! P(x) from . using

Yy (x)= fd3x'Q(P)(x X Ws(x') (47)and I P (x) = %" P (x,x' ) s(x') (48) where t=t'.
One can also introduce the particle and antiparticle currents associated respectively with
the particle wave of gravity-space y{”(x) and the antiparticle wave of gravity-space

Y (x) defined as 3 =7y &, IV =P 1Y where ¢ =y *y,. Since ! {(x) and
I P(x) separately satisfies the Dirac-type equation (35), the currents J” and J\" are
separately conserved 93 =9#J(¥ =0 (49). Therefore, one can introduce the idea of
trajectories of particles and antiparticles which derive from ! {?(x) and y{’(x) on the
A® j(P)(f, ;(P)) dx®  JAt, XA
d  JO@,xD) ot IN@EW)

basis of the equations: (51) respectively, where

J=(3%,3%7%.
It is now interesting to observe that the well-known Dirac equation for relativistic

particles of spin 72 of standard quantum theory |iy*“9 _me =0 (52) can be seen as a
“ h

particular case of the equation (35). In fact, equation (52) can be directly obtained from

3
(35) in the condition ™ - ( ) namely D(r) = rrh\c thatis r’ :Ip2 and, in correspondence,

the wave functions (42) and (43) become the standard 4-spinors which are solutions of the
Dirac equation of the standard quantum theory for particles. This consideration allows us
to open the following important perspective: the behaviour of relativistic particles of spin %
described by equation (52) derives from the equation of the density of cosmic space for
the particular points of cosmic field situated at distance =1/, from the centre of the

density of cosmic space. In other words, the standard wave functions of Dirac particles can
be seen as particular cases of more general wave functions of gravity space for the
particular points situated at distance r =1, from the centre of the density of cosmic space

into consideration. We are therefore presented with the possibility that equation (35) can
be considered as a more fundamental equation than the standard Dirac equation (52): we
can call equation (35) as the generalized Dirac equation for the wave function of gravity-
space or the Fiscaletti-Dirac equation.

3.3. The granular structure of space as a consequence of the link between the
generalized Klein-Gordon and Fiscaletti-Dirac equations for the density of cosmic
space and the corresponding equations for the particles of standard quantum
theory
In virtue of the mathematical formalism developed in this section, the following
important results can be drawn. The standard Klein-Gordon equation
1"2  mic? . . . .
$2 #??=7l (33) for a particle of spin 0 can be interpreted as a particular case

n 2[
of the generalized Klein-Gordon equation $7%  # [D(r)] s (16) for the density

2 l|2
c t
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of cosmic space, where D(r) =G_2n is the density of cosmic space which determines the
r

presence of that material particle. In analogous way, the standard Dirac equation for a

relativistic particle of spin 72 (z‘y“ay —% =0 (52) can be seen as a particular case of the

Fiscaletti-Dirac equation (z‘y“ay—&;)}h:O (35) for the density of cosmic space
C

D(r) =G—£n which determines the presence of that material particle. In both cases, the two
r

types of equations are equivalent for r =1 . This means that, on the basis of the
mathematical formalism here developed, the behaviour of a material particle derives from

the value that the density of cosmic space D(r) :G—Zn assumes for » =/ . In other words,
r

according to this theory, a given particle appears from the behaviour of an opportune
density of cosmic space in correspondence not to =0, but to r =1 .

This particular link between the standard Klein-Gordon and Dirac equations for
particles and the correspondent generalized Klein-Gordon and Fiscaletti-Dirac equations
for the density of cosmic space suggests thus that the density of cosmic space associated
with a given material particle is a quantity which cannot be defined for r <I, in particular

for r=0. The maximum, and physically sensed, value that it can assume, which
corresponds to the centre of the appearance of the material particle, concerns r =1,

namely is D(l ) =(|3_r2n_ The fact that equations (33) and (52) can be seen as special cases
p

of the correspondent generalized equations (16) and (35), according to the author’s point

of view, means that the density of cosmic space cannot assume all values, is not

indefinitely divisible, but it assumes its maximum (and physically consistent) value for

r =1, because this is the condition which corresponds to the appearance of the material

particle into consideration. Since as regards the density of cosmic space D(r) =@ the

r*’
distance r cannot assume all values but has a minimal size, equal just to Planck length,
one can therefore deduce that cosmic space is endowed with a granular structure at the
Planck scale.

In sum, according to the theory here developed, space turns out to have a granular
structure and in particular is endowed with elementary grains, quanta of space, having the
size of Planck length, as a consequence of the link between, on one hand, the standard
Klein-Gordon equation (33) and the standard Dirac equation (52) for particles and, on the
other hand, the corresponding generalized Klein-Gordon equation (16) and Fiscaletti-Dirac
equation (35) for the density of cosmic space. Therefore, the model here developed allows
us to realize the physical sense that must be ascribed to the density of cosmic space
existing in the centre of a material particle: the density of cosmic space in the centre of a

particle is not infinite but is given by D(l ) =(|3_r2n because the centre of a particle (namely
p

the point where a density of cosmic space assumes its biggest value) corresponds to

r=1,,i.e. cosmic space has a granular structure at the Planck scale.
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3.4. The interpretation of the mass of subatomic particles as a result of resonance
with the gravitokinetic field of space

Since in this approach space is endowed with a wave structure, in analogy with de
Broglie’s postulate of the wave aspect of matter, a sort of resonance could be rightfully
postulated v = B, (53) which means a direct natural connection between the quantum and

gravitation features of a material object. Substituting / :% where E=myc’ (according to

de Broglie’s condition) and equation (12) into equation (53) we obtain
myc? :\/(D(r»z V2 -sen’9 + | +2D(r)-v-send- | -cosn

h p (54) where here m, is the mass of

resonance. On the ground of equation (54), one can say that the appearance of a
subatomic particle endowed with mass derives directly from the gravity field dynamics: a

density of cosmic space D(r) produces a frequency
2 #° %+ " H#i I . .
\/(D(r)) A fisen J 42D(r)#/#sen #) #os in the surrounding cosmic space and
c

then the elementary grains of that region are able to vibrate with that frequency creating
the appearance of mass. According to the view here presented, one can say that each
quantum of space is characterized by a frequency of vibration and each subatomic particle
can be seen as the result of a resonance. It becomes so permissible to draw the following
important consequence as regards the subatomic particles: a frequency of vibration can be
associated with each subatomic particle, which derives from a particular value of the
density of cosmic space and, therefore, from the granular structure of space. In other
words, one can say that each subatomic particle derives from the vibrations of particular
quanta of space surrounding the centre of a given density of cosmic space. In particular, in

m,c> _ D(r)"v"sen!
= 2

the condition of resonance in this particular case. Therefore, for j=0 an electron, since has

a mass of m, =9.10938975410°'Kg, derives from a resonance with a density of cosmic

the simple case j=0, equation (54) becomes (55) which represents

space which satisfies the following condition
1 #34| |
9109389754 107" = D(r)!6,6260755410 .:/.sen$ namely
(2,9979245810°)
D(r)"v"sen# =111,0492713"10” m’s"*. Of course, the mass m, of electron can be itself
Gm

¢ which therefore can be itself seen

associated with a density of cosmic space D‘(r) = =
as an effect of resonance with the surrounding density of cosmic space D(r). In
analogous way, a proton, since has a mass m, =1.6726231%10%' Kg, derives from a
resonance with a density of cosmic space satisfying the following condition
D(r)-v-send6,62607554-107>*
£.99792458-10° )
D(r)"v"sen# = 2039032510°°m?s'*>. Of course, also the mass m, can be itself associated

1.67262311x107 = namely

Gm
with a density of cosmic space D”(r)=—* which therefore can be itself seen as an
r

effect of resonance with the surrounding density of cosmic space D(r). Besides, the quark
u, having a mass m, =6239364910°°Kg, derives from a resonance with a density of
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cosmic space satisfying the following condition
D(r)!v!sen$ 16,6260755410%*

(.9979245810° )
D(r)"v"sen# = 76,060639'10®m?s'® and, of course, can be associated with another density

62393649 10"° =

namely

. G . .
of cosmic space D“(r) = n; which therefore can be itself seen as an effect of resonance
r
with the surrounding density of cosmic space D(r). And so on for all the elementary

particles of physics.
In conclusion, it is also important to underline that there is obviously a difference

Gm
between the density of cosmic space D’(r) =—* associated with a proton and the
r

Gm,

density of cosmic space D“(r) =—;
r

associated with a quark u, despite they both can be

seen as an effect of resonance with a surrounding density of cosmic space D(r). We

know in fact that proton is endowed with an internal structure, because it is composed by
two quarks u and a quark d. In virtue of this fact, it appears legitimate to assume that —
even if both quarks and protons have origin from a resonance with a surrounding density
of cosmic space — while the density of cosmic space associated with quarks is elementary,
instead the density of cosmic space associated with proton can be decomposed in more
elementary densities of cosmic space, those associated with the three quarks composing it

on the basis of the relation D? (r)= D" ()8 + D" (r,)& + D? (r,)A.

4. About the role of the density of cosmic space in non-relativistic
guantum mechanics

4.1. The density of cosmic space and the non-relativistic quantum theory of motion
of the single particle

As the standard model of particle physics establishes that the most fundamental,
elementary particles (i.e. particles devoid of internal structure) are quarks and leptons, one
can assume that each of these elementary particles is associated to a corresponding
“‘elementary” density of cosmic space. Analogously to the macroscopic objects, we define
the density of cosmic space D(r) associated with a certain elementary particle existing in
whatever point situated at distance r from the centre of this particle the quantity

D(r)= rnGri2 (56) where m is the mass of the particle and G is the gravitational constant.

As we have seen in the previous chapter, the maximum value (and physically sensed) of
the elementary density of cosmic space can be obtained for r =1 . This maximum value is

D(,) :IEZ (57) and can be defined as the density of cosmic space existing in the centre

p
of an elementary particle of mass m.

Introducing the concept of the elementary density of cosmic space, the presence of
an elementary particle (such as a lepton and a quark) in a certain region of space can be
seen as the consequence of the elementary density of cosmic space (56) characterizing
that region. The mass of an elementary particle present in a given region of space
depends on the density of the cosmic space of that region on the basis of the relation

14



2
m:M (58). Each elementary particle can be therefore considered a property of
space: if a region of cosmic space has an elementary density of cosmic space given by
equation (56), this means that in the region there is an elementary particle of mass m.

The motion of an elementary particle in space under the action of a force can be
seen as a consequence of the motion of the density of cosmic space existing in that
region. When a particle is moving also the corresponding density of cosmic space is
moving. This implies that introducing the concept of density of cosmic space, one can say
that the movements of the material objects are indeed properties of cosmic space. The
movement of a material particle derives from the motion of the density of cosmic space
characterizing the points of the region of space containing that particle. In particular, we
can say that each elementary particle (which is devoid of internal structure) can be seen
as a physical entity whose motion and behaviour derive from an appropriate elementary
density of cosmic space existing in a central point having the size of Planck length, i.e. in a
central quantum of space (because the elementary density of cosmic space assumes the
biggest value just in this central point or, in other words, the mass of the particle can be
imagined to be concentrated in this central point).

On the ground of these considerations, we propose the following reading of the
mathematical formalism regarding non-relativistic quantum mechanics of the single
particle. Considering a region of space in which there is a subatomic particle devoid of
internal structure (such as the electron), we assume that each quantum of space of this
region is described by a wave function ” = R!exp(S/h) (where R is the amplitude and S is

the phase of the wavefunction) and presents a density of cosmic space given by the

mG

relation D(r =—— (56). We suggest that the density of cosmic space existing in the
r

* | ! 3
generic point r of this region satisfies the general equation i *'t =0} 2;( )( 2 +%$’ (59).
& r #

For r =1, the density of cosmic field assumes the value D(r) = ch and thus equation (59)
I 'oh, % , , . ,
=gy —(“+VvV« (60) which is the standard Schrodinger equation
t & 2m #
describing the behaviour of a subatomic particle of mass m in the presence of a potential V
in the non-relativistic domain. The standard Schrodinger equation of quantum mechanics
can be therefore considered a special case of the more general equation (59) which
describes the behaviour of the wave-function of cosmic space in the non-relativistic
domain. We can call equation (59) as the Schrodinger equation for the density of cosmic
space. Equation (60) can be also rewritten in terms of the density of cosmic space, namely
LKL G, 8
as ih—=0p (“+V'(61).
t g 2DA)I, n
It is important to underline that the Schrodinger equation for the density of cosmic
space (59) can also receive a causal interpretation like in Bohm’s pilot wave theory. In fact,
substituting ” =R'!expES/h) in (59) and separating real part and imaginary part one

obtains that the density of cosmic space, besides a conservation equation
2 3

R ‘v c’RVS

ot D(r)h

becomes ih

=0 (62), satisfies the general, fundamental equation of motion
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L A3
§+%+Q+V =0 (63) where V is the classic potential characterizing the region of
he® ! °R
2D(r) R
describing the quantum effects present in this region. Moreover, the equation of motion

h#D(r)d ; _ (Q+V)

cosmic space into consideration and Q="

(64) is the quantum potential

(63) can be expressed in the equivalent form

3
correspondence to r =1, the density of cosmic space assumes the value D(r) :ch and

s, (vsy

so equation (63) and (65) become respectively o

+Q+V =0 (66) and

d2r
m

dt?
subatomic particle of mass m in Bohm’s pilot wave theory. On the other hand, one can
observe that equations (66) and (67), in terms of the density of cosmic space, can be

=1"(Q+V) (67) which are the classic equations describing the motion of a

rewritten respectively in the following forms — ( 5)2 G +Q+V=0 (68) and
#t 2D(I )'I
D()#A, 2d ="G! (Q+V) (69): equation (66) is completely equivalent to equation (68)

and, analogously, equation (67) is completely equivalent to equation (69). These results
allow us to open the following interesting perspectives. The behaviour of a subatomic
particle according to the laws of quantum mechanics derives from the behaviour of a
wave-function of gravity-space in correspondence to a distance equal to Planck length
from the centre of the density of cosmic space into consideration. The motion of a
subatomic particle as we know it from Bohm's pilot wave theory can be considered an
effect of the motion of the density of cosmic space (56) described by equation (63) or
equivalently by equation (65). In other words, one can say that all quanta of space
characterized by a density of cosmic space (56) move on the basis of equation (63) or,
equivalently, equation (65); among these quanta of space, there is one particular point, the
central quantum of space, which corresponds to r=/,, characterized by the maximum

density of cosmic space, whose behaviour is described by equations (68) and (69). The
appearance of a subatomic particle (devoid of internal structure), which moves in this
region of cosmic field on the basis of equations (66) and (67), derives directly from, and
practically corresponds to, the movement of the maximum density of cosmic space
characterizing that region.

As regards quantum potential, equation (64) allows us to say that it can be
interpreted as the special state of cosmic space for which the density of cosmic space D(r)
as a value similar, comparable with the constant #c®. In the points of space where the
density of cosmic space has a value which verifies this condition, Planck constant
assumes a significant value. This implies therefore that in this region there is a system that
must be described by quantum laws, namely a quantum system. Introducing the concept
of density of cosmic space, quantum potential is a real property of space: it is related to
the granular structure of space because it depends on the density of cosmic space and it
can be seen as the special state of a-temporal space in the presence of microscopic
processes, namely characterizing just the regions where the density of cosmic space (56)
satisfies the condition for which D(r) assumes a comparable value with the constant hc®.
Instead the regions of cosmic field characterized by a value of the density of cosmic space
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D(r) for which the constant hc® assumes a negligible value with respect to the density of
cosmic space D(r) behave classically: therefore, this can be seen as a new formal way to
express the correspondence principle. On the ground of the considerations made here
about quantum potential, this interesting perspective in theoretical physics is opened: all
physical fields and interactions can be seen as entities deriving from real properties of
cosmic space, and thus as special states of space under certain circumstances.

4.2. The density of cosmic space and the non-relativistic quantum theory of motion
of many-body systems

The extension of the non-relativistic quantum model based on the density of cosmic
space to many-body systems is direct. Considering the case in which in a given region of
cosmic space there is a many-body system composed by n subatomic particles (obviously,
devoid of internal structure), each of these particles is associated to a corresponding
elementary density of cosmic space. We assume that the system composed by these n
subatomic particles (and therefore the cosmic space represented by the n corresponding
elementary densities of cosmic space) is described by a wavefunction
" ('rl,'rz,...,'r t) = R'exp(iS/h) depending on the position of all the particles of the systems,

nd

and presents n different densities of cosmic space each due to a particle of the system.
The densities of cosmic space in the generic point P of space, which is situated at distance
r, from the first particle, at distance r», from the second particle, ...and so on, satisfy the

n .3
equation 95 + m +0+V =0 (70) or the equivalent equation
at A 2hD(r)

I
" h"'D(r) dr, | : ", hc "R :
R Ry V) (71). In these equations, =l # ' 72) is the
e I CRN () q =l #:5 R (2

quantum potential (describing the quantum effects of the region) and D(r;) = Gm iz is the

density of cosmic field existing in the point r, and due to the particle i. One can easily
observe that the equations of motion of Bohm’s pilot wave theory concerning many-body
systems derive directly from (70) and (71) in the particular case r, =/, . Therefore, one can
say that the motion of a many-body system composed by n subatomic particles (as we
know it from Bohm's pilot wave theory [15]) can be considered as an effect of the motion of
the densities of cosmic space D(r,) described by equation (70) or equivalently by equation
(71).

According to this view, proton and neutron, for example, can be considered many-
body systems (composed by the combination of three quarks, respectively uud for the
proton and udd for the neutron) that can be treated in the following way (neglecting the

spin). Indicating with D"“(r) = mJGri2 the elementary density of cosmic space associated

with the quark u and with D"(r):dei2 the elementary density of cosmic space
r

associated with the quark d, the equation of motion concerning the density of cosmic
space in a certain point P (and associated with a proton) assumes the following form

" | 3 (1l 1 3 (0l | 3
§+( Syt + (.Sfte + ( 3SZZ'C +Q+V =0 (73). In this equation, r, is the distance
#  2nDY(r)  2hDY(r,)  2hDY(r)

of the point P from the centre of the first quark u (i.e. from the central quantum of space,
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where the density of cosmic space D"(r) = mJGi2 assumes its greatest value), r, is the
r‘1
distance of the point P from the centre of the second quark u (i.e. from the central quantum

of space, where the density of cosmic space D*(r,) = muGi2 assumes its greatest value)
P
and r, is the distance of the point P from the centre of the quark d (i.e. from the central

quantum of space, where the density of cosmic space D"(rs):dei assumes its

2
3

greatest value). Besides, it is important to underline that according to the model here

proposed, the near equality of the masses of the quarks u and d (about 350M—§V) can be
c

seen as a consequence of the near equality of the elementary densities of cosmic space
existing in the centres of each of these quarks.

5. Conclusions

Starting from the idea that time exists only as motion of matter and introducing the
concepts of the density of cosmic space new perspectives are opened in gravitation and
the interpretation of physical space. In this interpretation, mass can be considered a
physical entity which is not so much different from cosmic space (in the sense that it can
be seen as the portion of space where the space is denser). The state of gravity-space
can be described in terms of two fields, namely the gravitostatic field and the gravitokinetic
field, which are defined in terms of the density of cosmic space and of a quantum number j
indicating a sort of rotation-orientation of each elementary grain of cosmic space. In virtue
of the features of these fields, a wave function of gravity-space and therefore the idea of a
wave gravity-space have been introduced. In the particular case j=0, the wave function of
gravity-space satisfies a generalized Klein-Gordon equation and, in this regard, it has been
shown that there is a link between this wave function of gravity-space and a curved a-
temporal space. Moreover, in the general case ! 0 (which corresponds to the

appearance of a particle of spin %) a generalized Fiscaletti-Dirac equation for the density
of cosmic space has been introduced. The well known Klein-Gordon and Dirac equations
for elementary particles can be seen as special cases of the generalized Klein-Gordon and
Fiscaletti-Dirac equations for the density of cosmic space. The link between the standard
Klein-Gordon and Dirac equations for particles of standard quantum theory and the
corresponding generalized Klein-Gordon and Fiscaletti-Dirac equations for the density of
cosmic space allows us to justify the fact that space has a granular structure at the Planck
scale and thus that the density of cosmic space is not infinite in the centre of a material
particle. Besides, the possibility is opened that each mass derives from a resonance with
the frequency of the wave of gravity field. Finally, it has been shown that the density of
cosmic space assumes an important role in non-relativistic quantum mechanics. In sum,
we can say that the interpretation of gravity-space provided in this article can be
considered the starting-point of a modification in the 20™ century field-geometry paradigm
towards a real granular-wave-dynamic picture and deeply holistic view of the universe.
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