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ABSTRACT

This article fits in the context of the researches of general formulations of Physics
that propose satisfactory answers for the unification of the theories of Quantum
Mechanics and of General Relativity, contributing additionally with the studies that
approach a discrete structure of space-time and a quantum theory to gravity. The
objective is to present a primary structure in which matter and space-time emerge as
possible arrangements, compatible with the observable universe and with the two
great theories mentioned. The methodology is based on the Discrete Wavelet
Transform, a widespread mathematical tool in the signal processing area, used to
model the primary structure from which space-time and particles derive. Unification
efforts that compose String Theories and Loop Quantum Gravity are used in this
proposal. The results make it possible to meet the stated objective and, additionally,
to model dark energy and dark matter. In addition, an experimental observation is

proposed to validate this proposal.
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1. INTRODUCTION

The Special and General Theories of Relativity (EINSTEIN, 1995; PIATTELLA, 2020;
EINSTEIN, 1922) reformulated the understanding of space and time, presenting
them as parts of a single structure: the space-time continuum. Furthermore, in the
General Theory of Relativity it is established that gravity is the interpretation of the

deformation of space-time.

The conclusion that energy has discrete values brought to light a series of
experiments, conceptual formulations and mathematical models that, like Relativity,
distance themselves from the non-relativistic classical physics (adhering to common
sense) that appeared until the end of the 19th century. . This set of concepts is
condensed in Quantum Mechanics (STAMATESCU and SEILER, 2007).

Both Relativity and Quantum Mechanics enjoy enormous success in predicting
theoretical results if confronted with experiments. Despite other considerations, these

two supports of modern physics have their formulations in the space-time continuum.

The widespread success of the application of Field Theory to Quantum Mechanics
made it possible to add efficiency and greater understanding to the domain of
phenomena and to the studies of this Mechanics. It is this combination that results in

the current standard model of Particle Physics.

However, the attempt to apply, in a similar way, Field Theory to General Relativity
proved to be frustrating (KUCHA, 1988). This highlighted the difficulty of modeling
gravity as the field of a force mediated by a discrete particle, in this case, the

graviton.
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As a consequence, Quantum Mechanics presents three of the four forces that exist in
nature (electromagnetic, strong, weak and gravity) mediated by particles, that is, they
are agents of discrete action, but it does not deal with the gravitational force
(BOJOWALD, 2015).

General Relativity explains the fourth force (gravity) as a continuous agent of
transmission: space-time. More than that, the deformation of space-time (gravity) is
caused by the presence of mass (interrelating stage, space-time, and actors, mass

and energy): no mass, no deformations.

However, some studies available in the literature (CHIAO, 2003; GREENE, 2001;
SMOLIN, 2002; KAKU, 2000) require the combination of both theories. The problem
is that this can generate incongruous results, notably, in particular, infinity is obtained
as the value of physical quantities (absurd). Furthermore, from Quantum Mechanics,
the Uncertainty Principle leads to the conclusion that, in an absolute vacuum, any
fields (including gravitational ones), on a sufficiently small scale, must oscillate
(randomly). Indeed, there would be generation and variation of gravitational field

without the presence of mass, which clashes with the General Theory of Relativity.

That said, it appears that there is a deep basic structural disagreement regarding
causes and effects in the joint use of Quantum Mechanics and Relativity (CHIAO,
2003), a problem that must be solved in order to obtain a unified model that
correlates physical effects , observations and theories (GREENE, 2001; SMOLIN,
2002; KAKU, 2000).

Feynman says that the only true test of a scientific theory is experimentation
(FEYNMAN, 1965). Taking this as a premise, it is necessary to focus on the success
and precision of Relativity and Quantum Mechanics as beacons for any new theory

that seeks to unify them.
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One way to guarantee the aforementioned alignment is to keep space-time as the
transmission element of gravity information, that is, the agent through which the
presence of this basic force of nature is perceived is the deformation of space-time.
In parallel, the discrete treatment applied to the other force mediators must be
maintained, which leads several studies to a discrete formulation of the gravitational
mediator (SCHULZ, 2014; BOJOWALD, 2015).

Indeed, a possible solution coherent with such pillars will present a space-time
discretization. The scientific literature brings some examples (DOPLICHER et al.,
1994) in which space-time starts to be perceived as Quantized Space-Time (ETQ). It
is essential that the ETQ presents a characteristic that, in large-scale interpretations,
that is, in dimensional segments compatible with those involved in the experiments
carried out up to the current stage, is equivalent to a deformation in space-time if this

is assumed, even in a approximation, as continuous.

Thus, it can be stated that the physical laws must be represented by a model that is
valid in relation to experiments and approximations considered in other theories that

present more restricted validity of use (theoretical covariance).

Note that, ultimately, theoretical covariance results in a profound unification, in the
sense that it points to the need for the ETQ to be defined by the same basic set of

information that defines matter-energy.

It is not the intention of this article to present adjustments or adjustments to the
equations that model gravity or other forces. But the objective is to define the
physical-mathematical model of a generic point in the universe to enable the
determination of such equations. Therefore, in addition to this introduction, this
manuscript is structured as follows: a presentation of Principles of the Discrete
Wavelet Transform, basis for the proposed model; the presentation of the main

contribution of this article, approaching some particular aspects, in particular
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considerations about dark matter and energy, and observations that can prove or

disprove the presented model; and, finally, a brief conclusion.
2. PRINCIPLES OF DISCRETE WAVELET TRANSFORMATION

The Discrete Wavelet Transform (DWT) is used to represent quadratically integrable
functions, that is, formula 1, where formula 2 is the space defined by the Formula 3
functions that satisfy the following condition (MALLAT, 2009):

The Discrete Wavelet Transform (DWT) is used to represent quadratically integrable

f(S)ELE(]E}’on HEDHDREL*( R).

functions, that is,, is the space

. . g . . iy
defined by the functlonsf( ) that satisfy the following condition (MALLAT, 2009):

fmf(e)zae <,

(1)
In this way, a function is represented as:
I oo glk)
F6) =) cos(8) + Z D dijeors (0).
j=0 =0 j=0
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(2)
0;(0) . . Vi, wy;(6)
on what make up the basis of the functional subspace J are
Wi | N ~ g(k):N—N
bases of subspaces . The integer and the function ,

depend on the adopted DWT basis and on the size of the interval of the considered

parametric domain De.

These functional spaces have the following characteristics:

w, = L W) (3a)
2@ = we (3¢)
(3e)

ij- 1 Wki,para Vi # j:
Wy <V, paraj > k. (31)

The spaces Vo and Wk are generated by (BURRUS et al., 1998):

Vo = span{@;|j € Z} e W), = span{wy;|j € Z}.
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Source: based on illustrations by Burrus et al. (1998).

In equation (3b), and according to Figure 01, it appears that the functional space

W is defined as the orthogonal complement of Vj about Vj+1.

©;(0) e wy;(0)

The base functions are obtained as follows:

@;j(0) =0 —j)e
k (5)
w;j(0) £ 22w(2%0 — j),
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¢;(6)

where j and k € N are, respectively, translation and scaling indexers and g and
wy;(0) _ |

are called parent and parent functions, respectively.(5)

¢ di
The coefficients and , used in equation (2), are calculated by the inner
product:
~ (o, @)= | f@);0)00,
- +Co
3y©®) = (o @) = [ f©@)rs(8)30.
—Co

(6)

N | o —9;(6)
Although it is not a requirement to be a wavelet, in this study, the functions

wy;(8)

and of interest are those orthonormal.

From now on, the Dirac notation (DIRAC, 1939), Bra-Ket, will be used to denote the

wavelet basis functions. In fact, (2) is rewritten as:

i o g(k)
F©@) =) gl @)+ ) > dijlwg (6))
j=0 k=0 j=0
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(7)
3. UNIQUENESS PRINCIPLE

In the present study, assumptions (P) and boundary conditions (CC) are used to
establish a standard model, to be defined in the subsequent equations, and to apply

to it what is verified in the known universe.

Before presenting the definition of the principle of uniqueness, it is necessary to

introduce the following premise:

Premise P 01: the universe can be modeled from a single physical quantity and its
variations. The aforementioned greatness is called arché, a term used by Pre-
Socratic philosophers to designate the original substance (SPINELLI, 2002).

Arché and a generic image of this magnitude are denoted, respectively, as

N, ulR) eER
The principle of uniqueness is defined as:

— Arché is the basic physical quantity of nature, from which the others derive;

— The physical dimensions are discrete and can be represented by orthonormal basis

functions;

— The particles have their properties defined by the vector of coefficients A (whose

components are associated with the mentioned functions); and

— The causes and effects that relate particles and dimensions define the laws of

nature.

In effect, consider a hypothetical discrete universe for which:
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S={k}cN o
- defines the spatial dimensions, where k enumerates these
dimensions;
, in which formula ‘% defines the spatial coordinate associated

with dimension k, that is, defines a point in space; and

= . _—
- A {akfk} Z gathers all the information that defines a particle.

{ij}ﬂ

In this study, positive and negative polarity designate, respectively, and
{ij <0

Then, it is possible to represent the k-th spatial dimension (Sk) using a basis function

of the DWT K (@)

coordinate, the spatial location, in Sk.

to model this dimension, with k representing it and j the

1)

Thus, it is possible to initially define as a set formed of arché images, , and

candidate to model the observable wuniverse. A subset is defined,

U:(2) cU2), teN c(2)

. . u . L
, to which it belongs , & generic point in the

universe with K spatial dimensions. Such a point can be modeled and defined by:

K-1
u,(2) 2 u(S,D, A, t,02) = 2 At g | @k, (2)),
k=0
(8)
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(=
At . The variable ]k' € D

on what is the same variable j that represents the

displacement in the DWT: the sub-index was added due to the inexistence of the
sum in j, in equation (8), signaling the possibility of this index varying as a function of
K.

U.(2) tem K* e K-K*

In the particular case where ', respectively, expanded

spatial dimensions and unitary spatial dimensions, for:

_k=K" jxr=0

:and

0< jr=g(k)EN

— Other cases,

In the particular case of the observed universe, K*=3.

u.(2)

Then, is the generalization of the points that describe any element of

{u:(2)} = U, ()

| | U, (2
covering all extensions of S. Consequently,

Uu(n)

models a

subset that spans any point in the K spatial dimensions of

As equation (8) represents a generic point in the universe with K spatial dimensions

U.()

in the subset enumerated by t, the subsets t represent the possible variations

U:(2) UQ)

that occur in S space and, therefore, models any “t” moment of

t €{0,1,2,...,t 0 SN

Indeed, using as the variable that denotes the

sequence of variations that occur in the spatial dimensions, one can define the

U(ﬂ)how

universe
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t]‘ﬂ ax

UQ) = U U,().

(9)

That said, it is necessary to describe how the coefficients of A, which define the

UQ)

particles and are present in any element belonging
, allow the existence of a vacuum.

Boundary Condition CC 01: the empty space, the vacuum, presents intense
variations of fields in reduced scales.

In fact: t is equivalent to the (discrete) dimension in which the change in the K spatial

dimensions is verified, that is, it is the unit that is equivalent to Planck’s time; and the

vacuum is a consequence of the random variation (non-currents) of the coefficients
0<t<tnm

belonging to A in defined regions of S along (resulting in Quantum

Fluctuation).

un)

Thus, the effective identification of a particle in is given by the coefficients

Aj

belonging to vector A coherently constituted in time intervals At and of space

a

. tkj
(staying the same J

in trajectories described in k, j and t). From the above, the

particle is also represented by:
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K-1

u,(2) £ z Qi | @i, (1)),

k=0
emquet =t < t+Atej, <ji. = jpr t 4.

(10)

Given the modeling presented in equation (10), a hypothetical universe can be
*

defined where, at least for some At , this universe contains a subset that

U (2) cUR)

. Then, from the arché

M(2)

differs from any representation of

magnitude, it is possible to generalize the representation of the multiverse
as the union of the set of all universes (classical, after the observation of

U(ﬂ) e

superimposed states) possible to be represented by

M) 2 U um(n)

m=0
(11)

Thus, space, time and particles result from interpretations, with particular

approaches, of a single base structure, represented by equation (10).

UQ

to add characteristics of interest that make it possible to model universes
described by Quantum Mechanics and Relativity, such as ours, two models are

proposed.
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3.1 MODEL 1

This model uses the mapping of parameters from String Theory (POLCHINSKI, 1998;
BARBON, 2004; ABDALLA, 2005), or from Superstring Theory, in the description

presented in equation (8). In that case:

— The amount of spatial dimensions foreseen in the String Theory variant considered,
added by any dimension(s) due to the need to express parameters (such as closed

strings, loops), is given by K; and

a_ M
_ The coefficients K/ mirror the frequency at which the string vibrates in the
ey () | . |
dimension A robust advantage of this modeling is that String Theory
becomes a background-independent theory (that is, space-time also becomes the
object of explanation of the Theory, in this case, the ETQ).

3.2 MODEL 2

Considering equations (8) and (10), the term Spaj is used in this article to designate
effects of coefficients of vector A (in whole or in part) related to Sk and that define
their effects in it.

g ,
Premise P 02: Spaj affects Sk, that is: KJ has its action on “kj (ﬂ)

U(Q)

If has particles as force mediators, the present modeling would result in
something similar to Model 1 and would not explain the action of sources of gravity in
space-time, pillar of General Relativity (although it may explain gravity as the
exchange of graviton). Then, given P 02, in Model 2 it is required the description of
how Sk acts as a force mediator, replacing the virtual particles. This explanation is

similar to the one presented in General Relativity.
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Boundary Condition CC 02: mass is a quantity that is conventionally positive and a

source of gravity.

uQ)

Following the modeling of , defines itself

ko €{0,1,2} e k, €{3,4,... K — 1}

as, respectively, the three extended (traditional) spatial dimensions (compatible with
what is seen in our physical universe) and eventual additional spatial dimensions
necessary to explain properties of the universe.

Then, given P 01, P 02, CC 01, CC 02 and the fact that gravity acts on Sko, we have

Ak, € {aﬂ}'n' A1y ﬂzjz]-

that the mass results from the components of , here

arbitrated as positive polarity. Consequently, in order not to be restrictive to the

_ . : Qg § : :
modeling in progress, it is assumed the existence of KoJ of negative polarity.

aj i iy . . . .
How  KoJ positively polarized has the effect of gravity, one can generalize this
identification and, with that, obtain two conclusions:

a_ N
— Gravity results from the same polarity of KoJ ; and

Hﬁ(ﬂ)} de ah’gj

— Different polarities (consistent with generates antigravity.

This proposed generalization, according to equation (10), has the potential to explain
and model Cosmic Inflation (GUTH and STEINHARDT, 1984) and the effects
attributed to dark matter (CORBELLI and SALUCCI, 1999; FENG, 2010) and dark

a_ .
energy ( RIESS et al., 1998) from the properties of Ko . dark matter is modeled
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ﬂ_ .
by Koj negatively polarized, while the effects related to dark energy and Cosmic

. . . : Qg i
Inflation are modeled by alternating polarity regions of KoJ

In the case of the three extended spatial dimensions, the gravitational and

antigravitational actions on Sk are verified as an interpretation of:

{Ikuj >0 ou akuj' <0
— Gradient: the existence of (identical polarity

coefficients) induce gravitational field flux, the very fabric of the ETQ (contraction of
these dimensions), for such particles; and

. . ﬂkj}[]e{lkj{[]_ . -
— Divergent: the existence of ™0@ 0 (inverse polarity coefficients)
induce an antigravity field source, the very fabric of the TSQ (space-time stretch),

between the particles.

The convergence of the ETQ flux has an intensity equivalent to the (discrete)
curvature of space-time presented in General Relativity. In addition, the absence of

said polarization results in spatio-temporal distension.

However, these models are completely arbitrary if there is no law or property that

defines some limit or rule for akﬂj. Thus, considering that the generation of a
particle also results in the generation of an antiparticle, that the proposal is that A (in
this model) defines the properties that characterize them and that it is possible to
base the 1st Law of Thermodynamics in this model, it is proposed to premise
presented below.

Premise P 03: the sum of the coefficients of the spatial dimensions at an instant t is

Zero:
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(12)

- Ay i " . . :
So each coefficient ~ KJ positive has a negative equivalent (or a sum that equals it)

and vice versa.

Although for sufficiently large that it is possible to establish a means of

meeting P 03 and canceling gradients, given the proportional existence of

A i <0
coefficients 0 and given the boundary conditions that led to the concepts

of dark matter and dark energy, we conclude that it is of interest to use the polarities

a

of k.jO

in modeling the causes of these conditions.

a »
Indeed, given that KoJ positive polarity defines the matter (mass) verified in the

galaxies, to balance the predicted sum in P 03, one can model the effect attributed to
. . Aj. i . .
dark matter (at least in part) to an accumulation of KoJ negative polarity around

. . . . Qg i : .
galaxies. It is also possible to propose alternating layers of KoJ polarized, forming

gravitational belts.

It is interesting to note that between the two regions of reversed polarities (the galaxy
and dark matter) there will be antigravity in a null belt of polarities. Indeed, at the
boundary of this belt with the galaxies, antigravitational forces press their periphery
towards their interior, an effect of the ETQ flux from the divergence to the gradient.
Then, as the modeling under construction is of the universe we observe, predictions

can be made:
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— Between a galaxy and the dark matter that surrounds it, there is at least a narrow
region without relevant gravitational effects and, as a consequence, if there are more
gravitational belts, they can also be observed through their effects, generating

alternating regions with and without gravitational lensing ; and

— In the collision between galaxies, before the direct encounter of the matter that

composes each one of them, the antigravitational effect will be perceptible given that

a;. j <0 ] ]
the belt of 0 (dark matter) will be compressed further against the matter

(a, : > 0)
in the galaxies koJ .

a, : <0
So just as it spawns between the belts ( KoJ )

(akuj' = D)
gravitational divergences (antigravitational effects attributed to dark

and the respective galaxies

energy — see Figure 02), in the space between galaxies, regions of alternating

>0 <0

{1 .
it's from KoJ generate the effects attributed to dark

{1 .
polarities of KoJ
energy. Note, then, that the explanation for the existence of regions with and without

o . : e Qi
galaxies is given in terms of the existence of polarities in Koj

RC: 112487

Available in: https://www.nucleodoconhecimento.com.br/fisica-en/unification-of-physics



https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/fisica-en/unification-of-physics
https://www.nucleodoconhecimento.com.br
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/02/formula-70.png
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/02/formula-73.png
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/02/formula-72.png
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/02/formula-71.png
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/02/formula-74.png
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/02/formula-75.png
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2022/02/formula-63.png

~/ e _,{:\" MULTIDISCIPLINARY SCIENTIFIC JOURNAL  REVISTA CIENTIFICA MULTIDISCIPLINAR NUCLEO DO

@ NUCLEO D)  CONHECIMENTO ISSN: 2448-0959

N ‘b’ "“ & CONHECIMENTO  https://www.nucleodoconhecimento.com.br

Figure 02: illustration of the actions of gravity and antigravity in a galaxy (blue): the

yellow and green belts indicate, respectively, domains of dark matter and energy.

Antigravidade — divergéncia do ETQ

Gravidade —

convergéncia do ETQ
Fonte: Autor.

U:(2)

It should be noted that the subsets, when taken sequentially, constituting

u() w1y (6))

, result in an additional dimension (time) also defined by In fact,

we have Spaj in this temporal dimension identical to what occurs in any other of the

dimensions (spatial).

_}
For t 0, that is, sufficiently close to the origin of the universe, the breaking of the

a .
superposition of states assigns polarities to the KoJ coefficient, that is,

ap j <0e a j =0 _ _ _
0 0 and, and clusters of these in an embryonic universe,

defining the ETQ morphology and the disposition of the matter in it.
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Similarly, the definition of natural laws verified in our universe is a particularity among

the superimposed states of , and there may even be a sequence in which

U:(2)

neighbors are not correlated (chaos). It is, therefore, the relations of mutual

induction between A and S, which occur along t, that define a particular after

loss of overlap.

It is interesting to note that the assumption of an ETQ allows for a solution to the

following question.

t; <1t,
According to General Relativity, for measured by 2 observers (X and Y) in

. o , _ to — £ .
reference frames with different strength gravitational fields, the interval 2 Lis
measured larger by whoever is in the smaller gravitational field (assume it is X) in
relation to the other observer (Y). In other words, the distance in the time dimension

tiet
between the positions in 1 z they do not coincide due to the different

gravitational attractions of the frames of reference, exactly as in the spatial
dimensions. It happens that, in space, when bodies do not collide, it is due to some
opposite force or relative motion (such as planets in orbits): a meteor that
approaches the Sun with a velocity lower than the escape velocity will inevitably
collide with the star; and, considering black holes, when reaching the event horizon, it
is not even possible to propose a realistic escape velocity. Two black holes can be
far enough apart in space that there is no gravitational interaction between them. But

tiet
in the space-time continuum, it is always possible to arbitrate 1 2 close as you

like (including within the event horizon) and yet there is no (a strange) collapse in
time of any massive bodies (stars, planets, a pan in the kitchen of a house or a
proton in the nucleus of a a helium atom). In the continuous dimensional structure,

there is no explanation for the non-existence of the aforementioned collapse.
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The other forces found can be modeled with additional spatial dimensions and unit
extension, as proposed by String Theory and its variants. But, unlike these, the
proposal is that dimensions replace fields, like gravity. Indeed, take the example of

the electromagnetic force.

Consider that k = 3 in equation (8) defines the actuation Spaj corresponding to the
electromagnetic force. Although it is unitary in spatial extent, this is sufficient for a
surface of unit thickness parallel to each spatial dimension and, as an effect, the
attraction or repulsion in this parallel layer results in the acceleration of particles in

the spatial dimension.

The difference between gravitational and electromagnetic Spaj is that for the latter

we have:

— Identical polarities result in divergent, S3 generation; and

— Different polarities constitute gradients, contraction of S3.

Similar mechanisms can be applied to other forces (such as 3 unit dimensions for
color charges, present in quarks and gluons) and other particle properties (spin, for
example), provided that discrete modeling results in the continuous approximation

presented in experiments and literature.

4. FINAL CONSIDERATIONS

In this article, a model was proposed for the unification of Quantum Mechanics and
General Relativity: space, time and matter are treated as quantum information
generated by a single physical variable. The proposal can either be used to
generalize String Theory (and its variants), incorporating the ETQ, as well as to
establish parameters that qualify particles and their relationship with discrete space-
time, modifying the conception that messenger particles intermediate the relationship

between the other patrticles for an intermediation performed by discrete dimensional
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units. In the latter case, in particular, the 3 expanded spatial dimensions of the ETQ

constitute the gravitational field.

Additionally, the model provides an explanation for dark matter and dark energy,
presenting gravitational and antigravity sources as a natural result of the parameters

that define matter and the boundary conditions verified experimentally.

Finally, verifiable effects were proposed so that the model presented can be

empirically tested.

The theory proposed in this study has gaps that prevent a complete explanation that
describes our universe, such as: it is not able to explain the reason why the
multiplicity of possible particles to be modeled, according to equation (10), is not
observed; is not structured as a proposal that answers the reason why the observed
dynamics, considering the k, j and t coordinates, specifically describes formula 83 of
our universe, an issue apparently related to the question of the collapse of the wave
function or measurements (BASSI et al., 2013), also not addressed in this study;
does not provide a solution to the singular conditions of the beginning of the universe
(PENROSE, 2006); and, although it makes it possible to model particularities of the
evolution of the universe, such as Cosmic Inflation, it does not present an approach

to possible causes.

As proposals for future work, in addition to experiments that can prove or disprove
the present study, the deduction of discrete equations (or adequacy of existing ones)
from the models available in the scientific literature on the subject is indicated and,
from equation (10) , verify if there is a possible correlation with the Uncertainty

Principle.
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