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Abstract

In this paper in an elegant way will be presented the unity formulas for the
coupling constants and the dimensionless physical constants. We reached the
conclusion of the simple unification of the fundamental interactions. We will
find the formulas for the Gravitational constant. It will be presented that the
gravitational fine-structure constant is a simple analogy between atomic
physics and cosmology. We will find the expression that connects the gravita-
tional fine-structure constant with the four coupling constants. Perhaps the
gravitational fine-structure constant is the coupling constant for the fifth
force. Also will be presented the simple unification of atomic physics and
cosmology. We will find the formulas for the cosmological constant and we
will propose a possible solution for the cosmological parameters. Perhaps the
shape of the universe is Poincare dodecahedral space. This article will be fol-
lowed by the energy wave theory and the fractal space-time theory.

Keywords

Fine-Structure Constant, Proton To Electron Mass Ratio, Dimensionless
Physical Constants, Coupling Constant, Gravitational Constant, Avogadro’s
Number, Fundamental Interactions, Gravitational Fine-Structure Constant,
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1. Introduction

In ancient Greek philosophy, the pre-Socratic philosophers speculated that the
apparent diversity of observed phenomena was due to a single type of interac-
tion, namely the motions and collisions of atoms. The concept of “atom” pro-
posed by Democritus was an early philosophical attempt to unify phenomena
observed in nature. Archimedes was possibly the first philosopher to have de-

scribed nature with axioms and then deduce new results from them. In the late
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17" century, Isaac Newton’s description of the long-distance force of gravity im-
plied that not all forces in nature result from things coming into contact. New-
ton’s work in his Mathematical Principles of Natural Philosophy dealt with this
in a further example of unification, in this case unifying Galileo’s work on terre-
strial gravity, Kepler’s laws of planetary motion and the phenomenon of tides by
explaining these apparent actions at a distance under one single law: the law of
universal gravitation.

In 1814, building on these results, Laplace famously suggested that a suffi-
ciently powerful intellect could, if it knew the position and velocity of every par-
ticle at a given time, along with the laws of nature, calculate the position of any
particle at any other time. Laplace thus envisaged a combination of gravitation
and mechanics as a theory of everything In 1820, Hans Christian 0 rsted discov-
ered a connection between electricity and magnetism, triggering decades of work
that culminated in 1865, in James Clerk Maxwell’s theory of electromagnetism.
In his experiments of 1849-50, Michael Faraday was the first to search for a un-
ification of gravity with electricity and magnetism. However, he found no con-
nection. In 1900, David Hilbert published a famous list of mathematical prob-
lems. In Hilbert’s sixth problem, he challenged researchers to find an axiomatic
basis to all of physics. In this problem he thus asked for what today would be
called a theory of everything. After 1915, when Albert Einstein published the
theory of gravity (general relativity), the search for a unified field theory com-
bining gravity with electromagnetism began with a renewed interest. In Eins-
tein’s day, the strong and the weak forces had not yet been discovered, yet he
found the potential existence of two other distinct forces, gravity and electro-
magnetism, far more alluring, coupling), is a number that determines the strength
of the force exerted in an interaction. In attributing a relative strength to the four
fundamental forces, it has proved useful to quote the strength in terms of a
coupling constant. The coupling constant for each force is a dimensionless con-
stant.

In physics, a coupling constant or gauge coupling parameter is a number that
determines the strength of the force exerted in an interaction. In attributing a
relative strength to the four fundamental forces, it has proved useful to quote the
strength in terms of a coupling constant. The coupling constant for each force is
a dimensionless constant. A coupling constant is a parameter in field theory,
which determines the relative strength of interaction between particles or fields.
In the quantum field theory the coupling constants are associated with the ver-
tices of the corresponding Feynman diagrams. Dimensionless parameters are
used as coupling constants, as well as the quantities associated with them that
characterize the interaction and have dimensions.

In physics, the fundamental interactions, also known as fundamental forces,
are the interactions that do not appear to be reducible to more basic interactions.
There are four fundamental interactions known to exist: the gravitational and
electromagnetic interactions, which produce significant long-range forces whose

effects can be seen directly in everyday life, and the strong and weak interac-
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tions, which produce forces at minuscule, subatomic distances and govern nuc-
lear interactions. Some scientists hypothesize that a fifth force might exist, but
these hypotheses remain speculative. Each of the known fundamental interac-
tions can be described mathematically as a field. The gravitational force is attri-
buted to the curvature of spacetime, described by Einstein’s general theory of re-
lativity. The other three are discrete quantum fields, and their interactions are
mediated by elementary particles described by the Standard Model of particle
physics.

Archimedes constant 7 is a mathematical constant that appears in many types
in all fields of mathematics and physics. It is also found in various types from
other disciplines, such as Cosmology, numbers, Statistics, fractals, thermody-
namics, engineering, and electromagnetism. Archimedes constant m appears in
the cosmological constant, Heisenberg’s uncertainty principle, Einstein’s field
equation of general relativity, Coulomb’s law for the electric force in vacuum,
Magnetic permeability of free space, Period of a simple pendulum with small
amplitude, Kepler’s third law of planetary motion, the buckling formula, etc.

Golden ratio ¢ is an omnipresent number in nature, found in the architecture
of living creatures as well as human buildings, music, finance, medicine, philos-
ophy, and of course in physics and mathematics including quantum computa-
tion. It is the most irrational number known and a number-theoretical cha-
meleon with a self-similarity property. The golden ratio can be found in nearly
all domains of Science, appearing when self-organization processes are at play
and/or expressing minimum energy configurations. Several non-exhaustive ex-
amples are given in biology (natural and artificial phyllotaxis, genetic code and
DNA), physics (hydrogen bonds, chaos, superconductivity), astrophysics (pul-
sating stars, black holes), chemistry (quasicrystals, protein AB models), and
technology (tribology, resistors, quantum computing, quantum phase transi-
tions, photonics). The fifth power of the golden mean appears in Phase transi-
tion of the hard hexagon lattice gas model, Phase transition of the hard square
lattice gas model, One-dimensional hard-boson model, Baryonic matter relation
according to the E-infinity theory, Maximum quantum probability of two par-
ticles, Maximum of matter energy density, Reciprocity relation between matter
and dark matter, Superconductivity phase transition, etc.

Euler’s number e is an important mathematical constant, which is the base of
the natural logarithm. All five of these numbers play important and repetitive
roles in mathematics and these five constants appear in a formulation of Euler’s
identity. Euler’s number has many practical uses, especially in higher level ma-
thematics such as calculus, differential equations, trigonometry, complex analy-
sis, statistics, etc. Euler’s number frequently appears in problems related to
growth or decay, where the rate of change is determined by the present value of
the number being measured. One example is in biology, where bacterial popula-
tions are expected to double at reliable intervals. Another case is radiometric
dating, where the number of radioactive atoms is expected to decline over the

fixed half-life of the element being measured. From Euler’s identity the following
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relation of the mathematical constant e can emerge e = i/,

Gelfond’s constant, in mathematics, is the number €7, e raised to the power 7.
Like e and m, this constant is a transcendental number. It was named after the
Soviet mathematician Aleksandr Gelfond. Gelfond’s constant were singled out in
Hilbert’s 7 problem as an example of numbers whose excess was an open problem.
This was first established by Gelfond and may now be considered as an application
of the Gelfond-Schneider theorem, noting that e* = (ei“ )71 =(-1)

Euler’s constant is a mathematical constant usually denoted by the lowercase

i .o
=1".

Greek letter gamma ()). The number y has not been proved algebraic or tran-
scendental. In fact, it is not even known whether y is irrational. The numerical
value of Euler’s constant is y= 0.57721566490153286...

The imaginary unit i is a solution to the quadratic equation ¥ + 1 = 0. Al-
though there is no real number with this property, it can be used to extend the
real numbers to what are called complex numbers, using addition and multipli-
cation. Despite their misleading name, imaginary numbers are not only real but
also very useful, with application in electricity, signal processing and many other
applications. They are widely used in electronics, for the representation of alter-
nating currents and waves.

Euler’s identity is considered to be an exemplar of mathematical beauty as it
shows a profound connection between the most fundamental numbers in ma-
thematics:

e"+1=0

The expression who connects the six basic mathematical constants, the num-
ber 0, the number 1, the golden ratio ¢, the Archimedes constant m, the Euler’s
number e and the imaginary unit i is:

Jn o cimoim cin
e’ +e" +e? +e? =0

In [1] we presented exact and approximate expressions between the Archi-

medes constant T, the golden ratio ¢, Euler’s number e and the imaginary num-

ber i.

2. Dimensionless Physical Constants

In physics, a dimensionless physical constant is a physical constant that is di-
mensionless, a pure number having no units attached and having a numerical
value that is independent of whatever system of units may be used. The term
fundamental physical constant is used to refer to some universal dimensionless
constants. A long-sought goal of theoretical physics is to find first principles
from which all of the fundamental dimensionless constants can be calculated
and compared to the measured values. In the 1920s and 1930s, Arthur Edding-
ton embarked upon extensive mathematical investigation into the relations be-
tween the fundamental quantities in basic physical theories, later used as part of
his effort to construct an overarching theory unifying quantum mechanics and

cosmological physics. The mathematician Simon Plouffe has made an extensive
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search of computer databases of mathematical formulas, seeking formulas for
the mass ratios of the fundamental particles. An empirical relation between the
masses of the electron, muon and tau has been discovered by physicist Yoshio
Koide, but this formula remains unexplained.

Dimensionless physical constants cannot be derived and have to be measured.
Developments in physics may lead to either a reduction or an extension of their
number: discovery of new particles, or new relationships between physical phe-
nomena, would introduce new constants, while the development of a more fun-
damental theory might allow the derivation of several constants from a more
fundamental constant. A long-sought goal of theoretical physics is to find first
principles from which all of the fundamental dimensionless constants can be
calculated and compared to the measured values. The laws of physics have a set
of fundamental constants, and it is generally admitted that only dimensionless
combinations of constants have physical significance. These combinations in-
clude the electromagnetic and gravitational fine structure, along with the ratios
of elementary particles masses. Cosmological measurements clearly depend on
the values of these constants in the past and can therefore give information on
their time dependence if the effects of time-varying constants can be separated
from the effects of cosmological parameters.

The fine-structure constant is one of the most fundamental constants of phys-
ics. It describes the strength of the force of electromagnetism between elementa-
ry particles in what is known as the standard model of particle physics. In par-
ticular, the fine-structure constant sets the strength of electromagnetic interac-
tion between light (photons) and charged elementary particles such as electrons
and muons. The quantity a was introduced into physics by A. Sommerfeld in
1916 and in the past has often been referred to as the Sommerfeld fine-structure
constant. In order to explain the observed splitting or fine structure of the ener-
gy levels of the hydrogen atom, Sommerfeld extended the Bohr theory to include
elliptical orbits and the relativistic dependence of mass on velocity.

One of the most important numbers in physics is the fine-structure constant a
which defines the strength of the electro-magnetic field. It is a dimensionless
number independent of how we define our units of mass, length, time or electric
charge. A change in these units of measurement leaves the dimensionless con-
stant unchanged. The number can be seen as the chance that an electron emits
or absorbs a photon. It’s a pure number that shapes the universe to an astonish-
ing degree. Paul Dirac considered the origin of the number «the most funda-
mental unsolved problem of physics”. The constant is everywhere because it
characterizes the strength of the electromagnetic force affecting charged particles
such as electrons and protons. Many eminent physicists and philosophers of
science have pondered why a itself has the value that it does, because the value
shows up in so many important scenarios and aspects of physics. Nobody has
come up with any ideas that are even remotely convincing. A similar situation

occurs with the proton-electron mass ratio g, not because of its ubiquity, but ra-
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ther how chemistry can be based on two key electrically charged particles of op-
posite electric charge that are opposite but of seemingly identical magnitude
while their masses have a ratio that is quite large yet finite. These two questions
have a huge bearing on why physics and chemistry behave the way they do. The
product of the two quantities appears, at least at first glance, not to be so impor-
tant. The fine-structure constant ais defined as:
_ @
4ng he

The 2018 CODATA recommended value of the fine-structure constant is a =
0.0072973525693 (11) with standard uncertainty 0.0000000011 x 10~ and rela-
tive standard uncertainty 1.5 x 107'°. Also the fine-structure constant is universal

scaling factor:

a:2nre: Ao _Tom, |1,
A 2na, 1, m, a,

There is a dream, which, albeit more often not confessed, occupies the most
secret aspirations of theoreticians and is that of reducing the various constants of
Physics to simple formula involving integers and transcendent numbers. The
fine-structure constant plays an important role in modern physics. Yet it con-
tinues to be a mystery as to exactly what it represents and why it has the mystical
value it has. The purpose of many sciences is to find the most accurate mathe-
matical formula that can be found in the experimental value of fine-structure
constant. Attempts to find a mathematical basis for this dimensionless constant
have continued up to the present time. However, no numerological explanation
has ever been accepted by the physics community. We propose in [2] the exact
formula for the fine-structure constant a with the golden angle, the relativity

factor and the fifth power of the golden mean:
al'=360-97 297 +(3-9)" (1)
with numerical value:

a”' =137.035999164---

Another beautiful forms of the equations are:

=247 (2)
Other equivalent expressions for the fine-structure constant are:
o =(362-3")-p7 —(1-37) ¢
o' =(362-3")+(3*+2:3° -364) ¢
al=1-2-¢7"+360-97 —p” +(3-9)"

Also we propose in [3] a simple and accurate expression for the fine-structure
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constant a in terms of the Archimedes constant 7

at= 2.706 nin2 3)

with numerical value:
o' =137.035999078: -
Other equivalent expression for the fine-structure constant is:
a''=2-3-11-41-43" . 1-In2 (4)

The equivalent expressions for the fine-structure constant with the madelung

constant 5,(2) are:

L2706
=—="5 (2 5

¢ 5 20 ®)
o' =-2:3-11-41-435,(2) 6)

In Physics, the ratio of the mass of a proton to an electron is simply the re-
mainder of the mass of the proton divided by that of the electron, from the sys-
tem of units. Two of the great mysteries of physics are the origin of mass and the
mysterious ratio of mass between a proton and an electron. The values of me
and my, and the equilibrium between them, govern nuclear reactions such as the
decay of protons and the nuclear synthesis of stars, leading to the formation of
basic biochemical elements, including carbon. The space where stars and planets
form and support life and molecular structures can appear. The mass ratio of
protons to electrons, two constant particles that make up about 95% of the visi-
ble Universe, may be related to the total computational value of the Universe.
Thus, as pure numbers they are supposed to be associated with prime numbers,
entropy, binary and complexity. The proton to electron mass ratio yu is a ratio of
like-dimensioned physical quantities, it is a dimensionless quantity, a function of
the dimensionless physical constants, and has numerical value independent of
the system of units. Two of the great mysteries of physics are the origin of mass
and the mysterious mass ratio between the proton and electron. The numerical
challenge of the mass ratio of proton to electron in the field of elementary par-
ticle physics began with the discovery of the electron by JJ] Thomson in 1897, and
with the identification of the point nature of the proton by E. Rutherford in
1911. These two particles have electric charges that are identical in size but op-
posite charges. The 2018 CODATA recommended value of the proton to elec-
tron mass ratio y1is:

1 =1836.15267343

with standard uncertainty 0.00000011 and relative standard uncertainty 6.0 x
107'". The value of s a solution of the equation:
34" —5508- 1% —841- 47 +10- 1 —2.111=0
We propose in [4] the exact mathematical expression for the proton to elec-

tron mass ratio using Fibonacci and Lucas numbers:

DOI: 10.4236/jhepgc.2023.91021

251 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2023.91021

S. Pellis

#32 — w%Z .F~5160 L4;7 Léltg/w (7)

with numerical value:
1 =1836.15267343---

Also we propose in [4] the exact mathematical expression for the proton to

In'"'1
1 =165 3/“7 0 (8)

H1=1836.15267392---

electron mass ratio:

with numerical value:

Other equivalent expressions for the proton to electron mass ratio are:

p=7"-165"-1n'""10
7.4 =(3-5-11)"-In"' (2-5) ©)

Also other exact mathematical expression in [4] for the proton to electron

mass ratio is:
u=6m+n +2- 10 +2- 1t +2. 00 +2: 0 41" (10)

with numerical value:
w1 =1836.15267343---

In physics, the gravitational coupling constant ag is a constant that characte-
rizes the gravitational pull between a given pair of elementary particles. For the
electron pair this constant is denoted by ag. The choice of units of measurement,
but only with the choice of particles. The gravitational coupling constant ag is a
scaling ratio that can be used to compare similar unit values from different scal-
ing systems (Planck scale, atomic scale, and cosmological scale). The gravita-
tional coupling constant can be used for comparison of length, range and force
values. The gravitational coupling constant ac is defined as:

_on

fic

2%

There is so far no known way to measure ac directly. The value of the con-
stant gravitational coupling ac is only known in four significant digits. The ap-
proximate value of the constant gravitational coupling is as = 1.7518099 x 107*.

Also the gravitational coupling constant is universal scaling factor:

2 2 2
Cm, 4 N, Niag, A, 7, aa,

The gravitational coupling constant agy) for the proton is produced similar to

the electron, but replaces the mass of electrons with the mass of the protons. The
gravitational coupling constant of the proton ac(p) is defined as:
Gm;
6P T pe
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The approximate value of the constant gravitational coupling of the proton is
gy = 5.9061512 x 107, Also other expression for the gravitational coupling

constant is:

2 2

a _m, _qua _au

Gp) — 2 T G~ T a2
ol N, Niag

The enormous value of the ratio of electric force to gravitational force was
first pointed out by Bergen Davis in 1904. But Weyl and Eddington suggested
that the number was about 10* and was related to cosmological quantities. The
ratio M of electric force to gravitational force between electron and proton is de-

fined as:

a ap a _ kg.  ahe

uo oG, A, Gm,m, Gmm,

The approximate value of the ratio of electric force to gravitational force be-
tween electron and proton is N, = 2.26866072 x 10%. The ratio N, of electric
force to gravitational force between electron and proton can also be written in

expression:

N, = %2”0 =2.26854911x10%

According to current theories M should be constant. The ratio M, of electric

force to gravitational force between two electrons is defined as:

a N A kg ahc
N2 = /lNl :a— = o = G 5 >
G m, Gm,

The approximate value of N, is N, = 4.16560745 x 10*2. According to current
theories N, should grow with the expansion of the universe.

Avogadro’s number N, is defined as the number of carbon-12 atoms in twelve
grams of elemental carbon-12 in its standard state. Avogadro’s number N, is the
fundamental physical constant that links the macroscopic physical world of ob-
jects that we can see and feel with the submicroscopic, invisible world of atoms.
The name honors the Italian mathematical physicist Amedeo Avogadro, who
proposed that equal volumes of all gasses at the same temperature and pressure
contain the same number of molecules. The most accurate definition of the
Avogadro’s number value involves the change in molecular quantities and, in
particular, the change in the value of an elementary charge. The exact value of
the Avogadro’s number is N, = 6.02214076 x 10*. The value of the Avogadro’s

number N, can also be written in expressions:
N, =84.446.885" = 6.02214076x10%
N, =27 =6.04462909x10% (11)

In [4] was presented the exact mathematical expressions that connects the

proton to electron mass ratio g and the fine-structure constant a:

9-u—119-a7' =5-(p+42) (12)
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U—6-0" =360-0p—165-m+345-e+12 (13)
1—182-a=141-0+495-1—66-¢+231 (14)
1—807-a=1205-1-518-p—411-¢ (15)

Also in [5] was presented the unity formula that connects the fine-structure
constant and the proton to electron mass ratio. It was explained that g-a™* is one

of the roots of the following trigonometric equation:

2:10” -cos(u-a ) +13° =0 (16)

The exponential form of this equation is:

107 (e« +e /") +13* =0 (17)
This exponential form can also be written with the beautiful form:

107 (&%« ) =137 ¢" (18)
Also this unity formula can also be written in the form:

10- (e 4 &l )l/2 ~134 (19)

So other beautiful formula that connects the fine-structure constant, the pro-

ton to electron mass ratio and the fifth power of the golden mean is:
52 .(5‘(/)72 +¢f5)2 _(ei,u/a +e—i/1/a)+(5.¢2 _(pfs)z -0 (20)

The formula that connects the fine-structure constant, the proton to electron

mass ratio and the mathematical constants 7, ¢, e and i is:
. . 2 .
102 (e &) = (5.9 — ) -e" 1)

All these equations are simple, elegant and symmetrical in a great physical

meaning.

3. Simple Unification of the Strong Nuclear and the Weak
Nuclear Interactions

In nuclear physics and particle physics, the strong interaction is one of the four
known fundamental interactions, with the others being electromagnetism, the
weak interaction, and gravitation. Strong force involves the exchange of huge
particles and therefore has a very small range. It is clear that strong force is
much stronger simply than the fact that the nuclear magnitude (dominant
strong force) is about 107** m while the atom (dominant electromagnetic force)
has a size of about 107° m. At the range of 107"° m, the strong force is approx-
imately 137 times as strong as electromagnetism, 10° times as strong as the weak
interaction, and 10°® times as strong as gravitation.

The strong coupling constant as is one of the fundamental parameters of the
typical model of particle physics. The strong coupling constant g is one of the
fundamental parameters of the typical model of particle physics. The strong

nuclear force confines quarks into hadron particles such as the proton and neu-
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tron. In addition, the strong force binds these neutrons and protons to create
atomic nuclei, where it is called the nuclear force. Most of the mass of a common
proton or neutron is the result of the strong force field energy; the individual
quarks provide only about 1% of the mass of a proton. The electromagnetic force
is infinite in range and obeys the inverse square law, while the strong force in-
volves the exchange of massive particles and it therefore has a very short range.
The value of the strong coupling constant, like other coupling constants, de-
pends on the energy scale. As the energy increases, this constant decreases as
shown in Figure 1.

The last measurement [6] in 23 November 2021 of European organization for
nuclear research (CERN) is used in a comprehensive QCD analysis at next-to
next-to-leading order, which results in significant improvement in the accuracy
of the parton distributions in the proton. Simultaneously, the value of the strong

coupling constant at the Z boson mass is extracted as:

a, (m,)=0.1170+0.0019

A measurement of the inclusive jet production in proton-proton collisions at
the LHC at /s =13 TeV is presented. The double-differential cross sections
are measured as a function of the jet transverse momentum pT and the absolute
jet rapidity | . The anti-kT clustering algorithm is used with distance parameter
of 0.4 (0.7) in a phase space region with jet pT from 97 GeV up to 3.1 TeV and
[# < 2.0. Data collected with the CMS detector are used, corresponding to an in-
tegrated luminosity of 36.3 fb™' (33.5 fb™'). The measurement is used in a com-
prehensive QCD analysis at next-to next-to-leading order, which results in sig-
nificant improvement in the accuracy of the parton distributions in the proton.
Simultaneously, the value of the strong coupling constant at the Z boson mass is
extracted as o, (m,)=0.1170+0.0019. For the first time, these data are used in
a standard model effective field theory analysis at next to-leading order, where
parton distributions and the QCD parameters are extracted simultaneously with

imposed constraints on the Wilson coefficient c1 of 4-quark contact interac-

tions.

as T T T T T

0.4+ -1

0.3r .

0.2 N

0.1+ -

1 1 1 1
10° 10! 102 103 10*

wGeVvV

Figure 1. Strong coupling constant as a function of the energy.
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Interaction phenomena in field theory are often defined using perturbation
theory, in which the functions in the equations are extended to forces of con-
stant interaction. Usually, for all interactions except the strong one, the coupling
constant is much smaller than the unit. This makes the application of perturba-
tion theory effective, as the contribution from the main terms of the extensions
decreases rapidly and their calculation becomes redundant. In the case of strong
interactions, perturbation theory becomes useless and other calculation methods
are required. One of the predictions of quantum field theory is the so-called
“floating constants” phenomenon, according to which interaction constants
change slowly with the increase of energy transferred during the interaction of
particles. Thus, the constant of the electromagnetic interaction increases, and the
constant of the strong interaction-decreases with increasing energy. For quarks

in quantum chromodynamics, a strong interaction constant is introduced:

2 2 2
qqg _ qqggoa — ‘goqqg

a = =
' 4nhc q q;,

where g, is the active color charge of a quark that emits virtual gluons to inte-
ract with another quark. By reducing the distance between the quarks, which is
achieved in high-energy particle collisions, a logarithmic reduction of g, and a
weakening of the strong interaction (the effect of the asymptotic freedom of the
quarks) is expected. In [7] we presented the recommended value for the strong

coupling constant:

Eulers' number

* " Gerford's constant

e
o, =—
S
a, =€ (22)
with numerical value:
a, =0.11746---

This value is the current world average value for the coupling evaluated at the
Z-boson mass scale. It fits perfectly in the measurement of the strong coupling
constant of the European organization for nuclear research (CERN). Also for the
value of the strong coupling constant we have the equivalent expressions:

a, = ee"=¢ _i2i — i72i/n 'i2i — iZi*(Zi/n) — iZi(nfl)/n

In nuclear physics and particle physics, the weak interaction, which is also of-
ten called the weak force or weak nuclear force, is one of the four known funda-
mental interactions, with the others being electromagnetism, the strong interac-
tion, and gravitation. It is the mechanism of interaction between subatomic par-
ticles that is responsible for the radioactive decay of atoms: The weak interaction
participates in nuclear fission and nuclear fusion. The theory describing its be-
havior and effects is sometimes called quantum flavor dynamics (QFD), howev-

er, the term QFD is rarely used, because the weak force is better understood by
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electroweak theory (EWT). The effective range of the weak force is limited to
subatomic distances, and is less than the diameter of a proton. The weak interac-
tion has such an incredibly short range that its strength must be evaluated in a
different way than the electromagnetic force. The fact that both the strong force
and the weak force initiate decays of particles gives a way to compare their
strength. The lifetime of a particle is proportional to the inverse square of the
coupling constant of the force which causes the decay. From the example of the
decays of the delta and sigma baryons, the weak coupling constant can be related
to the strong force coupling constant.

The strong interaction and weak interaction in [8] can be compared in a set of
particle decays which yield the same final products. The Delta baryons (or A ba-
ryons, also called Delta resonances) are a family of subatomic particles made of
three up or down quarks (u or d quarks). Four closely related A baryons exist:
A** (constituent quarks: uuu), A* (uud), A® (udd), and A~ (ddd), which respec-
tively carry an electric charge of +2 e,+1 e, 0 e, and —1 e. The A baryons have a
mass of about 1.232 MeV/c? a spin of 3/2, and an isospin of 3/2. Ordinary pro-
tons and neutrons, by contrast, have a mass of about 939 MeV/c?, a spin of 1/2,
and an isospin of 1/2. The A* (uud) and A° (udd) particles are higher-mass exci-
tations of the proton (N*, uud) and neutron (N° udd), respectively. However,
the A*™ and A~ have no direct nucleon analogues. The decays of the delta ba-

ryons is:
A" —>p+n’
The lifetime of the delta baryons is:

7, =6x107s

The sigma baryons are a family of subatomic hadron particles which have two
quarks from the first flavor generation (up or down quarks), and a third quark
from a higher flavor generation, in a combination where the wavefunction sign
remains constant when any two quark flavors are swapped. They are thus ba-
ryons, with total isospin of 1, and can either be neutral or have an elementary
charge of +2, +1, 0, or —1. They are closely related to the Lambda baryons, which
differ only in the wavefunction’s behavior upon flavor exchange. The decays of

the sigma baryons is:
T >p+n
The lifetime of the delta baryons is:
7, =8x107"s

The extraordinary difference of 13 orders of magnitude in the lifetimes comes
from the fact that the sigma decay does not conserve strangeness and therefore
can proceed only by the weak interaction. The lifetime of a decay is proportional
to the inverse square of the coupling constant between the initial and final
products, and since the final products are identical, the difference in lifetime

must come from the difference in coupling constants. The coupling constant ra-
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tio can then be estimated for this situation:

a., T _
v = 2 =107e
as TZ

S _107¢ (23)

From this expression and (22) we can result the world average value of the
weak coupling constant ay:
a,=e-a, 107

a. =e* 107

w

a =ec-e-i?-107

W

a. =e>-i%.107

So the recommended theoretical current world average value for the weak

coupling constant is:
a, = (e~ii )2 107 (24)
with numerical value:
a, =3.19310-10"°
From expression (23) can result other equivalent expressions:
a,-a ' =e-107

a,-a=e'10

w

e-a, = 107 -a, (25)
From this expression and (22) apply:
e a,a, =10 -a,
e"al=10"a,
al=10"-¢e" a,
(26)

2 _ .2 7
a; =1"-10" -,

From this expression and Euler’s identity resulting the beautiful formulas:

e +1=0

(1070 a,) +1=0

Lo—i107 27)

DOI: 10.4236/jhepgc.2023.91021 258 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2023.91021

S. Pellis

We reached the conclusion of the dimensionless unification of the strong

nuclear and the weak nuclear forces:
_ 7
e-a, =10,
2 :2i 7
a; =1"-10" -a,,

(Simple unification of the strong nuclear and the weak nuclear force interac-

tions)

4. Simple Unification of the Strong Nuclear and the
Electromagnetic Interactions

Based on Einstein’s light quantum hypothesis, the duality of the photon was
confirmed through quantum-mechanical experiments and examination. The
photon is now regarded as a particle in fields related to the interaction of ma-
terial with light that is absorbed and emitted; and regarded as a wave in regions
relating to light propagation. It is known that among the four forces constituting
the universe, the photon serves to convey electromagnetic force. The other three
forces are gravitational force, strong force, and weak force. The photon plays an
important role in the structure of the world where we live and is deeply involved
with sources of matter and life. Through the work of Max Planck, Albert Eins-
tein, Louis de Broglie, Arthur Compton, Niels Bohr, Erwin Schrédinger and
many others, current scientific theory holds that all particles exhibit a wave na-
ture and vice versa. This phenomenon has been verified not only for elementary
particles, but also for compound particles like atoms and even molecules. For
macroscopic particles, because of their extremely short wavelengths, wave prop-
erties usually cannot be detected.

Bohr regarded the “duality paradox” as a fundamental or metaphysical fact of
nature. He regarded renunciation of the cause-effect relation, or complementar-
ity, of the space-time picture, as essential to the quantum mechanical account.
Werner Heisenberg considered the question further. He saw the duality as
present for all quantum entities, but not quite in the usual quantum mechanical
account considered by Bohr. He saw it in what is called second quantization,
which generates an entirely new concept of fields that exist in ordinary space-
time, causality still being visualizable. Jests Sdnchez in [9] explained that the
fine-structure constant is one of the roots of the following trigonometric equa-

tion:
cosat =¢™ (28)

Another elegant expression is the following exponential form equations:

i/a -1

—el=— " 4e!

e
el peVr =2.¢! (29)
These expressions show the wave nature of light. The modern theory of

quantum mechanics came to picture light as both a particle and a wave and, as a

phenomenon which is neither a particle nor a wave. Instead, modern physics
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sees light as something that can be described sometimes with mathematics ap-
propriate to one type of macroscopic metaphor (particles) and sometimes another
macroscopic metaphor (water waves), but is actually something that cannot be
fully imagined. Also from [10] the fine-structure constant is one of the roots of

the following trigonometric equation:

cos(lO3 ! ) =¢*-¢’

e~cos(103 ! ) =g’ (30)
Another elegant expression is the following exponential form equation:
eI()O()i/ar + e—lOOOi/a — 2(02 .e—l (31)

From these expressions resulting the following equations:
cos" o ~cos(103 ! ) =g’
cos(lO3 ca ) =@’ -cosa” (32)

We will use the expressions (22) and (28) to result the unity formulas that
connects the strong coupling constant as and the fine-structure constant a:

cosa ' =¢

4
cosa” = (e“ ~as)

cosal=e"-a!

e"-a, cosa =1 (33)

Other forms of the equations are:

o -1
cosa” =<1 & ~as)

2i -1
i, -cosa” =1

cosa' =i% -
a.-cosa” =% (34)
s -

So the beautiful formulas for the strong coupling constant as are:

a. =c¢"-cosa”!

s

a. =i -cos'a™

K

Now we need to study the following equivalent equations:

€
cosa =
aS
2i
cosa” =—
aS
-1
cosa” =—
e
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L4 a
cosa = -
i72|

Figure 2 below shows the angle in @' radians. The rotation vector moves in a
circle of radius e™. The strong coupling constant a; and the fine-structure con-
stant a are in a right triangle with the variable acute angle o' radians. The adja-
cent side is the variable side «_' while the hypotenuse is constant e". The fine
structure constant is the ratio of the speed of the electron compared to the speed
of light, in the first level of an atom. It is also related to the ratio of the Bohr ra-
dius of an atom to the Compton wavelength of an electron. We could try to re-
late it to the electromagnetic interactions in the atom.

The nucleus emits a photon that has an intrinsic property associated with the
electromagnetic interaction represented by a vector. This vector can rotate as the
photon moves along. The electron has an additional property related to the elec-
tromagnetic interaction that is also represented by a vector as shown in Figure
3.

Thus, when the photon reaches the electron, the electromagnetic interaction
between them is related to the relative position of these vectors at the time of in-
teraction. When we talk about relative placement between vectors, we can talk
about a projection of one of them onto the other. This means that cosa™ will be
related to the interaction of these two properties of the photon and the electron.
It would be related to their relative vector position at the time of interaction as
shown in Figure 4.

The angle in a! radians is not only the final interaction angle, but also includes,

Figure 2. The angle in o' radians. The rotation vector moves in a circle of radius e”.

-1
s

Figure 3. The strong coupling constant as and the fine-structure constant g are in a right

triangle with the variable acute angle o radians. The adjacent side is the variable side

a.' while the hypotenuse is constant e™.
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Ols ‘ (Xs_l

Figure 4. Geometric representation of the simple unification of the strong nuclear and
the electromagnetic interactions.

for example, the number of rotations the photon or electron vector has made
before the interactions. From expressions (22) and (29) resulting the formulas

that connects the strong coupling constant as and the fine-structure constant a:
ol 4ot — 9.
e/ pele = 2~(e" ~as)_1
Qi _(en a, )" — ol +(e1[ a )"
e/ re " =2
e"-a, -(ei/“ +e’i/“):2 (35)

Other forms of the equations are:

e/e 4 il = 2.(i72i a )—1

ei/Dz + efi/a — 2'i2i 'a;l

i/a _i21 _a—l :_e—l/a +i21 a;

s

1
€

a, -(ei/" +e_i/“) =2.i% (36)

These equations are applicable for all energy scales. So the beautiful formulas

for the strong coupling constant as are:

a, =2-¢e" ~(ei/“ +e )71

s

a =2.i8 '(ei/a el )71

We reached the conclusion of the simple unification of the strong nuclear and

the electromagnetic forces:

a. ~(ei/” +e’i/"’):2-i2i

s

(Simple unification of the strong nuclear and the electromagnetic interactions)

5. Simple Unification of the Weak Nuclear and
Electromagnetic Interactions

In particle physics, the electroweak interaction or electroweak force is the uni-
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fied description of two of the four known fundamental interactions of nature:
electromagnetism and the weak interaction. The electroweak theory, in physics,
is the theory that describes both the electromagnetic force and the weak force.
Although these two forces appear very different at everyday low energies, the
theory models them as two different aspects of the same force as shown in Fig-
ure 5.

The weak force acts only across distances smaller than the atomic nucleus,
while the electromagnetic force can extend for great distances (as observed in the
light of stars reaching across entire galaxies), weakening only with the square of
the distance. Moreover, comparison of the strength of these two fundamental
interactions between two protons, for instance, reveals that the weak force is
some 10 million times weaker than the electromagnetic force. Yet one of the
major discoveries of the 20" century has been that these two forces are different
facets of a single, more-fundamental electroweak force as shown in Figure 6.

We will use the expressions (25) and (33) to result the unity formula that

connect the weak coupling constant aw and the fine-structure constant a:
_ 7
e-a, =10,
e"ra, cosa ! =1
m 7 -1
e"-10"-a, -cosa =e
e10" -, -cosa” =1
7 -1 _ l-=
10" -, -cosa™ =e (37)

Other forms of the equations are:

10-e

Figure 5. The angle in a! radians. The rotation vector moves in a circle of radius 107-e™*

-1
Olw

Figure 6. Geometric representation of the simple unification of the weak nuclear and the
electromagnetic interactions.
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a,-cosa ' =e-i*-107
10" -a, -cosa™ =e-i” (38)
Figure 7 below shows the angle in o' radians. The rotation vector moves in a
circle of radius 107-e™*. The strong coupling constant a, and the fine- structure
constant a are in a right triangle with the variable acute angle a! radians. The

adjacent side is the variable side «' while the hypotenuse is constant 107-e™".

So the formulas for the weak coupling constant a,, are:

a, = (e”’l -107 ~cosofl)71

w

a =107 -cos !

w

a =e-i* ~(107 -cosof')71

w

a =c¢-i%107 -cos o™

w

From (25) and (35) resulting the unity formulas that connects weak coupling

constant a, and the fine-structure constant a:
ea, =10 a,
e"-a, -(ei/“ el ) =2
" 10" -a, -(ei/a +e"i/“): 2-e
el ye e = 2-(6“'l 10 ~aw)7l
el” —(e"’l .10’ 'Otw)71 =" +(e”’l 10 -aw)il

107 -a, -(ei/" + e’i/") =2-¢'" (39)
Other form of the equations is:

107, (e +¢7) =2-¢-i* (40)
So the formulas for the weak coupling constant a,, are:

a, = 2.[61[,1 107 '<ei/a T )T

w

a =2-e7%.107 '(ei/a e )*1

Figure 7. The angle in ™! radians. The rotation vector moves in a circle of radius 107.
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-1

a,=2-ei” -|:107 ~(ei/"’ +e_i/"‘)}

a, = 2.e.i2i .10*7 _(ei/a +e’i/“ )—1

These equations are applicable for all energy scales. We reached the conclu-
sion of the simple unification of the strong nuclear and the electromagnetic

forces:

107 - .(ei/a +efi/a)=2-e~i2i

w

(Simple unification of the weak nuclear and the electromagnetic interactions)

6. Simple Unification of the Strong Nuclear, the Weak
Nuclear and Electromagnetic Interactions

Quantum mechanics is a theoretical framework that only focuses on the three
non-gravitational forces for understanding the universe in regions of both very
small scale and low mass: subatomic particles, atoms, molecules, etc. Quantum
mechanics successfully implemented the Standard Model that describes the three
non-gravitational forces: strong nuclear, weak nuclear, and electromagnetic
force as well as all observed elementary particles. A Grand Unified Theory
(GUT) is a model in particle physics in which, at high energies, the three gauge
interactions of the Standard Model comprising the electromagnetic, weak, and
strong forces are merged into a single force. Although this unified force has not
been directly observed, many GUT models theorize its existence. If unification
of these three interactions is possible, it raises the possibility that there was a
grand unification epoch in the very early universe in which these three funda-
mental interactions were not yet distinct. Experiments have confirmed that at
high energy the electromagnetic interaction and weak interaction unify into a
single electroweak interaction. GUT models predict that at even higher energy,
the strong interaction and the electroweak interaction will unify into a single
electron nuclear interaction. This interaction is characterized by one larger
gauge symmetry and thus several force carriers, but one unified coupling con-
stant.

We will use the expressions (25) and (28) to find the expression that connects
the strong coupling constant a,, the weak coupling constant a, and the fine-
structure constant a:

ea,=10"-a,
cosa” =¢”!
cosa =a, -, 107

So the unity formula that connects the strong coupling constant a;, the weak
coupling constant a,,and the fine-structure constant a is:

10" -, -cosa™ =a, (41)

Now we need to study the following equivalent equations:

DOI: 10.4236/jhepgc.2023.91021 265 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2023.91021

S. Pellis

L 107
cosa” = -
aS
-1 5
cosa =—
10° e,
10" cosa™ ===
a,
-1
a.o
-1
cosa =———
10

Figure 8 below shows the angle in @' radians. The rotation vector moves in a
circle of radius 10”. The strong coupling constant a,, the weak coupling constant
a, and the fine-structure constant a are in a right triangle with the variable acute
angle a! radians. The adjacent side is the variable side «,-«' while the hypo-
tenuse is constant 107.

From expressions (25) and (29) resulting the beautiful formulas that connects
the strong coupling constant a, the weak coupling constant a, and the fine-
structure constant a:

ea, =10 a,
¢l yelr =2.¢!
e +e¥*=2.107 -a, -]

w

a,-a. -(ei/“ +e"i/°‘)=2~10"7

107 a, (" +e)=2-a, (42)

w

These equations are applicable for all energy scales. We reached the conclu-
sion of the simple unification of the strong nuclear, the weak nuclear and the

electromagnetic forces:
10", o(ei/a +e’i/“) =2-q,

(Simple unification of the strong nuclear, the weak nuclear and the electro-

magnetic interactions)

10

(0 I—

s+ O(w

Figure 8. Geometric representation of the simple unification of the strong nuclear, the
weak nuclear and the electromagnetic interactions.
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7. Simple Unification of the Gravitational and the
Electromagnetic Interactions

Gravity is a natural phenomenon by which all things with mass or energy, in-
cluding planets, stars, galaxies, and even light, are brought toward one another.
On Earth, gravity gives weight to physical objects, and the Moon’s gravity causes
the ocean tides. The gravitational attraction of the original gaseous matter
present in the Universe caused it to begin coalescing and forming stars and
caused the stars to group together into galaxies, so gravity is responsible for
many of the large-scale structures in the Universe. Gravity has an infinite range,
although its effects become increasingly weaker as objects get further away.
Gravity is most accurately described by the general theory of relativity, which
describes gravity not as a force, but as a consequence of masses moving along
geodesic lines in a curved spacetime caused by the uneven distribution of mass.
However, for most applications, gravity is well approximated by Newton’s law of
universal gravitation, which describes gravity as a force causing any two bodies
to be attracted toward each other, with magnitude proportional to the product of
their masses and inversely proportional to the square of the distance between
them.

Gravity is the weakest of the four fundamental interactions of physics. As a
consequence, it has no significant influence at the level of subatomic particles. In
contrast, it is the dominant interaction at the macroscopic scale, and is the cause
of the formation, shape and trajectory of astronomical bodies. Attempts to de-
velop a theory of gravity consistent with quantum mechanics, a quantum gravity
theory, which would allow gravity to be united in a common mathematical
framework with the other three fundamental interactions of physics, are a cur-
rent area of research.

A Planck length /,is about 107 times the diameter of a proton, meaning it is
so small that immediate observation at this scale would be impossible in the near
future. The length Planck /, has dimension [L]. The length Planck /, can be de-
fined by three fundamental natural constants, the speed of light at vacuum c, the
reduced Planck constant and the gravity constant G as:

] = h_G_ R R M,
"N mye 2mmye 4m,

pl

The 2018 CODATA recommended value of the Planck length is /,= 1.616255
x 107 m with standard uncertainty 0.000018 x 107> m and relative standard
uncertainty 1.1 x 107°. The Bohr radius a is a physical constant, approximately
equal to the most probable distance between the nucleus and the electron in a

hydrogen atom in its ground state. The Bohr radius a is defined as:

h L _ A

aO = = 2 =
amec o 2na

The 2018 CODATA recommended value of the Bohr radius is ay =
5.29177210903 x 107'' m with standard uncertainty 0.00000000080 x 107" m
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and relative standard uncertainty 1.5 x 107"

The Planck constant, or Planck’s constant, is a fundamental physical constant
of foundational importance in quantum mechanics. The constant gives the rela-
tionship between the energy of a photon and its frequency, and by the mass-
energy equivalence, the relationship between mass and frequency. Specifically, a
photon’s energy is equal to its frequency multiplied by the Planck constant. The
constant is generally denoted by A. The reduced Planck constant, equal to the
constant divided by 2-m, is denoted by 4. For the reduced Planck constant h ap-
ply:

h=a-m,-a,-c

So from these expressions we have:

2 2 2 2 2
n=a -m -a-c

(n-G/c*)=a’ -m a7 -(G/h-c)
(n-G/e*)=a’-a; -(G-m [h-c)
L=a’-a;-a
So the new formula for the Planck length 1, is:
1, =a\a;a, (43)

Jeff Yee proposed in [11] that the mole and charge are related by deriving
Avogadro’s number from three constants, the Bohr radius, the Planck length and
Euler’s number. The fundamental unit of length in this unit system is the Planck
length /.. Spacetime is proposed to be a lattice structure, in which its unit cells
have sides of length a, marked below in the next figure. The lattice contains re-
peating cells with this structure, so it can be simplified to model a single unit cell
of this repeating structure. These types of structures are commonly found in
molecules. The center point of wave convergence is referred to here as a wave
center. The separation length between granules in the unit cell is the diameter of
a granule (2-/,) multiplied by Euler’s number (e), which is the base of the natural
logarithm. There are exactly Avogadro’s number of unit cells in the radius of
hydrogen. The Avogadro’s number N, can be calculated from the Planck length
L, the Bohr radius a, and Euler’s number e:

- %
4 2el,

We will use this expression and the new formula for the Planck length Z, to
resulting the unity formula that connects the fine-structure constant a and the

gravitational coupling constant as:

a,=2-¢-N,-1,
a, =2eN a.\ja;a,

2eN a\Ja; =1
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Therefore the unity formula that connects the fine-structure constant a, the

gravitational coupling constant a and the Avogadro’s number Ny is:
4-ez-a2~aG~Nj:1 (44)
The unity formula is equally valid:
a*-ag=(2-¢N,)" (45)
So the new formula for the Avogadro number N is:
-1
N, = (Zea aG) (46)

It was presented in [12] the mathematical formulas that connects the proton
to electron mass ratio g, the fine-structure constant a, the ratio N of electric
force to gravitational force between electron and proton, the Avogadro’s number
N, the gravitational coupling constant ag of the electron and the gravitational

coupling constant of the proton ag:

UG = ,u2 Qg (47)
a=u-N -a; (48)
a-u=N,-ay, (49)
a’ =N a, ) (50)
4.¢*-a’*-a, N, =1 (51)
w=4-¢*-a ) N’ (52)
u-N =4.¢"-a’ N (53)
4-¢-a-pu-al-Nj-N, =1 (54)
,u3=4-ez-a-aé(p)-Nj-Nl (55)
,u2=4-e2~aG-aé(p)-Nj-N12 (56)
/1=4-e:2-c)c-()cG-(JlG(p)-Nj-N1 (57)
Also from the expressions (28) and (44) resulting the expressions:
cos(of1 ) =e’
4.¢*-a*-a, N, =1
4.q° “ag ~Nj =¢7
cos’a' =4-a’-a,-N;
a’-cos’a =4-a, N, (58)
This unity formula is equally valid:
a'cosa” =2N o, (59)

Also from the expressions (29) and (44) resulting other elegant exponential

form equations:
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e el =2.¢"
4-¢-a’-a, Ni=1
4.¢? Qg 'Nj =¢?
16-a” -a, - N, =(ei/“+e’i/a)2 (60)
This unity formula is equally valid:
a ' cosa =2% \/Z (61)

The concept of power of two supports an idea of holographic concepts of the
Universe or some of the fractal theories. Also it is used in wave mechanics, and it
could be viewed in accordance with wave properties of the elementary particles
in quantum physics as shown in Figure 9.

Also from the expressions (11), (44) and (60) resulting the expression with

power of two:

2o’ a, =1 (62)
a?-cos’ !t =219 -ay (63)

. . 2
2% .07, = (e‘/" +e’l/“) (64)

Other form of the equations is:

altcosa™ = 2% Jag (65)

In his experiments of 1849-50, Michael Faraday was the first to search for a
unification of gravity with electricity and magnetism. However, he found no
connection. In 1900, David Hilbert published a famous list of mathematical
problems. In Hilbert’s sixth problem, he challenged researchers to find an axi-
omatic basis for all of physics as shown in Figure 10.

Gravity and electromagnetism are able to coexist as entries in a list of classical
forces, but for many years it seemed that gravity could not be incorporated into
the quantum framework, let alone unified with the other fundamental forces.
For this reason, work on unification, for much of the twentieth century, focused
on understanding the three forces described by quantum mechanics: electro-

magnetism and the weak and strong forces as shown in Figure 11.

Figure 9. The angle in a™! radians. The rotation vector moves in a circle of radius N'.
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2.Navae

Figure 10. First geometric representation of the simple unification of the gravitational
and the electromagnetic interactions.

2. o Vos

Figure 11. Second geometric representation of the simple unification of the gravitational

and the electromagnetic interactions.

We reached the conclusion of the simple unification of the gravitational and

the electromagnetic forces:

2 2 2
4-¢e”-a”-a;-N,; =1
. . 2
16-a”-a, N :<e‘/“ +e"/“)
(Simple unification of the gravitational and the electromagnetic interactions)

8. Simple Unification of the Strong Nuclear, the Gravitational
and the Electromagnetic Interactions

Although the Standard Model is believed to be theoretically self-consistent and
has demonstrated huge successes in providing experimental predictions, it leaves
some phenomena unexplained. It falls short of being a complete theory of fun-
damental interactions. For example, it does not fully explain baryon asymmetry,
incorporate the full theory of gravitation as described by general relativity, or
account for the universe’s accelerating expansion as possibly described by dark
energy. The model does not contain any viable dark matter particle that pos-

sesses all of the required properties deduced from observational cosmology. It
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also does not incorporate neutrino oscillations and their non-zero masses. Now
we will find the equation that connect the coupling constants of the strong nuc-
lear, the gravitational and the electromagnetic interactions as shown in Figure
12.

We will use the expressions (22) and (44) to resulting the unity formulas that
connect the strong coupling constant a,, the fine-structure constant a and the

gravitational coupling constant ac:
4-¢-a’-a, Ni=1
2
4-62-(e“-a5) ‘a; N;=1
4~ez"~a3-a2~aG~Nj:1 (66)
Other form of the equation is:
4.0-a*-a,; N =i" (67)
Also from the expression (22) and expression (51)-(57) resulting the mathe-
matical formulas that connects the strong coupling constant a, the proton to
electron mass ratio g the fine-structure constant a;the ratio M of electric force to
gravitational force between electron and proton, the Avogadro number N, the

gravitational coupling constant ag of the electron and the gravitational coupling

constant of the proton agy):

4-¢"-al-a’-a,-N;=1 (68)
p=4e"al ot ag, Ny (69)
u-N =4-¢"-a’-aN; (70)
4. -a-p-ai-Nj-N, =1 (71)
,u3=4-ez“~as2‘a-aé(p)~Nj~Nl (72)
p=4e"alagag, NN (73)
y:4-e2“-af-a-a6-aG(p)~Nj-N1 (74)

e 2-Na-Voe

Figure 12. Geometric representation of the simple unification of the strong nuclear, the
gravitational and the electromagnetic interactions.
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Other equivalent forms of the equations are:

4.a52.a2.aG.Nj:i4i (75)
i"p=al o’ ay, N (76)
i4i.ﬂ.N1:4.a§.a3.Nj (77)

14lﬂ3:4a32aaé(p)NjN1 (79)
i =4 a, -aé(p) “N2-N! (80)
4§ _4 2 2
i"u=4-al-a-a;-ag, Ni-N (81)

From the expressions (34) and (75) apply:
a,-cosa”t =i*
2-N, -alG/z =a'-cosa”

1/2 2

2-a,-a-ai N, =1
12 -1 _ :2i k20
2-a,-a-N,-a) -a,-cosa =1"-1
-1 2 12 _ 4
2-a-cosa” -a;-al”-N, =1

4-@*-cos’a”-ala, N, =1i" (82)
From the expressions (36) and (75) apply:
a, .(ei/a te e ) —9.i4
2-N,-al’=a '<ei/" +e’i/“)
2-a,-a-N, al* =i*
a, -(ei/“ +e"i/“)o2-as N, - =2-i% i
a'(ei/" Jre’i/")-ocx2 al’ N, =i"
az-(ei/“+e’i/”)-af~aG-Nj =i" (83)
Also from the expressions (11), (75) and (83) resulting the expressions with
power of two:
Mg a-al? =i

2 aa*a, =it (84)

280 ‘a.(ei/a +e—i/a).as2 .aIG/Z —i4
. . 2 .
2. o ~(e‘/“ +e"/“) ala, =i" (85)

We reached the conclusion of the simple unification of the strong nuclear, the

gravitational and the electromagnetic interactions:

2 2 2 4
4-a;-a" -a;-N, =1
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a’ -(e‘/‘Z +e"/")-af ag-Ni=i"

(Simple unification of the strong nuclear, the gravitational and the electro-

magnetic interactions)

9. Simple Unification of the Weak Nuclear, the Gravitational
and the Electromagnetic Interactions

Now we will find the equation that connects the coupling constants of the weak nuc-

lear, the gravitational and the electromagnetic interactions as shown in Figure 13.
We will use the expressions (25) and (68), (75) to resulting the unity formulas

that connects the weak coupling constant a,, the fine-structure constant a and

the gravitational coupling constant ac:
ea, =10 a,
2-¢"-a,-a-al’ N, =1
2-a,-a-al> N, =i"
2.¢"-10"-a,-a-al> N, =¢
14 2n 2 2 2 2
410" -e™-a,-a”-a; N,=¢e (86)
210" -a,-a-al>-N,=i"-e
14 2 2 2 <4 2
410" -, -a” -a;-Ny=i"-¢e (87)
Also from the expression (22) and (68)-(74) resulting the mathematical for-
mulas that connects the weak coupling constant aw, the proton to electron mass
ratio g, the fine-structure constant a, the ratio M of electric force to gravitational
force between electron and proton, the Avogadro’s number N, the gravitational

coupling constant ag of the electron and the gravitational coupling constant of
the proton ag:

410" e -a’-a’-a,-N;=¢ (88)

e’ i’ =4-1014~ez"-aj-a2~a6(p)-Nj (89)

el 2-Navoe

Figure 13. Geometric representation of the simple unification of the weak nuclear, the
gravitational and the electromagnetic interactions.
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e’ u-N, =4-10"-¢"-a’-a’ N, (90)
410" - -a)-a-pu-al-Nj-N, =¢ (91)
ez-;f:4-1014-ez"-af,-a-aé(p)-Nj-Nl (92)
e’ 4’ =4-10" ¢ -a’ -a, -aé(p) N3N} (93)
e u=4-e"10" oy a-ag-ag, Ny N, (94)

From the expression (22) and (75)-(81) other equivalent forms of the equa-

tions are:
410%-02 -0,V =i ©5)
i.e? N, =410" o> - N’ (97)
4~10'4~ai,-0!~,u'0!(2;'Nj'N1:i4i-€2 (98)
i4i'ez'/'l3=4.1014.a§/.a.aé(/’).N§.Nl (99)
Lt -,uz :4.1014-621['ai'a’G'aé(p)‘Nj’le (100)
i4i_ez_#:4_1014.(13.(1.&0.aG(p).Nj~N1 (101)

From the expressions (26) and (82) apply:
a) -al =i 10
al =i"10"a,

1 -4

- 2 12 _
2-a-cosa ol -al” N, =1

2-a-cosa” i 10" e, ) N, =i"
2:10" -a-cosa™-a, -och/z N, =i
4-10" - -cos’a™ -a-a, N, =i" (102)
From the expressions (26) and (83) apply:
a-(ei/“ Jre:’i/”‘)-ocs2 al? N, =i"
ao(ei/“ +e'i/"‘)-i2i 10" -a, -al?-N, =i"

107 -a~(ei/" +e’i/")~aw al*. N, =i"

1014~a2-(e‘/"+e"/") al-a; N, =i" (103)

Also from the expressions (11), (102) and (103) resulting the expression with

power of two:

210" -a, -a-alf =i* e

219.10" o - Qg = i*.e? (104)
2%.10 -a-(ei/“ +e‘i/°‘)'cxw-ot'G/2 =i"
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. . 2 .
210" .o -(e‘/" +e"/“) ala, =it (105)

We reached the conclusion of the simple unification of the weak nuclear, the

gravitational and electromagnetic forces:

14 2 2 2 _ 4 2

410" -a,-a”-a;-Ny=1"-¢
. . 2 .2
1014-a2-(e'/“+e"/") al-a, NG =i"

(Simple unification of the weak nuclear, the gravitational and the electromag-

netic interactions)

10. Simple Unification of the Strong Nuclear, the Weak
Nuclear, the Gravitational and the Electromagnetic
Interactions

A theory of everything is a hypothetical, singular, all-encompassing, coherent
theoretical framework of physics that fully explains and links together all aspects
of the universe. Finding a theory of everything is one of the major unsolved
problems in physics. String theory and M-theory have been proposed as theories
of everything as shown in Figure 14.

Over the past few centuries, two theoretical frameworks have been developed
that, together, most closely resemble a theory of everything. These two theories
upon which all modern physics rests are general relativity and quantum me-

chanics as shown in Figure 15.

a(E)

log(E)

Figure 14. Variation of the coupling constants of the four fundamental interactions of
physics as a function of energy.

2-Navae

Figure 15. Geometric representation of the simple unification of the strong nuclear, the
weak nuclear, the gravitational and the electromagnetic interactions.
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General relativity is a theoretical framework that only focuses on gravity for
understanding the universe in regions of both large scale and high mass: planets,
stars, galaxies, clusters of galaxies etc. Now we will find the equation that con-
nect the four coupling constants. We will use the expressions (26) and (75) to
resulting the unity formulas that connects the strong coupling constant a,, the
weak coupling constant ay, the fine-structure constant a and the gravitational

coupling constant ag
a) -al =i 10
V2 _ .2

2-a,-a-N,-al =1

12 7 1/2
a, -a;=210"-a,-a-N, -a;

a)-a,=2-10"-a-N,-a

210" N, -a, a-al* o =1

-1
aw-a-alc/zas’l:(2-107-NA) (106)

2:10"- N, ~aw-a~ag2 =a,

-2

ai,-az-ac-agzz(2-107-NA) (107)

So the beautiful unity formula that connects the strong coupling constant a,,
the weak coupling constant a,, the fine-structure constant a and the gravitation-

al coupling constant ag is:
2
(2-107 ‘N,-a, -a) ag =al
410" N3 -l -a’ o, =a’ (108)

Sometimes the gravitational coupling constant for the proton agy is used in-

stead of the gravitational coupling constant a for the electron:

aG(p) = ,L12 Nz
ol = alc/(zp) !

asoyo(aw'a'al/z )71 =2-10"-N,

G(p)
7 1/2
a,-p=2-10"-N, -a, -a-ai,
2:10" N, -Otw'a'alc/(zp)-a;‘ =1

2:10"-N, -ozw-oz-ozlG/(Qp)‘oz;1 =u-a,

aw-a~a10/(2 ~as’1=(2~107-NA)71-,u (109)

p)

So the beautiful unity formula that connect the strong coupling constant a;,
weak coupling constant a,, the fine-structure constant a and the gravitational

coupling constant ag for the proton is:

(2~107 ‘N,-«a, -a)2 Qg =’ -al
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4-1014-Nj~aj-a2-aG(p) =1 al (110)

s

From the expressions (58) and (106) apply:
cosa =2-a-al*-N,

2:10"-N, ~aw-a~agz =a,

2'a~a]G/2 “N,-2:10"-N, -aw~a-alG/2 =a, cosa’

7 2 2 -1
4-10"-a”-a;-a,-N; =a,cosa

a ~(ei/“ +e’i/")=4-NA~oz'G/2

210N, -a, a-al>=«a

s

2:-100-N,-a, a-al* 4N, al*=a,-a -(ei/“+e’i/a)
810N -a,-a’a, =a, -(ei/” +e’i/“)

From the expressions (25) and (51)-(57) resulting the mathematical formulas
that connects the strong coupling constant a,, the weak coupling constant a,, the
proton to electron mass ratio y the fine-structure constant a, the ratio N of
electric force to gravitational force between electron and proton, the Avogadro’s
number N, the gravitational coupling constant ag of the electron and the gravi-

tational coupling constant of the proton agy):

al=4-10".a’-a*-a, N, (111)
,uz-asz=4-1014-af,~a2-a6(p)-Nj (112)
u-N, -a’=4-10"-a’-a’ - N (113)
al=4-10"-a’ -a-p-al-N;-N, (114)
Weal =4-10" ~a‘f,~a-aé(p) N> N, (115)
,u-ocs=4~1014-05V2V~05-océ(p)oNfl-Nl2 (116)
pral=410"a -a-ag-aq, Ni-N, (117)

Also from the expressions (11) and (108) resulting the expressions with power

of two:
200" -a, -a-al?-a =1

21°.10" &l o, e =1 (118)
a,=2"10"-a, -a'a'G/z
al=2'"10"-a’ o’ a, (119)
We reached the conclusion of the simple unification of the strong nuclear, the
weak nuclear, the gravitational and the electromagnetic interactions:

2 4 2 2 2
o, =4-10"-a, -a” -a; -N;

810" N’ -a, -0’ o, =a, -(ei/" +e'i/")
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(Simple unification of the strong nuclear, the weak nuclear, the gravitational

and the electromagnetic interactions)

11. Gravitational Constant

The gravitational constant is an empirical physical constant that participates in
the calculation of gravitational force between two bodies and is denoted by the
letter G. It usually appears in Isaac Newton’s law of universal gravitation and
Albert Einstein’s general theory of relativity. The physicist Sir Isaac Newton in
1687 published his book “Philosophiae Naturalis Principia Mathematica” where
he presented the law of universal gravity to describe and calculate the mutual at-
traction of particles and huge objects in the universe. In this paper, Isaac Newton
concluded that the attraction between two bodies is proportional to the product
of their masses and inversely proportional to the square of the distance separat-
ing them. However, these must be adjusted by introducing the gravity constant
G. The gravitational constant G occupies an anomalous position among the oth-
er constants of physics. The mass M of any celestial object cannot be determined
independently of the gravitational attraction that it exerts. Thus, the combina-
tion G-, not the separate value of A4, is the only meaningful property of a star,
planet, or galaxy. According to general relativity and the principle of equiva-
lence, G does not depend on material properties but is in a sense a geometric

factor. The gravitational constant is defined as:

Gzach—i

The 2018 CODATA recommended value of gravitational constant is G =
6.67430 x 107! m?/kg-s* with standard uncertainty 0.00015 x 10! m?/kg-s*> and
relative standard uncertainty 2.2 x 107°. Now we will find the formulas for the
gravitational constant G using the unity formulas for the coupling constants that
we calculated. From expression (44) the gravitational coupling constant ag can

be written in the form:
4.6 N>-a” o, =1
a; =(2-e-0¢~NA)72 (120)

Therefore from this expression the formula for the gravitational constant is:

G =(2ean,)> < (121)

2
e

From equivalent expressions (68) and (75) the gravitational coupling constant

ac can be written in the forms:
4-¢"-al-a’-a,-N; =1
-2
aG:(2-6“~aS-a~NA) (122)

2 2 2 _ .4
4-a;-a”-ag-N,; =1
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a;=i"-(2-a,-a-N,)” (123)

Therefore from these expressions the equivalent formulas for the gravitational

constant are:

G=(2e"a,N,)" h—cz (124)
m@

G=i"(2a,aN,)” h—i (125)
m

e

From equivalent expressions (88) and (95) the gravitational coupling constant

ac can be written in the form:

410" - -a’-a’-a,-N; =¢’
ag=(2-¢110"a, -a-N,)" (126)
4-10%-a’-a*-a, N2 =i"-¢
ag =i (210, -a-N,) (127)

Therefore from these expressions the equivalent formulas for the gravitational

constant are:

G=(2¢""10a,aN,)” he (128)
m

2
e

-2 he

G=i"e(2:10a,aN,) —
mk’

(129)

From expression (111) the gravitational coupling constant ag can be written

in the form:

410N -al-a*a=a’
2
aczaf'<2-107-aw-a-NA) (130)

Therefore from this expression the formula for the gravitational constant is:
-2 hic
2

G=a(2:10'a,aN,) (131)

12. Gravitational Fine-Structure Constant

The relevant constant in atomic physics is the fine-structure constant a, which
plays a fundamental role in atomic physics and quantum electrodynamics. The
analogous constant in cosmology is the gravitational fine-structure constant a.
It plays a fundamental role in cosmology. The mysterious value of the gravita-
tional fine-structure constant a, is an equivalent way to express the biggest issue

in theoretical physics. The new formula for the Planck length /,is:
/ = aNaga,

The fine-structure constant equals:
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I
2 o
Ja
G
l, = r
y
P o ¢
3 3
lpl_ oF%
3 2

3
I
o, =73
re
%
ag = 3
04
3
(04
a, = |2 (132)
(04

with numerical value:

a, =1.886837x10™

Also equals:
6 _ 3
o -a’ =a
2 3 -6
o, =a;-a

a 3
2
a

Now we will try to find the best mathematical expression of the gravitational
fine structure constant a, with the mathematical constants. In trying to do this
we found surprising coincidences and various approaches for the math con-

stants. A approach for Archimedes constant 7 is:

. 2
oL :—6.7103 (133)
A approach for the Gelfond’s constant e™ is:
o5 [T 159
n Vinn

A approximation expression that connects the golden ratio ¢, the Archimedes

constant 7w and the Euler’s number e is:
211%e=3"p'Yn (135)
Two approximations expressions that connect the golden ratio ¢, the Archi-

medes constant 7, the Euler’s number e and the Euler’s constant y are:
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4e’yIn’ (27) =3¢’ (136)

VFey(27)im =11 (137)

The expression that connects the gravitational fine-structure constant a, with
the Archimedes constant m, the Euler’s number e and the Euler’s constant yis:

a, =[eyIn*(2-m)] x10°* =1.886837x10"" (138)

The expression that connects the gravitational fine-structure constant a, with

the golden ratio ¢ and the Euler’s number e is:
4e

(24
g 3\/§(ﬂ5

The expression that connects the gravitational fine-structure constant a, with

x107% =1.886837x107" (139)

the Archimedes constant T is:
N
11

2

x107% =1.886837x107" (140)

g

The expression that connects the gravitational fine-structure constant a, with

the golden ratio ¢ and the Euler’s constant yis:

a :%XIO’“) —1.886826x10°' (141)

g

The expression that connects the gravitational fine-structure constant a, with

the Archimedes constant and the golden ratio ¢ is:

o =32—“5x10'“° =1.888514x10™ (142)
@

g

From the expressions (120) and (132) resulting the unity formula for the gra-

vitational fine-structure constant ay:
ag:(Z-e-a2~NA)_3 (143)
Also apply the expressions:
(2'e-012 'NA)3 a, =1
8-¢-a’-a, Nj=1

From the expressions (123) and (132) resulting the unity formula for the gra-

vitational fine-structure constant ay:

a, =i(’i-(2-0:x-0:2'NA)73 (144)

Also apply the expression:
(2'% a’ 'NA)S ‘a, =i

- 6i

36 3 _ .6
8-ai-a -a,-Ny=1

From the expressions (127) and (132) resulting the unity formula for the gra-

vitational fine-structure constant ay:
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a, i6i.e3.(2‘107,aw.a3.NA)*3

(145)
Also apply the expression:

(2107 -0:W-053-NA)3 q, =i"-¢’

810" -a) -a’ -, -Nj =i" ¢’

From the expressions (130) and (132) resulting the unity formulas for the gra-
vitational fine-structure constant a:

a, = (107 ca,al et o a )3 (146)
Also apply the expressions:
a,=10"a) a0 a” e’
a,-a-a’-e=10"a o)
So the unity formula for the gravitational fine-structure constant a, is:
a; = (1014 aliag el a” )3 (147)

Also apply the expressions:

2 _ 42 6 3 -6 -6 -6
a, =10"a,-a;-¢”-a’ a

6 6 6 2 _ 42 6 3
e o) -aa, =107 a, a5
2 (e-a,- S _(10%.0%-a.)

a;-(e-a,-a) = al-ag

From the expressions (130) and (132) resulting the unity formula for the gra-
vitational fine-structure constant ag:

a, =i" 0(107 a,-al’ o a )3
a, =10*".i" ~(aw al’ o -a’1)3

a, =10"-i" - -a - (148)
Also apply the expressions:

13 2 -1 -1/2 _ :2i 7
a; o a-a, a;” =1"-10

6 3 _ 21 -6i 3 3/2
a,-a)-a =107 1" -a, -ag

So the unity formulas for the gravitational fine-structure constant a, are:
. 3
2 _ 61 14 2 -4 -2
a, =1 -(10 ‘a, oG o )
2 10242 (o aa 3
a, = i a, a0 o

a; =10%.i".q} -ap -0 -0 (149)
Also apply the expressions:

2 12 6 -6 -3 _ :12i 42
a, oo o) a; =110

2 - 3
6 3 _ 14 -4 2
(as-a ~ag) —(10 -1 ~aw~a6)
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12 6 2 _ 42 -12i 6 3
a oo, =107 17 a, o

So the unity formulas for the gravitational fine-structure constant a are:

3
107, +Ja,
a, =| ——— (150)
ea,a
a.a’ ’
2142 ¢
ag—lo (—ezazaz\] (151)
3
| a e
a, =10*i" [TG] (152)
aca
2 42 :12i aGOl2 ’
o =10 Lo (153)
g o’

This expression connects the gravitational fine-structure constant a, with the
four coupling constants. Perhaps the gravitational fine structure constant a, is
the coupling constant for the fifth force. Some speculative theories have pro-
posed a fifth force to explain various anomalous observations that do not fit ex-
isting theories. The characteristics of this fifth force depend on the hypothesis
being advanced. Many postulate a force roughly the strength of gravity with a
range of anywhere from less than a millimeter to cosmological scales. Another
proposal is a new weak force mediated by W and Z bosons. The search for a fifth
force has increased in recent decades due to two discoveries in cosmology which
are not explained by current theories. It has been discovered that most of the
mass of the universe is accounted for by an unknown form of matter called dark
matter. Most physicists believe that dark matter consists of new, undiscovered
subatomic particles, but some believe that it could be related to an unknown
fundamental force. Second, it has also recently been discovered that the expan-
sion of the universe is accelerating, which has been attributed to a form of ener-
gy called dark energy. Some physicists speculate that a form of dark energy
called quintessence could be a fifth force.

13. Simple Unification of Atomic Physics and Cosmology

In the context of cosmology the cosmological constant is a homogeneous energy
density that causes the expansion of the universe to accelerate. Originally pro-
posed early in the development of general relativity in order to allow a static un-
iverse solution it was subsequently abandoned when the universe was found to
be expanding. Now the cosmological constant is invoked to explain the observed
acceleration of the expansion of the universe. The cosmological constant is the
simplest realization of dark energy, which is the more generic name given to the
unknown cause of the acceleration of the universe. Its existence is also predicted
by quantum physics, where it enters as a form of vacuum energy, although the
magnitude predicted by quantum theory does not match that observed in cos-

mology.
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The cosmological constant A is presumably an enigmatic form of matter or
energy that acts in opposition to gravity and is considered by many physicists to
be equivalent to dark energy. Nobody really knows what the cosmological con-
stant is exactly, but it is required in cosmological equations in order to reconcile
theory with our observations of the universe. One potential explanation for the
cosmological constant lies in the realm of modern particle physics. Experiments
have verified that empty space is permeated by countless virtual particles con-
stantly popping in and out of existence. It is commonly believed that the cosmo-
logical constant problem can only be solved ultimately in a unified theory of
quantum gravity and the standard model of electroweak and strong interactions,
which is still absent so far. But connecting vacuum energy to the cosmological
constant is not straightforward. Based on their observations of supernovas, as-
tronomers estimate that dark energy should have a small and sedate value, just
enough to push everything in the universe apart over billions of years. Yet when
scientists try to calculate the amount of energy that should arise from virtual
particle motion, they come up with a result that’s 120 orders of magnitude
greater than what the supernova data suggest. The cosmological constant has the
same effect as an intrinsic energy density of the vacuum, py.. and an associated
pressure. In this context, it is commonly moved onto the right-hand side of the
equation, and defined with a proportionality factor of A = 8-m-py.c where unit
conventions of general relativity are used (otherwise factors of G and ¢ would
also appear, Ze:

A=8np,,. c% = KDy
where « is Einstein’s rescaled version of the gravitational constant G. The cos-
mological constant has been introduced in gravitational field equations by Eins-
tein in 1917 in order to satisfy Mach’s principle of the relativity of inertia. Then
it was demonstrated by Cartan in 1922 that the Einstein field tensor including a
cosmological constant A:

1
E = Rﬂv _ERg”V +Agw

uv

is the most general tensor in Riemannian geometry having null divergence like
the energy momentum tensor 7, This theorem has set the general form of
Einstein’s gravitational field equations as E,, = 7}, and established from first
principles the existence of A as an unvarying true constant. The cosmological
constant problem dates back to the realization that it is equivalent to a vacuum
energy density. One of the main consequences in cosmology of a positive cos-
mological constant is an acceleration of the expansion of the universe. Such an
acceleration has been first detected in 1981 in the Hubble diagram of infrared el-
liptical galaxies, yielding a positive value close to the presently measured one,
but with still large uncertainties. Accurate measurements of the acceleration of
the expansion since 20 years have reinforced the problem. The cosmological

constant A, as it appears in Einstein’s equations, is a curvature. As such, besides
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being an energy density, it is also the inverse of the square of an invariant cosmic
length L.

In the early-mid 20" century Dirac and Zel’dovich were among the first scien-
tists to suggest an intimate connection between cosmology and atomic physics.
Though a revolutionary proposal for its time, Dirac’s Large Number Hypothesis
(1937) adopted a standard assumption of the non-existence of the cosmological
constant term A = 0. Zel’dovich insight (1968) was to realize that a small but
nonzero cosmological term A > 0 allowed the present day radius of the Universe
to be identified with the de Sitter radius which removed the need for time de-
pendence in the fundamental couplings. Thus, he obtained the formula:

_ miG2

h6

where m is a mass scale characterizing the relative strengths of the gravitational
and electromagnetic interactions, which he identified with the proton mass m1,.
Laurent Nottale in [13] which, instead, suggests the identification m = mJa.
He assumed that the cosmological constant A is the sum of a general-relativistic
term and of the quantum, scale-varying, gravitational self-energy of virtual pairs.
A renormalization group approach is used to describe its scale-dependence. We
argue that the large scale value of A is reached at the classical electron scale. This

reasoning provides with a large-number relation:

1
gl L}
me lpl
The cosmological constant A has the dimension of an inverse length squared.
The cosmological constant is the inverse of the square of a length Z:
L=+A™
For the de Sitter radius equals:
R, =\/3L

So the de Sitter radius and the cosmological constant are related through a

simple equation:

From this equation resulting the expressions for the gravitational fine struc-

ture constant ag:

So the cosmological constant A equals:
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27 -2
A=a,l,
14
A =2
reﬁ
3
2 c
A =a, —
Gh

6
512
'\«

From the expression (143) resulting the simple unification of the atomic

physics and the cosmology:

a, :(2~e~052~NA)_3
ZA=(2eaN,)’ (154)
(2-e-a2-NA)6-l[fl-A=1 (155)

Now we will use the unity formulas of the simple unification of atomic physics
and cosmology to find the equations of the cosmological constant. For the cos-

mological constant equals:

3

A=(2ea’N,)" é (156)

From the expression (144) resulting the simple unification of atomic physics

and cosmology:

a =i6i-(2-as -0:2~NA)73

g
112,,-A:i121~(2~0!3~a2~NA)_6 (157)
(2-a,-a’ -NA)G-lf,,-Azi”‘ (158)

For the cosmological constant equals:

3
. -6 ¢

A=i"(2a,0’N,) — (159)

( K A4 ) Gh
From the expression (145) resulting the simple unification of atomic physics

and cosmology:
. -3
a, =i"¢’(2:10"-a,-a’N,)

—6

LA=i"-¢"(2:10" e, - -N,) (160)
(2107 -a,-a* N, ) 1% A =i e (161)

For the cosmological constant equals:

3
C

A=i%e5(2:100a a’N,) " <=
( aN,) Gh

(162)

From the expression (146) resulting the simple unification of atomic physics
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and cosmology:

 \3
aga,
a; :1042 262 M2
eaa

P 3
24 _1n22| %%,
e’ -a)-a’ 1), -A=10" o -a; (164)
For the cosmological constant equals:

2\ 3

aga c
A=10"] 52 | — 165
(ezafaz Gh (165)

From the expression (147) resulting the simple unification of atomic physics

2 \3
i | asal
a;:1042_1121( G w]

and cosmology

a’al
a.a’ )
20 _1pd2 0| A,
2A=10" i [azag‘] (166)
a’-a’ I A=10".i"".q; -a; (167)

This unity formula is a simple analogy between atomic physics and cosmolo-

gy. For the cosmological constant equals:

2\ 3
a2 i %, | C
A=10"-1 [aza4j E (168)
The Equation of the Universe is:
3
AGh 12 .
’ :1042.112‘(0‘2“3} (169)
¢ aa;

The sum of the contributions to the total density parameter (), at the current
time is:

0, =1.02+0.02

The assessment of baryonic matter at the current time was assessed by WMAP
tobe Q, =0.04410.004. From the simple unification of the fundamental inte-
ractions the density parameter for normal baryonic matter is:

1/2

107 L3 2 -1 -
Qy=10"-a, a;-a-a, -a;

Q,=210"-N,-¢"-a,-a-al

Q, =2".e.107 a, _(ei/a +e’i/“)
Qy=2-N,-a 'a-alG/2

Q,=2"q, .(ei/a +e—i/a)

12 -7
Q,=«a, -a;-10
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Q, =i" (170)

From the simple unification of the fundamental interactions the density pa-

rameter for dark matter is:
Q,=6-Q,=6-¢" =6-i" =0.2592835 = 25.92%

From the simple unification of the fundamental interactions the density pa-

rameter for the dark energy is:
Q, =17-Q, =17-¢ " =17-i* =0.73463661 = 73.46%

The sum of the density parameter for normal baryonic matter and the density

parameter for the dark matter is:
Q,=7-¢"=7-i" =0.3024974 = 30.25%

The sum of the density parameter for normal baryonic matter and the density

parameter for the dark energy is:

Q,.,=23-Q,=23-¢" =23-i" =0.99392 = 99.39%

D+A

The sum of the density parameter for normal baryonic matter and the density

parameter for the dark energy is:
Q,=0Q,+Q,+Q, =i’ +6-i" +17-i" =24-i" =1.037134 (171)

A positively curved universe is described by elliptic geometry, and can be
thought of as a three-dimensional hypersphere, or some other spherical 3-
manifold (such as the Poincaré dodecahedral space), all of which are quotients of
the 3-sphere. Poincaré dodecahedral space is a positively curved space, collo-
quially described as “soccer ball-shaped”, as it is the quotient of the 3-sphere by
the binary icosahedral group, which is very close to icosahedral symmetry, the
symmetry of a soccer ball. This was proposed by Jean-Pierre Luminet and col-
leagues in 2003 and an optimal orientation on the sky for the model was esti-
mated in 2008. When the universe expands sufficiently, the cosmological con-
stant L becomes more important than the energy density of matter in determin-
ing the fate of the universe. If A > 0 there will be an approximately exponential
expansion. This seems to be happening now in our universe as shown in Figure
16.

The state equation w has value w= —1.028 + 0.032. From the simple unifica-

tion of the fundamental interactions the state equation w has value:
w=-24.¢ " =-24.i" =-1.037134 (172)

For as much as w < —1, the density actually increases with time. From the

simple unification of the fundamental interactions for the measurable ordinary
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Figure 16. Perhaps the shape of the universe is Poincaré dodecahedral space.

energy E(O) apply:
E(O) =i"-m-c’

Also from the dimensionless unification of the fundamental interactions for
the sum of the dark energy with the dark matter density of the universe £(D)
apply:

E(D) =23-i" -m-c*

So for the total energy Eapply:

E=24-i"-m-c* (173)

R. Adler in [14] calculated the energy ratio in cosmology, the ratio of the dark
energy density to the Planck energy density. Atomic physics has two characteris-

tic energies, the rest energy of the electron £, and the binding energy of the hy-

drogen atom Ej. The rest energy of the electron E. is defined as:
E,=m,.c’
The binding energy of the hydrogen atom Ej is defined as:
m,e*

Their ratio is equal to half the square of the fine-structure constant:

Cosmology also has two characteristic energy scales, the Planck energy density
pp» and the density of the dark energy pa. The Planck energy density is defined
as:

E,
hG?

Pp =75
p lp[

To obtain an expression for the dark energy density in terms of the cosmolog-
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ical constant we recall that the cosmological term in the general relativity field
equations may be interpreted as a fluid nergy momentum tensor of the dark
energy according to so the dark energy density p, is given by:
_ Ac?

&nG

Pha

The ratio of the energy densities is thus the extremely small quantity:

[N

Pr s
ppl 87[
So with expression (139) for the ratio of the dark energy density to the Planck
energy density apply:
2 -5
P _ zf ? 107 (174)
P 3 e

14. Conclusions

It presented the simple unification of the fundamental interactions. We reached
the conclusion of the simple unification of the nuclear and the atomic physics:

12

10-(eW“ +e*i”/“) =13.i

We calculated the unity formulas that connect the coupling constants of the
fundamental forces. The simple unification of the strong nuclear and the weak

nuclear interactions:

ea, =10 a,
al=i"10"a,

The simple unification of the strong nuclear and electromagnetic interactions:

a, _(ei/a te e ) —9.i4
The simple unification of the weak nuclear and electromagnetic interactions:
10", -(ei/“ +e_i/“) =2-e-i"
The simple unification of the strong nuclear, the weak nuclear and electro-

magnetic interactions:

w

10" -« o(ei/“ +e'i/“) =2-q,

The simple unification of the gravitational and the electromagnetic interac-

tions:

4-¢-a’-a, Ni=1
. a2
16-a2~aG-Nj:(e/ +e /)

The simple unification of the strong nuclear, the gravitational and the elec-

tromagnetic interactions:

2 2 2 _ 4
4-a;-a”-ag-N,; =1
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a’ -(ei/" +e’i/")-a: ag NG =i"
The simple unification of the weak nuclear, the gravitational and the electro-

magnetic interactions:
4.10" ~afv o’ “ag N%=i".¢’
. . 2 .
10" .o’ ~(e'/” +e"/“) al-a, NG =i"
The simple unification of the strong nuclear, the weak nuclear, the gravita-
tional and the electromagnetic interactions:
al=4-10"-a’-a’-a, N,
We found the formula for the Gravitational constant:
-2 hic

2
e

G=0a2(2-10'a,aN,)

We calculated the expression that connects the gravitational fine structure

constant with the four coupling constants:
agal )

2 _1nf2 :2i| 464,
@, =107 (ﬁj

Perhaps the gravitational fine structure constant is the coupling constant for
the fifth force. It presented that the gravitational fine structure constant is a sim-
ple analogy between atomic physics and cosmology. The conclusion of the sim-

ple unification of atomic physics and cosmology:

12 6 72 _ 42 -12i 3 6
a’a’ -l - A=10"1" a5 -«

We found the formula for the cosmological constant:

2\ 3

4 .00 AeQ,, c
A=10" i (; vl s
a‘a; ) Gh

The Equation of the Universe is:

3
AGh _ 109 .12 (asavva

e a’al

We proposed a possible solution for the cosmological parameters. From the
dimensionless unification of the fundamental interactions the density parameter
for normal baryonic matter is:

Q, =e " =i" =0.043214 = 4.32%
The density parameter for dark matter is:
Q, =67 =6-i" =0.2592835=25.92%
The density parameter for the dark energy is:
Q, =17-¢7" =17-i" =0.73463661 = 73.46%
The sum of the density parameter for normal baryonic matter and the density

parameter for the dark energy is:
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Q,=24-¢" =24-i" =1.037134

A positively curved universe is described by elliptic geometry, and can be
thought of as a three-dimensional hypersphere, or some other spherical 3-
manifold, such as the Poincaré dodecahedral space, all of which are quotients of

the 3-sphere. The state equation w has value:
w=-24-¢ " =-24.i" =-1.037134

For as much as w < —1, the density actually increases with time. Finally we
presented the law of the gravitational fine-structure constant a, followed by ra-
tios of maximum and minimum theoretical values for natural quantities. Per-

haps for the minimum distance /i, apply:

lmin =2'e.lpl
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