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Abstract

Existing theories of gravity, based on the force of attraction and the geometric curvature of space, do not allow a full description
of the gravitational interactions of bodies in the universe. A theory of gravity based on hypercomplex space has been developed. It
is shown that the hypercomplex space, as well as the complex plane, has a conformal mapping into a space of the same dimension
with the corresponding curvature. For example, a straight line in the complex plane maps to a circle, and a straight line in 4D
quaternion space maps to a sphere. As is known, the existing space of the universe has dielectric and magnetic permeability,
measured in Farads and Henry per meter, respectively. In other words, empty space (vacuum) has capacitance and inductance.
Similar concepts of capacitance and inductance are introduced for space with masses. It is shown that it is the capacitance and
inductance of free space that contribute to conformal mapping, i.e. the twisting of the motions of bodies. Circular movements
are carried out around the zero point of space without loss of energy. Moreover, the increments in body mass can take both
positive and negative values. According to the law of conservation of energy, the universe is a single system with multiple MIMO
connections. This connection is ensured by the presence of memory and the phenomenon of induction, which has no limits on the
speed of transmission of energy changes, so the system instantly responds to such changes. In other words, there is no locality,
which in quantum physics manifests itself through “entangled” particles. Using Maxwell s equations, obtained analytically with
the quaternion representation of the potential and kinetic functions of the intensity of bodies with masses, it is shown that the
orbits of bodies move simultaneously in a circle and in a straight line. Therefore, it is impossible to consider the orbits of the
planets of the solar system when the sun is stationary. The calculations carried out showed that when taking into account the
movement of the planets together with the sun, the axes of rotation of the planets must have corresponding tilts that would ensure
simultaneity of movement together with the sun. Moreover, due to the tilt of the planes of rotation when observed from the Earth,
elliptical orbits of the planets are obtained.
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I. Introduction

The interaction between bodies is described by Newton’s law of gravitational attraction, published in 1687. The law states that the force
of gravitational attraction between two material points with masses and , separated by a distance r, acts along the line connecting them,
is proportional to each of the masses and inversely proportional to the square of the distance:

m
— 17772
F, =G
p

N, (1)

where G =6.6743x107"" Nem?/kg? — gravitational constant.
Force is measured in Newtons (N); one N is equal to the force that accelerates a 1 kg mass in 1 second, giving it an acceleration of 1 m/
sec in the direction of the force. The masses of other planets are calculated using Kepler’s third law, with Newton’s corrections.

However, recent observations of the orbits of stars in distant galaxies have shown that the orbits of stars located at large distances from
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the center of galaxies should not be attracted to the center due to the weakness of the force of attraction, which decreases inversely
proportional to the square of the distance from the stars to the center of mass. It has been suggested that there is some kind of “dark
matter” that acts as an additional force attracting distant stars, but it has not yet been detected. Consequently, Newton’s theory of gravity
is not fully consistent with the new results of observations of the universe, and there is a need to develop the theory of gravity. In his
general theory of relativity (GTR), Einstein proposed that there is no force of attraction and that the gravitational interaction of bodies
is explained by the curvature of space. In GTR, the apparatus of differential geometry in 3D space was used, and time was introduced
into the analysis as the 4th spatial coordinate. The theory made it possible to explain the deflection of light near massive bodies, clarify
the orbit of Mercury, and the time delay for navigation systems. The theory is based on the relationship £ = ;2 , where energy curves
space in the same way as mass. In this case, the speed of light in a vacuum ¢=299792458 m/s is a fundamental constant that does not
depend on the choice of inertial reference frame. The curvature coefficients were calculated based on the law of conservation of energy.

Einstein’s theory for 3D space described the curvature of space in a geometric sense, as a curved sheet of some material, and calculated
the curvature tensor. This approach significantly limited the dimensionality of the space analysis. Einstein understood the limitations of
this approach and sought a universal theory of gravity that would unite electrodynamics and gravity. In reality, the space of the universe
is vast and there are approximately 200 sextillion stars in the observable universe, i.e. a number with 23 zeros. This number is based
on the calculation of about 100 - 200 billion galaxies, each of which contains from 100 to 400 billion stars with their own planets and
satellites. The diameter of the observable universe is 93 billion light years. Moreover, the universe is constantly expanding and, they
say, at a relatively high speed. The universe is 13.8 billion years old. Objects whose light took 13.8 billion light years to reach us have
traveled 46 billion light years. Thus, existing theories of gravity, based on the force of attraction and the geometric curvature of space in
the form of a curved sheet, do not allow a full description of the gravitational interactions of bodies in the universe.

2. Theory of Gravity Based on Maxwell’s Equations in Hypercomplex Space

2.1. Conformal Mapping in Hypercomplex Space

It is known that in the space of the universe all bodies rotate, and do not move in a straight line at a constant speed without loss of energy,
as in inertial reference systems. At the same time, the rotation of bodies is not explained by the force of attraction and the curvature of
space in the form of a curved sheet or funnel in 3D space. The law of conservation of momentum also does not explain the rotation of
bodies, since it is already applied to a rotating body. Therefore, it is necessary to find other reasons for the rotation of bodies. Moreover,
these reasons must satisfy the law of conservation of energy and work for spaces of very high dimensions. Hypercomplex spaces
satisfy these requirements. It is known that hypercomplex spaces are obtained by the procedure of doubling hypercomplex numbers
and, in principle, can have a very large dimension. Currently, quaternions in 4D, octonions in 8D, and sedenions in 16D are well
studied. Hypercomplex spaces satisfy the Cauchy-Riemann conditions (CRC) and when the increment of the values of time, frequency,
amplitude and other parameters for any spatial coordinate changes, the parameters of other coordinates change in such a way that energy
is conserved.

Since bodies rotate around some center of mass, there must be zero points in space, relative to which some parameters of the body take
on both positive and negative values. This question still remains a mystery in the theory of gravity, since no body with negative mass
(antimatter) has been found. This leads to a lack of understanding as to why the masses are only attracted. The dimension of physical
space is greater than the dimension of the complex plane and is equal to 3D — length, width, height. Therefore, to analyze physical
processes in real space, it is necessary to use harmonic functions of higher dimension than complex ones on the plane. It is clear that
these functions must be analytic and harmonic, and also satisfy the CRC and the Laplace equation. Moreover, the dimensionality of
the universe’s space, based on the number of stars and planets, must be significantly greater than 3D. Complex functions of higher
dimensions are known as hypercomplex. Quaternions were discovered by Hamilton in 1843. Later, using the doubling procedure,
octonions, sedenions, and other hypercomplex numbers of higher dimension were defined. According to the doubling procedure, the
dimension of hypercomplex numbers N describing hypercomplex spaces is a multiple of 2, i.e. N =2", where n=1,2,3,....
Hence, the dimension of a quaternion is 4, an octonion is 8, a sedenion is 16, etc.

Hypercomplex functions constructed on the basis of hypercomplex numbers also satisfy the CRC and the Laplace equation. Therefore,
the physical space constructed using hypercomplex functions can have a large dimension, a multiple of 2, and be analytic and harmonic.
Therefore, to develop a theory of gravity in high-dimensional space, it is necessary to use hypercomplex functions based on hypercomplex
numbers. Moreover, despite the fact that physical space has a 3D dimension, it is possible to form spaces of very high dimensions in it
using hypercomplex numbers. To describe the motion of planets in space, we use the matrix equation of dynamics in the state space of
a given dimension:

X(1) = Ax(?) , 2)
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where A is a square state transition matrix (STM), which is a hypercomplex number of a given dimension in matrix representation, X(¢)
is a time-varying vector of a hypercomplex number representing the vector of a body with mass in a given state space, X(¢) is the time
derivative of the vectorx(#) .

The solution to the homogeneous linear matrix differential equation (2) will be the exponential of the STM. The solution to the
homogeneous linear matrix differential equation (2) will be the exponential of the STM. Let us represent this solution as a fundamental
matrix for a three-frequency quaternion with basis matrices I, J, K [1].

(o1+0, I+ K)r

(I)(a)iaa)jaa)kat):eAt:e = (3)

= p(@,0;, 0, OE +u(@,, 0;, @, O+ W@, 0,0, , )T + W@, 0;, 0, DK,
where the functions of the quaternion have the form:

D@, @, ,1) = COS 0,1 COS ;1 COS Wyt —SINWEsin @ tsinw,t 4)
u(@,, @;,@;,t) =Sin @1 COS @, COS Wt + COs WIsinw;Isin yt
W@, @;, @ ,1) = COS W1 SIN ;1 COS WL —sin W cos @ tsinw,t

W@, @, @ ,1) = COS W1 COS @1 SIN 4 + SN W SIN ;1 COS W1 .

As can be seen from expression (3), the fundamental matrix consists of the sum of the real part with the matrix E and the imaginary part
with the matrices I, J, K. Functions (4) have continuous derivatives of any order, therefore, they are analytic and harmonic. It is known
that the first derivatives of a harmonic function satisfy the CRC, and the second derivatives satisfy the Laplace equation. The CRC
requires that as the amplitude of real oscillations increases, the amplitude of imaginary oscillations decreases. In this case, in accordance
with the Laplace equation, the total power of the oscillations should remain unchanged.

These two conditions are of fundamental importance for the analysis of physical processes of gravity, since, according to the law of
conservation of energy, in physical space, with any transformation of energy, it must remain the same in magnitude. For example, if
the real part of a complex function is defined as potential energy, and the imaginary part as kinetic energy, then the sum of the energies
must be constant at any moment in time. It follows that the harmonic function describes a circle with a constant radius on the complex
plane, and a sphere in 3D space. The fundamental matrix (3) is also a quaternion in matrix notation. The variables of the quaternion in
the algebraic form x, y, z correspond to the angular frequencies w, w, 0, the indices of which indicate the corresponding imaginary
coordinate axes of 4D space. Since imaginary numbers i, j, k¥ form spatial coordinates in 4D, the matrices E, I, J, K are orthogonal and
also form a 4D orthogonal space. Similar equations can be written for the 7-frequency octonion [2]. The imaginary coordinate axes of
space have different angular frequencies, therefore, a connection between space and time is formed. Note that to connect space and time,
there is no need to introduce time as the 4th coordinate of space. Time acts as a natural chosen scale of reference for the universality of
the values of the periods of events. When time ¢ changes, the time scales of each coordinate change in accordance with the values of the
angular frequencies. However, due to the CRC, the energy of the system remains constant. Note that in functions (4) time is included as
a product of angular frequencies. It is this fact, together with CRC, that allows us to get the Fourier transform, since when changing time,
we obtain functions of frequency change while preserving the energy of the spectra, Parseval’s theorem [3]. This property also allows us
to model the processes of changing the curvature of the trajectories of bodies.

The fundamental matrix for a single-frequency quaternion, decomposed into basis matrices E, I, J, K, will have the form:

. | 1 . 1 .
@ (w,t) = cos wtE + sin @il = cos wtE + —=sin wtl + —=sin otJ + —=sin otK (%)
B NG NG}
\ﬁ cos wt sin ot sin wt sin ot
1| —sinot x/gcos ot —sinwt sin wt

\ﬁ —sin wt sin wt \/gcos wt —sinwt

—sin wt —sin wt sin wt \ﬁ cosat |
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where I = TX+J+ K)/ \/g - imaginary unit.

The fundamental matrix is orthogonal because (I)(t)(I)T = ®T D) =E and, therefore, does not change the norm of a vector
when it is multiplied by a matrix. We write the function of the change in the orbit of the body’s motion, and therefore the increment of
the scalar part and the imaginary part of the body’s mass, as a 4D vector obtained by multiplying the fundamental matrix (4) or (5) by the
initial state vector x(0). We define the norm of a vector as the mass of a body. Since the fundamental matrix is orthogonal, the mass of
the body does not change under transformations. For a single-frequency quaternion, we write the function of change in mass increment
over time as

f(t) = ®(,1)x(0). (6)

Based on the solution of equation (2) in the form of exponential (3), we can conclude that the dynamic equation (2) carries out a
conformal mapping of the mass vector from the hypercomplex space into the rotation space. When exponentially mapping lines in the
complex plane, we get circles, and when exponentially mapping 4D hypercomplex space, we get a 4D sphere on three imaginary axes
and one real axis that has no direction. Time, as usual, is not a coordinate of space, time is universal and the same for everyone. However,
time, together with angular frequencies, is included in the arguments of the sine and cosine functions of the fundamental matrices (3), (5)
and, accordingly, is associated with the values of angular frequencies. When time changes, the angular frequencies must change in such a
way as to maintain the orthogonality of the matrices and not change the energy during transformations. In other words, the fundamental
matrix performs a Fourier transform, in which functions of time become functions of frequency (spectra). Figure 1 shows the rotational
trajectory (6) of a scalar mass for a quaternion at the same frequencies, and Figure 2 shows the trajectory at 3 different frequencies.

Figure 2: Trajectory of Rotation of The Scalar Mass Increment for a Three-Frequency Quaternion
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In reality, we observe the rotation of bodies in the universe, and the figures show mathematical calculations of the increment of the
masses of bodies that determine the parameters of these trajectories. As can be seen, the rotation of the scalar increment is around zero,
and the orbits are closed. In this case, the scalar takes both a positive (red color) and a negative value (blue color). The initial state of the
system is shown in black. The scalar also changes in magnitude, while the total energy is preserved. Conservation of the energy of the
system during transformations is equivalent to conservation of the norm of the quaternion, i.e. the length of the radius, and is ensured
by the CRC. Since the radius of rotation is calculated as the norm of a vector, it is equal to the radius of rotation of the increments of
the scalar part when its value is zero.

The CRC are obtained from the equality to zero of the derivatives of the quaternion function with respect to the conjugate quaternion.
Physically, this means the absence of energy dissipation in a direction perpendicular to the direction of motion of bodies with masses.
The CRC for the increment of the scalar part depending on the increments of the imaginary parts along different coordinate axes have
the form [4].

Os Ox O O ox ds & v’
dp Ou Ov Ow ép _ _Ou 0Ov ow

8 0: 05 o 0 o Ox 05

(7)

Thus, it is shown that the rotation of the planets occurs not due to the force of attraction, but due to the property of space, which carries
out an exponential, conformal mapping of rectilinear motions in a multidimensional hypercomplex space into circular motions, i.e., it
curves space. In this case, the functions describing the parameters of bodies are harmonic and satisfy the CRC and the Laplace equation.
Circular movements of mass increments are carried out around the zero point of space without loss of energy and, therefore, infinitely
long. In this case, the increase in body mass can take both positive and negative values. The norm of a vector represents the mass of a
body that does not change during its orbital rotation.

2.2 Fundamental Constants of Physical Space with Masses

Next, we will determine which parameters of space provide conformal mapping, respectively, the curvature of space and the transformation
of rectilinear motion into circular motion. In his research, Einstein spoke about the universality of the laws of nature and wanted to unite
the laws of gravity and the laws of electrodynamics. As is known, electrodynamics is based on Coulomb’s law and Maxwell’s equations.
Coulomb’s law was established experimentally by Coulomb, and Maxwell’s equations were generalized and written mathematically
also on the basis of experiments conducted by Faraday, Ampere, Gauss, Lorentz, and others. Electrical forces are considered to be the

dominant physical phenomenon, so these experiments were not affected by the earth’s “gravity”, therefore it can be argued that they are
universal and act anywhere in space.

Let us consider Coulomb’s law, which in its form of notation and in the calculated value of force is similar to Newton’s law (1), but
shows the interaction of point electric charges. Coulomb’s law was experimentally established in 1785 and describes the magnitude of
the force F', acting between two electric charges g, and ¢, separated by a distance 7 in a vacuum:

0q
F,=k 471[:2 N, (8)

where k& =8.9875517923(14)x 10° N'm/C? is the electric constant or Coulomb constant.

The gravitational constant G differs in magnitude from the Coulomb constant k. Moreover, the Coulomb constant was established on the
basis of a physical experiment with a fairly high accuracy, and the method of measuring the gravitational constant, based on the “attraction”
of heavy balls, raises doubts. According to experimental physicists, the accuracy of measuring the gravitational constant is very low.
Charge, like mass, is characterized by a measure of inertia, i.e. the ability to resist a change in the speed of its movement or a change in
the magnitude of the charge. In this case, the mass in (1) can only take positive values, and the charge in (2) can take both positive and
negative values. The Coulomb constant for a vacuum is written in the SI system as k = 1/ 4re, , where & = 8.854187817-107"
F/m is the permittivity of free space (vacuum). This value is fundamental and determines the ability of a vacuum to transmit an electric
field. The value of the permittivity of free space is taken as a standard and in the CGS system is equal to 1. The permittivity of dielectrics
is greater than 1. The permittivity of free space can also be written using the speed of light ¢ as &, = 1/ (47 x 1077 Cz) . It is known
that the magnetic permeability of free space is equal to Uy = 477 %107 H/m. Magnetic permeability is also a fundamental physical
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constant that determines the relationship between a magnetic field and its source in a vacuum. Substituting the value of magnetic

2
permeability into the expression for dielectric permeability, we obtain that €y = 1/ (,uoc )» and the speed of light in a vacuum is

€= 1/ Ho&y = 2.99792458-10° m/s. Since light is an electromagnetic wave, the permittivity of free space, measured in F/m,
and the magnetic permeability of free space, measured in H/m, determine the speed of light as the maximum speed of propagation of
an electromagnetic wave. In other words, €, and L, play the role of a capacitor and an inductor in an oscillatory circuit with a resonant
frequency equal to the frequency of the light wave. Let us also note that the value of magnetic permeability includes the quantity 4,
which also determines the volume of a sphere in 3D}/ = A7R3 / 3 and the surface area § = 4,7 R? ofasphere, while V' = A R® / 3.
As is known, the energy of the scalar part of a quaternion is equal to the sum of the energies of the three imaginary parts.

The number 7 is calculated as the ratio of the circumference to the diameter and is considered a fundamental mathematical constant.
The number & has an infinite number of digits after the decimal point, the sequence of digits never repeats and never ends. Currently,
more than 100 trillion characters have been calculated. Since the number & is included in the definition of magnetic permeability,
it can also be considered not only a mathematical constant, but also a fundamental physical constant of space. With its help, it is
possible to calculate with great accuracy the ratio of the length of a straight line segment of the motion of any body to the radius of the
circular motion during conformal mapping of the hypercomplex space, at any distance from the place of motion. This mathematical and
physical fact forms the connection between galaxies, stars and planets and, accordingly, the integrity of the universe. Thus, according
to Coulomb’s law, there are two fundamental constants in free space: the permittivity €, which shows the degree of weakening of the
electrical intensity depending on the distance, and the magnetic permeability u,, which shows the degree of weakening of the magnetic
intensity depending on the distance. The number 7 is not only a mathematical but also a fundamental physical constant. Permeability
constants have the dimensions of capacitance and inductance, respectively. Therefore, from a physical point of view, capacitance and
inductance form spatial oscillatory circuits that contribute to the formation of harmonic wave functions and, accordingly, the circulation
of electromagnetic waves.

2.3 The Law of Conservation of Energy, Inertia, Capacitance and Inductance of Space with Masses

The main fact that ensures the integrity of the universe, i.e. its functioning as a single organism, is the fundamental law of conservation
of energy. This law establishes that energy does not arise from nothing and does not disappear without a trace, but only passes from
one form to another. The total energy in a closed system is constant. If we consider the universe as a closed system, then the law of
conservation applies to every galaxy, every star and every planet. The universe is constantly expanding at a relatively high rate. But
despite the expansion of the universe, recent studies have established that the universe has a zero-energy balance.

From this we can conclude that in order to maintain the integrity of the system, the interaction of the elements of the universe must be
based on the principle of the global influence of energy changes. This principle of the instantaneous influence of changes in energy in
one place in the universe on other elements of the universe must ensure the law of conservation of energy. In other words, the universe
should be viewed as a multiple-input, multiple-output (MIMO) system, i.e., as a very high-dimensional system with connections from
one to another. This scheme not only ensures the integrity of the system, but also increases its stability by distributing the energy of
any cataclysms throughout the entire universe. At the same time, thanks to the connections between objects in the universe, its energy
increases while maintaining its balance between sources and consumers of energy.

3. Capacity of Bodies with Mass and Potential Energy of Mass
In physics, the mass of a body is determined by the measure of its inertia and by the force of attraction to other bodies. Mass m
is measured in the SI system in kilograms (kg). For a given volume of a body ¥, and mass density p , the mass is calculated as

m=p,V, . We defined the mass of a body in a multidimensional space as the norm of a vector in this space. In a hypercomplex space,
a vector has one scalar component, and the rest are imaginary. The scalar part corresponds to potential energy, and the imaginary part
corresponds to kinetic energy. In this case, the scalar energy is equal to the vector sum of the kinetic energies over the coordinates over
the period, and in sum they are equal to the norm of the mass vector. It is known that the capacitance of electrical capacitors is defined as
the proportionality coefficient between the accumulated charge ¢ of the antenna conductors or capacitor plates and the voltage u between
them and is measured in Farads: C = ¢ / u F. The capacitance of a charged body is determined through the charge of the body and the
electrical field intensity E at a given distance for the vector a,:

q
C= .F 9
Ha 9)
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However, due to the universality of the laws of nature, the concept of “capacitance” applies not only to electricity. By analogy with a
capacitor or a charged body, we determine the potential capacitance of a body C  with mass m through the mass of the body and the
potential intensity P in the direction of the vector a_using a formula similar to (9):

m

C = .
" |P|a,

(10)

With a conformal mapping of hypercomplex space, the motion of masses is transformed into motion along a closed circle around a center
with zero mass. In this case, the mass increment and, consequently, the potential intensity, like the electrical intensity, will take on both
positive and negative values.

The capacity of a body with mass will also be measured in Farads. Potential intensity P is created by the mass of the body m and
is proportional to it, therefore the ratio of their values must be constant. Potential capacity is a measure of the ability of bodies to
accumulate mass, as well as the potential energy stored in it. In this case, mass is a scalar quantity and is measured in units of weight
kg. The mass potential P is the ability of a system to perform work, and is a vector quantity directed toward another body with mass
along the vector a . The capacity of mass in space is determined by the shape of the physical body and characterizes the body’s ability
to accumulate mass and perform work. For example, the volumetric mass of a sphere is calculated as m = 47’ fo / 3, where r is the
radius of the sphere, p_is the volumetric mass density. The mass flow, i.e. the potential intensity flow, is calculated for the surface area

of the sphere S =4xr. In this case V/ S = r/ 3, the flow of potential tension will be directed in all directions with the same intensity,

and the capacity of the ball will be equal to Csp = V/ S=r, / 3. As is known, the energy of the scalar part of a quaternion is equal to the
sum of the energies of the three imaginary parts. Therefore, the value of mass can be determined from the value of potential intensity.
Let us define the potential intensity using Newton’s law (1) as

P-—=-GZa, (11)
r

where m, is the small test mass.
The unit of measurement of potential intensity P will be N/kg or m/s?. Potential intensity also characterizes the influence of a body’s
mass on other bodies with mass.

Let us substitute the obtained expression for potential intensity (11) into (10):

L (12)

In determining the capacity of a body with mass (12), the masses cancel out. Therefore, this expression must contain the fundamental
constants 4n and ¢ , which are characteristic of bodies with masses, and these constants must be present in the gravitational constant
G. Let us define ¢ as the permeability of potential intensity or as potential permeability. Potential permeability shows the degree of
weakening of potential intensity at a distance of 1 m. However, due to the law of conservation of energy, energy as a whole does not
decrease, but simply transforms into another type of energy, kinetic. In other words, translational motion turns into circular motion. In
general, the movement of mass occurs both along a straight line and in a circle, i.e. in the form of circulation

We write the gravitational constant in (12) as 472'8,,1 =G. Knowing G = 6.6743x107!" , we calculate the potential permeability as

g, _ G 5311x10™ Fm, (13)
T
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We will measure the potential permeability of space ¢, in F/m. As is known, the Coulomb constant is k = 1/ 47, .1t is also known that

the dielectric constant of a vacuum is &, = 8.854-107" , which is 1.667 times greater than the potential permittivity (13). According to
mm,

formula (13), Newton’s law (1) can also be written as ;2 Accordingly, the potential capacity of the body, taking into
account the reduction in (13) of the dimensions of the distance » and the length of the vector a , will have the form:

F, =4re,

r
C =—= . 14
"G 4re (14

m

The difference between em and €0 by a factor of 1.667 has little effect on calculations for large masses. Moreover, as is known, the
gravitational constant G is determined with a significant error.

It can be shown that in Coulomb’s law (8) the Coulomb constant is equal to k& =1/47z&, =1/C,. , where C_is the capacitance of

the charged ball. Hence, C,. = 47zg, = 1/k=4x-8.854- 1072 =1.113-107"°. The potential capacity of a ball with
mass at a distance of 1 m is determined, according to (14), as the density of the capacity of a body with mass for ¢ :

c -1 _ L 140810 (15)

4re, 4r-5.311x10"

We denote the potential capacitance density for ¢ as
! ! =8.988x10°. (16)

"0 4ng,  A7-8.854x10

The differences between capacities (15) and (16) are insignificant for large masses. At the same time, the ratio of the capacity of the mass
to the capacity of the charges Cm,0 / C,. =8.075x% 10" . This means that the potential capacity of the mass must be much greater than
the potential capacity of the charge for the interaction forces to have the same values. In fact, this is true; the sizes and masses of bodies
in the universe are much larger than the sizes of charged bodies and electrons. In this case, the capacities correspond to the reciprocal
values of the Coulomb constant and the gravitational constant: f — 8 9875517923(14)x10° and G =6.6743x107"'! . The ratio
of the Coulomb constant to the gravitational constant will be k/ G =1.347 x10%° . Therefore, the Coulomb constant in (8) seems to
increase the force of interaction between charges, while the gravitational constant in (1) decreases it. The mass of a body in a given
direction can be calculated from formulas (11), (12) as

m=C,P. 17)

Only physical bodies and particles possess potential capacity, since only they possess mass. From expression (17), it is clear that, for a
constant capacity, mass is proportional to the potential intensity in a given direction.

As is known, Faraday established that between electrical bodies there is an electric flow, i.e. spatial current or electrical induction D,
which is related to the electrical intensity E through the dielectric constant of free space ¢, as

D=¢E. (18)

In accordance with (18), we write a similar equation for the mass potential P, the potential permeability of space ¢, and the potential
induction R:

R=¢P. (19)
Despite the fact that potential induction R is proportional to the potential intensity of mass P, it characterizes another physical phenomenon

— the “movement” of mass from one body to another by means of induction. When calculating the force, ¢, is compensated for, and
therefore, there are no limitations on the propagation speed for potential permeability (19). It acts instantaneously, or, more simply, it acts
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continuously. Based on the law of conservation of energy and induction, when additional mass appears on one body, opposite masses
immediately appear on other bodies to compensate for it on the first and, thus, restore the previously existing energy balance. An analysis
of Coulomb’s law using Maxwell’s equations for a quaternion shows that opposite charges do not attract each other. An opposite charge
is induced on another body, and the opposite charges move toward each other to compensate for the additional charge introduced into
space [5]. Let us write the capacitance (10) using the potential induction (19) as

C,="Ta,. (20)

R|
Since potential induction in (20) does not depend on potential permeability in space, the influence of R acts in a straight line. However,
changes in the magnitude of mass do not occur instantaneously, but with a corresponding inertia, i.e. with a time delay. As shown above,
the hypercomplex space is exponentially mapped into the space of rotations, i.e., energy changes occur exponentially, and we are dealing
with mass increments over differential moments of time. Hence, the capacity of mass (10) in any given direction can be represented as

om/ot  Om
=, 21
"= olplja P D

At constant capacitance, the ratio of the mass current im = 5m/ Ot to the change in potential force aP/ Ot over time must also be
constant. Since the increase in mass when moving towards a zero trajectory is proportional to the increase in potential force, the speeds
of movement of bodies with any mass towards zero are the same. The hammer will fall at the same time as the feather. Let us remember
that energy as a whole does not change, it is just that one type of energy decreases and the other increases. In this case, potential energy
is converted into kinetic energy. Thus, the capacity of a physical body is a measure of inertia. With a known capacity, the response time

of the system is determined by the space delay time Z;,c = R,C,., where R is the space resistance.

0 1
From formula (21) we have — =—1, . We integrate the increment in potential intensity in the time interval from ¢, to #:
m
1 e,
P(t)-P(t,) = —j i dr. (22)
Cm lo

Equation (22) shows that the potential of a body depends on the history of the mass flow passing through it, which is essentially a
memory. Therefore, inertia manifests itself in small increments of the mass current. It is memory that allows us to instantly respond to
changes in energy and contribute to the fulfillment of the law of conservation of energy. By analogy with Gauss’s law, one can determine
the mass of a given volume of a body through potential intensity or potential induction, as an integral over the surface S of the body:

M= (ﬁSR-ds (23)

The mass increment function (4) in the form of a quaternion is also a quaternion, which can be written as a sum of functions

p(S9x7y’Z) b M(S’x’yﬁz)7 V(S’x’yﬁz) b W(Sﬂx’yﬁz) .
f(m)=p+iu+ jv+iw. (24)
In vector analysis, the complex Hamiltonian operator is often used in the form of a pure quaternion:

veili ;9 k2 (25)
ox ~oy Oz
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Imaginary numbers i, j, k represent orthogonal spatial coordinates of 4D space. The scalar coordinate s has no direction, but in its
physical essence it is also orthogonal to the imaginary coordinates, as in the complex plane. In vector representation, we write the

T
Hamilton operator (25) as V = [ax ay 82] .

Using the quaternion basis matrices I, J, K, we represent the Hamiltonian operator as a 4D matrix:

o .0 o) |-6. 0 -8, @
= I—+J—+K—|=| = 2
v [8x+J8y+ azj 5, 8. 0 -0, (26)
-0, -0, o, 0

In accordance with Gauss’s law (23), knowing the potential intensity P or potential induction R in the form of coordinates of pure
quaternions P or R, the mass density of a body at a given location in space can be found as an integral over a closed elementary surface
dS with differential volume:

OR OR OR
R-ds= dv= L4 L4 dv=p . 27
@.S’ 5 J.VOI p m ( ax ay 82 ] p m ( )

In other words, the scalar part of the quaternion (the mass scalar) (27) is determined by the imaginary parts of the quaternion (the
potential field intensity). Using the concept of divergence, we write the expression for the mass density as

OR, OR, OR
+ +
ox oy Oz
If we represent the mass flow or potential intensity as a function of the quaternion (24) and apply the adjoint Hamiltonian operator to it,
then the divergence (28) can be represented as their scalar product:

divR = £ divR=p, (28)

Vef(q)=—V+f(q)=-VR =—(0u+0,v+0.w), (29)

where f(m) = [u % W] is a function of the potential intensity or induction of a quaternion, represented as a vector of a pure
quaternion, which is a mathematical model of the potential intensity of a mass or potential mass flow in 3D space. The adjoint Hamiltonian
operator will be collinear with the quaternion flux vector.

Thus, bodies with mass possess a capacity, defined as the ratio of their mass to the potential intensity they generate. The capacity of a
body corresponds to the body’s ability to accumulate mass, as well as the potential energy stored within it, and is a measure of inertia. For
the law of conservation of energy to be fulfilled, it is necessary that changes in the energy of each object in the universe be transmitted
instantly from all bodies to each body. This is achieved by using the matrix representation (26) and spatially integrating all effects over
time. Each body reacts to the sum of all energy changes and has a memory. In other words, energy changes in bodies are not transmitted
faster than the speed of light from each body to all other bodies, but rather each body constantly experiences the total energy change from
all bodies, as in a MIMO system, and remembers it. It also follows from this that the dimensionality of the space of the universe is not
three-dimensional, but very large. Such a dimension can be formed and mathematically described only using hypercomplex numbers.
At the same time, any cataclysms in the universe associated with the release of large amounts of energy are distributed among a large
number of bodies and, therefore, have little effect on their orbits. As in MIMO systems, the total energy of the universe increases with
its dimensionality, i.e., with the increasing number of planets, stars, galaxies, and even individual particles. It’s important to note that the
law of conservation of energy cannot be observed without induction, the instantaneous transmission of energy changes to all objects in
the system simultaneously, and the presence of memory.
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3.1.Inductance of Bodies with Mass, Kinetic Energy of Rotation of Mass

The concept of inductance is not only associated with coils of wire or bodies with eddy currents. Rotating bodies with masses also have
inductance. For example, planets and planetary satellites rotate around their own axes and revolve around their center of mass. The
inductance of bodies with masses shows the amount of rotational motion (kinetic energy) and is a measure of the ability of bodies with
masses to accumulate kinetic energy.

In the conformal mapping of the hypercomplex space, we define the kinetic inductance L, of the rotation of bodies with mass as the
proportionality coefficient between the kinetic current of the mass 1 , representing the rotation of the mass in some closed contour of the
body or along an orbit, and the total kinetic flow of the mass ®,, created by this current through the surface S, the edge of which is the
given contour or orbit:

;o] (30)

where the vector a_passes through the surface S.

Thus, the kinetic current of the mass / in the form of rotation of the mass along a closed line during the proper rotation of the body
or along an orbit, forms a force in the form of a kinetic flow of mass @ . This force, like the magnetic flux force, is associated with
accumulated kinetic energy. Kinetic force acts on moving bodies with masses, deflecting their trajectories of motion. All bodies passing
near a rotating object are, as it were, drawn into this rotating motion. To visualize this phenomenon, as well as for a magnetic field, we
will use lines of force in space, which show the direction of the intensity or induction of force. The lines of force will be closed, denser
at the poles and directed from the north pole to the south. In this case, the directions of rotation at the poles are opposite and the lines of
force never intersect. In accordance with formula (30), we write the kinetic mass flow as

O =L1. 31
Therefore, the kinetic force of the mass flow is converted into the kinetic force of the mass current by means of the inductance of the
body. In other words, the translational flow @  creates a rotational motion / , and vice versa. The kinetic force arising from the action
of a mass flow is defined, by analogy with magnetic induction, as kinetic induction T. The kinetic mass flux @, is a scalar physical
quantity and is calculated through kinetic induction as @ =TScos(a), where a is the angle between the kinetic induction vector T and
the normal to the surface of rotation S. Consequently, kinetic induction T is a vector physical quantity that shows the force with which
this field acts on a body with mass, possessing kinetic energy, moving in any direction. In other words, the action of kinetic induction
and, accordingly, the kinetic inductance L,, depend on the angle of inclination of the surface of rotation or the inclination of the axis of
rotation of the body with mass:

L = m Scos(a) (32)
m 1 *

m

For example, this phenomenon manifests itself when the orbits of planets are tilted. In this case, the inductance vector in space is
calculated as the vector sum of orthogonal contours with a mass current. We use the value (32) to characterize the properties of a body
to resist the appearance, cessation, and any change in it of the kinetic flow of mass, kinetic energy. Let us express through inductance
the self-induction in a body that arises when the acting kinetic flow of mass @ changes over time. With constant inductance L , from
(31) we obtain:

a0, __; . (33)
dt dt

As follows from formula (33), when the force of the kinetic mass flow changes, a kinetic current of self-induction of the mass with a
negative sign arises in the circuit, which compensates for the change in the scalar mass flow proportional to the magnitude of the body’s
inductance. The above property is essentially a measure of kinetic inertia. Kinetic induction T, as well as potential induction R, does
not depend on the permeability of the medium and, accordingly, has no limitations on the speed of propagation of influence, i.e. it acts
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instantly. Kinetic induction shows that there is another physical phenomenon between bodies — the movement of kinetic currents by
means of induction. We also note that, as for potential induction, without the instantaneous influence of the change in kinetic induction
on other bodies with masses, it is impossible to implement the law of conservation of energy. However, due to inertia, the processes of
compensation for changes in kinetic energy occur over a period of time determined by the magnitude of the kinetic inductance. Let us
express the inductance of the mass from (33) as

o oD, /ot _ oo, ' (34)
o ot ol

With constant inductance, the ratio oo, / ot to aI, / Ot , and the ratio 0D, to OI, in (34) must also be constant. It follows that
a change in the increment of the kinetic flow @ of the mass gives a translational motion of the kinetic current of the mass /  that is
proportional to the energy, and vice versa. This fact shows that a body with mass moves simultaneously both along the orbit and in the
direction of the orbital plane. Let us define the kinetic induction T through the kinetic intensity K and the kinetic permeability of the
medium y , as

T=u K. (35)

m

With a known inductance, the inertia time of the system is determined as 7, ;, = IX,, / L, , where R is the resistance of space. By
analogy with the Ampere vortex law, which is derived from the Biot-Savart law for calculating the magnetic intensity H, we write the
linear integral of the kinetic intensity K along any closed path as

cﬁK-dl:Jm. (36)

Integral (36) will be equal to the kinetic current of the mass in this path and corresponds to the circulation of the mass or the rotor of the
mass at this point. The rotor of a vector is also a vector and is mathematically defined as

$K - a1
rot K= lim ———, (37)
AS—0  AS

where AS is the area of the section of the plane bounded by the closed integration path.

In a Cartesian 3D coordinate system, definition (37) shows that the x, y, and z components are calculated by the formula

oK oK, OK
rot K = 2Kz~ ax+(aKx—asza +—=L-—L|a_=J, . (38)
oy oz oz ox )7’ L ox oy

Expression (38) can be written as a matrix determinant:

a a a

x v z
rot K = g 0 9 (39)
ox 0oy oz
K., K y K.
or in terms of the vector product for a pure quaternion K (39) let’s write it as:
rot K=VxK. (40)
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The rotor (37) represents the circulation per unit area. The closed path is small and the rotor is defined at a point. Thus, the Ampere vortex
law (40) in point form for mass has the form:

VxK=1J,. (41)
Expression (41) can also be represented as determinant (39). Let us define the inductance density of a rotating body as

L,,=Mt,/4r Hm. (42)

The magnetic permeability of free space is known and is equal to z4, =1.25663706 x 107° Since we have found that the potential
permeability of space is approximately equal to the permittivity, we define the kinetic permeability of space as the magnetic permeability
of free space g4, =47 X 1077 . Then the kinetic inductance of space from (42) will be equal to

L, =47/, :4—7Z_7 =10" H/m.
’ 47 x10

3.2.Maxwell’s Quaternion Equations of Gravity

Maxwell’s equations of electrodynamics were obtained by Maxwell in 1865 based on the generalization of the experiments of Faraday,
Ampere, Gauss and others. In formulating the equations of electrodynamics, Maxwell used vector mathematics, in particular, the
Hamiltonian operator in 3D space with imaginary units i, j, k. This operator is a pure quaternion, i.e. a quaternion without a scalar part.
Maxwell’s quaternion equations for electromagnetic waves are also obtained analytically by calculating the derivative of the quaternion
function with respect to the conjugate quaternion [6]. Since electrons are absent from physical space, energy is transferred through space
using waves formed by electrical and magnetic intensities. In the theory of gravity, satellites move with the planets, the planets move
with the sun and, in general, with the stars. In other words, energy is not propagated in waves, but in moving masses. Therefore, we
transform Maxwell’s electrodynamic equations into equations for the motion of bodies. In this case, in Maxwell’s equations for electrical
intensity E we use the previously introduced concepts of potential intensity P or potential induction R=¢,P. Maxwell’s equations
for potential intensity will take the form:

as,tpP - VP O
6x,tpP + 6s,tuP - (ayWP - anP) _ 0 (43)
ay,tpP + aS,L‘VP - (azuP - axM}P) 0 ’
az,tpP + as.t‘/VP - (axVP - ayuP) 0

where Pp, Up, Vp, Wp are the functions of potential intensity in quaternion representation, Pp is the scalar part of the quaternion P,

T. . . .
P, P= [uP Vp WP] is the pure quaternion of the potential intensity vector P.

Based on the CRC (7), which sets the requirements of the law of conservation of energy, each element of the vector (43) must be equal
to 0. Therefore, we obtain two equations in vector representation:

V*P = p —scalar equation, (44)
VxP=0,,P+Vp, .- vector equation. (45)

Expression (44) represents Gauss’s law (23) in the form of writing (29).

The potential intensity functions in the quaternion representation (4) are solutions of the dynamic’s equation (2), which transforms
the mass vector of bodies into a vector of mass increments. This equation has a solution in the form of a complex exponential, so the
potential intensity functions are harmonic functions. Since, according to the CRC, equation (43) must be equal to zero, the energies of
the right-hand sides of the equations must be equal to the energies of the left-hand sides, as written in equations (44) and (45).

Maxwell’s equation of motion of bodies for kinetic intensity K or kinetic induction (35) T = 4, K will take the form:
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where Pk, Ug, Vg, Wg are functions of kinetic intensity in quaternion representation, K = [“K Ve Wg ]T is a pure
quaternion of the kinetic intensity vector K.

Based on the law of conservation of energy, we obtain from (46) the following equations in vector representation:
V*K = p  — scalar equation,
VxK =0, K+ Vpy —vector equation.

Thus, based on the universality of the laws of nature, Maxwell’s equations apply to the entire observable world—from subatomic
particles to galaxies. These laws operate always and at all points in space, independent of human will, making the universe knowable.

3.3. Diagram of the Trajectory of the Planets Around the Sun

To describe the orbit of the Earth and other planets around the Sun, a heliocentric ecliptic coordinate system is used, where the origin is
the center of the Sun, and the main plane is the plane of the ecliptic (the plane of the Earth’s orbit). The ecliptic is the zodiac circle. The
ecliptic is the line on the celestial sphere traced by the Sun over the course of a year, reflecting the Earth’s orbital motion. The plane of
the ecliptic is the plane of the Earth’s orbit around the Sun. The center of the Sun (barycenter) in the heliocentric coordinate system is
taken as the origin (0,0,0), representing the center of mass of the Solar System. The actual barycenter of the entire system can shift due
to the influence of the planets, sometimes being located close to the Sun’s surface rather than at its geometric center.

According to Maxwell’s equations for mass (43) - (48), the planets move simultaneously in a straight line due to the influence of
potential intensity and in a circular orbit due to the influence of kinetic intensity. Figure 3 shows a diagram of a planet’s orbit around
the Sun, simultaneously moving within the Galaxy along with the Sun. The Sun also moves in the Galaxy together with the Galaxy. The
figure shows the Sun’s motion (yellow) during a complete orbit of the planet (blue). The planet’s orbit, due to the action of potential
intensity, moves with the Sun (green). The planet’s position at the Sun’s location is connected by straight lines representing the orbital
axes. The projection of the orbit onto a plane is a circle (black). The inclination of the orbital axes, which is perpendicular to the orbital
line, is also shown.
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Figure 3: The Rotation of a Planet in Orbit Around the Sun While Simultaneously Moving With the Sun in the Galaxy

The time it takes the Sun to make a complete revolution around the center of the Galaxy at a speed of 220 km/s is approximately 240
million years. Therefore, the rotation of the planets can be considered as the Sun moves in a straight line. The speed of the planets’ orbits
around the Sun is several times slower than the Sun’s. For example, Earth’s orbital speed is approximately 30 km/s, Mercury’s is 48 km/s,
Mars’s is 24 km/s, and Venus’s is 35 km/s. Other, more massive planets move even more slowly. Therefore, when calculating orbits,
one cannot neglect the motion of the Sun in the Galaxy and consider the Sun to be stationary. In Kepler’s time, the Sun was believed to
be stationary and the planets to move in elliptical orbits. The distance to the Sun was determined from an observer on Earth using the
position of Mars in the starry sky. As Figure 3 shows, the distance to the Sun from Earth will be greater than the distance predicted by
Earth’s rotation, according to Maxwell’s equations for masses. As is well known, the cross-section of a cylinder with an inclined plane
is an ellipse. Therefore, when a planet moves with the Sun, the orbital plane becomes inclined, and, consequently, the planetary orbit
becomes elliptical. It’s also worth noting that in the time of Kepler and Newton, it was believed that orbital inclinations arose during their
formation. However, as Figure 3 shows, orbital inclinations are related to their spiral motion with the Sun. Planets have different orbital
inclinations. For example, the inclination of Earth’s rotation axis is 23.26 degrees, Mercury’s is 0.01, Mars’s is 25.19, Venus’s is 177.36,
and Saturn’s is 26.73. This is explained by the fact that they must all move simultaneously with the Sun. Moreover, all orbits must lie
in a common plane. Since the planets have different masses and periods, according to the law of conservation of energy, the inclination
of their rotation axes must be such as to balance potential and kinetic energy, ensuring that the planets move simultaneously. Thus, the
obtained parameters of the planetary orbits for a stationary Sun must be recalculated for a moving Sun. After this, it will be necessary to
compare these measurements with calculations using the presented Maxwell equations.

4. Conclusion

Existing theories of gravity, based on the force of attraction and the geometric curvature of space, do not fully describe the gravitational
interactions of bodies in the universe. The rotation of planets occurs not due to attraction, but due to the capacitance and inductance of
space, which curve rectilinear trajectories, i.e., they exponentially map rectilinear motion in a multidimensional hypercomplex space
into circular motion. Mathematically, these effects can be represented as a conformal mapping of hypercomplex space. Circular motion
occurs around the zero point of space without energy loss and, therefore, indefinitely. Moreover, the mass increments of bodies can take
both positive and negative values. The number 7 is included in the definition of magnetic permeability and the gravitational constant,
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so it can also be considered a fundamental physical constant of space, used to calculate the parameters of circular orbits with high
accuracy. According to the law of conservation of energy, the universe is a unified system with multiple interconnected MIMO-type sets.
This connection is ensured by the phenomenon of induction, which has no limit on the rate of transfer of energy changes, and memory,
so the system reacts to such changes instantly. In other words, there is no locality, which in quantum physics manifests itself through
“entangled” particles. The law of conservation of energy cannot be realized without induction and the instantaneous transfer of energy
changes to all objects in the system simultaneously. Changes in mass do not occur instantaneously, but with a corresponding inertia,
i.e., with a time delay. Since the increment of mass when moving toward a zero trajectory is proportional to the increment of potential
force and kinetic force, the velocities of bodies with any mass moving toward zero are the same. The capacity of a physical body and
inductance are a measure of inertia. The motion of planets and stars is described by two types of Maxwell’s equations for mass: the
equation for potential intensity and the equation for kinetic intensity. Maxwell’s equations for mass show that a body with mass moves
simultaneously both in its orbit and in the direction of its orbital plane. The different tilts of the planets’ rotation axes are determined by
the law of conservation of energy and correspond to the parameters of the planets’ orbits and the speeds of their rotation along the orbit
and their own rotation in such a way that the ratios of potential and kinetic energy would ensure their joint movement with the Sun along
its orbit in the Galaxy.
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