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Abstract

This article proposes a radical simplification of physics foundations through the introduction of the
concept of protomatter - the imaginary density of space, representing an additional non-geometric
dimension. It is shown that this concept allows for a unified description of phenomena that previously
required separate entities: charges become density clusters, the electric field becomes its gradient,
the magnetic field becomes the gradient of flow, and quantum states become its resonant modes.
Within the formalism, Coulomb’s law and the Biot-Savart law are derived from first principles, Bohr’s
postulate is justified, and the finiteness of the self-energy of a charge is demonstrated. The model
does not contradict experimental data but reinterprets them, indicating the derivative nature of the
magnetic field and the existence of absolute (gravitationally-bound) reference frames. Dark matter and
dark energy are identified with the very fabric of protomatter, eliminating the need for hypothetical
particles.
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1. Introduction

Electromagnetic and gravitational forces are among the most fundamental interactions in physics.
These forces govern the behavior of matter and energy on scales ranging from subatomic particles
to cosmological structures. Despite extensive empirical data and theoretical models describing their
behavior, the true nature and material essence from which they arise remain subjects of intensive
research.

From a physical standpoint, we understand how these forces act and can predict their effects with
high accuracy. However, fundamental questions remain: What exactly are these forces? How are they
interconnected? And, most importantly, what is the nature of protomatter - the fundamental substance
from which these forces emerge? These questions lie not only in the realm of physical principles but
also touch upon philosophical aspects of the nature of reality.

This article proposes a theoretical model introducing an additional spatial dimension called
"space density". We hypothesize that this dimension plays a key role in the formation of gravitational
and electromagnetic fields. Our model indicates that traditional three-dimensional space combined
with time is insufficient for a complete explanation of the origin of these forces. Instead, space
itself may possess intrinsic properties that facilitate the formation of these fields. By expanding our
understanding of space through the inclusion of an additional dimension, we explore the possibility of
new interpretations of gravitational and electromagnetic interactions. In the course of this research,
we will conclude that the stated problem within the formulated postulates has no solution in three-
dimensional space, since a violation of the postulate of conservation of space density quantity is
discovered. As a result, we will be forced to transition to consideration of 5D-space, formed from two
orthogonal 3D-subspaces with one common axis.
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2. Hypothesis

We propose that electromagnetic and gravitational fields are manifestations of a more fundamen-
tal property of space, which can be interpreted as "space density". This property defines a quantitative
characteristic of space, while being conceptually distinct from matter density. This quantity, unlike
matter density, is continuous - just as time and the three spatial coordinates are continuous. Further-
more, unlike baryonic matter, space density, if considered as matter, does not cause curvature of the
space metric, meaning it possesses no mass, inertia, friction, or viscosity. It is a certain idealized matter
that, in its tendency towards maximum entropy, can manifest in interactions caused by distribution
inhomogeneity, which we interpret as the curvature of space itself without curvature of its metric.

In this model, "space density" represents a measure of how space itself can be compressed or
expanded independently of its metric. This density is not analogous to matter density in three-
dimensional space, but rather reflects a fundamental characteristic of space influencing field formation.

Our hypothesis is based on several key postulates:

*  Space Density: In five-dimensional space, the density p(r) characterizes the state of space and
can change, thereby allowing us to speak of space curvature without curvature of its metric. Let
us call this phenomenon first-order space curvature. A similar term is used in relativity theory, but
within our theory it will have a somewhat different context.

e Spherical Symmetry of Perturbations: The distribution of space density p(r) during its perturba-
tion is assumed to be spherically symmetric relative to the perturbation center.

e Conservation of Space Density Quantity: Upon perturbation in some region of space, the
surrounding space is capable of changing its density such that the total "density" of space over an
infinite volume remains unchanged. In other words, in a certain approximation, the total quantity
of space density is conserved.

e  Postulate of Maximum Entropy of Space Density Distribution: Space tends towards a state
of maximum entropy, i.e., a uniform density distribution. This principle defines the natural
tendency of space to return to a uniform density distribution after perturbations, analogous to
thermodynamic principles governing physical systems.

By exploring these postulates within the framework of 5D-space, we aim to provide a deeper
understanding of the origin of electromagnetic fields. This model challenges the traditional view of
the independence of these fields and instead suggests they are interconnected through the intrinsic
properties of space itself. In the course of this research, we will obtain a completely unexpected
result: Coulomb’s law, containing a correction for the interaction of elementary charges at distances
comparable to their "classical" physical sizes (this phenomenon is well-studied in QED - screening).

3. Methodology
3.1. Distribution of Space Density Around a Single Compressed Spherical Region of Space

We consider two states of the universe: in the first state, the density throughout space is pg and
is some constant. In the second system state, we have a certain region of space bounded by a sphere
S(R1), which we compress to S(R] ). We need to find the distribution of space density inside the sphere
and outside it, based on the laws we have established operating in our hypothetical universe.

3.1.1. Density Distribution After Compression

The density after compression inside the sphere is defined as pinside = Po + 1, Where p; is the
added density, determined from the ratio of volumes before and after compression:

poV(R1) = PinsideV (R})

Substitute the sphere volumes:

4 4
Poz 7Ry = (oo +p1) 3 TR
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Simplify:

poRT = (po + p1)RP

R}
P1 = Po F?_l

3.1.2. Density Distribution Outside the Sphere

We proceed from the assumption that outside the sphere, the amount of removed space density
must equal the amount added inside it, p; - V(R]). Therefore, when integrating the perturbation from
the surface of the compressed sphere to infinity, the integral must yield a finite number, i.e., converge,
and accordingly the integrand must be convergent. In three-dimensional space, such a function is 1/7%.
Assume that the distribution of reduced density outside the compressed region of space will satisfy
this dependence on distances from the perturbation center. Then we obtain the following dependence
for the space density distribution outside the compressed sphere:

A
Apdecrease (T) = 171

3.1.3. Normalization Coefficient A

To satisfy the law of conservation of space density, the integral of Apgecrease(7) OVer the volume
from R/ to infinity must equal the added density inside the sphere:

PlV(Rll) = /R/ APdecrease(r) -dVv
1

Or, taking into account the law of spherical symmetry, in the spherical coordinate system the
integral simplifies to:

pr<R/1) = /R’ Apdecrease(r) - 4rrr*dr
1

Substitute:

4 © A,
plgnR? —47‘[/R/1 rdr

Solve the integral:

e 17 1 amA
47TA/ Lir=ana {] :47TA(, 0) =2
Ry 7 rlr Ry Ry

Equality of density quantities:

4 . 4nA
P13 7Ry =
3 R}
Find A:
R
A=p1—
P13
Final formula for Apgecrease (7):
A L
P13
Apdecrease (1) = Py = 1’43

Now multiply numerator and denominator by 4rt:
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R 4 _pid / /
A _Ampi5  pi3TRY e Ry V(RY)
Pdecrease (1’) T T4t T 4t A7t
Thus we have obtained the following formula for the density distribution outside the sphere
Apdecrease(r): , ( , )
p1-R}- V(R
Apdecrease(r) = # 1)

Also taking into account that the amount of added density in the volume of the compressed
sphere is expressed by the formula:

Q= (V(Ry) = V(RY})) - po

where V(R;) and V(R]) are the volumes of spheres with radii R; and R} respectively. And also
taking into account the formula for p; - the density of the amount of added density inside the sphere:

o1 = Q
V(R})

where V(R]) is the volume of the sphere after compression.
We can express the obtained formula for the space density distribution Apgecrease(7) as:

Q- R
Apdecrease (1’) = 4 1’41 2)

Where Q is the amount of density added to the volume of sphere S(R}), R} is the radius of
the compressed sphere, and r is the distance from the center of the sphere to a point in space in the
spherical coordinate system.

3.1.4. Verification of Conservation of Space Density Quantity
For the fulfillment of the third law established in our system, the following equality must hold:
/R’ Apdecrease(") -dV = /R’ Apdecrease (1’) -4rridr = pr<R/1)
1 1
Substitute the expression for Apgecrease (*):

Sl |
-47r?dr = p1 - R} - V(R)) /R, r—zdr
1

©p1-Rj-V(R})
R 47rd

Integrate and substitute the integration limits:
1% 1 1 R -V(R!
PLRQV(R’Q{J :pl.R’l.V(R’l)<Rlo) :le—/(l)
R} 1 1
We obtain:

® 4
/R’ Apdecrease(1) - AV = p1V(R/1) = p1§7tRi3
1

Thus we have verified that our distribution of space density outside the compressed sphere,
proportional to 1/74, is consistent with our third law of conservation of space density in the system,
taking into account the normalization coefficient A.

4. Expression for the Complete Distribution of Space Density for a Single
Compressed Sphere

Let us write our distribution taking into account boundary conditions using the Heaviside
function. This representation of the space density distribution will be needed to find the total interaction
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quantity of two density clusters, considering the space density added to the first cluster, as well as the
gradient at the transition boundary—the sphere bounding the first cluster. Why this is important will
become clear in the next section of my article.

Density Distribution for Single Cluster
R=10,R'=1,p=999.0

1200

0 =999.0

1000

nside cluster
gog9nstant densiiy
I

600 -

== |nside cluster

=
S 4004 = Qutside cluster
< —=—- Cluster boundary (R' = 1)
Outside cluster
200 1 ~1/r* decay
0
—200 -
1
-400 1 \ 3 , : :
0 2 o 4 6 8 10

Radial distance r
Figure 1. Graphs of space density distribution along a line passing through the center of the compressed sphere

4.1. Representation of Space Density Distribution Using the Heaviside Function

The space density distribution, p(r), for a single sphere can be expressed using the Heaviside
function H(x) for an accurate description of the density inside and outside the compressed sphere.
The main density distribution is defined as:

0o + 01, ifi’SR’1

(7’) = I /
po — SAVRYD gy > Ry

The density increase Apincrease () inside the compressed region can be expressed as:

p1, ifr <R}

Apincrease(r) = 0, fr> R,l

Similarly, the density decrease Apgecrease (7) Outside the sphere:

0, if r <R}
Apdecrease(r) = R}-p1-V(R})
47rt

, ifr>R]

We can now rewrite these expressions in terms of the Heaviside function H(x):

ApPincrease (1’) = le(Rll - 1’)

Ry -p1-V(R))

47rrd H(r—Ry)

Apgecrease (1’) =
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Thus, the total density change Ap(r) is:
Ry p1-V(R})
Ap(r) = p1H(R} — 1) — TH(T —Ry)

4.1.1. Boundary Conditions Check
Now let us verify the boundary conditions:

1. For r < R:
R} -p1- Vrr
8p(r) = puH(R, — )~ SEPLIR g
Since H(R} —r) =1and H(r — R}) = 0:
Ap(r) =p1—0=p1

2.Forr > R}:
Ri-p1 Vrr
Ap(r) = p1H(R} — 1) — 1471{(7 —Ry)

Since H(R] —r) =0and H(r — R}) = 1:
4 Ri-p1 Ve
Ap(r) =0- 4rrt

Now substitute Vi = $7(R})%:
Ap(r) = _Ri-p 3R gy R
47rd 3r4

Thus, we arrive at the following expression for Ap(r) in terms of the Heaviside function:

4
1 (©)

4.2. Verification of the Space Density Conservation Condition
To verify, let us take the integral of Ap(r). Let us integrate Ap(r) over the entire volume. Recall

that Ap(r) is represented as:
R/4

Ap(r) = ;1 [H(Rll —r)—

Compute the integral:
/ Ap(r) - 4rrdr
0

Split the integral into two parts corresponding to Apincrease () and Apgecrease (*):

p1- Ry

p1H(Ry —7) — 3 -A7rrdr

H(r —R))

" Molr) At :/oo
/0 o(r) - 4mcredr A

Split into two separate integrals:

[eS) (%) . R/4
/0 o1 H(Ry —7) - 4mrrkdr — /0 pl?)TlH(r — RY) - 4mr?dr
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Consider the first integral:

R R, 378 R 4mo: (R))3
/ 1p1 Amrtdr = 47'(p1/ Py = 4mpq [r] = 4mpy - (Ry) = o1 (Ry)
0 0 3 1o 3 3

Now consider the second integral:

© pq - R} Py — 4mp Ry /oo 1, 4np1R’14[ 1]“’

R, 3t 3 Jrg 23 rlg,

Evaluate the limits:

4o RYE < 1 1 > _ 47Tp1R§4' 1 4 RP

_7_’_7
3 o R 3R] 3

Now add both results:

0

4rp1(RY)® 4o (R))®
3 —

* . 2 pr—
/0 Ap(r) - 4rredr 3

Thus, the integral of Ap(r) over the entire volume is zero:
/ Ap(r) - 4mr*dr = 0
0

We obtained the predictable result, but this was necessary for verification.

5. Perturbation Quantity (Interaction Quantity) of Two Compressed Spheres of
Space Density

5.1. Complete Density Distribution via Heaviside Functions
5.1.1. For a Single Cluster

For a single cluster of space density, the perturbation distribution relative to the radial distance r4
is given by the expression:

4

R
Ap1(r1) = p1H(Ry —11) — 9;741 H(ri —Ry),
1

where:

*  p; is the amplitude of the density perturbation of the cluster;
*  Rj is the radius of the deformed region of space;
e H(x) is the Heaviside function, ensuring the separation of internal and external regions.

5.1.2. For Two Clusters via Curvature Coefficients
Curvature Coefficient for the First Cluster

A 1 R/4
Kl(rl)_l'f‘plpf)rl)_l‘f'po le(Rll—Tl)—pl 1 ,)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Curvature Coefficient for the Second Cluster

Apa(r1 — D)

Ky(r) =1+
2(r1) 2%

1 p2RY
=1+ —|pH(Ry —|r; —=D|) — =——2__H(|r; - D| - R})|,
+ o [H (R = Iy = D)) — 25l — D = Ry)|

where D is the vector displacement of the center of the second cluster relative to the first.

5.1.3. Total Curvature Coefficient and Complete Density Change

If the curvature coefficient of space density is understood as its stretching or compression coeffi-
cient, then when superimposing curvature regions from different clusters (beyond their boundaries), it
is obvious that the coefficients will multiply. This is equivalent to stretching what is already stretched;
accordingly, the total curvature coefficient of space created by two clusters is determined by the

product of their individual coefficients:

Kiota1 (1) = Ky (17) - Ko(11). 4)

Correspondingly, the total perturbation of space density takes the form:

Apto’cal(rl) = pPo [Ktotal (1'1) - 1]

() o) ]

Or, expanding the expression:

L Api(r1) Ap2 (1 — D)
o
The third (nonlinear) term reflects the mutual violation of the uniform distribution of space density,
arising from the superposition of curvatures of both clusters. It is this term that is responsible for the
quantity of space density perturbation in the case of two clusters of this density at distance D.
The complete form with Heaviside functions, which we will use for integration, is defined by the

Apiotal (11) = Dp1(11) + Ap2(11 — D)

formula:

4

1R
Apotar(r1) = p1 H(R] —11) — p3741 H(r; — R})
1

paH(Rs 1~ D) — = PR (e |- RY)
3|1‘1 —D‘4

1 ! le/14 /
+ g [P AR =) = S5 H(n = R

L e ph PR o
x [p2H(Rs — |ty D)) - 3 Hn D|-R)|. )
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Figure 2. Visualization of the space density distribution for two spherical clusters

6. Verification of Space Density Quantity Conservation from Two Density Clusters.
Integral of the Total Density Change in Three-Dimensional Volume

Let us verify how our postulate of space density quantity conservation holds in the case when it
is determined by the change in the uniform density distribution from two density clusters. In the case
of a single cluster, we confirmed that the total integral of the change in uniform density distribution,
both inside the cluster and beyond its boundaries, equals zero. Let us check whether this postulate
holds if the density perturbation is determined by the superposition of curvature coefficients from two
clusters.

Consider the volume integral of the total change in space density:

I:= ~/R3 Aptotal(rl) d31’1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Substituting the expansion

. Api(r1) Apa(r1 — D)
Po

Aprotal (r1) = Ap1(r1) + Ap2(r1 — D)

we obtain the integral expansion:

1
I=hL+L+—],
00

where
L= /RS Apr(r)d’ry, L= /R3 Apa(ry — D) dry,

] = /]1{3 Apl(rl) Apz(l‘l — D) d31’1.

Our goal is to show that I; = I, = 0, whereas | # 0; this means that the total volume integral
I # 0 and the postulate of "quantity" of density conservation is violated in the three-dimensional case.

6.1. Zeros of the First Two Integrals
For the first cluster

p1R7
1
371

Apy(r1) = p1H(Ry — 1) — H(r1 —RY),

introduce spherical coordinates centered on the first cluster: Pry = 4nr%dr1. Then

Rll ooPlR’4
I, =4n / 2 dr —/ L2 qp |
! lop“l R, 3 1

1

Compute the integrals separately:

Ry R? ©1 1
2 1

d , / d R

/0 e 3 R 12 " 1

Consequently,

Similarly, for I, it suffices to make the variable change r' = r; — D, and we obtain

_ N 13,0
Iz—/RSApz(r)dT =0.

Thus,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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6.2. Nonlinear Term |

Decompose the product Ap;(r;)Ap2(r; — D) into four terms corresponding to the internal (I) and
external (O) regions of each cluster:

/ le/14 /

Ap1 :le(R1—7‘1)+— 37’4 H(i’l—Rl),
—_———
I; !
Oy
Rl4
Aoy = 02H(R, — |11 = D) + — =222 _H(|r; = D| -~ R}).
p2 = gaH(R, — 1= DI) + — -2 (g — DI~ RY)

I
O,

Then
J=Ju+ Jio+Jor + Joo,
where, for example,
P1R? R

Joo= [ ;>r .
1>Ry 4 3lr; — D4
n-D|=R, 1 [r1 = D]

d37"1.

Since (O7)(O2) > 0 on the intersection region of the external areas, and this region has non-zero
volume, we obtain
Joo > 0.

Consequently,
] = /1%3 Apl(rl)AP2(r1 — D) d37’1 75 0 (P1/P2 > 0)

6.3. Conclusion: Violation of Integral Density Conservation in 3D

Since Iy = I = 0, but | # 0, we have
1 1
I=h+L+—]=—]#0. (6)
0o 0o

Therefore, the total volume integral of the density change, computed according to the correct
multiplicative rule for combining curvature coefficients, is not zero in three-dimensional space. This
means that within this model and in 3D, the integral fR3 ApProtal d3r is not equal to zero, i.e., the
postulate of "quantity” of density conservation, which we defined when formulating the hypothesis
about space density, is violated.

7. Transition to Five-Dimensional Space and Introduction of Interaction Operators

In three-dimensional space, the integral of the total density perturbation

I'= /R3 Aprotal (1) &r

turned out to be non-zero, indicating the impossibility of strict density conservation when superim-
posing two curvatures within the framework of the three-dimensional model.
Moreover, the analytical computation of the cross integral

] = /11&3 Aoy (r) Apy (r — D) dr

in 3D space proves to be unsolvable in closed form, making it impossible to obtain an exact expression
for the quantity of perturbation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To overcome these limitations and correctly describe the interaction, a minimal five-dimensional
space structure is introduced, allowing two three-dimensional subspaces to be treated as independent
(orthogonal) but partially conjugated along one coordinate. This transition ensures a symmetric
description of the interaction and restores the integral balance with the proper choice of metric.

7.1. Construction of the Five-Dimensional Space

Consider a space consisting of two three-dimensional subspaces, denoted as R} and R3.

¢ The first subspace is defined by the coordinates:

(P21, 7y1,72,,0,0),
¢  The second subspace — by the coordinates:

(0,072, Txy, Ty ).

All coordinates are orthogonal to each other, with the exception of the components r,, and r,,
which are linked by a common direction — the Z-axis. They are connected through the displacement:

tz, =7, — D,

where D is the distance between the centers of the two density clusters along the common axis.
Thus, the position vectors of the subspaces in the five-dimensional space take the form:

r = (rxlr ryll 7"er 0/ 0)/
I — (O, 0, 1’22, rxz, ryz).
7.2. Scalar Product and Direct Interaction Operator
The scalar product of the position vectors in the five-dimensional space is:
1‘1 . 1‘2 — rzerZ.
Based on this, the direct interaction operator between the subspaces is introduced:

-1 Tz 1z,
T = — . (7)
. |11 |12 |11 |12

The operator Ty, determines the degree of projection of subspace R} onto subspace R3 along the
common Z-axis. It describes directed interaction — the influence of the first coordinate system on the
second in the five-dimensional metric.

The transition to a five-dimensional description allows the interaction to be separated by subspaces
while maintaining the overall geometric connection. Thanks to this, it becomes possible to formalize
the nonlinear term in the Lagrangian not as "multiplication of functions in one volume", but as a scalar
convolution in different subspaces.

7.3. Inverse Interaction Operator

Similarly, the inverse interaction operator is introduced, accounting for the projection of the
second subspace onto the first:

_ (r5, +D)(rz; — D)
|t + D| |r; — D]
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Here, the mutual relations are used:

rzl = rZz + D/

1’22 - 1’21 - D.

Thus, T,; represents the operator action of T7; in the reverse direction: it models the inverse
projection RS — R?3.

7.4. Asymmetry of Operators Under Integration

Although the numerical values of Ty, and T; may coincide, their action under integration is
different, since:

*  the integral over the first subspace is performed over the coordinates (7, 1y,,7z,),
e theintegral over the second — over (ry,, Ty T2y ), and the projections onto the Z-axis have different
orientations.

This geometric asymmetry of the operators ensures the appearance of a cross term in the La-
grangian, which accounts not merely for the product of perturbations, but for their spatial coordination
in different subspaces. Thus, the transition to 5D allows for a correct description of the interaction
between density clusters as a result of mutual projections of curvatures of the uniform density
distribution of space.

The five-dimensional construction eliminates the problem of conserving the quantity of space
density from the three-dimensional model, because now the densities belong to different subspaces,
and their interaction is described not by a sum or product, but by the projection operator Tip — T»1,
which correctly coordinates the transfer of interaction between the three-dimensional subspaces of the
5D space.

8. Satisfaction of the Space Density Conservation Law in 5D with the Direct
Interaction Operator 17,

In Section VI of our investigation, we found that the integral over the entire space of the space
density distribution determined by two clusters (via curvature coefficients) is not equal to zero, which
violates our postulate on the conservation of the quantity of space density. Let us check how this
postulate holds in 5D space.

Let us define the quantity of interaction between two density clusters as the integral of the total
density distribution over the entire 5D space, but taking into account the interaction operator that
determines the effect of the perturbation of one subspace on the other:

Wiy = /R3 /]R3 Aprotar (11, 12) T (11, 12) 11 12, (8)

where in the 5D formulation, the decomposition

1
Apiotal (11, 12) = Bp1(r1) + Dp2(r2) + 2 Ap1(r1) Ap2(12)

is used, and the direct interaction operator is given by

Iy -1 rzerZ
T = = .
12(0172) = Gl = Tl T

Substituting the decomposition of Apy.t,) into Wiy, we expand the integral into three terms:

Wi, = WD £ W@ 4w,
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where
wl) = /Rs /]Rs Apy(x1) Tia(x1, 12) dry d1y,
W = /11@3 /}R3 Apa(x2) Tia(x1,12) dry d1y,

1
W(X) = p_o /]1{3 /]R3 Apl(rl) Apz(l‘z) le(l‘l,rz) d3r1 d31’2.

For further transformations, it is convenient to separate the angular and radial variables in each
subspace. Let us denote the standard spherical coordinates in the first subspace by (r1, 601, ¢1), and in
the second by (2,62, ¢2). Then:

rz
—L = cos by,

= cos by,
|11

Tz
|12
and the volume measure takes the form:

d31’1 = 7’% di‘l dQl, d31’2 = 1’% d?’g dﬂz,

where dQ); = sin 6, df; dg; is the elementary solid angle on the sphere s2.
Substituting Ty, = cos 6 cos 6; into the expressions for W(l), W(z), Wl X), we obtain factorization
over angles and radii.
For W(b):
w® = / / [Ap1(r1) 2 dr1] [r% dry]
0 JO

X [/ cos 01 dﬂl} {/ cos 0, sz].
s2 s2

Similarly for W),
W@ — /0 /0 (13 dr1] [Apa(r2) 13 dr]

X [/ C0891 dQ1:| |:/ C0892 dﬂz]
52 s?

For the cross term W(*), we have complete factorization:
W) — 1 </MAp1(r1) 7 dry / cos 0y d01>
©Po \Jo s2

X </ Apz(fz) r%di’z /2C0592d02>.
0 S

Key observation: on the sphere, the following holds

27 T
/ cosd() = / dgo/ cos @ sin6df
s? 0 0
o 1e 2]
= 27'([2 sin 6]0 0.
Consequently, each angular integral term equals zero:

/ cosf;d); =0, / cos B d)y = 0.
s2 s2
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From this it directly follows:

and hence:
Wi = 0.

Thus, when using the direct interaction operator Ty, in the five-dimensional formalism, the
integral of the total perturbation, taken with the weight Ti,, vanishes. This means the restoration of the
volumetric law of "conservation of the quantity of density" in the proposed 5D model: the projection
mechanisms between subspaces yield a zero total contribution after integration over all angles of both
subspaces.

9. Definition of the Integral W,; with the Inverse Interaction Operator in 5D

Let us define the integral:

— 3 3
Wy = /R3 /11{3 Apiotal (11, 12) To1 (11, 12) d”11 d°12,
where the inverse interaction operator is given by:

(rz; + D)(rz;; — D)
i +D||r; - D[’

Toi(ry,12) =
and the deviation of the density distribution from uniform is determined by the formula:
Aptotal (11, 12) = Ap1(r1) + Apa(r2) + ploAP1<r1) Apa(r2).
Substituting both expressions into the integral W5;, we obtain an expansion into three terms:

Wh1 = /R3 /R3 Ap1(r) Tz1(1‘1/r2)d37’1 d37’2

1
Wy

+ /R3 /R3 A0z (12) Toy (11, 12) d3ry d°ry

2
Wiy

1
— A A Toy (11, 10) d3ry 31y .
+p0 /R3 /R3 p1(x1) Ap2(12) To1 (11, 12) d°ry d°r2

Wy

Let us substitute the formulas for the space density distribution of each cluster into the expression for the
perturbation quantity

Local density perturbations in each subspace have the form:

R}
3 4

H(?’l — Rll),
51

Api(ry) = pr H(R} — 1) —

/ PZR? /
Bp2(r2) = p2 H(Ry —r2) = == H(r2 = R)),
2

where H(x) is the Heaviside function, R} are the effective radii of the clusters, and p; are their internal
densities. Then each term of the integral can be written explicitly:
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1. First term:

RI4
01 H(Rll - 7’1) - p;]Al H(T’l — Ri)]
1

(1) _
Wi = [ e

(7’22 + D)(rZ1 B D) d37’1 d37’2.
[tz + D| |r1 — D|

2. Second term:

Rl4
p2H(Ry —12) — P22 H(r, — RY)
3r;

(2) _
Wi = [ e

(722+D)(r21 _D) 3 3
d°r1 d°rs.
o+ D[ —D[ ~ 72

3. Cross term:

Wy = P70/]R3 /RS [Pl H(R} —ry) — 3r41 H(ry — Ry)

1

21{/4
< |02 H(R = r2) = E222 H(ro — RY)
2

(rzz —i—D)(er — D)

d3ry d3rs.
o+ D[ —D| © 1472

This is the final expression for the integral Wy, as an integral over R® x R3 taking into account
the inverse interaction operator and the explicit functions Ap; and Ap,.

For convenience, let us represent the cross term of the integral Wy as a product of integrals over subspaces

Let us denote the expressions for local density perturbations as:

4
/ p1R] | e —D 3
- — ) — H(r — R | 2= 2 #3r,
Igg /RS lpl H(Ry —r1) 3ri (= Ry) |r; — D| n
Rl4 r +D
g = [ |p2H(Ry —r2) = P22 H(ra — Ry)| {200
RS R3 |fh ( 2 2) 31,42; (2 2) |r2—|—D| 2

Then the cross term Wz(lX ) can be written in factorized form:

(x) _ 1

Thus, the cross term of the integral Wz(lX ) reduces to the product of two three-dimensional integrals,
each describing the contribution of its own subspace. This factorization emphasizes the fundamental
feature of the five-dimensional formalism: the interaction between two density clusters is represented

as the result of the joint action of integrals over two three-dimensional subspaces, which restores the
symmetry of the system and ensures correct conservation of the total density quantity after integration.
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9.1. Computation of the Integral IR%

Let us switch to spherical coordinates (1,61, ¢1) centered on the first cluster:

Ty, = r15in 6 cos @1, ry, =711 sinf;sin¢q, 7, =ricosby.
The volume element then takes the form:
d®ry = r?sin0; dry dé, d
1 =Trysinvyaryavy ag,
and the fraction in the integrand becomes:
r, —D ricosbhy — D
r1 = D \/r%—ZDmcosGl—i-Dz
Substituting all this into the integral, we get:
00 ’ T 27
IR% = /0 rdr /0 sin 61 df; A deq
1R r1cosf — D
X [PlH(Rﬁ—ﬁ)—p ! H(Vl—Ri)] —

. )
3] \/r% —2Drq cos 6y + D2

The integral over the azimuthal angle is trivial:

271
dq)l = 271.

Consequently,
o 5 T .
IR;i; = 271/0 1 drl/o sin 61

R 61— D
X |f)1 H(Rll —1’1)— pl_;H(Tl—Rll)‘| f1C08%1 d91
311 \/r% —2Drq cos 6y + D2

9.2. Separation into Internal and External Regions
1. Internal region (11 < R}):

I(i;‘) =270, /Rll 12 dr /ﬂ sin 6y
Ry 0 0
ricosby — D

\/r% —2Drq cos 6y + D2

d;.

2. External region (r1 > Rj):

2o R o dry (7
19 = ——1/ —/ sin 0
R} 3 v Jo !

ricosthy — D

\/r% —2Drq cos @y + D2

d0,.

Thus,
— £(in) (out)
Ipg = Ips" +1Ips -
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Integration over the angle 6,
Let u = cos 6, then sin61d6; = —du, u € [—1,1]. The integral over 6; is rewritten as:
1 ru—D
Ji(r1) = / k du.
1\ /3 —2Dru + D2
Make the substitution t = r% +D? —2rDu = dt = —2rDdu, with limits u = -1 = =

(rr1+ D)%, u=1=t=(r; — D)2 Then:

(r1+D) 2 2 D2 —t
r - dt.
]1 1 4r1D /fl D)Z t

The antiderivative gives:

r%—Dz—t

Vi

Substituting the limits (r; — D)? and (r; + D)%

dt =2(r3 — D*)V/t - §t3/2.

1

Ji(r1) = 21 D2

(3= D)((r1+ D)~ Ir1— D)~ 1((r1+ DI |1~ DP).

Split by regions:
7’1<DZ ]1(1’1):—2 1—ﬁ>,
rn>D: ]1(71):—32.

Volume part

Multiply by 27172 for the volume measure:

—47'(1’% (1 — ﬁz>, r1 < D,

8
—%Dﬁ, r1 > D.

Ai(ry) = 23]y (r1) =

Splitting the integral using the Heaviside function

Taking into account the internal and external parts of Ap;(ri), we obtain a one-dimensional

R} R,4 °°A1(1’1)
Lo= [ 'Ai(r)d ——/ dry.
R3 /0 1(r1) dry 3 V% 1

integral:

Partitioning the integral IRg, by the position of R; relative to D

Case1: Ry < D
1. Internal integral:

Y arde = [ a2 (1- )
/o 1(r1) rl—/() —4a7tr ~3D2 r

= —4r R—%— R?
3 15D% )"
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2. External integral:
® Ay (1’1) /D 1 1 /oo 8t D
———=dr; = —An| 5 — 7= |4 ———=d
/Rl i T e T 12 3D? "l T3 r3 "
_ 4 11 Ry
- R, 3D 3D?
3. Combining IR?:
R R R 1 1 R
Iz = S/ [ ———— i I I /(e .
R} Pl[ "(3 15D2> 3 \"7\® ~ 3D "ap2
47R{
= p1m(8R1 — 15D), Rl < D.
Case2: Ry > D
1. Internal integral:
Ry D r2 Ri 87
/o A1(ry)dr = /0 —47r? (1 - 3—52> drq —|—/D —?Drldrl
- 8D 2 4 3
= 9 Ry + 5 D,
2. External integral:
/ Al(4r1)dr1 :/ _8_7@3(1 . _4n3
Ry 1] Ry 31 3Ry
3. Combining IR?:
47D
Iy = plﬁ(m2 —10R?), R;>D.
Final expression for the integral
47RY R, —15D), Ry <D
oo = 01 45D2 1 ’ 1 ,
' p1%(3D2 ~10R?), Ry >D.
9.3. Calculation of the integral IR% from symmetry considerations the relation |, = — J1 should hold, let us

verify this

Consider the integral over the second subspace:

Tz D 3
Iz = A d°ry,
Rg /3 Pz(l'z) |r2 D| 2

where

p2R14
3r42 H(ro — R}).
2

Apy(1r2) = p2H(R) — 12) —
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Transition to spherical coordinates

7z, = 12 COS B, d®ry = r% sin 6, dry df, dg»,
r, +D rpcosbr + D
r2 + D \/r§+2Dr2c0592+D2

Integration over ¢, gives a factor of 27t. Define the angular function:

6, + D D
1’2 / racosbs sin 92 d92 / rou du,
\/r 4 2Dry cos 6, + D2 \/r 4 2Dryu + D2

where u = cos 6;.

Calculation of J»(r)
Sett =12+ D?+2rDu = dt =2rDdu. Foru = -1 =t = (r— D)%, foru =1=t = (r+ D)2

Then: ) X )
r+D _ _ r+D _ _
ha(r) = / P DY / P DY,
2rD Jir—pye 2Vt 4rD J(r-py Vi

Taking the antiderivative:

_ (42 _ D2
/%dt = §t3/2 —2(r» — D)V,

substituting the limits:
T 1 3 3 2 2
B(r) = 5355 | 5 ((+ DY’ = Ir = DP) = (* = D?)((r+ D) — |r = D|) |
Partition by regions

e Forr<D,|[r—D|=D-—r

e Forr>D,|r—D|=r—D:

4D
Ja(r) = 3
Comparing with the previously computed J; (7):
(1), r<p
_ 3D2 4 7
Ja(r) 4D
—=—, r>D,
3r

we obtain:

Jo(r) = =J1(r) |

Computation of the Radial Part of the Integral IR%
Substitute the angular part ] (r) into the radial integral:

00 212/4
IR% = 27[/0 7’% d?’z [sz(Ré — 1’2) — p31’42 H(rz — Rlz) ]2(7’2).

2
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Introduce the volume measure function:
Ay(rp) = 2m13]5(r2) = — A1 (r2),

where A1 (r1) was used for the integral IR%. Then

Ry RE 1 Ay(rp)
La= [ 2 Ar(r)d __z/ Aalra) 4
RS /0 2(r2)dra 3 Jr, r‘21 r2

Case Division Based on the Position of Ry Relative to D

Case1: R < D
Ry R Ry
/ Aa(rp)drs _/o —Aq(r2)dry = —/ Ay (r2)dra,
/ 2(4r2)dr2 _ / 1(r2) ,
Ry 15 Ry 15
Therefore,
47tR3
Ips = —Ips = p2 15D2 (15D —8Rjy), Ry <D
Case2: Ry > D
Ry Ry © A (r © Aq(r
/ Aa(rp)dry = —/ Aq(r2)dra, / #drz = —/ #drz,
0 0 Ry 7’2 Ry T2
then
4D
Igg = ~Ipy = pzﬁ(ng —-3D?%), Ry >D.
From the obtained integral computations, we see that indeed J; = —J;.

Final Expression for the Second Integral

47R;
02 2
_ )" 45D

B ) 4D
pZZ—S(mR%—sDZ), Ry, > D.

(15D — 8R,), R, <D,

9.4. Based on the Computations, Find the Final Expression for the Cross Term W, for the Case D > Ry, Ry
Expanding the brackets for I R3 when D > Ry

o 47R} (8R, — 15D) 327R3 47tR}
R} = P1gsp2 O™ ~P1ysp2 T PT3p

Similarly for I k3 when D > R,

o 327R3 A7TRS
R~ Pyspr P23

Expression in terms of charges Q1, Q2

3
47Ry

47TR3
Q1=p 3 Q2 =p2 2

8 IRf QiR 8 QRF Ry

I =152 D’ BT 15 D2 D
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Cross term W]

wx = L 313:l 8 QIRE  QiRi ) (8 QRF  QRy .
2L oo Ry7Ry o \ 15 D2 D 15 D2 D

Compact expression

W L <8Q1R% - Q1R1> <8Q2R§ QR

- D > Ry, Ry.
217 5\ 1502 D 15D2 D ) > Rk

After multiplying the brackets, we obtain the expression:
wx — L 8QIRT\ (8Q2R3\ ([ 8QiR]) [ QaR,
2L oo |\ 15D2 15D2 15D2 D
[ QiR [ 8Q2R3 L (2R (R
D 15D2 D D

After combining like terms, we obtain the final expression for the amount of space density perturbation created
by two clumps located at distance D

« _ 64Q1QRIRG  BQ1QeRIRy  8Q1QRIRY | QiQoRiRy ©)
2 22500D*4 1500D3 1500D3 poD?2

10. Computation of the Perturbation Quantities WZ(% ), Wz(f) Separation of the
Interaction Operator over Three-Dimensional Subspaces

When integrating a three-dimensional function belonging to only one 3D subspace over the entire
5D space, taking into account the inverse interaction operator Tp; between two three-dimensional
subspaces, we encounter a divergence problem. This is because it is incorrect to integrate any part
of the interaction operator over the entire subspace without a function describing the distribution of
density change relative to py over this subspace.

To eliminate this problem, it is proposed to use "half" convolution operators (T,) and (T; ), which
allows to correctly separate the interaction and isolate the amount of perturbation created by each
charge separately on the opposite subspace.

10.1. Method of Operator Separation

For Wz(} )

*  We take the integral only over r{, over the three-dimensional space of charge 1.

e We apply the operator T, — half of the inverse interaction operator T5;, leaving only the compo-
nent rp/|12].

*  Asaresult, we obtain the potential created by charge 1, denoted by Wz(l).

For Wz(f )

e We take the integral only over r, over the three-dimensional space of charge 2.

e We apply the operator T1 — half of the inverse interaction operator T, leaving only the compo-
nent ry/|rq].

* Asaresult, we obtain the potential created by charge 2, denoted by Wl(z).

Thus, instead of the infinite WZ(} ), Wz(f), we obtain finite expressions Wz(l) and Wl(z), which

physically correspond to the potential amount of perturbation that one of the charges will exert on the
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other subspace when the second charge is placed there. This corresponds to the physical meaning of
the charge potential or the field it creates.

10.2. Computation of Potentials

Potential of charge 2: Wz(l)

Integral over r; with operator T;:

1 1R T2y —
Wit = [ [mH(Ra )= EEH(n — R | (2= dn
For the case D > R;, we substitute the previously computed integral IR?:

8 QiRT QiR

=152 D
Thus:
(1) _ inRf QiR (10)
2 15 D? D
Potential of charge 1: Wl(z)
Integral over rp with operator Tj:
RS rz, + D
W(z):/ H(R, —ry) — 222 H(r, — RL) | 222 3y
1 &3 | P2 (Ry —12) 37 (r2—Rj) PEDIREE
For the case D > R, taking into account the relation A, = —A; and the previously computed
I]Rg:
L. 8 Q2R3 | QR
B~ 15D ' D
Hence:
2
2 _ 8 QR Ry
M= e D D

10.3. Total Amount of Perturbation

The final expression for the total amount of perturbation takes the form:

[ 8 Q1R QiR 8 QR3 | R,
Wtotal(15 D2 p "\ "D

+

1 (64 QiQRIR; 8 Q1QRIRy 8 Q1QuR1R] 4 Q1QRiRy
0o \ 225 D4 15 D3 15 D3 D2

The first two terms give zero provided that g1 = Q1R; = g2 = Q2Ry, if we assume that our
density clumps (elementary charges) are equal. For this reason, for like charges the first two terms will
be zero, while for opposite charges the values of these expressions will have the same sign.

Thus, the first two terms in the expression for the total amount of density perturbation created by
two density clumps strongly resemble the expression for the potential field created by an elementary
charge. The last term can be represented as 1/pg of the product of the potentials.
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11. Physical Meaning of the Terms in the Total Density Perturbation Integral

Within our approach, the integral of the total density perturbation Apt, in 5D-space has several
key components, each carrying a distinct physical interpretation.

Physical Meaning of the First Two Terms in the Complete Perturbation Formula

Within our model, the first two terms in the expression for the total amount of perturbation have a
profound physical meaning. They represent the potential of a charge or, more precisely, the potential
of the field it creates in five-dimensional space. These terms describe how each density cluster of
space perturbs the opposite three-dimensional subspace, creating a kind of "imprint" of its presence.

Mathematically, these potentials are expressed as:

1) _ 8 QiR QiRy

— 12
2 15 D2 D (12)
2
2 _ 8 QR R
W, = D2 +=5 (13)

What is particularly important is that these terms turn out to be finite — unlike the classical
self-energy of a point charge, which diverges. In traditional electrodynamics, the charge’s self-energy
tends to infinity, representing a fundamental problem of the theory. In our model, however, thanks to
the finite sizes of the density clusters (R;, Ry) and the correct separation of interaction operators, we
obtain finite, physically meaningful expressions.

Thus, the first two terms can be interpreted as renormalized self-energy — the very quantity
that diverges in classical field theory but acquires a finite value in our model due to the geometric
properties of five-dimensional space and the natural cutoff on scales of the order of the sizes of
elementary charges.

In the complete expression for the perturbation, these terms contribute additively:

otal

1
e =i+ W+ L
0

where the first two terms represent the individual contributions of each charge, and the third
term describes their mutual nonlinear interaction.

Cross Term: The Real Interaction

The cross term of the integral forms the real interaction between the two density clusters. In the
5D model, this term has the form:

1
szl =

3, 43
) /Ri’ /Rg Ap1(r1) Bpa(r2) Ty dry d°r,

where Ty; is the inverse interaction operator, accounting for the mutual arrangement of the two
subspaces. This term coincides with the product of the potentials of the two charges divided by the
dielectric permittivity pg. Thus, the cross term of the integral provides the exact theoretical justification
for the Coulomb interaction, previously introduced into the Lagrangian merely as an empirical guess.

12. Shielding and Field Renormalization

If we take all the terms of the integral, the formula Wy, fully describes the process of field
shielding and renormalization. It models how the density of space distributes around each charge and
corrects the field at small distances, on the order of 10 electron radii. It is these terms that ensure the
smooth behavior of the field at D ~ R/, R} and eliminate the classical paradoxes of infinite energy and
field discontinuities.
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These properties can be demonstrated on a graph of the field dependence on the distance D
between charges with a finite radius R] = R} = 0.1 (in conventional units). At small distances
D £ 10R, the field is smoothed out due to the shielding and normalizing terms, while at large
distances D > R, the classical 1/D? dependence of the Coulomb interaction manifests itself, entirely
determined by the cross term:

Comparison of Total Interaction and Coulomb Interaction
(Logarithmic Scale)
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Figure 3. Visualization of the reduction in the amount of interaction at distances comparable to the sizes of an
elementary charge (charge size 0.1 in conventional units, D range up to 1)
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Comparison of Total Interaction and Coulomb Interaction
(Logarithmic Scale)
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Figure 4. Visualization of the reduction in the amount of interaction at distances comparable to the sizes of an
elementary charge (charge size 0.1 in conventional units, D range up to 5)

12.1. Final Understanding of the Energy Structure

Thus, the integral in our model not only provides the numerical value of the interaction but also
splits the energy into three physical components:

1.  Self-energy of the clusters (vanishes);

2. Real interaction of the two charges (cross term, Coulomb energy);

3. Corrective terms for shielding and renormalization (ensure the physical adequacy of the field at
small distances).

This structure allows for a rigorous derivation of the Lagrangian for a two-charge system from the
geometry of 5D-space and the density distribution, without additional empirical postulates. Furthermore,
the finite radii of the charges Ry, R; create a natural constraint D > R, which eliminates the problem of
infinite energy and makes the model fully self-consistent.

13. Calculation of the Gradient Integral of the Cross-Term of Space Density
Distribution

Analytical computation of the integral of the cross-term of the space density distribution is
not feasible, but by applying the Ostrogradsky-Gauss theorem, one can compute the integral of the
gradient, taking into account that the expression contains discontinuities due to the Heaviside functions
in the expressions for Ap; and Aps.

Previously, we obtained that the cross-term of the total space density distribution is defined as the
product of perturbations from two density clusters:
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1
Apcross(rl) = % [Apl (rl) : APZ(rl - D)} ’
where Ap; and Ap; are the density perturbations created by the first and second cluster, respec-
tively, and py is the reference (background) space density.
The analytical expressions for the perturbations are given via Heaviside functions and inverse
fourth powers:

_ / le? /
Api(r) = prH(Ry —r1) = == H(r — Ry),
1
_ / sz/24 /
Apa(r1 = D) = pH(R; — |11 = D) — WHUH —D[—R)).

Thus,

lel4
3741 H(r — R’l)] x
1

1
Apcross(rl) = — [PlH(Rll - 7’1) -
0o

14

I D 2R g pi_g
[p2H(Ry = |11 = D) = 5 55 H (| — DI = Ry) .

13.1. Integral of the Gradient of the Cross-Term and Application of the Ostrogradsky-Gauss Theorem

Consider the volume integral of the gradient of the cross-term over volume V:

F:.= /VVApcross(rl) dv.

Since Apcross is a product of functions, each of which has a discontinuity (transition) on the
spherical surface of radius RZ’- (due to the Heaviside functions), the gradient VAposs contains a
contribution concentrated on these surfaces.

For functions with compact support, the Ostrogradsky-Gauss theorem is applicable: the volume
integral of the gradient of a function equals the flux of that function through the external boundary of
the volume:

F= / V Apcross av = f Apcross nds,
\%4 Vv

where 9V is the boundary of the integration volume, and n is the outward normal to 0V

13.2. Partitioning the Volume into Regions Accounting for Heaviside Discontinuities and Transition to the Sum
over Surfaces Sy and Sy

Since each of the functions Ap; and Ap, changes its analytical form precisely on the corresponding
spherical surfaces r; = R} and [r; — D| = R}, it is natural to partition the total volume V into subsets
bounded by these surfaces. Denote S; and S, as the transition surfaces for the first and second
Heaviside function, respectively.

Then the boundary of the combined volume containing all perturbation regions can be represented
as the union of the internal surfaces where jumps occur and the possible external boundary at infinity
(for compact support, the contribution at infinity is zero). Consequently, the flux through 0V reduces
to the sum of fluxes through S; and S»:

F= ?{ APcross ndS = 7{ APcross n; dS; + 7{ APcr()ss ny ds,.
av s, Sy

Reasons for the validity of this partitioning:
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1.  Gradient Localization: Outside the regions where the Heaviside function changes (inside regions
with constant analytical form), the function Apcress is smooth and contributes zero flux when
considering a closed volume containing these regions; the essential contribution comes only from
the transition on the discontinuity surfaces.

2. Compact Support and Vanishing at the External Boundary: The original perturbations are
defined such that beyond some finite radius they decay (or are zero in the sense of the Heaviside
function and inverse powers when integrated over volume), so the flux through the external
boundary at infinity is absent.

3. Local Application of the Divergence Theorem: The Ostrogradsky-Gauss theorem can be ap-
plied piecewise to each of the simple volumes bounded by S; and S,, and then the results are
summed. Here, the orientations of the normals n; and n, are chosen as outward relative to the
corresponding internal regions.

4.  Correctness for Possible Region Overlap: If the regions bounded by S; and 5; intersect, the
boundary of the union includes parts of both spheres and (if necessary) junction lines/areas;
however, any internal part of the boundary common to two adjacent volumes is accounted for
with opposite orientations and cancels out when summing the fluxes, and the remaining external
parts give the total flux through S; and S,.

Thus, we obtain the decomposition:

F= 151 + ISZI

where
Is, = ]2 Ap1(r1) - Apa(r1 — D) ny dS;y,
1

ISZ = 722 Apl (1'2 + D) . Apz(l‘z) np dSZ.

Substituting the expression for the cross-term Apcross = PiOApl - Apy, we get:

1
/ VApcmss(rl) av = — |:7{ Apl (1'1) . Apz(rl — D) 1§ d51
14 Po | /S
+ f; Apq (1‘2 + D) . Apz(rz) ‘nrdS, |.
2

This expression represents the general form of the integral of the gradient of the cross-term of the
space density through surface integrals dependent on the perturbations.

13.3. Consideration of the First Surface Integral Is,

Consider the first surface integral:
Is, = ]{5 Ap1(r1) Apz(ry — D) ny dSy.
1

Substitute the analytical expressions for the density perturbations:
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The product Ap;Ap, contains four terms. After substitution into the integral we have:

Is, = plpzjé H(R, — 1) H(R, — |r1 — D|) ny dS;
1

o))
p1p2R% f / H(|r, —D| - R))
_ AR L (R —
s ( 1 1’1) ‘rl — D|4
)
_ p1paRY f H(ri — R}) H(R; — [r; — DJ)
51

n; dSl

3 r% n; dSl
®3)
RERY  H(ry—R}) H(|t; — D| — R}
+P1P291 2 ?{ (1 14) (|11 . | 2)nld51.
51 i [r1 — D]
(4)
Non-intersection Conditions
Assume that the spheres 51 and S, do not intersect:
D > R} + Rj.
Then:
e Term (1) on the surface S is zero, since H(R} — |[r; — D|) = 0;
e Term (3) is also zero.
Only (2) and (4) remain:
4 /
@) p102R5 74 / H(|r; — D[ —R;)
I/ =——">"=9¢9 H(Ry—7 nydSq,
o1 51 (Ry =) r —DJ* e
[0 _ P102R{RS f Hn—R)H(n —DI—Ry) s
51 9 Sy 1"11 |1‘1 — ])|4

Simplification on the Surface Sq

On the surface S; the radius is fixed (r; = R)) and the normal vector is radial:

n 11
1= o7

Ry
The Heaviside functions at the boundary take the value H(0) = 1/2:

1

H(R} —r) = H(r1 —R}) = 5

Consequently, the integrals simplify:

Rl4 _ _ P/
1@ = el fé H(r =Dl = Ry) 45,
1

6 |I'1 —])|4

14 _ _ !/
1@ _ P102R; %S H(ri = DI~ Ry) s,
1

St 18 |r; — DJ*
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Summation of Contributions
Summing the remaining terms, we obtain the final expression:
p102R% ]{ H(|ry —D|—Ry)
Is, = — das;.
o o Jo o m-ppfF M
13.4. Consideration of the Second Surface Integral Is,
Consider the second surface integral:
Is, = %s Api(r1) Apa(rp — D) ny(ry) dS,.
2
The surface S; in the r; system is given by:
52 : |I‘1—D| ZRIZ,
and the condition of non-intersecting spheres is satisfied:
ly —D| >R}, D> R|+R).
Substitute the analytical expressions for the perturbations:
Rl4
1
Ap1(r1) = p1H(Ry —11) — p3r41 H(ri —R}),
1
4
_ / PZRIQ /
Apy(r1 = D) = poH(R; — |11 = D) — WHUH —-D[-Ry).
Expanding the product, we obtain four terms:
Is, = p1p2 §. H(Ry = r1) H(R; — |ry = D|) n dS;
2
(1)
P1P2R/247{ , _,H(ri —D|—R})
————= ¢ H(R|—r ny dS
O N T
(2)
R 1 H(ri—R)) H(R)—|r; —D
_ 1Py 7{ (rn—Rj) (42 11 |>n2d52
3 S, ]
(3)
L p102R}*RE 7{ H(ri —Rj) H(Jr; — D[ — R}) o dS
4 4 262
9 S i |t — D]

(4)

13.4.1. Transition to the r, System

Make the variable change:
r =1+ D.

In the new system the surface S, has a simple form:

Sy : |1‘2| = Rlz, np = %, ds, = R/22 sin 6, d6d¢,.
2
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The product of Heaviside functions and power terms is rewritten in terms of ry:

(1) = plpzjé H(R, — [t2 + D|) H(R} — 12) n2 dSs,
2

Ry H(r, — R
(2) = _p1p§ 2 ]{ H(R/1—|r2+D|)¥nzdSz,
Sy 5
RY  H D| - R}) H(R} —
(3) = _ P12ty % (|r2 + D| 1)4( 2 —12) n, dS,,
3 S, |r, + D
R{RY 1 H D| — R{) H(r2 — R}
(4) = P12k 274 (2 # DI ZRY Hr2 = Ry) s,
9 Sy |r2+D|47’2

13.4.2. Discarding Zero Terms

Using the condition of non-intersecting spheres (D > R + Rj}) and the values of the Heaviside
function at the boundary (r, = R}), H(0) = 1/2:
* (1) =0, since there is no overlap region;
*  (2)is symmetric with respect to the center of S, and gives zero vector flux;
e (3) and (4) remain, which depend on |r, + D| and give non-zero contributions.

13.4.3. Final Form of the Integral Is,

Summing the remaining terms and taking into account the factor of 1/2 from the Heaviside
function at the boundary:

n2d52.

; __PlP2R/14]{ H(|r; + D| - R))
52 9 Js, |n+DJ?

The surface S; in the r; system is given by the equation |r;| = R/, and the normal is directed
radially outward: ny = r,/R),.

13.5. Evaluation of Integrals Is, and Is,
13.5.1. 1. Integral Is,

For non-intersecting spheres (D > R} + R)), after accounting for all Heaviside terms, the remain-
ing integral is:

p102R5: ]{ n;
[o = — dsq,
51 9 Sy ‘rl - D|4 !

where the surface S is defined by the radius r; = R, and the normal vector points radially
outward:

I

n| = Rf,l, dS, = Riz sin 6y d6; d¢,.

Substituting spherical coordinates:

r; = R} (sin 0] cos ¢y, sin 61 sin ¢1, cos 6),

the integral becomes:

o — plsz’4R’2 / /2” sin 61 cos ¢1, sin 01 sin ¢y, cos 07 ) sin 61 d¢; d()l
St (R22 + D2 — 2R| D cos 6 )?

Integration over ¢; nullifies the x- and y-components, leaving only the z-component:
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(s )e = — 2710102 RS R /” cos 07 sin 07 db;
5172 = 9 0 (RP+D2—2R}Dcos6;)?’
Introducing the substitution u = cos 61, du = — sin 61d6;:
(Is.). = 271p102RS R /1 udu
517z = 9 1 (R + D% — 2R} Du)?’

Using the standard antiderivative:

udu u 1 ) )
(a—bu)Z:_b(a_bu)—ﬁln(ﬂ—bu), a=RZ+D? b=2R|D.

Substituting the limits u = —1 and u = 1 yields:

= - + n .
- (RE+D2—2RDu _ RD(D*—RPP ' 4RED? " (| + D)2

/1 udu R? + D? 1 (R} — D)?

Removing the modulus under the logarithm, considering D > R}, we obtain the complex branch:

2In(R} — D) = 2In(D — R}) + i27.

Final form of the integral I :

Ie — 2mp1p2 Ry R
S1 — — 9

RirD” 1 <1nD_R/1+‘2 >
— 17T €.
R|D(D2 —R2)2 "~ 4RZ2D2\" R|+D :

13.5.2. 2. Integral Is,
After substituting the radius r, = R}, and the normal n, = r,/R), the integral becomes:

_ 2mpy p2RI*RE cos 0, sin 6, df,

T
I / e
52 9 0 (RZ+D2+2R)Dcosbp)?

Introducing 1 = cos 63, du = — sin 6,d6;, changing the integration limits (1 =1 — u = —1):

2710102 R}ER? /1 udu
prm— e .
%2 9 ~1 (RZ + D2 —2R,Du)?

Substituting the limits and removing the modulus considering D > R/, gives the complex branch:
2In(R, — D) = 2In(D — R}) + i27.

Final expression for the integral Is,:

; _ 2mpipeRYRY | RE 4+ D? L] lnD—R’z_H,zn .
%2 9 R,D(D? - R?)> ' 4RZ2D?\" Ry +D =

13.6. Final Expression for Apcross

Taking into account the computed surface integrals s, and Is,, the cross term of the total space
density distribution in a system of two non-intersecting spheres (D > R} + R}) can be written as:

1
Apcross = Pio(lsl + ISZ)'

Substituting the obtained integrals, we have:
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27rp1p2R’24R’12 Rllz + D2 1 ( D—-R} . )
A - _ — + In 42T |e
Ocross 900 R’lD(DZ _ R'12)2 4R/12D2 R'1 + D z
+ 27TP1P2R114R/22 _ RIZZ + D2 + 1 (ln D— Rlz + 127'[) e
9% R,D(D? ~RF)? " 4RFDZ\ " Ry+D Z
Comments:

*  The first term s, corresponds to the flux contribution through the surface of the first density
cluster Sy; its direction is given by the sphere’s normal and points along the axis connecting the
cluster centers e;.

*  The second term I, reflects the flux through the surface of the second cluster S, also along e:.

¢  Bothintegrals contain a complex logarithmic term i27r, which reflects the branching of the solution
and the imaginary nature of space energy density.

*  The sign of each integral indicates the direction of the corresponding force; in magnitude |Is, | =
|Is,| when R} = R} and p; = p2, and the directions are opposite, as is characteristic of Coulomb-
like interaction.

* Thesum Ig, + Is, gives the total cross contribution Apcross to the space density distribution and
corresponds to the force acting on each cluster.

13.7. Complex Part of the Cross Integral

Let us extract only the imaginary parts of the integrals Is, and Is,, taking into account all factors
before i27t and pg in the denominator:

S(Is ) 2mp102RYRE 27 . inzpuozRé4 .
S — . = —-]— = ,
1 900 4R?D2 90oD2 ¢
S(ls,) = 2710102 R R iz . — 1-7T2P1P2R/14

” 90 4RZD? * 900D%

Comments:

¢ The complex part of the integrals reflects the imaginary nature of the space energy density.

*  The magnitudes of these vectors coincide when R} = R, but their directions are opposite (e, and
—ey).

*  The sum of the imaginary parts Is, + Is, corresponds to the imaginary component of the cross
force acting on both clusters.

13.8. Potential Energy of Clusters via the Imaginary Part of the Cross Integral

Note that the integral of the imaginary part of the cross integral over the vector D from the current
position to infinity gives the scalar potential energy of each cluster. Denote it as U; and U for the first
and second cluster, respectively.

Taking into account pg in the denominator and the found complex parts:

7T2p1p2R/4 nZPlPZRﬂL
S(ls,) = —i——% S(Is,) =i———Le..
\S( 51) ! 9POD2 €z, \9( 52) ! 9P0D2 €z

The potential energy of each cluster is defined as the integral of the force over the vector D from
D to infinity:

_1'7-[291921%4 *dD

= | S() dD = it
u, /D S(Is,) 90 L D2
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o1paRYE % dD

= [ 9(,)-dD = =

Computing the standard integral |, 50 D~2dD = %, we obtain the final expressions:

. Pp1oaRY _ PRy

th = 900D ' 27 " 90D

13.9. Potentials of Clusters via the Imaginary Part of the Cross Integral

To determine the electric field potential from each cluster, we use the found imaginary energies
Uy and Uy, considering that the potential is the ratio of energy to the "charge" on which the field acts.
In our theory, the "charge" corresponds to the density p1 or p. Multiplying by the coefficient 12/ 7T, we

obtain:
1 2 2 R/4 4 RI4
oy 12 _ 12 TppaRE  dmpaRy
o1 o1 9poD 3p0D
2 R/4 4 R/4
¢1=£U2=i£-nplp21:inpll.
02 72 9poD 3poD

14. Relationship Between the Calculation of the Total Disturbance Quantity of
Space Density in 5D and the Solution of the Gradient Integral of Space Density in
3D

The quadratic part (Weross) represents precisely that component of the total energy of the system
of two density clusters which in the Lagrangian corresponds to the energy of the electric field — the
very part that in classical electrodynamics is expressed through the integral of the square of the sum of
field intensities:

Wfield“/(El+E2)2dV:/E%dv+/E%dV+2/E1-E2dV.

The cross term 2 [ E; - E; dV determines the interaction energy between the two sources and it is this
term that plays the role of the physical analogue of Wross in the proposed model.
In the expression for the total energy:

[ 8 QiR? QiR 8 QuR3  QuR,
Wt"t*‘1_<15 bz b )"\ D2 "D

1 /(64 Q1Q2R3R3 8 Q1Q2R3R 8 Q1Q2R1R3 N Q1Q2R1R2
Po \ 225 D4 15 D3 15 D3 D? ’

the second line, proportional to (1/pg), is exactly the cross part Weross, describing the interaction
energy. Its last term, decaying as 1/D?, is dominant at large distances and represents the analogue of
Coulomb interaction between two "charges" — the density clusters of space.

Connection with the Three-Dimensional Gradient Integral

In the three-dimensional analysis based on the integral of the gradient of the cross density term,
surface integrals Is, and Is, were obtained, whose imaginary parts describe the vector forces acting on
each cluster. Integrating these forces along the direction D allowed us to obtain expressions for the
imaginary potential energies U; and Uy, from which the field potentials ®; and ®, were determined.
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If we consider the product of the potentials, adjusted for the background space density, then the
expression
po P1 P2

exactly reproduces the last, Coulomb-like term in Weross. This shows that to maintain the dimensional-
ity of energy and the physical interpretation of the field, it is necessary to account for the factor py,
analogous to gp in classical electrodynamics, where the field energy is defined as

€0
W = 2 / E24V.

14.0.1. Physical Interpretation

1. **Equivalence of Potentials and Field Energy.** The product po®; P, expresses the interacting
part of the field energy, similar to how in classical theory the interaction energy of two charges is
expressed through €yE1 E;. This confirms that the potential computed via the imaginary part of the
density distribution is indeed a physical analogue of the electric potential.

2. *Imaginary Nature of Space Energy Density.** The appearance of the imaginary unit in the
solution indicates that the vacuum energy density has an imaginary component, projecting into our
three-dimensional space from a higher (5D) structure. Thus, electromagnetic interaction can be viewed
as a three-dimensional projection of a multidimensional exchange of space density.

3. **Consistency of 3D and 5D Solutions.** The structure of the terms, their dependencies on
R;, Q;, and D, as well as the common factor (1/pp) demonstrate an exact correspondence between
the results obtained in the three-dimensional and five-dimensional analyses. This shows that the
three-dimensional solution via the imaginary part of the field not only agrees but fully reproduces the
multidimensional structure of the interaction.

The obtained equality

Weross ~ poP1P2

demonstrates a deep connection between the three-dimensional description of the field via potentials
and the five-dimensional form of the total energy of the system. This confirms that electromagnetic
interaction in our space is a manifestation of a more fundamental multidimensional dynamics of space
density, and the background density pg serves as a universal "coupling constant” between the geometry
of space and its energy content.

15. Dimensional Analysis of Space Density — A Hypothetical Non-Geometric
“Dimension” of Space

Potential Energy of the First Charge at Minimum Distance Between Clusters

Consider the expression for the potential energy of the first cluster Uj, obtained earlier via the
integral of the gradient of the imaginary part of the cross-term density distribution. Substitute the
minimum allowable distance between the centers of the density clusters, which in this formulation is
taken as

D = 2R}.

This corresponds to the situation adopted when calculating contributions using Heaviside functions
(the boundary of the second cluster is located at a distance 2R/, from the center of the first cluster in the
considered configuration).

Substitution of the Expression for Charge Q,

The charge of the second cluster is expressed through its density and radius as

4
Qz = §7TP2R/23‘
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The original expression for U; before substituting D is

0102 Ry

u =
! 9pQD

Substituting D = 2R, we get
mp1p2RY T p1paRYi
900(2R3) 18po

To isolate the dependence on the total "charge" of the second cluster, express p,R% in terms of Q:

U, =

3Q2
R/S — =z
p2ix; 4

Substituting this into the expression for U;, we obtain

_ p 3Q2 e Qo
17 180y 4m 2400
Replacing Charge Q; via Volume and Background Space Density

By definition, the charge Q> can be written as the change in the background space density over
the corresponding volume:

4

Q2 =po(V(R2) — V(Ry)), V(R) = §7TR3.
Substitute this into the expression for Uy:
- 2t
2400 3
Canceling pg, we get
= T2 (R - rg) = Y (R - ),

Thus, the final expression for the potential energy of the first cluster at D = 2R}, is:

ﬂzp]i

T

(R = R).

If in a specific problem R; is considered the outer radius of the second cluster, then the volume
difference gives the quantity used above.

Dimensional Analysis

1. Potential energy U has the dimension of energy:
(U] = ML2T 2.

2. The volume difference (R3 — R%) has the dimension L3.
3. From the relation

u . 7T2p1
we obtain for the factor preceding the volume:

[io1] - L3 = ML2T 2,
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whence
[io1] = ML™1T 2.

4. Consequently, the imaginary space density p; has the dimension:

o] = ML'T 2]

The imaginary unit i in this relation does not change the numerical dimension but marks that
the quantity p; is written in complex form; the space density itself is treated as a hypothetical (non-
geometric) property present in both 3D and 5D.

Substitution of Imaginary Densities and Return to Real Force

Take the original expression for the vector force (imaginary part) acting on the first cluster:

27 p1paRe!

1= 9poD?2

ep,
where ep is the unit vector along the direction D.
Introduce the representation of imaginary densities via real quantities (p™2!):

. real : real - real

P1=—1p1 P2 = —1p, Po = —1pg
Substitute these notations:

272 (—ipiea) (—ipeh) R
1

Fp=—
1 9 (_ipaeal) D2

Calculating the product of imaginary factors:

e Inthe numerator: (—i) - (—i) = —1, hence (—ipea) (—ipial) = — prealpreal,
¢ Considering the external factor —i, we get i in the numerator.
e Inthe denominator (—i) from py.

The fraction in terms of imaginary factors:

i

—1i
Consequently, the force becomes real:
B, — — 27T2p1iea1p£ea1R/24
9 pBeal D2

Substituting D = 2R}, the numerical coefficient adjusts accordingly, leaving the force real and
with the correct "minus" sign, as for a Coulomb-type interaction.

16. Derivation of the Equation for Magnetic Interaction of Two Moving Charges:
Theoretical Derivation of the Biot-Savart Law

Let two clusters move with velocities Vi and V;, and their density cluster "radii" be equal:
R} = R/, = R’. The momentum flux density is defined as:

where p; is the complex energy density of space (an imaginary quantity).
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The cross-term of the momentum flux density:

APeross (x) = Clepl(r) V1 ® Apa(r — D) Va.
The force acting on the system is expressed through the integral of the gradient of the cross-term:
F— Clz(v1 ©V2) § 9 [8p1(x), 8pa(x ~ D)] V.
Using the previously computed gradient integrals I éi) and I é;) and taking only their complex

part, we Obtain:
27.[ 010 R/4

Sl - 9D2 Zr
4
(¢) .27Tp1p2R/

Substituting into the expression for the force and preserving the imaginary unit as a multiplier in
front of the expression, we get:

1
poc?

. 7T2RI4 0102 1

B (c) (c)y _
F= (V1®V2)'(Isl +152)_1 9 P()7“:)7|2

[Vl(ez - V2) — V(e - Vl)}-
Applying the identity for the double vector product via the unit vector D = D/|D|:
(D-V1)Vy— (D V)V = V; x (Vp x D) — V3 x (V] x D),

we obtain two separate vector terms for the force:

PR p1py 1

F— Poz
9 poc? |DJ?

{Vl x (Vo x D) =V, x (Vy xﬁ)].

The direction of the force is determined by the double vector product of the cluster velocities
and the vector D connecting the cluster centers. The magnitude of the force is proportional to R"* and
p102/ (poc*|DJ?).

The resulting expression describes the interaction of two energy density flows of space through
the integral of the momentum density gradient and corresponds to the force of magnetic interaction
between two moving charges in space.

16.1. Forces Acting on Each Vacuum Energy Density Cluster: Biot-Savart Law for Each Charge

Using the expression for magnetic interaction, we obtain the forces acting on each cluster sep-
arately. For two clusters with densities p; and py, radii R’, and velocities V; and V;, they take the

form:
2R
.TT°R 0102 1 A
.7T2R/4 0102 1 N
Fzzl 9 mw[—VZX(V1XD)]

These forces are local forces acting on each cluster separately, and they do not vanish in
magnitude for an individual cluster.

The fact that their sum for a pair of clusters equals zero reflects the law of action and reaction:
the system as a whole conserves momentum, but each cluster experiences its own individual force.

In the case of our space energy density clusters:
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e For the first cluster, the force is directed along V; x (V5 x D),
e For the second cluster, it is exactly opposite: —V; x (V; x D).

Thus,
Ftotal =F+F =0,

but
|F1| = |F2| # 0.

This is completely analogous to classical Coulomb forces: two charges experience equal and
opposite forces that do not disappear for each charge individually; only their vector sum over the
entire system equals zero.

17. The Physical Status of the Magnetic Induction Vector — Abandoning the
Status of an Independent Entity

The introduced notations
g1 = 2mR”py, g2 = 2mR”p,

allow for a compact writing of the magnetic-type forces acting on individual clusters:

.qg2 1 N
F| = — |V \% D)|,
! Z36poc2 |D|2 [Vix (V2 xD)]

. 1192 1 A
Fy, = Vv V D)|.
2 136p0c2 |D|2 [ 2% (V1 x )}

Based on these expressions, the magnetic induction vector is introduced via a formula formally
analogous to the Lorentz force law:

F1 =41 V1 X By, F, = g2 Vo X By,

which yields

.2 1 A .M 1 .
B, = — (V D B, = — — (V D).
1= agpe o (V2P B2 g, o pp (Vi D)

These formulas demonstrate everything essential: B; and B, are expressed directly through the
parameters of the second cluster (its "charge" g, or g1, velocity, distance) and through the global
constants of the medium (pg, c). A number of fundamental conclusions should be drawn — strict,
simple, and fully determined by the mathematics and initial premises:

1.  The vector B does not exist by itself. B is defined only as the ratio of the force computed via the
integral to the combination gV. Without a second moving cluster, the expression for B simply
does not arise: the cross-term integral equals zero, the surface contributions vanish, and the
"quantity B" ceases to be a number. Consequently, B does not possess an autonomous, objectively
existing nature in reality — it is a quantity meaningful only in the context of two (or more)
sources.

2. B is an intermediate mathematical operation, not the cause of interaction. All physics is
contained in the distribution of vacuum energy density p(r) and its flows; the force is obtained as
the integral of the gradient of the cross-term of the momentum flux density. The introduction
of B serves only for compactly rewriting the result of this integral in a form resembling gV x B.
But rewriting does not generate new physics: the operation of extracting B does not add an
interaction mechanism — it only provides a convenient graphical and computational shorthand.

3.  Experimental verification is simple and decisive. If the second moving cluster is removed (or
held stationary), the cross-term integral equals zero and the resulting force on the first cluster
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from such a cross-flow is absent. Consequently, the "field" B, which in the two-particle formula
appeared as a local property of space, disappears along with the second source — meaning it
does not exist independently. This is a clear, indisputable counterexample to the autonomous
nature of B.

4.  The "vorticity" of the magnetic field is an illusion of linguistic and mathematical interpretation.
Descriptions of the magnetic field as "curly" or possessing an intrinsic vortex character arise from
attempts to ascribe physical materiality to a mathematical shorthand. In reality, the observed
effects are born from the laminar flow of space density around moving clusters: the flow from
one source, meeting the flows of another, produces a resultant integral effect conveniently written
via B. But this result itself is a consequence of an operation between flows, not evidence of the
existence of an autonomous curl.

5. Momentum conservation and local forces. The forces F;, F, are non-zero in magnitude for
individual clusters, but their vector sum is zero: F; 4+ F, = 0. This is a direct consequence of the
consistent integral operation and confirmation of the action-reaction law. However, the fact of
compensation does not make each force zero: local forces are real and measurable for each cluster;
they arise from gradients of density flows, not from the action of some additional "magnetic
matter".

6. Practical consequence for theory and experiments. Instead of searching for the "physical essence
of B", the experimental and theoretical paradigm should be changed: measure and model the
distributions of vacuum energy density and their flows (their gradients and surface contributions).
The mathematical extraction of B remains a convenient tool for presenting the result but should
not mislead about the origin and nature of the force.

18. Space Density as the Proto-Matter of Charges, Fields, and Corpuscles

The model presented above introduces a key concept — space density p(r), which is not a geometric
dimension but a physical property of space itself. Based on the conducted analysis, the following
definition can be formulated and the most important properties of this quantity can be listed.

Definition
Space density p(r) is the proto-matter from which the following are formed:

*  Jocal clusters that we perceive as charges;

¢ the field we traditionally call electric (as the integral of the density distribution gradient);

¢  corpuscular and quasi-corpuscular formations (local configurations of density and its perturba-
tions).

Dimensional Analysis and Physical Interpretation

Dimensional analysis, performed in the section on potential energy derivation, shows that dimen-
sionally p(r) coincides with energy density:

o] ~MLIT2,

and in our derivation it effectively acts as the vacuum energy density. However, an important feature:
in the mathematical solution, this density manifests as an imaginary quantity (a component of the
complex solution), i.e., formally

p(r) =ip"(x),

and interacts with similar imaginary perturbations.
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Key Properties of Space Density

1.  Itis not the ether in the old sense. Space density is not a separate substance existing indepen-
dently in space; it is a property of the very multidimensional fabric of space (including the 5D
component), inseparable from the coordinate continuum.

2. Imaginary nature. Mathematically, the vacuum energy density appears as an imaginary quantity
in the complex solution. This is not an indication of a phase shift in the classical sense; it
is a sign that the considered component is directly projected onto the real three-dimensional
observable through special operations (in particular, through branchings of logarithmic functions
in integrals).

3. Ability to carry momentum. Although the vacuum density does not possess mass in the sense of
curving the metric (it does not "weigh" like normal matter), being energetic in nature, it is capable
of carrying momentum. The integral of the gradient of this momentum flux yields the observed
force (in particular, of the magnetic type), i.e.,

F ~ / V [momentum flux density| dV.
14

4.  Possibility of taking negative values. The vacuum density admits local negative values, which
distinguishes it from ordinary baryonic matter and makes it virtual (complex) in nature.

5.  Infinite divisibility and connection with 5D. Space density is a continuum quantity, infinitely
divisible like coordinates; its presence is natural in the 5D structure of space and is projected onto
3D in the form of observed field and corpuscular effects.

6. Range of decrease and contribution to gravity. Local density clusters, including gravitational
objects, drag along an equivalent distribution of space density, which decreases to infinity with
a characteristic law (in the model — approximately as 1/r*%). This ensures the finiteness and
consistency of contributions to the corresponding integrals.

Space Density and Electromagnetic Waves

The finite speed of perturbation transmission (the speed of light c¢) determines the method
of formation and propagation of vacuum density perturbations — electromagnetic waves. In this
mathematical model, it is precisely the motion and interaction of imaginary density perturbations that
generate wave-like solutions, which in the observed 3D appear as electromagnetic fields and waves.
(A detailed exposition of this idea will be the subject of a subsequent publication.)

Explanation of the Results of Michelson—Morley Type Experiments

The classical question: why is anisotropy not observed when the Earth moves relative to some
absolute medium? In our interpretation, the answer is simple: vacuum density is a property of space
itself, and the motions of charges associated with the Earth move along with it; if there existed a
fixed "background" in space, this would be expressed in anisotropic magnetic effects between charges
moving with the Earth. However, the observed absence of such anisotropy indicates that space density
is not a stationary absolute medium in the old understanding — it is integrated into the structure of
space and moves/reacts according to local conditions, so that measurable effects are related to relative
configurations and density flows, not to motion relative to an "absolute ethereal background".

General Law and Connection with Gravity

A fundamental principle is derived: the quantity of motion of vacuum energy density in a closed system
is zero. Each gravitational object also represents a cluster of vacuum density; its lack of an electric field
is determined by the equilibrium of positive and negative contributions inside the cluster. Similar
to elementary charges, a gravitational cluster "drags" along a distribution of space density, which
decreases with distance, ensuring consistent behavior in electromagnetic and gravitational integrals.
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Continuity of Vacuum Density and Non-Quantized Nature of Electromagnetic Interaction

The continuum nature of vacuum energy density — its property as a continuous, infinitely
divisible dimension of space — directly explains the observed continuity of electromagnetic interaction.
If the "ether" were a set of discrete quanta or "ethereal photons", the interaction would be quantized
by its very nature already at the level of the propagation medium itself; excitation of such a discrete
medium would inevitably lead to threshold effects and discontinuous responses. However, since the
vacuum density in our representation is a field-attribute of the very fabric of space, continuum by
definition, perturbations and their integral gradients are realized smoothly: force, field, and momentum
transfer are formed without internal thresholds, as a consequence of the continuous structure. This
does not at all exclude the existence of quanta in other layers of physics (for example, during interaction
with material carriers), but it emphasizes: the quantization of electromagnetic phenomena as such does
not follow from the discreteness of the propagation medium, but arises from the methods of excitation,
boundary conditions, and interaction of the density continuum with discrete matter. Consequently,
recognizing vacuum density as a proto-matter, continuum in its essence, removes the need to attribute
the primary cause of the non-quantized nature of electromagnetic exchange to "ethereal quanta" and
shifts the research focus to the study of smooth density flows and their boundary interactions with
charges and bodies.

Conclusion

Space density should be considered as the proto-matter from which charges, fields, and corpuscles
are born; it is the vacuum energy density with an imaginary nature in the mathematical solution.
Having realized and accepted this essence, it becomes possible to give an unambiguous and consistent
explanation of the nature of magnetic interaction, the role of integrals of momentum flow gradients,
and the constraints imposed by conservation laws.

19. Extended Conclusions: Geometric Field Theory as the Foundation of New
Physics

This work establishes a comprehensive ontological paradigm in which electromagnetic, gravita-
tional, and quantum interactions are described not as interactions between entities, but as different
forms of self-organization of space energy density within an extended 5-dimensional geometry. Unlike
the classical picture where the field is postulated as an independent substance, here it emerges as a
secondary phenomenon of the geometric state of space, striving to fulfill the fundamental principle
of density conservation.

We do not reject previous physics—on the contrary, it turns out to be a special case of a more
general geometric dynamics, in which the laws of Coulomb, Biot-Savart, Maxwell, and Schrodinger
are derived as consequences of the structure of 5D-space and the non-geometric dimension of vacuum
energy density.

19.1. Geometrization of the Field: From Postulate to Identity

Classical electrodynamics introduces the Lagrangian:

1 .
EEM == _%FMVFHV _]ﬂAH,
where the field F,, is postulated as physical reality, and the potential A as an auxiliary mathematical
construct.
In our model, this formalism arises naturally from the internal geometry of space, if we consider
the energy density p as an additional coordinate conjugate to the metric components of 5D-space:

A = (x*,p), A=0,1,2,3,5.
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Derivatives with respect to p provide natural connections with four-dimensional potentials:
p8uv ~ AyAy, and Fyy = 9dyAy — dyAy ~ 0,0p8vp-

Thus, the Maxwell field is a tensorial shadow of metric deformation along the energy density
coordinate.
Variation of the action

S = [(R+B2ap)(@"p) + M%)/ ~g x

with respect to p and gap yields, to first approximation, a system of equations equivalent to the
Maxwell and Poisson equations, demonstrating:

Electromagnetic field = geometric consequence
of space density deformation.

19.2. Restoration of the Interaction Lagrangian Structure

For two density clusters pj, p2, located in the three-dimensional subspaces R} and R3, the 5D-
formalism derives: 1
(x) _
Wy = %IR?IR% ~ OD,.

The interaction energy density then becomes:
Lint = €0E1 - By = —ggV Py - VD,

which is the exact analogue of the classical Lagrangian form.

But unlike traditional theory, this expression is not postulated but derived from the topological
interaction of two space density deformations.

Thus, the field Lagrangian turns out to be not an arbitrary construct but a geometric invariant
arising from the contraction of the 5D-metric onto the subspace with density.

19.3. Field Nature and Elimination of Divergences

The classical problem of point charge self-energy (U — c0) is resolved naturally. If we consider a
density cluster as a distributed structure of radius R’, the field’s self-energy:

U= %/Ezdvz %/(wp)zdv

becomes finite, since ®(r) smoothly transitions to a bounded function for r < R'.
From the density conservation law:

9P _

it follows that the self-energy terms [ E?dV vanish (condition Wy, = 0), and the system’s energy is
determined solely by cross-interaction:

uint = €0/E1 : Ez dv.

Thereby, the need for mass renormalization is eliminated, and the concept of "vacuum energy" acquires
a real geometric meaning—it is the energy of background density deformation.
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19.4. Magnetic Interaction as Density Dynamics

The classical Biot-Savart law:
_ VO/i(rI)XR '
B(r) == | =—L——4V
(1) = i R3

in our model represents not a "force field" but a geometric expression of energy density circulation.
Since j = pv, then:
B=V xA, where AN/%dV’,

and B acts as an operator mapping the curl of the momentum flux:

B0<V><<Agv>.
c

Consequently, magnetic interaction is the relativistic form of geometric density response to perturba-
tion motion. This resolves the duality of E and B: both quantities are different projections of a single
5D density redistribution process.

19.5. Connection with Quantum Mechanics: Complexity as Reality

The imaginary nature of density p = ip, provides a direct explanation for the complexity of the
wave function:
¥(r,6) ~ dp(rt), [¥P ~ [apl2

Thus, |¥|? corresponds to the probability density of observing the real trace of the imaginary contin-
uum’s perturbation.
The Schrodinger equation:

2
ih%\f S Vo U(r)¥,

2t

becomes an effective equation of motion for small deformations of the imaginary density, analogous
to the oscillation equation in a weakly inhomogeneous medium. Quantum uncertainty reflects
fluctuations of vacuum energy density, not fundamental randomness of the world.

19.6. Unification with Gravity and Metric Dynamics
Let the 5D-metric have the form:

ds? = gudxtdx’ + a*dp?,
then variation of the action:

s= [(R=B(VoP = V(o)) y/~3 P
leads to the equation:
1 1
Guv = ﬁ(aupavP - ZSW(VP)2) — 58wV (p),

which connects metric curvature and density dynamics. In the limit of weak perturbations V(p) ~ p?,
we obtain an equation of the Maxwell type. Thus, electromagnetism, gravity, and quantum dynamics
turn out to be three facets of a single metageometric structure.

19.7. Conceptual Consequences

1.  Electrodynamics ceases to be an independent theory and becomes a special case of general
geometric density dynamics.
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2. Quantum mechanics is not a statistical model but a phenomenological manifestation of space
density oscillations.

3. Gravity and electromagnetism are connected by a common Lagrangian, where metric energy and
density are mutual aspects of a single state tensor.

4. Dark matter and dark energy are naturally described as imaginary components of vacuum
density, not interacting with real perturbations but shaping the global structure of the cosmos.

5. The philosophical principle of Occam’s razor achieves its complete form: all observable diversity
is self-consistent excitations of a single field—space density.

20. Meaning and Place of the New Paradigm

This theory does not contradict the classical results of Maxwell, Einstein, Planck, and Dirac; it
restores them from more fundamental relations and eliminates artificial postulates, turning them
into logical consequences. We transition from the physics of interacting objects to the physics of
self-consistent continuum states, where matter, field, and space are inseparable.

This is not a new "version" of physics but its ontological completion—a return to the idea that
nature is unified and simple in its deep structure, and the complexity of the world is a consequence of
the diversity of states of a single universal substrate—geometric vacuum energy density.
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