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Abstract

This paper proposes a geometric model of electromagnetic interaction in which elemen-
tary particles are treated as localized spherical regions of spatial curvature. The main local

characteristic of the model is the intensity of volumetric curvature of space,
AK,=1-a>,

where « is the coefficient of linear curvature of space relative to the basic, unperturbed
state. Inside each spherical region the volumetric curvature intensity is assumed to be con-
stant, while outside the region the distribution remains spherically symmetric and satisfies
a global compensation law over all space.

A geometric charge is introduced as an integral characteristic of the external flux of
spatial curvature, that is, as the integral of the divergence of the corresponding vector field
over the external region. The interaction energy of two such sources is constructed through
a bilinear potential in the parameter spaces of the two charges. This makes it possible to
obtain the leading Coulomb term of the force and its geometric generalization. It is shown
that long-range interaction is determined not by the full volumetric curvature intensity itself,
but by a quantity proportional to the change in the Gaussian curvature of the boundary of
the deformed region.

On this basis, geometric formulas are derived for electric and magnetic-type interac-
tion forces, as well as expressions for the creation energies of the electron and the proton,
interpreted respectively as the energies required to compress and stretch space. The result-
ing formulas for radii and creation energies reproduce the classical electron radius in the
linear approximation and set the correct scale for the proton radius and mass. Thus, a self-
consistent geometric formalism is proposed in which electric charge, interaction energy,

and particle mass arise as consequences of local curvature of space.

1 Introduction

The idea of a geometric origin of electric charge has a long tradition. In the theories of Kaluza

and Klein [1, 2], electromagnetism appears as a consequence of the geometry of an additional



dimension. In the teleparallel formalism with torsion discussed by Unzicker [3], electric charge
is related to geometric and topological properties of spacetime. In Wheeler’s geometrodynamics
[4, 5], attempts were made to describe charge through topological structures such as geons and
wormholes, whereas in the model of space as a tessellated lattice proposed by Krasnoholovets
[6, 7], charge is interpreted as a local deformation of the cellular structure of space.

Particularly close in physical intuition are the works of Shlomo Barak [9, 8, 10], in which
electric charge is treated as a deformation of space itself: positive charge is associated with
compression and negative charge with expansion. The field of the charge is then interpreted as
an extension of this deformation into the external region. This initial idea is consonant with the
approach developed in the present work.

The approach proposed here, however, differs in an essential way from the above geo-
metric models. Electromagnetic interaction is described without introducing additional dimen-
sions in the main static construction, without using nontrivial spacetime topology, and without
treating torsion as an independent fundamental entity. Instead, a tensor parameter space for two
sources is introduced, and the force of interaction is defined as a bilinear measure of correlation
between two distributions of volumetric curvature in the parameter spaces dV; and dV5. Thus,
the dynamics of interaction is related not to a modification of the basic physical space itself, but
to the structure of its tensor product with itself.

A key element of the formalism is the definition of geometric charge as the total flux
of a vector field of spatial curvature. This charge is computed as the integral of the divergence
of the external radial field over the whole space outside the fundamental spherical region. This
construction makes it possible to introduce charge as a geometric integral characteristic of the
curvature distribution, rather than as a primary axiomatic quantity.

To compute the interaction energy of two such sources, a bilinear potential of interaction
is used, whose mathematical structure is related to the classical Newtonian theory of potential
[11, 12]. In this bilinear form the role of gravitational masses is played by geometric charges,
and the force itself appears as the gradient of the potential in the parameter space of the two
charges. This allows one to obtain the long-range Coulomb part of the interaction from geomet-
ric premises.

The proposed formalism has the following properties:
1. it is mathematically closed and allows direct analytical calculations;

2. it permits an expansion of the interaction force in inverse powers of the distance and the

isolation of finite-size corrections;
3. it leads to formulas for the radii and creation energies of the electron and the proton;

4. it allows a unified description of electrostatic and magnetic-type interactions as interac-

tions of flows of spatial deformation.



Thus, the paper proposes a geometrically strict way to describe electromagnetism, in
which electric charge, interaction energy, and particle mass arise as consequences of local cur-

vature of space rather than being introduced as independent initial objects of the theory.

2 Initial Definitions and Postulates of the Model

2.1 Basic space

The basic space is understood as space before curvature. In this state space is assumed to be

homogeneous and isotropic, and the local coefficient of linear curvature is equal to unity:
a=1.
Consequently, in the basic state there is no volumetric curvature of space.
2.2 Coefficient of linear curvature of space
At each point of the basic space we introduce a coefficient of linear curvature
a = afr),

which characterizes the local change of the linear scale of space relative to its unperturbed state.

If, at a point of the basic space, the length element before curvature is dl,, and after curvature is

dl, then

For a < 1 there is local compression of space, whereas for a > 1 there is local stretching.

2.3 Intensity of volumetric curvature

The intensity of volumetric curvature of space is defined as the deviation of the local volumetric

state from the basic state:

AK,=1-a’.

Here o? is the local coefficient of volumetric transformation. In the absence of curvature, o = 1,

Thus A K, measures the degree of deviation of space from its initial state.

and therefore



2.4 Postulate 1. Spherical structure of local curvature
Any local curvature associated with an elementary charge is confined to a fundamental spherical
region of radius R,., centered at X;. Let

ri:X—Xi, ri:]ri].

It is assumed that inside the region r; < R,., the volumetric curvature intensity is constant,
whereas outside the region r; > R, the curvature distribution remains spherically symmetric.

Thus, for the i-th source,

AK,i(r;) = AKLZ = const, r; < Rje,

and outside the region

AKv,i(Ti) = AKE?ZF(TZ'), r; > Rie.

For the electron and the proton the special notations AKX j)“e and AK jf}p will be used.

2.5 Postulate 2. Conservation law for the amount of volumetric curvature

intensity

For normalization of the distribution, a global compensation law is introduced:

/ AK,dV = 0.
R3

This law means that any local deviation of space from the basic state is completely compen-
sated over all space. Physically, local curvature does not create or destroy the total amount of

volumetric deviation, but only redistributes it.

2.6 Electron and proton as two types of local curvature

Within the model, the electron and the proton correspond to two different types of local curvature
of space:

* the electron corresponds to local compression of space, for which
AKY, > 0;
* the proton corresponds to local stretching of space, for which

AKPM < 0.

P



Thus, the difference in the sign of electric charge is associated with the difference between

compression and stretching of space.

2.7 Physical meaning of the initial postulates

The introduced definitions and postulates form the minimal geometric basis of the model. The
basic space defines the initial geometry before curvature; the coefficient o describes the local
change of the linear scale; the intensity AK, = 1 — o® measures the deviation from the basic
state; local curvature has a spherical structure with constant internal intensity; and the total

amount of volumetric curvature intensity over all space is conserved.

3 Tensor State of Space Before and After Curvature

For the subsequent description of local curvature, a tensor state of space is introduced as the

tensor product of the unit radial vector with itself. Let

_ _ |2 .2 .2
r=(ry,m,73), r=/r{+715+75.

The unit direction vector is

In matrix form,
riry Trz v
T = ﬁ 971 ToT'g T9T'3
sy T3T2 T3T3
For a spherically symmetric shear-free state, the off-diagonal components are assumed

to vanish. Then the tensor of the basic space takes the diagonal form
2 2 2
Y Ty Ty T3
T() = dlag <7‘_27 7“_27 ﬁ) .

In the unperturbed state the coefficients of linear curvature in all coordinate directions are equal

to unity:

a1 = g = ag = 1.

If local coefficients of linear curvature along the coordinate directions are introduced, then in



the diagonal shear-free approximation the curved state may be written as

. adr? 0
T = 3 0 a3r: 0
0 0 a2r?

For spherically symmetric curvature,

041:042:043:04,‘

and therefore

2
o2 r; 0 0

T = 7”_2 0 7“% 0
0 0 r2

Thus the local coefficient of volumetric transformation is o, and the intensity of volumetric

curvature is

AK,=1-—a.

4 Distribution of Volumetric Curvature Intensity for a Com-

pressed Spherical Region

Consider a spherical region of the basic space of radius Ry., which after curvature is compressed

to radius R.. Inside this region the linear curvature is assumed constant, so

B ROe ‘

Qe

Consequently, the volumetric curvature intensity inside the region » < R, is also constant and

equals
. R3
AKM =1—-a2=1- =£.
v,e ae Rge

Since R. < Ry, this value is positive and corresponds to compression of space.

4.1 Variational functional

Let AV (r) denote the deviation of the volume of a spherical region of radius 7 from its volume
in the basic space. For a spherically symmetric state,

AV (r) = 4%#(&(@ )= —%”rmm(r).




In the external region ey = {7 > R.}, the action is chosen as

SIAV] = g / VAV - VAV a4V,
Q,

ext

where [ is a constant coefficient. This is the standard quadratic form for an elastic potential

energy proportional to the square of the gradient of the deforming field.

4.2 Euler-Lagrange equation and Laplace equation

Variation with respect to AV gives

5S=p8[ VAV-V(AV)dV.

QCXt

Integrating by parts and assuming that the variations vanish on the boundary, we obtain

§S =B (V2AV)SAV aV.

Qext

Thus the stationarity condition yields

VAV =0, r> R,.

4.3 Solution of Laplace equation

For a spherically symmetric function,

1 A
L (w80

r2dr dr

After two integrations,

The condition AV (r) — 0 as r — oo gives Cy = 0. Denoting —C, = B, we obtain

AV (r) = g, r> R..
4.4 Transition from AV (r) to AK,(r)
Using

AV(r) = - TPAK, (),



we find

3B
AKM™(r) = — :
o (1) ==
Introducing A, by
ou Ae
AKU t(’l") = ﬁ, r > Re,
we have A, = —3B/(4m). Thus the variational principle directly implies an external decay law

proportional to 4.

4.5 Determination of the external distribution constant from the conser-

vation law

The global compensation law requires

/ AK,dV =0.
R3
For spherical symmetry,
Re ) [e’e) A
A7 AK™ r* dr + 4#/ —r?dr = 0.
0 ’ e T
This gives
R A
AK™ —¢ 4+ - ° =
v,e 3 + Re )
and therefore
R! .
A, =——AK)..
3 )
The external distribution is consequently
R :
out _ e n
AKYE(r) = —3T4AKM, r > R..

4.6 Full distribution of volumetric curvature intensity

The full distribution is written with Heaviside functions as

4
Rz AK;jjeH(r —R,).

AK,.(r) = AK™ H(R, —r) — 3
’ T

Using AK]", = 1 — R?/R},, this becomes

R} R; R}
AK,.(r) = (1 — R ) H(R.—1)— ™~ (1 — I ) H(r — R.).

e




5 Joint Tensor State of Space for Two Spherical Curvature
Regions
Consider two spherical curvature regions centered at X; and Xy, with
D=X,—X,.

Let r; and r; be radius vectors of the same point in the coordinate systems centered at the first
and second region:

1'1:X—X1, I'Q:X—XQ.
Then

The local states of space are described by a4 (r;) and ay(rs), and the corresponding intensities

arc

AKvJ(rl) =1- ozzls(rl), AKuQ(rg) =1- CY%(I‘Q).

5.1 Unit radial vectors and state tensors

In each coordinate system we introduce unit vectors r; and r,. The state tensors before curvature

arc

TV =t @t, TP =tk

In components,

1) _ s a 2 _ s a
T4 4 = T1aT10, T4 cq = T2cT2d-

In the shear-free spherical approximation only diagonal components are retained.

5.2 State tensors after curvature

After curvature,

TS) — (alf'l) X <041f1)7 T((f) = (Oézf'z) X (C(Qf'2>.

Thus,

@ _ 2 PP 2 _ 2 A
Ty ap = @1 (r1)f1af 1, T, ca = a3(r2)factaq.

5.3 Joint state of two curvature regions

The joint state before curvature is

TO =1 & T,




that is,

0 . . . .
T oped = T1aT 10727 24-

After curvature,

so that

Tgﬁid = 04%(1'1)043 (r2)71a 16 2cT 24

5.4 Contraction of the fourth-rank tensor and the interaction operator

Contracting the fourth-rank tensor over the internal indices b and d, we define

Még) = 5dez(1(l);)cd7 Mé?) = 5de$§Zd-

This gives

0 A oA « 2 2 A oA
Méc) = ngrlargc, Méc) = OélOéQWw?"laTQC,

where

A Iy -Io rl-(rl—D)
Wio i =1 - 1y = = .
2R L] T Il jn - D)

The quantity W3, is a dimensionless operator of directed interaction between two local spatial
states.

5.5 Reduced trace and joint linear curvature

The traces are
tr M© = W2, tr M@ = o2a2W3,.

Therefore,

V tr M(O) = ng, tr M(o‘) = OélOéQWm.

Thus the joint linear state is

Oégg) = Wi, @gg) = 041(1'1)042(1‘2)W12-

5.6 Joint volumetric curvature

Since for each region K, = o3, the joint volumetric state after curvature is taken as

K%, = 0 (r)o} (ra) Wha.

10



The background state is

K(0)2 = le.

v,1

Therefore,

AKUJQ = (1 — Oé?(lj)Oég(l'Q)) ng.

The operator W15 is not a local volumetric curvature coefficient and therefore is not raised to

the third power.

5.7 Expression through individual volumetric curvature intensities

Using
CY? =1- AKU,I) Oég =1- AK%Q,

we obtain

AKUJQ = (AKU71(I'1) + AKvyg(rg) — Ale(rl)Avag(rg)) ng‘

The cross term

_AKv,l (l‘l)AKv,2 (I'Q)le

is the term that determines the proper interaction of the two spherical curvature regions.

6 Definition of Geometric Charge Through the Integral Char-

acteristic of the External Flux of Spatial Curvature

Consider a spherical curvature region with fundamental radius R;. and center X;. In the internal

region r; < R;., the volumetric curvature intensity is constant:

AK}', = const.

The directed field responsible for the external flux of spatial curvature is introduced only in the

external region

Qi = {ri 1Ty > Rie}-

For this region,

RfeAK;)r:z
AK@J(T’Z’) = _3—7“;1’ r, > Rie-
The external flux is introduced as the radial vector field
RLAK,
Ji(r;) = AK, ;(ri)n; = —T’nz‘, ri > Rie,
'

)

11



where n; = r;/r;. The geometric charge is defined as the volume integral of the divergence of

Q;

6.1 Divergence of the external field

this external field:

For a radial field J; = f;(r;)n,,

1 d
Vedi= g (h0).
With .
R;LEAK;}Z
filrs) = T
we find
QR?eAKg}i
-Ji=3—ri5, ri > Ri,.

6.2 Geometric charge as a volume integral

Substitution into the definition gives

2R4 AK‘“
o= ff], T
r;>Rie Ti

Using dV; = r?sin 0; dr; df; dy;,

8TRI,AK", /°° dr; S8TRLAKY, 1

T3 3 3 2RE

ie 7

Thus

4
Q ;TR2 AKm

6.3 Equivalent form through Gauss’ theorem

The same result follows from Gauss’ theorem applied to the shell R;. < r; < L, followed by
the limit L — oo:

/// V~JidVi:// Ji-dS—// J; - dS.
Rie<r;<L SL SRz'e

12



The outer surface contribution vanishes as . — oo, whereas the inner surface yields
47 -
— // J;-dS = ?RfeAK;’ji.
SRie

4 .
Q; = %RfeAngi.

Hence again

6.4 Surface density of geometric charge

Since the source is localized on the fundamental sphere S, , the surface density is

ie?

G
" 4mRY
Using the result above,
AK}}}i
oi=—

6.5 Summary

The geometric charge is not postulated independently. It is derived from the full external flux

of spatial curvature generated by a local spherical region:

4 .
Q= /// V-3V = S RLAK.
Q;

7 Interaction Energy of Two Surface Sources of Spatial Cur-

vature Through the Standard Bilinear Interaction Func-

tional

Consider two spherical boundaries Sg,, and Sg,, carrying surface geometric charges (); and

(22. Their centers are separated by
D =X, — X, D = |D|,

and the spheres do not intersect:

D > Ri. + Ro..

13



The geometric charge and its surface density are

A : Q; AKMM,
= —REAK™ ;= = L
Q= gl ARy, o= = 3
7.1 Bilinear functional of surface sources
With the rationalized fundamental kernel
1
GR) = ——
(R) 47|R]|
the bilinear interaction functional is
0102
Pu(D) :// // dS, dSs.
SR1E SRQG 47'(_‘D + ro — 1‘1’

Because o, and o, are constant on the spheres, the integrals may be evaluated sequentially.

7.2 Internal surface integral over Sg,,

For fixed ry € Skg,,, set
a=D+4r,,

a = |al.

Since a > D — Ry, > Ry, the point a lies outside the first sphere. Consider

dSh
Ii(a) = e
l(a) //SR16 47T|3—1'1|

Choosing the polar axis along a, one obtains

R? ! d
I(a) = —e / “ .
2 Jo1\/a®+ R2, = 2aRy.u
Introduce
a=a’+ R3, B = 2aR;..
Then

R2
Il((l> == —le

The antiderivative is

Therefore
R}, 2
B 2 QCLRle

]1((1,)

du

2 /tﬁ

2
s

J— o —

Bu.

1

\/a2 + R?, — 2aR.u

-1

14



After rearrangement,

R2
]1 (a) = _—de

= %R [\/aQ + R?, + 2aR. — \/a2 + R?, — 2aR.| .

Since a > Ry,

\/a2 + R?, + 2aR,. = a + Ry, \/a2 + R}, — 2aR;. = a — Ry..

Hence R R
— le . o . — le 2 .
[1 (a) —ZCLRle [((l -+ Rle) (CL Rl )] 2aR16 Rl
Thus
R? R?
] — le — le )
) == = D

7.3 External surface integral over Sp,

B dS,
O[] we

In spherical coordinates centered at the second sphere,

It remains to compute

ra| = Ry, D+ 13| = \/DQ—I—R%e—i—QDRgecosHQ,

dSQ = R%e sin 92 d02 dQOQ

T R2_sin 6, df, d
IQ(D)I/ / 2 = 2 @02 Oipe .
o Jo \/D2 + R5, + 2D Ry, cos 6

Integration over @9 gives

Therefore

sin 92 d@g
/D% + R2, + 2D Ry.cos

I,(D) = 27 R, /
0

With u = cos 6y, du = — sin 0y db,,

! du
~11/D?+ R2, +2DRyu

I(D) = 27 R3,

Using

2
/a‘i—jm:BWHmL, a=D*+R:, B=2DR,,
we obtain )

2
IQ(D) = 27TR§6 [m\/DQ -+ R%e + 2DR2,3U

-1

15



Thus

_ 27R3,
DR,

Since D > Ry, the square roots are D + Ry, and D — Rs., hence

(D) [\/DQ + R, +2DRy. —\/D? + R, — 2D Ry, | .

o2 R2 o2 R2
L(D) = (D + Ry.) — (D — Ry.)| = ==—2¢2R,..
2(D) DRQE[( + Rae) — ( 2)] DR, b
Therefore
47 R2
IQ(D)I—D26.

7.4 Final bilinear functional and Coulomb energy

Therefore, ,
AR e Q1Q2
Pu(D) = R%eglO'Q D2 = 47TD .
Thus
Q1Q:
D) = )
7712( ) 47D

Multiplication by the volumetric stiffness of space py gives the potential energy

_ P0Q1Q2_

Ur2(D) = poPr2(D) 1D

Equivalently,

4 R26R26AKL“ AKL“
Ulz(D): 7;P0 1efl2 D,l ,2.

7.5 Interaction force as a gradient with respect to D

The force is

dUiz
Fi5(D) = — .
(D) =—5
Using the energy above,
Po1Q2
Fi5(D) = :
12(D) 47t D?
The vector force on the second charge is
Po1Q2 ~ D
2T 4rp? D
The force on the first charge is opposite:
Fo. — _ Po@1Q2
2t 4r D?




7.6 Summary

The standard rationalized bilinear interaction functional of two spherical surface sources gives

exactly the Coulomb-type leading term:

_ PoR1Q2 Fin(D) = ,023;)6222.

U2(D) 41D

8 Interaction Force Through a Volume Integral Over the Ten-

sor Parameter Space With the Inverse Integral Kernel

The surface representation of the preceding section uses only the integral characteristics (); and
()>. To recover information about the full external curvature distribution, we construct a volume
force functional over the parameter spaces dV) and dV5. The long-range interaction is taken to
be determined not by AK, ; itself, but by a quantity proportional to the density of change of

Gaussian curvature of the fundamental spherical boundary.

8.1 Density of change of Gaussian curvature as a local source of long-

range interaction

For a sphere of radius R,
1

If a sphere of radius Ry; becomes a deformed sphere of radius R;., then

Kc(R)

1 1

Akg; = — — —.
’ Rzze Rgz

With Q; = Rie/ROi and AK,U’Z' =1- Oé?,

A/{G i R2
For small deformations, 5
(1 - AKv,i)Z/g ~ gAKv,h
so that
2AK
A ; “ v,
R
We therefore define
AKvﬂ'(l’Z)
Li(r;) = —5

17



Using the full distributions,

L) = SR Ry = ) - Dy, )
1(r1) = . le — T1 T — fye),
R2, 3ri
AK® RZAKM
Ta(rs) = = 2 H(Rye — 1) 23T4 2H(ry — Ry.).
2e 2

In terms of geometric charges,

3
[y(r) = %H(Rle — 1) — 42;4}[(7”1 — Rye),
le 1
3
FQ(TQ) = ﬁH(RQC — 7“2) — %H(TQ — Rge).
2e 2

8.2 Volume functional and transformation of the integral kernel

The kernel obtained from the tensor construction is

r{-r
Wip = ——2, ro=r; —D, ri=ry+D.
11 1y
It can be rewritten as
rr—D rs +D
Wiy = — L2 .
|r1 —D| |r2—|—D|

The geometric force functional is defined by

)= [ [ ety gy i

Because the two factors in the scalar product depend separately on r; and r,, the functional

factorizes:

T12(D) = 11(D) - I(D),

where

By axial symmetry,

18



and hence

T15(D) = Li(D)Iy(D).

8.3 First integral /;(D)
For the first charge, after integration over the azimuthal angle one obtains

ricost; — D

(D) =27 I'y(r TQdT/ sin 6, d0; .
1(D) /o 1(r)ridr o /17 + D2 —2Dr; cos b, o

The angular integral is

T 6, — D
Kl(Tl, D) =27 B sin01 d91
0 /17 + D% —2Dr;cost,

To evaluate this integral explicitly, introduce

t =7} + D* —2Dru.

Then ) )
u_rl—l—D —t du— — dt
N 2D7’1 ’ B 2D7’1 ’
and the numerator becomes ) )
ru—D=———.
! 2D
Therefore
T
Ki(r,D) = — 2_D?—t)t 2.
l(rlv ) 2D2T1 / (Tl )
After integration,
u=1

1
Kl(rlvD) = D72TT1 |:(T‘% - Dz)\/% - §t3/2:|

u=—1

For vy < D, one has

\/T%+D2—2DT1:D—T1, \/T%+D2+2DT1:D+7’1.

Hence

™

K1< (r, D) = D2ry

[(r% _DY)(D—ry) — %(D )P — (2= D) (D +m) + %(D 43

Expanding and cancelling the equal terms gives

4mrr?

K1<<7’1,D) = —A47r + _3D2 ,

7’1<D.

19



For vy > D, one has

V4D —2Dr =r ~ D, \[r}+D24+2Dr =+ D.

Therefore
T 1 1
K7 (r1,D) = 53— |(r{ = D*)(r1 = D) = 2 (r1 = D)’ = (r{ = D*)(r1 + D) + 2 (r1 + D)*|
D?rq 3 3
which simplifies to
8mD
K (r,D)=——= 7 >D.
37’1

Since D > Ry, the radial integral splits into the intervals
O<T1<Rle, R13<T1<D, D <r <oo.

In the internal region,

0<r; < Ry

Rie AKIY 4rr?
L= /0 R%e (—47T + W) ridry.
Splitting the integral,

drAKP, Rie ) drAKD, R A
Lin = ——’/ ridry + : / rydry.
0 0

Therefore

R2, 3D%R2,
Since n , " .
le R le R
2 le 4 le
ridry = —-, / ridry = =,
/o ! 3 0o 5
we obtain
41 . 41 R? AKinl
Ly =—R AK" + ——__ "
b g B T E T
On the interval R, <7 < D,
Rf AKi“l
r _ _MeT vl
1(7’1) 37‘11

Thus

D RZ AKP Ay
(1) le v,1 1 2
v = R Rl ) (g BT 2 g
1,0ut /Rle < 37011 ) ( T+ 3D2) ryar

20



After simplifying the integrand,

(1) D 47TR%6AK3}1 47TR%8AK3}1
Il,out — 2 - 5 dlr‘l.
Ri. 31y 9D
Using
D D
d 1 1
/ e T / dri =D - Ry,
Rle /r.l Rle D Rle
we get _ _
L _ 47rR%eAK;}j1 1 B l B 47TR%6AK1T1 (D - Ry,)
l,out 3 Rle D 9D2 le)-
Therefore
4 167 R2,AKM, Ax R} AKD™
I(l) ~ R EAKm - le v,1 e v,1 .
1,out 3 1 v,1 0 D + 9 D2

On the interval D < r; < oo, one uses

8w D
37’1 .

oo 2 in
](2) = / ——RIGAKU’I — srD r? dry.
1,out I 37“411 3r1 1

K1>(7’1,D):—

Hence

After simplification,

2 _ SWDR%eAKLr:l < dry
Lout — #/D T—:lg
Since
“dry 1
/D 2D
we find
@ _ 4_7TR%6AKLI}1
Low = 9

Summing them yields

N 4_7T R%EAKS}l 327 R?eAK;}rjl

L(D)=-5—0F 15 D?
In terms of ()1,
Q1 8Q1 R
L(D) = _31 151D21 '
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8.4 Second integral

The second angular integral is opposite in sign after the substitution © = —uv:

KZ(T% D) = _Kl(r% D)

Therefore,

A R3AKD,  32n RAKY, Qo 8QaRa.

3 D 45 D? D 15D2%

L(D

8.5 Final volume force functional

Thus,

D 15D?

Z15(D) = (—% + 8?51;;16) (Q2 8Q2R26) ;

and after expansion,

1@ 8(1Q2(R1e + Rae) B 64Q1QzR1eRze_

Tn(D) = ——h; 15D3 9225 D4

The modulus is

Q102 8 Rie + Rae 64 Ry.Roe
Tin(D)| = 1— —
[Z12(D)] D? 5 D 9225 D2

8.6 Dimension of the force and rationalized form

Since [Q;] = L?, one has [Z;5] = L?. With [pg] = E/L?, the product pyZ;, has the dimension

of force. To match the rationalized surface form, the rationalized functional is defined as

1
Ii5(D) = EIIQ(D>‘

Therefore,

S Ri. + Ry 64 RLR
Frat D _ IOOQIQ2 1 _° le 2e led2e
1Bz (D)l == 5 D 9225 D2

For Ry, = Rs. = R.,

Po1Q2 16 R. =~ 64 R?
Fr(D)| = 11— =S4 ¢,
P (D)l =" { 5D 225D

Ile = QZ = Qe:

2 8R.\?
Frat D — pOQe 1_ € )
[Fee (D) = 55 5D
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These finite-size corrections are interpreted as screening and prenormalization at short distances.

9 Connection Between the Geometric Force and Coulomb’s

Law

The rationalized leading term obtained above is

(0) __Po Q1Q2
F(D)] = 222,
9.1 Geometric charge
For each source,
4 .
Qi = 5 RLAKT,

If a common fundamental normalization R, = Ry. = R, is used, then

4 . 4 :
Q= TRAKD,  Qu= T RAKD,

9.2 Assumed relation between electric and geometric charges

We assume that electric charge is the geometric charge normalized by the square of the funda-

mental radius:

Q

C]Zﬁ-

Thus

Q1 = Rﬁql, Q2 = Rgfh-

Using the definition of ();,

4 -
= AR
q 3 v,

9.3 Geometric force through electric charges

Substitution gives

_ PoRﬁf q192

(0)
[Fy (D)] i D2
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9.4 Comparison with Coulomb’s law

The rationalized Coulomb law is

_ I qiq2
471'80 D? .

Feo(D)

Equating the geometric and Coulomb expressions gives

1
POR;} =
€o
and therefore
1

9.5 Dimensions

In the chosen normalization the electric charge ¢ is treated as dimensionless. From Coulomb’s

171 E
eo| L2 L’

law,

SO

Using po = 1/(c0Ry),

ool = 75

Thus py has the dimension of volumetric energy density or volumetric stiffness of space.

9.6 Summary

Under the assumption ¢ = Q/ R?, the rationalized geometric law

F(o) D)l = Po Q102
F(D)] = 200
becomes the Coulomb law if and only if

1
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10 Creation Energies of the Electron and Proton and Radii

From the Creation-Energy Relations

The physical principle introduced here is that the creation energy of a charge is the work required
to form the full distribution of volumetric curvature intensity. In this calculation one uses the
full distribution AK,(r; R),notI" = AK,/R?, since I is used only in the long-range interaction
functional.

10.1 Electron as compression of space

Let a spherical region of the basic space of radius Ry, be compressed to radius R., with R, <

Ry.. For an intermediate radius R,

. R3
AK" (R)=1— .
U,e( ) R%e
The full distribution is
. R4 .
AK,(r;R) = AKL%(R)H(R —r)— ﬁAng(R)H(T — R).

10.2 Derivative of the full distribution

We differentiate the full distribution with respect to the radial coordinate r. The first term gives

0 . .
B (AKP.(R)H(R —r)) = —AK}.(R)d(r — R).
For the second term,
0 R " . 4R* R
E (_ﬁAKv,e(R)H(T — R)) = _AKv,e(R) {—ﬁﬂ(r — R) + ﬁﬂr — R) .
Therefore,
0 R* , AR . R4 ,
— [ ——AK" H(r — = —AK" H(r— R) — —AK" — R).
o (S IARERHG — 7)) = S EARE (A~ )~ (ARSI~ B
At the surface r = R,
R 1
3rt|,_p 3
Thus the full derivative is
OAK,(r; R) 4 : ARY :
— = ——AK" - —AK" H(r — R).
- SAKD(R)( = R) + 5 S AKI(R)H(r = R)
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Equivalently,

OAK,(r;R) _ 4 (1 R

4R4 ] R3
or 3 R3,

)5( —B+ 55 (-5

T e

This derivative defines the effective radial force associated with the formation of the full spatial-

curvature profile.

10.3 Radial compression force of the electron

The effective radial deformation force is defined by

AK,(
Foel —,00///a dV, dV = 4r? dr.

Substitution of the derivative gives

[e’) 4 ) 4 4
F.o(R) = 47mpg / r? {—EAKE}@(R)(S( —R)+ 3—R5AK1“ (RYH(r — R)| dr.
0

We split this expression into the surface delta contribution and the external contribution.

For the delta contribution,

167T,00

41 po / r? (—%AK;;(R)(S(r - R)) dr = ———AK (R)R’.
0

For the external contribution,

% AR 1 O g
Arpo / riAKln (R)dr = MAK;};(R) / iy

R 3rd 3 r T
Since
/ > dr 1
r 3 2RY
the external contribution is
167 po R* : 8
IO AK® (R)—— = —PUAK™ (R)R?

3 2R? 3
Adding both contributions,

~ 16 .
Fue(R) = ——SAKD(R)R +

Therefore,

~ 3
Fue(R) = 87;p0R2AK‘“ (R) = — 2P0 (1— i )
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The negative sign indicates that the force is directed toward decreasing radius; it is a compression

force.

10.4 Creation energy of the electron

Integrating along the compression path from R, to R., we obtain

RO& ~
B = / Fuuo(R) dR.

Substitution of the force gives

- Roe R3
B, — 5" / R (1 - —3) dR.
7 3 Re ROe

Expanding the integrand,

. Roe 1 Roe
By = -0 / R2dR — =, / ROdR| .
7 3 Re ROe e
Using
R? RS
R*dR = — RdR = —
fraa=p [rar=
we get
E _ _87Tp0 R?)e — R? _ Rge — RS
3 3 613,
Since

Rge - RS = (R(?]’e - Ri)(‘Rge + Rg)’

the expression simplifies to

I 4mpo s 3)2
Ecr,e - _9R‘36 (ROe - Re) .
Because
R(gje - Rg = RgeAKii;rje’
we obtain

= Ampo

Ecr,e - - Rge (AKLI;)Q .

In this form the work is negative because it is the work of the internal compression force. The

creation energy required to form the electron is therefore the modulus:

_ 47;"0 RS (AK™).

Ecr,e = ‘Ecr,e
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10.5 Electron creation energy through electric charge

For the electron,

Q. 47 : - 3q.
¢ R? 3 i€ v,€ 4
Therefore,
Eae = —Z)T R3.¢2.

10.6 Electron radius from £, = m.c’

The condition E; . = mec? gives

3 Armec?
ROe - 2
PoYe
Moreover, (
R}, 470’
SO

Using py = 1/(goRY), we obtain

2
R, = e
Aegm.c? (1 — qe)
47
For small q.,
q

which is the classical electron radius.

10.7 Proton as stretching of space

Let a spherical region of basic space of radius Ry, be stretched to radius R, where
Rp > R()p.

The internal volumetric curvature intensity is assumed to be constant throughout the charge

volume and is defined by

3

. R
AR (R) = 2 — 1.

For R > R,,, this quantity is negative, corresponding to stretching of space.
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For an intermediate state of current radius R, the full distribution is
AK,(r; R) = AK} (R)H(R —r) — —AK} (R)H(r — R).

As in the electron case, the first term describes the homogeneous internal state, and the second
term describes the compensating external curvature distribution.

The derivative with respect to r is calculated in exactly the same way as before:

aAKv(T, R) . 4 in 4R4 in
CEEEE — —CAK(R)O(r — R) + 5 AKD(R)H(r = R).

Equivalently,

ONK,(riR) 4 (RS, o
T_?(ﬁ_l 6r—R)+ 55 | gy —1) Hir = R).

The radial deformation force is

ﬁcr,p(R) = Po /// MKZ;—?W av, dV = 4mr? dr.

Substitution gives

~ o 4 - 4R*
Fap(R) = 47rp0/ r? [—gAKEp(Rﬁ( —R)+ 3—R5AK”1 (R)YH(r — R) | dr.
0

The delta contribution is

o0 4 , 16 i
i [ (<308 - 1) dr = LT ARE ()1
0

The external contribution is

e’} 4 4 0
47rp0/ N i (R)dr = 16mpolE  pein (R)/ dr
R

R 3 5 3 v,p T3
Since
/ < dr 1
r T -~ 2RY’
this contribution becomes <
WOAKIH  (R)R>.
Thus 16 .
~ PO A 7rin TP0 » 7rin
F.p(R) = — 3 AKY (R)R® + 3 AK) (R)R®.
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Therefore

- i
Fup(R) = 7;” "RAK™ (R).

Substituting the explicit form of AK}" (R),

= 8TPo o Rg 8Tpo o Rg
Faath) = =S50 (G —1) = 5o (1= ).

Hence

~ 8mp R}
Pt = 0m (1322,

The positive sign corresponds to work performed during the stretching of space.

10.8 Creation energy of the proton

Integrating over the stretching path from Ry, to ?,,, one obtains

Ry .
Fuy = / Fur,(R) dR.

Rop

Substitution of the force gives

Expanding the integrand,

Using
R3 dR
2
e —_— 1

/ R*dR T 7 nR,

we obtain
87Tp0 R?, - R3 R
E,, = — R} In
P 3 |: 3 Op ROp

This logarithmic structure distinguishes the stretching mechanism from the compression mech-
anism of the electron.

Now use

so that
Ry, = R (1+AK)).
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Substitution into the energy gives

_ 8mpo RZ — Rf,(l + AK}}}p)

R
E,, = P
P 3 3

Ry(1 + AKn )1/3

3 in
- R(1+AK,)In

The first term is . _
m
B RPAK op

3 Y
and in the logarithmic term,
RP

1 .
| . =—-In(1+ AK}).
"R AR E g AR

Therefore,

87Tp0 RZ?;

Ecr,p = 9

[-AKY + (1+AKP ) In(1+AK))].

This is the exact expression for the proton creation energy through the internal volumetric cur-

vature intensity.

10.9 Proton creation energy through electric charge

For the proton,
_Qp Am R

_ 14 in
W= = 3
and hence
, 3q,R?
A Km — D~ %e .
v:p 47TRZ2)
Therefore,

8 R3 2 2 2
Ecr,p — 7T/)o P |:_3qPRe 4 (1 4 3QPR6> hl <1 + quRe>:| )

9 4T R2 4 R2 4 R2
10.10 Proton radius from E,, = m,c’
Introduce 20 B
dpite
=€ <0 1.
x s , x , lz| <
Using
2 3 4
—z+(1+2x)In(l+2) = %—%—l—%—-“ ;
the leading term gives
o P ol

cr,p ~~ A qu—p.
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The condition E,,, = m,c?, together with py = 1/(goR?), yields

2
R—— T
P dreom,c?’
(R

10.11 Final formulas

The electron and proton formulas are summarized as

ATpo 13 in\2 _ PO p3 2
Ey.=—R, (AK") = —R ,
s 9 Oe ( v,e) 47T Oeqe
8 R? — R} R
Fup = TPo p Op _Rg In 22 :
’ 3 3 P Ry,
2 2
R, — b R -
Amegmec? (1 — qe) TeoMmpC
4

11 Numerical Verification of the Radius and Creation-Energy

Formulas

The following numerical values are used:
R = 2.8179403205 x 10™'° m,

me = 9.1093837139 x 107! kg, m, = 1.67262192595 x 10~ %" kg,

g0 = 8.8541878188 x 1072, c = 299792458 m/s,

T _ 1836152673426, g = 1.602176634 x 107, ¢, = —q..
Me

The constants are taken from CODATA 2022 / NIST [27, 28, 29].

11.1 Electron radius

Substitution gives

R, = 2.817940320459489 x 10~° m.

Comparison with the classical electron radius gives

R
T 0.9999999999856239.
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Furthermore,
R,

L 30e 1/3°
47

Ro. = 2.817940320459489 x 10~ m.

Oe —

so numerically

11.2 Proton radius

For qp = —(e,

R, = 1.5346982640656337 x 10~'® m.

The internal intensity is
A Kin _ SQPRz

vp 47TRI2) ’

which gives

AK) = —1.289553495699288 x 107"

Then

Ry, = 1.5346982640655678 x 10~ "% m.

11.3 Volumetric stiffness of space

Using
1

60R§7

Po

we obtain

po = 1.7911176149703568 x 10% J/m’.

11.4 Electron mass from creation energy

The electron creation energy is
Po
Ecr,e = 4—33&3,
s

which gives

Eere = 8.18710578796845 x 107 J.

Therefore,

Ecre —
meale) — 2% — 9 1093837139 x 1073 kg.

€ CQ

The ratio is

((icalc)

= 1.0000000000000000.

Me
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11.5 Proton mass from the exact creation energy

The exact proton formula gives

E.p = 1.5061034824428223 x 10710 J.

Thus

(calc)
mp

—= 1.6757661241625563 x 107" kg.

The ratio to the tabulated proton mass is

(calc)

Ld = 1.001879802102182,
mp

and the relative deviation is

1.879802102181939 x 107° ~ 0.188%.

11.6 Proton mass in the leading approximation

In the leading approximation,

which gives

g0 _ Po 2 e
P4 PR,

EY) = 1.503277618016312 x 1070 J.

cr,p

Therefore,

m{?” = 1.6726219259499996 x 10~*7 kg,

and

11.7 Mass ratios

For the exact proton formula,

(0)
T~ 0.9999999999999998.

mp

(calc)

M _ 1839.6042770769513,

m(calc)

e

The tabulated ratio is

Mp _ 1836.152673426.

Me
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Thus

(calc) (calc)
(m’z ; 5 ) _ 1.001879802102182.
My /Me
In the leading approximation,
m®
(falc) = 1836.152673421526.
Me

11.8 Numerical summary

The numerical verification confirms that the electron radius practically coincides with the clas-
sical electron radius, the electron mass is reproduced exactly within numerical precision, and the
proton mass is reproduced exactly in the leading approximation. The exact logarithmic formula
gives a small nonlinear correction of order 102, naturally interpreted as a correction beyond
the leading approximation.

12 Propagation Speed of Disturbances in the Elastic Medium
of Space and the Transition From Volumetric Stiffness to

Energy and Momentum Density

To complete the geometric interpretation of electromagnetic interaction, it is necessary to justify
how the volumetric stiffness of space p, may simultaneously be interpreted as the volumetric
energy density of space and then as the source of the inertiality of the medium, which determines
the density of momentum flux.

12.1 Volumetric stiffness and its energetic meaning

In elasticity theory, the energy density of volumetric deformation is

2

1
=_B
w = Be,,

where B is the bulk modulus and ¢, is the relative volumetric deformation. Since ¢, is dimen-

sionless,
E
In the present model,
E
[po] = I3
It is therefore natural to identify
B = po



12.2 Propagation speed of disturbances

For an isotropic elastic medium, the speed of longitudinal disturbances is

where p,, is the mass density. With B = py,

_ /| Po
u=,/—.
Pm

12.3 Inertiality of the medium and transition to energy density

If space has an intrinsic energy density pg, then the effective mass density is

_ PE
pm_?-

/ Po
U=Cy]—.
PE

If disturbances in space propagate with the speed of light, © = ¢, then

Substitution gives

Consequently,

_Po
pm_g-

12.4 Transition from energy-density flux to momentum flux

If an energy density pg is transported with velocity v, the energy flux density is

Jg = pEv.
The corresponding momentum density is
pe_ dg
Hence
1
J, EJ o
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Thus the replacement

POH%

is not formal: it represents the transition from energy flux to momentum flux.

12.5 Summary

The model implies the chain of identifications

0 1
B=po. pp=po  pw= g =3l

This chain makes it possible to pass from electrostatic interaction to magnetic-type interaction

within one geometric model of the medium of space.

13 Interaction of Two Energy-Density Flows Generated by

the Motion of Two Surface Sources of Curvature

Consider two surface sources of spatial curvature with geometric charges (), and ()5, located on

spheres Sg,, and Sk, . Their centers satisfy
D=X, X, D:|D|, D > Ri. + Ro..

Although time is not yet introduced as an independent coordinate of the space of states, velocities
V; and V, may be treated as external geometric kinematic parameters characterizing directed
transfer of the curvature state. The flows of energy and momentum density generated by the
motion of sources are also treated as geometric quantities, without specifying their origin as
time derivatives at this stage.

The motion of each charge is assumed to induce, in the external region, not the transport
of the charge as a material point, but the transport of the energy density of space localized in
the external curvature generated by that charge. Since the static interaction is bilinear in the two
charge states, the dynamic joint flow is naturally assumed to be bilinear in the velocities. The

minimal such structure is the tensor product of velocities.

13.1 Radial flux of spatial curvature

For each source, the rationalized external radial flux is

_Qr x—X,

S =t 2 A
)= X

|X — X1| > Rle,
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Q2 x—Xy

E‘X-Xz’g”

// SZdS:QZ, r > R;.
Sr

The surface sources may be represented by delta-localized densities

SQ(X) = ’X — X2| > Roe.

They satisfy

‘95,1(1’1) = 010(r1 — Rie), 0s2(r2) = 020(r2 — Rae),
where
e e
' arR2) 7 ArRZ

13.2 Bilinear potential and gradient in the parameter space of two charges

The rationalized bilinear potential is

1
e ///R?’ ///R?’ Qs’l(rl)gs’z(rz)élﬂD + 1y — 1 Vi dVs.

Ris =D +ry —ry.

Let

Introduce the gradient in the direct sum of the two parameter spaces:

Vl? = (Vrp Vrg)'

The unified two-component force is

1
Fip:=— T — .
12 Po ////// QS,l(rl)QS,Q(rZ)V124ﬂ_’R12| dVy dVs

Since . R ) R
vrl—:i:sa vrg = - 1237
[Ri2| Ry IRi2| IRyg|
we obtain
Fi = dVy dV;
12 po//////@m&m( . ]R12|3 47T\R12\3) 1aVa.
Thus Flg = (Fl,F2> with F1 = — 2.
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13.3 Surface form and evaluation

After delta localization, define
D+r;—r
K12 = // // 01029 + 2 L 3 dSl dSQ
Sk, Sk, 47T’D +To — r1|

Fi5 = po(—Ki2, Ki2).

Then

Sequential evaluation gives

Qg

Ky = .
27 D2

Therefore the static two-component force pair is

]Fgg) - pir);ng (D1, Dy), D, =-D, D,=+D.

13.4 Tensor description of the joint energy-density flow

For moving sources the joint flow of energy density is assumed to be bilinear in the velocities:

JE,12 = pZSIDCg2 ((V2 & Vl)ﬁl, (Vl ® VQ)ﬁg) .

Using the relation between energy-flux density and momentum-flux density,

1
Jpi2 = gJE,m,

the transition py — po/c? is justified.

13.5 From tensor products to double vector products
For any vectors a, b, ¢, the tensor product acts according to

(a@b)e=a(b-c).

Therefore,
(Vo ® V1)ﬁ1 =Vy(Vy - ﬁl),

and
(Vi @ V3)Dy = Vi(Vy - Dy).
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Now use the vector identity

ax(bxc)=b(a-c)—c(a-b).

For the first component, set

Then

Hence

A

a:V1, b:V27 C:Dl.

V1 X (V2 X ﬁl) = V2(V1 . ]A)l) — ﬁl(Vl . Vg)

(Vo ® V1)ﬁ1 =V; x (Vy x ]31) + 131("1 - Vy).

For the second component, set

Then

Therefore

A

a:Vg, b:V1, CIDQ.

Vi X (Vl X ﬁg) = V1(V2 . ﬁg) — ﬁg(Vl : Vg)

(V1 & VQ)ﬁQ = V2 X (Vl X ﬁg) + ﬁg(Vl . Vg)

Now add the two expressions:

Since

(Va® Vl)ﬁl +(V1® VQ)]j2

= Vl X (Vg X ﬁ1> +V2 X (Vl X ﬁg) + (ﬁl +ﬁ2)(V1 . VQ)

ﬁ1+ﬁ2:0,

the longitudinal scalar-product term cancels. Thus

Since

we have

and

(VQ ®V1)f)1 + (Vl ®V2)f)2 = V1 X (VQ X ]31) + V2 X (Vl X ﬁg)




Therefore the dynamic force pair takes the final form

dyn PleQz ~ ~
F(my ) = Tnci D2 <—V1 X (Vo x D), Vy x (Vy X D)) .

This expression is the desired vector form of the tensor bilinear interaction. It shows explicitly
that the magnetic-type force is obtained from the transverse part of the velocity-tensor flux after

the cancellation of the longitudinal term proportional to V; - V5.

13.6 Single fundamental characteristic of the medium of space and the
origin of the relation between ¢, and
A significant consequence of the model is that it naturally introduces a single fundamental char-

acteristic of the physical medium of space: the volumetric stiffness py, which also admits the

interpretation of volumetric energy density. In the electrostatic sector,

1
N €0R3'

Po

Thus ¢y is not an independent phenomenological parameter, but characterizes how the volumet-
ric stiffness of space manifests itself in the rationalized Coulomb law after the transition from
geometric charge to electric normalization.

In the dynamic sector the same py determines magnetic-type interaction. Since

1
Jp == EJ&
the dynamic coefticient becomes
1
4megc?’

Comparison with the standard rationalized magnetic coefficient o /(47) gives

1
ILI/O - 80627
and hence
1
oo = 2

In this model this relation is not introduced as an external empirical rule; it follows from the
transition from energy density to momentum density in the same medium of space.

The common ontological source of electric, magnetic, and possibly gravitational inter-
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actions may therefore be expressed as

volumetric stiffness of space <= energy density of space

= observable interactions.

14 Conclusion and Prospects for Further Development of the
Model

The geometric scheme constructed in this paper shows that electric charge, interaction energy,
and elementary-particle mass may be described as consequences of local curvature of space. The
initial quantity is not charge as an independent physical entity, but the intensity of volumetric
curvature distributed inside a fundamental region and compensated by an external distribution
obtained from a variational principle and a global conservation law.

On this basis the following chain was obtained:

geometric charge

= Coulomb interaction

= magnetic-type interaction,

and also

creation energy

—> rest mass

—> characteristic particle radius.

The leading term of the force gives the rationalized Coulomb law, while the volume integral over
the parameter space gives a more complete formula containing finite-size corrections interpreted

as screening and prenormalization at small distances.

14.1 Possible transition to a six-dimensional space with signature (1,1,1, —1, —1,

A natural generalization of the three-dimensional geometric scheme is a six-dimensional space

with metric

‘ds% = da} + das + dai — dyi — dys — dy3. ‘

The coordinates (x1, 22, x3) form the ordinary spacelike sector, while (y1, y2, y3) form a hidden
timelike sector. The usual four-dimensional spacetime may then be interpreted as an effective
projection of a deeper six-dimensional geometry. If a fixed timelike direction is selected and
|Y| = ct, then

dsi = dx* — dy*
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reduces to the Minkowski interval

ds3 = da® + dy* + dz* — c*dt*.

This connects the present approach with higher-dimensional geometric programs such as Kaluza—
Klein theory [1, 2, 14], conformal higher-dimensional constructions [16, 22], and two-time
physics [17, 18].

14.2 Infinite family of three-dimensional fibers and the geometric origin

of time

In the six-dimensional setting one may consider an infinite family of three-dimensional fibers,

R3’3 D) {EY}Y6R3-

The observed flow of time may then be related not to an external independent entity, but to
transitions between different three-dimensional fibers. Time becomes a geometric parameter
characterizing a sequence of projections of the same higher-dimensional object onto different

three-dimensional slices.

14.3 Possible relation to the quantum nature of the Universe

In this higher-dimensional interpretation, quantum description may be projective rather than fun-
damental. What appears in standard quantum theory as probability, superposition, discreteness
of spectra, or dependence on measurement configuration may reflect the fact that the observed
three-dimensional picture is only a partial projection of a richer six-dimensional geometric struc-
ture.

14.4 Electron and proton as effective three-dimensional projections

In this paper the electron and the proton were modeled as spherical curvature regions with con-
stant internal volumetric curvature intensity. This spherical model is likely only a first effec-
tive approximation. If particles are fundamentally six-dimensional structures, their observed
spherical form may arise as a projection of a more complex multidimensional configuration. A
possible candidate is a six-dimensional toroidal structure whose three-dimensional projection

appears spherical or quasi-spherical.
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14.5 Possible explanation of the difference between theoretical and exper-

imental particle sizes

If experiments observe not the full multidimensional object but only its effective three-dimensional
projection, the measured radius need not coincide with the true geometric scale of the fundamen-
tal structure. It may represent an effective projection radius, an interaction scale, or an integral

characteristic of the multidimensional structure.

14.6 Possible connection between electricity and gravitation

The present work associates electric interaction with the trace, volumetric part of spatial de-
formation. A natural extension is to consider the traceless part of the curvature tensor. If this

traceless part satisfies a divergence equilibrium condition,
OiKi; =0,

it may provide a geometric candidate for gravitation. In this case,

electricity ~ volumetric part of curvature,

gravitation ~ traceless compensating part.

This differs from standard unification schemes because gravity is not added externally; it may

arise as the geometric self-consistency condition of the electric curvature already introduced.

14.7 Possible six-dimensional Lagrangian of the medium of space and the

dynamic origin of the speed of light

The next natural step is the construction of a dynamic theory in R33. Introduce coordinates
XA:(x1’x27x3’yl’y2’y3)’ A=1,...,6,

with metric
nap = diag(+1,+1,+1,—1,—1,—1).

Let U4(X) be a displacement field of the six-dimensional medium, and define the deformation

tensor

1
EAB = 5(8AUB + aBUA)-

A natural candidate for the Lagrangian density of a linear isotropic six-dimensional medium is

1 1
Lo = 5Aex) + peape™ + 5 pon P 0aUcOBU.
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The action is

SG — /dGX £6~

Choosing y' = ct and assuming independence from 3? and 1°, one has

9 _19
oyl cot’

The six-dimensional wave equation

3

92 3 92
Dﬁq) — O, |:|6 W — Z a—yQ,
% a=1 a

=1

then reduces, for dependence on y! = ct only, to

Thus in the dynamic version of the model the speed of light should arise not as an external
postulate, but as the propagation speed of small disturbances of the six-dimensional medium.
This will be the subject of the next study.

14.8 Possible origin of Lorentz transformations from six-dimensional ge-

ometry

The same six-dimensional geometry may naturally lead to the kinematic structure of special

relativity. The metric
dsi = dX; +dX3 +dX: — dY? — dYy — dYy

is invariant under transformations preserving signature (3, 3). If one chooses a timelike direction
Y, and sets
Y, = d,

then transformations mixing X; and Y; take the form of hyperbolic rotations:

X| = Xj coshy) + Y7 sinh,
Y] = X sinhv) + Y] cosh ).
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Substitution of Y} = ct gives

x' = xcosh + ct sinh ),
ct’ = x sinh) + ct cosh ).

With
1

Ly

: v
cosh) =, sinhy) = y—,
c

these become the Lorentz transformations

' =~(x + vt),

t' = t+£x
_’)/ 02 .

The sign of v depends on the chosen direction of the hyperbolic rotation. The essential point is
that the Lorentz structure appears as a projection of hyperbolic rotations in the plane (X3, Y7)
of the six-dimensional space with signature (3,3). This connects the model with the broader
literature on higher-dimensional and two-time formulations of relativistic physics [16, 17, 18,
19].

14.9 General conclusion

The model developed in this article shows that charge, mass, and electromagnetic interaction
may be described geometrically through local curvature of space without introducing electric
charge as a primary object. The results can be developed toward a broader multidimensional

theory in which

three-dimensional model

—> effective projection of six-dimensional geometry,

time

— geometric transition between 3D fibers,

quantumness

—> projection effect of a higher-dimensional structure,

electron and proton

—> not fundamental spheres, but projections of 6D objects.

If this program can be realized, the geometric scheme constructed here may serve not only as

a model of electromagnetic interaction, but also as a basis for a more general theory in which
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spacetime, charge, mass, quantum properties, and possibly gravitation are different manifesta-

tions of one multidimensional geometric structure.
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