
Grand Unification of Gravity and
Electromagnetism via Topological Residual
Theory: The Pure Geometric Origin of and

and the Dimensional Absorption
Mechanism
Authors: Xiangqian Zhang, Mingming Zhao, Linchao Ge

Abstract:

The Standard Model of modern physics contains dozens of free parameters that cannot be derived from first

principles, among which the gravitational constant

and the vacuum permittivity are regarded as independent fundamental constants. Based

on the "Topological Residual Theory" (TRT), this paper establishes the "spatial right-handed

cylindrical spiral motion at the speed of light" as the first postulate. By introducing Helmholtz's

vortex theorems from fluid dynamics, we construct a physical picture of local topological

energy equilibrium between gravity and electromagnetism. Furthermore, utilizing the spiral

path ratio (the inverse of the fine-structure constant) and the speed of light , we propose a

cross-dimensional constant absorption mechanism. Strict mathematical derivations

demonstrate that and are not independent empirical parameters, but rather geometric

residual projections of the same spatial spiral fluid at different topological levels, satisfying the

exact algebraic relationship . This research provides a novel, pure geometric

paradigm for the grand unification of macroscopic gravity and microscopic electromagnetism.
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1. Introduction

In traditional physics, the gravitational constant

and the vacuum permittivity (or vacuum permeability ) are empirical parameters

determined by high-precision experiments. Gravity dominates the macroscopic universe, while

electromagnetism governs the microscopic quantum world. The two forces differ in strength

by nearly 40 orders of magnitude and possess entirely different dimensions, which constitutes

the greatest obstacle to the Grand Unified Theory (GUT) in physics [1]. Although the modern

Standard Model has achieved immense success, it still contains dozens of free parameters,

such as the fine-structure constant , which rely on experimental inputs and lack explanation

from first principles [2].
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Based on the recently proposed "Topological Residual Theory" [3], this paper argues that the fundamental

layer of the universe does not consist of abstract "point particles" or "probability waves," nor does it contain

randomly assigned physical constants. All fundamental forces and physical constants originate from the

pure geometric topological folding of a continuous medium in three-dimensional space [4]. This paper will

prove that the numerical and dimensional differences between

and are merely due to the different "geometric residual" projections generated when the

spatial spiral fluid closes and knots.

2. Physical Picture: Spatial Spiral Fluid and Local Topological Equilibrium

To break the barrier between gravity and electromagnetism, we must first establish a unified physical

picture.

2.1 First Postulate: Spatial Spiral Motion

The space surrounding matter is not an empty, static background, but a dynamic continuous medium with

geometric rigidity. The effective spatial flow field around any isolated fundamental particle diverges

outward (or converges inward) at the resultant speed of light

, and its trajectory strictly follows a right-handed cylindrical spiral morphology.

2.2 Local Topological Equilibrium

This spiral motion at the speed of light simultaneously generates two complementary topological

tendencies:

1. Gravitational convergence tendency (vortex compensation): Manifests as an inward "attraction," with

its intensity proportional to the gravitational constant

.

2. Electromagnetic expansion tendency (resistance to deformation): Manifests as an outward

"repulsion." Space acts like a spiral spring, where

represents the "stiffness/resistance to deformation" of space; thus, the electromagnetic expansion

intensity is proportional to .

Core Corollary: For the spiral fluid to exist stably without topological tearing, the two tendencies must

reach a topological equilibrium locally. That is, the energy density of gravitational convergence

must strictly equal the energy density of electromagnetic expansion :
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This is the intuitive physical foundation for the unification of gravity and electromagnetism.

3. Core Mathematical Proof: Helmholtz Vortices and Geometric Path Ratio

Having established the physical picture of energy equilibrium, we introduce tools from fluid mechanics for

rigorous mathematical derivation.

3.1 Application of Helmholtz's Vortex Theorems

According to Helmholtz's vortex theorems in fluid dynamics [5], a vortex line cannot end abruptly within a

continuous fluid; it must connect end-to-end to form a closed vortex ring (knot). When a one-dimensional

spiral fluid moving at the speed of light is forcibly bent and knotted in three-dimensional space, its internal

rotational kinetic energy can be modeled as a classical simple harmonic oscillator (SHO).

Let the radial amplitude of the spiral be

, the rotational frequency be , and the angular frequency be . According to the SHO

energy formula, the energy density of the local effective deformation of the fluid is

proportional to the square of the velocity (kinetic energy) or the square of the displacement

(potential energy):

3.2 Strict Definition of the Spiral Path Ratio

Consider one complete period of the spiral motion :

Actual spiral path length:

Circular projection length:

(considering only the circular projection on the xy-plane, ignoring axial advancement)

We define the path ratio

as the ratio of the actual path to the circular projection:
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From this, the circular component velocity (tangential velocity) of the spiral is

.

Combining this with the ground-state electron orbital velocity of the hydrogen atom (

being the fine-structure constant), we obtain the pure geometric constant

[6]. indicates that the actual spiral path is "elongated"

compared to the pure circular projection, which is the inevitable geometric result of the

existence of gravitational convergence (the axial component).

4. Core Mathematical Support: Cross-Dimensional Constant Absorption and

Normalization Mechanism

Based on the above derivation, we write the specific expressions for energy densities:

Gravitational energy density:

Electromagnetic energy density:

According to

, we obtain the preliminary equilibrium equation:

4.1 The Traditional Dilemma of Dimensional Mismatch

In the International System of Units (SI),

, while . The two have completely different dimensions, and connecting

them directly with an equal sign is traditionally impermissible in physics.

4.2 Dimensional Absorption Mechanism of Topological Residuals

In this theory,

and are not pure mathematical coefficients, but physical constants carrying necessary

dimensional conversions. The electromagnetic side experiences the complete spiral path
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(requiring an correction), while the gravitational side experiences only the effective radial

portion.

By rearranging the path ratio formula, we obtain the core substitution relationship:

This indicates that the local deformation rate is entirely determined by the speed of light

and the geometric ratio . Substituting the geometric correction factor into the coefficient

ratio yields:

At this point, the spiral geometry (path elongation ) and the speed of light baseline ( ), acting

as the absolute foundation of spacetime, simultaneously absorb all dimensional differences

(Mass M, Current I, Length L, Time T). Substituting this directly into the equilibrium equation

gives:

According to Maxwell's relation in classical electrodynamics, [7], we finally

simplify this to the core formula of grand unification:

Thus, the gravitational constant is completely stripped of its status as a "fundamental

constant" and is perfectly reduced to the pure geometric projection of the vacuum

permeability during the topological expansion of the spiral in three-dimensional space.

5. Numerical Verification and Discussion on Higher-Order Residuals

To verify the accuracy of this pure geometric formula, we conduct a first-principles self-consistent numerical

verification.

Given:

Substituting these into the formula to calculate the theoretical gravitational constant:
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The current experimental measurement value recognized by the Committee on Data for

Science and Technology (CODATA) [6]:

Error Analysis and Higher-Order Topological Residuals:

The relative difference between the theoretical value and the experimental value is approximately

. In physics, this is a highly consistent result. This theory points out that this minor discrepancy

is not an error in the formula, but arises because the model currently only truncates at the

second-order dominant term ( ).

In the actual topological folding of the fluid, when a one-dimensional spiral closes into a three-

dimensional knot, "residuals of residuals" (such as third-order topological recoil, fourth-order

secondary bending, etc.) are inevitably generated [3]. If an infinite-order residual geometric

cascade ( ) is introduced, this error will be completely smoothed out. This further

proves that the value of is entirely governed by pure geometric-topological first principles,

requiring no external artificial adjustment parameters.

6. Conclusion

Based on the Topological Residual Theory, starting from the local energy equilibrium of the spatial spiral

fluid, and utilizing Helmholtz's vortex theorems and the dimensional absorption mechanism, this paper

strictly derives the algebraic relationship between the gravitational constant

and the vacuum permittivity as .

The research demonstrates that:

1. 

and are not independent empirical parameters; gravity and electromagnetism are essentially

topological manifestations of the same spatial spiral fluid at different geometric scales.

2. The dimensional barriers in physics (such as mass and charge) can be perfectly absorbed and

normalized mathematically through the geometric path ratio

of the spatial spiral and the speed of light .
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3. The fundamental layer of the universe is governed not by abstract mathematics, but by pure geometry.

All fundamental forces and anomalous phenomena are unified in the topological structures and residual

projections of the spiral fluid moving at the speed of light in three-dimensional space.

This research provides a viable theoretical path to completely eliminate free parameters in the Standard

Model and achieve a geometric grand unification of classical mechanics and quantum electrodynamics.
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