
Section 5: Phase Electromagnetism

The electromagnetic interaction, in the Geometric Theory of Phase (GPT), is not mediated by a separate 
fundamental force or field but emerges from the dynamics of phase vortices that possess a stable phase 
asymmetry, which manifests as electric charge.

Mechanism: The interaction arises from the way these "charged" phase vortices (those with a net 
"inward" or "outward" phase flow orientation, ) influence the phase tension of the surrounding 
background and, consequently, each other. This influence is described by phase analogues of electric and 
magnetic fields.
Fields:

Phase Electric Field ( ): This field is conceptualized as the gradient of the phase tension
perturbation caused by a charged vortex. It is not a separate entity but a measure of how the
background's equilibrium tension is locally distorted by the vortex's charge asymmetry. Charged
vortices move in response to this gradient, seeking to minimize the overall phase tension in the
system. Mathematically, if   is the scalar phase potential associated with the charge distribution 

 (where  ), then  .
Phase Magnetic Field ( ): This field arises from the circulation of phase flow, or equivalently, the
motion of phase charge asymmetry. A moving charged vortex (a phase current,  ) creates a
"twist" or circulation in the surrounding phase background, which is manifest as  . This is
analogous to how moving electric charges generate magnetic fields in classical electromagnetism.
The relationship can be expressed as  .

Fundamental Constants ( ):
The speed of light,  , as previously stated, is an intrinsic property of the phase background,
determined by its fundamental phase permittivity ( ) and phase permeability ( ): 

.
The vacuum permittivity ( ) and vacuum permeability ( ) of standard physics are interpreted in GPT
as scaled versions of these fundamental background phase properties. The scaling factors arise from
the definition and choice of units used to measure charge, force, and other electromagnetic quantities
in macroscopic systems, compared to the underlying phase-dynamic quantities. They are not
independent fundamental constants of nature in GPT but rather conversion factors linking the phase
domain to the observational domain.

The Photon ( ): The photon is understood as a dynamic, propagating phase vortex, typically with spin-1 
topology. It is the carrier of electromagnetic perturbations, manifesting as a wave of oscillating phase 
tension and circulation.

Photon Mass: Crucially, in GPT, the photon is not strictly massless. It possesses a phase mass ( )
that is inversely proportional to its wavelength   ( ). This phase mass arises from the energy
confined in its vortex structure. This intrinsic mass is what allows the photon to carry momentum and
interact with other phase vortices (particles) and phase fields (gravity). The very concept of a photon
having a specific energy   implies, via   in the phase framework, a corresponding
phase mass. The extreme smallness of this mass for typical photons explains why it is often
approximated as zero.

The Fine Structure Constant ( ): This fundamental dimensionless constant ( ) 
characterizes the strength of the electromagnetic interaction. In GPT,  is hypothesized to be derivable 
from the fundamental properties of phase interactions.

Phase Probability Interpretation: One interpretation is that   represents the intrinsic probability
of a constructive phase interaction (coupling) between a photon vortex and an electron vortex. This
probability would be determined by the relative "phase window" ( ) during a photon's phase cycle (
) within which its phase configuration allows for efficient coupling with the electron's phase field, such
that  . For this ratio to be constant,   must scale with   (and thus  ).
Topological Origin: The specific value of   is thought to arise from the geometric and topological
relationship between the elementary phase charge (  related to  ), the phase quantum of action
(  related to  ), the background phase permittivity (  related to  ), and the speed of phase
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propagation ( ). A more speculative hypothesis involves a fundamental topological factor, possibly
related to the internal complexity or "degrees of freedom" of the phase vortices involved (e.g., the
previously discussed  ). The precise derivation remains a key challenge for the
quantitative development of GPT.
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