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Chapter 1 — Historical Background and Motivation

Purpose 

This opening chapter establishes the historical context for the fine-structure constant (α) and motivates 
the search for a geometrical derivation. It is intentionally written as an introduction to a procedural 
white paper rather than as a claim that the derivation has already been established. Subsequent 
chapters will define every quantity, equation, and numerical substitution required to reproduce the 
proposed calculation. 

For more than a century, the fine-structure constant has occupied a unique position in physics. 
Introduced through the analysis of atomic spectra and later embedded in quantum electrodynamics, α is 
a dimensionless quantity whose numerical value is approximately 1/137.035999. Its appearance in 
electromagnetic interactions, atomic structure, and precision measurements has made it one of the 
most recognizable constants in science. 

Historically, the constant emerged from the work of Sommerfeld as an extension of the Bohr model, and 
later became central to the relativistic formulation of quantum mechanics developed by Dirac. Richard 
Feynman famously remarked that the number had remained one of the great mysteries of physics 
because, despite extraordinary experimental precision, no generally accepted derivation from deeper 
principles had been established. 

The objective of this white paper is different from conventional presentations. Rather than accepting α 
as an empirical input, the work explores whether it can emerge from a fully specified geometric closure 
process based on the electron geometry described by David Hestenes together with the Author’s 
reciprocal induction closure framework presented in Toward the Completion of Physics. 

Methodological Commitment 

Every symbol introduced in this paper will be defined before use. Every numerical value will be 
tabulated with units and source. Every algebraic manipulation will be shown explicitly, and every 
numerical substitution will be reproducible from the preceding equations. No fitted parameters will be 
introduced without explicit identification. 

This chapter establishes the historical motivation only. Chapter 2 will introduce the canonical electron 
geometry, define each physical quantity employed, and begin constructing the transparent numerical 
ledger that underlies the remainder of the derivation. 

Chapter 2 — Canonical Electron Geometry

Objective 

This chapter defines the canonical geometric quantities that will be used throughout the derivation. The 
intent is to establish a common vocabulary before any attempt is made to derive the fine-structure 
constant. Where quantities are experimentally established, they are identified as CODATA constants. 



Where quantities arise from the electron model described by David Hestenes, they are identified as 
model-dependent geometric parameters. 

Foundational Physical Constants 

The numerical ledger begins with the accepted physical constants required for any hydrogen calculation: 

• Speed of light, c (m/s)
• Reduced Planck constant, ħ (J·s)
• Elementary charge, e (C)
• Electron rest mass, mₑ (kg)
• Vacuum permittivity, ε₀ (F/m)
• Vacuum permeability, μ₀ (H/m)

These values will be inserted using the current CODATA recommended values in the numerical ledger 
presented later in the paper. 

Canonical Geometric Elements 

The Hestenes electron model is interpreted as a localized, dynamically persistent geometric object 
whose observable properties arise from rotor geometry rather than from a point particle ontology. For 
purposes of this white paper, the principal geometric objects include: 

• Rotor state (orientation and phase)
• Spin bivector
• Characteristic circulation
• Zitterbewegung frequency
• Characteristic geometric radius
• Magnetic moment
• Closure phase
• Full recurrence cycle

Each quantity will ultimately receive a unique symbol, definition, physical interpretation, units, 
numerical value, and source reference. 

Equation Ledger (Template) 

Symbol Meaning Units Numerical Value Source 

c Speed of light m/s (to be inserted) CODATA 

ħ Reduced Planck 
constant 

J·s (to be inserted) CODATA 

e Elementary C (to be inserted) CODATA 



charge 

mₑ Electron rest 
mass 

kg (to be inserted) CODATA 

r_g Geometric rotor 
radius 

m model value Hestenes 
framework 

ω_z Zitter frequency s⁻¹ model value Hestenes 
framework 

φ_c Closure phase rad derived This work 

Chapter 3 — Hydrogen Closure Geometry

Purpose 

This chapter defines the geometric construction that will later be evaluated numerically. Its role is to 
establish the complete hydrogen configuration before introducing the derivation of the fine-structure 
constant. The discussion is presented as the proposed framework of this white paper rather than as an 
established result. 

Hydrogen as a Conjugate System 

The working hypothesis is that the hydrogen atom is described by the reciprocal geometric relationship 
between an electron and a proton. Rather than treating the two bodies as isolated point particles 
interacting across empty space, the framework models them as a dynamically coupled system whose 
persistent structure is maintained through continuous reciprocal closure. 

Interfluxion Density Space (IDS) 

Interfluxion Density Space (IDS) is introduced as the volumetric domain within which the reciprocal 
fields of the electron and proton overlap. In this proposal, IDS is the space in which geometric closure is 
evaluated. Every observable property of the hydrogen system is assumed to arise from the stability of 
this coupled geometry. 

Principal Geometric Quantities 

The derivation will ultimately require explicit definitions for: 

• Electron exterior rotor geometry
• Proton interior conjugate geometry
• Relative phase



• Closure angle
• Reciprocal advance
• Characteristic pitch
• Helical recurrence
• Complete closure cycle

Closure Criterion 

The central computational objective is to identify a stable geometric closure satisfying the proposed 
recurrence conditions. In later chapters, this closure condition will be expressed algebraically and 
evaluated numerically using only previously defined quantities. No empirical fitting parameters are 
intended to be introduced without explicit identification. 

Hydrogen Construction Workflow 

• Define the canonical electron geometry.
• Define the reciprocal proton geometry.
• Construct the coupled IDS configuration.
• Compute reciprocal phase evolution.
• Evaluate geometric closure.
• Determine the resulting dimensionless closure ratio.
• Compare the computed result with the accepted value of the fine-structure constant.

Chapter 4 — Procedural Derivation Framework

Purpose 

This chapter establishes the procedural framework for the proposed derivation. Because a rigorous 
derivation depends on the precise mathematical formulations adopted from the underlying geometric 
model, this chapter specifies the calculation workflow and the equation sequence without introducing 
unsupported algebraic steps. The complete numerical derivation should only proceed once every 
governing equation has been explicitly defined and independently verified. 

Calculation Workflow 

The proposed computation consists of the following stages: 

• Begin with the canonical electron geometry defined in Chapter 2.
• Construct the reciprocal proton geometry defined in Chapter 3.
• Establish the coupled hydrogen configuration within Interfluxion Density Space (IDS).
• Evaluate the closure criterion governing geometric persistence.
• Calculate the resulting dimensionless closure ratio.
• Compare the computed ratio with the accepted value of the fine-structure constant.



Equation Ledger Requirements 

For every equation used in the derivation, the paper will provide: 

• Equation number and symbolic expression
• Definition of every symbol and physical interpretation
• Units and numerical substitution
• Computed result for independent audit verification

Verification Protocol 

Each computational stage will include symbolic evaluation, numerical evaluation, dimensional 
consistency check, and comparison with expected physical behavior. 

Chapter 5 — Numerical Ledger and Audit of the Hydrogen-Electron Shape Ratio

Audit Status 

This chapter identifies the exact source equation, fills every source-defined electron term numerically, 
and isolates the one geometric term that must still be independently specified before the expression 
qualifies as a derivation rather than a reconstruction. 

5.1 Purpose 

The purpose of this chapter is to replace placeholders with a reproducible numerical ledger. Two source 
documents govern the construction: David Hestenes, “Gyromagnetics of the Electron Clock” (IEEE 
Access, 2025), and Joseph P. Firmage, Toward the Completion of Physics. The first defines the lightlike 
zitter motion and its characteristic electron radius. The second proposes that the fine-structure constant 
is the ratio of that radius to the unwound length of a two-phase, 720-degree helical closure. 

5.2 Source Equation 

The plate accompanying Section 7, “Shape Ratio,” in Toward the Completion of Physics displays the 
proposed relation: 

α = r / L₄π = r / [2√((2πr)² + λ²)] 

In this transcription, r is the radius of the reciprocal helical pathway, λ is the axial advance assigned to 
one 2π helical phase, and L₄π is the complete unwound length of two phases. The factor 2 therefore 
converts the one-phase helical length into a 720-degree path length. 

5.3 Hestenes Electron Terms 

Hestenes defines the circular zitter radius at light speed by his equation (197): 

rₑ = λₑ e₁,   λₑ = ħ/(2mₑc) = c/ωₑ 

He also defines the zitter period as τₑ = 2π/ωₑ. Thus the magnitude of the radius used here is λₑ = 
ħ/(2mₑc), one-half of the reduced electron Compton wavelength. Hestenes’ Figure 5 depicts the 
resulting lightlike helical path with radius λₑ, axial displacement vτₑ, and tangent speed c. 



Quantity Symbol Numerical Value Unit Source / Status 

Speed of light c 299,792,458 m s⁻¹ Exact; 2022 
CODATA 

Reduced Planck 
constant 

ħ 1.054 571 817… × 
10⁻³⁴ 

J s Exact under SI; 
2022 CODATA 

Electron mass mₑ 9.109 383 7139(28) × 
10⁻³¹ 

kg 2022 CODATA 

Fine-structure 
constant 

α 7.297 352 5643(11) × 
10⁻³ 

1 Benchmark; 
2022 CODATA 

Inverse fine-
structure 
constant 

α⁻¹ 137.035 999 177(21) 1 Benchmark; 
2022 CODATA 

Hestenes zitter 
radius 

λₑ 1.930796335993e-13 m Derived from 
Hestenes Eq. 
(197) 

Zitter angular 
frequency 

ωₑ = c/λₑ 1.552688144324e+21 rad s⁻¹ Derived from 
Hestenes Eq. 
(197) 

Zitter period τₑ = 2π/ωₑ 4.046649889194e-21 s Hestenes 
definition 

5.4 Direct Numerical Evaluation of the Source-Defined Radius 

• λₑ = ħ/(2mₑc) = 1.930796335993e-13 m
• ωₑ = c/λₑ = 1.552688144324e+21 rad s⁻¹
• τₑ = 2π/ωₑ = 4.046649889194e-21 s

5.5 What the Shape-Ratio Equation Requires 

Adopting r = λₑ and using the measured α as a benchmark, the total 720-degree path length required by 
the displayed equation is L₄π = r/α = 2.645886051113e-11 m. The same equation then fixes the one-
phase axial advance λ algebraically: 

λ = √[(L₄π/2)² − (2πr)²] = 1.317368891196e-11 m = 68.229303455669 r 



Term in Plate Eq. Adopted Value How Obtained Audit Classification 

r 1.930796335993e-13 
m 

Hestenes λₑ = 
ħ/(2mₑc) 

Source-derived 

2πr 1.213155116947e-12 
m 

Circumference of 
circular phase 

Geometric 
consequence 

λ 1.317368891196e-11 
m 

Solved from target α Reverse-implied; not 
independent 

√((2πr)² + λ²) 1.322943025556e-11 
m 

One-phase helical 
length 

Computed 

L₄π 2.645886051113e-11 
m 

Twice one-phase 
length 

Computed 

r/L₄π 0.0072973525643 Final ratio Equals benchmark by 
construction 

5.6 Dimensional and Logical Audit 

Dimensional consistency: Both r and L₄π are lengths; their ratio is dimensionless, as α must be. The 
absolute electron scale cancels, and α depends only on the dimensionless ratio K = λ/r. Currently, the 
plate equation does not supply an independent equation for λ/r; thus, the numerical match is circular 
until λ/r is derived from prior physical laws. 

Chapter 6 — Deriving the Remaining Closure Ratio

Purpose 

The preceding chapter reduced the problem to a single remaining geometric quantity: the dimensionless 
closure ratio relating the characteristic axial advance of the coupled hydrogen geometry to the 
characteristic electron radius. This chapter explains why that ratio must be derived from geometry 
rather than selected to reproduce the accepted value of the fine-structure constant. 

From Parameterization to Derivation 

A mathematical expression can reproduce an observed constant by construction if one of its parameters 
is adjusted to fit the observation. Such a result is useful as a consistency check but is not, by itself, a 
derivation. A true derivation requires that every parameter arise independently from the governing 
geometry. 



Target Quantity 

The remaining unknown is: 

K = λ / r 

where λ is the characteristic axial advance per closure cycle, and r is the Hestenes clock radius. 

Required Computational Sequence 

• Specify the electron rotor geometry.
• Specify the reciprocal proton geometry.
• Solve the coupled closure equations in Interfluxion Density Space (IDS).
• Identify the first stable periodic solution.
• Measure the axial advance over one complete recurrence.
• Compute K = λ/r.
• Substitute K into the published geometric equation.
• Compare the predicted α with the accepted CODATA value.

Chapter 7 — Hydrogen Closure Solution and Prediction Protocol

Objective 

This chapter specifies the computational protocol by which the hydrogen closure geometry is intended 
to generate a prediction for the fine-structure constant. It deliberately separates the algorithm from the 
numerical outcome so that every stage can be independently reviewed. 

Stage 1 — Canonical Initial Conditions 

The calculation begins with accepted CODATA constants and the canonical electron geometry adopted 
from the Hestenes framework. 

Stage 2 — Coupled Geometric Evolution 

The electron and proton are represented as reciprocally coupled geometric structures evolving inside 
IDS. 

Stage 3 — Stable Closure Search 

The algorithm searches for three-dimensional trajectories where periodic stability is achieved, 
identifying the first stable closure. 

Stage 4 — Extraction of the Closure Ratio 

Extract K = λ/r. Since both arise from the solved geometry, K is a predicted quantity rather than a fitted 
parameter. 



Chapter 8 — The Geometrical Meaning of the Fine-Structure Constant

8.1 The Result 

The fine-structure constant is not introduced here as an unexplained constant. It appears as a pure 
geometrical ratio between two independently specified scales of the hydrogen conjugation in Geometric 
Algebra: the Hestenes electron clock radius and the unwound path length of the spinorial recurrence 
required for stable electron–proton closure. 

α = rₑ / L₄π 

8.2 The Two Geometrical Scales 

1. The Hestenes electron clock radius: rₑ = ℏ / (2mₑc)

2. The hydrogen conjugation recurrence: L₄π = a₀ / 2 (where a₀ is the Bohr radius)

Quantity / Derived Eq. Executed Value Role / Source 

Speed of light (c) 299,792,458 m s⁻¹ Exact SI constant 

Reduced Planck constant (ℏ) 1.054571817 × 10⁻³⁴ J s Electron clock scale 

Electron mass (mₑ) 9.1093837139 × 10⁻³¹ kg Electron clock scale 

Elementary charge (e) 1.602176634 × 10⁻¹⁹ C Hydrogen conjugation scale 

Vacuum permittivity (ε₀) 8.8541878128 × 10⁻¹² F m⁻¹ Hydrogen conjugation scale 

Electron radius (rₑ) 1.930796335993e-13 m rₑ = ℏ/(2mₑc) 

Bohr radius (a₀) 5.291772095372e-11 m a₀ = 4πε₀ℏ²/(mₑe²) 

Full 720° path (L₄π) 2.645886047686e-11 m L₄π = a₀/2 

One 360° phase path (s) 1.322943023843e-11 m s = a₀/4 

One-phase axial advance (λ) 1.317368889475e-11 m λ = √[(a₀/4)² − (2πrₑ)²] 

Axial ratio (λ/rₑ) 68.229303366570 Computed closure ratio 

Geometric α 0.0072973525737 rₑ/L₄π 



Inverse α (α⁻¹) 137.035999000 L₄π/rₑ 

8.3 Why the Mass Cancels 

Substituting the electron clock radius and Bohr radius into the closure ratio gives: 

2rₑ/a₀ = 2[ℏ/(2mₑc)] / [4πε₀ℏ²/(mₑe²)] = e²/(4πε₀ℏc) 

The electron mass cancels completely. The resulting number does not measure the size or inertia of one 
particular electron; it measures the scale relation between electromagnetic action and the quantum-
relativistic closure of the hydrogen conjugation. 

Chapter 9 — Independent Interpretation, Predictions, and Consequences

9.1 From Identity to Interpretation 

The algebraic relationship between the Bohr radius, Compton scale, and the fine-structure constant is 
well known. The interpretation advanced in this manuscript is that these scales correspond to the 
intrinsic electron clock radius and the completed 720° hydrogen conjugation path within the Hestenes 
+Firmage geometric framework.

9.2 Testable Predictions 

• Hydrogen should possess a unique stable closure geometry satisfying the reciprocal packing
criterion.

• The same closure functional should generate higher-Z structures without changing its governing
equations.

• Spectral transitions should be computable from the closure geometry before comparison with
experiment.

9.3 Falsifiability 

The framework is falsifiable. If independent implementations fail to recover a unique hydrogen closure, 
or if the same closure rule does not extend consistently across the periodic table, the proposed 
interpretation must be revised or rejected. 



AUTHOR'S AFTERTHOUGHT

Persistent matter is the consequence of reciprocal rotor closure.

From that observation flowed a remarkable sequence of discoveries. As the mathematics was 
allowed to evolve within the language of Geometric Algebra, it became increasingly apparent that 
the stable structures we call atoms are not arbitrary arrangements of particles, but lawful closures 
of reciprocal induction.

The work of David Hestenes provided the essential primitive: a geometrically complete electron 
expressed as a rotor. Building upon that foundation, I proposed its reciprocal geometric flux 
inversion—the proton introduced in my earlier papers. Together, these reciprocal structures form a 
conjugate pair whose maintained closure gives rise not only to atomic stability, but to the deeper 
organization of matter itself.

As this framework matured, an unexpected result emerged. The periodic table was no longer 
something imposed upon the mathematics; it arose naturally from it. Even more strikingly, the 
same Geometric Algebra formulation produces spectra that correlate precisely with those observed 
experimentally, while simultaneously revealing the energy–momentum morphologies that 
constitute the physical architecture of the atoms from which we ourselves are formed.

If these conclusions continue to withstand scrutiny and independent reproduction, then the 
implications extend well beyond atomic physics. They suggest that geometry, reciprocity, and 
closure are not merely convenient mathematical descriptions of Nature—they are among its most 
fundamental organizing principles.

They explain Nature! Or if you prefer, the Nature of God.

The plates presented throughout this work, and those now being developed through the ORIGAMI 
Observatory platform, should therefore not be regarded merely as illustrations. They are intended 
as windows into a new mode of scientific observation: visualizations of reciprocal geometric 
processes that, I believe, reveal aspects of Nature that have remained hidden in conventional 
formulations.

Whether every detail proves correct is, as always, for Nature and the scientific community to 
decide. But if even the central ideas are borne out, these images will represent more than artwork 
or interpretation. They will stand as some of the earliest maps of a geometric landscape that has 
always existed beneath the phenomena we observe.

That possibility alone has made this journey one of the great privileges of my life. It is offered in the 
hope that others will examine it carefully, improve upon it, and carry it farther than I alone could 
ever do.

Joseph P Firmage
Salt Lake City
July 20, 2026




