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Abstract

We develop a conceptual and derivational framework in which the fine structure constant
arises as a geometric phase associated with directed traversal in Aether geometry. Using the
Aether Physics Model and Quantum Measurement Units, we construct a first-order phase law for
an exponentially tapered helical conductor (the trumpet coil). The resulting prediction yields a
logarithmic dependence of accumulated phase on geometry and provides a concrete experimental
pathway for testing the geometric origin of electromagnetic coupling.

1 Introduction: Geometry, Traversal, and Measurement

A persistent difficulty in physical interpretation is the distinction between local observation and
global structure. Systems that appear locally conventional may possess global constraints that
fundamentally alter their correct description. This distinction is not merely philosophical; it
determines whether measured quantities are interpreted as intrinsic properties or as projections of a
higher-order geometry.

The Möbius strip provides a canonical example [Munkres, 2000]. A sufficiently small segment
appears two-sided, yet the global object is single-sided. The apparent duality is therefore not
fundamental, but arises from restricting observation to a local region. Crucially, the continuity
of a traversal does not imply structural unity. A path may be single-valued while the supporting
structure remains distributed and possesses multiple orientations.

This distinction motivates a general principle: physical measurements follow paths, while physical
systems are extended structures. Conflating these leads to a category error in which properties
of traversal are incorrectly attributed to the underlying geometry. In electromagnetic theory, this
manifests as the treatment of coupling constants and field relations as intrinsic parameters, rather
than as quantities that may encode geometric relationships between a one-dimensional measurement
path and a higher-dimensional distributed structure.

In the Quantum Measurement Units (QMU) framework, electromagnetic phenomena are interpreted
as single-linear traversals through a dualistic-distributed Aether geometry [III, 2026]. Within this
formulation, quantities traditionally regarded as independent—such as electrostatic and magnetic
charge—are understood as complementary aspects of a unified geometric structure. The fine-
structure constant α then emerges as a dimensionless ratio characterizing how a linear traversal
samples this distributed geometry.

This perspective naturally connects to the concept of geometric phase. In established formulations,
phase accumulation may arise not only from local dynamical evolution but from directed traversal
through a structured parameter space [Berry, 1984, Wilczek and Zee, 1984]. The phase is therefore
a property of the path relative to an underlying geometry, rather than of local field magnitude alone.
The present work adopts this viewpoint and seeks a concrete physical realization in which such a
geometric phase can be accumulated and measured.

To translate this interpretation into an experimentally accessible system, a structure is required
that enforces a controlled transition between distinct electromagnetic regimes along a directed
path. An exponentially tapered helical conductor—here termed the trumpet coil—provides such
a geometry. The primary couples to the large-radius end, where secondary current and magnetic
participation are greatest. Along the directed traversal toward the small-radius terminal, current
decreases while electric potential increases. The continuously varying radius therefore establishes
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a monotonic transition from a current-dominant, magnetic/torsional regime at large radius to a
potential-dominant, electrostatic regime at small radius, thereby implementing a directed traversal
through the underlying geometric structure.

The central objective of this work is to derive and test a first-order phase law associated with
this traversal. The resulting prediction is a logarithmic dependence of accumulated phase on the
ratio of geometric scales, independent of frequency to leading order. This behavior is distinct
from conventional transmission-line phase accumulation, which depends on distributed inductance,
capacitance, and frequency.

The key experimental question is therefore well posed: after subtraction of the conventional
transmission-line contribution, does a residual phase remain that scales as the logarithm of the taper
ratio with slope proportional to α? If observed, such a result would indicate that electromagnetic
coupling includes a geometric phase component arising from the relationship between traversal and
structure.

In this sense, the trumpet coil is not introduced as a reinterpretation of known electromagnetic
behavior, but as a test apparatus designed to isolate a specific geometric contribution. The aim is
to determine whether the fine-structure constant can be realized as a measurable phase ratio in a
macroscopic system, thereby providing an experimental pathway for probing the geometric origin of
electromagnetic coupling.

2 QMU Ledger and Geometric Closure

In the Aether Physics Model, electromagnetic behavior is expressed through geometric identities.
The QMU formulation of these identities and their dimensional closure properties are developed in
detail in [III, 2026]. The fundamental relation is

Au curl = Fq
2 λC

2

Using FqλC = c, this becomes

Aucurl = c2.

This identity represents a closure condition: electromagnetic propagation is not independent but
arises from a geometric balance between rotational and torsional components.

This perspective shifts the role of constants from empirical inputs to geometric invariants.

3 Charge Duality and the Role of α

Charge relations in QMU are expressed as

eemax
2 = e2

8πα
,

e2

eemax2 = 8πα.
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Thus, α appears as a dimensionless ratio linking electrostatic and magnetic charge sectors [Mohr
et al., 2025].

In conventional theory, α is treated as a coupling constant [Mohr et al., 2025]. In the present
framework, it is interpreted as a geometric phase ratio [Berry, 1984, Wilczek and Zee, 1984] arising
from a mismatch between dual charge representations.

This interpretation motivates the search for a physical system in which such a phase can accumulate.

Within this framework, the distinction between electrostatic and magnetic charge reflects not
separate entities, but complementary aspects of a distributed structure. A measurement along a
single-linear path samples this structure asymmetrically, producing an effective coupling ratio. The
fine structure constant thus quantifies how a one-dimensional traversal interacts with a higher-
dimensional distributed geometry.

4 From Topology to Apparatus

To translate geometric interpretation into experiment, a structure is required that enforces a directed
transition between electromagnetic regimes.

The trumpet coil provides such a structure. Its continuously varying radius produces a spatial
gradient between:

• current-dominant, magnetic/torsional behavior at large radius
• potential-dominant, electrostatic behavior at small radius

The primary couples to the large-radius end of the trumpet secondary. This is the region of greatest
secondary current and strongest magnetic participation. Directed traversal along the winding toward
the narrow terminal is accompanied by decreasing current and increasing electric potential.

Thus, the coil implements a directed traversal through Aether geometry in which the electromagnetic
state changes systematically with the imposed geometric coordinate.

In this sense, the trumpet coil does not merely shape electromagnetic fields; it enforces a distinction
between traversal and structure. The current follows a single-linear conductive path, while the
spatially distributed geometry of the coil embodies the dualistic Aether structure. The measured
phase is therefore a property of the interaction between traversal and structure, not of the conductive
path alone.

5 Trumpet Geometry

We define the geometry as

r(z) = r0e−kz.

This choice is significant because
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d

dz
ln r = −k

is constant, producing uniform phase-slip density.

The total geometric span is

ln
(

rw
rn

)
= kL.

6 First-Order Closure Ansatz

To construct a minimal model consistent with the physical orientation of the trumpet resonator, we
introduce a first-order closure ansatz:

Au ∝ 1
r

, curl ∝ r.

The orientation is fixed by the apparatus. The large-radius end is magnetically coupled to the
primary and carries the greatest secondary current; it is therefore assigned the larger torsional
contribution represented by curl. The complementary Aether contribution varies inversely so that
the ledger closure remains invariant.

This ansatz:

• preserves the ledger identity
• assigns magnetic/torsional dominance to the large-radius end
• assigns the complementary contribution to the small-radius end
• introduces monotonic variation along the directed traversal
• represents the simplest reciprocal geometric scaling

Define

Ξ = Au

λC
2curl

.

Under the first-order scaling,

Ξ ∝ 1
r2 .

The phase-slip coefficient is not introduced arbitrarily. From the QMU charge relation

e2

eemax2 = 8πα,

the fine structure constant appears as the normalized ratio linking electrostatic and magnetic charge
sectors.
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Within the present geometric framework, this ratio functions as a conversion factor between
complementary electromagnetic representations. The phase accumulation is therefore taken to be
proportional to the logarithmic change in the Aether–curl imbalance, with α acting as the natural
geometric scaling coefficient.

Accordingly, we define the first-order phase-slip differential as

dϕ(1) = α d ln Ξ.

7 Phase-Slip Derivation

We define the geometric phase differential:

dϕ = α d ln Ξ.

From the first-order closure ansatz,

Ξ ∝ r−2,

and therefore

d ln Ξ = −2 d ln r.

Thus,

dϕ = −2α d ln r.

The directed traversal proceeds from the wide end, r = rw, to the narrow end, r = rn. Integrating
along this path gives

ϕ
(1)
1p = −2α

∫ rn

rw
d ln r.

Hence,

ϕ
(1)
1p = −2α ln

(
rn
rw

)
,

or equivalently,

ϕ
(1)
1p = 2α ln

(
rw
rn

)
.

The positive phase therefore follows directly from the directed traversal from large radius to small
radius. Reversing the direction of traversal reverses the sign of the one-pass geometric phase.



8 DISTRIBUTED TRANSMISSION-LINE BASELINE 6

7.1 Frequency Dependence and Geometric Invariance

The phase accumulation derived here is geometric in origin and depends only on the logarithmic
variation of the coil radius. To first order, it is therefore independent of drive frequency, in contrast
to conventional inductive and transmission-line phase shifts, which scale with frequency through the
propagation constant.

This leads to a distinguishing experimental signature: over a suitable operating band, the geo-
metric phase contribution ϕgeom should remain approximately invariant with frequency, while the
conventional contribution ϕTL varies.

Observation of a frequency-independent residual phase term that also obeys the predicted taper-ratio
scaling would provide the combined experimental signature of the geometric contribution proposed
here.

8 Distributed Transmission-Line Baseline

To establish the distinct role of the geometric phase term derived above, we compare it to the phase
accumulation predicted by conventional distributed transmission-line theory.

A non-uniform helical conductor may be modeled as a transmission line with position-dependent
inductance and capacitance [Jackson, 1998, Pozar, 2011] per unit length, L′(z) and C ′(z). The local
propagation constant is

β(z) = ω
√

L′(z)C ′(z).

The conventional phase accumulation along the structure is therefore

ϕTL =
∫ L

0
β(z) dz.

In general, both L′(z) and C ′(z) depend on geometry in a nontrivial way. For helical structures,
these dependencies are typically logarithmic [Grover, 1946, Rosa, 1908] or weak power-law functions
of radius, involving factors such as wire spacing, pitch, and surrounding dielectric environment.

For the first-order baseline adopted here, the conventional phase is governed primarily by frequency
and by the integrated distributed parameters of the resonator. More complete electromagnetic
models may also contain geometry-dependent contributions, including terms that approximate
logarithmic behavior over restricted parameter ranges.

The proposed QMU phase law derived in the previous section is more specific:

ϕ(1)
geom = 2α ln

(
rw
rn

)
.

Its distinguishing first-order predictions are:

• a fixed logarithmic dependence on the taper ratio,
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• a coefficient equal to 2α,
• approximate independence from drive frequency over the regime in which the first-order model

applies.

The experimental distinction therefore rests on the combined scaling law and fixed coefficient, rather
than on logarithmic dependence alone.

We therefore interpret the total observed phase as

ϕobs = ϕTL + ϕgeom + ϕparasitic,

where ϕgeom represents the residual geometric phase predicted by the Aether-based model.

The experimental objective is thus to isolate ϕgeom by subtracting the best-fit conventional
transmission-line contribution from the measured phase response.

This establishes the geometric phase term not as a reinterpretation of known behavior, but as an
additional contribution with distinct scaling properties.

9 Numerical Simulation of Phase Decomposition

To support the analytical separation of geometric and transmission-line phase contributions, we
construct a first-order numerical model of the trumpet coil using distributed transmission-line
parameters.

9.1 Model Assumptions

We model the tapered helical conductor as a quasi-TEM transmission line with position-dependent
inductance and capacitance per unit length, L′(z) and C ′(z). To lowest order, we assume logarithmic
dependence on radius consistent with standard electromagnetic approximations:

L′(z) ∼ L0 ln
(

r(z)
rref

)
, C ′(z) ∼ C0

ln
(

r(z)
rref

) , (1)

where rref is an effective reference scale set by conductor spacing and environment.

Under this approximation, the product satisfies

L′(z)C ′(z) ≈ L0C0 = constant, (2)

and the local propagation constant [Pozar, 2011] becomes

β(z) = ω
√

L′(z)C ′(z) ≈ β0. (3)

Thus, to first order, the conventional transmission-line phase accumulates linearly with length:
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ϕTL ≈ β0L. (4)

9.2 Comparison with Geometric Phase

The geometric phase derived in Section 7 depends only on the logarithmic radius ratio:

ϕ(1)
geom = 2α ln

(
rw
rn

)
. (5)

Using the exponential taper

r(z) = r0e−kz, (6)

we have

ln
(

rw
rn

)
= kL, (7)

so that

ϕ(1)
geom = 2αkL. (8)

9.3 Phase Decomposition

Combining contributions:

ϕobs = β0L + 2αkL + ϕparasitic. (9)

This expression reveals two key properties:

1. The conventional phase scales with frequency:

ϕTL ∝ ωL

2. The geometric phase scales with geometry only:

ϕ(1)
geom ∝ kL = ln

(
rw
rn

)

9.4 Residual Extraction

By measuring phase at multiple taper ratios and subtracting the best-fit linear dependence on L,
one obtains the residual:
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ϕres = ϕobs − ϕTL ≈ 2α ln
(

rw
rn

)
. (10)

Thus, within the adopted first-order transmission-line approximation, the proposed logarithmic
geometric term appears as a distinct residual. Whether such a residual remains distinct under a
more complete electromagnetic treatment is an experimental and modeling question to be tested
directly.

9.5 Expected Magnitude

For the tuned configuration

rw
rn

= eπ/2, (11)

we obtain

ϕ(1)
geom = πα ≈ 0.0229 rad. (12)

The corresponding round-trip phase is

Φ(1)
rt = 2πα ≈ 0.04585 rad. (13)

9.6 Interpretation

This first-order simulation demonstrates that, under the adopted quasi-TEM baseline model,

• the conventional transmission-line contribution is dominated by frequency- and length-
dependent phase accumulation;

• the proposed QMU geometric contribution introduces an additional logarithmic dependence
on taper ratio;

• the two terms are mathematically separable within this first-order approximation.

The simulation does not establish that a complete conventional electromagnetic model of a tapered
helical resonator is incapable of producing logarithmic dependence on geometry. The assumed
relation

L′(z)C ′(z) ≈ constant

is a simplifying approximation, and higher-order effects involving mutual inductance, distributed
capacitance, helical pitch, conductor curvature, nearby structures, and modal redistribution may
introduce additional geometry-dependent terms.

Accordingly, the experimental test cannot rely solely on observing a logarithmic residual after
subtraction of this simplified baseline. The conventional reference model must be refined sufficiently
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to determine whether the measured dependence can be reproduced by Maxwell-based distributed-
circuit behavior.

The distinctive QMU prediction is more specific:

ϕ(1)
geom = 2α ln

(
rw
rn

)
,

with the coefficient fixed in advance as

dϕgeom
d ln(rw/rn) = 2α,

and with the first-order contribution predicted to be approximately independent of drive frequency.

The decisive comparison is therefore not merely whether a geometry-dependent residual exists, but
whether a residual remains after the best available conventional electromagnetic model is applied
and whether that residual simultaneously exhibits:

1. linear dependence on ln(rw/rn),
2. slope equal to 2α within experimental uncertainty, and
3. approximate frequency invariance over the measurement band in which the first-order approx-

imation is valid.

Agreement with all three conditions would constitute a substantially stronger test of the proposed
geometric phase law than agreement with taper dependence alone.

10 Simulated Phase Trends

To visualize the distinction between conventional transmission-line phase and the proposed geometric
correction, we plot representative first-order trends for the total phase and the extracted residual
phase as functions of taper ratio.

For illustration, we normalize the conventional one-pass transmission-line phase to a constant
baseline value and superimpose the first-order geometric contribution

ϕ(1)
geom = 2α ln

(
rw
rn

)
.

The purpose of the figure is not to provide a full device-specific electromagnetic simulation, but to
display the distinct scaling behaviors expected in a differential measurement program.

Figure 1 shows the practical logic of the measurement strategy. The total measured phase may
appear dominated by conventional propagation, but after subtraction of the best-fit baseline, the
residual geometric term is predicted to follow a linear law in ln(rw/rn) with slope 2α. The tuned
ratio rw/rn = eπ/2 marks the one-pass residual πα and the round-trip closure target 2πα.
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11 Resonant Closure Hypothesis

If the system supports symmetric return traversal, the magnitude of the total accumulated geometric
phase becomes

Φ(1)
rt = 4α ln

(
rw
rn

)
.

This factor of two relative to the one-pass phase reflects the assumed symmetric closure of the
resonant cycle. The outward traversal proceeds from the current-dominant, magnetic/torsional
large-radius region toward the potential-dominant, electrostatic small-radius region. The conjugate
return traversal restores the original electromagnetic state while contributing the corresponding
geometric phase magnitude. Under the symmetric-return hypothesis, the closed-cycle phase is
therefore twice the one-pass magnitude.

For the tuned geometry

rw
rn

= eπ/2,

Φ(1)
rt = 2πα.

The condition

rw
rn

= eπ/2

defines a discrete geometric closure point of the first-order phase law. At this ratio, the resonant
symmetric-return hypothesis yields

Φ(1)
rt = 2πα.

This condition is not imposed as an independent empirical constant but follows from the logarithmic
phase law together with the selected full scaled-rotation closure condition. It represents a specific
geometric configuration in which the closed-cycle accumulated phase equals 2πα.

Experimentally, this ratio is therefore a critical target for comparison with neighboring taper ratios.
Any distinguished behavior must be evaluated against the continuous predicted law rather than
inferred from a single resonator.

12 Measurement Decomposition and Residual Extraction

The measured phase is expressed as

ϕobs = ϕTL + ϕgeom + ϕparasitic.
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The predicted geometric term is

ϕgeom = 2α ln
(

rw
rn

)
.

The key observable is the slope:

dϕ

d ln(rw/rn) = 2α.

13 Experimental Program

The experimental apparatus is oriented with the primary at the large-radius end of the trumpet
secondary. This places inductive excitation adjacent to the region having the greatest secondary
current and magnetic participation, while the narrow terminal forms the high-potential end of the
resonator.

A practical experimental program proceeds as follows:

1. Construct multiple trumpet secondaries with controlled taper ratios.
2. Position primary coupling at the large-radius end for all specimens.
3. Maintain constant conductor type, winding pitch, materials, axial length, and measurement

geometry wherever practicable.
4. Characterize the conventional resonant and transmission-line response of each specimen.
5. Measure phase response along the directed path from the wide end toward the narrow end.
6. Determine the best conventional electromagnetic baseline, including distributed inductance,

capacitance, mutual coupling, probe loading, and fixture contributions.
7. Extract the residual phase after subtraction of the conventional contribution.
8. Fit the residual phase against ln(rw/rn).

The predicted result is a linear relationship with slope

dϕres
d ln(rw/rn) = 2α.

Given that

2α ≈ 0.0146,

the expected phase variation over a practical range of taper ratios is on the order of 10−2 radians.
Resolving this effect therefore requires phase measurements with stability at the level of 10−3 radians
or better.

Such precision is achievable with modern vector network analyzers under controlled conditions,
but places constraints on fixture stability, probe loading, temperature, conductor positioning, and



14 DISCUSSION 13

environmental variation. These considerations motivate a differential, multi-geometry measurement
approach.

The expected first-order trends are illustrated in Fig. 1, which shows both the dominance of the
conventional baseline in the raw phase and the recovery of the logarithmic geometric law after
residual extraction.

14 Discussion

The present derivation is first-order. Higher-order corrections include:

• distributed inductance and capacitance
• helical pitch and torsion
• inter-turn coupling
• environmental interactions

These effects contribute to ϕparasitic and may be of comparable magnitude to the predicted geometric
phase at first order. Some conventional contributions may themselves depend systematically on taper
ratio and may approximate logarithmic or weakly frequency-dependent behavior over restricted
ranges. The experimental discriminator is therefore not the existence of geometry-dependent phase
alone, but simultaneous agreement with the fixed QMU prediction

ϕ(1)
geom = 2α ln

(
rw
rn

)
,

including its coefficient 2α and its predicted first-order frequency invariance. This motivates
differential measurements across multiple taper ratios and frequencies together with the most
complete practical electromagnetic baseline model.

14.1 Temporal Structure and Topological Origin of Spin

The following interpretation extends the chronovibrational and dual-phase structure introduced in
[III, 2026]. The geometric interpretation developed here suggests a broader connection between
phase accumulation and the intrinsic topology of subatomic particles. If the Aether unit possesses a
chronovibrational structure—oscillating between forward and backward temporal phases—then a
particle constrained to the forward-time manifold would experience only half of the full temporal
cycle.

In such a model, a closed traversal through the accessible temporal domain produces a 180◦

inversion of the particle’s internal configuration. A second traversal is required to restore the original
orientation, yielding an effective 720◦ closure condition. This provides a geometric interpretation of
half-integer spin: the observed factor of 1/2 reflects the ratio between a single accessible traversal
and the full dual-phase temporal structure.

From this perspective, the trumpet coil may be viewed as a macroscopic analog of this topology.
The phase-slip measured along the coil corresponds to a distributed geometric mismatch analogous
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to the intrinsic “twist” of the particle. The fine structure constant α then represents the coupling
between linear traversal and the underlying dual-phase structure of the Aether.

This suggests that measurements of geometric phase accumulation in macroscopic systems may
provide indirect access to the same topological principles that govern subatomic spin structure.

15 Conclusion

We have developed a geometric interpretation of the fine structure constant and derived a first-order
experimental prediction using a physically realizable system.

The trumpet coil provides a direct method to test whether electromagnetic coupling arises from
geometric phase accumulation.

A SI Bridge Values

Using the 2022 CODATA recommended value for the fine structure constant [Mohr et al., 2025],

α ≈ 7.2973525693 × 10−3.

This yields
2πα ≈ 0.04585 rad ≈ 2.627◦.

A.1 First-Order Phase Targets

For reference, we list representative first-order phase predictions for several taper ratios using

ϕ
(1)
1p = 2α ln

(
rw
rn

)
, Φ(1)

rt = 4α ln
(

rw
rn

)
.

rw/rn ln(rw/rn) ϕ
(1)
1p (deg) Φ(1)

rt (deg)

2.00 0.693 0.58 1.16
3.00 1.099 0.92 1.84
4.00 1.386 1.16 2.32
4.81 1.571 1.31 2.63

These values illustrate the small magnitude of the predicted effect and motivate a slope-based
measurement strategy.
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Figure 1: Representative first-order phase trends for the trumpet coil. Top: normalized total
one-pass phase showing a constant conventional transmission-line baseline plus the logarithmic
geometric correction. Bottom: residual phase after baseline subtraction, displaying the predicted
linear dependence on ln(rw/rn) with slope 2α. The dotted markers identify the tuned geometry
rw/rn = eπ/2, where the one-pass residual reaches πα.
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