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Abstract

In the Aether Physics Model (APM), space and matter arise from a unified volumet-
ric–chronovibrational structure defined by the Aether unit Thomson [2026a,b]. Previous work
established volumetric coherence as the origin of orbital scaling and identified subatomic particles
as localized activations of this structure through mass-string confinement Thomson [2026a,b].
The present work extends this framework by deriving interaction as a consequence of spatial
gradients in volumetric coherence.

Within the Quantum Measurement Units (QMU) system, the unit voco = λC
3/Fq

2 defines
the persistence of quantum volume through a complete chronovibrational cycle. Spatial variation
of this quantity produces a coherence gradient ∇(voco) that governs the motion of matter. A
response law is introduced in which acceleration arises directly from this gradient, and classical
inverse-square behavior emerges as the continuum limit.

Discrete Aether-unit structure produces an exact closed-form correction to inverse-square
interaction, expressed through a coherence-density factor derived from quantized spherical shell
geometry. This correction admits equivalent formulations as a modified interaction law, an
effective radial metric element, and a scalar density potential, demonstrating that force, spatial
measure, and potential structure are unified as projections of the same substrate-level quantity.

Order-of-magnitude estimates show that deviations from classical behavior are negligible at
macroscopic scales but become significant near the Compton length Mohr et al. [2025, 2024],
providing a potential experimental window at nanometer scales. The resulting framework
unifies gravitational and electromagnetic interaction as manifestations of a single volumet-
ric–chronovibrational substrate without introducing independent fields.

Keywords: Aether Physics Model, Quantum Measurement Units, volumetric coherence, coherence
gradient, gravity, electromagnetism

1 Introduction

The Aether Physics Model (APM) establishes a space-first ontology in which physical phenomena
arise from a unified volumetric–chronovibrational substrate Thomson [2026a]. In this framework,
the Aether unit defines a fundamental relation between spatial extent and cyclic completion, and
volumetric coherence determines the structural organization of space Thomson [2026a]. Previous
work has shown that orbital scaling emerges from this coherence structure and that subatomic
particles correspond to localized activations produced by mass-string confinement Thomson [2026a,b].

Within this context, the remaining task is to identify the origin of physical interaction. In stan-
dard formulations, forces are introduced as independent entities—gravitational, electrostatic, and
magnetic—acting through fields defined over space. These interactions are treated as distinct, with
separate constants and governing equations.

The present work adopts a different approach. Rather than treating forces as fundamental, it derives
interaction from spatial variation in volumetric coherence. The central quantity is

voco = λC
3

Fq
2 ,

Thomson [2026a] and its gradient
∇(voco)

is shown to generate the motion of matter through a substrate-level response law.
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From this starting point, classical inverse-square behavior is recovered as the large-scale limit
of a discrete Aether structure. Finite volumetric coherence produces a systematic correction
to this behavior, which can be derived exactly from quantized spherical shell geometry. This
correction admits three equivalent representations: as a modification to the interaction law, as a
density-weighted radial metric, and as a scalar density potential.

The result is a unified framework in which force, spatial measure, and potential structure are
not independent constructs, but different expressions of a single coherence-gradient mechanism.
Gravitational and electromagnetic interactions emerge as scale-dependent manifestations of this
structure, governed by the same underlying substrate.

This work therefore extends the APM from a structural description of space and matter to a
complete interpretation of interaction, providing a direct link between microscopic Aether-unit
geometry and macroscopic physical laws.

2 Volumetric Coherence as a Substrate Invariant

The volumetric coherence unit is defined as

voco = λC
3

Fq
2 = volm · orbt.

Thomson [2026a]

This quantity measures the persistence of quantum volume through one complete chronovibrational
cycle. As established previously, it is independent of inertial mass and represents a structural
invariant of the Aether unit Thomson [2026a].

In a perfectly uniform substrate, voco is constant. However, in the presence of matter—understood
as localized activation of magnetic charge—this uniformity is perturbed.

3 Coherence Gradients

Spatial variation in volumetric coherence defines a gradient:

∇(voco).

This gradient represents a directional change in the relationship between spatial extent and chronovi-
brational completion. Matter confined within Aether units responds to this variation, resulting in
motion.

In this interpretation, what is classically described as force corresponds to the tendency of matter
to move along coherence gradients toward configurations of stable volumetric–chronovibrational
balance.
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4 Coherence Gradient Response Law

The gradient of volumetric coherence defines not only a directional variation in the substrate, but
also the dynamical response of matter confined within Aether units.

We therefore introduce the fundamental response relation:

a = −κ ∇(voco),

where a is the acceleration of a confined mass string and κ is a proportionality factor determined by
the Aether-unit structure.

The proportionality factor κ provides the bridge between coherence gradients and observable
acceleration. For gravitational interaction, comparison with the classical relation ag = GM/r2 yields
Mohr et al. [2025, 2024]

κ Φcoh = 4πGM,

so that κ is fixed by the Aether-unit loading through

G = c2λC

ma
.

Thomson [2026a]

This fixes the dimensional scale of κ by linking coherence-gradient response to Aether-unit saturation,
so that κ carries the same substrate normalization across gravitational and charge-activated regimes.

Thus κ is not an independent parameter, but reflects the coupling between coherence flux and
Aether saturation. In electrostatic and magnetic regimes, the same κ applies, with Φcoh modulated
by magnetic charge activation rather than mass loading.

Using the definition

voco = λC
3

Fq
2 ,

and the invariant relation
FqλC = c,

Thomson [2026a], Mohr et al. [2025] we obtain

voco = λC
5

c2 .

Taking the spatial gradient yields

∇(voco) = 5λC
4

c2 ∇(λC),

demonstrating that coherence gradients correspond to spatial variation in the effective Compton
scale.

Thus, acceleration arises from spatial variation in the volumetric–chronovibrational structure itself.
The constant κ provides the bridge between substrate-level variation and observable motion, and
will be identified with gravitational scaling in the following section.
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5 Gravitational Interaction

Gravitational phenomena arise from large-scale variations in volumetric coherence produced by the
collective loading of Aether units.

Regions with higher effective mass correspond to regions in which Aether units are more strongly
activated, altering the local coherence structure. The resulting gradient organizes the motion of
nearby matter according to the response law

a = −κ ∇(voco).

The proportionality factor κ is determined by the maximum mass that can be supported within an
Aether unit. From the APM definition,

ma = λC
3Fq

2

G
,

Thomson [2026a] we solve for the gravitational constant:

G = λC
3Fq

2

ma
.

Using the invariant FqλC = c Thomson [2026a], this becomes

G = c2λC

ma
.

This expression shows that the gravitational constant is not independent, but emerges from the
ratio of chronovibrational propagation (c2), spatial scale (λC), and the maximum Aether loading
(ma).

Substituting this scaling into the response relation yields

a ∼ − c2

ma
λC ∇(voco),

establishing gravitational acceleration as a direct consequence of coherence gradients constrained by
Aether-unit saturation.

Thus, classical gravitational behavior is recovered as the macroscopic limit of substrate-level
coherence variation.

6 Electrostatic Interaction

Electrostatic behavior arises from differences in magnetic charge activation between Aether units.

Such differences produce localized variations in volumetric coherence, generating gradients that act
over short spatial scales. These gradients follow the same fundamental response relation,

a = −κ ∇(voco),
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but are modulated by charge-dependent activation of the Aether structure.

The familiar inverse-square behavior emerges from the geometric spreading of coherence gradients
in three-dimensional space. As the gradient propagates outward from a localized activation, its
magnitude decreases proportionally to the surface area of a sphere, yielding the observed radial
dependence.

Electrostatic interaction is therefore interpreted as a localized coherence gradient induced by
differential magnetic charge activation, rather than as the action of an independent field.

7 Magnetic Interaction

Magnetic interaction arises from the dynamic and rotational components of coherence gradients
associated with moving or rotating mass-string configurations.

As mass strings follow loxodromic paths within Aether units Thomson [2026b], their motion
introduces time-dependent variations in the volumetric–chronovibrational structure. These variations
produce directional gradients with a rotational character.

Magnetic effects therefore correspond to the curl component of the coherence gradient field. While
electrostatic interaction reflects scalar variations, magnetic interaction reflects the torsional or
rotational aspect of the same underlying structure.

This interpretation is consistent with the Aether rotational identity,

Au · curl = c2,

Thomson [2026a] which links volumetric structure to torsional dynamics.

Thus, magnetic phenomena are understood as the rotational expression of coherence gradients
within the Aether substrate.

8 Unified Interpretation of Interaction

Within this framework, gravitational, electrostatic, and magnetic interactions are not independent
forces, but different expressions of a single underlying structure:

• gravitational interaction reflects large-scale coherence gradients,
• electrostatic interaction reflects localized charge-induced gradients,
• magnetic interaction reflects dynamic or rotational gradients.

All interactions arise from variations in the same volumetric–chronovibrational substrate.

9 Relation to Classical Dynamics

Newton’s second law,
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F = ma,

remains a valid description of motion. However, in the present interpretation, F does not represent
a fundamental entity, but an effective quantity describing the response of matter to coherence
gradients.

Thus, classical dynamics describes motion within the constraints established by the substrate, while
the origin of those constraints lies in the structure of volumetric coherence.

10 Propagation and Field Interpretation

In standard theory, fields are introduced as independent entities that mediate forces. In APM, fields
are reinterpreted as spatial descriptions of coherence gradients and their propagation.

The coherence gradient may be decomposed into divergent and rotational components:

∇(voco) and ∇ × (voco).

The divergent component corresponds to electrostatic behavior, while the rotational component
corresponds to magnetic behavior.

Propagation of these variations occurs through the Aether substrate according to the invariant
relation

Au · curl = c2 = 1
µ0ε0

.

Thomson [2026a], Mohr et al. [2025, 2024] Within this framework:

• ε0 characterizes the volumetric response to coherence gradients,
• µ0 characterizes the torsional response to rotational coherence variation,
• c defines the rate of chronovibrational transfer between Aether units.

Photon propagation corresponds to the dynamic transmission of coherence variation across adjacent
Aether units, preserving the invariant relation between spatial extent and chronovibrational frequency.

Thus, electromagnetic fields are reinterpreted as propagating coherence gradients constrained by
the volumetric–torsional structure of the Aether.

11 Predictions and Experimental Implications

The interpretation of interaction as a response to coherence gradients leads to measurable conse-
quences that differ from the continuous-field approximation used in standard formulations. These
differences arise from the discrete, volumetric structure of the Aether unit and the finite scaling
imposed by the Compton length.
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11.1 Deviation from Inverse-Square Behavior at Small Scales

In classical electrostatic and gravitational theory, interaction strength follows an exact inverse-
square dependence due to the assumption of continuous field propagation in three-dimensional
space. Within the APM framework, however, interaction arises from spatial variation in volumetric
coherence, which is defined on a discrete lattice of Aether units.

At length scales approaching the Compton length λC , the gradient

∇(voco)

can no longer be treated as continuously differentiable. Instead, it transitions to a finite-difference
structure reflecting discrete Aether-unit variation.

As a consequence, the effective interaction law is modified:

1
r2 −→ 1

r2 f

(
r

λC

)
,

where f(r/λC) → 1 for r ≫ λC , and deviates from unity as r → λC .

This predicts a small but measurable deviation from inverse-square behavior at nanometer and
sub-nanometer scales.

11.2 Electrostatic Force Measurements at Nanometer Scales

A direct test of this prediction may be performed using high-precision electrostatic force measure-
ments at nanometer separation distances Willemsen et al. [2000].

In particular, configurations involving:

• atomic force microscopy (AFM) with charged tips,
• nanoscale capacitor geometries,
• or precision Coulomb balance experiments at sub-micron spacing,

provide a regime in which deviations from inverse-square scaling may be detectable Willemsen et al.
[2000].

The expected signature is a systematic deviation in measured force magnitude relative to classical
prediction, increasing as separation approaches the Compton scale.

11.3 Casimir-Type Geometries and Coherence Boundary Effects

A second experimental avenue arises in Casimir-type configurations Dhital and Mohideen [2024],
Kohoutek et al. [2010], Garcia-Sanchez et al. [2012], Decca et al. [2011], Somers et al. [2018], where
boundary conditions constrain electromagnetic modes.

Within the APM framework, such constraints correspond to imposed structure on coherence gradients.
As a result, the measured force between closely spaced conducting surfaces may exhibit deviations
from standard Casimir predictions when plate separations approach scales where discrete volumetric
coherence becomes significant.
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Asymmetric or structured surfaces are expected to enhance these effects by introducing non-uniform
coherence gradients.

11.4 Gravitational Implications at Short Range

Although gravitational effects are significantly weaker, the same coherence-gradient structure implies
that short-range gravitational interaction may deviate from Newtonian scaling at sufficiently small
distances.

This suggests that precision torsion-balance experiments designed to probe sub-millimeter gravita-
tional forces may detect departures from inverse-square behavior, consistent with discrete volumetric
structure.

11.5 Summary of Experimental Signatures

The coherence-gradient framework predicts:

• deviation from exact inverse-square scaling at distances approaching λC ,
• enhanced sensitivity of interaction strength to geometric boundary conditions,
• coupling between electrostatic, magnetic, and Casimir-type effects through a common substrate

mechanism.

These predictions provide a pathway for experimental validation of the Aether Physics Model
through precision measurement at small spatial scales.

Detection of such deviations would support the interpretation of interaction as arising from discrete
volumetric–chronovibrational structure rather than continuous fields.

Among these, electrostatic measurements at separations of 1–10 nm provide the most accessible and
sensitive test regime, where predicted deviations reach the 10−3 to 10−2 level.

11.6 First-Order Discrete Correction to Inverse-Square Scaling

If interaction arises from conserved coherence flux through a discrete Aether substrate, then the
radial coherence gradient is sampled not at a continuous radius r, but across the midpoint of the
first accessible shell outside the source. Since the fundamental radial increment is the Compton
length λC , the effective shell radius is

reff = r + λC

2 .

For a spherically symmetric source, coherence-flux conservation therefore gives

4πr 2
eff

∣∣∂r(voco)
∣∣ = Φcoh,

so that
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∂r(voco) = − Φcoh

4π
(
r + λC

2

)2 .

Using the response law
a = −κ ∇(voco),

the corresponding radial acceleration becomes

a(r) = A(
r + λC

2

)2 , A ≡ κΦcoh
4π

.

Factoring out the classical inverse-square term yields

a(r) = A

r2

(
1 + λC

2r

)−2
.

Expanding for r ≫ λC gives

a(r) = A

r2

[
1 − λC

r
+ 3

4

(
λC

r

)2
+ · · ·

]
.

Thus the leading discrete correction to inverse-square behavior is

a(r) ≈ A

r2

(
1 − λC

r

)
.

In dimensionless QMU radius ρ = r/λC , the correction factor is

f(ρ) =
(

1 + 1
2ρ

)−2
≈ 1 − 1

ρ
.

This result shows that exact inverse-square scaling is recovered only in the continuum limit ρ → ∞,
while finite Aether-unit structure introduces a small, systematically weaker interaction at short
range.

11.7 Quantized Spherical Shell Derivation of the Discrete Correction

The discrete correction is developed in three complementary forms: a first-order approximation, an
exact closed-form expression, and a geometric interpretation in terms of effective radial metric and
density potential. These forms are mathematically equivalent and provide different perspectives on
the same underlying Aether-shell structure.

The first-order correction to inverse-square scaling may be derived directly from the quantized
geometry of the Aether substrate.
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In the APM framework, space is composed of discrete volumetric units of size

volm = λC
3,

Thomson [2026a] so that radial distance is quantized in units of the Compton length λC . A
spherically symmetric distribution of coherence therefore occupies shells of finite thickness λC , rather
than infinitesimal surfaces.

Consider a spherical shell extending from radius r to r + λC . The number of Aether units contained
within this shell is proportional to the shell volume:

∆V = 4π

3
[
(r + λC)3 − r3

]
.

Expanding,
∆V = 4πr2λC + 4πrλC

2 + 4π

3 λC
3.

The effective area through which coherence flux is distributed is obtained by dividing by the shell
thickness λC :

Aeff = ∆V

λC
= 4πr2 + 4πrλC + 4π

3 λC
2.

Factoring 4πr2,

Aeff = 4πr2
[
1 + λC

r
+ 1

3

(
λC

r

)2]
.

Since coherence flux is conserved across this shell, the magnitude of the radial coherence gradient
must scale inversely with this effective area:

∂r(voco) ∝ 1
Aeff

.

Thus,

∂r(voco) ∝ 1
4πr2

[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

.

Expanding the reciprocal to first order,[
1 + λC

r
+ · · ·

]−1
≈ 1 − λC

r
.

Therefore,
∂r(voco) ∝ 1

r2

(
1 − λC

r

)
.

Applying the response law
a = −κ ∇(voco),

the resulting acceleration becomes

a(r) ∝ 1
r2

(
1 − λC

r

)
.
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This reproduces the first-order correction obtained previously from the discrete shell-offset argument.

In dimensionless QMU radius ρ = r/λC , the effective area takes the form

Aeff = 4πλC
2ρ2

[
1 + 1

ρ
+ 1

3ρ2

]
,

so that the correction factor becomes

f(ρ) =
[
1 + 1

ρ
+ 1

3ρ2

]−1
≈ 1 − 1

ρ
.

This derivation shows that the leading deviation from inverse-square behavior arises directly from
the finite volumetric structure of the Aether unit, without requiring any additional assumptions
beyond quantized spatial geometry.

11.8 Exact Closed-Form Discrete Correction

The first-order correction derived from quantized spherical shells admits an exact closed form when
the shell geometry is retained without expansion.

For a single radial quantum step of thickness λC , the shell volume is

∆V = 4π

3
[
(r + λC)3 − r3]

.

The corresponding effective shell area is

Aeff(r) = ∆V

λC
= 4πr2 + 4πrλC + 4π

3 λC
2.

Factoring 4πr2 gives

Aeff(r) = 4πr2
[
1 + λC

r
+ 1

3

(
λC

r

)2]
.

If coherence flux Φcoh is conserved across the shell, then the radial coherence gradient is

∂r(voco) = − Φcoh
Aeff(r) = − Φcoh

4πr2

[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

.

Using the response law
a = −κ ∇(voco),

the exact corrected radial acceleration becomes

a(r) = A

r2

[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

, A ≡ κΦcoh
4π

.

Equivalently,
a(r) = A

r2 + rλC + 1
3λC

2 .
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In dimensionless QMU radius ρ = r/λC , this becomes

a(ρ) = A

λC
2

1
ρ2 + ρ + 1

3
,

with exact correction factor
f(ρ) =

(
1 + 1

ρ
+ 1

3ρ2

)−1
.

For ρ ≫ 1, the continuum inverse-square law is recovered:

f(ρ) = 1 − 1
ρ

+ 2
3ρ2 + · · · .

Thus the exact discrete correction implied by quantized Aether-shell geometry is a systematically
weakened short-range interaction relative to the continuous inverse-square limit.

The corresponding exact potential is

Φ(r) =
√

12 A

λC

[
tan−1

(√
12 r + λC/2

λC

)
− π

2

]
,

where the integration constant has been chosen so that Φ(∞) = 0.

Geometric Interpretation and Effective Curvature of the λC
2/3 Term The quadratic

term λC
2/3 in the denominator represents the irreducible contribution of finite shell thickness

in the quantized Aether geometry. While the linear term rλC reflects the outward displacement
of the effective flux surface, the λC

2/3 term arises from averaging coherence flux over a shell of
nonzero volumetric extent volm = λC

3 Thomson [2026a]. It therefore encodes a residual geometric
contribution that is independent of radial position.

This term may be interpreted as an intrinsic curvature of the volumetric–chronovibrational substrate
at the scale of a single Aether unit. Writing the effective radial denominator as

r2 + rλC + 1
3λC

2 =
(

r + λC

2

)2
+ λC

2

12 ,

shows that the interaction does not reduce to a simple shifted Euclidean distance, but instead
includes a constant offset term λC

2/12 that cannot be removed by coordinate transformation.

In this sense, the Aether unit behaves as a minimally curved geometric cell, with characteristic
curvature scale

K ∼ 1
λC

2 .

The presence of this curvature implies that coherence gradients propagate through a substrate that
is locally non-Euclidean at the Compton scale, even in the absence of macroscopic mass loading.

Thus, the λC
2/3 contribution may be understood as the first manifestation of an effective metric

structure arising from finite volumetric coherence. In the continuum limit r ≫ λC , the curvature
term becomes negligible and classical inverse-square behavior is recovered, but at small scales it
represents a fundamental geometric property of the Aether substrate itself.
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11.9 Effective Radial Metric Element from the Aether Density Gradient

The exact discrete correction derived above may be recast as an effective radial metric element for
the Aether substrate. This is not an Einsteinian spacetime metric arising from geodesic curvature,
but a density-weighted radial measure produced by the spatial gradient of volumetric coherence.

From the exact corrected interaction law,

a(r) = A

r2

[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

,

we define the radial coherence-density factor

Dr(r) ≡
[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

.

The interaction then takes the form
a(r) = A

r2 Dr(r),

showing that the inverse-square dependence is modulated by a local substrate-density weighting.

The corresponding effective radial metric element is therefore

ds2
r = dr2

Dr(r) ,

so that
ds2

r = dr2
[
1 + λC

r
+ 1

3

(
λC

r

)2]
.

Equivalently,

dsr = dr

√
1 + λC

r
+ 1

3

(
λC

r

)2
.

Using the identity

r2 + rλC + 1
3λC

2 =
(

r + λC

2

)2
+ λC

2

12 ,

the metric factor may also be written as

ds2
r = dr2

(
r + λC

2

)2
+ λC

2

12

r2 .

This form shows explicitly that the effective radial measure contains both a shell-offset contribution
and an irreducible finite-volumetric contribution from the Aether unit.

In dimensionless QMU radius ρ = r/λC , with dr = λC dρ, the radial metric becomes

ds2
r = λC

2 dρ2
(

1 + 1
ρ

+ 1
3ρ2

)
.
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Thus the Aether substrate produces a radial density gradient that modifies effective distance at
small scales. In the continuum limit ρ → ∞, the density factor approaches unity and the Euclidean
radial measure is recovered:

ds2
r → dr2.

The effective metric element therefore expresses not geodesic curvature of spacetime, but the
density-weighted radial structure of quantized volumetric coherence.

11.10 Effective Radial Density Potential

The effective radial metric element implies a corresponding density potential associated with the
Aether space-density gradient. This is not a relativistic gravitational potential, but a scalar measure
of the excess radial substrate density relative to Euclidean space.

From the radial metric factor,

dsr = dr

√
1 + λC

r
+ 1

3

(
λC

r

)2
,

we define the radial density factor

Γr(r) ≡

√
1 + λC

r
+ 1

3

(
λC

r

)2
.

The corresponding local radial density potential is then

ϕr(r) ≡ Γr(r) − 1,

so that

ϕr(r) =

√
1 + λC

r
+ 1

3

(
λC

r

)2
− 1.

This quantity measures the local excess radial density of the substrate above the Euclidean value.

An accumulated radial density potential may also be defined by integrating this excess along the
radial coordinate:

Ψr(r) =
∫

ϕr(r) dr =
∫ √

1 + λC

r
+ 1

3

(
λC

r

)2
− 1

 dr.

Writing
Q(r) = r2 + rλC + 1

3λC
2,

the exact closed-form result is

Ψr(r) =
√

Q(r) − r + λC

2 ln r + λC

2
√

3
ln

∣∣∣∣∣2
√

3
√

Q(r) + 2
√

3 r +
√

3 λC

r

∣∣∣∣∣ + C.
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Thus,

Ψr(r) =
√

r2 + rλC + 1
3λC

2 − r + λC

2 ln r + λC

2
√

3
ln

∣∣∣∣∣∣
2
√

3
√

r2 + rλC + 1
3λC

2 + 2
√

3 r +
√

3 λC

r

∣∣∣∣∣∣ + C.

In practice, the local density potential ϕr(r) is the more direct descriptor of substrate weighting,
since it vanishes in the continuum limit:

ϕr(r) → 0 as r → ∞.

Its asymptotic expansion is

ϕr(r) = λC

2r
+ 1

24

(
λC

r

)2
− 1

48

(
λC

r

)3
+ · · · .

Thus the leading contribution to the radial density potential is

ϕr(r) ≈ λC

2r
,

showing that the Aether substrate acquires a weak radial density enhancement above the Euclidean
limit at small scales.

In dimensionless QMU radius ρ = r/λC , the local density potential becomes

ϕr(ρ) =
√

1 + 1
ρ

+ 1
3ρ2 − 1.

The effective radial density potential therefore provides the scalar counterpart to the density-weighted
radial metric, completing the correspondence among interaction correction, radial metric weighting,
and substrate density structure.

11.11 Coherence Gradient, Radial Metric, and Density Potential

The effective interaction law, the radial density metric, and the radial density potential are three
equivalent descriptions of the same underlying substrate structure: the spatial gradient of volumetric
coherence.

The fundamental substrate quantity is

voco = λC
3

Fq
2 ,

Thomson [2026a] and interaction arises through its spatial variation,

∇(voco).

For a spherically symmetric source, the radial coherence gradient is determined by coherence-flux
conservation across quantized Aether shells. Using the effective shell area

Aeff(r) = 4πr2
[
1 + λC

r
+ 1

3

(
λC

r

)2]
,
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the radial coherence gradient takes the exact form

∂r(voco) = − Φcoh
Aeff(r) = − Φcoh

4πr2

[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

.

Thus the exact discrete correction factor is

Dr(r) ≡
[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

,

so that
∂r(voco) = − Φcoh

4πr2 Dr(r).

Applying the response law
a = −κ ∇(voco),

gives the corrected radial interaction:

a(r) = A

r2 Dr(r), A ≡ κΦcoh
4π

.

This shows that the interaction law is simply the inverse-square geometric factor weighted by the
radial coherence-density factor Dr(r).

The same factor defines the effective radial metric element of the Aether density gradient. Since the
interaction is weakened by Dr(r), the corresponding substrate-weighted radial measure is enlarged
by its reciprocal:

ds2
r = dr2

Dr(r) .

Therefore,

ds2
r = dr2

[
1 + λC

r
+ 1

3

(
λC

r

)2]
.

The radial metric factor is thus

Γr(r) ≡ dsr

dr
=

√
1

Dr(r) =

√
1 + λC

r
+ 1

3

(
λC

r

)2
.

This quantity measures the local radial density weighting of the substrate. The associated local
radial density potential is then defined by the excess of this factor above the Euclidean limit:

ϕr(r) ≡ Γr(r) − 1 =

√
1 + λC

r
+ 1

3

(
λC

r

)2
− 1.

An accumulated density potential is obtained by integrating this excess radially:

Ψr(r) =
∫

ϕr(r) dr.
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In this way, all three descriptions follow from the same coherence-gradient structure:

∇(voco) −→ Dr(r) −→



a(r) = A

r2 Dr(r),

ds2
r = dr2

Dr(r) ,

ϕr(r) =
√

1
Dr(r) − 1.

The interaction law describes the dynamical response of matter to the coherence gradient. The
radial metric describes the density-weighted measure of space produced by that same gradient. The
density potential describes the scalar excess of the substrate above the Euclidean radial limit.

These are therefore not separate physical constructs, but complementary projections of a single
Aether-density gradient generated by spatial variation in volumetric coherence.

In dimensionless QMU radius ρ = r/λC , the same relations become

Dr(ρ) =
(

1 + 1
ρ

+ 1
3ρ2

)−1
,

ds2
r

λC
2 = dρ2

(
1 + 1

ρ
+ 1

3ρ2

)
,

and

ϕr(ρ) =
√

1 + 1
ρ

+ 1
3ρ2 − 1.

Thus the exact discrete correction, the effective radial metric, and the radial density potential all
arise from the same quantized shell structure of the Aether substrate and are unified through the
single generating quantity ∇(voco).

12 Order-of-Magnitude Estimates

The discrete correction derived from quantized Aether-shell geometry introduces a characteristic
scale set by the Compton length λC . The magnitude of the deviation from inverse-square behavior
is therefore controlled by the dimensionless ratio

ϵ(r) ≡ λC

r
.

From the exact correction factor

f(r) =
[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

,

the leading deviation from classical behavior is

δ(r) ≡ 1 − f(r) ≈ λC

r
, (r ≫ λC).
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12.1 Electron Compton Scale

Using the electron Compton wavelength

λC = h

mec
≈ 2.426310238 × 10−12 m,

Mohr et al. [2025, 2024] the relative deviation becomes:

r ϵ(r) = λC/r δ(r) ≈ λC/r

10−6 m (micron) 2.4 × 10−6 2.4 × 10−6

10−9 m (nanometer) 2.4 × 10−3 2.4 × 10−3

10−10 m (atomic scale) 2.4 × 10−2 2.4 × 10−2

10−12 m (sub-atomic) 2.4 2.4

These values show that:

• At micron scales, deviations are negligible.
• At nanometer scales, deviations reach the 10−3 level.
• At atomic scales, deviations approach the 10−2 level.
• At sub-atomic scales, the correction becomes order unity.

Thus the discrete Aether structure becomes significant only at distances approaching the Compton
scale.

12.2 Electrostatic Regime

Electrostatic force measurements at nanometer and sub-nanometer separations provide the most
accessible regime for detecting this effect. The predicted deviation at r ∼ 1 nm is

δ ∼ 10−3,

which lies within the sensitivity range of high-precision atomic force microscopy and nanoscale
capacitor experiments Willemsen et al. [2000].

Among these, electrostatic measurements at separations of 1–10 nm provide the most direct experi-
mental window, as deviations are predicted at the 10−3 to 10−2 level, within the sensitivity range of
existing atomic force microscopy techniques Willemsen et al. [2000].

The expected signature is a systematic reduction in measured force relative to the classical Coulomb
prediction, increasing as separation decreases.

12.3 Gravitational Regime

For gravitational interaction, the same correction applies formally:

ag(r) = GM

r2 f(r).
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However, at experimentally accessible distances (millimeter to micron scales),

ϵ(r) = λC

r
≲ 10−10,

so the deviation is far below current experimental sensitivity.

Thus gravitational tests are unlikely to detect this effect directly, but remain consistent with the
framework.

12.4 Summary

The discrete correction introduced by quantized volumetric coherence is characterized by a single
scale parameter λC . Its effects are:

• negligible at macroscopic distances,
• small but potentially measurable at nanometer scales,
• dominant at sub-atomic scales.

This establishes a clear experimental window in which coherence-gradient corrections may be tested,
while preserving agreement with classical laws at larger scales.

Dimensionless QMU Scaling The magnitude of the discrete correction is most naturally
expressed in dimensionless QMU form by introducing the normalized radius

ρ ≡ r

λC
.

In this representation, the correction factor becomes

f(ρ) =
(

1 + 1
ρ

+ 1
3ρ2

)−1
,

and the leading deviation is
δ(ρ) ≈ 1

ρ
.

Thus the departure from classical inverse-square behavior is governed entirely by the inverse
normalized radius, independent of unit system. The continuum limit corresponds to ρ → ∞, while
ρ ∼ 1 marks the regime in which discrete Aether structure becomes dominant.

This form shows that the correction is a direct consequence of QMU scaling, with λC providing
the single fundamental length that sets the transition between classical and substrate-dominated
behavior.

13 Discussion

The interpretation of interaction as a response to coherence gradients establishes a unified substrate-
level description in which force, spatial measure, and density potential are not independent constructs,
but complementary expressions of a single underlying structure.
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The fundamental quantity is the volumetric coherence,

voco = λC
3

Fq
2 ,

and all interaction arises through its spatial variation,

∇(voco).

For a spherically symmetric source, this variation produces a coherence-flux distribution across
quantized Aether shells, leading to the exact radial form

∂r(voco) = − Φcoh
4πr2

[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

.

This single expression generates three equivalent physical descriptions:

1. Interaction law. Applying the response relation a = −κ∇(voco) yields

a(r) = A

r2 Dr(r),

where

Dr(r) =
[
1 + λC

r
+ 1

3

(
λC

r

)2]−1

.

Thus classical inverse-square interaction is modified by a coherence-density factor arising from
finite Aether volumetry.

2. Radial density metric. The same factor defines the effective radial measure of space:

ds2
r = dr2

Dr(r) = dr2
[
1 + λC

r
+ 1

3

(
λC

r

)2]
.

This represents a density-weighted radial structure rather than a geodesic curvature of
spacetime.

3. Radial density potential. The scalar measure of this density variation is given by

ϕr(r) =
√

1
Dr(r) − 1,

with accumulated form
Ψr(r) =

∫
ϕr(r) dr.

This quantity expresses the excess radial density of the substrate relative to the Euclidean
limit.

These three descriptions are therefore unified:

interaction ≡ density weighting ≡ metric modification ≡ ∇(voco).
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In this framework, what is traditionally interpreted as force corresponds to the dynamical response
of matter to coherence gradients. The effective metric represents the way those same gradients
modify the measure of space, while the density potential represents their scalar accumulation.

Importantly, this structure differs fundamentally from curvature in the Einsteinian sense. The
Aether Physics Model does not require spacetime to be intrinsically curved. Instead, it introduces a
spatial density gradient in a quantized volumetric substrate. The apparent modification of distance
and interaction arises from this density structure rather than from geodesic deformation.

At large scales, where r ≫ λC , the correction factor approaches unity:

Dr(r) → 1,

and the classical inverse-square laws, Euclidean metric, and vanishing density potential are recovered.
Thus the standard continuum description emerges as the macroscopic limit of the discrete Aether
structure.

At small scales, however, finite volumetric coherence produces systematic deviations. These appear
simultaneously as:

• a weakening of inverse-square interaction,
• an expansion of effective radial distance,
• and a nonzero radial density potential.

All three effects arise from the same quantized shell geometry and therefore represent different
observational aspects of a single substrate phenomenon.

This unification provides a direct connection between microscopic structure—Aether units and mass-
string activation Thomson [2026b]—and macroscopic physical laws. It also establishes a framework
in which classical constants and interaction laws can be derived from volumetric–chronovibrational
relations, rather than introduced as independent parameters.

The resulting picture is one in which space, interaction, and measurement are inseparable: the
structure of the Aether substrate simultaneously defines how matter moves, how distance is measured,
and how physical quantities are distributed.

It is useful to distinguish the present framework from other approaches that attribute interaction
to emergent or effective structures. Unlike entropic or thermodynamic models, the present theory
derives interaction directly from a quantized volumetric substrate. Similarly, while certain short-
range deviations resemble Yukawa-type or higher-dimensional corrections, the modification derived
here arises solely from finite Aether volumetry and does not require additional fields, dimensions, or
coupling parameters. The resulting structure is therefore intrinsic to the coherence properties of the
substrate itself.

14 Conclusion

The Aether Physics Model provides a unified interpretation of forces as manifestations of spatial
variation in volumetric coherence. Within this framework, matter responds to coherence gradients
defined by the underlying Aether structure.
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Gravitational, electrostatic, and magnetic interactions are thus understood as different expressions of
a single substrate-level phenomenon. This interpretation extends the space-first ontology established
in prior work and provides a consistent foundation for the description of physical interaction.

force ≡ metric weighting ≡ density potential ≡ ∇(voco).

15 Ledger Closure

A central requirement of the QMU framework is dimensional and structural closure within the
Aether ledger. This ensures that all dynamic quantities, including coherence gradients, remain
consistent with the fundamental volumetric–chronovibrational structure.

The primary closure identity is:

Au · curl = Fq
2λC

2.

Thomson [2026a]

This relation represents the Aether rotational self-identity, linking the volumetric Aether unit to the
torsional component of chronovibration.

Using the identity:

FqλC = c,

Thomson [2026a], Mohr et al. [2025]

the closure becomes:

Au · curl = c2.

This corresponds directly to the electromagnetic propagation constant:

c2 = 1
µ0ε0

.

Mohr et al. [2025, 2024]

Within the present framework, coherence gradients are not independent of this closure, but arise as
spatial variations in the same volumetric–torsional structure. The gradient operator applied to voco
therefore operates within a system already constrained by the Aether rotational identity.

This confirms that propagation, interaction, and coherence variation are unified expressions of a
single substrate structure.

16 Appendix: Gradient Bridge to Physical Constants

The introduction of coherence gradients,
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∇(voco),

extends the volumetric–chronovibrational framework from static structure to dynamic interaction.
While a full derivation of classical constants is reserved for future work, the present framework
provides a clear structural bridge to established quantities.

16.1 Relation to Electromagnetic Constants

From Ledger Closure:

Au · curl = c2 = 1
µ0ε0

,

Thomson [2026a], Mohr et al. [2025, 2024]

it follows that electromagnetic propagation is governed by the same volumetric–torsional structure
that defines the Aether unit. Spatial variations in this structure correspond to variations in
permittivity and permeability, which in standard formulation define electromagnetic field behavior.

Thus, electromagnetic interaction may be interpreted as the dynamic transmission of coherence
gradients through the substrate, constrained by the invariant relation between spatial extent and
chronovibrational frequency.

16.2 Relation to Gravitational Interaction

Gravitational behavior is associated with large-scale coherence gradients arising from the collective
loading of Aether units by confined mass strings. In this context, the gravitational constant G
may be interpreted as Mohr et al. [2025, 2024] a proportionality factor relating the magnitude of
coherence gradients to observable acceleration.

Dimensionally, voco has units:

[voco] = length3 · time2.

Taking a spatial gradient introduces:

[∇(voco)] = length2 · time2.

This structure is consistent with a quantity that, when combined with mass-density scaling, yields
acceleration. The constant G therefore emerges as a normalization factor linking substrate-level
coherence variation to macroscopic gravitational response.

17 Unified Interaction Principle

Within the Aether Physics Model, all interactions arise from a single underlying principle:
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Interaction ≡ response to ∇(voco) subject to Au · curl = c2.

Under this framework:

• gravitational interaction reflects large-scale coherence gradients constrained by Aether loading,
• electrostatic interaction reflects localized gradients induced by charge activation,
• magnetic interaction reflects rotational or dynamic components of the same gradient structure.

These are not distinct forces, but different manifestations of a unified volumetric–chronovibrational
substrate.

Classical laws describe the motion resulting from these gradients, while the origin of interaction lies
in the structure and variation of the Aether unit itself.

18 Appendix: QMU Reference Quantities

The following reference quantities follow the QMU framework established in prior work.Thomson
[2026a]

Symbol Definition
λC Compton wavelength (h/mec); full wavelength in APM/QMU
Fq quantum frequency (c/λC = mec2/h)
voco volumetric coherence (λC

3/Fq
2)

volm quantum volume (λC
3)

orbt orbital time (1/Fq
2)

Au Aether unit constant
curl torsional Aether quantity
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