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Abstract

This Version 2.0 reformulates the calculations of the Aether Physics Model (APM) Unified
Force Theory in native Quantum Measurement Units (QMU). The paper separates physical
ontology from coefficient bookkeeping and distinguishes the linear Ligamen Circulatus mass
structure from distributed magnetic charge. Magnetic charge is treated as the full loxodromic scan
of matter angular momentum through Aether conductance during a quantum moment, not as a
detached point charge and not as a product of two independently localized magnetic charges. The
gravitational, magnetic, and electrostatic coefficients are shown to factor from the same Aether
force scale, Gforce, while retaining different geometric participation. The electron magnetic-force
scale at one quantum length is derived as FM = Aueemax

2/λC
2 = phtn/λC

2 = meλCFq
2. The

Casimir relation is then used as a discriminating comparison: the APM predicts the coefficient
1/(16π2) directly from Aether geometry, whereas the conventional ideal-plate Casimir coefficient
is π/480 in the phtn convention. No additional residual factor is introduced to force the two
predictions to agree. Version 2.0 also corrects the obsolete statement in Version 1.0 that the
bound electron–proton magnetic orientation in the neutron is repulsive: in the present APM
description the bound magnetic orientation is attractive, as is the electrostatic orientation. SI
quantities are confined to an appendix as bridge values.

Keywords: Aether Physics Model; Quantum Measurement Units; Unified Force Theory; Gforce;
distributed magnetic charge; Ligamen Circulatus; Casimir effect; electron binding; nuclear binding

1 Purpose and Version 2.0 Scope

The original paper presented the force calculations in the notation and explanatory language
available at the time. Version 2.0 retains the central objective—showing how the gravitational,
magnetic/strong, and electrostatic force coefficients close through a common Aether structure—but
updates the presentation to the current QMU ledger and current APM ontology. Institutional
attribution follows the QADI reference identity Thomson III [2025a].

The most important revision is conceptual. A force equation does not imply that its dimensional
quantities are independent physical objects. Mass is a property of the linear matter structure called
the Ligamen Circulatus (LC). Magnetic charge is a distributed property produced by the complete
scan of that matter structure through the magnetic geometry of the Aether during the quantum
moment. The Aether unit, its magnetic charge, and its intrinsic force scale therefore describe
interdependent aspects of one physical system rather than detachable constituents.

Version 2.0 also removes an obsolete neutron description from Version 1.0. The older text stated that
the magnetic orientation of the electron and proton in a neutron was repulsive. That statement is
superseded here. In the bound neutron configuration used in the current APM, the electron–proton
magnetic orientation is attractive and their opposite electrostatic polarities are also attractive.

Remark 1.1 (Authority of the present version). Where the explanatory language of Version 1.0
conflicts with the definitions, force laws, or ontology stated in this Version 2.0, the present version
controls. Historical terminology such as “electromagnetic charge” is replaced by magnetic charge
when referring to the distributed QMU quantity e2

x max.
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1.1 Relation to the wider QADI research program

This paper is a force-calculation paper, not a stand-alone presentation of the entire APM. Version
2.0 therefore relies explicitly on companion QADI work where a criticism concerns a sector already
developed elsewhere. The Aether ontology and source dynamics are developed in Aether as Physical
Structure and the Unified Field Sector paper Thomson III [2026a,g]. The geometric status of
the modulus ratio Au/kC = 16π2 is treated separately in Topological Uniqueness of Au/kC =
16π2 Thomson III [2026f]. Neutron structure, magnetic/electric observables, nuclear binding, and
beta decay are developed in the nucleon-radius, discrete-torsion binding, and neutron beta-budget
papers Thomson III [2026e,c,d]. Aether/relativity phenomenology and direct interferometric tests
are treated in Directional Curl-Gradient Interferometry and General Relativity Thomson III [2026b].
The dedicated Casimir boundary-stress paper supplies the companion ontology and metrology
program for the coefficient test discussed here Thomson III [2025b].

These citations are not offered as independent experimental validation merely because they are
QADI publications. Their role is to prevent a scope error: a reader should not infer that a calculation
is absent from the APM research program simply because its derivation is not repeated in this
particular paper. Where an empirical claim is made, independent measurements and mainstream
references remain separately identified.

2 Physical Ontology Before Force Algebra

2.1 The Ligamen Circulatus is the localized matter structure

In the APM, subatomic matter contains a circular linear structure, the Ligamen Circulatus. Its
mass dimension is linear and is inseparable from its quantum-scale geometry. Motion of the LC
perpendicular to its circumference produces the primary angular momentum associated with the
particle. A particle is therefore not identical to its mass value: mx is a measured property of the
localized LC-bearing configuration.

This distinction becomes essential in gravity. The appearance of mass factors in the Newtonian
equation is not interpreted as one literal mass substance directly reaching across space to act on
another. The Aether, through its intrinsic Gforce structure, produces the gravitational action
associated with matter length density. Mass identifies the amount of participating LC matter; it is
not itself the complete interacting object.

2.2 Magnetic charge is a distributed Aether-connected structure

Electrostatic and magnetic charge are distinct manifestations of charge in the APM, and both are
represented as distributed quantities. The distributed-charge convention is foundational to QMU
and is discussed explicitly in the QADI charge-conversion work Thomson III [2025c].

For species x, the LC angular momentum is
hx = mx λC

2Fq, (1)
and its interaction with Aether conductance generates the distributed magnetic charge

exmax
2 = hx cond = mx λC

2Fq cond. (2)
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For the electron,
eemax

2 = me λC
2Fq cond. (3)

Equation (2) does not describe a point charge attached to an otherwise independent particle. The
magnetic charge is the distributed result of the LC scanning the available loxodromic magnetic
geometry during the quantum moment. Once a magnetic orientation extends through neighboring
Aether units, the intervening Aether participates in that orientation. Consequently, a macroscopic
magnetic field is treated as a coherent Aether configuration that can congregate, reorient, and
dissipate as matter configurations change.

Definition 2.1 (Distributed magnetic participation). A magnetic interaction is an oriented par-
ticipation of distributed magnetic structure in the Aether. It is not, at the foundational level, the
multiplication of two independently localized magnetic point charges across an otherwise passive
gap.

2.3 Mass and magnetic charge remain linked but non-identical

Because the same LC angular momentum participates in the mass and magnetic-charge descriptions,
the species family has the proportionality

mx

exmax2 = me
eemax2 = ma

ea
2 , (4)

within the QMU mass–magnetic-charge family. Equivalently,

mx

ma
= exmax

2

ea
2 . (5)

This ratio links two properties of the same underlying organization. It does not imply that mass and
magnetic charge share the same geometry or must enter force laws with the same algebraic power.

3 QMU Ledger and Common Aether Closure

The QMU base set used here is
{me, λC , Fq, e2, eemax

2}. (6)

The core kinematic identity is
c = λCFq, (7)

where c is used only as the compact symbol for the QMU product λCFq in the main derivation.

Ledger One is the Aether Rotational Self-Identity

Au curl = Fq
2 λC

2. (8)

Here curl is the dimensional QMU torsional quantity. It is not the dimensionless/differential curl
operation used in Maxwell notation. No Maxwell curl operator is used in this derivation.

The Aether force scale is
Gforce = maλCFq

2. (9)
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The magnetic, electrostatic, and gravitational coefficients then factor as

Au = GforceλC
2

ea
2 (10)

kC = Gforce λC
2

16π2ea
2 (11)

G = Gforce λC
2

ma
2 (12)

Therefore
Au

kC
= 16π2. (13)

These equations establish a common dimensional origin without asserting that the three physical
interactions are geometrically identical. The coefficient factorization is shared; the participating
structures are not.

3.1 Logical status of the principal relations

A recurring source of confusion is the treatment of every closed equation as though it were the same
kind of scientific result. Version 2.0 distinguishes four statuses in the inferential chain: identity,
ledger closure, imported theorem, and empirical prediction. An identity follows from the adopted
QMU definitions and cannot by itself count as new empirical evidence. A ledger closure demonstrates
that independently named QMU quantities occupy a consistent dimensional and structural relation,
but likewise is not by itself a prediction. An imported theorem is a result proved in a companion
mathematical analysis and used here without reproducing its full proof. An empirical prediction is
a numerical or functional statement that can fail when confronted with measurement. Dynamical
field developments are listed separately in Table 1 because they provide equations of motion rather
than a fifth evidential status.

Thus an identity is not advertised as an independent empirical prediction. Conversely, the existence
of ledger identities does not exhaust the APM dynamics: the companion field papers formulate vari-
ational/source equations whose static limits connect to the force coefficients used here Thomson III
[2026a,g].

4 Force Carriers in the Current APM Description

For each species,
e2 = 8παxexmax

2. (14)

For the electron this becomes
e2 = 8παeemax

2. (15)

The factor 8π accounts for the geometric conversion between the distributed magnetic and electro-
static charge descriptions; αx supplies the species-specific magnitude relation.
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Table 1: Logical status of representative relations in this paper.
Relation Status in this paper Evidential role

c = λCFq QMU kinematic
identity

fixes the native
length–frequency
propagation scale

Aueemax
2 = phtn ledger closure demonstrates

dimen-
sional/structural
consistency; not an
independent
prediction by itself

Au/kC = 16π2 geometric theorem
imported from the
dedicated
topological analy-
sis Thomson III
[2026f]

supplies the mag-
netic/electrostatic
modulus ratio used
here

QMU field equations dynamical
development
external to this
coefficient
paper Thomson III
[2026a,g]

specifies source,
propagation, and
variational
structure beyond
coefficient
bookkeeping

CAPM = 1/(16π2) for the ideal Casimir normalization falsifiable APM
prediction

competes with
CCasimir = π/480;
no residual fit
factor is permitted
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Table 2: QMU force-carrier ontology used in Version 2.0.

Channel Primary property Geometry /
participation

QMU normalization

Gravity LC mass /
length-density
participation

localized linear matter
embedded in Aether

mx/ma with coefficient
G or Gforce

Magnetic / strong distributed magnetic
charge

loxodromic, half-spin,
Aether-connected
torsional participation

e2
x max/ea

2 with
coefficient Au

Electrostatic distributed electrostatic
charge

spherical, one-spin
polarity geometry

e2 with coefficient kC

Weak interaction charge-geometry
relation

relation between
electrostatic and
magnetic charge
structure

fine-structure ratio 8παx

5 Electron Magnetic Force at the Quantum Scale

The electron magnetic-force normalization at one quantum length is

F
(e)
M,q = Au

eemax
2

λC
2 . (16)

This is a one-distributed-charge force expression. It must not be rewritten as a product of two
electron magnetic charges. The quantity eemax

2 already represents the full distributed magnetic
scan.

Using the QMU identity

Au = meλC
3Fq

2

eemax2 , (17)

Equation (16) reduces immediately to

F
(e)
M,q = meλCFq

2. (18)

Since phtn is the QMU photon action unit

phtn = meλC
3Fq

2, (19)

we also obtain
Aueemax

2 = phtn (20)

and therefore

F
(e)
M,q = phtn

λC
2 . (21)
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Equations (16)–(21) are the central electron magnetic-force closure. They identify the electron
quantum magnetic-force scale without inventing a second magnetic charge or a point-charge
factorization.

5.1 Relation to the Aether force scale

Combining Equations (10) and (16) gives

F
(e)
M,q = Gforceeemax

2

ea
2 . (22)

Using Equation (5),

F
(e)
M,q

Gforce = eemax
2

ea
2 = me

ma
. (23)

This equality is a ratio of properties. It does not make the distributed magnetic geometry behave
like the linear LC mass geometry.

6 Electrostatic Force as a Geometric Projection

At one quantum length, the electron electrostatic force scale is

F
(e)
E,q = kC

e2

λC
2 . (24)

Using Equations (13) and (15),

F
(e)
E,q

F
(e)
M,q

= kCe2

Aueemax2 (25)

= 1
16π2

e2

eemax2 (26)

= 1
16π2 (8πα). (27)

Hence
F

(e)
E,q

F
(e)
M,q

= α

2π
. (28)

The electrostatic and magnetic channels therefore share the distributed-charge architecture while
differing by charge geometry and the 16π2 Aether modulus ratio.

For two electrons, the electrostatic polarities produce repulsion. Proper magnetic alignment can
simultaneously produce magnetic attraction. The possibility of electron pairing follows from this
coexistence of opposing electrostatic and magnetic tendencies; the charges themselves remain
invariant properties of the participating electron/Aether configurations.
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7 Casimir Boundary Stress and the Electron Magnetic-Force Scale

The Casimir relation provides a direct comparison between the electron magnetic-force scale and a
measurable boundary force. The APM prediction is not obtained by refactoring the conventional
Casimir coefficient. Instead, the APM coefficient follows independently from the 16π2 Aether
geometry.

The electron magnetic-force scale at one quantum length is

F
(e)
M,q = Au

eemax
2

λC
2 = phtn

λC
2 . (29)

Using the exact QMU coefficient relation

kC = Au

16π2 , (30)

the plate calculation requires one additional physical bridge that must not be hidden inside coefficient
algebra.

Definition 7.1 (Ideal parallel-boundary projection assumption). In the ideal APM parallel-boundary
limit, the conducting boundaries constrain the shared distributed magnetic/Aether configuration
to the electrostatic radial projection of the full Aether magnetic participation. Consequently the
boundary-stress normalization is the same modulus quotient that relates the electrostatic and
magnetic sectors, kC/Au. This assumption concerns the physical boundary coupling; it is not
implied merely by the dimensional identity Aueemax

2 = phtn.

The present paper therefore separates two claims: the topological result Au/kC = 16π2 is imported
from the dedicated QMU analysis, while Assumption 7.1 is the bridge that applies that modulus
ratio to the ideal plate geometry. A complete APM boundary-value derivation should recover this
bridge rather than assume it. With that status explicit, together with

Aueemax
2 = phtn, (31)

the APM boundary-force coefficient is

CAPM = 1
16π2 . (32)

Accordingly, for idealized parallel boundaries the APM prediction is written

F APM
C
A

= − 1
16π2 F

(e)
M,q

(︃
λC

a

)︃4
. (33)

Equivalently,
F APM

C
A

= −kCeemax
2

λC
2

(︃
λC

a

)︃4
. (34)

The conventional ideal-plate Casimir result, after using h = 2πℏ only as an SI bridge and identifying
hc with the QMU photon quantity phtn, carries the coefficient

CCasimir = π

480 . (35)
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The two coefficients are therefore distinct predictions:

CAPM = 1
16π2 ≈ 6.333 × 10−3, (36)

CCasimir = π

480 ≈ 6.545 × 10−3. (37)

Their fractional separation relative to the APM value is

CCasimir
CAPM

− 1 = π3

30 − 1 ≈ 3.35%. (38)

Here π3/30 is only the algebraic ratio of the two competing coefficients. It is not an APM boundary
inventory, geometric correction, physical constant, or multiplier in the APM force law. Introducing
it into Equation (33) would simply force the APM prediction back to the conventional Casimir
coefficient and would erase the proposed experimental distinction.

Theorem 7.2 (Electron magnetic–Casimir comparison conditional on the ideal boundary projection).
Given Aueemax

2 = phtn, the imported theorem Au/kC = 16π2, and Assumption 7.1, the APM
Casimir-force coefficient is the direct 16π2 projection of the electron quantum magnetic-force scale:

F APM
C
A

= − 1
16π2 F

(e)
M,q

(︃
λC

a

)︃4
.

No additional residual factor is admitted. The theorem is deliberately conditional: the outstanding
physics calculation is to derive the ideal-boundary projection from explicit Aether boundary dynamics
and thereby remove Assumption 7.1 as an independent premise.

Protected prediction. The ideal-limit coefficient

C ideal
APM = 1

16π2 (39)

is a protected prediction of this Version 2.0 formulation. Finite conductivity, dielectric response,
temperature, roughness, geometry, patch potentials, and calibration corrections may be required to
compare a real apparatus with an ideal limit, but they may not be represented by a free residual
multiplier chosen to move the APM ideal coefficient toward π/480. If a controlled extrapolation to
the ideal parallel-boundary limit yields a normalization incompatible with 1/(16π2), this coefficient
claim is falsified.

The early Lamoreaux torsion-pendulum experiment reported agreement with the conventional
Casimir theory at the level of approximately 5%. Because the APM and conventional coefficients
differ by only about 3.35%, that measurement precision did not discriminate between the two
coefficient predictions. The experimental statement should therefore be understood as a finite-
precision comparison, not as a derivation of either coefficient.

The physical interpretation remains collective. Conducting boundaries constrain a shared Aether con-
figuration. The Aether units between the boundaries participate in the resulting magnetic/torsional
alignment; they are not passive empty separation between two detached charges. The dedicated
QADI Casimir study develops this boundary-stress ontology and its experimental discriminators
in greater detail Thomson III [2025b]. The Casimir experiment is therefore proposed as a direct
empirical test capable, with sufficient systematic control and precision, of distinguishing the APM
coefficient 1/(16π2) from the conventional coefficient π/480.
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8 Nuclear Binding and the Corrected Neutron Orientation

The magnetic charge of each species remains tied to its LC angular momentum through Equation (2).
Proton and neutron magnetic charges therefore differ from the electron magnetic charge because
their matter angular momenta differ, while the electrostatic charge magnitude remains the common
distributed electrostatic reference.

Binding, however, is not obtained by multiplying two independent magnetic-charge magnitudes. The
effective binding force depends on how the distributed magnetic structure and electrostatic polarity
are oriented within the shared Aether configuration. The surrounding Aether units participate in
the field orientation, so the bound configuration must be treated as a coherent geometry rather
than as two point sources acting across an empty interval.

For the neutron description adopted in this Version 2.0, the electron and proton occupy a bound
configuration in which

electrostatic orientation: attractive, magnetic orientation: attractive. (40)

This supersedes the Version 1.0 statement that placed like magnetic poles face-to-face and described
magnetic repulsion opposing electrostatic attraction. The correction is not intended to make this
force paper carry the entire neutron model. Companion QADI papers develop nucleon geometry
and electromagnetic observables, discrete nuclear binding, and neutron beta-decay closure, including
explicit bridges to electroweak parameters Thomson III [2026e,c,d]. Those works provide the
appropriate locations for testing the APM neutron ontology against magnetic moment, charge-
radius/form-factor, binding-energy, lifetime, and beta-decay observables.

At a more general level, the magnetic-force magnitude available to a particular bound configuration
may be represented schematically as

F
(x)
M,bind = Au

exmax
2

λC
2 ΠM, (41)

where ΠM denotes the geometry and participation of the bound Aether configuration. Equation (41)
is a bookkeeping interface, not a new primitive law: the purpose of ΠM is to prevent variations in
orientation, overlap, coherence, or bound geometry from being misidentified as variations in the
intrinsic species magnetic charge.

Remark 8.1 (No pair-charge postulate). Version 2.0 does not introduce a quantity such as√︂
e2

x maxe2
y max as a fundamental magnetic bond charge. Such a construction would impose a

two-localized-source ontology that is not required by the APM magnetic geometry.

9 Newtonian Gravity as the Contrasting LC Channel

The gravitational coefficient follows from Equation (12). For localized matter configurations with
masses M1 and M2 separated by r, the Newtonian static law can be written in QMU-normalized
form as

FG = −Gforce
(︃

M1
ma

)︃ (︃
M2
ma

)︃ (︃
λC

r

)︃2
. (42)
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The two mass factors reflect the amount of localized LC matter participating in the gravitational
configuration. They should not be read as two literal mass substances directly acting on one another.
The force is attributed to the Aether’s intrinsic Gforce response to the matter length-density
geometry.

This channel provides an instructive contrast with magnetic charge. LC mass is linear and provides
a genuine localized/separable matter coordinate. Magnetic charge is the completed distributed scan
through the Aether magnetic geometry and remains Aether-connected. The identity in Equation (5)
therefore links the two descriptions without erasing their geometrical difference.

The broader Aether framework is not restricted to static coefficient factorization. Current companion
work supplies explicit Aether source equations, a variational field sector, finite-propagation structure,
GR-limit calculations, and proposed laboratory tests Thomson III [2026a,g]. Likewise, the directional
curl-gradient monograph analyzes gravitational redshift, light bending, time delay, frame dragging,
the interpretation of Michelson–Morley sensitivity, and a proposed orientation-sensitive interferomet-
ric discriminator Thomson III [2026b]. These references do not make Lorentz/relativity constraints
disappear; they identify where the APM addresses them rather than leaving the impression that
this force-coefficient paper is the complete Aether phenomenology.

10 Unified Force Coefficient Anatomy

The three static coefficients can be displayed as projections of one Aether force scale:

G = Gforce λC
2

ma
2 ,

Au = GforceλC
2

ea
2 ,

kC = Gforce λC
2

16π2ea
2 .

(43)

The unification resides in the coefficient anatomy and the common Aether origin. The distinct force
channels remain physically differentiated by the geometry of their participating properties.

Table 3: Common coefficient factorization and distinct physical participation.

Coefficient QMU factorization Physical distinction

G GforceλC
2/ma

2 LC mass / length-density response
Au GforceλC

2/ea
2 full distributed magnetic/Aether

participation
kC GforceλC

2/(16π2ea
2) electrostatic spherical projection of the

charge architecture

The 16π2 relation is therefore not presented here as a numerical coincidence inserted after the
fact. Its dedicated QMU analysis derives Au/kC = 16π2 from loxodromic flux quantization, QMU
lattice/dual-lattice integrality, and modular covariance at the self-dual point Thomson III [2026f].
This paper imports that result as the geometric modulus ratio connecting the magnetic/Aether and
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electrostatic coefficients. In the Casimir equation it appears again as the quotient that projects the
electron magnetic-force scale into the proposed boundary-stress coefficient.

11 Relative Strengths Without Mixing Ontologies

For the electron, define the normalized magnetic strength at one quantum length by

SM,e ≡
F

(e)
M,q

Gforce = me
ma

. (44)

The corresponding electrostatic-to-magnetic ratio is exactly

SE,e

SM,e
= α

2π
. (45)

The electron gravitational-to-magnetic comparison, when both are normalized to the same Aether
scale, involves an additional LC mass participation factor. This is why gravitational weakness must
not be interpreted as evidence that the magnetic charge is merely a rescaled mass variable. The
magnetic structure engages the distributed Aether geometry over the full quantum moment, whereas
the LC mass remains a linear component of the matter configuration.

For species x, Equation (5) and Equation (14) provide the general bookkeeping relations

exmax
2

ea
2 = mx

ma
,

e2

exmax2 = 8παx. (46)

These ratios are sufficient to compare intrinsic species properties. The geometry of a particular
bound state must be supplied by the corresponding electron- or nuclear-binding model rather than
by inventing a universal two-magnetic-charge product.

12 What Version 2.0 Establishes

The updated calculation supports the following conclusions.

1. The force coefficients G, Au, and kC factor from the common Aether quantity Gforce through
the mass, magnetic-charge, and 16π2 geometric normalizations in Equation (43).

2. Magnetic charge e2
x max is a distributed property of the LC–Aether configuration generated by

the complete loxodromic scan; it is not a point charge and need not be multiplied by a second
independently localized magnetic charge to obtain the quantum magnetic-force scale.

3. The electron magnetic-force scale closes exactly as

F
(e)
M,q = Au

eemax
2

λC
2 = phtn

λC
2 = meλCFq

2.

4. The electron electrostatic force is a geometrically projected charge channel satisfying

F
(e)
E,q/F

(e)
M,q = α/(2π).
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5. The APM Casimir-force prediction is a direct 16π2 projection of the electron magnetic-force
scale:

F APM
C
A

= − 1
16π2 F

(e)
M,q

(︃
λC

a

)︃4
.

It is a distinct prediction from the conventional coefficient π/480; no residual multiplier is
introduced to make them equal.

6. The current neutron description uses attractive electron–proton magnetic orientation together
with electrostatic attraction; the contrary Version 1.0 statement is withdrawn.

7. Mass and magnetic charge remain quantitatively linked but geometrically distinct. The LC
makes matter localization explicit; the distributed magnetic structure remains continuous with
the participating Aether field geometry.

These results preserve the original paper’s unification objective while replacing historical point-source
analogies and outdated terminology with the current APM/QMU ontology. They should also be
read as one node in a larger research program. Questions about neutron observables, Aether field
dynamics, relativity tests, nuclear binding, and topological derivation of 16π2 are not unanswered
merely because their full calculations are not duplicated here; the corresponding companion works
are cited above. The evidential status remains explicit: QADI companion papers establish internal
derivations and predictions, while independent experiments determine whether those predictions
survive confrontation with nature.

A Local Sketch of the 16π2 Geometric Theorem

The main text imports Au/kC = 16π2 from the dedicated mathematical analysis rather than
treating the ratio as a fitted force coefficient. Because this ratio carries much of the physical burden
of the present paper, a compact local sketch is included here. The full proof, definitions, and
modular-consistency argument remain in the companion analysis Thomson III [2026f].

A.1 Loxodromic torus and quantized dual cycles

The Aether unit is represented there by a loxodromically wound T 2 fiber with two fundamental
cycles, a and b, assigned to the electrostatic and magnetic sectors. Let the corresponding QMU
gauge connections be Aes and Amag. Their cycle fluxes are

Φes =
∮︂

a
Aes, Φmag =

∮︂
b
Amag. (47)

The QMU construction requires the flux pair to lie on an integral lattice when normalized by
the distributed electrostatic and magnetic charge units. Thus the allowed sector states are not
continuously rescalable independently: the direct lattice and its dual must both preserve integer
flux labels.

A.2 Dual lattice and self-dual normalization

Poisson resummation exchanges the direct flux lattice with its dual. The companion proof requires
the partition structure to remain covariant under this exchange, so the electrostatic and magnetic
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stiffnesses cannot be chosen independently. In the normalization used by QMU, the duality map
contains the complete angular normalization of the two conjugate cycles. Closure at the self-dual
point fixes the dimensionless modulus quotient rather than merely constraining its units:

Au

kC
= (4π)2 = 16π2. (48)

Any alternative quotient changes the direct/dual flux normalization and, in the companion proof,
violates either lattice integrality or modular self-consistency Thomson III [2026f].

A.3 Geometric factorization used in the APM ontology

The same normalization is represented geometrically in the current APM as

ΩA = (2π)(8π) = 16π2, (49)

where the 2π factor is the closed forward/backward temporal circulation and the 8π factor is the
electric–magnetic loxodromic participation factor. This factorization is a geometric interpretation
of the modulus fixed by the dual-lattice theorem; it is not a second empirical fit.

The logical chain used by the present force paper is therefore

quantized loxodromic cycles =⇒ integral direct/dual lattices =⇒ self-dual modular closure =⇒ Au

kC
= 16π2.

(50)
This appendix intentionally does not claim that the topological theorem alone proves the Casimir
plate coefficient. The additional boundary-coupling statement is Assumption 7.1; keeping these two
steps separate is essential to the falsifiability of the plate prediction.

B Historical Origin of the Casimir Coefficient and the APM Al-
ternative

B.1 Why this comparison matters

The parallel-plate Casimir problem is unusually useful for distinguishing physical models because
two conceptually different routes can produce the same dimensional dependence while assigning
different dimensionless normalizations. The purpose of this appendix is therefore not to allege an
algebraic error in Casimir’s 1948 calculation. Casimir’s result follows from the idealized problem he
posed. The question is whether that ideal boundary-mode calculation uniquely fixes the physical
normalization of the force in nature, or whether a different microscopic ontology can retain the
same a−4 dependence while predicting a nearby but distinct coefficient.

The historical record is important. In February 1948, Casimir and Polder published a quantum-
electrodynamic treatment of retarded London–van der Waals interactions between polarizable atoms
and between an atom and a perfectly conducting plane Casimir and Polder [1948]. Casimir’s
subsequent plate paper explicitly opened by referring to that matter-based calculation and stated
that the same results could be obtained more simply by studying changes in electromagnetic
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zero-point energy Casimir [1948]. Thus the zero-point mode method was an elegant alternative
representation of a problem that had already been approached through interactions of polarizable
matter; it was not the only conceptual route available in 1948.

B.2 Casimir’s 1948 ideal-boundary construction

Casimir considered a perfectly conducting cavity and compared two configurations of a conducting
plate. For plate separation a, the perfect-conductor boundary conditions discretize the normal wave
number,

kz = nπ

a
, n = 0, 1, 2, . . . , (51)

while the transverse wave vector remains continuous in the large-area limit. The corresponding
mode frequency is

ωn = c

√︄
k2

⊥ +
(︃

nπ

a

)︃2
. (52)

The formal zero-point energy is then constructed from

E0 = 1
2

∑︂
modes

ℏω. (53)

Casimir emphasized that the separate sums are divergent and devoid of physical meaning; his
observable quantity is the difference between the spectra of two boundary configurations Casimir
[1948]. A smooth high-frequency cutoff is introduced, the discrete sum is compared with the
continuum contribution, and the cutoff is removed after the separation-dependent finite remainder
has been isolated. In modern notation the result is

EC

A
= − π2

720
ℏc

a3 (54)

and hence
FC

A
= −∂(EC/A)

∂a
= − π2

240
ℏc

a4 . (55)

The numerical factor is therefore a spectral result of the perfect-conductor boundary-value problem.
It is not an independently measured constant inserted into the derivation.

For comparison with the QMU photon quantity, use h = 2πℏ strictly as a conventional bridge and
phtn = hc. Equation (55) becomes

FC

A
= − π

480
phtn
a4 . (56)

Thus
CCasimir = π

480 (57)

is the coefficient generated by Casimir’s ideal spectral construction.
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B.3 What was assumed, and what was abstracted away

The power of Casimir’s method is also the source of its principal modeling limitation for the present
comparison. A real metal is replaced by a perfect boundary condition. The microscopic charges,
currents, polarizabilities, frequency-dependent conductivity, penetration depth, and internal material
dynamics are not explicit degrees of freedom in the ideal calculation. Their role is compressed into
the statement that the surface is perfectly conducting.

That abstraction is mathematically legitimate for the ideal problem, but it does not prove that the
ideal spectral coefficient must be the unique microscopic normalization of every physical realization.
Later theory made this distinction explicit. Lifshitz developed a macroscopic theory for interactions
between real solids in terms of fluctuating electromagnetic fields and material response, recovering
atomic van der Waals interactions in the dilute limit Lifshitz [1956]. Modern Casimir theory
consequently treats finite conductivity, dielectric response, temperature, roughness, geometry, and
related material corrections when comparing precision measurements with theory Klimchitskaya
et al. [2009].

A second conceptual point is equally important: zero-point energy is not the only formal language
in which the force can be obtained. Schwinger, DeRaad, and Milton reproduced the relevant
dielectric/metal forces using source-theory methods Schwinger et al. [1978]. Jaffe later emphasized
that Casimir forces can be formulated as relativistic quantum interactions between charges and
currents without treating zero-point vacuum energy as the indispensable physical explanation; in
that formulation the force vanishes as the electromagnetic coupling is taken to zero, while the
familiar ideal-conductor result is a limiting case Jaffe [2005]. This mainstream literature establishes
a narrow but important proposition: observation of a Casimir force does not uniquely select the
zero-point-energy ontology used in the shortest textbook derivation.

B.4 Could Casimir have taken a different route in 1948?

Yes, although the alternative would have been substantially harder. The Casimir–Polder work
immediately preceding the plate paper already supplied a matter-centered starting point: polarizable
constituents interacting through retarded electrodynamics Casimir and Polder [1948]. A conceivable
1948 program would have been to construct two macroscopic bodies from polarizable matter, retain
their microscopic response, sum or resum the retarded interactions consistently, and then take
an appropriate conducting limit. The difficulty is that naive pairwise summation is generally not
sufficient for dense media because electromagnetic response is collective and non-additive. Lifshitz’s
later macroscopic formulation is evidence that a material-response route is viable, but its development
required machinery that was not available in Casimir’s three-page plate calculation Lifshitz [1956].

Casimir therefore made an exceptionally effective modeling choice: replace the complicated conductor
by an exact ideal boundary and compute the change in the allowed spectrum. The resulting derivation
is short, universal within the ideal-conductor model, and captures the characteristic a−4 pressure
law. The present criticism is not that he should have known the APM coefficient in 1948. It is that
the elegance of the idealization should not be confused with a proof that no different microscopic
model can predict a slightly different normalization.
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B.5 The outstanding APM boundary-value calculation

The APM does not need to reproduce Casimir’s zero-point mode sum in order to constitute an
alternative physical theory. It does, however, have to solve its own boundary problem. The complete
target chain is

specified Aether boundary conditions → Aether deformation/stress law → a−4 → CAPM = 1
16π2 .

(58)
In the present Version 2.0, the modulus theorem fixes the last geometric ratio and Assumption 7.1
identifies the ideal conducting boundary with that projection. The a−4 dependence is retained as
the ideal parallel-boundary scaling being tested. Therefore this paper does not claim that a full
APM boundary-value derivation has already eliminated every premise. The dedicated Casimir and
Aether-field papers provide the ontology, field structure, and experimental program Thomson III
[2025b, 2026a,g]; the remaining high-value calculation is to derive both the separation law and
projection coefficient from those dynamics without importing the conventional Casimir normalization.
That calculation is capable of returning a different result and is therefore a genuine theory test.

B.6 The APM alternative is a coefficient-level disagreement, not a refit

In the APM/QMU construction developed in the main text, the relevant quantum magnetic-force
scale is

F
(e)
M,q = Au

eemax
2

λC
2 = phtn

λC
2 , (59)

and the geometric modulus relation is
Au

kC
= 16π2. (60)

The APM therefore proposes, independently of Casimir’s spectral coefficient,

F APM
C

A
= − 1

16π2
phtn
a4 (61)

with
CAPM = 1

16π2 . (62)

This preserves the same dimensional dependence,

F

A
∝ hc

a4 , (63)

but changes the normalization. Numerically,

CCasimir = π

480 = 0.0065449847 . . . , (64)

CAPM = 1
16π2 = 0.0063325740 . . . . (65)

The conventional value exceeds the APM value by

CCasimir − CAPM
CAPM

= π3

30 − 1 ≈ 3.354%, (66)
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or by approximately 3.245% when the conventional coefficient is used as the denominator. The
quantity π3/30 has no independent APM role: it is only the ratio CCasimir/CAPM. Multiplying the
APM prediction by it would eliminate the very empirical distinction the model proposes to test.

B.7 What the historical experiments do and do not establish

Lamoreaux’s 1997 torsion-pendulum measurement reported agreement with conventional Casimir
theory at the level of 5% Lamoreaux [1997]. A measurement with that quoted level of agreement
cannot discriminate two ideal coefficients separated by only about 3.35% relative to the APM
value. Accordingly, the historical experiment demonstrated a force consistent with the Casimir-scale
prediction; it did not experimentally derive the exact coefficient π/480, nor did it exclude 1/(16π2)
at that precision.

This historical point must not be extended beyond the evidence. Subsequent experiments and anal-
yses have become substantially more precise and include material-dependent corrections. Precision
comparisons require control of finite conductivity, dielectric data, temperature, roughness, geometry,
calibration, and electrostatic patch potentials Klimchitskaya et al. [2009], Garrett et al. [2020].
Therefore a modern test of Equation (61) cannot simply compare a raw measured force with either
ideal coefficient. It must specify the geometry and material model, quantify systematic corrections,
and determine which prediction those corrections approach in the relevant idealized limit.

B.8 A falsifiable discrimination program

The APM claim becomes scientifically useful only if it is kept separate from adjustable corrections.
The clean null comparison is

HC : C = π

480 , HA : C = 1
16π2 . (67)

A discriminating experiment should therefore seek an uncertainty in the inferred ideal-limit normal-
ization comfortably below the 3.25–3.35% separation, with the dominant material and electrostatic
corrections independently constrained. Measurements at multiple separations are especially im-
portant because the coefficient hypothesis predicts the same a−4 law with a shifted normalization,
whereas many systematic effects introduce a different separation dependence. Multiple materials
or surface preparations can further test whether an apparent normalization shift follows material
response or remains at the proposed geometric value.

Table 4: Conceptual comparison of the conventional ideal-
plate and APM Casimir descriptions.

Feature Conventional ideal-plate calcula-
tion

APM/QMU proposal

Physical starting
point

Perfect-conductor boundary condi-
tions on electromagnetic modes

Boundary-conditioned Aether
stress tied to distributed magnetic-
charge geometry

Action scale ℏc, equivalently hc after bridge con-
version

phtn = hc in the QMU ledger
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Feature Conventional ideal-plate calcula-
tion

APM/QMU proposal

Separation law a−4 pressure a−4 pressure
Ideal coefficient in
hc notation

π/480 1/(16π2)

Origin of coefficient Regularized spectral difference for
ideal conducting boundaries

16π2 Aether geometric modulus re-
lation

Microscopic mate-
rial response

Suppressed in the perfect-
conductor limit; restored in
Lifshitz/real-material treatments

Boundary matter participates in
the Aether configuration; detailed
material corrections remain an ex-
perimental modeling requirement

Empirical status Standard ideal limit with extensive
subsequent theoretical and experi-
mental development

Alternative coefficient hypothesis
requiring precision discrimination

B.9 Scope of the criticism

The defensible conclusion is deliberately narrower than “Casimir was wrong.” Casimir correctly
solved a particular idealized spectral problem and obtained π/480 in hc notation. His approach was
historically motivated by, but conceptually different from, the retarded matter-interaction route
he and Polder had just used. Later mainstream work confirms both that real-material response
matters and that Casimir forces need not be interpreted uniquely as direct evidence for physically
real zero-point vacuum energy Lifshitz [1956], Schwinger et al. [1978], Jaffe [2005].

The APM therefore makes a legitimate alternative-model claim only if its coefficient is kept
independent: 1/(16π2) must stand or fall on its own derivation and experimental comparison. It
must not be multiplied by π3/30 or any other residual chosen to recover Casimir’s value. The
proposed improvement over the conventional ideal coefficient is falsifiable precisely because the two
values are close but unequal.

C QMU-to-SI Bridge Relations

Numerical constants used for SI comparison are taken from the latest CODATA recommended
values [Tiesinga et al., 2023]. All derivations in the main text remain QMU-first.

This appendix is provided only so readers can compare the QMU quantities with conventional
metrology. SI quantities are not used to derive the main results. In particular, Planck’s constant h
appears here only as a bridge to the historical notation for electron angular momentum; it is not
promoted to a QMU primitive. Reduced Planck notation is unnecessary for the QMU derivations in
this paper.

The principal bridge relations are

c = λCFq, (68)
h = meλC

2Fq, (69)
eemax

2 = h cond = meλC
2Fq cond. (70)
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Numerical standard constants used for comparison are taken from latest CODATA recommended
values [Tiesinga et al., 2023].

D Constants Used in SI Comparisons

Numerical constants used for SI comparison are taken from the latest CODATA recommended
values [Tiesinga et al., 2023]. All derivations in the main text remain QMU-first.

Table 5: Physical constants used for SI comparison. Values are taken from the latest CODATA
recommended constants [Tiesinga et al., 2023]. The QMU role column identifies how each constant
is used in the ledger, bridge, or closure structure of the paper.
Symbol Description Value Unit QMU role

c speed of light 299792458 m s−1 SI bridge for
λCFq

h Planck constant 6.62607015 × 10−34 J s SI bridge only;
not a QMU
primitive

me electron mass 9.1093837139 × 10−31 kg bridge value
for me

λC electron Compton wavelength 2.42631023538 × 10−12 m bridge value
for λC

α fine-structure constant 7.2973525643 × 10−3 dimensionless electron
charge-
geometry
bridge

G Newton gravitational constant 6.67430 × 10−11 m3 kg−1 s−2 comparison
bridge for the
QMU
gravitational
coefficient
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E Version 1.0 to Version 2.0 Revision Ledger

Table 6: Substantive revisions made in Version 2.0.

Topic Version 1.0 presentation Version 2.0 treatment

Charge terminology Frequently called e2
x max “electro-

magnetic charge.”
Uses “magnetic charge” for the dis-
tinct distributed QMU charge mani-
festation.

Neutron magnetic ori-
entation

Described electron and proton
magnetic poles as repulsive in the
neutron.

Corrected to attractive magnetic ori-
entation in the bound neutron con-
figuration; electrostatic orientation is
also attractive.

Magnetic interaction
ontology

Language could be read as a con-
ventional two-localized-charge in-
teraction.

States explicitly that magnetic charge
is the distributed LC scan integrated
with Aether geometry; no fundamen-
tal pair-charge product is postulated.

Mass versus charge Constant mass-to-magnetic-
charge ratio emphasized without
sufficient warning about geome-
try.

Preserves the ratio but explicitly sep-
arates linear LC mass geometry from
distributed magnetic/Aether geome-
try.

QMU notation Historical mixed notation and SI-
valued quantity table in the main
text.

Ledger-first QMU derivation; SI val-
ues moved to a bridge appendix.

Casimir relation Not part of the original calcula-
tion chain.

Adds the APM prediction 1/(16π2)
as a distinct coefficient to be
compared experimentally with the
conventional π/480 coefficient; no
boundary-inventory multiplier is in-
troduced.

QMU curl Historical papers predate the cur-
rent terminology safeguards.

Reserves curl for the dimensional
QMU torsional quantity and does not
identify it with Maxwell’s differential
curl operator.

F Legacy Numerical Table: Status

Version 1.0 placed a large SI-valued quantity table in the main text. Version 2.0 deliberately does
not reproduce that table as a derivational foundation. The current QADI convention is to establish
equations in native QMU first and place conventional numerical translations in bridge material.
This prevents historical rounding, unit conventions, or legacy notation from being mistaken for the
physical ontology of the model. Where a numerical implementation is required, the appropriate
contemporary QMU reference tables and explicit conversion rules should be used Thomson III
[2025d].
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