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1 INTRODUCTION 1

Abstract

The Aether Physics Model (APM), expressed in Quantum Measurement Units (QMU) [12],
reduces Maxwell electromagnetism and inductive devices to a single propagation ledger. The
Aether unit of rotating magnetic field Au, together with the torsional Aether unit curl, satisfies
the identity

Au · curl = Fq
2λC

2,

which replaces the SI triplet (ε0, µ0, c) with a single Aether ledger equation. In SI, this ledger is
hidden behind unit-conversion factors; in QMU, it appears directly as the physical mechanism of
propagation.

In this framework, curl is quantified as the specific Aether curvature (radians), while its
reciprocal, perm, serves as the quantum unit of winding density (turns). This redefines inductance
not as energy storage in a void, but as the geometric accumulation of Aether torsion. Using
QMU inductance relations,

leng
indc = curl

2 ,
indc
leng = 2 perm,

the geometry of coils becomes a direct measurement of curl and perm, not a material lookup.
Transmission lines and resonant cavities obey the same ledger, with propagation constants
determined exclusively by Au, curl, Fq, and λC times dimensionless geometry factors.

This paper presents a unified, ledger-first treatment of Maxwell propagation, straight wires,
coils, and cavities, and connects it to the circular deflection angle equation, showing that curl/2
expresses directly as radians of Aether curvature.

1 Introduction

Maxwell electromagnetism in the SI system is expressed using the permittivity of free space ε0, the
permeability µ0, and the photon velocity c, which satisfy c2 = 1/(µ0ε0).[5–7, 9] These constants
function as hidden ledger factors: they reconcile incompatible unit conventions but do not themselves
reveal a mechanism.

In the Aether Physics Model (APM) expressed in Quantum Measurement Units (QMU), Maxwell
propagation follows from a single identity:

Au · curl = Fq
2λC

2. (1)

This is the Maxwell–Aether Ledger, also denoted by

Au curl = Fq
2 λC

2 .

[12]

Here:

• Au is the Aether unit of rotating magnetic field,
• curl is the Aether torsion unit (curl),
• Fq is the chronovibration frequency,
• λC is the Compton wavelength.

From (1) we immediately obtain
FqλC = c,
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so the speed of photons is a quantum measurement rather than a separate constant.

In SI, the numerical value of c is imposed as a definition, and ε0, µ0 are tuned to maintain that
definition. In QMU, c emerges as the ledger-balanced product FqλC , while Au · curl is the conserved
propagation budget of the Aether.

The purpose of this paper is to present a coherent Maxwell ledger and to show that coils and
inductors provide direct geometric measurements of the Aether quantities curl and perm, with the
circular deflection angle equation providing an independent, gravitational confirmation that curl/2
expresses as radians.

2 QMU Units: Curl and Perm

2.1 Curl as Aether torsion

Curl is defined in QMU by

curl = eemax
2

meλC
, (2)

where eemax
2 is the magnetic charge squared and me is the electron mass.

Because curl carries reciprocal mass and reciprocal charge but couples directly to a length scale, it
is interpreted as a unit of Aether torsion. The curved length of Aether curl is the arc length of a
circle. The radian result of physical curvature is therefore not an abstract, dimensionless number,
but a count of Aether torsion quanta.

2.2 Perm as the reciprocal of curl

Curl and perm satisfy:
perm · curl = 1, (3)

so
perm = 1

curl .

While curl corresponds to curvature (radians), perm corresponds to winding (turns). This reciprocal
structure is revealed most clearly in inductance.

2.3 Circular deflection angle and curl/2 as radians

For photons grazing a massive body, the standard relativistic circular deflection angle is

θdefl = 4GM

c2R
, (4)

where M is the mass, R is the impact-parameter radius, and G is the gravitational constant.[1, 3, 7]
The Newtonian contribution corresponds to the factor 2GM/(c2R), and the full GR result doubles
this to 4GM/(c2R).
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In QMU, the propagation ledger (1) implies

c2 = Au · curl, (5)

so (4) may be rewritten as
θdefl = 4GM

(Au · curl)R. (6)

It is useful to factor this as
θdefl = 2GM

AuR

2
curl , (7)

and to define the dimensionless gravitational coupling coefficient

κbody := 2GM

AuR
. (8)

Then
θdefl = 2 κbody

1
curl . (9)

The natural angular quantum in QMU is the half-curl unit curl/2. Measuring the deflection in these
units gives the dimensionless ratio

θdefl
curl/2 = 4 κbody

1
curl2

. (10)

For the solar limb, using the QMU-evaluated constants, this ratio takes the numerical value

θdefl,⊙
curl/2 = 8.493 × 10−6, (11)

consistent with VLBI measurements of solar gravitational deflection.[8, 11] The deflection can be
written in the simplified QMU form

θdefl,⊙ = 8.493 × 10−6
(curl

2

)
. (12)

The c2 factors are trivial in the sense that they are fully absorbed by the Maxwell–Aether ledger;
the observable angle appears purely as a small multiple of the Aether radian quantum curl/2.

Matter vs. space in the factor of 4. In the Schwarzschild formulation, the factor 4GM/(c2R)
combines the matter contribution and the space-curvature contribution on the same side of the
equation. In the Aether Physics Model, the length density (mass per length) of matter arises from
the pinching of space in neutron formation. Roughly half of the solar mass is attributable to this
neutron-induced pinching. This means that the curl of the surrounding space is half of what it
would have been if the entire mass were neutron-sourced. When the deflection is written in the
ledger form (7), one factor of 2 is associated with the matter side through κbody, and the other
factor of 2 is associated with the Aether side through the half-curl quantum curl/2. The standard
GR factor 4 is thus reinterpreted as a product of a neutron-based length-density contribution and a
curl-based Aether torsion contribution.
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Dimensionality of angles. Just as a physical coil cannot exist without the dimension of length,
the “angle” of Aether curvature cannot exist without the dimension of curl. In QMU, geometry is
physical substance, not mere abstraction: angles are measured as accumulated torsion quanta, and
the radian arises as the ledger value of curl/2 in concrete systems such as gravitational lensing and
inductive coils.

Note on nomenclature. In this paper, ∇× denotes the standard vector calculus curl operator,
describing the rotational action on a field, while curl denotes the QMU unit of maximum Aether
torsion available to that field. The operator describes how fields twist; the unit bounds and quantifies
the torsion ledger.

3 Maxwell Equations in QMU

Expressing Maxwell’s equations using QMU field variables:

∇ · E = 4πρes, (13)
∇ · B = 0, (14)

∇ × E = − 1
FqλC

∂B

∂t
, (15)

∇ × B = Au

FqλC

(
J + ∂E

∂t

)
. (16)

In this form the standard Maxwell structure[4, 7] is preserved while the constants are replaced by
QMU ledger quantities.

Using the ledger identity (1):
Au

FqλC
= FqλC

curl , (17)

so Maxwell theory can be written entirely in terms of Fq, λC , and curl.

The wave equation becomes:

∇2E = 1
Fq

2λC
2

∂2E

∂t2 , (18)

with dispersion:

k2 = ω2

Fq
2λC

2 = ω2

Au · curl .

Propagation therefore requires no constants beyond the quantum measurements: the ledger
(Au, curl, Fq, λC) replaces (ε0, µ0, c).

4 The QMU Coil Ledger: Curl, Perm, Radians, and Turns

Inductance provides the clearest physical interpretation of the QMU units curl and perm.
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4.1 Straight conductor: curl produces radians

A straight conductor of length leng obeys

indc = leng
curl , (19)

so
leng
indc = curl. (20)

The left-hand side is dimensionless in QMU and therefore counts the radians of Aether curvature
accumulated along the wire.

4.2 Solenoid relation and the topology of the factor of 2

A solenoid couples twice as strongly to Aether torsion, giving the exact QMU relation:
leng
indc = curl

2 . (21)

Figure 1: Topological comparison of Aether torsion. (a) A straight wire produces diverging curvature
where torsion radiates outward. (b) A solenoid confines the curvature within the loop, creating
distinct inner and outer interfaces. This geometric concentration doubles the curl coupling (curl/2)
relative to the open wire.[4, 5]

Topologically, this factor of 2 reflects the transition from a field that radiates outward from a straight
wire to a field that is confined within a looped volume: each turn of the solenoid presents an inner
and outer interface to the Aether torsion, effectively doubling the curvature exposure compared to
the same length of straight conductor. In this sense, the coil concentrates the Aether’s capacity to
curve.

Thus:
radians of Aether curvature in a solenoid = curl

2 .
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4.3 Turns from 2perm

The reciprocal identity for a solenoid is:

indc
leng = 2perm, (22)

which means:
coil turns per QMU length = 2perm.

Therefore:

• curl → radians,
• perm → turns,
• turns and radians are exact reciprocals in QMU, just as perm and curl are reciprocal units.

4.4 Boxed coil ledger

Straight wire: indc = leng
curl ,

leng
indc = curl (radians)

Solenoid: leng
indc = curl

2 ,
indc
leng = 2perm (turns)

Reciprocity: perm = 1
curl .

This ledger is universal for all inductive devices in QMU.

5 Transmission Lines and Cavities

A transmission line has characteristic impedance:

Z0 = gZ

(
Au

curl

)1/2
= gZ

FqλC

curl ,

where gZ is a dimensionless geometry factor determined by the cross-sectional shape and spacing of
the conductors.[10]

Cavity eigenfrequencies satisfy:
ωmnℓ = gmnℓFq,

with gmnℓ dimensionless and set by cavity geometry and mode indices.[10]

The same ledger governs free-space waves, guided modes, and resonant cavities.
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6 Experimental Outlook

6.1 Coil metrology of curl and perm

Measured inductance indc and length leng of solenoids give:

curl = 2 leng
indc , perm = 1

2
indc
leng . (23)

Thus, standard inductance measurements can be reinterpreted as direct determinations of Aether
torsion and winding units in QMU. A survey of coils with different geometries becomes a direct
mapping of curl and perm in the laboratory.

6.2 STEM–EELS and nanoscale curl mapping

At the nanoscale, electron energy-loss spectroscopy in a scanning transmission electron microscope
(STEM–EELS)[2, 13] can reveal local variations of curl and perm in the vicinity of inclusions,
interfaces, and structured materials.

In the APM interpretation, local Aether torsion modifies the effective propagation ledger for bound
and conduction electrons. We therefore expect:

• discrete shifts in the energy-loss spectrum associated with plasmon-like collective modes whose
dispersion depends on Au and curl,

• narrow features in the loss function that track changes in winding density (effective perm) in
regions where current paths or magnetic flux are geometrically constrained, and

• a measurable correlation between these spectral shifts and the macroscopic coil-ledger mea-
surements of the same material (via leng/indc and indc/leng).

In practical terms, we predict that local variations in Aether curl will manifest as discrete, non-bulk
shifts in the energy-loss spectrum, distinct from conventional bulk plasmon peaks. These shifts
would effectively map the torsional stress or curl density of the Aether lattice at the nanoscale,
providing a nanoscale counterpart to the macroscopic circular deflection angle and coil-inductance
tests.

6.3 Cavities and transmission lines

Precision cavities and transmission lines, when analyzed with the Maxwell–Aether ledger, provide
stringent tests of the identity

Au · curl = Fq
2λC

2

at chronovibrational accuracy. Any deviation constrains possible refinements in the Aether structure.

By combining:

1. gravitational tests (circular deflection angle expressed as a calibrated multiple of curl/2),
2. inductive tests (coil ledger: radians vs. turns), and
3. spectroscopic tests (STEM–EELS mapping of local torsion),
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one obtains a multi-scale experimental program for validating or falsifying the QMU interpretation
of Maxwell’s equations.

7 Programmatic Experiments

The Maxwell–Aether ledger naturally suggests a staged experimental program. Here we outline
a minimal sequence of experiments that build from benchtop coils to astrophysical deflection, all
within the same QMU framework.

7.1 Experiment I: Coil-ledger calibration of curl/2 and perm

1. Fabricate a set of solenoids with precisely measured QMU lengths lengi and inductances indci,
using high-stability cores or air-core geometries.

2. For each coil, compute

curl(i) = 2lengi

indci
, perm(i) = 1

2
indci

lengi

.

3. Verify that curl(i)perm(i) ≈ 1 within experimental uncertainty, and that the values are stable
under moderate changes in current and frequency.

4. Use this ensemble to define a laboratory calibration of the curl and perm units, referenced to
QMU rather than SI.

7.2 Experiment II: Material dependence and geometry scanning

1. Repeat Experiment I across different conductor materials, core materials, and coil geometries.
2. Map deviations of curl(i) and perm(i) from the baseline ledger values as functions of geometry

and material.
3. Identify regimes where the ledger remains invariant (pure geometric torsion) versus regimes

where material response perturbs the torsion budget.

7.3 Experiment III: STEM–EELS nanoscale torsion mapping

1. Prepare thin-foil samples of materials used in Experiments I and II, including structured
inclusions and engineered current paths.

2. Use STEM–EELS to measure local energy-loss spectra near features that are expected to
concentrate Aether torsion.

3. Identify spectral shifts that correlate with high curl(i) or high perm(i) regions from the
macroscopic coil tests.

4. Construct a nanoscale map of effective torsion density and compare it with the macroscopic
coil-ledger predictions.
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7.4 Experiment IV: Cavity and transmission-line dispersion tests

1. Design resonant cavities and transmission lines whose mode structure is analytically simple in
QMU.

2. Measure eigenfrequencies ωmnℓ and characteristic impedances Z0 with high precision.
3. Test the relations

ωmnℓ = gmnℓFq, Z0 = gZ
FqλC

curl ,

using curl values anchored by the coil-ledger calibration.
4. Look for systematic deviations that might indicate higher-order Aether structure beyond the

simplest ledger.

7.5 Experiment V: Re-analysis of gravitational deflection data

1. Compile high-precision measurements of light deflection by the Sun and other bodies (e.g.
radio VLBI, optical lensing).[8, 11]

2. Express the measured deflection angles in terms of the half-curl quantum as

θdefl = κbody fcurl

(curl
2

)
,

where κbody = 2GM/(AuR) is the gravitational coupling coefficient defined in Section 2.3, and
fcurl encodes how the GR factor 4 splits between matter (length density) and space (Aether
torsion).

3. For the Sun, identify fcurl such that θdefl,⊙ = 8.493 × 10−6(curl/2) and compare this with
independent QMU estimates of Au and curl from Experiments I–IV.

4. Test whether the same curl quantum that controls coil torsion also controls gravitational deflec-
tion, as predicted by the Maxwell–Aether ledger and the neutron-based pinching interpretation
of space.

5. Extend the analysis to neutron stars and other compact objects. In the APM picture, a nearly
pure-neutron body has a much higher neutron length-density fraction than a main-sequence
star of the same mass. This implies a larger matter-side contribution in κbody and a different
allocation in fcurl. The deflection expressed in units of curl/2 should therefore distinguish
neutron stars from ordinary stars of equal mass, providing a sharp astrophysical test of the
neutron pinching interpretation.

Together, these five experiments form a closed loop: coils calibrate curl and perm, STEM–EELS
resolves their nanoscale signatures, cavities and transmission lines test propagation, and gravitational
deflection anchors the same curl quantum at astronomical scale.

8 Conclusion

Maxwell theory in QMU reduces to the propagation ledger

Au · curl = Fq
2λC

2,

which replaces the SI constants with a single Aether relation.



REFERENCES 10

Curl is the unit of radians of Aether curvature. Perm is the unit of coil-turn winding. Inductance
relations,

leng
indc = curl

2 ,
indc
leng = 2perm,

provide direct geometric measurement of these units.

The QMU circular deflection angle equation shows independently that curl/2 expresses directly as a
radian of Aether curvature in gravitational lensing, with the GR factor 4 understood as a product
of neutron-driven length density and Aether torsion. Coils, cavities, and transmission lines show the
same torsion budget in electromagnetic devices.

Thus the Aether Physics Model [12] provides a unified, geometric, and fundamentally simplified
description of electromagnetism and its devices, with the Maxwell–Aether ledger making the
underlying bookkeeping of nature explicit from the nanoscale to astrophysical scales.
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