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Abstract

We present the classical, ledger—first unified field sector of the Aether Physics Model (APM), ex-
pressed entirely in Quantum Measurement Units (QMU) using the base set {me, Ao, Fy, €2, €omax> }
and Aether constants {A,, m,}. The construction promotes the dimensional force laws of APM
to a 4D action principle with sector Lagrangians whose coefficients are fixed by ledger identities,

most notably
Aycwrl = F2A? c=F, )\,

and by fine-structure parameters 7, = 8w, that encode electrostatic-magnetic (es—mag)
geometry. The gravitational, electrostatic, magnetic/strong, weak—overlap, and Aether sectors are
treated on equal footing through distributed charge densities on S? (es) and loxodromic/toroidal
fibers (mag/strong), plus a scalar—tensor gravity sector whose weak—field limit is used here.
Variation yields field equations that reduce to the static APM force laws and support dispersive
Aether-mode solutions with a parameter—free holonomy angle 3y = 1/(167%). We identify
testable consequences at the level of (i) metrological closures that probe A, curl = Fq2)\02
using independent QMU realizations, and (ii) topological polarization transport controlled by
Bo. Experimental protocols (AB-type interferometry in rotating magnetic flux, Casimir—insert
stiffness scans, and chronovibration clocks at Fy), building on the QMU eddy-current framework
of Thomson (2025e), are specified in QMU and focus on direct tests of the ledger and classical
field equations. Quantization, detailed nuclear binding, decay phenomenology, and cosmological
sectors are treated in companion works that take this field-theoretic ledger as their starting
point.

Keywords: unified field theory; Aether Physics Model; Quantum Measurement Units; distributed
charge; fundamental forces; fine structure constants

1 Introduction

This paper presents the Lagrangian formulation and equations of motion for a unified field theory
(UFT) within the Aether Physics Model (APM), expressed entirely in Quantum Measurement Units
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(QMU). The framework developed here is the 4D effective field theory that emerges from a more
fundamental, pre-geometric model of a Singularity.

In that foundational work, the core axioms of the APM are not posited but are derived from
the spontaneous symmetry breaking of a pre-geometric Lagrangian Thomson (2025d).
This singular “split” event is shown to fix the essential structures that this paper uses as its starting
point:

e The loxodromic topology of the 5D Aether unit.

« The dual-gauge stiffness ratio A, /kc = 1672

« The geometric packing invariant I/ = 67°, which connects the gauge ratio to the derived
loxodromic packing constant II Thomson (2025c).

Institutional attribution follows the QADI reference identity Thomson III (2025). This UFT is
therefore built upon a geometry whose parameters are fixed a priori by this pre-geometric foundation.
The central ledger identity of this work,

Ay curl = F2 )2 (1)

is a direct consequence of this derived Aether geometry. Throughout we use the QMU base set
{me, Ac, Fyy €%, €emax”} and the Aether constants {A,,m,}. The species parameters 17, = 8may
track fine-structure weights in the weak channel. No SI conversion is required in the main text. The
broader QMU metrology and eddy-current benchmarks that motivate the experimental protocols in
this paper are developed in Thomson (2025e).

Program. We construct a sectorized Lagrangian with coefficients written solely in { A, k¢, curl, Fy, A\c'},
derive the Euler-Lagrange equations, extract static limits (APM force laws), and exhibit wave modes

and topological invariants of the Aether cell. A metrological ledger is then given that translates the
field theory into QMU-only experimental tests of (1) and related identities.

1.1 What is new in this paper

Although many unification programs exist in modern physics (GR, QED/QCD, SMEFT, Einstein—
Aether theories, Kaluza—Klein models, and string frameworks), none contain the geometric, ledger-
based structures developed in this work. This paper introduces several new advances not present in
mainstream theories:

1. A new geometric unit of physics: the double-loxodromic Aether cell S? x T}y with fixed flux
Jwst = 1672. No existing theory employs this bipartite, distributed-charge geometry.

2. A ledger-based unification principle:
A, curl = Fq2)\c2,

linking magnetic stiffness, square-charge circulation, and Compton-scale kinematics. No standard
theory equates these invariants or interprets them as topological constants.

3. Two-geometry representation of charge: electrostatic charge on S? and magnetic/strong
charge on a loxodromic ribbon. This decomposition does not exist in U(1) or SU(3).



4. A new weak interaction: the es—mag overlap scalar x,, whose equation of motion generates
the holonomy factor H(Z). This geometric weak channel is unlike the SU(2) electroweak theory.

5. A parameter-free birefringent invariant:

_ 1
- 1672’

Bo

controlling polarization transport in Aether modes; there is no analogue in the Standard Model
or in GR.

6. A geometric derivation of the proton mass ratio:

m
P — 6775,
Me
arising from the loxodromic packing constant. No mainstream framework provides an analytic
expression for this ratio.

7. A unified action with no empirical coefficients: all sector Lagrangians derive from the
Aether cell geometry and QMU ledger identities.

8. A new metrological program: independent realizations of A,, curl, and F,\c forming the

falsifiable closure
c_ A,curl

- Fq2)\02 B

These features constitute a genuinely new unification program: geometric, topological, and
metrological, with no free scales and no reliance on SI or empirical fitting.



1.2 Comparison with mainstream frameworks

Feature

APM/QMU UFT
(this work)

Standard Model

GR / Einstein—
Aether

Underlying geometry

Charge representation

Magnetic stiffness
Square-charge curl
Unification principle
Weak interaction
Mass generation

Topological invariant
Dispersion physics

Metrology

Falsifiability

Double-loxodromic
cell 82 x Tox

es charge on S2, st
charge on loxodrome
A, = 1672, ledger-
fixed

Fundamental constant
curl

Aycurl = Fq2)\c2

es—mag overlap scalar
Xz

mp/me = 6m° from
packing

Bo = 1/(1672)

Two Aether-mode
branches, birefringent
QMU triad
{Ay, curl, F, ¢}
Ledger closure C =0

Flat/curved space-
time with internal
gauge groups

Point fields under
U(1), SU(3)

Not defined

Not defined

Gauge coupling uni-
fication attempts
SU(2) bosons

QCD numerics, no
analytic formula
None

Vacuum QED dis-
persion only

SI system, Planck
units

No analogue

4D manifold, op-
tional vector Aether

None

Not defined

Not defined

None

Scalar fields exist
but unrelated
None

None

Gravitational waves
only

SI system

No analogue

Table 1: Structural comparison of the present UFT with mainstream frameworks. None of the
unique geometric or ledger features of the APM/QMU appear in existing theories.

2 Ledger and unit normalizations (QMU)

We collect the minimal identities used later:

c=Fy; e,

A, curl = Fq2 A2,

2

e
A, = 167T2, €emax — Sra’ (2)
volm = A3, rson = qu.

(3)

The Coulomb-sector stiffness k¢ is taken as the electrostatic dual to A,, with the dimensionless
ratio fixed by the ledger and geometry; where needed we reference (k¢, A,) via (1) to keep the EOM
coefficients dimensionless in QMU. All densities, currents, and fields are normalized to these units.

Packing constant and the proton mass ratio. The double-loxodromic Aether cell admits a
packing constant, derived in detail in Thomson (2025c),

6
1—Ipack = <16> 7"'37 67T5 = A, Hpack~ (4)



A direct corollary is the proton-to-electron mass ratio

m
WZ = Ay = 67°, (5)
i.e. the proton mass emerges as a loxodromic packing excitation of the magnetic Aether cell with no
free parameters. Equation (5) is a QMU ledger identity once A, and I,k are fixed by the cell
geometry.

Numerically, 67° = 1836.118.. .., which differs from the empirical ratio my/me = 1836.152. .. by
1.9 x 10~°. Within APM this is interpreted as a holonomy-level correction external to the idealized
loxodromic packing; the ledger value 67 is the unperturbed excitational mass in the uniform-cell
limit.

Density bound. The packing constant II,ack is defined in the uniform-density limit of the Aether
cell. Approaching the maximal allowed density nmax = mMq/ )\(;3 introduces no correction to Ilyack
itself; instead, non-uniform configurations alter the number of packed cells rather than the geometry
of each cell. Thus the identity A, pac = 67 remains exact even when global density approaches
its upper bound.

3 Lagrangian formulation

The coefficients in (9)—(13) are not posited; they are fixed by the cell geometry as derived in §3.1.

3.1 Derivation of sector Lagrangians from Aether cell geometry

Cell and forms. A double-loxodromic Aether unit is modeled as a product cell Z ~ S? x Tjox
with two canonical area 2-forms: wes on S2 (spherical charge) and wg on the loxodromic ribbon Te.
We define [q2 wes = 47 and leox wet = 1672 = A,. The normalization A, = 1672 is ledger-fixed and
sets the magnetic/strong stiffness.

Connections and curvatures. Let A.s and Az be U(1) connections whose curvatures pull back
the geometric forms:

Fos =dAes = kCl/2 Wes, Fy =dAgy = Au1/2 Wst-

The kc'/? and A,/? factors ensure that cell-integrated fluxes match the ledger weights in QMU.

Electrostatic sector. The only local, quadratic, parity-even scalar from F,s is F2, = %Fes,uyFe‘g”.
Static work conservation on S? with distributed charge p., fixes the source normalization by requiring
the Poisson limit V2¢es = k¢ pes. Thus

Les = _%ng + ke jgsA€57M = kC pes Pes,

which is (9) and uniquely determined by the S? geometry and the Poisson normalization.



Magnetic/strong sector. On the loxodromic ribbon, the cell flux is fixed to A,, hence the same
construction yields
ﬁst = _%Fszt + Au jgtAst,u - Au Pst ¢st7

with the static limit V2¢s = A, ps (binding), matching (10)-(16). No extra mass term is admissible
without violating the A, ribbon-flux normalization.

Weak es—mag tug. Let g.s and g4 be the (dimensionless) charge densities on their manifolds.
Their overlap on Z defines the scalar projector

Wes N Wst

Les 1 Wst <0, <1,
A 4m 0<6,<

0, = / Qes,r Ost,x
z
measuring es—mag co-localization for species . Promoting the overlap amplitude to a field x, and
demanding (i) locality, (ii) cell-scalarity, and (iii) a quadratic leading interaction gives the marginal
term
Eweak,x = %(8X{E)2 + N2 @:E Xg;a

with 7, = 8ma,. The quadratic dependence x2 is enforced by cell parity: wes and wg; each reverse
sign under their respective orientation flips, but the overlap density pes zpst,» is even. Consequently
the leading local, scalar, parity-even interaction is necessarily quadratic in x,. No linear term is
allowed by the cell symmetries, leaving 7, X2 pes zfst.z as the unique marginal interaction in QMU.
Identifying sources by ©4 = pes zpst,e in the coarse-grained matter sector yields (12). This provides
a unified es—mag weak channel in QMU; the detailed phenomenology is left to dedicated studies
such as the holonomy analysis in Thomson (2025b).

Aether cell dynamics. We now derive the Aether-sector Lagrangian from the geometry of the
double-loxodromic cell. Let dx represent scalar density displacement of the Aether cell (compressional
mode), and let a,, encode the intrinsic ribbon-curl strain along the conjugate loxodromic lanes
(rotational mode). The kinetic term %(85)()2 is the local quadratic invariant associated with
variations of the cell density. The ribbon curvature is set by the fixed magnetic flux norm A,, so
curvature energy must scale as A, (curla)?, establishing the Aether stiffness. Longitudinal modulation
along loxodromic coordinates is governed by a dimensionless parameter A\/(F,\¢), while the allowed
es—st parity-even coupling is kK Fes A Fg. Thus, this derivation fixes the form of (13).

Fixing the longitudinal and es—st couplings. The dimensionless parameter A\ arises from
the longitudinal stretch modulus of the loxodromic ribbon. Writing the loxodromic coordinate as
u € [0, 27] with metric factor g,, = Ac?, the minimal quadratic invariant for longitudinal modulation
is

[ @55 du= e (950"
Normalizing this term relative to the temporal kinetic term (9dx)? fixes the ratio

A
Fohe

as the unique dimensionless longitudinal stiffness of the ribbon.



The parity-even cross-coupling « is likewise fixed by requiring that the mixed 4-form F,s A Fgt
integrate to a dimensionless scalar on the full cell:

/ Fug A Fy = Vo Ay (47) Ay = 571,
Z

Thus & is not a free interaction strength but the fixed geometric normalization that renders Fos A Fg
a dimensionless, cell-scalar invariant in QMU.

Let ¢es and Acs , denote the electrostatic scalar and 4-potential; ¢5; and Ay, the magnetic/strong
scalar and 4-potential on the loxodromic channel; and y, a weak-sector scalar for species x. The
Aether displacement is dx with intrinsic curl tensor a,,. Charge and current densities (pes, j£ ) and
(pst, jk) are distributed on their respective geometries.

Action.
S = /d4$ {ﬁgrav + Ees + [:st + E £weak,x + /-:Aether} . (6)
T

Gravity (scalar-tensor form). We treat gravity as a scalar-tensor theory, where the Aether’s
“length density” ® (a scalar field) couples non-minimally to spacetime curvature R (the tensor
field). The full, covariant Lagrangian for this sector is presented in our work on galactic black
holes Thomson (2025a):

1

1
2p - _pv o
16 GR+ kGP°R 29 8,}1)8,,(1) V (<I>) (7)

[ffull_grav =
This formulation includes the standard Einstein-Hilbert term (R), ensuring that in weak-field
environments (like the Solar System), the theory’s predictions align with General Relativity and
PPN parameters.

The simplified Lagrangian presented here in (8) represents the weak-field, static limit of this
full scalar-tensor theory, where the v field is the perturbation of ® (i.e., ® = ®g+1) and its gradient
energy couples to matter density p,,. This approach reproduces the static APM force density while
being fully consistent with a covariant framework.

Loras = 5 SN (g gy~ SNy, 0
Electrostatic sector (spherical charge).
Lo =5 oo Pl ke Acsy— he pesbes Foow = Oens — OuAesye (9)
Magnetic/strong sector (loxodromic charge).
Lst = —1 Fo FY 4+ Au jhiAsty — Au pst Ost, Fot o = 0pAsty — 0uAsi - (10)
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Weak sector (es—mag tug, by species x). The APM weak sector is not a model of SU(2)
electroweak theory, but rather the geometric field theory for the “es-mag overlap”). This
Lagrangian describes the dynamics of the scalar field x, that mediates the “tug” between the
spherical (es) and loxodromic (st) charge geometries.

The measurable, real-world manifestation of this field is derived from first principles in our work
on 5D holonomy Thomson (2025b). The static, integrated solution to this sector’s equation of
motion yields the holonomy correction factor H(Z):

H(Z) = %mw%z (11)

The coupling 1, = 8ma, in (12) is the field-theoretic source for the « (charge holonomy) term in
H(Z). This Lagrangian thus provides the dynamic foundation for the H(Z) factor, which we have
shown corrects the 1s binding energies to a mean error of ~0.54% against NIST data (Thomson,
2025b, App. D). Thus the field-theoretic origin of H(Z) is not phenomenological but arises from
the es—st overlap encoded in y,, making the weak sector predictive rather than merely descriptive

within QMU.

1
= (auXx)(auXx) + Mg Pes,x Pst,x Xi) Ne = 8ma. (12)

Eweak,:v = 9

Aether cell dynamics and cross-couplings. The Aether’s self-interaction and couplings are
given by:

1 1 A
L Acther = 5(@5)()(8“5)() + iAu(curlaW)(curla“”) + ﬁh“b(%@ﬁx + kF.g N Fy. (13)
q/N\C

Here )\, k are dimensionless couplings measured against FyA¢ so that (13) respects (1).

4 Equations of motion

Varying (6) gives the Euler-Lagrange equations.

Weak sector.
UXe = 21, Pes,x Pst,x Xx- (14)

Magnetic/strong scalar potential (static limit shown).

Oost = — Ay psts (15)
V2¢s = Aypst  (static binding). (16)

Electrostatic potential (static).
v2¢35 = ke Pes- (17)



Aether displacement and curl modes.

A
D(SX + — A”dx =+ Au Curl2 aw,a’w = S[p657 Pst]7 (18)
FyAc

with longitudinal operator A along the ribbon and a source S that is quadratic in the distributed
charges. Using (1), the mode dispersion admits the parametric form

201\ _ 1.2 w kN2
Wik) =k £ F, e Y 7= (Fq>i

Ao

I

T, (19)

where T is a dimensionless measure of local curl-stiffness contrast. The (4/—) branches define
birefringent Aether modes tied to the double-loxodromic topology.

5 Static limits and ledger recovery

Equations (16)—(17) reproduce the static APM force densities with sector weights A,, and k¢, while
gravity (8) reduces to density-gradient attraction in the quasi-static limit. No additional scales are
introduced: all normalizations are fixed by {A,, k¢, curl, Fy, A\c, mq} and the closure (1).

6 Topological cell invariants and parameter-free angles

Within a double-loxodromic cell S? x T, we consider the holonomy of the loxodromic connection
Ag around a minimal ribbon loop . By Stokes’ theorem,

fAst = / Fy, 0¥ = v, Fy =dAy = Au1/2 Wst-
0% %

Co-transport with the spherical sector introduces a natural geometric ratio: the elementary solid
angle of S2, |, g2 Wes = 4m, compared to the loxodromic lane-pair area leox wgt = Ay. The minimal
ribbon is defined so that its projected S? area equals the elementary solid angle, while its loxodromic
area fraction is ( [y, wst)/Ay. Therefore the dimensionless, parameter-free birefringent angle is

4 1

By = A= 160 (cell holonomy; QMU-invariant). (20)

This enters polarization transport for long-path Aether modes and provides a fixed angular benchmark
for observational tests, complementing the holonomy analyses in Thomson (2025b).

7 Testable consequences and metrological focus

P1. Ledger closure and sector normalizations. Independent QMU realizations of A, (rotating
magnetic stiffness), curl (square-charge curl transfer), and FyA¢ (chronovibration clocks and
Compton-scale cavities) must satisfy the metrological closure

Ay curl
Fq2 )\CQ -

within experimental uncertainty. This directly probes the core UFT identity (1) and can be
implemented using the eddy-current metrology infrastructure developed in Thomson (2025e).



P2. Aether-mode birefringence and the cell angle (. The dispersion (19) defines two Aether
branches whose relative phase transport is controlled by the cell holonomy angle 5y in (20).
Any long-baseline polarization experiment that can resolve phase shifts between conjugate
loxodromic modes effectively measures 5y and thus tests the double-loxodromic cell geometry.
Since By = 1/(1672) is fixed, measurement uncertainty enters only through the winding-number
difference Aw; fabrication tolerances in the loop geometry do not renormalize 5y but instead
contribute to statistical phase noise that scales as o, ~ 0y,.

P3. Weak overlap channel. The weak-sector Lagrangian (12) encodes es—mag overlap via pes ¢ st z-
Engineered environments that change this overlap provide a route to relative lifetime or rate shifts
parametrized entirely by 7,. The present work specifies the geometric and ledger framework;
detailed decay phenomenology is reserved for subsequent analyses Thomson (2025b).

8 Experimental protocols (QMU-only)

The following protocols are formulated directly in QMU and are compatible with the eddy-current,
relaxation, and induction schemes analyzed in Thomson (2025¢).

(E1) AB-type rotating-flux interferometer (loxodromic) — predicted phase. Two paths
71,2 encircle loxodromic lanes with winding numbers w; 2. The QMU phase difference is

ASO = /80 (wl - w2) + Au1/2 </Z Wst _/E Wst)a
1 2

where 0%; = ; and By = 1/(1672) from (20). Using [, ws: = (enclosed mflx) and A, curl = F,2\o?,

A, A(mflx) — ByAw + F, /\CA(mﬂx)'

Ap = By A 2lmtx)
¢ = foAw + Fodc AP Fyho

Thus the slope of Ay versus enclosed mflx is unity in QMU; the intercept is fixed to Sy Aw.

(E2) Casimir-insert stiffness scan — predicted frequency pull. Let a puck resonator of
stored QMU energy Uy experience an Aether-stiffness perturbation 0/C = A, &a,,a"”) over cavity
volume V. First-order perturbation theory yields

Af B 1 3. Au purN g3
7T 2U0/\/5,CdT = 2UO/Vé(aWa )y d°r.

With a loxodromic insert that changes the ribbon-parallel curvature by Ay, use (18) to substitute
Kawa) = —(N Ay Fg Ac) {(0x?), giving the directly testable linear law

Af A 2\ 13
T 2U0Fq)\o/vA”<5X>dr’

whose slope vs. the controlled geometric 4 is QMU-absolute. Practical realization of loxodromic
inserts may be approximated by high-precision toroidal or double-helical resonators whose curvature
profiles are calibrated in QMU via mflx-counting standards. The predictions remain unchanged
because they depend only on the enclosed QMU flux and not on microscopic winding imperfections.
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(E3) Chronovibration clocks and Aether fluctuation potential. Define an Aether fluctuation
potential (aefp) by F, = mflx - aefp. Realize mflx = me)\CQFq /€emax’; then a locked oscillator gives
aefp from a spectral line without SI back-conversion. Cross-check with ribbon-mode count in (19)
to ensure consistency between time, length, and Aether-mode propagation.

Reportables. From (E1) the measured slope of phase vs. mflx must be unity (QMU) with intercept
BoAw. From (E2) the frequency pull must be linear in the controlled A with coefficient fixed by
A/ (FgAc). From (E3) the independent determinations of FyAc must close with A, and curl via the
ledger identity (1).

9 Metrological ledger and closures

We recommend publishing the triad:

AA

(M1) A, from rotating magnetic stiffness — " =, (21)
u

Acurl

(M2) curl from square-charge curl transfer — e (22)
A(FA

(M3) FE,\¢ from chronovibration clock — W. (23)

q

The closure test is

¢ = gt se=y(3) s () (o)

A null result C = 0 within AC validates the ledger identity (1) independently of SI; any significant
deviation points to either experimental systematics or corrections to the assumed Aether cell
geometry. These metrological strategies interface naturally with the relaxation and induction
protocols discussed in Thomson (2025¢) and with conventional eddy-current and magnetic-resonance
instrumentation Zhang et al. (2025); Dawes (1947); Lee et al. (2025); Chen et al. (2019).

10 Discussion and outlook

The UFT presented here is a minimal extension of the APM ledger to an action principle. Sector
normalizations are fixed by QMU atoms and (1); no extraneous scales are introduced. The framework
(i) reproduces the static force densities, (ii) predicts birefringent Aether modes with a parameter-free
cell angle f3y, (iii) encodes a unified es-mag weak overlap channel through 7, and pes zpst.2, and (iv)
delivers a tight metrological closure that can be executed fully in QMU, extending the experimental
benchmarks of Thomson (2025e).

The present work deliberately focuses on those elements that follow directly from the cell geometry
and ledger identities: sector Lagrangians, equations of motion, holonomy, and metrology. Detailed
applications — including nuclear binding, decay phenomenology, and cosmological sectors where
ma/Ac® sets the maximum cell density bound — are left to companion papers that can build on
this UFT as a stable foundation. Future nuclear tests can draw on high-precision atomic mass
data such as the AME 2020 evaluation Wang et al. (2021) when translating QMU predictions into
comparisons with measured binding energies.
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A Cell-ledger normalizations and closures (proofs)

Proof of A, = 1672. By construction the loxodromic lane pair forms a torus with two independent
windings; each contributes 47 by homotopy equivalence to S? wrappings, yielding A, = 47 x 47 =
1672

Packing constant and proton mass ratio. From the cell’s lane-contact counting and toroidal /spherical
angle measures Thomson (2025c¢),

Hpack = (166> 737 Ay Hpack = 671'5.

Hence my,/me = Ay Hpack = 67° per (5).

Proof of A, curl = Fq2)\02. Define curl as the dimensionless circulation rate I' of square-charge
transfer per FyA\c. Counting ribbon quanta shows one unit of curl advances a fluxoid by A2 per
Ao per 1/F,, hence A, curl = (F,\¢)?.

Duality of k¢ and A,. Equality of static work for es vs. st configurations that enclose equal
geometric quanta enforces A, /kc = (fixed cell ratio), absorbed into the ledger closure; all EOM
coefficients are thus QMU-dimensionless.

B Recommended QMU-First Experimental Realizations

The unified field theory presented here becomes falsifiable when its ledger identity
A, curl = Fq2 o2

is testable by independent realizations of A,, curl, and FyAc. This appendix specifies concrete
realizations that avoid SI back-conversions and tie all derived quantities directly to the QMU
base set {me, A\, Fy, €2, eemax }, complementing the experimental designs of Thomson (2025e) and
leveraging standard eddy-current technology Zhang et al. (2025); Dawes (1947); Lee et al. (2025);
Chen et al. (2019).

B.1 Realization of the Rotating Magnetic Stiffness A,

Geometry. Use a double-loxodromic coil form (ribbon-wrapped toroidal geometry) to generate a
stable rotating magnetic flux, as in the QMU eddy-current resonators of Thomson (2025¢). The coil
windings trace two conjugate loxodromic lanes, establishing the quantum magnetic flux unit

Me A\c? F,

6emax

mflx =

Measurement. Monitor the torsional restoring frequency of a freely suspended loxodromic
resonator driven by the rotating flux. The restoring stiffness Kj; is reported as a ratio:
Kst

mfx?

Ay =

Because mflx is already expressed in QMU, the result for A, is dimensionless and absolute.
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B.2 Realization of Square-Charge Curl curl

Device. Construct a planar “square-charge transfer standard” with four nodes representing equal
electrostatic charge packets, transferred cyclically in a closed loop at controlled phase offsets. The
transfer induces a measurable topological circulation, analogous in spirit to motion-induced eddy-
current configurations and magnet geometry optimizations in non-destructive evaluation Zhang
et al. (2025).

Observable. Define the circulation rate I' in QMU:

Ad

=
Fy o'

where A® is the net phase-accumulated electrostatic flux in units of e?. The curl is then:
curl =T

This measures curl directly, without fields or forces, and without reference to SI electric permittivity.

B.3 Realization of the Aether fluctuation potential (aefp) and F,\¢

Chronovibration clock. Realize F, as a fundamental oscillation of the electron’s Compton-scale
circulation. A high-Q resonator (acoustic, photonic, or spin-wave) is-locked to a reference transition
whose frequency divides cleanly into Fy, in analogy with precision-magnetic and MRI-gradient
systems Lee et al. (2025); Chen et al. (2019). The clock signal is always reported as a ratio to Fj,.
Quantum length Ac. Define Ao by cavity standing-wave mode spacing where:

c=F,\c

is used as a definition rather than a measurement. No electromagnetic unit conversion appears.
Thus the product FyA¢ is measured via:

(clock frequency) x (cavity wavelength count).

B.4 Ledger Closure Test (Full Triad)
Each primitive is measured independently:

Ay, curl, Fy)c.
The falsifiable closure is:

A, curl
C=—912"
F“ Mo
A successful validation yields:
C =0 within experimental uncertainty.

Non-zero C falsifies the ledger or indicates geometry-dependent corrections in the Aether cell
topology.
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