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Abstract

The Quantum Measurement Unit (QMU) system expresses physics in terms of quantum bases
(Mes Ac, Fyy €2, exmax”) and Aether-process combinations (A, curl, ko, Gforce). Unlike SI/MKS,
QMU treats charge as an intrinsically distributed dimension encoded by exmax2. This leads to a
dual ontology of dynamic units (mass in the numerator, distributed charge in the denominator)
and substrate units (mass in the denominator, distributed charge in the numerator).

To compare with legacy expressions written in terms of the singular charge e, we em-
ploy a species-anchored charge conversion factor (CCF) and apply it according to explicit
numerator/denominator, dynamic/substrate, and MFR/MFF rules. Using the APM identity
Comax> = €2/(8ma.) we derive the electron CCF and show that key QMU units map to fundamen-
tal SI identities, including 1 potn — m.c?/e (GRSEP anchor), 1 mflx — h/e, and 1 A, — hc/e.
The same construction generalizes to the proton and neutron sectors through species-specific
fine-structure parameters and associated distributed magnetic charges.

These benchmark translations validate the ledger and demonstrate that the closures

2y 2 Ay 2 2
Ay curl = Fy* Ao, o = 167~ Gforce = A\cFy"m,
are algebraic consequences of the QMU definitions, where m, is the maximum mass associated
with a single Aether unit. A companion appendix (Appendix A) extends all benchmark identities
to the proton and neutron sectors. We conclude with a metrology protocol and reporting template
for QMU-based experimental work.

Keywords: QMU; APM; distributed charge; dynamic units; substrate units; charge conversion
factor; metrology; Aether

1 Introduction

The Aether Physics Model (APM) Thomson (2024) describes space as a discrete, rotational medium
whose fundamental descriptors are quantum measurements shared by all matter and Aether processes.
The Quantum Measurement Unit (QMU) system formalizes this by taking as bases

2 2
{mey Ao, Fy, €%, exmax }7
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where A¢ is the Compton wavelength, Fj is the chronovibration frequency satisfying
c= AcFy,

and eymax? is the distributed magnetic charge associated with species X. In the electron sector one

has

62

€emax — o’
e

while in the proton and neutron sectors the analogous quantities satisfy

e? 9 e?

€nmax = )

- 87p’ 8mn

€pmax

with p and n the proton and neutron fine-structure parameters.

Angular momentum also inherits a species index. In the electron sector one has
h = me A2 Fy,
while in the proton and neutron sectors
hy = mp Ac*Fy, by = mp A\*Fy.

These relations make explicit that the same Aether substrate (Ac, F;;) underlies all particle species;
the differences are solely in (mx, exmax>, 0z ).

In contrast to SI, which treats charge as a point-like base dimension e (Coulomb), QMU is
explicitly constructed so that charge is always distributed across a finite volume or area. This
distributed-charge viewpoint is not cosmetic: many SI formulas implicitly mix a single-charge
dimension with field quantities whose geometry requires distributed charge, leading to bookkeeping
artifacts and the use of imaginary impedances for physically distinct contributions Thomson (2025).
The QMU ledger corrects this by taking eymax> as the operative charge dimension and constructing
every electromagnetic unit as a product of powers of (mx, Ac, Fy, Cxmax>)-

The QMU ontology naturally divides units into Thomson (2024):

e Dynamic units describing active processes and interactions; these have mass in the numerator
and distributed charge in the denominator.

e Substrate units describing the Aether medium and enabling structure; these have distributed
charge in the numerator and mass in the denominator.

This dynamic/substrate reciprocity underlies the entire unit grid and provides the conceptual bridge
between quantum and classical regimes.

To compare QMU expressions with legacy SI/MKS data, we require a coherent translation
framework that respects both the distributed-charge geometry and the dynamic/substrate split.
This paper consolidates that framework into a single reference ledger, derives the charge conversion
factor (CCF) from QMU definitions, and demonstrates its consistency using a set of benchmark
translations anchored to well-known SI identities, first in the electron sector and then in proton and
neutron sectors (Appendix A).

Institutional attribution follows the QADI reference identity Institute (2025).



2 QMU Bases and Primary Ledger Units

2.1 Quantum measurement bases

For the electron sector, the fundamental bases are
{me, Ao, Fy, €2, Comax}-
The other sectors share (A, Fy, €?) but differ in mass and distributed charge:
{mx, A\c, Fy, e?, exmax2}, X e{p,n,...}.

In each case the fine-structure parameter is

62

Xy = ———5
87’rexmax2

)

so that the distributed magnetic charge may be written

62

€xmax St
x

2.2 Dynamic and substrate ledger units (electron sector)

In the electron sector the electromagnetic field and interaction units are constructed as (dynamic
family):

me \c® Fy? me \c® me Ao®
A, = -, mfld = — mvlm = ——,
€emax €emax €emax
Me Ao Fq2 e A\o> F, . Me Ao
potn = —————, mflx = ————, indc = 5
€emax €emax €emax
me Ao Fy? me Ao Fy Me AC
elfs = ————, magr = —————, perm = 5
€emax €emax €emax
2
me I, me F, m
dvef = —= q2, mfxd = —Z. mchg = ° .
€emax €emax €emax
and the corresponding substrate family:
2 2
€emax €emax €emax
mfde = ——, mfir = ————, ptty = ———5—5,
Me AC me Ac” Fy me Ac” Fy
2
€emax €emax €emax
aefp = 5 cond = ———5—, capc = ———o—,
Me AC me A\c” Fy me Ac” Fy
2 2
€emax €emax €emax
curl = , exdf = ———— accp = ————,
Me AC me Ac Fy me Ac Fy
€emax €emax €emax
expr = , cden = , cvef = 5 -
Me me Iy me Fy

These forms make explicit the dynamic/substrate reciprocity:

e ACUF, emax”
Up ~ m#7 Ug ~ 6717'
€emax Me )‘Can
The full unit grid, including all unit families, is detailed in the QMU MKS unit tables Thomson
(2024).



2.3 Ledger closures as algebraic identities

From the definitions above,

A 3F2 m X2
Ay curl = <me ¢ a > (ee 2 Z)\CQFqQ.

eemax2 Me AC

Similarly,
A
k—g = 16772, Gforce = )\chQma.
Here m, denotes the maximum mass associated with a single Aether unit, so that Gforce is written

as the product of the quantum acceleration scale )\CFq2 with the Aether mass scale my,.

In this sense, A,, curl, ko, Gforce, and m, are primary derived or ledger quantities, not indepen-
dent primitives: their internal consistency is guaranteed by the QMU unit grid, and the closures
serve as compact cross-checks rather than additional postulates.

Species-labeled Aether bookkeeping unit

In the electron sector the Aether rotating-field unit is defined as
Me Ac> Fq2

2
ee,max

A, =

For some bookkeeping tasks it is convenient to introduce a formal species-labeled analogue A, . by
substituting the species mass and distributed charge into this template:
mg Ao F,?
Ay = —"4 ¢ q , x € {e,p,n,...}. (1)

6xmax
This definition does not introduce distinct Aether geometries per species; it is a notational convenience
built from the same Aether substrate (Ac, F;). The physical Aether unit is A,; the symbols
Aups Aupn, - .- are ledger constructs that track how different species couple to the same Aether unit
through (mz, exmax?)-

3 Distributed Charge and the Charge Conversion Factor

3.1 Species-anchored CCF

Legacy SI/MKS formulas treat charge as a singular dimension e (Coulomb), while QMU requires
distributed magnetic charge exmax> for each species X. To ingest such formulas, we define a species-
anchored charge conversion factor (CCF) that replaces every net power of e by the corresponding
power of exmax>:

exmax
cef, =
e
Using exmax> = €2/(87ay) gives
2 2
€xmax € €
cef, = = = .
e 8mray e 8may;
In particular,
€emax e €pmax € €nmax €
ccfe = = , ccf, = P = — ccf,, = = —.
e 8mare e 8mp e 8mn



3.2 Ledger view and charge hierarchy figure

Using the electron identities

2
2 2 €emax
Ay curl = Fi7 Ao, curl = ,
MeAC

the electron CCF can be written in ledger form as

372 372
cof _ecmaXQ_%)\CFun_%)\CFq
c e e A,curl e A,

Analogous constructions exist for ccf, and ccfy,.

Figure 1 visualizes the species-indexed distributed charge structure.

. 2
[ r=e: a(f? eemax ]
species split via a,

2 [ 2 e? ( 2
€ ™ Exmax” = Y =P D, €pmax
{ 8Ty L
[ r=n: n, enmax2 ]

Figure 1: Distributed magnetic charge hierarchy. A single electrostatic charge e? branches into
species-specific distributed charges exmax> through the fine-structure parameter o.

4 Unified CCF Rules

4.1 Rule A: charge in numerator vs. denominator

Let a legacy quantity U carry one net power of the singular charge, U o et

o If et! appears in the numerator,
Ugmu = ccfy Us,

where the species index x identifies which distributed charge (electron, proton, neutron, etc.)
is being used.

o If e7! appears in the denominator,



4.2 Rule B: dynamic vs. substrate; MFR/MFF classes

In the QMU ledger, it is often convenient to phrase CCF application in terms of dynamic vs.
substrate units and special impedance classes (MFR/MFF). For one net power of charge in a given
species x:

Dynamic units.

Ugiccf,,  if the legacy unit carries e in the numerator,
Ugmu =

Ust/ccf,, if the legacy unit carries e~! in the denominator.

Substrate units. Because substrate units invert the charge/mass ratio, their CCF application is
inverted as well:

Ust/ccf,, if the legacy unit carries e in the numerator,
Ugmu =

Ugpccf,,  if the legacy unit carries e! in the denominator.

Squared rule (MFR/MFF). For impedance-like classes (e.g., MFR, Magnetic Field Resistance;
and MFF, Magnetic Field Flow) where the effective charge power is squared Thomson (2025, 2024):

Ust/ccf?,  dynamic MFR/MFF,
Uguu = )
Ugicefs,  substrate MER/MFF.

4.3 Five unit exceptions

As detailed in the foundational CCF paper Thomson (2025), five ledger units already incorporate
distributed charge in a way that makes an additional CCF on the unit unnecessary:

cond, capc, indc, perm, ptty.

For these, the legacy— QMU mapping is handled at the level of the bases (e.g., e, the species-specific
fine-structure parameter, c), not by attaching an extra CCF factor to the unit symbol itself.

5 Conversion Rules and Metrology Protocol

51 QMU — SI mapping

Once a quantity has been derived in QMU, the SI value is obtained by replacing the bases with
their SI magnitudes and applying the appropriate species CCF once per net singular charge power:

Ust = Ugmu :
mx,A\c,Fq,e2,exmax?—SI, CCF applied



5.2 Metrology protocol

A consistent translation workflow is:

1. Identify the QMU unit and its classification (dynamic vs. substrate; any MFR/MFF status).
2. Identify the particle species X whose distributed charge is relevant.

3. Write the QMU unit explicitly in terms of (mx, Ao, Fy, exmax>) for that sector.

4. Identify the net power of singular charge e in the legacy SI expression.

5. Apply the appropriate CCF rule (Rule A or Rule B, including squared rule if needed).

6. Reduce to a known SI identity (e.g. m.c?/e, h/e, hc/e) where possible.

7. Use this as a benchmark check for both the unit and the translation.

6 Benchmark Translations and Ledger Validation

This section provides concrete, end-to-end benchmark translations where QMU units map to
fundamental SI identities. These examples form the empirical backbone of the translation ledger.
For definiteness we work in the electron sector, with ccf, and (me, Ac, Fy, Comax>)-

6.1 Potential (potn) and the GRSEP anchor
The QMU potential unit is defined as

Me Ao Fq2

2
€emax

1 potn =

Multiplying by ccf. (denominator rule) converts to a legacy singular-charge potential:

A 2 F 2 2
1 potn - cef, = Me AC - q €emax
€emax €

_ Me Ae? Fq2
= ; .
Using ¢ = A\¢F}, this becomes
2
MeC
1 potn - cef, = ——
e

This is the electron rest-mass energy per elementary charge, the GRSEP anchor Thomson (2025).

Thus
Mec?

1 potn <—

e
when expressed in SI. The QMU potential unit is therefore a whole-unit quantum constant tied
directly to a fundamental particle property.



6.2 Magnetic flux (mfix)

The QMU magnetic flux unit is
me A2 F,

1 mflx = 5
e
emax

Applying ccf, (denominator rule):

2 2
F,
1 mffx - cof, (meAC : Q> <eemax )
€emax €

me A2 F,  mecAo

e e
Using h = mecAc,
h
1 mflx - ccf, = —
e

Thus

h
1 mflx +— —,
e

twice the superconducting flux quantum 2¢q, connecting the QMU flux unit directly to Josephson
and Aharonov-Bohm phenomena.

6.3 Aether unit (A,) and photon energy per charge
The QMU Aether (rotating magnetic field) unit is

Me Ao Fq2

2
€emax

A 3 F 2 x2
1AU-CCfe: (mee C 2q > <€err;a
emax

_ Me Ao? Fq2 B MeC? Ao

1A, =

Again applying ccf,:

e e
Using h = mecAo, we obtain

1A, ccf,=—.
e

This is the photon energy—wavelength relation per charge. Hence

1A, +— —
e

in SI, confirming that the Aether-unit definition is naturally tuned to photon energetics.



6.4 Mass-to-charge (mchg)

The QMU mass-to-distributed-charge unit is

1 mchg = e
€emax
Multiplying by ccf,:
2
1 mchg - ccf, = ( e 2) <€emax )
€emax €
_ Me
e
Thus m
1 mchg +— —=,
e

the familiar electron mass-to-charge ratio in SI. This benchmark shows that the QMU mass/charge
unit is aligned with a standard particle property.
6.5 Exposure (expr) and inverted substrate rule

The QMU exposure substrate unit is

€emax

Mme

1 expr =

Here the legacy quantity of interest is the electron charge-to-mass ratio e/m,. Because expr is a
substrate unit, we use the inverted CCF rule and divide by ccf,:

(& 2 e

- emax

1 expr - cef, ! = ( 2)
Me €emax

e

Me

Thus

e
1 expr ¢— —,
Me

demonstrating explicitly how the substrate CCF rule correctly recovers the charge-to-mass ratio
from a QMU substrate unit.

6.6 Summary of benchmark identities

Collecting the benchmark mappings in the electron sector:

2
meC

1 potn - ccfp — ——,
e

1 mflx - ccf, +— g,
1A, ccf, +— %,
1 mchg - ccf, +— %,
1 expr - ccf; ! +— mie'



These identities show that the QMU unit grid, combined with the CCF rules, reproduces key particle
and field quantities in SI ezactly, providing strong evidence that the ledger is both consistent and
physically meaningful. By construction, analogous benchmark chains can be built for proton and
neutron sectors once the corresponding (mx, \c, Fy, e%{,max) and fine-structure parameters (p,n)
are specified.

7 Uncertainty and Closure

In the present ledger, A, curl, ko, Gforce, and m, are primary derived quantities whose definitions
in terms of (me, Ac, Fy, Cemax>) Make the closures

Ay
A, curl = Fq2)\02, = 1672, Gforce = )\ch2ma
C

strict algebraic identities. As such, their uncertainties are determined entirely by the uncertainties
in the base constants me, Ac, Fy, e, and the species-specific fine-structure parameter (e.g. a. in the
electron sector), using standard GUM-style propagation.

If future experiments were to measure A, or curl directly without first resolving the underlying
bases, then these closures could be tested as physical laws with independent uncertainty budgets
for u(A,) and u(curl), and with m, appearing as an experimentally constrained Aether mass scale.
Designing such experiments is beyond the scope of this paper, but the ledger is structured so that
any such measurements can be checked against the algebraic predictions.

For current purposes, the closures are best understood as compact dimensional cross-checks,
ensuring that new QMU constructions and experimental analyses remain aligned with the established
unit grid.

8 Discussion
The QMU-SI translation ledger presented here combines:

o A clear separation of bases (me, Acr, Fy, €2, e%(,max) from ledger units (A, curl, ko, Gforce, my, . . .);
o An explicit dynamic/substrate ontology tied directly to the algebraic form of each unit;

e A derived, species-specific charge conversion factor that bridges singular and distributed
charge;

o A unified set of CCF rules (including exceptions and squared rules) for dynamic and substrate
units;

o Concrete benchmark translations that recover fundamental SI identities from QMU units in
the electron sector, with a clear path to analogous benchmarks in other sectors.

These elements turn the ledger from a list of rules into an evidence-based metrology framework.
Any future QADI experimental paper can adopt this structure to:

1. Derive results in QMU only, using the unit grid for the relevant species;

10



2. Validate key units via the benchmark translations in that sector;
3. Translate to SI for comparison with legacy data using the CCF protocol;

4. Report uncertainties on the base constants and propagate them through the ledger.

This establishes QMU not only as a conceptual alternative to SI, but as a practical, testable
measurement system with internal coherence and external anchors in well-known SI quantities for
each particle species.

9 Species-Indexed CCF and Benchmark Summary Table

For convenience in cross-species translation, Table 1 collects the core definitions for electrons,
protons, and neutrons: the species-specific distributed charge, fine-structure parameter, CCF, and
representative benchmark identities.

Species X  eymax> @ ccf,  Representative Benchmarks

2

MeC
o2 e 1 potn, - ccf, =
Electron (e) S ae g b €
ke e 1 mflx, - cef, = —
e
2
o2 e 1 potn,, - ccf), = M€
e
Proton (p) s P S L
p p 1 mflx, - ccef, = =2
e
mpc?
o2 e 1 potn,, - ccf,, =
Neutron (n) — n — €
8mn 8mn hy,

1 mflx,, - ccf,, = —
e

Table 1: Summary of species-indexed QMU parameters, CCFs, and representative SI-benchmark
identities they generate upon translation.

A  Proton and Neutron Sector Benchmark Identities

For each species X € {p,n} we define

e? e 2 e 9
Xmax
Ay = —, cef, = = , hx = mxAc"Fy.
8T exmax e 8mavy,
Dynamic units:
Tnx)\cQFq2 mx)\CQFq mx)\c?)Fq2
potn, = —————, mflx, = ————, App=——">-,
exmax exmax exmax
Mass/charge units:
ho  — My _ Exmax
meng, = PR EXpIry =
€xmax my

11



Benchmark chains: )

MyC
1 potn, - ccef, = ——,
e
h
1 mflx, - ccf, = f,
Mo
1 Ayy-ccfy = — Y
m
1 mchg, - ccf, = —=,
e
1 (&
1 expr, -ccf,” = —mx.

These mirror the electron benchmark chains exactly at the algebraic level; once (my, exmaxz) and
the corresponding fine-structure parameters (p,n) are specified, the QMU units
(potn,, mflx,, A, o, mchg,, expr,,...) translate to the familiar SI combinations under the species-
specific CCFs.

B Numerical Appendix (SI Values)

This appendix provides optional SI numerical values for readers requiring legacy-unit comparisons.
All QMU derivations in the main text remain SI-free.

Fundamental constants (symbolic — SI map)

e — 1.602176634 x 101 C,
h — 6.62607015 x 10734 J s,
¢ — 2.99792458 x 10% m/s,

Qe — 7.2973525643 x 1073,

Electron-sector derived quantities

me — 9.1093837015 x 1073t kg,
Ao — 2.426310238 x 10712 m,

F, i —— ~1.2356 x 102 71,
Ac

cef, ~ 874 x 107 (.

T

Proton and neutron masses

my — 1.67262192369 x 10727 kg,

my, — 1.67492749804 x 10727 kg.

12



The proton and neutron fine structures (p,n) are treated here as species-specific parameters
analogous to «a.; their numerical values are not fixed in this paper.

Benchmark SI combinations

MeC?

— electron rest-energy per charge (voltage scale),
e

— — flux quantum scale,
e

h
e photon energy—wavelength per charge.
e

These are the SI counterparts of the QMU benchmarks (potn, mflx, A,) derived in the main text.
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