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Abstract

Eddy current is a central QMU unit in the Aether Physics Model (APM). This paper
develops a self-contained ledger demonstrating that the eddy unit equals magnetic-flux squared
and integrates into a network of equivalent expressions that unify relaxation, induction, and
topology within a single calculus. A pivotal element is the charge conversion factor (ccf),
which bridges single-dimension elementary charge to distributed-dimension magnetic charge. By
applying ccf rules and accounting for five key exceptions (conductance, capacitance, inductance,
permeability, permittivity), odd-charge-power terms are eliminated from transport relations,
resulting in dimensionally exact identities and falsifiable, instrument-ready protocols. We detail
a slit-tube relaxation test and two complementary diagnostics: a rotating magnetic field detector
and a conical resonator. Experimental validation is provided using slit copper tube setups
with neodymium-iron-boron magnets, including resistance measurements that align with QMU
predictions. This work places APM in the context of contemporary eddy current research,
emphasizing its potential to extend classical electromagnetism.
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1 Introduction
Eddy currents, first discovered by Jean-Bernard Léon Foucault in 1851, represent induced currents
in conductors exposed to changing magnetic fields, leading to energy dissipation and magnetic
damping. In classical electromagnetism, they are governed by Faraday’s law of induction and
Lenz’s law, finding applications in braking systems, non-destructive testing, and induction heating.
Historical precedents for flux-squared relations in eddy currents date to early texts, such as Dawes
(1922), where losses are proportional to the square of flux density. Within the Aether Physics
Model (APM), eddy currents are elevated to a fundamental Quantum Measurement Unit (QMU),
defined as magnetic flux squared (eddy = mflx2), and integrated into a ledger that unifies relaxation,
induction, and topological aspects.

This paper aims to: (1) develop a comprehensive eddy unit ledger in QMU; (2) introduce the
charge conversion factor (ccf) Thomson (2025a) bridge between SI and QMU; (3) propose testable
protocols, including the slit-tube relaxation test; and (4) validate the framework with experimental
data from slit copper tube experiments. By addressing dimensional inconsistencies in standard
models through distributed charge, APM offers a novel perspective that could enhance predictive
accuracy in magnetic phenomena.

1.1 Literature Review: Synopsis of Current Eddy Current Research

Contemporary research on eddy currents primarily focuses on electromagnetic applications, with
advancements in materials science, medical imaging, and engineering. Key recent studies include:

- Eddy Current Testing (ECT) Enhancements: Research on eddy current probes for
improved sensitivity in detecting cracks in aluminum alloys emphasizes non-contact, rapid inspection
methods. For instance, studies have developed optimized probe designs, such as novel differential
probes with double-layer coils, to enhance signal-to-noise ratios for surface micro-defects (Zou et al.,
2023).

- Motion-Induced Eddy Currents: Analysis of motion-induced eddy currents (MIEC) in
high-speed systems, such as electromagnetic acoustic transducers (EMATs) for rail inspection, uses
2D simulations to quantify effects on bias magnetic fields and signal distortion (Wang et al., 2022).

- MRI Artifact Reduction: Techniques to mitigate eddy current-induced artifacts in diffusion-
weighted echo-planar imaging (EPI) are critical for diagnostic accuracy. Advanced correction models
are used to correct for distortions and improve image fidelity (Andersson et al., 2024).
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- Particle Accelerator Applications: Investigations into eddy current effects in booster ring
dipole magnets for synchrotrons calculate field distortions and multipole fields, aiming to minimize
beam instability during fast-ramping (Li et al., 2022).

- Oceanographic Parallels: While not directly electromagnetic, research on oceanic mesoscale
eddies—analogous in fluid dynamics—explores their role in climate modeling and heat transport.
Bibliometric analyses track the growth of this field, while other studies review their representation
in climate models and projections under anthropogenic warming (Liu et al., 2023a,b).

These works highlight eddy currents’ interdisciplinary relevance, from flaw detection to climate
impacts. APM’s QMU framework extends this by providing a unified ledger that resolves charge-
dimensional issues, potentially informing hybrid models for advanced applications.

The paper is organized as follows: Section 2 outlines APM foundations; Section 3 details
the ccf bridge; Section 4 presents the eddy ledger; Section 5 describes the protocol; Section 6
reports experimental results; Section 7 covers additional diagnostics; and Section 9 concludes with
implications.

2 Foundations and Postulates (QMU-only)
Substrate postulate. APM posits a magnetic substrate with unit Au and normalized curl density
curl such that

Au · curl = Fq
2λC

2. (1)

Base scales. We use the base quantities me, λC , Fq, e2, eemax
2. Canonical composites:

volm = λC
3, rson = Fq

2, mflx = me λC
2Fq

eemax2 , temp = λC
2Fq

2, swep = λC
2Fq,

and the substrate curl
curl = eemax

2

me λC
. (2)

3 The ccf Bridge: From SI to QMU
Why a bridge is needed. APM/QMU is based on distributed magnetic charge (eemax

2), while
SI formulas often use the single elementary charge e. To compare predictions or reduce data, we
introduce the charge conversion factor (ccf) Thomson (2025a), which maps single-charge expressions
into distributed-charge expressions at the unit level. This is not a mere change of symbols: it
removes odd powers of e from transport laws and aligns dimensions with the QMU substrate.

Definition (species-specific).

ccfe = eemax
2

e
, ccfp = epmax

2

e
, ccfn = enmax

2

e
, ccfa = ea

2

e
.

Use ccf generically when the species is clear.
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General mapping (when a quantity contains single-charge factors). See Appendix Unit
Table 2

Dynamic SI −→ value
ccf QMU dynamic, Substrate SI −→ value × ccf QMU substrate.

For Magnetic Field Resistance Table 4 and Magnetic Field Flow Table 5 MFR/MFF classes
(Coulomb2-type structure), use ccf2:

MFR/MFF dynamic: SI → value
ccf2 , MFR/MFF substrate: SI → value × ccf2.

The five exceptions. The units of conductance, capacitance, inductance, permeability, and
permittivity are already expressed dimensionally in terms of distributed magnetic charge; their
SI ↔ QMU unit mapping does not apply a ccf factor.1 Vacuum mappings: permeability perm = 4π µ0,
permittivity ptty = ϵ0/(4π). Common mappings. (Take ccf as the correct species factor.)

SI quantity SI unit
QMU

quantity Formula Notes

Electric potential Volt (V) potn potn = V
ccf Dynamic ⇒ divide by ccf.

Electrical
resistance (MFR)

Ohm (Ω) resn resn = Ω
ccf2 Dynamic MFR ⇒ divide

by ccf2.

Magnetic flux Weber (Wb) mflx mflx = Wb
ccf Dynamic ⇒ divide by ccf.

Magnetic flux
density

Tesla (T) mfxd mfxd = T
ccf Dynamic ⇒ divide by ccf.

Inductance Henry (H) indc indc = H Exception: same dimen-
sions (no ccf).

Capacitance Farad (F) capc capc = F Exception: same dimen-
sions (no ccf).

Conductance Siemens (S) cond cond = S Exception: same dimen-
sions; and cond = mflx−1.

Vacuum
permeability

µ0 (H/m) perm perm = 4π µ0 Exception: no ccf; 4π
map.

Vacuum
permittivity

ϵ0 (F/m) ptty ptty = ϵ0
4π

Exception: no ccf; 4π
map.

Magnetic
Reluctance
(MFF)

At/Wb mrlc mrlc =
At/Wb × ccf2

Substrate MFF: multi-
ply by ccf2.

Two clarifications. (1) In QMU, conductance is not 1/resn; rather cond = 1
mflx.

(2) Removing odd powers of e: once single-charge factors are converted with ccf, transport laws
reduce to distributed-charge forms and pure-number prefactors.

1Numerical values still differ because the QMU base magnitudes are me, λC , Fq.
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4 The Eddy Unit Ledger

4.1 Canonical definition and ledger web

eddy = mflx2, (3)

with the web

eddy = mflx2 = angm·resn = potn·indc = indc
capc = Au

curl = mfld · momt
chrg , chrg ≡ eemax

2. (4)

Derivation of eddy = Au/curl: with mflx = meλC
2Fq/eemax

2 and (2),

mflx2 =
(

meλC
2Fq

eemax2

)2

= meλC
3Fq

2

eemax2 · meλC

eemax2 =
(

meλC
3Fq

2

eemax2

)
· 1

curl = Au

curl .

4.2 Eddy–temperature complementarity

From (1) and temp = λC
2Fq

2:

eddy = Au

curl , temp = Au curl, temp · eddy = Au
2 . (5)

4.3 Expanded circuit and field relations

eddy = (mfxd area)2 = potn · indc = indc
capc = Au

2

temp = 1
cond2 . (6)

Time scales and resonance (exception units indc, capc):

timeLR = indc
mflx , timeRC = mflx capc, rson = 1

indc capc . (7)

Topological linkage: for thin, linked tubes (Φ ∼ mflx),

Hm ≃ 2 Lk Φ2, [Hm] = mflx2 = eddy.

5 Experimental Protocol: The Slit-Tube Relaxation Test

5.1 Goal and principle

The slit prevents closed circumferential charge paths while still supporting localized eddy currents
and magnetic relaxation. In QMU, the magnetic field resistance (MFR) trace resn(t) gives the eddy
budget via

eddy = angm · resn . (8)

The experiment tests whether eddy currents arise from macro-loops (standard view) or intra-atomic
angular momentum relaxation (APM view).

5



Excitation coilPickup coil Magnet

Slit copper tube

Drop direction

Figure 1: Schematic of the slit-tube relaxation experiment: a conducting copper tube with a
longitudinal slit, an excitation coil to initialize magnetic flux (optional for magnet drop), and a
pickup coil or terminals for measuring potential or resistance over time.

5.2 Apparatus

1. Slit tube: High-conductivity copper pipe (e.g., 5” length × 1” diameter, or 11.875” × 1.5”),
with longitudinal slit. Solder terminals mid-length on each slit side for resistance measurement.

2. Magnet: Neodymium-iron-boron (NIB) magnet (e.g., 1” diameter × 0.25” thick, or 1.5” diameter
× 0.375” thick with hole).

3. Measurement device: HP 34970A data acquisition unit with digital multimeter for resistance
(2-wire connection).

4. Optional: Excitation/pickup coils for flux/potential measurement; bias RMFD for curl sweep.

5.3 Protocol (QMU)

1. Calibrate exceptions: Determine indc, capc for geometry (no ccf).

2. Initialize: Drop magnet from top, ensuring plane perpendicular to tube.

3. Measure: Record resistance Ω(t) between terminals; convert to resn(t) = Ω(t)/ccf2.

4. Extract MFR: estimate timeLR from decay; then resn(t) = (indc/timeLR(t))2

angm .

5. Compute eddy: eddy(t) = angm · resn(t); optionally integrate over t for budgets.
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Figure 2: Resistance trace for 1” magnet drop in 5” slit tube, showing initial decrease and oscillation
consistent with magnetic relaxation. X-axis shows raw timestamp, but data is indexed sequentially.

5.4 Cross-checks and invariants
Data-reduction recipes (all ccf-compliant)

1. Circuit (exceptions): eddy = potn · indc = indc
capc .

2. Conductance (exception): measure cond; then eddy = 1
cond2 .

3. Field patch: eddy = (mfxd · area)2.

4. Complementarity scan: eddy = Au

curl , temp = Au curl, temp eddy = Au
2.

5.5 Expected trends

Larger resn increases eddy linearly. Wider slit g raises resn, lowers τLR. Magnet tilt toward slit
indicates uneven eddy distribution.

6 Experimental Results
Two slit-tube experiments were conducted to validate the QMU eddy ledger.

6.1 Small Setup: 5” × 1” Copper Pipe

A 1” diameter NIB magnet (0.25” thick) was dropped through a 5” copper pipe with longitudinal
slit. Resistance was measured mid-length.

The trace (Fig. 2) shows an initial high resistance ( 0.48 Ω) decreasing to 0.13 Ω, with mild
oscillation, aligning with induced eddy currents.

6.2 Large Setup: 11.875” × 1.5” Copper Pipe

A 1.5” diameter NIB magnet (0.375” thick, with hole) was dropped. Resistance: max 0.880 Ω, min
-0.163 Ω, reference 0.359 Ω. Fall time: 1.914 s for 30.162 cm, velocity 15.76 cm/s.
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Analysis: Mean resn to max = 0.620 Ω / ccf2 = 2.402 × 10−5 resn. Dragged electrons: 1.4 × 106.
Magnetic field: 1.4 × 106 mfld. Flux: 9.934 × 10−20 Wb.

These results support APM: Negative resistance suggests phase reversal, eddy = potn · indc.

7 Further Experimental Diagnostics

7.1 Rotating magnetic field detector (rmfd): eddy from curl-sweep

The rmfd is an instrument realization of Au with a controlled sweep of curl (Thomson, 2025c).
Its natural readouts are (i) a calibrated rotation/phase indicating curl, and (ii) an energy/power
channel referenced to Au.

Eddy relations. From (5):

eddy = Au

curl , temp = Au curl, temp · eddy = Au
2.

At fixed Au (instrument constant), a curl-up sweep drives eddy ↓ and temp ↑ proportionally.

Protocol (QMU).

1. Calibrate Au: traceable to the instrument’s internal ledger (Thomson 2025c).

2. Sweep curl: use phase/rotation control; measure (curl, power) pairs.

3. Recover eddy: compute eddy = Au/curl for each operating point.

4. Cross-checks: if a circuit port exposes (potn, indc), form eddy = potn · indc; if a conductance
port is available, verify eddy = 1/cond2.

Diagnostic plots.

• eddy vs. curl: hyperbola ∝ 1/curl at fixed Au.

• temp vs. curl: line ∝ curl with slope Au.

• Product check: flat line at Au
2 for temp · eddy.

7.2 Conical (trumpet) resonator: geometry-driven eddy control

The conical Tesla resonator (“trumpet coil”) varies curl by geometry at approximately fixed active
Au (Thomson, 2025b).

Eddy relations. Identical to the rmfd case, but curl is controlled geometrically (cone angle,
length, pitch):

eddy = Au

curl , temp = Au curl.
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Protocol (QMU).

1. Geometry sweep: design a set of cones with increasing angle; for each, calibrate the effective
curl from field mapping or rotation diagnostics.

2. Resonance lock: operate near a common resonance in rson = Fq
2 to hold Au effectively constant

across the set.

3. Measure: at each geometry, read (curl, potn, indc, cond) as available.

4. Compute eddy: primary path eddy = Au/curl; cross-check with potnindc, 1/cond2, and
(mfxdarea)2.

Topology step-test (optional). Insert a controlled linking change ∆Lk = ±1 in a flux tube
within the resonator (e.g., by a calibrated twist), expecting ∆Hm = 2 ∆Lk eddy with [Hm] = eddy.

8 Discussion
The results and ledgers assembled here indicate that the eddy unit is not an ad-hoc construct tied to
any single apparatus but a nexus quantity that sits at the intersection of circuit, field, and substrate
relations in QMU. Three features stand out.

(i) Ledger closure with ccf and the five exceptions. Section 3 defined the charge conversion
factor (ccf) to remove odd powers of single-charge e from transport relations by converting to
distributed magnetic charge eemax

2. The slit-tube protocol uses this mapping explicitly when
reducing Ω(t) 7→resn(t) = Ω(t)/ccf2 (MFR class). Combined with the five exceptions (conductance,
capacitance, inductance, permeability, permittivity), the experimental reductions land on the same
eddy invariants regardless of the readout channel:

eddy = mflx2 = potn · indc = indc
capc = 1

cond2 = Au

curl .

This is precisely the behavior predicted by the ccf ledger (Thomson, 2025a) and the unit tables (SOTA
Units, 2025; SOTA Classical, 2025).

(ii) Complementarity with the substrate pair (temp, eddy). The identity Au · curl = Fq
2λC

2

implies
temp = Au curl, eddy = Au

curl , temp · eddy = Au
2.

The rmfd and the conical resonator realize orthogonal operational scans of this complementarity:
curl-up sweeps at nearly fixed Au (rmfd) and geometry-driven curl control at effectively constant
resonance (conical). The predicted hyperbola (eddy ∝ 1/curl) and line (temp ∝ curl) with a
constant product Au

2 provide direct cross-checks that are independent of circuit details (Thomson,
2025c,b).

(iii) Experimental signatures in slit-tube relaxation. The small-tube trace shows a rapid
drop in the MFR channel followed by mild oscillation, consistent with local eddy formation and
relaxation in the presence of a longitudinal slit that prevents a single macroscopic loop. In
QMU terms this is a change in the eddy budget at approximately fixed geometry, recoverable via
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eddy(t) = angm · resn(t). The large-tube run reported a transient sign change in the resistance
readout; under the ccf-cleaned ledger this is interpreted as a phase reversal in the MFR channel
rather than a literal negative dissipation. Because the invariants above do not depend on the sign
of an intermediate phase, the eddy estimates remain anchored by potnindc, 1/cond2, (mfxdarea)2,
and Au/curl.

Systematics and controls. Two families of systematics are most relevant in this setup: (a)
contact and lead effects in the slit terminals that perturb the MFR trace; and (b) thermal drift that
can slowly bias cond. Both are naturally bounded by comparing the independent eddy reconstructions
listed above and by performing “curl-up / curl-down” symmetry checks (rmfd) at matched Au.

Corollaries and predictions.

1. At fixed Au, eddy curl is constant; thus geometry or drive changes that scale curl→α curl must
return eddy→eddy/α.

2. For a thin linked-tube topology, Hm ≃ 2 Lk Φ2 with [Hm] = eddy predicts unit steps ∆Hm =
2 ∆Lk eddy under controlled linking changes.

3. Conductance-based reductions should agree with circuit-based reductions: eddy = 1/cond2 =
potnindc, providing a high-leverage internal consistency test even when only a subset of channels
is available.

9 Conclusions
This work establishes eddy as a central QMU unit with a closed ledger that unifies circuit, field, and
substrate descriptions:

eddy = mflx2 = potn · indc = indc
capc = 1

cond2 = Au

curl , temp · eddy = Au
2

and demonstrates how the ccf bridge—with its five well-defined exceptions—removes odd-charge
artifacts from transport relations, yielding charge-clean identities directly comparable across instru-
ments and geometries (Thomson, 2025a). The slit-tube relaxation data are consistent with these
identities and motivate two complementary diagnostics: (i) an rmfd curl-sweep at effectively fixed
Au and (ii) a conical resonator geometry sweep at fixed resonance. Each diagnostic returns eddy via
independent formulas that over-constrain the ledger and suppress common systematics.

Actionable next steps. (1) Execute rmfd sweep series to map (curl, eddy, temp) and verify
the constant product Au

2. (2) Perform cone-angle ladders to test the predicted 1/curl scaling at a
shared resonance. (3) In the slit-tube, add terminal-swap and lead-reversal controls to isolate any
residual contact contributions to resn(t) while continuing to compute eddy from multiple channels.
Together these steps provide a decisive, QMU-native validation path for the eddy ledger.
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A QMU Unit Tables

Electromagnetic Field and Interaction Units

Dynamic Units

1. Rotating Magnetic Field
2. Aether Unit
3. Electron Flux

Magnetic Field Magnetic Volume

Au = me · λC
3 · Fq

2

eemax2

(also rmfd)
mfld = me · λC

3 · Fq

eemax2 mvlm = me · λC
3

eemax2

1. Electric Potential
2. Electromotive Force Magnetic Flux Inductance

potn = me · λC
2 · Fq

2

eemax2 mflx = me · λC
2 · Fq

eemax2 indc = me · λC
2

eemax2

Electric Field Strength 1. Magnetic Rigidity
2. Magnetic Velocity Permeability

elfs = me · λC · Fq
2

eemax2 magr = me · λC · Fq

eemax2 perm = me · λC

eemax2

1. Diverging Electric Field
2. Surface Tension Charge
3. Magnetic Resonance

Magnetic Flux Density 1. Magnetism
2. Mass to Charge Ratio

dvef = me · Fq
2

eemax2

(also stnc or spcd)
mfxd = me · Fq

eemax2 mchg = me
eemax2

Table 2: QMU Dynamic Units: Electromagnetic Field and
Interaction.

Substrate Units

Magnetic Field Exposure Magnetic Flux Intensity
Ratio Permittivity

mfde = eemaxsq

me · λC
3 mfir = eemaxsq

me · λC
3 · Fq

ptty = eemaxsq

me · λC
3 · Fq

2

Aether Fluctuation Poten-
tial Conductance Capacitance

aefp = eemaxsq

me · λC
2

cond = eemaxsq

me · λC
2 · Fq

(also Cd)
capc = eemaxsq

me · λC
2 · Fq

2

Curl Exposure Diffusion Flux Acceptance
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curl = eemaxsq

me · λC
exdf = eemaxsq

me · λC · Fq
accp = eemaxsq

me · λC · Fq
2

Exposure Conductance Density Converging Electric Field

expr = eemaxsq

me
cden = e2

emax
me · Fq

cvef = eemaxsq

me · Fq
2

Table 3: QMU Substrate Units: Electromagnetic Field and
Interaction.

Magnetic Field Resistance and Flow Units

Dynamic Units

Friction Magnetic Flow Impedance Flux Flow Equilibrium

fric = me · λC
3 · Fq

2

eemax4 mgfi = me · λC
3 · Fq

eemax4 ffeq = me · λC
3

eemax4

Kinetic Friction Resistance Magnetic Permeance

kfcn = me · λC
2 · Fq

2

eemax4 resn = me · λC
2 · Fq

eemax4 magp = me · λC
2

eemax4

Magnetic Flux Density
Wave

Magnetic Diffusion
Impedance

Thermal Magnetic Fric-
tion

mfdw = me · λC · Fq
2

eemax4 mdif = me · λC · Fq

eemax4 thmf = me · λC

eemax4

Aether Resistance Stabil-
ity Factor

Potential Charge Concen-
tration Factor Magnetic Opposition

arsf = me · Fq
2

eemax4 pccf = me · Fq

eemax4 mopp = me
eemax4

Table 4: QMU Dynamic Units: Magnetic Field Resistance
and Flow.

Substrate Units

Electromagnetic Ratio Electromagnetic Interac-
tion Coefficient

Current Flow Facillitation
Factor

emro = eemaxfour

me · λC
3 · Fq

2 emic = eemaxfour

me · λC
3 · Fq

cfff = eemaxfour

me · λC
3
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Magnetic Spatial Compli-
ance Admittance Magnetic Reluctance

masc = e4
emax

me · λC
2 · Fq

2 admt = eemaxfour

me · λC
2 · Fq

mrlc = eemaxfour

me · λC
2

Magnetic Current
Impedance Magnetic Field Resistance Magnetic Field Energy

mcri = eemaxfour

me · λC · Fq
2 mfdr = eemaxfour

me · λC · Fq
mfen = eemaxfour

me · λC

Magnetic Charge per Unit
Potential

Magneto-Spatial
Impedance Ratio

Electromagnetic Interac-
tion Density

mcup = eemaxfour

me · Fq
2 msir = eemaxfour

me · Fq
emid = eemaxfour

me

Table 5: QMU Substrate Units: Magnetic Field Resistance
and Flow.
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Table 1: Resistance data for 1” magnet in 5” slit tube.
Timestamp Resistance (Ω)

56:23.6 0.441
56:23.6 0.487
56:23.7 0.367
56:23.7 0.365
56:23.8 0.369
56:23.8 0.373
56:23.8 0.377
56:23.9 0.376
56:23.9 0.371
56:23.9 0.356
56:23.9 0.343
56:24.0 0.305
56:24.1 0.271
56:24.1 0.228
56:24.1 0.159
56:24.2 0.138
56:24.2 0.128
56:24.2 0.178
56:24.3 0.191
56:24.3 0.223
56:24.3 0.246
56:24.4 0.270
56:24.4 0.257
56:24.5 0.264
56:24.5 0.277
56:24.5 0.286
56:24.6 0.270
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