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Abstract

We investigate hybrid capacitor–inductor geometries in the Quantum Measurement Units
(QMU) ledger where electrostatic and magnetic charge domains coexist and couple. We formal-
ize dual-domain energy storage using QMU conjugate pairs, derive a positive-definite energy
functional with an explicit cross-domain coupling, and design golden-angle segmented cells in-
tended to maximize domain orthogonality while enabling controlled coupling. We close with a
fail-fast test plan using calorimetry and four-quadrant analyzers, reported strictly in QMU.

Keywords: QMU; distributed charge; magnetic charge domain; hybrid capacitor–inductor; dual-
space coupling; golden-angle segmentation; ledger energy; calorimetry

1 Introduction

In the QMU ledger, electrostatic and magnetic charge are represented by the canonical strengths
e2 and eemax

2, respectively, with chronovibration tick Fq and conjugate quantities mflx (flux unit)
and aefp (Aether Fluctuation Potential) linked by the closure identity

Fq = mflx · aefp, mflx = me Fq

eemax
2 , aefp = eemax

2

me λC
2 . (1)

(See [1, 2] for ledger definitions.) We ask whether engineered structures that co-locate electrostatic
and magnetic domains can reversibly store energy beyond a naive sum of separate capacitor and
inductor elements when analyzed in QMU, i.e.,

Udual
?
> 1

2Ce potn2 + 1
2Lm I2

m,

and, if so, how to detect any such cross-domain contribution without violating conservation.

Ledger geometry (superficies). Throughout we treat intrinsic electric charge as a superficies
(2-D distribution), consistent with surface-even charge on isolated conductors and with the area
scaling of capacitance. Path-based (1-D) parameterizations are used only as experimental conve-
niences; the ledger remains surfaces-first.
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2 Theoretical Model

2.1 Electrostatic and magnetic storage in QMU

We work with QMU-native “generalized circuit” variables, with electric charge treated as a 2-D
superficies (area-based storage):

• Electrostatic domain: electrostatic potential potn (with canon identities potn = 1/capc
and potn = curr × resn). Define the electrostatic capacity Ce by

qe = Ce potn, Ue = 1
2 potn qe = 1

2 Ce potn2. (2)

so Ue carries QMU units e2 ·potn.

• Magnetic domain: generalized flux Φm measured in mflx units; define a flow im ≡ dqm/dτ
with qm counting eemax

2-quanta and τ the ledger time in ticks (dτ = Fq dt in SI seconds, not
used here). The magnetic inertance Lm is defined by

Φm = Lm im, Um = 1
2 Φm im = 1

2 Lm i2m. (3)

These definitions parallel standard quadratic storage, but remain purely in QMU. The closure
(1) ensures dimensional consistency between aefp and mflx.

2.2 Dual-domain energy with cross coupling (parity structure)

In hybrid geometries, a pseudoscalar cross-coupling γ (units so that γ aefp Φm has QMU energy
units) is allowed when the device breaks mirror symmetry (chirality). We write

Udual(potn, aefp,Φm) = 1
2 Ce potn2 + 1

2
Φ2

m

Lm
+ γ aefp Φm. (4)

Canon reminder: potn ̸= aefp and potn/rson = 1/aefp; we therefore treat the cross term in the
aefp–Φm channel and the purely electrostatic quadratic in the potn channel. Positivity requires
Ce > 0, Lm > 0, and Ce/Lm − γ2 > 0.

Parity. Since aefp is a scalar and Φm is associated with an axial flow, aefp Φm changes sign
under a spatial mirror (device enantiomer). Hence γ is parity-odd: the sign of the cross term must
flip between right- and left-handed builds. This provides a direct discriminant against parity-even
crosstalk (e.g., mutual inductance, stray capacitance), which does not flip under mirroring.

The normal modes (ledger time) follow from diagonalizing (4), with mixing angle

tan 2θ = 2γ
Ce − 1/Lm

, (5)

and quadratic eigen-coefficients

λ± = 1
2

(
Ce + 1

Lm

)
± 1

2

√(
Ce − 1

Lm

)2
+ 4γ2. (6)
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Observable signatures (QMU). Driving potn(τ) at a single ledger frequency produces a reac-
tive response in Φm(τ) with phase ≈ θ. The cross term manifests as:

1. asymmetric quadrature in the potn–Φm Lissajous curve;

2. detuning of ring-down rates in the two normal modes;

3. closure check via round-trip Fq
/ mflx−−−→ aefp × mflx−−−−→ Fq.

2.3 Gauge, Boundary, and Mode Orthogonality

We work in a fixed gauge for the electromagnetic sector of the ledger and impose device boundary
conditions (electrostatic bias electrodes, magnetic return paths). Let the normalized spatial mode
profiles be ψE(x) for the electrostatic domain and ψB(x) for the magnetic domain, chosen so that
the quadratic energies reproduce the Ce and Lm terms:

1
2Ce potn2 ↔ 1

2

∫
|ψE |2 d3x, 1

2
Φm

2

Lm
↔ 1

2

∫
|ψB|2 d3x.

In a chiral volume (handed boundary), the mode overlap functional〈
ψE , ψB

〉
≡

∫
ψE(x)·ψB(x)w(x) d3x

need not vanish, and it flips sign under parity (mirror of the device). Consequently a constant
topological coupling κ in the Lagrangian becomes measurable only through the combination of (i)
nonzero mode overlap and (ii) parity breaking at the device boundary.

2.4 First-principles origin of γ (ledger/EFT bridge)

At the field-theory level we augment the electromagnetic ledger by the topological density

∆L = κ

2 F ∧ F −→ κE·B

in 3+1 form. In the APM/QMU ledger the constant is fixed universally by the canonical holonomy
(cf. [3]),

κ = 1
16π2 .

With single-mode profiles normalized to reproduce the quadratic coefficients (1
2Ce potn2, 1

2Φm
2/Lm),

the topological contribution Utop = κ
∫

E·B d3x projects onto the aefp–Φm channel via the overlap
functional, yielding

γ = κ
〈
ψE , ψB

〉
. (7)

Thus γ is predicted, not postulated, and is a pseudoscalar (flips under parity). By Cauchy–Schwarz
and our mode normalizations,

|γ| ≤ κ
√
Ce/Lm .

Golden-angle specialization. For GAS–CI geometries the overlap evaluates to
〈
ψE , ψB

〉
=

Ξ(ρ,N) sin ∆ϕ s, with geometry factor Ξ(ρ,N) ∈ (0, 1), overlap angle ∆ϕ, and enantiomer index
s = ±1. Hence

γ = κΞ(ρ,N) sin ∆ϕ s,
which matches the phenomenological law used in Sec. 5 and fixes the sign by chirality.
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3 Comparison with Conventional Electromagnetic Models

3.1 What standard EM predicts for GAS-CI (QMU form)

With linear, reciprocal, isotropic materials and no magneto-electric response, the field energy is
parity-even:

UEM = 1
2Ce potn2 + 1

2
Φm

2

Lm
+ Uparasitic,

where Uparasitic collects even-parity crosstalk: mutual inductance between magnetic loops, stray
capacitances between electrostatic sectors, and resistive/dielectric losses. Crucially, in this setting
standard EM does not generate a parity-odd bilinear ∝ aefp Φm. Such a term appears in conven-
tional theory only for bianisotropic/Tellegen media (magneto-electric constitutive coupling), which
we do not employ.

3.2 APM/QMU prediction

In contrast, the ledger derivation in Sec. 2 predicts a pseudoscalar cross term Utop = γ aefp Φm

with γ given by (7). This yields three sharp discriminants:

1. Parity flip (enantiomers): build right- and left-handed GAS-CI devices (mirror images).
APM/QMU: ∆U = γ aefp Φm changes sign (γ → −γ). Standard EM: even-parity crosstalk
and losses do not flip sign.

2. Achromaticity (frequency sweep): sweep ledger frequency (quasi-static to resonant) while
holding ledger amplitudes fixed. APM/QMU: γ set by κ and geometry is dispersionless to
leading order (variations track only mode-shape changes). Standard EM: mutual inductive/-
capacitive couplings scale with frequency-dependent impedances.

3. Achiral cancellation: fabricate an explicitly achiral variant (overlaps arranged in mirror-
symmetric pairs). APM/QMU: the parity-odd overlap ⟨ψE , ψB⟩ cancels ⇒ γ ≈ 0. Standard
EM: even-parity crosstalk persists.

Comparator mini-table

Table 1: Model comparators and signatures (all reported in QMU).
Model Parity signature Threshold/dispersion What flips under mirror?
Standard EM (linear) Even Continuous, impedance-set Nothing
Tellegen/bianisotropic Odd/effective Material-parameter set Film-dependent
QMU topological (this work) Odd, geometry-locked Achromatic (mode-shape limited) ∆U sign only

Additional kill-shot controls.

4. Fixture mirror test: mirror only the wiring/fixtures while keeping the device geometry
unchanged. QMU: γ (geometry-locked) and the sign of ∆U do not flip. Spurious parity-odd
lab couplings would flip here.

5. Material swap test (weak Tellegen layer): introduce a thin, weak magneto-electric
film. QMU: amplitude remains geometry-locked (changes track only mode-shape drifts);
conventional parity-odd response scales with film parameters.
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4 Proposed Devices

4.1 Golden-angle segmented hybrid cells

To maximize domain orthogonality while permitting controlled coupling γ, we propose a golden-
angle segmented capacitor–inductor (GAS-CI) cell:

• A circular annulus partitioned into N sectors; adjacent sector boundaries are rotated by the
golden angle φg ≈ 137.50776◦ so that spatial harmonics avoid constructive alignment.

• Alternating sectors are biased to establish a potn gradient (electrostatic domain), while in-
terleaved spiral traces provide a closed path for mflx (magnetic domain).

• A thin dielectric spacer and non-magnetic substrate maintain near-orthogonality of fields.
We introduce a controlled chirality: the interleaved spiral traces are laid out as right- or
left-handed enantiomers. The handedness index s = ±1 fixes the sign of ⟨ψE , ψB⟩ and thus
of γ.

potn bias

mflx path

Figure 1: Golden-angle segmented capacitor–inductor (GAS-CI) concept. Alternating electrostatic
sectors (light) and magnetic traces (dark) interleave; the angular overlap ∆ϕ tunes the coupling γ.

4.2 Parametrization and scaling

Let Ce ∝ N(ρ,∆ϕ) and Lm ∝ ℓ(ρ,∆ϕ) with geometry factor ρ (aspect ratio) and coupling overlap
∆ϕ. At leading order,

γ ≈ η
√
Ce/Lm sin ∆ϕ, 0 ≤ η < 1, (8)

where η encodes residual misalignment and material leakage. The positivity bound Ce/Lm −γ2 > 0
then reduces to η2 sin2 ∆ϕ < 1.

5 Predictions

5.1 Energy accounting

Define the naive separate storage U0 = 1
2Cepotn2 + 1

2Φm
2/Lm. The coupled storage from (4) is

Udual = U0 + γ aefp Φm. Hence the excess (reversible) storage is
∆U ≡ Udual − U0 = γ aefp Φm. (9)
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With (8) and the closure Fq = mflx · aefp (identify Φm ∼ mflx for the dominant path),

∆U ≈ η sin ∆ϕ
√
Ce

Lm
aefp mflx = η sin ∆ϕ

√
Ce

Lm
Fq. (10)

5.2 Normal-mode detuning

From (6) the relative detuning of quadratic coefficients is

λ+ − λ−
λ+ + λ−

=
√

(Ce − 1/Lm)2 + 4γ2

Ce + 1/Lm
, (11)

monotone in |γ|. In ring-down experiments, the ratio of decay constants of the two modes scales
with this detuning (instrumentally corrected for leakage), providing an independent observable of
γ.
Parity prediction. For enantiomeric builds, ∆U must flip sign while |∆U | and the detuning (6)
remain the same within uncertainties. This behavior is not produced by even-parity crosstalk.

5.3 Golden-angle scaling law (design rule)

At fixed N and aspect ρ, maximize ∆U at ∆ϕ → π/2 subject to the positivity bound, i.e., η ≲ 1.
In practice, choose ∆ϕ ∈ [0.4π, 0.6π] and tune traces until the measured detuning saturates while
round-trip Fq closure remains within tolerance.

Quantity (QMU) Definition Role in test

Ce qe/potn electrostatic capacity
Lm Φm/im magnetic inertance
γ cross coupling in Udual excess ∆U = γ aefp Φm

Fq mflx · aefp closure / audit unit

Table 2: Ledger quantities in the GAS-CI prediction set. All reporting is QMU-only.

6 Experimental Methods

6.1 Calibration (QMU↔metrology)

We anchor the QMU channels to frequency standards without promoting SI bases:

• Chronovibration tie (for aefp channel): phase-lock a Josephson array to a frequency
reference of rate fref (ticks per conventional second). Using Fq = mflx · aefp, calibrate the
aefp readout so that a fixed mflx scale factor yields a rational mapping to ticks. The Josephson
step count is treated purely as a counter ; outputs are reported as ratios to Fq.

• Capacity/inertance ratio (for Ce/Lm): use quantum Hall ratio chains to set impedance
ratios across ledger frequencies; infer Ce/Lm from dispersionless plateaus and report only the
dimensionless ratio.
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Calibration ladder (QMU-native). Let the instrument define (aefp,mflx) transfer factors
κaefp, κmflx such that one tick of Fq corresponds to κmflxκaefp counts: enforce

Fq

κmflxκaefp
= 1 (instrument tick).

Then the measured product channel obeys

⟨aefp mflx⟩inst = Fq

κmflxκaefp
,

which fixes the absolute scaling of ∆U/Fq without SI promotion.

6.2 Instrumentation in QMU reporting

We require instruments that can provide time-resolved pairs (aefp(τ), Φm(τ)) or equivalent trans-
forms:

1. Four-quadrant analyzer (ledger form): report the instantaneous product aefp Φm to
estimate ∆U via (9). (Internally, conventional meters measure volt-ampere; here we calibrate
channels to QMU via (1) and device-specific transfer factors.)

2. Calorimetry (integral): closed-cell calorimetry provides an independent, time-integrated
energy audit. The reversible ∆U must integrate to zero over a full charge–discharge cycle
within uncertainty, while instantaneous excursions track (10).

3. Ring-down: excite near a normal mode, then let the system relax. Fit two exponentials;
the ratio of decay constants yields the detuning observable, hence |γ| via (6).

6.3 Fail-fast protocol

Pre-registered nulls (ledger)

1. Closure: verify Fq = mflx · aefp round-trip within tolerance across the full cycle.

2. Reversibility:
∮

dUdual = 0 over a full drive cycle (after leakage corrections).

3. Golden-angle invariance: scramble sector offsets away from the golden angle; any
persistent excess must track the predicted sin ∆ϕ law.

4. Species independence (optional): reproduce scaling with devices using alternative
substrates while keeping ledger quantities fixed.

5. Enantiomer sign flip: right- vs left-handed GAS-CI builds yield opposite signs of
∆U with matched magnitudes and ring-down detuning.

6. Fixture mirror veto: mirror cables/fixtures only; a pseudoscalar signal must not
flip.

7. Material swap veto: add a weak magneto-electric layer; geometry-locked APM signal
unchanged to first order; large shifts indicate conventional magneto-electric contami-
nation.
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7 Conclusion

We formulated dual-domain energy storage entirely in QMU, introduced a controlled cross-coupling
γ, and derived measurable, reversible excess storage ∆U = γ aefp Φm with positivity and closure
constraints. Golden-angle segmented hybrid cells provide a practical knob (∆ϕ) to dial γ while
maintaining near-orthogonality of domains. The proposed tests are fail-fast and QMU-pure; con-
cordance supports the dual-space ledger, while any reproducible violation of closure or reversibility
falsifies it.

Data and Materials Availability

Design files (GAS-CI CAD/Gerbers), analysis notebooks, preregistration notes, and raw time-series
are archived at: Zenodo DOI: to be inserted. All reporting is in QMU (no SI conversions).
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A Kron–APM Tensor Network Model

We model a GAS–CI array with electrostatic and magnetic channels plus a parity-odd topological
coupling. At node k ∈ V we keep the electrostatic quadratic in the potn channel and the parity-
odd/topological block in the (aefp,Φm) channel:

U (k) = 1
2 Ce,k potn2

k + 1
2

[
aefpk Φm,k

] [
0 γk

γk 1/Lm,k

] [
aefpk

Φm,k

]
, γk = κ ⟨ψE,k, ψB,k⟩, κ = 1/(16π2).

(12)
Edges ⟨kℓ⟩ ∈ E enforce interface continuity via parity-even quadratic penalties

U (kℓ) = 1
2 (Akℓzk − Bkℓzℓ)⊤Wkℓ (Akℓzk − Bkℓzℓ), (13)

with zk stacking the local channel variables and Wkℓ ⪰ 0 parity-even. The total energy is

Unet(z) =
∑
k∈V

U (k) +
∑

⟨kℓ⟩∈E
U (kℓ). (14)

Kron (Schur) reduction and pseudoscalar invariance. Partition nodes into retained R and
eliminated E . Writing Unet = 1

2z⊤Kz in block form, the reduced form is

Kred = KRR − KRE K−1
EE KER. (15)

Let Γ denote the net off-diagonal pseudoscalar weight in the (aefp,Φm) block of Kred. If interfaces
are parity-even, then tearing/recomposition preserves Γ:

Γafter = Γbefore .
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Worked 2-cell reduction (achiral pair). Two cells with equal Ce, Lm and opposite γ (enan-
tiomers) connected by parity-even ties:

NODE k1 (Ce,Lm,g=+gamma) ; NODE k2 (Ce,Lm,g=-gamma)
EDGE k1-k2 (potn, Phi_m) parity-even

Schur elimination of k2 leaves the (aefp,Φm) off-diagonal of the reduced block zero to leading order,
demonstrating pseudoscalar cancellation in the achiral pair (comparator for Sec. 3).

B Noether Conservation Ledger

Starting from

Udual(potn, aefp,Φm) = 1
2 Ce potn2+ 1

2
Φm

2

Lm
+γ aefp Φm, Ce > 0, Lm > 0, Ce/Lm−γ2 > 0, (16)

its differential is

dUdual =
(
Ce potn

)
d(potn) +

(
Φm/Lm + γ aefp

)
dΦm +

(
γ Φm

)
daefp. (17)

Define the ledger energy current for τ -translations

Jτ = potn · (Ce potn) + aefp · (γ Φm) + Φm · (Φm/Lm),

so that the conservation law reads

∂τUdual + ∇ · Jτ = 0.

Over any closed cycle C with vanishing boundary power flow and negligible losses,∮
C

dUdual = 0 . (18)

C Ledger Telegrapher and Phasor Examples

Ledger telegrapher (quasi-1D GAS–CI). For a uniform arc coordinate z and ticks τ ,

∂z(potn) = −
(
Lm ∂τ im + γ aefp

)
, ∂zΦm = −

(
Ce ∂τ potn + γ Φm

)
,

with im = Φm/Lm (small-signal). The characteristic ledger impedance ZQMU =
√
Lm/Ce acquires

parity-odd corrections O(γ).

Worked phasor rotation (small-signal). With potn(τ) = potn0e
iω̂τ ,

Φm(τ) ≈ γ

Lm

1
iω̂ + ϵ

potn0 e
iω̂τ ≡ |Φm| ei(ω̂τ+θ), θ ≈ arctan

(ℜ
ℑ

)
∼ arctan

(
2γ

Ce−1/Lm

)
,

exhibiting the quadrature shift induced by γ in the (aefp,Φm) plane.

APM–Bode stability margins. Define H(iω̂) = Φm/potn from the linearized ledger equations.
Accept runs with gain margin |H|−1 ≥ 1.2 at the first phase crossing and phase margin ≥ π/6 at
the unity-gain crossing, ensuring the device is not resonance-latched when estimating γ.
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D Constitutive Tableau (QMU)

Let the generalized charges/flows be (qe, qm, im) and the channel variables (potn, aefp,Φm). In the
linear conservative sector,potn

aefp
Φm

 =

Ce 0 0
0 0 γ
0 γ Lm


 qe

qm

im

 ⇒ Udual = 1
2 x⊤M x, x = [qe, qm, im]⊤.

Memory/hysteresis can be appended as weakly nonlinear blocks without altering parity flags.

E Maxwell–APM Canonical Recast

Project the canonical field equations into QMU channels by identifying electrostatic divergences
with the potn sector and magnetic curls with the Φm sector, while the unique parity-odd invariant
projects onto aefp · Φm:

even: E2 + B2 ↔ 1
2Ce potn2 + 1

2Φ2
m/Lm, odd: E ·B ↔ aefp Φm.

The closure Fq = mflx · aefp provides the chronovibrational tie entering Poynting-like balances in
ledger form.

F Mode-Overlap Visualization Hook

(a) Right-handed (s=+1)

+⟨ψE , ψB⟩ > 0

(b) Left-handed (s=-1)

-⟨ψE , ψB⟩ < 0

Figure 2: Mode-overlap maps for GAS–CI enantiomers. The overlap functional ⟨ψE , ψB⟩ flips sign
under mirroring, fixing the sign of γ.
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G Metrology Uncertainty Budget (QMU)

Table 3: Representative relative uncertainties (dimensionless) for γ and ∆U/Fq.
Source Relative uncertainty
aefp scale vs. Fq counter uaefp ∼ 1 × 10−8

mflx scale vs. Fq counter umflx ∼ 1 × 10−8

Ce/Lm ratio (bridge plateau) uC/L ∼ 5 × 10−7

Mode-shape drift (geometry repeatability) ugeo ∼ 1 × 10−3

Quadrature fit (ring-down detuning) ufit ∼ 5 × 10−4

Combined (RSS, typical) ∼ 1.1 × 10−3

H QMU Compliance Manual (Checklist)

Buckingham audit (sketch)

Use the base set {me, λC, Fq, e
2, eemax

2} and enforce T ≡ 1/Fq whenever a time appears. Examples:

Quantity Symbol QMU unit (in bases)

Aether fluctuation potential aefp eemax
2/(me λC

2)
Electrostatic potential potn e2/Ce

Magnetic flux (ledger) Φm me Fq/eemax
2

Energy (device) U e2 · potn
Capacity (elec.) Ce e2/potn
Inertance (mag.) Lm Φm/im, with im = dqm/dτ
Cross coupling γ

√
Ce/Lm

Substitution rules (enforced)

• Always replace T by 1/Fq; ledger integrals are over τ (ticks).

• Report ratios (Ce/Lm, γ/
√
Ce/Lm, etc.) wherever possible.

• SI values may appear only in an appendix for cross-check; never as base units.

Author checklist (to avoid SI creep)

1. Units visible? Every equation readable purely in {me, λC, Fq, e
2, eemax

2}.

2. Closure used? If aefp or Φm appear, show consistency with Fq = mflx · aefp.

3. Parity noted? Any aefp Φm term marked as pseudoscalar; mirror tests planned.

4. Losses separated? Dissipation handled outside Udual and audited.
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