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Abstract
We present a literal twenty–equation reformulation of Maxwell’s 1864 electrodynamics within

the Quantum Measurement Units (QMU) ledger. Working in Gaussian normalization with
kC = 1 and Aether geometry constant Au = (4π)2, we adopt dual sources (electrostatic and
magnetic) and dual potentials, and add two global Gauss–surface constraints that enforce a
four–loxodrome sector seat map. Three geometry–first identities close transport and conversion
without medium constants: (i) speed closure c = λCFq, (ii) channel conversion e2/eemax

2 = 8πα,
and (iii) flux–square occupancy ΦE

2/qe
2 = ΦB

2/qm
2 = Au. The counted set (1)–(20) splits

into field equations, continuity, potential definitions, gauges, and global constraints; it reduces
exactly to standard Maxwell when the magnetic channel is empty. Two appendices provide full
Cartesian components and a narrative guide. We then show how non-uniform RMFD (Aether
gradients) produce QMU-native birefringence with polarization-dependent light speeds and a
lock-in interferometric observable.

1 Introduction: Aim and Setting
Maxwell’s 1864 Dynamical Theory packaged electricity and magnetism in a mechanical, Aether-
like picture. In QMU, charge and flux are accounting over a discrete Aether cell with seat map
Au = (4π)2, resolved into four constant-pitch loxodromic sectors. Unlike standard formulations that
introduce medium constants empirically, the QMU ledger derives the propagation speed from the
geometric identity c = λCFq, and fixes cross-channel conversion by e2/eemax

2 = 8πα. Our aim is to
list twenty scalar equations that (i) reproduce Maxwell when the magnetic channel vanishes, and (ii)
are explicitly valid in QMU, thereby vindicating Maxwell’s Aether intuition within a modern ledger.

2 QMU Ledger Identities (Used but Not Counted in the 20)
Throughout, we employ three geometry-first identities:

Speed closure: curl · mflx = λCFq ≡ c, (1)

Channel conversion: e2

eemax2 = 8πα, (2)

Flux–square occupancy: Φ2
E

qe2 = Au,
Φ2

B

qm2 = Au, ΦE =
∮

S
E· dS, ΦB =

∮
S

B· dS. (3)

These are structural statements of the ledger geometry and do not enter the twenty counted equations
directly, though they appear as explicit constraints in §4 (items 19–20).
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3 Fields, Sources, and Dual Potentials

Figure 1: *
Aether unit.

We introduce dual 4-potentials (ϕe, Ae) and (ϕm, Am) and define

E = −∇ϕe − ∂tAe − ∇ × Am, (4)
B = −∇ϕm − ∂tAm + ∇ × Ae. (5)

Electric and magnetic sources are (ρe, je) and (ρm, jm) with units e2 and eemax
2,

respectively. We use c = λCFq consistently.

4 The Literal Twenty Equations
Counting convention. To present a literal list of twenty scalar relations
(in the spirit of Maxwell’s 1864 component layout), we expand the curl
equations into their three Cartesian components and count each compo-
nent as one equation. Vector definitions (for E and B) are likewise taken
componentwise so that the tally closes to twenty without altering con-
tent.

Below are twenty numbered equations grouped as in Maxwell’s spirit: field
equations (8 scalar relations via divergence/curl components), continuity (2), potential definitions (6
component relations), gauges (2), and global ledger constraints (2). Each line states QMU validity.

A. Field equations (8)

∇ · E = 4πρe [QMU-valid ✓] (1)
∇ · B = 4πρm [QMU-valid ✓] (2)(

∇ × B − ∂tE
)

x
= 4πje,x [QMU-valid ✓] (3)(

∇ × B − ∂tE
)

y
= 4πje,y [QMU-valid ✓] (4)(

∇ × B − ∂tE
)

z
= 4πje,z [QMU-valid ✓] (5)(

∇ × E + ∂tB
)

x
= −4πjm,x [QMU-valid ✓] (6)(

∇ × E + ∂tB
)

y
= −4πjm,y [QMU-valid ✓] (7)(

∇ × E + ∂tB
)

z
= −4πjm,z [QMU-valid ✓] (8)

B. Charge–current continuity (2)

∂tρe + ∇ · je = 0 [QMU-valid ✓] (9)
∂tρm + ∇ · jm = 0 [QMU-valid ✓] (10)
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C. Dual potential definitions (6)

From (4)–(5), componentwise closures:

E + ∇ϕe + ∂tAe + ∇ × Am = 0 [QMU-valid ✓] (11)
(E + ∇ϕe + ∂tAe + ∇ × Am)y = 0 [QMU-valid ✓] (12)
(E + ∇ϕe + ∂tAe + ∇ × Am)z = 0 [QMU-valid ✓] (13)

B + ∇ϕm + ∂tAm − ∇ × Ae = 0 [QMU-valid ✓] (14)
(B + ∇ϕm + ∂tAm − ∇ × Ae)y = 0 [QMU-valid ✓] (15)
(B + ∇ϕm + ∂tAm − ∇ × Ae)z = 0 [QMU-valid ✓] (16)

D. Dual Lorenz-type gauges (2)

Using c = λCFq (ledger identity):

∇ · Ae + 1
c

∂tϕe = 0 [QMU gauge choice ✓] (17)

∇ · Am + 1
c

∂tϕm = 0 [QMU gauge choice ✓] (18)

E. Global QMU ledger constraints (2)

On any closed S enclosing q:(∮
S

E· dS
)2

qe2 = Au [QMU ledger constraint ✓] (19)(∮
S

B· dS
)2

qm2 = Au [QMU ledger constraint ✓] (20)

Remarks on validity. Items (1)–(16) are pointwise field/potential relations in Gaussian units
and remain valid for QMU because the normalization is geometric (kC = 1) and c is fixed by the
QMU identity c = λCFq. Items (17)–(18) are gauge choices compatible with QMU; they are not
empirical constraints. Items (19)–(20) are global Aether occupancy statements enforcing the seat
map Au = (4π)2 on Gauss surfaces for each channel.

5 RMFD-Driven Birefringence in the QMU Ledger
Setup. Let U i denote the Aether orientation (unit timelike field). Its covariant derivative Θik ≡
∇iUk packages the local RMFD non-uniformities (expansion/shear/rotation). In the uniform
case Θik = 0, the Aether is optically isotropic; when Θik ̸= 0, the Aether behaves as a bi-axial
quasi-medium.

QMU couplings and constitutive update

Introduce dimensionless QMU couplings α̃, γ̃ and write

α ≡ α̃

Au
, γ ≡ γ̃

Au
, Au = (4π)2. (6)
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The effective response tensors become

εik = ∆ik + α Θik, (µ−1)ik = ∆ik + γ Θik, ∆ik = gik − U iUk. (7)

Thus, only non-uniform RMFD (Θik ≠ 0) activates anisotropy; for Θik = 0 the couplings are hidden.

Aether pp-wave mode (clean trigger)

A clean “driver” of anisotropy is the aether pp-wave mode for which scalar modes are stopped and
the tensor mode propagates at c; in the Einstein–aether parametrization this is the branch C2 = 0
and C3 = −C1. In that case, the background metric function β(u) encodes the shear/expansion
rate via β′(u).

Polarization-dependent phase speeds (QMU form)

For waves with front parallel to the pp-wave front, two orthogonal polarizations acquire different
phase velocities. In the weak-coupling limit the difference is

V
(2)

ph − V
(3)

ph = − 1√
2

β′(u) (α + γ) = − 1√
2 Au

β′(u) (α̃ + γ̃) (8)

which is a unitless, directly measurable QMU prediction linking RMFD shear rate to polarization
splitting.

Interferometric phase observable (QMU form)

Define the phase W with covector component kv along the pp-front. The regular polarization phase
difference is

∆W ≃ −α + γ

2
√

2
kv β(u) = − α̃ + γ̃

2
√

2 Au

kv β(u) (9)

(all quantities unitless in the QMU normalization; one may write kv = k̂v/λC to exhibit λC

explicitly).

Placement in the ledger

These birefringent effects are derived consequences of the twenty-equation set plus the constitutive
update above. They require no extra counted equations and reduce to the standard Maxwell case
when Θik = 0 (empty magnetic channel). They naturally correlate with the ledger through Au and
the charge-ledgers via (α̃, γ̃).

Tabletop QMU protocol (RMFD modulation)

Use a rotating-field (RMFD) cavity; modulate a parameter that controls Θik (APM: curl/resn).
With crossed polarizers and lock-in at the drive frequency, measure ∆W and V

(2)
ph − V

(3)
ph versus the

control derivative (proxy for β′(u)). Fit the slope to extract (α̃ + γ̃)/Au.
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6 Wave Equations (Derived, Not Counted)
Eliminating fields with (11)–(16) and using (17)–(18) yields dual wave equations driven by sources,
with c = λCFq:

□c ϕe = −4πρe, □c Ae = −4πje,

□c ϕm = −4πρm, □c Am = −4πjm,

where □c ≡ ∇2 − 1
c2 ∂2

t and c = λCFq.

7 Reduction to Maxwell and Experimental Notes
Setting ρm = jm = 0 (empty magnetic channel) collapses (2), (6)–(8), (10), and (14)–(16), restoring
the usual Maxwell form with potentials (ϕe, Ae) and gauge (17). The QMU speed and flux-square
relations remain ledger identities and thus unaffected by medium properties.

Experimental Notes (concretized targets)

1. Speed-closure metrology (ledger identity). Independently determine curl = eemax
2/(meλC)

via an RMFD torsion balance (steady rotating magnetic-flux tube; torque ∝ sector occupancy),
and mflx = meλC

2Fq/eemax
2 via calibrated magnetic-flux transfer. The product must close on

c = λCFq within uncertainties.

2. Flux–square plateaus (global constraints). For spherical Faraday geometries (electric) and
topologically locked superconducting loops (magnetic channel emulator), report Φ2/q2 across
radii and materials. Ledger prediction: Φ2/q2 = Au independent of size or composition.

3. Winding/sector step phenomena (loxodrome signature). In toroidal or cardioid cavities
with variable pitch windings, force/pressure vs. winding angle exhibits quantized plateaus as sectors
are filled. The total step count over a sweep matches the winding budget (Au eemax

2)/e2 = 2π/α,
while partial occupancy produces discrete plateau sequences (mod-4 parity due to the four
loxodromes).

4. Dual-source linearity under global constraints. With co-drives (ρe, je) and (ρm, jm), verify
superposition locally (eqs. (1)–(16)) while observing that the global flux-square normalizations
(19)–(20) remain fixed by Au when the Gauss surface is deformed.

5. RMFD birefringence (this work). Modulate the RMFD shear surrogate and measure ∆W ;
fit the slope to (α̃ + γ̃)/Au using the boxed formulas in §5.
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Appendix A: Component Expansions (Cartesian)
We spell out the Cartesian components (x, y, z) for the twenty equations listed in §4. Throughout,
we use c = λCFq = λCFq (QMU identity), ϵijk for the Levi–Civita symbol, and ∂t ≡ ∂

∂t , ∂x ≡ ∂
∂x ,

etc.

A. Field Equations (1)–(8)

(1) Electric Gauss law:

∇ · E = ∂xEx + ∂yEy + ∂zEz = 4πρe.

(2) Magnetic Gauss law:

∇ · B = ∂xBx + ∂yBy + ∂zBz = 4πρm.

(3)–(5) Electric-channel Ampère–Maxwell with magnetic sources (components):

(∇ × B)x − ∂tEx = (∂yBz − ∂zBy) − ∂tEx = 4πje,x,

(∇ × B)y − ∂tEy = (∂zBx − ∂xBz) − ∂tEy = 4πje,y,

(∇ × B)z − ∂tEz = (∂xBy − ∂yBx) − ∂tEz = 4πje,z.

(6)–(8) Magnetic-channel Faraday–Neumann (components):

(∇ × E)x + ∂tBx = (∂yEz − ∂zEy) + ∂tBx = −4πjm,x,

(∇ × E)y + ∂tBy = (∂zEx − ∂xEz) + ∂tBy = −4πjm,y,

(∇ × E)z + ∂tBz = (∂xEy − ∂yEx) + ∂tBz = −4πjm,z.
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B. Continuity (9)–(10)

∂tρe + ∂xje,x + ∂yje,y + ∂zje,z = 0,

∂tρm + ∂xjm,x + ∂yjm,y + ∂zjm,z = 0.

C. Dual Potential Definitions (11)–(16)

Using
E = −∇ϕe − ∂tAe − ∇ × Am, B = −∇ϕm − ∂tAm + ∇ × Ae,

the three components of each vector identity give six scalar relations:

(11)–(13) Electric field from dual potentials:

Ex + ∂xϕe + ∂tAe,x + (∇ × Am)x = 0,

Ey + ∂yϕe + ∂tAe,y + (∇ × Am)y = 0,

Ez + ∂zϕe + ∂tAe,z + (∇ × Am)z = 0,

with (∇ × Am)x = ∂yAm,z − ∂zAm,y, etc.

(14)–(16) Magnetic field from dual potentials:

Bx + ∂xϕm + ∂tAm,x − (∇ × Ae)x = 0,

By + ∂yϕm + ∂tAm,y − (∇ × Ae)y = 0,

Bz + ∂zϕm + ∂tAm,z − (∇ × Ae)z = 0,

with (∇ × Ae)x = ∂yAe,z − ∂zAe,y, etc.

D. Dual Lorenz-type Gauges (17)–(18)

∂xAe,x + ∂yAe,y + ∂zAe,z + 1
c

∂tϕe = 0,

∂xAm,x + ∂yAm,y + ∂zAm,z + 1
c

∂tϕm = 0,

with c = λCFq.

E. Global Ledger Constraints (19)–(20)

For any smooth closed S bounding a region that encloses q:(∮
S

Ex dSx + Ey dSy + Ez dSz

)2
= Au qe

2,(∮
S

Bx dSx + By dSy + Bz dSz

)2
= Au qm

2.

The area-vector element is dS = (dSx, dSy, dSz).

Levi–Civita summary (optional). Compactly,

(∇ × V)i = ϵijk ∂jVk, ∇ · V = ∂iVi,

with implied summation on repeated indices.
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Appendix B: Narrative Guide to the Twenty Equations
Below we state—in one or two sentences each—what every equation accomplishes in the QMU
ledger. Labels match the main text numbering (1)–(20). The QMU status tags are: QMU-valid
(pointwise identity/definition consistent with Gaussian normalization and c = λCFq), QMU gauge
choice, and QMU ledger constraint (global Aether occupancy using Au = (4π)2).

(1) ∇ · E = 4πρe (QMU-valid). Electric Gauss law: enclosed electrostatic charge (unit e2) fixes
the outward electric flux density locally; in QMU this is geometric because kC = 1.

(2) ∇ · B = 4πρm (QMU-valid). Magnetic Gauss law for the magnetic channel (unit eemax
2);

allows nonzero ρm as loxodromic occupancy in the Aether.

(3)–(5) ∇ × B − ∂tE = 4πje (QMU-valid). Ampère–Maxwell components: time-varying E and
spatial twist of B source the electric current density; identical form as Gaussian ED but interpreted
within the Aether seat map.

(6)–(8) ∇ × E + ∂tB = −4πjm (QMU-valid). Faraday–Neumann components with magnetic
current: time-varying B and spatial twist of E source the magnetic current density; completes dual
symmetry.

(9) ∂tρe + ∇ · je = 0 (QMU-valid). Electric continuity: conservation of electrostatic charge flow
in the ledger.

(10) ∂tρm +∇·jm = 0 (QMU-valid). Magnetic continuity: conservation of magnetic (loxodromic)
charge flow.

(11)–(13) E = −∇ϕe − ∂tAe − ∇ × Am (QMU-valid). Defines E in terms of dual potentials;
the −∇ × Am piece encodes how the magnetic channel contributes to electric field geometry.

(14)–(16) B = −∇ϕm − ∂tAm + ∇ × Ae (QMU-valid). Defines B from dual potentials;
the +∇ × Ae term is the familiar electric-to-magnetic twist, now complemented by a magnetic
scalar/vector pair.

(17) ∇ · Ae + 1
c ∂tϕe = 0 (QMU gauge choice). Electric Lorenz-type gauge, using c = λCFq =

λCFq; fixes residual potential freedom without altering observables.

(18) ∇ · Am + 1
c ∂tϕm = 0 (QMU gauge choice). Magnetic Lorenz-type gauge, dual to (17);

ensures symmetric wave operators for both channels.

(19) Φ2
E/qe

2 = Au (QMU ledger constraint). Global squared-flux occupancy on any Gauss
surface: electric flux quanta fill four constant-pitch sectors summing to Au = (4π)2.

(20) Φ2
B/qm

2 = Au (QMU ledger constraint). Magnetic counterpart to (19): magnetic flux
occupancy obeys the same four-sector seat map; together (19)–(20) vindicate Maxwell’s Aether
geometry in QMU.
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How the set closes in QMU. The pointwise equations (1)–(16) plus gauges (17)–(18) yield well-
posed wave equations with c = λCFq. The global constraints (19)–(20) implement the Aether seat
budget Au on enclosing surfaces, fixing sector occupancy in a way Maxwell envisaged geometrically.
No medium constants are required; constitutive responses must preserve the ledger identities, notably
the speed closure curl mflx = λCFq and the conversion e2/eemax

2 = 8πα.

Audit tip for experimental sections. When reporting measurements, quote independent
determinations of curl = eemax

2/(meλC) and mflx = meλC
2Fq/eemax

2; their product must equal
λCFq within uncertainties. Flux integrals reported for spherical or toroidal surfaces should be
squared and normalized by q2 to test (19)–(20) directly against Au.

Plateau phenomenology (practical cue). In winding sweeps, look for staircase traces where
each step corresponds to a sector occupancy change on the Gauss surface. The cumulative number
of steps over a full sweep aligns with (Au eemax

2)/e2 = 2π/α, while the height of individual plateaus
is set by the flux–square normalizations (19)–(20).

On the “literal twenty” layout. Listing component equations explicitly mirrors Maxwell’s
original practice and makes audit trails unambiguous. Appendix A provides the full Cartesian
expansions so each laboratory observable can be traced to a single line in the ledger.

9


	Introduction: Aim and Setting
	QMU Ledger Identities (Used but Not Counted in the 20)
	Fields, Sources, and Dual Potentials
	The Literal Twenty Equations
	RMFD-Driven Birefringence in the QMU Ledger
	Wave Equations (Derived, Not Counted)
	Reduction to Maxwell and Experimental Notes
	Appendix A: Component Expansions (Cartesian)
	Appendix B: Narrative Guide to the Twenty Equations

