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Abstract

We present a physically explicit Aether ontology in the Quantum Measurement Units (QMU)
ledger and derive a variational theory for a rotating-magnetic-field (RMFD) direction field
u(x, t). Two ontic textures — convergence I1 = ∇· u and twist I2 = ∥∇ × u∥ — define a QMU
curvature/tension scalar

Kq ≡ 1
Au

(
α1 λC

2I1
2 + α2 [I2/curl]2

)
, K̂q ≡ Kq/rson.

We introduce source equations linking matter and currents to u, add an optional QMU-clean
time-dynamics term, show a GR-limit with the correct 1/b scaling via a linear eikonal coupling
to I1 [FIX-1], and deliver falsifiable predictions with explicit functional forms (including large-
radius twist). A cross-term interaction in the action yields the polarization-transport observable.
We also include a finite-propagation program with an APM minimum interval and the corrected
transverse speed vT [FIX-2]. Five predictions (A–E) target cavity optics, atom interferometry,
torsion pendula, polarization transport, and astrometric deflection with closed-form fit functions
and a GR-limit calibration recipe.

1 Ledger and Ontology (QMU)

We adopt the QMU basis {me, λC , Fq, e2, eemax
2, Au} with:

volm ≡ λC
3, rson ≡ Fq

2, curl ≡ eemax
2

me λC
, mflx ≡ me λC

2Fq

eemax2 , cond ≡ 1
mflx , vq ≡ Fq λC .

(1)

I1 ≡ ∇· u and I2 ≡ ∥∇ × u∥; I2/curl is dimensionless.

Temporal structure (chronovibration and half-spin). Chronovibration at Fq provides the
temporal rhythm. Half-spin matter advances forward in the present with left/right temporal torque.
The Aether unit carries forward–backward time and left–right temporal torque channels; u encodes
their coarse-grained orientation. We also postulate an APM minimum interval τmin.
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2 Variational Principle, Sources, and (Optional) Time Dynamics

S[u, λ; matter] =
∫

d3x dt
{rson

Au

(
α1 λC

2I1
2 + α2 [I2/curl]2

)
+ rson

Au

ζt

2
[∂tu

Fq

]2
+ λ (1 − ∥u∥2) + Lsrc + Lint

}
.

(2)

Causality stance. We adopt the static-texture baseline ζt = 0 (instantaneous response), which is
falsifiable. A finite propagation arises for ζt > 0.

Sources.
Lsrc = rson

Au

[
σ1 λC

2 nm (∇· u) + σ2 jt ·
∇ × u

curl
]
, (3)

where nm is mass-count density; jt is the chronovibration-driven temporal torque current of half-spin
matter.

Interaction (polarization transport).

Lint = rson
Au

κ× λC I1
( I2

curl
)
. (4)

Field equations (compact).

α1 λC
2 ∇(∇· u) − α2

∇ × ∇ × u

curl2
− Au

rson
λ

2 u + σ1 λC
2 ∇nm − σ2

∇ × jt

curl

+ ζt

Fq
2 ∂2

t u + κ×
[
λC ∇

( I2
curl

)
+ λC

2
I1
I2

∇
( I2

2

curl2
)]

= 0, (5)

∥u∥2 = 1. (6)

3 Ray–Aether Coupling and the GR Limit [FIX-1]

For rays, the first-order eikonal coupling to convergence is linear :

Lray = rson
Au

β1 λC I1, (7)

so the convergence-channel deflection functional is

∆θconv(b) = 1
Au

β1 λC

∫
Γ(b)

I1 ds. (8)

For a static, spherical source, I1(r) = k1/r2 with k1 = σ1M̂ . Along a straight path r =
√

b2 + s2,∫ ∞

−∞

ds

r2 =
∫ ∞

−∞

ds

b2 + s2 = π

b
.

Hence
∆θnear(b) = 1

Au
β1 λC k1

π

b
, (9)
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which is the correct 1/b scaling for the GR limit in the QMU ledger. (Twist is negligible near the
source.)

Eikonal sketch (why the convergence channel is linear). In the paraxial/eikonal limit, take
the optical path functional Sopt =

∫
n(x) ds with an Aether-induced index perturbation

δn(x) ≡ β1
Au

λC I1(x).

Linearizing Fermat’s principle δSopt = 0 about a straight ray then yields the first-order deflection
functional

∆θ(b) = 1
Au

β1 λC

∫
Γ(b)

I1 ds,

i.e. Eq. (8). For a spherical source with I1 = k1/r2, this reproduces Eq. (9) with the standard 1/b

scaling.

4 Large-Radius Twist: Models, Motivation, and Deflection

Twist arises from jt and/or boundary coherence.

Model T1 (coherent growth with cutoff).

I2(r) = k2
r

rg
e−r/Lc , k2 = σ2M̂t, rg = λC√

α2
.

Motivation: coherence seeded by temporal torque grows linearly until de-phased by Lc.

Model T2 (diffuse logarithmic coherence).

I2(r) = k2

√
ln
(
1 + r2

r2
g

)
e−r/Lc ,

Motivation: boundary-enforced diffuse energy density with slow (log-type) growth.

Twist-channel deflection (unchanged).

∆θ
(T1)
twist(b) = 1

Au
β2

k2
2L3

c

4 curl2r2
g

Φ
( b

Lc

)
, (10)

∆θ
(T2)
twist(b) = 1

Au
β2

k2
2Lc

curl2
ln
(

1 + L2
c

r2
g + b2

)
. (11)

5 Derivation of Prediction B (Atom Interferometer)

As before,
∆ϕ = mflx

Au
ηprobe

∫
arm diff

[
I2

curl

]2
dt, (12)
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from probe-channel normalization; background cancels.

6 Predictions (Final Forms)

A) RMFD Cavity Birefringence
∆f

f
= 1

Au
β2

∫
arm

[
I2

curl

]2
ds.

B) Atom Interferometer Through Shear

∆ϕ = mflx
Au

η

∫ [
I2

curl

]2
dt.

C) Torsion Pendulum in Twist Gradient

τ = γ

Au
∆V ∂⊥

(
α2
[ I2

curl
]2)

.

D) Polarization Transport (from Lint)

Ψ = δ

Au

∫
Γ

[
λC I1

( I2
curl
)]

ds.

E) Large-Radius Deflection (combined)

∆θ(b) = 1
Au

[
β1 λC

∫
Γ(b)

I1 ds + β2

∫
Γ(b)

( I2
curl
)2 ds

]
,

using (9) for the near-field and (10)–(11) for twist.

7 Connection to Established Results (GR/PPN Bridge)

Near-field calibration fixes β1 from datasets obeying 1/b. Time-delays and PPN combinations
map to (α̂1, α̂2). Identifying uµ (EA) with the RMFD field and K ∼ (∇u)2 with Kq gives a clean
quadratic-invariants crosswalk.

8 Methods Roadmap

Geometry. Map u to obtain I1, I2; for stators, locate the thin twist sheet and mid-plane sign
change.

Normalization. Compute path integrals as dimensionless via division by Au and, where applicable,
by rson. Report posteriors for {α̂1, α̂2, β1, β2, γ, η, δ, k2, Lc, κ×, ζt}.

Pre-registration. Publish geometries, drives, nulls, and blinding toggles.
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9 Time-Domain Finite Propagation (APM Minimum Interval)
[FIX-2]

Minimum interval. Encode the APM minimum process interval:

τmin = χt Fq
−1, χt dimensionless.

Linearized dynamics and transverse speed. From the linearized equation for transverse
perturbations δuT ,

ζt

Fq
2 ∂2

t δuT − α2
∇2 δuT

curl2
≃ 0,

the dispersion relation ω2 = v2
T k2 yields

v2
T = α2 Fq

2

ζt curl2
, vT = Fq

curl

√
α2
ζt

(QMU).

This replaces the earlier expression and is the direct wave-equation result.

Phase-lag protocol. Drive at frequency ω ≪ Fq; detect at baseline L. Phase lag

ϕ(ω, L) = ω
(
τmin + L

vT

)
,

with intercept τmin and slope 1/vT .

Pulse-onset protocol. Use pseudo-random binary sequences; cross-correlate source/detector.
First-arrival time

tonset ≥ τmin + L

vT
.

Vary L; the common plateau bounds τmin, slope yields vT .
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A Methods Supplement: Φ(x), Asymptotics, and Quadrature

Define
Φ(x) ≡ 4

L3
c

∫ ∞

−∞

b2 + z2

r2
g

e−2
√

b2+z2/Lc dz, x = b

Lc
.

With z = Lc sinh t, r = Lc cosh t,

Φ(x) =
∫ ∞

−∞

(
x2 + sinh2t

)
e−2 cosht cosh t dt.
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Asymptotics:

Φ(x) = 1 − x2

2 + O(x4) (x ≪ 1), Φ(x) = 1
2x

+ 1
8x3 + O(x−5) (x ≫ 1).

Numerical routine for Φ(x) (Gauss–Laguerre style)

# Inputs: x=b/Lc, N nodes (e.g., 64); Outputs: Phi(x)
# Precompute Gauss-Laguerre nodes y_i, weights w_i for e^{-y}
Phi_half = 0
for i in 1..N:

t = arcosh(1 + 0.5*y_i) # cosh t = 1 + y_i/2
ct = cosh(t); st = sinh(t)
integrand = (x*x + st*st) * ct * exp(-(2*ct - y_i))
Phi_half += integrand * (w_i/(2*st)) # dt = dy/(2*sinh t)

Phi = 2 * Phi_half

Notes: cache nodes/weights; small x emphasizes t≈0; large x needs few nodes due to e−2 cosh t.

B GR-Limit Calibration in QMU (Practical Recipe)

Goal. Fix β1 from near-field deflection (twist negligible).

1. Choose a reference impact parameter b0 verifying 1/b.

2. Compute the convergence path integral (linear eikonal):

J
(b0)

1 = λC

∫
Γ(b0)

I1 ds = λC k1
π

b0
.

3. Form the dimensionless ratio
R0 ≡ ∆θobs(b0) Au

J
(b0)

1
.

4. Set β1 = R0. Then for any b in the near-field:

∆θnear(b) = 1
Au

β1 λC

∫
Γ(b)

I1 ds = R0
Au

J
(b)

1 .
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