Quantum
AetherDynamics

Quantum AetherDynamics Institute (QADI)

Alma, Illinois, USA

Aether—Plasma Coupling in the Aether
Physics Model:

QMU MHD Equations, Stability, and
Laboratory Experiments

Version 1.0 — November 16, 2025

QADI is a private non-profit 501(c)(3) research organization advancing the Aether Physics Model (APM)
and Quantum Measurement Units (QMU) through open, falsifiable science and fully reproducible metrology.
All publications, data, and code are archived openly with DOIs.

This document is published ledger-first (QMU).



Aether—Plasma Coupling in the Aether Physics Model:
QMU MHD Equations, Stability, and Laboratory Experiments

David W. Thomson III
Quantum AetherDynamics Institute (QADI), Alma, Illinois, USA
ROR:
ORCID: 0000-0002-5830-5427

November 16, 2025

Abstract

We construct the Quantum Measurement Unit (QMU) analogue of magneto-hydrodynamics
(MHD) for plasma interacting with the structured Aether of the Aether Physics Model (APM)
Thomson IIT and Bourassa (2005); Thomson IIT (2024a). Using the ledger identities

Ay
= 1672, A, curl = qu A2,
kc

we derive continuity, momentum, induction, and energy equations for Aether—plasma systems
in QMU units. The APM introduces an Aether rotational diffusivity controlled by A, and
curl, producing k2-dependent damping of Alfvén-, slow-, and fast-like modes. We identify
experimental configurations—high-@) resonators, pulsed pinches, and rotating-magnet arrays—
capable of isolating aetheric contributions in table-top and pulsed-power environments.
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1 Introduction

Institutional attribution follows the QADI reference identity Thomson III (2025a). In the Aether
Physics Model, electromagnetic and mechanical interactions occur within a structured Aether
composed of distributed charges. The ledger constants A,, curl, and the identity

A, curl = Fq2 o2

establish the kinematic and dynamic scales for field rotation, torsion, and chronovibration.

Classical MHD treats plasma as a conducting fluid coupled to electromagnetic fields in a featureless
vacuum. Alfvén (1942) In QMU, the plasma couples instead to the structured Aether, whose duality
holonomy and curl-defined vacuum geometry select preferred rotational and torsional responses
Thomson III (2025b). This leads to a QMU MHD system with additional diffusivity and damping
terms that are uniquely APM.

The objectives of this paper are:


https://orcid.org/0000-0002-5830-5427

1. to formulate the QMU MHD equations with explicit reference to the QMU unit names in the
QMU tables;

2. to derive linear modes and dispersion relations including A,- and curl-dependent corrections;
3. to present concrete laboratory experiments in which these aetheric corrections are observable;

4. to provide full dispersion derivations in an appendix, suitable for metrological and numerical use.

2 Ledger Closure and QMU Units

2.1 Ledger identities

Two closures are used throughout:

A
Y — 1672 1

Ay curl = F2 A2 (2)
Equation (1) ties the Aether unit A, to Coulomb stiffness k¢ via geometric factor 1672, Equation (2)

expresses the Aether rotational stiffness times curl exposure as the chronovibrational acceleration
scale qu)\c2, ie. vg where vq = AcFy is the fundamental QMU velocity unit.

2.2 QMU unit names used in this paper

We use the following QMU units by their table names. The third column shows the QMU expression
in terms of the base units (me, )\C,Fq7eemaX2) and the corresponding role in the MHD system.
Thomson III (2024b, 2025a)



Table 1: QMU unit names and roles used in this paper.

Quantity QMU unit name QMU definition and role
m
Mass density p masd masd = )\—%; background and perturbed mass
C
density for the plasma.
me F,
Magnetic flux density B mfxd, mfdw mfxd = — ‘12 for static/mean magnetic fields;
€emax
me Ao F,?
nfdw = <2920 for wave-like magnetic pertur-
. €emax
bations.
me Ao F?
Electric field strength E elfs elfs = ﬁ; used when electric fields are
€emax
explicitly retained.
Velocity v, Alfvén speed v4 velc velc = A¢ F; kinematic scale for fluid velocity
and characteristic Alfvén speed.
Frequency w freq freq = F},; temporal scale for modes, damping
rates, and chronovibrational response.
1
Wavenumber & wavn wavn = po spatial scale for eigenmodes and gra-
dients.
me F, q2 .
Pressure P pres pres = SV plasma pressure in the momen-
C
tum and energy equations.
Volume, area volm, area volm = A\o® and area = A¢?; geometric factors in

resonators, pinches, and arrays.

All variables appearing in the MHD system below therefore possess explicit QMU unit names,
and the closure relations (1)—(2) guarantee dimensional consistency. Thomson III (2024c)

2.3 Aether rotational diffusivity

The combination A, curl has unit vg = Ac*F,2. A natural Aether diffusivity (length?/time) is

therefore 4 |
cur
VAe = - = )\CQF(p (3)

1

which we interpret as a coarse-grained rotational diffusivity of the Aether medium as seen by the
plasma. This quantity enters the QMU MHD system as a common operator (J; — va.V?) in both
the momentum and induction equations, ensuring dimensional consistency.

3 QMU MHD System

We consider a quasi-neutral plasma described as a continuum with mass density p (unit masd),
velocity v (unit velc), and magnetic flux density B (unit mfxd). The Aether enters through A,,
curl, and the derived diffusivity vae.



3.1 Continuity equation
The QMU continuity equation reads
8tP +V- (pV) =0, (4)

with p € masd and v € velc.

3.2 Momentum equation with Aetheric diffusivity
We write the momentum equation as

POV + p(v-V)v=—-VP+ (V x B) x B+ pra. Vv, (5)
where:

e P is the pressure with unit pres;
e (V x B) x B is the standard magnetic tension and pressure force in QMU;
e prae V2v is an Aetheric rotational diffusivity term, analogous to a viscosity, with vae given

by (3).

3.3 Induction equation with v, stiffness

The induction equation, including Aether diffusivity, is written as
OB =V x (v x B) + v, V°B. (6)

The new term describes diffusive relaxation of B toward the local Aether frame. Because the same
vae appears in both Egs. (5) and (6), the linear system is unit-consistent.

3.4 Energy equation

Define the QMU energy density

1 1
E=—-p?+ B2 7
5PV T 5B (7)

with Aetheric dissipation arising from the v, terms in the evolution equations. In the absence of
explicit heating, we have

HE +V-S = —prae (VVv)? —vae (VB)? <0, (8)

with
S=E+P)yv—-(v-B)B (9)

the standard QMU MHD energy flux. Freidberg (1987) The Aether terms manifest as strictly
non-negative dissipation of kinetic and magnetic energies into the Aether medium.



4 Linear Modes and Stability

We linearize Egs. (5)—(6) about a uniform background
P = po, v =0, B = By,
with constant va.. Let perturbations be of the form

dv, 0B, dp x expli(k - x — wt)].

4.1 Alfvén-like branch
For shear Alfvén-like Alfvén (1942) perturbations with
k || Bo, ov L Bo, 5p ~ 0,

we obtain, in QMU units (see Appendix A):

po(—iw) ov = i(k - Bg) 6B — pg vae k2 v, (10)
(—iw) 0B = i(k - Bg) 0v — vac k% 0B. (11)
Defining the Alfvén speed
B2
2 0
v = 5 12
A 00 ( )

with v4 in unit velc, the dispersion for the parallel-propagating Aether-corrected Alfvén branch is
wi(k) =2vak — ivack?, (13)

where k is in unit wavn and w in freq. The Aether contribution appears as a k?-dependent damping
rate, Yae = Vack?, while the phase velocity remains v4 at leading order.

4.2 Oblique and compressible modes

For oblique propagation and compressible perturbations, the full dispersion determinant becomes
cubic in w. Kulsrud (2005) To leading order, each classical MHD branch acquires the same Aetheric
damping rate:

Wfast(k) ~ Wfast,O(k) — 1 VAe k27 (14)
wslow(k) ~ wslow,O(k) - Z‘I/Ae k27 (15)
where wiast,0 and wglow,0 are the usual QMU fast and slow magnetosonic frequencies obtained from

the standard MHD determinant. Higher-order corrections introduce small k?-dependent shifts in
the real part, but the dominant Aether signature is dissipative.

4.3 Stability and damping

For vae > 0 the Aether acts as a stabilizing rotational diffusivity. Linear instabilities must therefore
arise from other sources (currents, pressure gradients, gravity), and the Aether tends to reduce
their growth rates by vack?. A negative effective vp.—corresponding to a sign-inverted Aether curl
domain—would instead yield growth at rate |vac|k2.



5 TikZ Figures

5.1 Aether-corrected Alfvén geometry

Figure 1: Geometry of an Aether-corrected Alfvén-like mode. The wavevector k makes an angle 6
with the background field By, with transverse perturbations dv; and 0B . The Aether enters as a
rotational diffusivity va. producing k%-dependent damping.

5.2 High-Q microwave plasma resonator

cavity (volm)

-
microwave plasnia —|H e
N N N
N~ TBO N~

Figure 2: High-() microwave resonator filled with plasma. The central column supports modes
whose frequencies f and quality factors ) depend on both the magnetic tension and the Aether
diffusivity vae through the damping rate yae = vack?. The cavity geometry is naturally expressed
in QMU units volm and area.



5.3 Rotating magnet array over a plasma column

Figure 3: Rotating magnet array over a plasma column. The mechanical rotation frequency couples
to the Aether via the diffusivity vae, producing a measurable phase delay and amplitude modulation
in the plasma response. This serves as a direct probe of Aether—plasma coupling in QMU units.

6 Laboratory Probes

6.1 High-Q resonant plasmas (microwave cavities)

In the configuration of Figure 2, the plasma acts as a dispersive and dissipative medium. Slater
(1946) For a mode with frequency w = v4k Faltynek et al. (2017), the Aether-induced damping rate

1S
YAe = Vack?. (16)

The corresponding contribution to the inverse quality factor is

29Ae ok
Qri o THhe = g AT (17)

w VA

By scanning k and measuring @), one can isolate the k-scaling characteristic of Aether rotational
diffusivity in QMU variables.

6.2 Pulsed pinches with synchronized boundary orientation

A Z-pinch or theta-pinch device can be operated with boundary electrodes that execute a controlled
rotation during the discharge. Green (1960) The collapse and rebound dynamics are governed by
a competition between ideal MHD acceleration and Aetheric damping. A characteristic Aether
damping time is

! (18)
TAe VAek'Q )
while the ideal Alfvénic timescale is ]
~— 19
T~ (19)



The ratio
TA Vack

20
TAe VA ( )

is therefore a directly measurable QMU parameter. By varying k£ and the imposed rotation, one can
map out the Aether contribution to pinch stabilization.

6.3 Rotating magnet arrays

The setup of Figure 3 uses externally rotating permanent magnets to drive a torsional field into the
plasma. Slough et al. (2000) The driven response at frequency Qmag is that of a damped oscillator
with complex frequency w = +v4k — ivack®. The resulting phase delay between drive and response
is

2
Ap ~ arctan(uAek> ; (21)

Qnag — vak

which exhibits the same k? scaling as the damping rate. By scanning Qmag and k, it is possible to
fit simultaneously for v4 and vae.

7 Experimental Signatures and Distinguishability

A central challenge in verifying the Aether Physics Model is distinguishing the predicted Aetheric
diffusivity vae from classical transport coefficients, such as magnetic resistivity (1) and kinematic
viscosity (vyis), which also produce k%-dependent damping. We propose a differential measurement
strategy exploiting the dependence of classical coefficients on plasma temperature and density,
contrasting them with the fixed nature of the Aether background.

7.1 The Residual Damping Protocol

After subtracting independently calibrated wall and antenna losses, the remaining plasma damping
rate for a mode with wavenumber k is the sum of classical and Aetheric contributions:

7tot(ka T, TL) = [nclass(Tv n) + Velass <T7 n) + ’/Ae] k27 (22)

where T is temperature and n is density. Crucially, classical transport coefficients exhibit strong
power-law dependencies on plasma parameters. For example, in the resistive regime, Spitzer

e -3/2 o . . C e .

resistivity scales as 7clags X Te 3/ , while in the viscous regime, Braginskii viscosity scales as
2 . . .

Velass X Ti5/ n~!, where T, and T} are measured in the QMU temperature unit temp. Spitzer and

Hérm (1953) Cohen et al. (1950) Braginskii (1965)

In contrast, va. is a property of the Aether structure (determined by A, and curl) and is
independent of thermodynamic plasma parameters. Therefore, an experimental campaign that
varies T, while holding k constant will yield a damping curve of the form:

Ytot
k2
with A a coefficient capturing the classical contribution. A plot of measured normalized damping

= AT3? 4 up,, (23)

versus the scaling parameter (e.g., T;S/ 2) will yield a straight line. In standard MHD, this line
passes through the origin (or a small collisional background). In QMU MHD, the line is vertically
offset by exactly va. (see Figure 4). This non-zero intercept is the “smoking gun” signature of
Aetheric coupling.



7.2 Aetheric Quality Factor Limit

In high-Q@ resonators, this residual damping imposes a fundamental limit on the quality factor Q.
As plasma conductivity approaches infinity (7c1ass — 0) and viscosity is minimized, standard theory
predicts Q — oo limited only by boundary losses. The APM predicts a “saturation Q” defined by

the Aether background:
VA

2upc kb’

Qmax & (24)
This implies that even superconducting-like plasmas will exhibit a specific, irreducible energy loss
rate to the Aether medium, calculable directly from the ledger constants.

7.3 Turbulence Cutoff Modification

In turbulent cascades, energy dissipates at the Kolmogorov microscale A\giss, where the local Reynolds
number is unity. Braginskii (1965) The presence of v, establishes a “hard floor” for this scale.
Regardless of how large the mechanical Reynolds number of the flow becomes, the effective magnetic

Reynolds number cannot exceed

L
Rmeﬁ < A ) (25)
VAe

where L is the system size. Biskamp (2003) As a qualitative, Kolmogorov-type scaling estimate, the
corresponding dissipation wavenumber may be written as

c 1/4
Keut ~ <3> ) (26)

Ve

with e the cascade energy flux. This predicts a truncation of the turbulent power spectrum F(k) at a
wavenumber k., that is independent of plasma collision rates, potentially observable in high-energy
pulsed-power experiments.

MU MHD
Normalized Damping ~y/k? Q

- Standard MHD

7’
. .
,+” Vae is independent
e
L’ of temperature

’
’
,
’
.
.,
’

vaé (Residual)

Scaling Parameter (Te_?’/ 2)

Figure 4: Conceptual signature of Aetheric damping. By plotting the normalized damping rate -y /k?
against a plasma scaling parameter (such as Te_3/ ? for resistivity-dominated regimes, with 7, in
QMU unit temp), standard MHD predicts an intercept at the origin (blue dashed line). The APM
predicts a finite positive intercept (red solid line) corresponding to the constant Aether diffusivity
Vae. This residual damping cannot be eliminated by heating the plasma.



8 Diagnostics, Scaling, and Bayesian Extraction

8.1 Similarity parameters in QMU

We define QMU similarity parameters:

VAe

II, = O, =1 (by definition), (27)
B2
My = =2 =73, (28)
Po
I = k Ac. (29)
The Alfvén dispersion (13) can be written as
(;f = £/, IO, — i II2. (30)
q

All quantities are QMU-normalized by construction, with the Aether effect entirely encoded in the
dimensionless k% damping term.

8.2 Bayesian extraction of vy,

Given measured complex mode frequencies {w;} at wavenumbers {k;}, and a theoretical model

th . 2
Wi (Va, Vae) = Fvak; — ivacks,

the posterior density is
2

1
ploasvae ) oexp |5 3 L] (31)

I 7

with o; the QMU uncertainty in unit freq. This provides a metrological route to refining both v4
and v from plasma experiments.
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A Parallel-Mode Dispersion Derivation

In this appendix we derive Eq. (13) in detail for parallel-propagating, shear Alfvén-like modes in
the presence of Aether diffusivity vae.
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A.1 Linearization

Take a uniform background
P = po, V:07 B:BO:BOi

and consider perturbations
ov, 0B x expli(kz — wt)],

with & in wavn and w in freq. We assume incompressibility (dp ~ 0) and transverse polarization:

sv-2=0, 6B-2=0.

Under these assumptions, the linearized momentum equation (5) becomes
po 0rov = (V x 6B) x B + po Vae V2sv.
For parallel propagation,
V — ikz, V x 0B — ikz x 6B, V2 - —k2,

so that
(V x 6B) x By = ik By 0B, Vae V26V = —vpck? Ov.

Thus Eq. (32) reduces to
po 0:0v = ikBy 6B — povaec k2 ov.

The linearized induction equation (6) is
D10B = V x (6v x Bg) 4 vae VZIB.
Using
ovxBg=DByovxz  Vx(6vxBg) =ikBydv,  vacV?6B = —vp.k’0B,
we have
96B = ikBy 6v — vac k* 0B.
A.2 Fourier form
With the mode ansatz 0y — —iw, Eqgs. (33) and (35) become
—iw po O0v = ikBy 0B — po vae k% ov,
—iw 6B = ikBy 6v — vac k* 0B.
Rearranging,
(pow + @ po Vae k‘2)5v — kByoB =0,
~kBy6v + (w + ivae k*)6B = 0.

Egs. (38)—(39) form a 2 x 2 linear system for (Jv,dB).

11

(32)

(35)



A.3 Dispersion determinant

Non-trivial solutions require the determinant to vanish:

pow + i po Vae k2 —kBy | _
—kBy wHivack?| 0 (40)
Expanding,
(pow + @ po Vae k2) (w+ivae k:2) —k?B2 = 0. (41)
Factor out pg and use v} = B3/ po:
po (w+ivae k:2)2 — pov4 k? =0, (42)
or
(w+ i vaec k?)® = 03k (43)
Taking the square root,
w+ivack? = Fuak, (44)
SO
wi(k) = tvak —ivae k2, (45)

which is Eq. (13). This completes the parallel-mode dispersion derivation in QMU units, with a
dimensionally consistent role for the Aether diffusivity vae.
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