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Abstract

This paper formalizes a working hypothesis that certain gravitational-wave phenomena may
be re-expressed in the Aether Physics Model (APM) as Aether displacement waves: longitudinal
compression /rarefaction events of the Aether substrate that propagate at the APM velocity
unit velc = A¢Fy, and couple directly to tightly organized magnetic structures. We embed this
hypothesis in the existing QMU scalar-wave bookkeeping developed for pulse-driven longitudinal
phenomena by introducing (i) the exact QMU dimensional structure of the displacement field
unit dfld and (ii) displacement-wave activity functionals and falsifiable gates spanning laboratory
impulse fixtures, solar magnetic-loop destabilization, and multi-messenger supernova/GRB
timing. The immediate objective is not a global reinterpretation of all tensor gravitational-wave
detections, but a quantitative pathway to test for a longitudinal displacement channel that would
manifest as coherent, pulse-like mixed-derivative signatures in electromagnetic/magnetic proxies
and as structured precursor timing in astrophysical transients.
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1 Motivation and hypothesis statement

1.1 Context: longitudinal technology as a template for displacement transport

Recent QADI work on longitudinal (scalar) wave transport Thomson [2026] adopts a pulse-domain
bookkeeping strategy based on mixed derivatives and QMU-normalized activity measures Thomson
[2025]. The key engineering idea is that short, high-gradient impulses act as first-class longitudinal
drivers, and that longitudinal coupling should be judged by dimensionless activity functionals
rather than by narrowband resonance metrics alone. This paper ports that methodology to a
gravitational /displacement setting: if an Aether displacement channel exists, it should admit the
same kind of pulse-domain quantification.

1.2 Working hypothesis (research program statement)

We record the present hypothesis in operational form:
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A longitudinal displacement gravitational wave transfers a magnetic displacement at
propagation velocity velc that can destabilize tight magnetic structures such as magnetic
loops on the surface of stars. A displacement event can “pop” a magnetic bubble and
thereby trigger flare-scale reconnection and energy release. In supernovae, multiple
displacement-wave episodes may occur during initiation, with a source-dependent delay
between displacement-wave emission and the prompt gamma-ray burst. Displacement
waves are treated as maximal Aether events in the same category as maximal propagation
velocity, maximal Aether mass, and maximal Aether magnetic charge; and, as with
those maxima, there should exist a continuum of smaller-scale displacement waves.
The smaller-scale regime is proposed as the operational domain explored by Tesla-style
impulse experiments.

This paper does not require that all gravitational-wave detections be longitudinal. It asserts that a
longitudinal displacement channel is a distinct target for quantification and falsifiable measurement.

2 Ledger framing and exact QMU dimensions of dfld

2.1 Ledger One and the velocity primitive

We retain APM Ledger One as the propagation anchor
A, -curl = Fq2)\c2, (1)
and use the standard QMU velocity primitive
vele := Ac Fy. (2)

In what follows, all propagation statements are expressed in the velc normalization rather than by
introducing external velocity units.

2.2 Exact definition and dimensions of the displacement field unit

The QMU displacement field unit is defined by

1
me Fy’

dfld =

Therefore, the eract QMU dimensional structure of dfld is
[dfid] = me. ' F,7 (4)

Two immediately useful ledger identities follow:

Identity 1: mass-inverse and time primitive. Defining the mass-inverse unit (Quantum
Existential Limit) qexl := m,~! and the frequency unit freq := F,, we have

]
afd = I (5)

freq
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Identity 2: volumetric receptivity linkage. The QMU quantum volumetric receptivity unit is

! (6)

qvre (= ——————
me Ao Fq7

hence
dfid = \¢®qvre = volm qvre. (7)

This is a structural clue: dfld behaves as a volume-weighted receptivity, which is consistent with
interpreting dfld as an Aether compliance-like primitive in the longitudinal displacement bookkeeping.

2.3 Energy, pressure, and a displacement-wave scale

For later gates we reuse the QMU energy and pressure scales

2
enrg me
enrg = meF,A\c?, pres := > = ;Cq . (8)

We define a displacement-wave impulse budget as an energy-per-quantum-time scale (power primitive)
powr := enrg F, = me F,> \c?, (9)

and treat longitudinal transport as naturally normalized by powr/ A2 (power per quantum area),
mirroring the longitudinal-wave paper.

3 Displacement waves as a longitudinal mode

3.1 Kinematic definition: a longitudinal displacement coordinate

Introduce a scalar displacement coordinate £(z,t) (1D) or (x,t) (3D) representing longitudinal
Aether displacement along a propagation direction. The minimal propagation ansatz is the velc-
normalized wave equation

026 — velc? V3¢ = 0, (10)

with a longitudinal specialization that emphasizes V - (V&) rather than transverse shear modes.

3.2 Mixed-derivative observable (imported technology)

Adopt the pulse-domain mixed-derivative operator

82
S = —— 11
ot dx’ (11)
and define the scalar-wave primitive
F,
lw = —Z. 12
sclw Mo (12)
For a displacement channel, define a normalized mixed-derivative observable (dimensionless)
1 1
Wy == — 0;0,& = S¢€. 13
SeWa F, 10:8 sclw Ao ¢ (13)

This is the direct displacement-wave analog of the longitudinal scalar-wave amplitudes used for
mechanical strain and electrical scalar potential.
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3.3 Geometry-defined gradients

As in the longitudinal-wave technology, the effective spatial derivative is set by geometry. Define

Lo 1 1
Jooom = L Gy = 14
seom Ac “ b Ggeom AC (14)
so that displacement-wave observables scale as gg*e})m for fixed drive waveform and fixed velc
normalization.

4 Magnetic-loop destabilization mechanism (QMU gate form)

4.1 Magnetic loops as tight, metastable structures

Solar/stellar flare phenomenology treats magnetic loops and flux-rope structures as energy-storing
configurations that can release energy through rapid magnetic reconnection once a trigger destabilizes
the configuration [Priest and Forbes, 2002, Shibata and Magara, 2011]. In this paper, the trigger
class is extended to include externally imposed Aether displacement-wave impulses.

4.2 Aether displacement as magnetic displacement
The core coupling hypothesis is:

A longitudinal Aether displacement wave induces a coherent longitudinal perturbation
of magnetic organization (a “magnetic displacement”), arriving at the loop system at
velocity velc, and capable of tipping a near-threshold configuration into reconnection.

To move this from evocative narrative to a predictive gate, we specify a leading-order QMU
interaction term that couples the displacement coordinate £ to the magnetic stress budget of the
loop and then express the observational signature in terms of mixed-derivative proxies measurable
in imaging time—distance tracks.

4.3 A QMU interaction term: displacement—magnetic-stress coupling

Define a dimensionless displacement coordinate and dimensionless spacetime variables:

&= i, A t* = Fyt. (15)
Ac

Let pp(z,t) denote a magnetic stress-energy (pressure/tension) proxy for the loop, normalized on
the QMU pressure scale pres = enrg/volm:

enrg mqu2

po(a.t) = presph(at),  pres = o8 = TS (16)

Here p} is treated as a dimensionless stress proxy extractable from the observationally inferred
magnetic/thermal state (e.g., via magnetogram-constrained coronal modeling, or by using calibrated
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proxy channels); the present gate does not require committing to a unique magnetic-unit mapping
beyond ledger normalization.

We postulate the leading-order displacement—stress interaction density (Hamiltonian density) as

uint(x’ t) ‘= pres Fd 5*(‘%" t) p}}(‘ru t)a (17)

where I'q is a dimensionless coupling constant. This is the minimal ledger-clean term: it couples
a dimensionless displacement coordinate to a dimensionless magnetic-stress proxy with the only
dimensional prefactor pres.

The associated longitudinal force-density proxy is the stress-gradient of this interaction:

fi(@,t) = —Oudhu = =5 0,+(Ta€" p). (18)
C
Thus a propagating £* impulse produces a propagating magnetic-stress impulse. A loop “pops”
when the induced stress perturbation pushes a near-threshold configuration across its stability
boundary, producing runaway reconnection and impulsive heating [Priest and Forbes, 2002, Shibata
and Magara, 2011].

4.4 Mixed-derivative coupling law (aligned to sclw})

The displacement-wave observable is the normalized mixed derivative

sclwy(z,t) = Fiataxg = Op0p=E™. (19)
q

A gate-ready alternative to Eq. (17) is to parameterize the induced magnetic-stress perturbation
directly in terms of sclw}:
dpp(z,t) = Agsclwj(z,t), (20)

with dimensionless Aq. This makes the prediction operational: a coherent, propagating sclw}
feature must be accompanied by a coherent, propagating magnetic-stress perturbation. In this
parameterization, the impulse force-density proxy becomes

res .
Sfy(x,t) = —0,(0pp) = _pAT (g sclw?)). (21)

4.5 A trigger functional 7; based on mixed derivatives

Let M(z,t) be a measured magnetic-proxy channel along a chosen longitudinal axis (examples
include a component of an inferred current-density proxy, a line-of-sight magnetic-gradient proxy, or
a calibrated longitudinal electric response in an instrumented loop model). Define

e rak 9 t7 rxl 1 2
Ta = // sclwi)” dt* dx* =~ // 0y0x M) dt* dz*, (22)
i Jey ) t Jai <Fqu )

where t* := Fjt, * := z/\c, and M, is the QMU scale used to render M dimensionless. The
operational content is: a displacement-wave trigger appears as a coherent, propagating mixed-
derivative feature that elevates 73 beyond local stochastic evolution.
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4.6 Proxy signature refinement for Gate D1 (SDO/AIA imaging as a mixed-
derivative channel)

Gate D1 is intended to be computable on modern imaging sequences. The Solar Dynamics
Observatory and its Atmospheric Imaging Assembly (ATA) supply multi-channel EUV/UV imaging
suitable for time—distance extraction of propagating disturbances and impulsive heating signatures
[Pesnell et al., 2012, Lemen et al., 2012, Boerner et al., 2012]. Large-scale coronal EUV wave
phenomenology and analysis methods provide a natural reference class for “faint, propagating
compression fronts” [Liu and Ofman, 2014, Warmuth, 2015], and forward-modeling studies show
how AIA channels respond to global wave-like disturbances under thermodynamic MHD evolution
[Downs et al., 2012]. Automated detection pipelines (flare/dimming/EUV-wave detection) can be
leveraged to standardize candidate selection and reduce confirmation bias [Kraaikamp and Verbeeck,
2015].

To define an imaging mixed-derivative proxy, introduce a loop/arcade coordinate s (arc length)
traced on the image plane and, for an imaging channel A, let I)(s,t) denote the observed intensity.
Define the log-intensity field

S

Zx(s,t) := InI)(s,t), s = —. (23)
Ac
Then define a mixed-derivative “activity” observable directly analogous to sclwj:
Sa(s™,t%) = 005« Iy(s,1). (24)

A displacement-triggered destabilization predicts that Sy exhibits a coherent, propagating pulse-like
feature along the loop/arcade prior to the impulsive reconnection phase, and that the onset of
impulsive heating follows after the arrival of this feature at the candidate reconnection site.

Gate D1 (flare triggering; refined proxy form). For an active region exhibiting slow
pre-flare evolution, define a flare-onset window and test whether (i) 73 rises due to a coherent,
propagating mixed-derivative feature and (ii) an analogous rise is detectable in Sy along loop/arcade
coordinates prior to the impulsive phase. The hypothesis predicts that flare-onset probability
increases monotonically with 73 once local AR evolution has brought the system near threshold
[Priest and Forbes, 2002, Shibata and Magara, 2011], and that the first impulsive heating signatures
occur after the propagating mixed-derivative feature reaches the inferred trigger site [Pesnell et al.,
2012, Lemen et al., 2012, Boerner et al., 2012].

Failure mode. 73 shows no systematic precursor behavior beyond local AR evolution, or the
observed mixed-derivative features are spatially incoherent (purely local discharge/heating without
propagation), inconsistent with a coherent longitudinal impulse.

5 Supernovae and GRBs: displacement-wave precursor ladder

5.1 Motivation: multi-episode initiation

Core-collapse supernovae are predicted to exhibit multi-stage dynamics that can source gravitational-
wave emission through several mechanisms and epochs [Ott, 2009, Kotake, 2013]. This paper isolates
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a specific testable timing hypothesis: structured displacement-wave episodes may precede prompt
gamma-ray emission in GRB-associated events.

5.2 Delay as a source-conditioned transport/escape time

In collapsar-style GRB scenarios, prompt gamma-ray emission depends on jet formation and breakout
through the stellar envelope, so a nonzero delay between core dynamics and observed gamma rays
is structurally natural [MacFadyen and Woosley, 1999]. The displacement-wave hypothesis adds a
specific claim: the delay distribution is conditioned by the supernova state and can be probed by
searching for multiple precursor displacement-wave episodes.

Gate D2 (precursor multiplicity). Define a precursor-count statistic Ny as the number of
significant displacement-wave candidates in a pre-burst window, with candidates selected by a
template-free mixed-derivative activity criterion analogous to Eq. (22). The hypothesis predicts that
Ny typically exceeds unity during initiation in events that later produce GRB prompt emission.

Gate D3 (delay conditioning). Define At* := F, At between the earliest significant displacement-
wave candidate and the GRB trigger time. The hypothesis predicts that At* clusters by progenitor
class and envelope state rather than behaving as an unstructured random offset.

6 Formalizing Gate D4: geometric scaling and the ADT transfer
law

6.1 Objective: isolate a longitudinal displacement channel from conventional
EM work

Gate D4 is designed to test whether an Aether displacement signature can be driven by pulse
sharpness and geometry-defined gradients under a fixed per-pulse energy budget. The gate is stated
entirely in ledger primitives: it does not assume a particular coupling exponent a priori, but instead
measures it.

6.2 Drive normalization (ledger-first)

Define the QMU scalar-potential scale by the ledger identity

enrg

Yq = g (25)

This normalization is for the electrostatic scalar potential channel ¢.; a magnetic-scalar channel

would instead use gp,(lm) := enrg/eemax>. For a measured drive voltage V (), define the dimensionless

drive potential
t
o (t) = m, t* = Fyt. (26)
Pq
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6.3 Geometry-defined gradient lever arm

We reuse the geometry factor already defined in Eq. (14):

Coft 11
Jgeom )\C

m ‘= 3 Oy ~
Jgeo Ao x o

Operationally, Gate D4 is implemented by swapping drive geometries that change feg (and therefore
Jgeom) While keeping the electrical delivery and measurement chain unchanged.

6.4 ADT transfer law with a p exponent to be measured

Define the dimensionless drive sharpness observable

1 0yp*
Jgeom ot

D¢(t*) = (27)
We then parameterize the displacement-channel mixed-derivative observable by a dimensionless

transfer law
lw* (1) = —(p—1) ) = —p O¢
sC Wd(t ) = Kd Ygedm D¢(t ) = Kd Ygeom ot (28)
where k4 is a dimensionless coupling constant (fit from data) and p is the measured geometry-scaling
exponent. The earlier quadratic claim corresponds to the special case p = 2; Gate D4 treats p as an
empirical discriminant.

6.5 Fixed-energy protocol (Gate D4)

Hold the per-pulse delivered energy fixed:

t1
V(t)I(t)dt = enrg,,, = enrgenrgy,.. (fixed). (29)
to

Define the displacement-wave activity functional

/t / (sclwj(z*, t* )) dt* dx*, =z /Ac. (30)

Let R* denote a chosen dimensionless receive metric (e.g., a calibrated mixed-derivative proxy
amplitude or an integrated receive activity of the same form). Gate D4 is then:

Gate D4 (geometry/activity scaling). At fixed eNrgy ise, SWEEP ggeom and pulse rise time to
vary Dy and Ajq, and fit the scaling of R* versus ggeom and Dy. A displacement channel predicts a
nontrivial exponent p in Eq. (28) that is stable under repeated geometry swaps and persists under
channel-suppression controls (Gate D5).

Failure mode. No reproducible scaling of R* with ggeom and Dy beyond what is explained by
conventional electromagnetic pickup, capacitive injection, or mechanical coupling; or an apparent p
that collapses to zero once suppression controls are applied.
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7 Laboratory pathway: applying longitudinal-wave technology to
displacement waves

7.1 Design principle

The longitudinal-wave paper’s methodological core is portable:

1. Use pulse-domain drive as the primary knob.
2. Quantify coupling by mixed-derivative activity measures.
3. Use geometry-defined gradients (ggeom) as the lever arm.

In a displacement-wave context, the laboratory objective becomes:

Construct a pulse fixture whose conventional electromagnetic and mechanical channels
are either separately calibrated or explicitly suppressed, and test whether a residual lon-
gitudinal displacement signature remains that scales with pulse sharpness and geometry
as predicted by sclw} and 7q.

7.2 An “Aether displacement transducer” (ADT) concept

An ADT is a two-port system:

e a drive port producing extreme S activity in a controlled geometry (Tesla-style impulse
regime),

e a receive port instrumented to measure longitudinal mixed-derivative signatures with high
dynamic range.

Two implementation paths mirror the WAEF benchmark:

1. WAEF-calibrated path: validate the pulse-domain scalar-wave accounting on a wall-
throughput longitudinal mode, then progressively suppress mechanical coupling (vacuum gaps,
compliant breaks) while preserving pulse geometry and electrode sharpness.

2. Non-contact path: spatially separated impulse driver and receiver with explicit electro-
magnetic shielding, seeking coherent propagating mixed-derivative signatures that are not
explainable by radiative pickup or mechanical conduction.

7.3 Gate D5 (channel suppression)

If the receive metric persists under progressive suppression of mechanical conduction and radiative
coupling, while retaining A4 scaling, this supports a distinct displacement channel. If the signal
collapses under suppression in a manner consistent with ordinary coupling, the displacement
hypothesis fails for that fixture.
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8 Relation to gravitational-wave polarization bookkeeping (mea-
surement alignment)

Metric-theory polarization bookkeeping organizes gravitational-wave content into tensor, vector,
and scalar modes [Eardley et al., 1973]. Observational work constrains non-tensor contributions
in various contexts (including directed searches and multi-detector analyses) [Abbott et al., 2018,
2019, Hagihara et al., 2019]. In the APM displacement-wave program, this polarization taxonomy is
treated as measurement alignment: the target here is the scalar-longitudinal displacement degree of
freedom and its electromagnetic/magnetic proxy manifestations under pulse-domain mixed-derivative
diagnostics.

9 Conclusion

We formalized an APM/QMU research program for Aether displacement waves as a longitudinal
transport channel that (i) propagates at velc = AcFy, (ii) admits pulse-domain quantification
through mixed-derivative scalar-wave observables, and (iii) can couple to tight magnetic structures
in a way that is testable via dimensionless activity gates. We stated the exact QMU dimensions
of dfld as meleq_l and provided structural identities linking dfld to mass-inverse and volumetric
receptivity units. We then defined a sequence of falsifiable gates spanning laboratory impulse
fixtures, solar flare triggering, and supernova/GRB precursor timing. The immediate next step is to
implement Gate D4/D5 in a WAEF-calibrated fixture while developing an observational pipeline for
Gate D1-D3 using mixed-derivative activity metrics aligned to QMU normalization.
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Appendix: Data Logging Map for ADT Benchmarks

This appendix provides the mapping between raw oscilloscope measurements and the dimensionless
QMU units required for Gate D4 verification.
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Table 1: Ledger-Only Normalization Map for ADT Experiments (QMU Form)

Quantity Raw channel QMU normalization

Drive potential V(t) ©*(t) ==V (t)/ g @q:=enrg/e
Time t t* = F,t

Position x ¥ =x/ Ao

Geometry scale Lot Ggeom = Lot/ AC

Drive sharpness V(t) Dy (t*) := Ggeom ="
Displacement observable (receiver proxy) sclw} (fit via Eq. (28))

Activity (space-time window) Aq := [[(sclw})? dt* da*

Procedure for Ay calculation (ledger-only). Given a recorded drive waveform V (¢) and a
measured effective geometry scale fog:

Compute ¢*(t) = V(t) /¢, using p, = enrg/e?.

Convert time to t* = F,t and set ggeom = lefi/AC-

Compute Dy(t*) = gg_ehm O™ (t*).

Use the receiver channel to obtain (or proxy) sclw}(z*,¢*) and fit (kq, p) using Eq. (28) across
geometry swaps.

=

5. Compute Aq = [[(sclw})? dt* dz* over the chosen receive window and compare scaling with
Jgeom at fixed enrg;‘;ulse.
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