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Abstract

Experimental observations of anomalous thrust in asymmetric resonant microwave cavities
(the “EM Drive”) remain an open engineering question because the signal regime is comparable
to known thrust-balance side-effects. This paper proposes an Aether Physics Model (APM)
resolution: thrust is not a violation of momentum conservation, but a reaction against the
Aether lattice itself, mediated by the material interface of the cavity. We analyze the interaction
between internal resonant curl organization and an external Aether pressure response using the
Au curl = Fq

2 λC
2 identity. Two engineering enhancements are proposed to amplify any real

coupling: (i) DC-biased, high-coherence conductors to increase Aether conductance across the
cavity skin, and (ii) an external standing-wave electrostatic field to act as a steerable “virtual
hull” that impedance-matches the boundary layer between matter and Aether.

Keywords: EM Drive; Aether pressure; DC bias; crystalline lattice; Ledger One; propulsion; curl;
frustum resonance

1 Introduction

The reported generation of thrust from closed microwave cavities without propellant has been
dismissed by many as a violation of momentum conservation. That dismissal typically assumes
a vacuum devoid of structure. In the Aether Physics Model (APM), the vacuum is a structured
lattice of Aether units (Au) possessing intrinsic parameters of conductance, curl, and mass equiva-
lence Thomson [2025].

Under this framework, the EM Drive does not push against “nothing”; it pushes against the Aether
lattice, analogous to a submarine pushing against water. The goal is to solve the EM Drive system
if it can be solved: identify the coupling channel, identify the geometry that biases it, and identify
material modifications that make the coupling strong and repeatable.

A terse acknowledgement is warranted: stringent null-oriented measurement campaigns and critique-
driven balance upgrades exist, and they must be beaten by design rather than argued away [Tajmar
et al., 2022, Kößling et al., 2019, Neunzig et al., 2022]. Earlier interpreted-positive reports provide
representative targets for the claimed operating regime and cavity class [Brady et al., 2014, White
et al., 2017].

2 Derivation of Geometric Force

To quantify thrust, we define the internal Aether energy organization in the cavity and its longitudinal
bias along the axis z. We begin with an Aether Lagrangian density LA describing the dynamic
tension of the Aether lattice under forced resonance.

2.1 The Aether Lagrangian

In QMU, vacuum is not empty but possesses a non-zero magnetic impedance. The Lagrangian
density LA for a resonant cavity is defined by the difference between magnetic energy density (Um)
and electrostatic energy density (Ue):

LA = Um − Ue. (1)
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Using the primary APM identity Au curl = Fq
2 λC

2, we express the magnetic interaction in terms
of Aether-unit geometry. The magnetic energy density in the cavity is proportional to the local curl
participation. Define a dimensionless curl participation amplitude

Γ(z) ≡ curl(z)
curl , (Γ dimensionless). (2)

Then a convenient QMU-form for the magnetic energy density is

Um(z) = 1
2

mflx2

Au

(
curlΓ(z)

)2
. (3)

Here, mflx is the magnetic flux unit and Au is the Aether unit geometry. The tapering of the cavity
(frustum shape) imposes a geometric constraint on the standing-wave mode structure, biasing Γ(z)
so that curl participation concentrates toward one end.

2.2 The Gradient Force (corrected stress form)

The thrust is derived from a stress imbalance generated by the longitudinal bias of the time-averaged
Aether Lagrangian. Define an effective Aether pressure proxy as the negative time-average of the
Lagrangian,

pA(z) ≡ −⟨LA(z)⟩t. (4)

A longitudinal pressure gradient corresponds to a force density

fz = −∂pA

∂z
. (5)

Integrating across the cavity volume and using the divergence theorem yields the net axial force as
a boundary stress:

Fz =
∫

V
fz dV ≈

∮
∂V

pA(r⃗) (n̂ · ẑ) dA. (6)

For a frustum, a useful leading-order reduction is an endcap pressure difference,

Fz ≈ Asmall⟨pA⟩small − Alarge⟨pA⟩large, (7)

which makes the engineering target explicit: maximize the difference in mode-averaged Aether
pressure proxy between the small and large ends.

To connect this to the wall, define an effective coupling factor for how strongly the cavity skin
anchors the field organization into the external Aether:

pA(z) = ηskin(z) pA0 Φ(z), (8)

where ηskin is dimensionless (material/interface controlled), pA0 is a QMU pressure scale (e.g.
pA0 ∼ enrg/volm), and Φ(z) is a dimensionless mode-shape functional dominated by Γ(z)2 and the
electrostatic participation. In this form, Eq. (7) becomes an actionable design equation: increase
ηskin and bias Φ(z).



3 LATTICE ALIGNMENT AND DC BIAS 3

Figure 1: Lagrangian Gradient of Aether Density (concept). A frustum biases the resonant
curl participation Γ(z) so that ⟨pA⟩ is not equal at both ends. Net thrust follows from the boundary
stress imbalance in Eq. (7).

2.3 Coupling via Ledger One

The interaction is governed by the conservation of the Aether unit:

Au curl = Fq
2 λC

2

In this propulsion context, Au curl = Fq
2 λC

2 is the closure that forces any attempt to “pile up” curl
participation in one region of the cavity to be paid for by compensating changes in the other ledger
channels. A frustum drives that compensation into a longitudinally biased stress. The cavity walls
enforce the boundary conditions, and the wall microphysics determines how efficiently the internal
resonant organization transmits into an external Aether reaction (the role of ηskin in Eq. (8)). This
is the core “skin-effect” thesis: propulsion is an interface phenomenon, not a photon rocket.

3 Lattice Alignment and DC Bias

Current experiments typically utilize polycrystalline copper. In APM terms, random domain
orientations scatter coherent Aether flow, reducing ηskin and washing out any repeatable pressure
bias. Copper atoms must be treated not only as electrical conductors, but as Aether conductors.

Hypothesis 1 (Lattice Coherence). For fixed cavity geometry and RF mode, thrust efficiency
increases with lattice coherence and domain alignment of the cavity wall in the skin region, through
an increase in the coupling coefficient ηskin.

To drive this alignment, the cavity may be manufactured and/or operated under a strong DC
bias. The DC bias is treated here as a conditioning field: it biases charge distribution and domain
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response in the skin region during operation, increasing repeatability and reducing domain-level
scrambling. Separately (and preferably), high-coherence conductors (large-grain copper, textured
copper, or single-crystal copper where feasible) provide a direct path to increasing ηskin without
relying on an in situ conditioning mechanism.

4 The Electrostatic Steering Mechanism

If the cavity is the engine, the external interface determines the vector. Envelop the vehicle in a
standing-wave electrostatic field to create a steerable boundary layer.

In QMU terms, an electrostatic field consists of polarized Aether units attached to the charge source.
By generating a structured external field around the hull, the vehicle creates a “virtual skin” that
extends into the vacuum:

• Impedance Matching: The field provides a controllable buffer between the hard matter
boundary and the fluid Aether substrate, smoothing momentum transfer and reducing boundary
discontinuities.

• Steering: By modulating the bias pattern of the standing-wave field, localized Aether pressure
can be increased on one side and decreased on the other, producing a lateral force component
without mechanically rotating the test article.

Differential steering observable

Electrostatic thrust claims are routinely attacked via strict null methodology; therefore steering
must be evaluated as a differential perturbation on top of RF-on operation, not as a standalone
effect [Tajmar and Schreiber, 2020, Tajmar, 2004]. In that spirit, write the external-field steering
force as

∆F⃗lat ∝ ∇
(
ptty E2

ext

)
, (9)

where Eext is the imposed external electrostatic field amplitude (expressed in QMU field units),
and ptty E2

ext is the corresponding external-field energy-density loading of the Aether boundary
layer. The experimental discriminator is the change in lateral force when the external field pattern
is toggled while the RF resonance state is held fixed.

5 Experimental Proposal

To validate these hypotheses, a two-phase experiment is proposed to isolate (i) material coupling
and (ii) external impedance shaping. A concise acknowledgement is sufficient: high-accuracy null
tests exist and will be used as a bar for protocol discipline [Tajmar et al., 2022, Neunzig et al., 2022].

5.1 Phase I: The DC-Biased Resonant Cavity

Fabrication Protocol:
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1. Bias Conditioning: A copper frustum (dimensions per Eagleworks-style cavity classes)
is processed and/or operated under a longitudinal DC electrostatic conditioning field E ≳
κE efld.1

2. Objective: Increase ηskin by stabilizing skin-region domain response and improving the
repeatability of the boundary condition under RF power.

3. Control: A standard polycrystalline copper cavity of identical dimensions serves as the
control.

Test Procedure: Both cavities are tested on a torsion pendulum (or equivalent high-resolution
thrust balance) in a high-vacuum chamber p ≲ κp pres.2 The prediction is that the bias-conditioned
or high-coherence cavity exhibits a higher thrust-to-power ratio (F/P ) due to coherent transfer of
curl through an increased ηskin.

5.2 Phase II: The Electrostatic Steering Field

Apparatus Design:

• Field Generators: A segmented high-voltage mesh (or array of capacitor plates) is installed
around the cavity, electrically isolated from the resonant skin.

• Operation: A static or slowly modulated potential pattern is applied to segments to create
an asymmetric standing-wave field around the vehicle.

Steering Test: With the cavity resonating at fixed power (generating axial thrust), the external
field bias is shifted laterally. A steering signal is defined by the repeatable change in ∆F⃗lat correlated
with the controlled change in the external field pattern per Eq. (9), while RF-on/off and orientation
reversal checks are used to reject non-propulsive side effects.

6 Conclusion

The EM Drive is proposed here as a primitive demonstration of Aether displacement propulsion.
Through Au curl = Fq

2 λC
2, the thrust channel is identified as a boundary phenomenon: a frus-

tum biases internal curl participation, and the cavity skin determines how strongly that biased
organization couples to an external Aether reaction. The fastest route to “solving the system” is
therefore to engineer the skin: transition from random polycrystalline cavities to bias-conditioned,
high-coherence resonant systems, and then use external-field impedance shaping to steer the Aether
grip.
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A Protocol for Field-Assisted Annealing of Resonance Surfaces

To maximize the skin-coupling coefficient ηskin, the cavity material must undergo recrystallization
in the presence of a polarizing electrostatic field. This process is analogous to magnetic annealing
in ferromagnetic materials but is applied here to paramagnetic/diamagnetic copper to align the
Aether-lattice impedance of the grain boundaries.

A.1 Materials and Apparatus

• Substrate: Oxygen-Free High Thermal Conductivity (OFHC) Copper (C10100), 99.99%
purity.

• Furnace: Controlled-atmosphere tube furnace or vacuum furnace capable of T > 700◦C.
• Bias Source: High-Voltage DC Supply (0–30 kV), low current limit (< 1 mA).
• Electrodes: Molybdenum or Tungsten bias rods, electrically isolated from the copper frustum

by high-temperature ceramic standoffs (Alumina or Boron Nitride).

A.2 Process Parameters

The critical mechanism is the maintenance of the electrostatic bias during the cooling phase, locking
the re-formed crystal lattice into alignment with the longitudinal axis.

Parameter Target Value
Atmosphere Argon (Ar) or High Vacuum (< 10−6 Torr)
Peak Temperature (Tpeak) 600◦C ± 10◦C (Recrystallization)
Soak Time (tsoak) 120 minutes
Bias Field Strength (Ebias) > 50 kV/m (Longitudinal)
Cooling Rate < 2◦C/min (controlled ramp)

Table 1: Field-Assisted Annealing Parameters

A.3 Step-by-Step Procedure

1. Pre-Cleaning: The machined copper frustum is chemically cleaned (acid etch) to remove
surface oxides and machining oils.

2. Fixture Setup: The frustum is mounted in the furnace. The HV electrode is centered along
the longitudinal axis of the frustum. The frustum itself is grounded.

3. Atmosphere Purge: The chamber is evacuated and/or purged with Argon to prevent
oxidation.

4. Heating Ramp: Temperature is raised to Tpeak at 5◦C/min. No bias is applied during the
initial ramp to prevent arcing due to outgassing.

5. Bias Application: Once Tpeak is stable and vacuum/atmosphere is verified, the HV Bias is
ramped to the target Ebias.

6. Soak: The temperature and voltage are maintained for tsoak. This allows grain growth to
proceed under Aetheric tension.
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7. Field-Cooling (Crucial): The furnace heating elements are powered down to follow the
slow cooling rate. The HV Bias must remain ON until the temperature drops below
100◦C. This "freezes" the lattice orientation.

8. Extraction: Once at room temperature, voltage is removed, and the cavity is extracted for
immediate installation or vacuum sealing.

A.4 Safety Note

High voltage applied at high temperatures presents significant breakdown risks. All ceramic
insulators must be rated for the operating temperature to prevent conductivity creep. Current
limiting on the HV supply is mandatory to prevent damage to the cavity surface in the event of a
plasma discharge.
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