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Abstract

The Earth Synchronized Vacuum Resonant Drive (ESVRD) v4.0 presents a falsifiable experimental
framework for propellant-independent micro-thrust generation using the Dynamical Casimir Effect
(DCE) in asymmetric resonant cavity arrays. This version eliminates all claims that exceed
established physics. The geocentric vacuum engine hypothesis (prior versions) is reclassified as a
motivating conjecture outside the scope of the experimental program. All thrust projections are
replaced with calculations derived exclusively from peer-reviewed DCE photon-production rates,
measured Casimir forces, and the epitaxial semiconductor stack architecture proposed by Hyland
(2025), which achieves centimeter-level boundary amplitudes and raises projected propulsive forces
to potentially measurable levels.

A novel contribution is the integration of operator-state feedback via Heart Rate Variability (HRV)
coherence—a physiological metric with established empirical validity (McCraty et al., 1.8M-session
global dataset, 2025)—into cavity-tuning control loops. This operationalizes the ERES New Age
Cybernetics (NAC) framework through three measurable channels: BEST (Bio-Electric Signature
Time: inter-beat interval variability), SOUND (Signal-coherence in operator voice/acoustic interface),
and GOOD (Governance-Oriented Operational Design: merit-based access protocols). The system
equation E x R x VRD + G = SECUIR is retained as an organizational schema, not a physics
equation.

The document does not assert a working propulsion system. It specifies a concrete laboratory
experiment, defines quantitative success/failure criteria, identifies every point where the framework
departs from established physics, and embeds the research program within a non-punitive
governance architecture designed for responsible scaling.
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1. Introduction

1.1 Problem Statement

All operational propulsion systems require expulsion of reaction mass. The Tsiolkovsky rocket
equation imposes exponential mass penalties for high-Av missions. A propulsion mechanism that
generates thrust without expelling onboard mass would fundamentally alter the economics and
feasibility of deep-space exploration. The Dynamical Casimir Effect (DCE)—in which accelerating
boundaries convert quantum vacuum fluctuations into real photon pairs—offers a candidate
mechanism, though one that has historically produced forces far below useful thresholds.

1.2 State of the Art

The static Casimir force between parallel plates was predicted by Casimir (1948) and experimentally
confirmed by Lamoreaux (1997) to ~5% accuracy, with subsequent measurements achieving ~1%
agreement with theory at 0.1-0.7 um separations (Klimchitskaya et al. 2024). The Dynamical
Casimir Effect was experimentally confirmed by Wilson et al. (2011) using a superconducting circuit,
producing real photons from vacuum via effective mirror velocity ~5% of c.
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Maclay and Forward (2004) proposed DCE-based propulsion but noted that material strength limits
constrain mechanical mirror amplitudes to the nanometer range, producing negligible forces. The
critical recent advance is Hyland (2025), who proposes replacing mechanical mirrors with an
epitaxial stack of transparent semiconductor laminae in which voltage is rapidly switched to
successive layers, creating continuous large-amplitude reflective-surface motion without mechanical
contrivances. This architecture achieves centimeter-level effective amplitudes, raising projected
propulsive forces by orders of magnitude.

NASA’'s Breakthrough Propulsion Physics program (1996—2002) and subsequent DIA assessments
have explored Casimir-based propulsion as a long-term research direction, establishing institutional
precedent for this line of inquiry.

1.3 What ESVRD v4.0 Contributes

ESVRD v4.0 makes three specific contributions:

* A concrete Phase 1 experimental design combining Hyland’s epitaxial stack with asymmetric
cavity geometry and torsion-balance measurement.

* Integration of HRV-coherence biofeedback (established physiological metric) into
cavity-tuning control loops, creating the first operator-state-coupled resonance control
system.

* A governance framework (NPR Law + PlayNAC) that regulates access to experimental
programs through contribution metrics rather than institutional gatekeeping.

1.4 Scope Limitations

This document explicitly excludes: claims of infinite Av; the geocentric vacuum engine hypothesis
(retained in prior versions as Tier B speculation, here reclassified as a motivating conjecture outside
the experimental program); macro-scale vacuum energy extraction; and any assertion of realized
thrust. All numerical projections are clearly labeled as theoretical upper bounds pending
experimental confirmation.

2. Body of Evidence
2.1 Physics Foundation

2.1.1 Static Casimir Force
The Casimir force between two parallel perfectly conducting plates separated by distance d is:
F/A = -n?hec / (240 4°)

For d = 100 nm, this yields approximately 1.3 x 10 N/m? (~130 uN/cm?). The force has been
measured to ~1% precision in plate-sphere geometries using atomic force microscopy and
torsion-balance techniques (Decca et al. 2009; Mohideen et al. 2024). This is established physics.

2.1.2 Dynamical Casimir Effect (DCE)

When a boundary moves at velocity v in vacuum, it converts virtual photons into real photon pairs.
The photon production rate scales as (v/c)®. For mechanical mirrors with nanometer amplitudes at
GHz frequencies, v/ic ~ 107", producing unmeasurably small photon fluxes. Wilson et al. (2011)
circumvented this by using a superconducting quantum interference device (SQUID) to modulate an
effective boundary condition at ~10 GHz, achieving v_eff/c ~ 0.05 and observing real photon
production.
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The DCE is now experimentally confirmed. The open question is whether the photon momentum can
be made directionally asymmetric to produce net thrust.

2.1.3 Hyland Epitaxial Stack Architecture (2025)

Hyland’s key innovation replaces mechanical mirror motion with sequential voltage switching across
an epitaxial stack of transparent semiconductor laminae. As voltage is applied to each lamina in
sequence, a reflective surface effectively propagates through the stack at a speed determined by
switching rate, not mechanical inertia. This permits effective boundary velocities approaching
relativistic fractions at centimeter-level amplitudes, without material stress. Hyland provides
relativistic force calculations showing that at centimeter-scale amplitudes, propulsive forces rise to
potentially measurable levels—orders of magnitude above the nanometer-amplitude mechanical limit
identified by Maclay and Forward.

This architecture is the empirical anchor for ESVRD v4.0.

2.1.4 Asymmetric Cavity Geometry

Directional thrust requires breaking the symmetry of photon emission. Two established approaches
exist: truncated-cone (asymmetric frustum) cavities that preferentially emit DCE photons in one
direction due to unequal boundary conditions; and layered refractive-mirror systems (explored by the
NASA BPP program) where refraction forces and reflection forces are combined to produce net
momentum transfer. ESVRD v4.0 proposes combining the Hyland epitaxial stack with asymmetric
frustum geometry.

2.2 Resonance Amplification

2.2.1 Parametric Resonance in Cavities

Law (1994) predicted that when the mechanical oscillation frequency of a cavity boundary equals an
odd-integer multiple of the fundamental optical resonance frequency, the rate of DCE photon
emission increases dramatically—a parametric resonance effect. This is the mechanism by which a
small input (boundary oscillation energy) can produce amplified output (photon flux), analogous to
SYU’s megaphone analogy: the cavity provides structural resonance that amplifies a small initial
input.

This parametric amplification is standard quantum optics. The ESVRD framework organizes it under
the resonance condition:

f drive = (2n+l) x f cavity (n=0,1, 2, ...)
When this condition is met with sufficient quality factor Q and coupling strength C > C_min, photon
production rates increase by factors proportional to Q? (for high-Q cavities).
2.2.2 Lorentzian Response Profile
The thrust response as a function of frequency detuning follows a standard Lorentzian:
T(Af) = T peak / [1 + (Af / v)?]

where Af = f _drive — f_resonance, and y is the cavity linewidth (determined by Q-factor: y =
f resonance / Q). This is identical to any driven resonator’s amplitude response—established
physics, not a novel claim. The practical implication is that thrust is highly sensitive to frequency
alignment: detuning by one linewidth reduces thrust by 50%.

2.3 Operator Coherence Integration: NAC BEST/SOUND/GOOD
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This section introduces the novel cybernetic contribution of ESVRD: coupling measurable human
physiological coherence to cavity-tuning parameters. This is not a metaphysical claim—it is a
control-systems architecture using established biometric signals.

2.3.1 BEST: Bio-Electric Signature Time

BEST is defined as the operator’'s real-time HRV coherence score. Heart Rate Variability
coherence—measured as the ratio of spectral power in the 0.04—0.26 Hz band centered on the ~0.1
Hz resonant frequency—is an established physiological metric validated across 1.8 million user
sessions in a 2025 global study (Scientific Reports). Key empirical facts:

*+ HRV coherence at ~0.1 Hz correlates with improved cognitive function, emotional stability,
and decision quality (McCraty et al. 2016, 2017).

* HRV coherence is measurable in real time using commercial PPG sensors (HeartMath
InnerBalance, Muse 2, Sens.ai) with clinical-grade accuracy.

« Operator cognitive load directly affects task performance—validated in UAS operator studies
using HRV + EEG biometrics with ML classification accuracies up to 98% (MDPI Drones,
2025).

In ESVRD, the operator's BEST score (HRV coherence, 0.0-1.0 scale) modulates a
tuning-sensitivity parameter in the cavity control loop. Higher coherence permits finer frequency
adjustments; lower coherence triggers protective detuning to prevent operator-error-induced
resonance cascade. This is a servo feedback architecture, not a metaphysical claim.

2.3.2 SOUND: Signal-Optimized Unified Nonlinear Dynamics

SOUND is the acoustic coherence metric for operator voice interface. Voice signal processing
extracts: fundamental frequency stability (jitter < 1% for coherent speech), harmonic-to-noise ratio
(HNR > 20 dB indicates stable vocal-tract resonance), and spectral entropy (lower values indicate
more ordered signal). These are standard digital signal processing metrics. In ESVRD, SOUND
provides a secondary coherence channel for command authentication and operator-state validation,
complementing BEST’s cardiac data with respiratory and vocal-tract data.

2.3.3 GOOD: Governance-Oriented Operational Design

GOOD is the governance layer. It is not a physics metric—it is an access-control and
quality-assurance protocol:

+ Operators qualify for cavity-tuning authority through demonstrated coherence baselines
(BEST score > 0.7 sustained over 10 sessions).

« Experimental access is merit-earned through PlayNAC quest completion: calibration tasks,
safety protocol mastery, and peer review of results.

* Non-Punitive Remediation (NPR Law): operators who fail coherence thresholds are not
excluded but are guided through restorative calibration (biofeedback training, not
punishment).

+ All experimental data is published under CCAL/CC BY-SA with full methodology disclosure.

GOOD operationalizes the ERES principle: Don’'t hurt yourself, don’t hurt others, build for
generations to come.

2.4 System Architecture

2.4.1 Conceptual Equation
The organizational schema (not a physics equation):
E x R x VRD + G —» SECUIR
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E = Engine: Hyland epitaxial stack + asymmetric frustum cavity (hardware).

R = Resonance: Parametric resonance condition f drive = (2n+1) x f_cavity with Q-factor
amplification.

VRD = Vacuum Resonant Drive: DCE photon momentum transfer via asymmetric emission.
G = Governance: GOOD framework (NPR Law + PlayNAC + BEST/SOUND coherence gating).

SECUIR = Silent Energy Cavity-mediated Unidirectional Impulse through Resonance. (v4.0
redefinition: descriptive label, not cosmological claim.)

2.4.2 Hardware Configuration
+ Epitaxial semiconductor stack: GaAs/AlGaAs laminae, ~1000 layers, ~1 cm total thickness,
voltage-switched at 1-10 GHz.

* Asymmetric frustum cavity: truncated cone with high-Q superconducting walls, small end
coupled to stack, large end open to vacuum.

« Torsion balance: fused-silica fiber, sensitivity ~1 nN (comparable to Lamoreaux 1997
apparatus).

« HRV sensor: PPG-based (HeartMath-class), sampling at 500 Hz, real-time coherence
computation.

« Control system: FPGA-based frequency synthesizer with BEST-modulated tuning loop.

2.5 Falsifiability Pathway

2.5.1 Phase 1 Experiment

Objective: Detect directional force from a DCE cavity with asymmetric geometry, using a torsion
balance, under controlled conditions.

Apparatus: Hyland-type epitaxial stack mounted inside asymmetric frustum cavity, suspended on
torsion balance inside vacuum chamber (< 107 torr).

Drive: Sequential voltage switching at frequency f drive = f cavity (fundamental parametric
resonance).

Measurement: Torsion-balance deflection via optical lever, sensitivity ~1 nN.

Controls: Symmetric cavity (same stack, cylindrical geometry) to verify null result; off-resonance
drive (f_drive # f_cavity) to verify frequency dependence; stack powered but static (no switching) to
verify DCE origin.

Success criterion: Repeatable directional force > 30 above noise floor, with correct frequency
dependence (Lorentzian profile), and null result in all three controls. Independent replication by at
least one external laboratory.

Failure criterion: No measurable force above noise floor across the full predicted frequency range
after >100 hours of integrated measurement time; OR force detected but present in symmetric-cavity
control (indicating non-DCE origin); OR force present but no frequency dependence (indicating
thermal/electromagnetic artifact).

2.5.2 Phase 1b: Coherence-Coupling Validation

Objective: Determine whether operator HRV coherence state produces measurable differences in
cavity tuning precision and, indirectly, in force output.
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Protocol: Run Phase 1 experiment under three conditions: (a) automated tuning only, (b)
BEST-coupled tuning (operator in high-coherence state, HRV > 0.7), (c) BEST-coupled tuning
(operator in low-coherence state, HRV < 0.3, achieved via stress induction protocol with informed
consent).

Success criterion: Statistically significant difference (p < 0.05) in tuning precision or force stability
between conditions (b) and (c), after controlling for automated-only baseline (a).

Failure criterion: No significant difference between conditions. This would indicate that
operator-state coupling adds no value to cavity control, and the BEST feedback channel should be
removed from subsequent versions.

2.5.3 Phase 2 Scaling (Contingent on Phase 1 Success)

* Multi-cavity arrays: 10—-10,000 synchronized stacks to aggregate micro-thrust.

« Orbital prototype: Cubesat-class platform with integrated torsion-balance or accelerometer
validation.

« REACI manufacturing: Resonance-Aligned Circular Infrastructure for scalable cavity
production.

No Phase 2 work proceeds unless Phase 1 produces a positive, independently replicated
result.

2.6 Risk Analysis

2.6.1 Scientific Risks

+ The asymmetric DCE cavity may not produce net directional force due to momentum
conservation in the photon field (the cavity frame may recoil without net external thrust). This
is the central open question.

*« Hyland’'s epitaxial stack may not achieve predicted effective velocities due to
switching-speed limitations in real semiconductors.

« Thermal photon background may overwhelm DCE photon signal at laboratory temperatures.

2.6.2 Engineering Risks

« Torsion-balance sensitivity may be insufficient for expected force magnitudes.
+ Semiconductor laminae may degrade under sustained high-frequency switching.
« HRV coherence coupling may prove impractical in laboratory environments with high

electromagnetic interference.
2.6.3 Governance Risks
* Premature publication of unvalidated positive results.

+ Misrepresentation of speculative framework as established science.

2.6.4 Mitigations

* Pre-registered experimental protocol (Phase 1 design published before data collection).
+ Blinded analysis: force measurements analyzed by team blinded to drive frequency.

+ Open-source data and methodology under CCAL/CC BY-SA 4.0.

* NPR Law: no punitive consequences for null results; all outcomes published.

2.7 Governance Architecture
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The governance layer is explicitly separated from the physics layer. It does not affect physical
predictions. It governs how the research program is organized, who participates, and how results are
disseminated.

2.7.1 PlayNAC KERNEL

PlayNAC gamifies research participation through structured quests: calibration (achieve BEST >
0.7), protocol mastery (pass safety and methodology assessments), peer review (evaluate and
replicate others’ results), and stewardship (contribute to open-source infrastructure). Completion
earns merit credentials on Gracechain/Meritcoin, establishing contribution-based access to
advanced experimental programs.

2.7.2 NPR Law (Non-Punitive Remediation)

Failed experiments, null results, and operator coherence failures trigger restorative calibration, not
exclusion. The HowWay Declaration formalizes this commitment. NPR Law instantiates the Triune
Cybernetic principles: C = R x P / M (Cybernetics = Resource x Purpose + Method)—the
organizational backbone connecting governance to experimental design.

2.7.3 Institutional Context

ERES Institute for New Age Cybernetics provides the organizational framework. GitHub repositories
(PlayNAC-KERNEL: 216+ documents; Proof-of-Work_MD: 155+ specifications) provide the
executable governance stack. The ERES Constitutional Cybernetic Framework (UBIMIA, NBERS,
FAVORS, SOMT/ECVS) provides long-term scaling architecture, applicable if and when Phase 1
results warrant expansion.

3. Conclusions

ESVRD v4.0 does not assert a working propulsion system. It presents a concrete, falsifiable
experimental program grounded in established Casimir and DCE physics, leveraging the Hyland
(2025) epitaxial stack architecture to bring projected forces into measurable range for the first time.

Its three contributions are:

+ A specific laboratory experiment (Phase 1) with quantitative success/failure criteria, three
control conditions, and a requirement for independent replication before any scaling work
proceeds.

* A novel operator-coherence feedback system (BEST/SOUND/GOOD) that integrates
established HRV biometrics into cavity control, with its own embedded falsifiability test
(Phase 1b) that will eliminate the coherence channel if it fails to demonstrate measurable
benefit.

*« A governance architecture (NPR Law, PlayNAC, Gracechain) that organizes research
participation through merit and remediation rather than institutional gatekeeping, with full
open-source transparency.

Every point where the framework departs from established physics is explicitly identified. No
speculative cosmology (geocentric vacuum engine, singularity remnant, infinite Av) is required to
execute the experimental program. These prior constructs remain available as motivating
conjectures in the ESVRD historical archive (v1.0-v3.0) but are outside the scope of v4.0.

If Phase 1 produces a positive result, it would constitute the first experimental detection of directional
force from the Dynamical Casimir Effect—a significant advance in quantum vacuum physics
regardless of its ultimate propulsion applicability. If Phase 1 produces a null result, it would establish
an important empirical constraint on DCE-based propulsion concepts and demonstrate the value of
the governance framework in supporting rigorous, non-punitive scientific inquiry.
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Either outcome advances the field. That is the design.
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Open for evidence-driven, merit-resonant extension.

Either outcome advances the field. That is the design.
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