Exhaustive Technical Analysis of the
ArcSecs Physics Engine: Architecture,
Mechanics, and Speculative Simulation
Pipelines

The ArcSecs Physics Engine Demo, currently operating at version 5.7.0, represents a highly
specialized paradigm within computational physics simulations. It is explicitly designed as an
interactive, web-based research sandbox engineered to visualize and mathematically
interrogate speculative alternative physics models, rather than functioning as a traditional
rigid-body constraint solver intended for commercial video game mechanics.' Operating as a
"Relational Theatrical Physics Engine," it functions as a conceptual testbed for non-standard
theoretical frameworks, including tired-light photon decay, entropic gravity, beta-matter
configurations, and massive photon dispersion.' The platform explicitly warns operators
through prominent disclaimers that the visualizations are for speculative research and do not
represent established current technology, serving instead as a rigorous mathematical sandbox
for alternative cosmologies.’

This comprehensive technical report deconstructs the ArcSecs engine across four primary
analytical vectors, directly addressing its architectural departures and mathematical
validations. First, the analysis examines the foundational software architecture, focusing on its
TypeScript-based Entity Component System (ECS) and its radical "no-spacetime" relational
topology, explicitly contrasting its relational nodes against traditional Cartesian physics engine
coordinates. Second, the report investigates the mathematical mechanics that ensure
determinism and numerical stability, specifically addressing the engine's stance on adaptive
numerical integration methods, underlying data structures, and deterministic fixed-step
integrations. Third, the report outlines the strict diagnostic parameters of the Validation and
Calibration Lab, detailing the Parallax and Arcsecond Calibration methodologies, the
mechanics of the Photon Energy Ledger, and the cascading system consequences of a failing
ledger check. Finally, the analysis extensively details the multi-stage Dark Matter Drive Ramjet
Pipeline, dissecting the simulated mathematical interactions of its subsystems, which range
from the EIT Scoop and HIBE Shield to the Fishback Solenoid and DSP Buffer.

1. The Architecture: Transcending the Cartesian
Paradigm
The most distinctive structural feature of the ArcSecs Physics Engine is its complete departure

from traditional Cartesian spatial simulation in favor of a "no-spacetime" relational lattice.’ To
fully grasp the magnitude of this architectural choice, it is necessary to contrast the engine



against standard computational physics pipelines.
1.1 The Limitations of Traditional Physics Engine Coordinates

In standard computational physics—such as those utilizing Box2D, Bullet, or PhysX—
environments are constructed using an absolute or relative geometric grid system.? Within
these traditional engines, entities possess explicit mathematical coordinates, typically
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represented as vectors |: ¥+ =1 in a Cartesian coordinate system. The physics engine

operates on the fundamental assumption that this spatial container is the primary physical
reality of the simulation. Collision detection, gravitational influence, and fluid dynamics are all
calculated based on the proximity of these coordinates within the overarching spatial
container.

To optimize these traditional engines, software architects utilize spatial partitioning algorithms,
such as Bounding Volume Hierarchies (BVH), Octrees, or Quadtrees, which divide the physical
container into smaller, manageable sub-regions to reduce the computational overhead of
collision checking.? Gravity in such models is either treated as a universal downward vector
applied uniformly to all rigid bodies, or, in more advanced astrophysical simulations, as the
localized warping of a simulated spacetime container, mimicking General Relativity.

1.2 The "No-Spacetime" Relational Universe

The ArcSecs engine inverses this entire computational dependency by eliminating the spatial
container entirely.! Within the ArcSecs model, the simulation processes relations directly rather
than calculating positions within a void. The underlying conceptual data structure is a massive
relation graph where "entities are material nodes and distances are relational edges".’

In this relational flat-space topology, spatial coordinates do not define the physical reality or
boundaries of the simulation. Instead, coordinates are explicitly relegated to serving merely as
"rendering labels" projected onto the screen for human visual comprehension.' Because there
is no underlying physical container, traditional spatial partitioning algorithms are conceptually
moot; an entity does not interact with another entity because they occupy the same sector of
space, but rather because a relational mathematical edge explicitly connects them in the
solver's logic graph.

This creates a profoundly different cosmological simulation pipeline. Gravity is not simulated as
the warping of a spacetime container. Instead, it is demonstrated via "Teleparallel Gravity"
modes or "Machian/Weber proxy" relational mechanics.' In the engine's teleparallel gravity
visualization, the system outputs flat-coordinate force and torsion-style vectors, explicitly
avoiding the geometric curvature of spacetime while attempting to replicate the observable
effects of gravitational attraction purely through relational stresses between nodes."

1.3 TypeScript ECS and the Implementation of Solver Links

To manage this complex, highly interconnected web of relational data in a web-browser



environment, the engine is constructed upon an Entity Component System (ECS) architecture.’
The ECS paradigm, rooted in Data-Oriented Design (DOD), is fundamentally different from
traditional Object-Oriented Programming (OOP) architectures commonly found in older
engines.? In an OOP architecture, a "RigidBody" might be a deep class inheritance containing its
own mass, velocity, shape, and update logic.? In an ECS, data is completely separated from
logic. Entities are merely unique integer identifiers (IDs). Components are raw data arrays (e.g.,
an array containing only velocity data for all entities). Systems are the logic processors that
iterate over these dense, cache-coherent data arrays to update the simulation state.’
This data-oriented approach is critical in a relational universe. In a standard spatial engine, an
entity only checks collisions against its immediate spatial neighbors. In a relational graph, a
material node must potentially calculate its relationship edge against numerous other nodes
without the filtering benefit of spatial boundaries. The ECS architecture provides the raw
iterative throughput required to calculate these dense N-body relational graphs within a real-
time 60 FPS frame budget.
In a traditional ECS physics solver, a "constraint” typically restricts the physical degrees of
freedom between two rigid bodies in Cartesian space, preventing them from overlapping or
linking them via a mechanical joint, such as a hinge or a distance tether.” In the ArcSecs
architecture, this concept is vastly expanded and redefined as "Solver Links".
Solver Links are multi-functional mathematical abstractions that form the core of the relational
engine. Depending on the active simulation scenario, a Solver Link can function as:
e Relational Edges: Defining the fundamental distance, torsion, and interaction metric
between two material nodes in the no-spacetime void.
e Physical Constraints: Enforcing rigid-body collision, friction, and restitution boundaries
when the engine is running standard "Rigid-Body / ECS Physics Diagnostics".’
e Calibration Anchors: Tethering observational nodes, such as the "local oscillator probe,"
to a baseline measurement standard to ensure the scale of the simulation holds true.’
e Transport Gates and Subsystem Couplings: Linking energy states and material flow
between modular stages, a feature heavily utilized in the speculative energy flow of the
Dark Matter Ramjet simulation.’
This architectural flexibility allows the ArcSecs ECS to seamlessly transition between simulating
a macro-cosmological "Relational Lattice" and running local rigid-body diagnostics that
demonstrate standard contacts, structural friction, and solver health, all without rewriting the

underlying solver logic.’
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2. Mathematical Mechanics: Determinism and Stability

A fundamental, non-negotiable requirement for any physics engine intended for rigorous
scientific modeling or conceptual physics validation is absolute computational determinism. A
deterministic engine guarantees that, given the exact same initial state parameters and
identical inputs, the engine will produce the exact same mathematical outputs across multiple
sequential runs.' This ensures that the simulation is free from floating-point drift, variable
execution timing errors, and asynchronous rendering artifacts. The ArcSecs engine relies
heavily on deterministic operations to ensure the repeatability of its highly speculative
scenarios.’

2.1 The Absence of Explicit RKF45 Integration and Floaté4Array
Documentation

A deep technical investigation into the provided ArcSecs documentation, specifically
searching for references to advanced numerical integration methods like the Runge-Kutta-
Fehlberg method (RKF45) or low-level JavaScript memory structures such as Floaté4Array
buffers, reveals a deliberate abstraction in the public-facing literature. The provided technical
Al-summaries and system-level lims.txt crawler files explicitly state that detailed explanations
of numerical integration, RKF45, and Floaté4Array are "unavailable" or "not found" within the



primary text.'

Despite the absence of these explicit programmatic terms in the user-facing text, the engine's
behavior and the realities of modern web-based ECS architecture provide deep insights into
its implicit mechanics. RKF45 is an adaptive step-size numerical integration method, highly
prized in orbital mechanics and precision fluid dynamics because it mathematically estimates
local truncation errors and dynamically adjusts the time step to maintain high precision.®
However, adaptive time-stepping algorithms are notoriously difficult to make perfectly
deterministic across different hardware configurations, as the dynamic step sizing can
introduce microscopic floating-point variations that cascade into massive solver drift over
thousands of frames.

Similarly, while Float64Array objects are not explicitly named in the demo text ', any high-
performance ECS written in TypeScript executing dense relational matrices must utilize typed
arrays. Standard JavaScript arrays allocate memory dynamically and store data on the heap as
objects, leading to severe memory fragmentation, cache misses, and fatal garbage collection
pauses that would destroy the engine's real-time "Performance Envelope". Typed arrays like
Float64Array provide contiguous, pre-allocated memory blocks that the CPU can iterate over
with extreme efficiency, guaranteeing double-precision floating-point accuracy required for
cosmological scale conversions.

2.2 The Immutable Fixed-Step Tick

Rather than relying on adaptive integrations like RKF45, the engine enforces determinism
through an "immutable universal fixed-step counter".! The ArcSecs engine completely
decouples the mathematical state of the simulation from the visual rendering throughput
(measured in FPS), advancing the core physics loop at a strict fixed step of exactly 1/60
seconds per tick.'

This fixed-step architecture guarantees that the mathematical integration—whether utilizing a
Semi-Implicit Euler or a fixed standard Runge-Kutta method—processes the identical delta-
time on every single pass, eliminating variable-frame drift.' To empower researchers to
interrogate this deterministic flow, operators are provided with a manual "Step" command,
mapped to the 'S' key on the command palette." Activating this command pauses continuous
execution and advances the engine by exactly "one deterministic tick"."! This single-tick
inspection capability is critical for debugging relational edge updates, identifying the exact
moments of numerical solver drift, and tracking the precise propagation of energy through

complex subsystem pipelines without the obfuscating blur of real-time 60 FPS execution.’
2.3 Monte Carlo Photon Pipeline and Singularity-Safe Force Laws

Beyond standard rigid-body kinematic determinism, the engine employs deterministic
statistical modeling for its quantum and sub-atomic-level simulations. The engine features a
"Monte Carlo Photon Pipeline" that utilizes "deterministic seeded photon transport".' By



utilizing a seeded pseudorandom number generator (PRNG), the Monte Carlo statistical
evaluations guarantee that photon absorption paths, scattering angles, and final detector
results remain completely repeatable across successive benchmark runs, ensuring that
variations in output are due strictly to altered physics parameters rather than random
execution noise.’

To maintain absolute numerical stability during dynamic gravitational or force-based
interactions, the engine implements a mathematically crucial "Singularity-Safe Force Law"." In
standard Newtonian mechanics, inverse-square laws—such as Newton's law of universal
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gravitation, defined as . #*  —approach infinity as the distance (' ) between two
point masses approaches zero. In a discrete computer simulation, if two material nodes

overlap exactly, " becomes zero, triggering a division-by-zero error or generating an infinite

force output (NaN). This numerical explosion launches entities out of the simulation bounds at

near-infinite velocities, irreparably breaking the engine's finite telemetry tracking.

The ArcSecs engine counteracts this failure state by introducing a "Softening Radius" variable,

accessible under the Experimental Physics runtime parameters.’ The softening radius modifies
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the force equation (typically as E "¥ *  where . is the softening parameter), artificially
capping the maximum possible force as bodies converge. This mathematical guardrail ensures
that the simulation output remains finite, interactive, and perfectly stable within the floating-
point limits of the ECS solver.

2.4 The Numerical Stability Drilldown

Overall system stability and solver health are continuously monitored in the background via the
"Numerical Stability Drilldown".! This diagnostic process is a deterministic stability inspection
that meticulously tracks the finite telemetry budget, evaluates micro-fluctuations in solver
drift, and ensures strict "energy ledger closure" across the entire relational graph." When the
simulation runs computationally stressful scenarios, such as the Dark Matter Ramjet, an
automated "Flight Director" actively monitors these metrics, issuing "stability, thermal, drag,
and readiness calls"." If the engine detects mathematical anomalies—such as an entity's
momentum exceeding predefined physical limits or a relational edge failing to properly resolve
its distance constraints—it flags these critical issues in the operator's warning bus, allowing for

immediate triage and scenario termination.’

3. The Validation & Calibration Lab: Enforcing Internal
Consistency

Because the ArcSecs Physics Engine visualizes deeply speculative alternative models—such as
Tired-Light Photon Decay, Proca Massive Photons, and MOND Rotation Curves—it cannot
simply validate its accuracy against standard, real-world General Relativity empirical



measurements.' For example, if the engine simulates a universe where light spontaneously
loses energy to an interstellar substrate (mechanistic tired-light redshift), it must rigorously
account for every unit of that energy loss internally. It cannot rely on external observational
consensus, as standard cosmology rejects tired-light theories in favor of cosmic expansion.’
Therefore, internal consistency is the highest mathematical law of the ArcSecs engine. This
consistency is rigorously enforced through the Validation Lab and the Scene 10 diagnostics
system, which execute a suite of deterministic internal consistency checks.'

3.1 Parallax and Arcsecond Calibration

One of the most vital core benchmarking scenarios executed within the Validation Lab is the
"Parallax and Arcsecond Calibration"." In real-world astronomy, an arcsecond is a microscopic

unit of angular measurement equating to 1/3600 of a degree.® Originally developed in 1670

by the astronomer Jean Picard during an attempt to accurately measure the size of the Earth,
the arcsecond has become the foundational cornerstone of modern astronomical distance
measurement.’

The arcsecond is essential for determining the distances to celestial bodies using stellar
parallax, defined as the apparent shift in position of a nearby star against a distant background
when viewed from opposite sides of the Earth's orbit."* A "parsec” (a portmanteau of parallax
and second) is formally defined as the exact distance at which an object exhibits a parallax
angle of one arcsecond given a baseline of one Astronomical Unit (AU), the mean distance
between the Earth and the Sun."

The geometric mathematical relation is expressed as:

P
P

where o is the distance to the object measured in parsecs, and P is the observed parallax
angle measured in arcseconds.” Because a single parsec equals approximately 3.26 light-
years, or roughly 19 trillion miles, the floating-point scale conversions required to move from
an AU (149.6 million kilometers) to parsecs are computationally extreme."

The ArcSecs engine rigorously tests this geometric absolute. The Parallax Calibration scenario
acts as a deterministic scale conversion benchmark, forcing the engine's flat-space relational
math to continuously scale back and forth across arcseconds, AUs, parsecs, and light-years.'
Under the "Experimental Physics" tuning parameters, operators can actively adjust variables
such as the Parallax Angle Arcseconds and the Baseline AU." The engine uses the standard
"one-arcsecond-to-one-parsec" baseline benchmark to evaluate its internal solver matrices.” If
the engine's internal relational distance matrix fails to perfectly align with this strict calibration
benchmark, the engine triggers a baseline mismatch warning, indicating that the flat-space
conversion mathematics have fatally broken down.'



3.2 The Photon Energy Ledger

To manage the thermodynamics and energy conservation of its simulated universes, the
engine relies on the Photon Energy Ledger. The Photon Energy Ledger is the engine's primary
internal accounting system, functioning as a conceptual mathematical diagnostic tool to track
photon energy levels, packet behavior, and absolute numerical conservation across the
simulated relational model."

As photon packets move through the deterministic transport pipeline—whether they are
scattering statistically in the Monte Carlo mode, losing momentum in the Massive Photon
mode, or decaying over vast distances in the Tired-Light mode—their specific energetic states
and trajectories are continuously logged into the ledger array.' The ledger's real-time
accounting logic is plotted visually on the "Comparison / Ledger Graph" located in the bottom-
right corner of the simulator cockpit.' This graph plots the active energy accounting signal
against a strict reference baseline model, allowing the operator to instantly see if energy is
being artificially created or destroyed by a faulty solver interaction.’

This energy ledger is paramount for verifying the internal consistency of alternative physics
concepts. For instance, in the "Proca Photon Dispersion" mode, the engine simulates an
effective massive-photon branch where low-frequency light packets conceptually lag behind
higher-frequency ones over cosmological distances.’ The ledger must mathematically account
for this relativistic dispersion without violating the internal conservation laws dictated by the
closed scenario." Ultimately, the holistic health of the ledger is evaluated when the Validation
Lab generates the engine's "Calibration Certificate," a comprehensive output file that certifies
photometric sanity, the stability of the arcsecond/parsec benchmark, and the adherence to

finite telemetry limits.’
3.3 The Mechanics and Consequences of a "Failing Ledger Check"

Within the architecture of the ArcSecs engine, a "failing ledger check" is a critical system
event.' It indicates that the strict numerical accounting of the simulation has failed to balance,
most frequently manifesting as a failure of "energy ledger closure," where the total energy at
the end of a solver tick does not match the energy at the beginning of the tick, accounting for
intended transformations.’
Because the engine models speculative alternative physics, a failing ledger check is strictly a
conceptual diagnostic error indicating mathematical solver instability, rather than an indication
of a real-world measured physical anomaly." It acts as a warning that the internal mathematical
parameters of the selected theory have become logically inconsistent.
The consequences of a failing ledger check are systematically defined within the engine's
telemetry and risk assessment guidelines:

e Simulation Integrity Breakage: The currently active, stable run is immediately flagged

as "broken," halting further confident execution of the physics logic.’



e Triggered Operator Review: Operating guidelines mandate that a failed ledger check,
especially when accompanied by unstable telemetry or a baseline geometric mismatch,

"should trigger review" by the active operator.’
o Telemetry Status Flagging: The system's active telemetry checks are visually flagged
as unsuccessful. Consequently, the active scenario's overall risk status is shifted

downward from "pending" to failed.’
e Anomaly Triage Logging: The mathematical error is immediately routed to the
"Anomaly Triage" panel. This operator-focused diagnostic list tracks the exact tick and

numerical entity involved in the ledger or warning-bus issue detected during the run.’
e Scorecard Penalty: The detected anomaly significantly lowers the pass rate on the
"Physicist Scorecard," an internal metric that tracks the overall warning states and code

quality of the loaded scenario's physics implementation.’
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4. The Speculative Ramjet Pipeline: Dark Matter Drive
Simulation

One of the most mathematically complex, multi-variable simulations executable within the
ArcSecs Physics Engine is the speculative "Dark Matter Drive Ramjet".' Modeled conceptually
after the theoretical Bussard Ramscoop—which originally proposed using vast
electromagnetic fields to collect interstellar hydrogen as fusion fuel—this specific pipeline
adapts the concept for highly speculative substrate densities, utilizing theoretical dark matter
or generic interstellar particles as the driving proxy.' This pipeline represents an intricate, real-
time flow of energy, compressed matter, thermodynamics, and drag-decoupled structural
physics.

The pipeline visualizes a strictly deterministic energy and material flow sequence. The engine's
internal mathematical solver defines this flow as:

Capture — Intake — Compression — Buffer — Reactor — Thermal — Exhaust

1

To process this intense continuous flow, the simulation coordinates eight distinct sequential
subsystems, coupling them together sequentially via the ECS Solver Links.' Each subsystem
corresponds to a specific stage of the energy flow graph and is controlled by a suite of
dynamic runtime tuning parameters.’

4.1 Stage 01 & 02: EIT Scoop and HIBE Shield

The pipeline begins at the extreme forward edge of the conceptual vessel with the 01 EIT
Scoop.' Operating as the system's primary "field capture" mechanism, the EIT
(Electromagnetically Induced Transparency) Scoop generates a massive, immaterial capture
cross-section designed to funnel scattered particles toward the ship.' The scale and
volumetric efficiency of this initial collection phase are controlled mathematically by the Scoop
Field Diameter (km) slider and the baseline Substrate Density.' By manipulating these paired
values, an operator can simulate environments ranging from dense, particle-rich interstellar
clouds to almost entirely vacant intergalactic voids, observing how the field diameter must
exponentially increase to capture sufficient operational mass in low-density space.
Immediately positioned behind the immaterial scoop is the 02 HIBE Shield, which acts as the
vessel's primary "ablation armor".' As the simulated ship approaches relativistic velocities

(represented as significant fractions of the speed of light, f'-), impacting substrate particles that



bypass the scoop induce catastrophic drag and thermal kinetic stress on the physical hull
structure. The structural integrity and degradation of the shield are governed by the Shield
Ablation Rate and the Ship Velocity ¢ parameters.’ As the ship's velocity increases linearly, the
kinetic energy of impacting particles increases geometrically, forcing the ECS solver to
calculate rapid, dynamic armor decay if velocity limits are exceeded.

4.2 Stage 03 & 04: Ramscoop and Fishback Solenoid

Captured material channeled by the EIT field is forced into the 03 Ramscoop, which functions
mechanically as a "vortex intake"." However, the fundamental physics problem of any ramjet
design is that pulling static mass into a rapidly moving vehicle transfers the stationary
momentum to the ship, creating massive deceleration vectors (intake drag).

To mathematically counteract this fatal deceleration, the engine simulates the 04 Fishback
Solenoid, a highly speculative component named after theoretical drag-decoupling
mechanics.' The Fishback Solenoid is responsible for "drag decouple"—the concept of
electromagnetically isolating the intense resistance of the intake drag from the ship's forward
structural momentum.' The mathematical efficacy of this subsystem is tuned using the
Stabilization Gain parameter, which determines exactly how much of the incoming kinetic
penalty is successfully neutralized or routed into the buffer before translating into direct

structural deceleration.’

4.3 Stage 05 & 06: DSP Buffer and Reactor

Once successfully decoupled from the ship's momentum via the solenoid, the intake material
undergoes extreme compression (governed mathematically by the Compression Ratio
parameter) and is forced into the 05 DSP Buffer.' The DSP Buffer is uniquely described in the
simulation architecture as a "stationary-light buffer" or a "stored light" containment vessel." It
holds the highly compressed, theoretically coherent energy substrate in perfect stasis,
bounded mathematically by the Buffer Capacity slider.’

If the energy is successfully buffered without losing structural coherence, it feeds directly into
the 06 Reactor, which serves to "re-energize" the stored medium into usable propulsive
force.! The reactor's output is not an infinite well; it is purely a mathematical function of the
inputted substrate volume, the degree of compression achieved in the prior step, and the
Reactor Conversion Efficiency coefficient.' By sweeping the efficiency parameter, operators
can visualize the extreme demands placed on the reactor by relativistic mass flow.

4.4 Stage 07 & 08: Thermal Management and Exhaust Collimation

According to the laws of thermodynamics, any conversion of mass or energy generates waste
heat, which represents a severe, critical hazard in the insulating vacuum of space. The 07
Thermal subsystem is entirely dedicated to "waste heat rejection". The strict mathematical

limit of the reactor's sustained output is hard-capped by the Thermal Rejection Capacity



variable, balanced continuously against the available Radiator Reserve.' If the reactor produces
more thermal energy than the radiators can mathematically reject into the void, the engine
records an immediate thermal overload. This creates a cascade failure where the Photon
Energy Ledger fails to close, triggering structural decay warnings across the entire entity
graph.

Finally, the usable energy generated by the reactor is directed out the rear of the vessel via the
08 Exhaust subsystem, generating the ultimate propulsive force.' The ECS engine calculates
the final kinetic thrust wake based strictly on the Exhaust Collimation Efficiency parameter.’ A
perfectly collimated (parallel) exhaust provides maximum linear forward thrust, whereas a
widened, uncollimated exhaust bleeds energy perpendicular to the direction of travel, heavily
dampening the ship's overall acceleration profile and wasting the painstakingly captured
substrate.

4.5 Comparison Modes and Mathematical Failure Injections

To scientifically isolate the mathematical dependencies and limits of these interlocking
subsystems, the ArcSecs engine provides a robust suite of Ramjet Mission Presets,
Comparison Modes, and Failure Injections.”’

Comparison Branches:

Operators can split the simulation via the Scene IO to run baseline versus experimental
pipelines side-by-side. The results of these divergent mathematical branches are plotted
simultaneously on the ledger graph:

e No Scoop vs. EIT Scoop: Analyzes the exact mathematical ratio of active field capture
efficiency versus passive, cross-sectional atmospheric drag, proving whether the scoop
yields a net positive mass intake.’

e No HIBE Shield vs. HIBE Shield: Measures the kinetic structural decay vectors when the
ablation protection equations are completely removed from the ECS entities.’

e No Fishback vs. Drag-Decoupled: Visually demonstrates the catastrophic deceleration of
the entire vessel if electromagnetic drag decoupling fails to isolate the intake vortex.'

e Undersized Radiator vs. Stable Thermal: Isolates the thermal throttling equations, forcing
a high-output reactor to mathematically throttle back its generation to prevent a thermal
overload event.'

e Wide Exhaust vs. Collimated Exhaust: Maps the exact loss of thrust efficiency caused by
exhaust phase spreading and improper magnetic nozzle alignment.’

Failure Injections:
In addition to static comparisons, dynamic perturbations can be manually injected into the live
pipeline to stress-test ledger closure and stability recovery mechanics during a run:

e Micrometeor Burst: Instantly spikes the Shield Ablation Rate to maximum, stressing the
HIBE Shield's structural parameters and testing if the armor can survive the transient
kinetic event.’



e Solenoid Quench: Deactivates the Fishback Solenoid mid-flight. This immediately links
the massive intake drag vector back to the ship's primary kinetic entity, causing an
instantaneous, massive deceleration event that forces the ledger to re-balance extreme
kinetic energy losses.’

e Radiator Panel Loss: Simulates structural damage by immediately slashing the Thermal
Rejection Capacity, initiating emergency thermal shutdowns to prevent cascading
reactor failures.’

e Buffer Decoherence / Buffer Saturation: Occurs when the intake mass exceeds the
maximum Buffer Capacity, or if phase alignment fails due to excessive velocity. This
failure causes the stored light in the DSP Buffer to become mathematically unstable,
destroying the pipeline's energy flow before it can reach the reactor.’

5. Synthesis: The Role of Abstract Computational
Diagnostics

The ArcSecs Physics Engine Demo represents a highly specialized, mathematically rigorous
paradigm within the field of computational simulation. By deliberately stripping away the
familiar Cartesian coordinate physics of modern software engines and replacing them with a
strict, flat-space relational lattice built upon an Entity Component System topology, the engine
forces all physical interactions to be defined exclusively by dynamic solver links and massive
relational graphs.’

Through an immutable 1/60-second fixed-tick architecture and seeded Monte Carlo stochastic
pipelines, the engine guarantees absolute deterministic output. This ensures that deeply
complex mathematical dependencies—like those modeled in the speculative eight-stage Dark
Matter Drive Ramjet—are perfectly repeatable, isolating variables without the interference of
floating-point drift.’

While the specific lower-level numerical integration formulas and data buffer architectures are
intentionally abstracted from public documentation ', the macroscopic enforcement of
stability is aggressively present. The engine relies heavily on continuous Validation Lab testing,
cross-referencing extreme spatial geometries with the standard, historically rigid one-
arcsecond-to-one-parsec baseline, and mandating absolute energy conservation via the
Photon Energy Ledger.

Ultimately, failing ledger checks, baseline geometric mismatches, and intentional failure
injections serve as vital conceptual diagnostics.' Rather than simulating a known, empirical
reality, the ArcSecs engine provides researchers with an interactive, strictly bound
mathematical crucible. Within this environment, the internal consistency of highly speculative
theories—from tired-light redshift and massive proca photons to drag-decoupled ramscoops
—can be rigorously, visually, and computationally interrogated against their own theoretical
limitations.
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