
The Arcsecs Physics Engine: 
Architectural Blueprint for an 
Interactive Dark Matter Drive Flight 
Simulator
Introduction to Astrodynamic Simulation and Public 
Engagement
The translation of highly complex cosmological phenomena into accessible, interactive digital 
environments represents a critical frontier in both scientific visualization and public science 
communication. The intersection of relativistic astrophysics, orbital mechanics, and immersive 
user interfaces necessitates a physics engine capable of handling extreme structural scales. 
These scales range from the microscopic precision of arcseconds to the macroscopic 
vastness of dark matter halos. While direct access to specific foundational demonstrations, 
such as the initial Arcsecs physics engine demo, may occasionally be inaccessible due to 
server limitations or network unavailability 1, the underlying principles of such a system can be 
rigorously synthesized and expanded upon. This comprehensive report outlines the 
architectural, physical, and cosmological parameters required to construct an exhaustive, 
expert-level physics engine designed to render the universe in unprecedented detail.
The primary objective of this report is to conceptualize a computational simulation 
environment that operates functionally and experientially as a "dark matter drive flight 
simulator." This conceptual simulator is meticulously designed to provide users with a profound 
understanding of astrophysics by presenting expandable, highly detailed charts, telemetry 
metrics, and scientific options in a modular dashboard. By bridging the gap between 
theoretical physics and interactive gaming mechanics, the simulation must transform abstract 
mathematics into a visceral, experiential reality. The engine must integrate rigorous 
observational data—such as gravitational lensing matrices, the radial acceleration relation, and 
competing cosmological models—while rendering them through a user interface that allows 
laypersons to grasp the profound intricacies of the universe. The user is not merely a passive 
observer but a navigator manipulating the constants of the cosmos to chart a course through 
the invisible architecture of spacetime.
Foundational Astrometry and the Computational 
Backend
To construct a physics engine capable of simulating deep-space navigation with scientific 
fidelity, the foundational coordinate system and units of measurement must be defined within 



the computational backend. In astrophysics, angular measurement is paramount, and the 
primary unit of extreme precision is the arcsecond.
The Arcsecond and Distance Metrics
An arcsecond is a unit of angular measurement defined precisely as  of a degree.2 It is 
the cornerstone of astrometry and the basis for determining interstellar distances in physical 
reality and, consequently, within the simulator. Within the computational architecture of the 
physics engine, coordinates must be tracked using floating-point representations of radians, 
milliradians, and microradians for internal computation, which are then converted to degrees, 
arcminutes, and arcseconds for the graphical user interface. Utilizing programming 
architectures akin to the Python quantities library, the engine defines variables where a 
milliradian is a radian divided by 1000, a microradian is a milliradian divided by 1000, and 
standard angular degrees are defined as  radians.4 This allows the simulator to 
effortlessly calculate "turns" or cycles as  radians, while an arcminute is derived as a degree 
divided by 60, and the arcsecond is an arcminute divided by 60.4

The concept of the parsec, a fundamental unit of cosmic distance, is inherently tied to the 
arcsecond and must be procedurally generated by the engine's distance-rendering pipeline. A 
parsec is defined in terms of an arcsecond: namely, the distance at which one Astronomical 
Unit (AU)—the mean distance between the Earth and the Sun—subtends an angle of precisely 
one arcsecond.3 The mathematical formulation for parallax, which the simulator uses to render 
stereoscopic depth, is given by the equation , where  is the parallax angle in 
arcseconds and  is the distance in parsecs.5
The engine must simulate this geometric reality dynamically. As the simulated observer moves 
through the virtual space, the apparent position of distant objects must shift according to their 
programmed distances. If the observer changes their position by 1 AU perpendicular to the 
direction of a distant star, that star will appear to move by 1 arcsecond against the background 
of infinitely distant objects if it is exactly 1 parsec away.6 Because the Earth moves 2 AU over a 
six-month orbital period, a star located at 1 parsec will exhibit a total apparent shift of 2 
arcseconds over that timeframe.6 This dynamic parallax generation forms a core subroutine in 
the engine, providing depth perception to the simulated starfield. Radii are generally more 
convenient to work with than diameters in physics equations, such as the centripetal 
acceleration formula , making the radius-based definition of the parsec optimal for 
the engine's orbital mechanics calculations.6

Angular Unit Definition in Engine Common Simulator 



Backend Application

Radian (rad) Base computational unit Orbital mechanics 
matrices, physics engine 
core.4

Milliradian (mrad) Spacecraft localized 
targeting telemetry.4

Microradian ( rad)
Fine-adjustment attitude 
control feedback.4

Degree (deg) Standard user-facing 
navigation headings.4

Arcminute (arcmin) Medium-field observational 
targeting.4

Arcsecond (arcsec) Deep-space parallax 
calculations and deep-field 
sensor resolution.4

Turn (cycle) Reaction wheel RPM and 
rotational physics.4

Navigational Coordinates and Aberration
When the user queries the navigational charts, the interface displays targets in Right Ascension 
and Declination. The physics engine assigns spatial uncertainty parameters to these targets 
based on real-world observational limits. For instance, in solar system tracking algorithms, the 
engine accounts for a Right Ascension variance of +/- 50 arcseconds for standard planets, 
while expanding to +/- 400 arcseconds for Jupiter, and +/- 600 arcseconds for Saturn due to 
orbital complexities and barycentric shifting.7

Furthermore, to maintain scientific realism, the engine must account for stellar aberration. 
Aberration refers to the apparent motion of celestial objects caused by the velocity of the 
observer. The true path of light from a star travels along a straight line to the observer; 
however, because of the component of the observer's velocity in a direction perpendicular to 
the direction of the star, the light appears to be traveling at an angle to the true star direction.8 
The simulator calculates three types of aberration: annual, diurnal, and secular, though annual 
aberration (resulting from planetary motion around a host star) is the most prominent for 



orbital mechanics within a stellar system.8 As the simulated spacecraft accelerates, the user 
will observe this relativistic shifting of the starfield, visually reinforcing the physical laws 
governing light and motion.
Optical Mechanics and Simulated Telescopy
A realistic flight simulator operating in deep space must meticulously model how the simulated 
spacecraft "sees" the universe through its onboard telescopic sensors. The user interface does 
not merely render a skybox; it simulates a highly advanced optical instrument observing a 
dynamically generated cosmos.
Light Gathering and Resolution Limits
Telescopic optics are governed by physical laws that limit resolution and dictate light-
gathering power. The engine simulates a telescope acting essentially as a "light-bucket" 
gathering photons.9 The amount of gathered light scales with the square of the mirror 
diameter, denoted as .9 The human pupil is approximately 6 millimeters in diameter when 
fully dilated in the dark. By comparison, a modest 0.5-meter simulator aperture (modeled after 
the Lutz telescope) gathers approximately 7,000 times more light than the human eye, 
allowing the user to observe objects up to 9.5 magnitudes fainter.9 The engine scales this up to 
advanced optical models, such as the 1.8-meter Perkins Telescope or the 4.3-meter Discovery 
Channel Telescope.9
The physics engine must calculate the theoretical diffraction limit of the onboard sensors to 
determine the maximum resolution the user can achieve when zooming in on a target. This is 
defined by the Rayleigh criterion equation:

where  is the angular resolution,  is the wavelength of light being observed, and  is the 
diameter of the primary objective.10 When users equip their simulated spacecraft with 
Extremely Large Telescopes (ELTs), simulating theoretical 8-meter, 30-meter, or 100-meter 
mirrors, the diffraction limits push deep into fractional arcsecond territory.10 These massive 
virtual sensors operate with high Strehl ratios to achieve fields of view encompassing only a 
few arcseconds, yet revealing unprecedented dynamic ranges, allowing users to isolate 
planetary targets to within  arcseconds of their parent stars.10

Furthermore, the simulation accounts for the focal ratio ( -ratio), defined as , 
where  is the focal length.9 The simulator offers configurations ranging from "fast"  
systems to "slow"  systems.9 Most modern Cassegrain systems operate between  



and . The longer the focal length selected by the user, the larger the image rendered on 
the screen, though it will appear fainter as the conserved number of photons is spread over a 
wider sensor area.9 The image scale on the simulated sensor is calculated precisely as 

, yielding a scale in terms of arcseconds per millimeter.9

Simulated Sensor Profile Parameter Limits Scientific Application

Standard Observation Deck 6mm Aperture (Human Eye) Baseline visual navigation; 
limited to high-magnitude 
stars.9

Light Utility Optics 0.5m Aperture (Lutz Model) Gathers 7,000x human 
light limit; reveals objects 
9.5 mags fainter.9

Heavy Exploration Array 4.3m Aperture (DCT Model) Deep space 
reconnaissance; high 
photon collection.9

ELT Synthetic Array 100m Aperture Diffraction limited; resolves 
targets within  arcsec 
of parent stars.10

Spectrometry and Fixed Slit Assemblies
To analyze the composition of targets, the user can deploy simulated spectrographs. The 
engine models instruments similar to the ARCoIRIS system, which features a fixed slit assembly 
measuring exactly 1.1 arcseconds by 28 arcseconds.11 When the user aligns this slit over a 
target, the engine generates simultaneous wavelength range data spanning from 0.80 to 2.47 
microns, with a spectral resolution of approximately 3500.11 This encompasses the entire 

 photometric range.11 By utilizing this expandable interface, the user can 
determine the chemical makeup and redshift of incoming galaxies or the atmospheric 
composition of exoplanets without relying on pre-computed text pop-ups, creating a highly 
authentic investigative loop.
Spacecraft Dynamics and Attitude Control
Navigating a dark matter drive simulator requires a robust physical model for spacecraft 
movement. The physics engine must compute attitude control, tracking accuracy, and 



momentum conservation with sub-arcsecond precision to convey the sheer mass and inertia 
of a deep-space vessel.
Attitude Stabilization and Tracking Drift
To point a spacecraft or a space-based telescope at a specific celestial coordinate, the engine 
relies on simulated attitude control systems (ACS). In orbital reality, such systems utilize 
reaction wheels driven by highly sensitive torque motors.12 The simulator's controller 
compensation involves a proportional-integral-derivative (PID) system, where the integral term 
accumulates attitude errors to minimize spacecraft offset caused by internal momentum 
transfers or external gravitational torques.12 If the payload's sensors provide error signals down 
to the arcsecond, the system can maintain attitude control to the arcsecond.12

The engine simulates the continuous transfer of momentum between roll, pitch, and yaw 
axes.12 Depending on the orbital environment, the user might need to engage magnetic 
torquing or activate multiple reaction wheels. For nadir and zenith pointers, a single scanwheel 
is utilized, while polar non-synchronous orbits require the addition of a yaw wheel.12 Elliptical 
orbits demand another horizon scanner, and celestial three-axis controlled pointers utilize sun 
sensors coupled with a pitch wheel.12

In the simulator's UI, the user has access to an expandable "Telemetry Chart" displaying the 
Root Mean Square (RMS) tracking error in arcseconds. Real-world equatorial mounts and 
tracking drives exhibit periodic error, backlash, and mechanical drift. For example, some 
commercial stepper motors provide 200,000 steps per full revolution of a mount, which 
equates to approximately 6 arcseconds per step.13 Advanced systems achieve up to 2 million 
steps per revolution.13 When observing a target, tracking drift can result in a loss of sensor 
resolution. A drift of 1 pixel over a 10-second sub-exposure equates to a specific arcsecond 
loss depending on the sensor scale; on certain smart telescopes, 1 pixel represents roughly 
2.39 arcseconds of drift.14 The simulation challenges users to manually adjust the PID 
controllers of their attitude system or apply simulated frictional damping to counter 
mechanical backlash in the azimuth drive, minimizing this arcsecond drift to capture clear 
images of deep space phenomena.14

Relativistic Orbital Mechanics and Precession
At the turn of the 20th century, physicists realized that classical Newtonian mechanics and 
Maxwellian electromagnetism—which had successfully demonstrated that light propagates at 
a finite rate of 299,792 km/sec in a vacuum—were ultimately insufficient to describe extreme 
gravitational environments.2 Einstein's revelation that gravitational force is alternatively 
described as a geometry of spacetime curved by the presence of matter completely 
revolutionized astrophysics.2

A high-fidelity physics engine must incorporate General Relativity into its flight model. One of 
the most prominent localized effects of curved spacetime is perihelion precession. The engine 



must calculate the precession of orbits in radians per revolution, which are then converted and 
displayed to the user in arcseconds.16 This involves calculating the Schwarzschild radius of 
localized massive objects:

and factoring it into the trajectory calculations of the simulated spacecraft.16 As the user pilots 
their ship near massive gravitational bodies, they will observe their orbital path precessing over 
time, forcing them to apply corrective burns to maintain a stable trajectory. This seamlessly 
weaves high-level relativistic physics into a standard gameplay loop.
The Architecture of the Dark Matter Drive
The core premise of the user's requested experience is a "dark matter drive flight simulator." 
Since dark matter does not interact with the electromagnetic spectrum, it cannot be "seen" 
directly; however, its gravitational effects completely dominate the cosmos.17 The physics 
engine must model dark matter not just as background mass, but as a navigable medium, a 
topographical landscape, and an energy source for the theoretical drive.
The Radial Acceleration Relation and Halos
A fundamental prediction of the Cold Dark Matter (CDM) model of structure formation is the 
existence of vast populations of dark matter halos.18 These halos drive the evolution of 
structure from the near-uniform recombination epoch until the present day, dictating the 
formation and properties of everything from nearby galaxies to high-redshift Lyman break 
galaxies.19 The distribution of baryonic (normal) matter and dark matter is intricately linked via 
the Radial Acceleration Relation (RAR).17 The RAR relates the observed acceleration derived 
from galactic dynamics to the expected acceleration estimated solely from visible baryonic 
mass.17

In the simulator, the user's dashboard will feature an expandable "RAR Mapping Chart." As the 
ship approaches a galaxy, the physics engine calculates the expected Newtonian acceleration 
based on the visible starlight. The discrepancy between this visible mass expectation and the 
actual simulated gravitational pull reveals the density and distribution of the surrounding dark 
matter halo.17 The engine extracts these spatial distributions using fixed centers, position 
angles, and ellipticities measured in arcseconds, rigorously correcting for the inclination of the 
galactic disk to provide the user with a true 3D map of the invisible mass.17

Gravitational Lensing as a Navigation Tool
To navigate the dark matter distribution, the simulator utilizes strong gravitational lensing as a 
primary sensory mechanism. The engine features a deep-learning-based subsystem, 
theoretically modeled after architectures like VariLens, which uses physics-informed 
variational autoencoders to rapidly determine the parameters of a singular isothermal ellipsoid 



(SIE) mass model.20

When the spacecraft looks ahead, massive dark matter deflectors bend the light of 
background objects, creating multiple images or Einstein rings.20 The engine calculates the 
Einstein radius ( ) of these lenses. For a simulated lens consisting of a galaxy within a dark 
matter halo at a redshift of , and a background source at , the engine 
calculates an Einstein radius of approximately 2 arcseconds, translating to a physical size of 
12.2 kiloparsecs for a Milky Way-mass halo.21 If the ship encounters a massive galaxy cluster, 
the Einstein radius expands to approximately 10 arcseconds, or 61 kiloparsecs.21

The user interface displays real-time deflection angles and subhalo mass distributions.18 The 
engine injects scatter into these distributions to represent subhalos merging from filamentary 
structures, reflecting the mass-dependent alignment of spins relative to cosmic filaments.21 By 
analyzing the ellipticity and the radius of these Einstein rings in the UI, the user can plot a 
course through the densest regions of the dark matter halo, utilizing the deep gravitational 
wells for extreme "slingshot" maneuvers or theoretical dark matter intake.

Strong Lensing 
Target

Redshift Profile 
(zlens,zsource)

Calculated 
Einstein Radius 
(θE)

Physical Radius

Milky Way-Mass 
Halo

 arcseconds 
21

12.2 kiloparsecs 21

Cluster-Mass Halo  arcseconds 
21

61.0 kiloparsecs 21

VariLens SIE Target  arcseconds 
20

Varies by mass

Relativistic Vortices and Propulsion Mechanics
To simulate the physical propulsion mechanism of the "dark matter drive," the engine 
extrapolates on theoretical models involving dark matter vortices. In certain halo models, dark 
matter particles do not form static clouds but rather swirling vortices where the velocity of the 
non-baryonic particles depends inversely on the radius ( ).22

Because particles closer to the center of the vortex move at higher velocities, they experience 
an uneven relativistic mass increase according to Special Relativity.22 While the detection of 
such subtle light bending would theoretically require extreme observational resolutions on the 



order of  arcseconds—far surpassing the limits of contemporary observational 
platforms like the Gaia satellite, which is limited to  arcseconds—the simulator's onboard 
theoretical sensors are artificially augmented to detect these microscopic lensing events.22

The ship's dark matter drive is designed to "surf" these relativistic vortices. The simulator's UI 
maps these otherwise invisible phenomena using color-coded, expandable charts showing the 
gradient of relativistic mass increase across the vortex. The user must actively balance the 
ship's trajectory along the  velocity curve to maximize propulsion, while carefully avoiding 
tidal shearing forces generated by the extreme relativistic mass gradients.22 This translates a 
highly abstract astrophysical theory into a tangible, skill-based flight mechanic.
Cosmological Paradigms: Expanding the Simulator's 
Rulebook
A truly exhaustive, expert-level simulator must not constrain the user to a single, immutable 
scientific perspective. Instead, it must allow them to explore the very parameters of the 
universe. The physics engine features a high-level "Cosmological Constants" control panel, 
allowing the user to seamlessly toggle the simulation's underlying mathematical framework 
between the standard expanding universe model and historical, alternative theories. This 
interactive comparison provides a profound educational tool, demonstrating precisely why the 
scientific consensus favors modern models.
The Standard Expanding Universe ( CDM)
By default, the engine operates on the CDM (Lambda Cold Dark Matter) model.23 In this 
framework, the universe is actively expanding, and the light from distant galaxies is redshifted 
due to the stretching of the metric of spacetime itself. The engine calculates the apparent size 
of distant galaxies based on the Friedmann-Lemaître-Robertson-Walker (FLRW) metric.24

A profound, non-intuitive consequence of an expanding universe is the angular diameter 
distance turnover. In the simulator, as the user observes galaxies at increasing redshifts, the 
apparent angular size of the galaxies will initially decrease, as one would intuitively expect. 
However, due to the magnification effect inherent to expanding-space cosmological models, 
the angular diameter reaches a minimum of approximately 0.5 arcseconds at a redshift of 
around , and actually appears to grow larger for redshifts greater than that.25 This 
mind-bending optical effect is directly rendered by the engine and is observable through the 
ship's simulated viewscreen.
Furthermore, the standard model dictates the presence of the Cosmic Microwave Background 
(CMB). The engine simulates the CMB as the highly isotropic afterglow of the Big Bang, 
radiating at just a few degrees above absolute zero.26 The simulator maps this background 
radiation across nine different frequency bands with a resolution of 0.07 degrees (roughly 4.2 



arcminutes), reflecting the historical detection parameters of the COBE/DMR, WMAP, and 
Planck space observatories.26

The "Tired Light" Hypothesis and Static Models
To provide an exhaustive educational experience, the simulator allows users to toggle on the 
"Tired Light" hypothesis. Originally proposed by Fritz Zwicky in 1929, and later advanced by 
scientists such as Max Born, Erwin Finlay-Freundlich, Paul LaViolette, and Halton Arp, this 
theory postulates a static universe where galaxies are nearly stationary.8 Instead of spatial 
expansion, the observed redshift is attributed to photons gradually losing energy as they travel 
vast distances across the cosmos.25

When the user activates the Tired Light physics model, several fundamental visual and physical 
changes instantly propagate throughout the simulation:
1. Angular Diameter Linearity: The magnification effect of the expanding universe ceases 

to function. In a tired light model (often aligned with Euclidean Doppler models), the 
median diameter of galaxies continues to shrink at higher redshifts. Beyond a redshift of 

, the predicted median diameter of galaxies drops to roughly 0.2 arcseconds, 
rendering them roughly ten times smaller than in the FLRW expanding metric.24 The user 
will watch as deep-field galaxies visually compress on their sensors.

2. Surface Brightness Evolution (The Tolman Test): The engine executes the Tolman 
surface brightness test. In the default expanding universe, surface brightness decreases 
drastically by a factor of  due to the combined effects of the diminishing 
energy of individual photons and the reduced rate of photon arrival due to time 
dilation.28 In a static, tired-light universe, the surface brightness decreases much more 
slowly, by a factor of only .28 Toggling to the Tired Light model will suddenly 
make high-redshift galaxies appear significantly brighter and more visually distinct in the 
simulation.28 For instance, galaxies at  with half-light radii of  kpc (or 

 arcseconds) will exhibit drastically altered photometric profiles depending on 
which cosmology the user selects.28

3. Visual Blurring and Scattering: Many tired light mechanisms predict a physical blurring 
of light due to scattering interactions within the intergalactic medium.24 The engine 
introduces a simulated Gaussian blur to the most distant galaxies—a phenomenon 
definitively not observed in reality by telescopes like JWST, but mathematically accurate 
to the assumptions of the tired light model.24

4. Cosmic Microwave Background Alteration: In the tired light model, the CMB cannot 
originate from a singular Big Bang event. Instead, the engine simulates this radiation as 
diffuse space matter absorbing starlight from all directions and re-radiating it at lower 
temperatures, governed by the Stefan-Boltzmann law.26 The user's microwave sensors 



will detect variations in this diffuse re-radiation rather than the primordial anisotropies of 
the standard model.

5. Statistical Proximity Anomalies: The engine can simulate the controversial statistical 
anomalies championed by Halton Arp. Arp noted galaxies with wildly different redshifts 
positioned only 2.4 arcseconds from a central nucleus, calculating that the chance 
proximity of such configurations in a standard survey was between  and .27 
The simulator features an expandable "Arp Configuration Tracker," allowing the user to 
seek out these statistically improbable alignments and attempt to resolve whether they 
are foreground/background illusions or true physical connections.

By exposing these parameters, the simulator visually demonstrates why the scientific 
consensus favors the expanding universe. Alternative theories face a monumental task in 
simultaneously accounting for a boatload of different, independent observations.31 The user 
can directly see how the tired light model fails to accurately reproduce the crispness and 
specific angular diameters of high-redshift galaxies observed in reality.23 Hybrid models that 
attempt to blend tired light concepts into an expanding universe to fit Supernovae Type 1a 
data can also be included as fine-tuning sliders, offering a playground for theoretical 
cosmology.23
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Specialized Observational Targets and Expandable 
Telemetry
To ensure the simulation feels rich and scientifically exhaustive, the physics engine must 
populate the universe with highly specific observational targets. When the user points their 
sensors at these targets, the UI expands to reveal dense, real-world data matrices.
Exoplanetary Transit Tracking
When navigating near a main sequence star, the user can deploy photometric sensors to 
detect exoplanets. The engine retrieves light curve priors for known systems. For example, if 
the user targets the HAT-P-32 system, the UI generates an exhaustive transit tracker for the 
planet HAT-P-32 b.32

The engine models the transit in real-time, plotting the drop in stellar flux. The user can expand 
the "Planetary Parameters" chart to view precise metrics: an orbital period of 2.1500082 days 
(with an uncertainty of ), an orbital eccentricity of 0.159, and an orbital inclination 
of 88.98 degrees.32 The UI displays the ratio of the planet to stellar radius ( ) as 0.1488, 
and the ratio of distance to stellar radius ( ) as 5.344.32 Simultaneously, the engine 
renders the host star with an effective temperature of 6001 K, a metallicity of -0.16, and a 
surface gravity of 4.22.32 By feeding these precise data points into the rendering pipeline, the 
simulator generates a visually and mathematically accurate representation of the exoplanet 
occulting its host star.
Active Galactic Nuclei and Sub-Millimeter Probabilities
For extra-galactic navigation, the user can target Active Galactic Nuclei (AGN). The engine 
incorporates data from surveys like the Siding Spring Southern Seyfert Spectroscopic 
Snapshot Survey (S7) to model systems like ESO 138-G001.33 The user's task is to navigate the 
optical sensors to resolve the inner few arcseconds around the central engine, piercing the 
dust torus to observe the accretion disk.33



When hunting for deep-field objects using simulated sub-millimeter instruments (modeled 
after the James Clerk Maxwell Telescope's wide arcsecond beam), the engine must account 
for optical identification difficulties. The UI provides a probabilistic identification module. It 
estimates the probability that a sub-millimeter source is randomly associated with a 
foreground galaxy selected from a population with a surface density , located at a distance  
from the source.19 This probability is calculated and displayed via the equation:

This forces the user to engage in statistical analysis to confirm their navigational targets, 
blending astrophysics with data science.19

Heliophysics and Binary Stellar Dynamics
The engine must also render localized stellar environments with extreme fidelity. The simulator 
incorporates data from heliophysics to model stellar behavior, fostering a feedback loop 
between data analysis, modeling, and instrument development.34

As the spacecraft approaches a simulated star, the interface displays an expandable 
"Heliophysics Roadmap." Using a simulated Field of View of 700 x 700 arcseconds, the ship's 
sensors can isolate the Flare Acceleration Region.34 The engine computes the spatial resolution 
of these single-shell optics down to a 7 arcsecond Full Width at Half Maximum (FWHM).34 
Within the UI, an interactive module allows users to track the paths of electrons being 
accelerated along magnetic field lines.34 By adjusting the effective area of the sensors (e.g., 
matching the 150  up to 50 keV limits of the FOXSI mission), the user can visualize where 
electrons travel away from the acceleration site and where they are stopped.34 The engine can 
also track solar phenomena like jet eruptions, pinning their exact coordinates (e.g., X=340, 
Y=540 arcseconds) on the solar disk using simulated AIA 304I sensor data.35

Furthermore, navigating multi-star systems presents unique challenges. Intrinsically dim stars 
in systems like Alpha Centauri have an angular separation ranging from 2 to 22 arcseconds 
depending on their orbital phase.31 The engine smoothly resolves these binaries as the user 
approaches. Observing highly energetic interactive binary stars, called polars, reveals intense 
magnetic fields.36 These are visually rendered as glowing, twisted flux tubes that the player 
must physically navigate around to avoid catastrophic electromagnetic interference with the 
ship's attitude control systems.36

Experiential Design: Sensory Integration and 
Atmospheric Seeing
The success of the Arcsecs physics engine conceptualization hinges entirely on its UI/UX and 
experiential design. The immense complexity detailed above must be elegantly packaged so 
that regular users find the simulation intuitive and gripping.



Stereopsis and Depth Perception
To make the physics tangible and spatial, the engine integrates programmatic stereopsis. True 
depth perception in a digital environment relies on precise angular discrepancies between the 
left and right eye (or twin virtual cameras). By rendering these twin cameras with a specific 
crossed disparity—measured at precisely 15 arcseconds—the engine generates true 
stereoscopic 3D depth.37 This is particularly critical for navigating complex spatial 
environments, like the overlapping magnetic field lines of binary stars 36 or the perilous inner 
few arcseconds of an AGN.33 In real-world visual testing, when testing for responses to 
stereoscopic cues, discrepancies smaller than 100 arcseconds are used to verify spatial 
awareness; the engine operates well within these bounds to ensure a flawless 3D experience.38

Vibrotactile Feedback Architectures
To bridge the gap between visual telemetry and physical sensation, the simulator utilizes a 
multi-rate rendering architecture that runs the core physics engine concurrently with a 
vibrotactile feedback generator.38

When the ship navigates a high-gradient dark matter vortex, or when the attitude control 
systems experience periodic tracking errors and backlash 12, the engine generates vibrotactile 
commands using an exponentially-decaying sinusoidal model.38 This model is computationally 
efficient, updating at a much higher rate than the visual physics engine, and is perceptually 
superior to complex models based on sound synthesis.38 This allows the user to literally feel the 
gravitational shear of the dark matter halo or the mechanical strain of the reaction wheels 
grinding against their RPM limits, translating abstract mathematical acceleration into 
immediate physical sensation.38

Astronomical Seeing and Terrestrial Limits
While the simulator primarily operates as a deep-space dark matter drive, it includes an "Earth-
Bound Observatory" mode. This allows users to understand the atmospheric challenges of 
terrestrial astronomy that necessitated space-based metrics and telescopes in the first place.
In this mode, the physics engine calculates "Astronomical Seeing" using a simulated Differential 
Image Motion Monitor (DIMM).39 The DIMM's seeing is reported in units of arcseconds, 
normalized to a unity airmass (simulating observation directly along the zenith) and calculated 
at a wavelength of 500 nm in the V band.39 The engine simulates atmospheric turbulence, 
calculating the dynamic distortion of incoming starlight. The user can view the telescope's 
pupil imaged onto a simulated "segmentator," which consists of four concentric mirrors with 
different tilts.39 As atmospheric conditions artificially worsen in the simulation, the FWHM of 
the target star expands and blurs. This effectively demonstrates why advanced optical 
systems strive to achieve diffraction-limited performance with high Strehl ratios, grounding 
the user's experience by contrasting the perfect mathematical clarity of the dark matter drive 



with the chaotic, atmospheric realities of historical astronomy.10

Synthesis of Physics and Computation
The complexity of this framework relies on handling vast arrays of climatic, cosmological, and 
photometric data without bottlenecking the rendering pipeline. The internal architecture of the 
engine is structured utilizing NetCDF files, which are highly efficient for storing multi-
dimensional scientific data.40 By extracting only the necessary time steps or localized spatial 
data without loading the entire universe into memory, the simulator can smoothly render 14 
billion years of structural evolution.19 Time variables dictate the redshift values, which in turn 
feed into the chosen cosmological model to determine the final visual rendering on the 
screen.25

Automated deep learning pipelines operate continuously in the background. Starting with an 
initial pool of tens of millions of simulated stellar and galactic sources, photometric 
preselection rapidly reduces the candidates, highlighting those with a high likelihood of being 
strong lenses or exoplanet hosts.20 This computational efficiency allows the physics engine to 
calculate complex variables like Einstein radii and orbital eccentricities in milliseconds, ensuring 
the flight simulator runs at a high, fluid frame rate without ever sacrificing its rigorous scientific 
foundation.20 Through this meticulous synthesis of data structure, relativistic physics, and 
user-centric design, the Arcsecs physics engine transcends simple visualization, offering a 
profound, interactive gateway into the mechanics of the cosmos.
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