Architectural Paradigms in Web-Based
Physics Engines: Simulation Interfaces,
Rigid Body Dynamics, and High-
Precision Spatial Computations

The development and deployment of interactive physics engines have evolved significantly
over the past decade, transitioning from heavily parameterized, modal-based desktop
applications to seamless, browser-based environments. When evaluating platforms designed
for complex physical simulations, the initial user experience and the underlying computational
architecture are inexorably linked. The architectural imperative to bypass configuration
screens and deploy a simulation immediately—relegating system parameters to an expandable
user interface (Ul) menu—represents a fundamental paradigm shift in how interactive
computations are structured. Although specific environments like the Arcsecs physics engine
demo are occasionally rendered inaccessible due to server constraints or deployment lifecycle
changes ', the broader ecosystem of web-based mechanics relies heavily on the decoupling of
the rendering loop from asynchronous user inputs.

This comprehensive report provides an exhaustive analysis of physics engine architecture,
spatial coordinate precision, collision resolution, and interface design. By examining the
mathematical foundations of spatial computations—particularly those utilizing high-precision
angular units like the arcsecond—and the algorithmic complexities of rigid body dynamics
across disparate scales, this analysis outlines the structural requirements for developing a
modern, seamless physical simulation platform. The investigation spans from the foundational
algorithms of rigid body collision in browser-based canvases to the astronomical precision
required to simulate cosmological phenomena, demonstrating how a singular architectural
philosophy—immediate execution paired with deep, expandable parameterization—serves as
the optimal framework for computational modeling.

Interface Design and Immediate Execution
Architectures

The fundamental request to initialize a physics engine demo immediately upon browser load,
shifting intricate configuration settings to an expandable menu, touches upon a critical
concept in simulation software engineering: time-to-first-interaction (TTFI). In traditional
software environments, simulations often require the user to define environmental constraints
—such as global gravity, mass distributions, temporal resolution, or spatial boundaries—before
the rendering engine is even initialized. However, modern web standards dictate a significantly
more dynamic and responsive approach.



The Decoupled Ul and Asynchronous Simulation Loop

To jump directly into a simulation without impeding the user with modal dialogs, the underlying
architecture must support a robust default-state initialization process. The physics engine—
whether built upon a custom C++ backend compiled to WebAssembly (Wasm) or written
natively in JavaScript environments like JSVerlet, particulate.js, or Box2D ports—must
instantiate a default, highly engaging world state immediately.” This world state contains pre-
configured rigid bodies, global forces (e.g., gravity, drag), and a strictly defined coordinate
system that begins integrating and rendering on the very first available frame.

The implementation of an expandable menu requires a strict decoupling of the Document
Object Model (DOM) from the HTML5 Canvas or WebGL rendering context. This separation of
concerns is managed through a multi-layered approach:

1. The Canvas Rendering Layer: The simulation runs continuously on a dedicated thread
or within the primary requestAnimationFrame loop of the browser. This layer is
exclusively responsible for numerical integration (such as Euler or Verlet methods),
broad-phase and narrow-phase collision detection, and graphical rendering.

2. The Interface Layer: The expandable menu acts as an asynchronous DOM overlay,
typically controlled via CSS transformations and z-index layering. When a user interacts
with the menu to adjust a parameter—such as the coefficient of friction, the simulation's
time-step, or the gravitational constant—the DOM fires a lightweight event listener.

3. Real-Time State Mutation: The event listener transmits the updated parameter to the
physics engine's state manager. Because the engine is designed for real-time,
continuous calculation, it accepts the mutated state and injects it into the subsequent
frame's integration step without requiring a hard reload of the environment.

This architecture ensures that the user is immediately captivated by the moving elements of
the simulation, fostering an environment of active discovery rather than passive configuration.
For instance, WebGL artworks that create complex physics systems surrounding 3D models,
or soft-body physics demos like the "Squishy Earth" experiment, rely heavily on immediate
visual feedback to communicate the engine's processing capabilities.® By housing complex
settings—such as spatial scaling, unit definitions, temperature controls, and force multipliers—
within an expandable, non-obtrusive sidebar or hamburger menu, the cognitive load on the
user is minimized while simultaneously maximizing the showcase of the engine's real-time
integration capabilities.

Cross-Disciplinary Implementations and Ecosystem Interoperability

The demand for robust rigid body dynamics and seamless Ul integration has led to the
proliferation of open-source physics engines being adapted for varying development
environments. For example, the Farseer Physics Engine, originally a 2D physics engine written in
C# for XNA and Silverlight games, gained significant traction within the development
community, leading to its porting into other languages such as Blitzmax.* This portability



ensures that developers can leverage established collision resolution, restitution, and friction
algorithms regardless of the specific software wrapper or HTML/CSS interface they choose to
implement.

For a web-centric approach, deploying an engine that has been natively coded in
TypeScript/JavaScript or ported via WebAssembly guarantees that the browser can handle the
computational load efficiently. Engines like the Javascript Dynamics Engine or community-
driven Box2D Mobile Demos demonstrate that plain HTML elements can be subjected to
complex physics integrations provided the rendering loop is optimized.® The integration of an
expandable HTML/CSS menu on top of a Wasm-driven canvas allows the developer to utilize
high-performance, low-level memory management for the mathematical physics calculations
while relying on the browser's native DOM for smooth, responsive user interface interactions.

Core Mechanics of Rigid Body Dynamics and
Computational Physics

The internal logic of a web-based physics engine must robustly handle the kinetic and
kinematic properties of entities within the simulation. A custom physics simulation system,
whether simulating microscopic particles or macroscopic interactive elements, typically begins
with the definition of a Rigidbody class.? This class serves as the mathematical heart of the
simulated entity, managing a variety of physical parameters that dictate motion over time.

Kinematics, Applied Forces, and Numerical Integration

In a standard rigid body engine, the state of an object is updated each frame by accumulating

forces and integrating them over the time step (&t) to determine new velocities and
positions. The core components of this system include mass, velocity, acceleration, gravity,
and drag.’

The integration process calculates the object's trajectory. Forces such as global gravity and
localized user input are accumulated over the duration of a frame. The application of drag and
friction helps simulate real-world atmospheric or surface behavior, ensuring that kinetic
energy dissipates appropriately and objects do not accelerate infinitely unless operating in a
strictly defined vacuum context.? A highly optimized engine will often utilize Semi-Implicit Euler
integration for standard rigid bodies due to its energy-preserving characteristics, while soft-
body simulations or constraint-based physics (such as those seen in handmade 2D engines
based on nodes and breakable constraints) may prefer Verlet integration for enhanced
stability.’

Collision Detection and Resolution Algorithms

A physics engine is fundamentally constrained by the efficiency and accuracy of its collision

detection and resolution algorithms. Detection is computationally expensive and is therefore
typically divided into two distinct operational phases: the broad phase and the narrow phase.



In the broad phase, the engine must quickly eliminate pairs of objects that are definitely not
colliding to save computational resources. This is frequently achieved using Axis-Aligned
Bounding Box (AABB) components or spatial hashing grids.? AABB-based colliders are highly
efficient because they simplify objects into rectangular boundaries strictly aligned with the
global coordinate axes, requiring only simple scalar comparisons to determine overlap.

Once a potential collision is flagged by the broad phase, the narrow phase computes the exact
point of intersection, the collision normal, and the penetration depth. Following successful
detection, the engine must resolve the physical state to prevent object clipping. A dedicated
CollisionResolver class is typically implemented to handle this physical response.?

The resolution process involves three primary mathematical steps:

1. Positional Correction: To prevent objects from permanently overlapping or sinking into
one another (a common artifact in poorly optimized engines known as "slop"), the engine
applies a positional correction. This involves moving the objects apart along the collision
normal by a magnitude proportional to their penetration depth, inversely weighted by
their respective masses.

2. Restitution (Bounce): The engine applies impulses along the collision normal to simulate
the transfer of kinetic energy. The coefficient of restitution (a scalar value typically
between 0 and 1) determines whether the collision is perfectly elastic (bouncing without
energy loss) or highly inelastic (absorbing the impact).

3. Friction: Tangential impulses are applied perpendicular to the collision normal to
simulate sliding friction. This is critical for realistic interactions, such as a box sliding to a
halt on a sloped surface or a wheel maintaining traction.”

These complex computations must be executed flawlessly within milliseconds (ideally under
16.67ms to maintain a 60 frames-per-second output). If a user interacts with the expandable
menu to adjust the system's global gravity or restitution dynamically, the CollisionResolver
must instantly incorporate the new scalar values into the next frame's impulse calculations
without stalling the primary rendering thread.

Angular Units and the Supremacy of the Arcsecond in
Spatial Computing

While standard web-based engines—such as those powering casual games or HTML DOM
manipulations—often operate using arbitrary pixels or standard metric meters as their base
unit of distance °, highly specialized simulation environments must accommodate extreme
spatial scales. This is particularly true for physics engines tasked with modeling celestial
mechanics, astrophysical phenomena, climate mapping, or high-precision solid-state optics.
In these advanced domains, standard floating-point representations of Cartesian coordinates
frequently suffer from severe precision loss due to the immense distances and microscopic
observational angles involved. To mitigate this, specialized simulation engines and their
underlying mathematical libraries utilize highly specific angular units, most notably the
arcsecond.



The Arcsecond as a Fundamental Simulation Unit

An arcsecond (often abbreviated as arcsec) is an angular measurement equal to 1/3600 o]
degree. In the context of spatial simulations, particularly those modeling astronomy or
microscopic optics, it serves as a critical unit of measure. In programming and scripting
libraries designed for scientific simulation, such as Python's quantities library or the Units.py
module, the arcsecond is explicitly defined to handle minute angular deviations with extreme
floating-point accuracy.

The programmatic definition of these units relies heavily on establishing a baseline
dimensionless quantity or standard radian. For instance, the conversion hierarchy in
dimensional libraries defines one radian as the fundamental baseline, with a standard degree
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being exactly 120 radians. An arcminute is consequently defined as one-sixtieth of a degree,
and an arcsecond is one-sixtieth of an arcminute.”

Unit Name Programmatic Alias / Mathematical
Symbol Relationship to Base

Radians

Radian rad, radians 1 (Baseline dimensionless
unit)

Degree deg, arcdegree 1oy rad

. . . L {1;;-

Arcminute arcmin, arc_minute a0 “E6
L deg

Arcsecond arcsec, arc_second B0

Milliradian mrad, milliradians LN

Microradian urad, microradians LOD00

Table 1: Hierarchical representation and programmatic aliases of angular units utilized in high-
precision physics simulation libraries.®

By utilizing a robust units library, a physics engine can process user inputs dynamically and
flawlessly. If an expandable menu allows a user to input a launch angle or a rotational offset in



standard degrees, the underlying engine can immediately parse this using encapsulated
operations like float(?0 * up.degree) to ensure mathematical consistency during trigonometric
computations (e.g., numpy.sin).® Similarly, temperatures within these physics models are
strictly stored in Kelvins to maintain absolute thermodynamic scaling; however, helper objects
like zeroCelsius are utilized to seamlessly convert user-facing Celsius inputs from the Ul menu
into the engine's internal Kelvin representations.”

Ephemeris, Orbit Tracking, and Exoplanet Transit Parameters

The scaling of physics engines into orbital mechanics requires dealing with strict positional
uncertainties and precise astronomical coordinates. When a simulation engine is observing
planetary bodies or tracking ephemeris data, it must account for right ascension and
declination variations. Celestial tracking algorithms frequently define coordinate tolerances
utilizing standard offsets. For instance, astronomical tracking headers in C/C++ often define
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tracking limitsas ' /' o0 arcsecs for the majority of general planets, expanding to

+/ — A secs for Jupiter, andupto ! 600

arcsecs for Saturn to account for their
larger angular diameters and orbital variances.” For bodies like Neptune, specific manual
sequences dictate exact arcsecond pixel fractions to ensure accurate rendering.®

Processing light curves and transit data for exoplanets involves an even higher degree of
precision. An engine or pipeline processing these parameters—such as the EXOTIC pipeline
resolving targets against the NASA Exoplanet Archive—must manage incredibly tight
tolerances.” When simulating a planetary transit (such as HAT-P-32 b), the engine evaluates

parameters including the orbital period in days (e.g., 2.1500082 days), published mid-transit
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times (BJD-UTC), planet-to-stellar radius ratios (" ¥' = * ), orbital inclinations, and stellar
effective temperatures in Kelvin.’”
Crucially, the image-to-image alignment for centroid tracking in these engines relies on pixel

scales defined intricately by angular measurements, such as 5.21 arcsecs/ pixel 7 When

these high-precision datasets are visualized in an interactive web application, allowing the user
to seamlessly toggle between different planetary datasets or adjust the pixel-scale filtering via
an expandable side menu ensures that the exploratory flow of the data visualization is never
broken by clumsy page reloads or obstructive modal pop-ups.

Astrophysical Coordinate Transformations and
Tangent-Plane Geometry

In astrophysical physics engines, tracking the movement of massive entities (such as stellar
transients, supernovas, or wandering planetary bodies) requires immensely complex
coordinate transformations. Entities are almost never tracked in absolute Cartesian space, but
rather as angular offsets from a specific observational reference point, measured strictly in
arcseconds.



Galactic Frames and Directional Radii

The geometry of these deep-space simulations relies heavily on tangent-plane offsets. When
mapping the position of a transient object relative to a host galaxy's center, the physics engine
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must compute the offsets and —¥ in arcseconds using the object's right ascension ("~ *)

o
and declination (") plotted against the host galaxy's right ascension (ﬂﬂ ) and declination (ﬂl-g
).'° The formulation executed by the engine's geometry shader or computation thread is
expressed as:

Ar = (o — oy ) cos(d,) = 3600

Ay = (& — 8,) = 3600

Once these tangent-plane offsets are established in arcseconds, the engine must rotate these
coordinates into the specific localized frame of reference of the galaxy itself, accounting for

iy @, . . .
the galaxy's position angle ( " ). The resulting major and minor axes are calculated
computationally as '°:

Tuwj = Az cosfpy + Aysinfpy

Yoin = —Axsinfpg + Aycoslpy

These localized coordinates allow the physics engine to determine precisely where a cosmic
event occurred relative to the gravitational or structural boundaries of the simulated galaxy.
Furthermore, the engine can dynamically calculate the directional radius—the effective radius

of the galaxy at the specific angle @ toward the transient.”® The angle @ is derived via the
arctangent of the localized axes:
dj arCtunl{ymin _-'-IIum_l:I
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The directional radius * is then computed using the elliptical parameters of the galaxy

b
(denoted as @ and for the major and minor axes):
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Finally, the simulation computes the fractional offset (c'@il‘l %), which defines the object's



separation strictly relative to the directional radius:

separation

dpg (@)

Implementing this staggering level of geometric rigor within a physics engine allows for the
accurate simulation, prediction, and visualization of cosmological events. If a user utilizes the
engine's expandable menu to artificially adjust the right ascension or the position angle of the
host galaxy, the engine must recompute this entire geometric pipeline in real-time, updating
the rendered positions of the celestial bodies seamlessly on the canvas.

Standard Photometric Systems and Star Clusters

When simulating or extracting data from standard photometric systems, physics engines must
account for localized interference. For example, the Johnson-Cousins UBVRI photometric
system evaluates the brightness of stars, but the simulation must flag or dynamically exclude
stars with binary companions located within a few arcseconds, as these proximal bodies will
bleed light and corrupt the photometric aperture readings."

Similarly, when a physics engine is tasked with estimating distances to star clusters using
automated photometry, it must match source catalogs extracted from images taken at
different times. An object is confirmed as identical across datasets if the difference between
the positions indicated by their right ascension and declination differs by no more than a
specified angular tolerance on the simulated sky. Algorithms matching these tables often use
an error measure strictly defined by arcseconds, such as a maximum error of

3 % Seeing (arcsecs) .2 Once matched, the engine can plot a color-magnitude diagram

and compute the distance modulus to determine the physical distance in parsecs.” The
foundational understanding that one parsec corresponds to the distance at which one
astronomical unit (AU) subtends an angle of one arcsecond is deeply hardcoded into these
astrophysical simulation engines, preventing the mathematical confusion that often plagues
novice cosmological modeling.”

Solar Physics, Helioprojective Coordinates, and
Plasma Kinematics

The necessity for high-precision angular scaling extends directly into solar physics simulations
and localized plasma dynamics. Simulating the extreme physics of the Sun requires specialized
coordinate mapping.

The Helioprojective Coordinate Framework

Frameworks such as the SunPy coordinate system are explicitly designed to track solar-system
bodies and calculate Sun-specific coordinate information, heavily extending standard astropy
frameworks." In a Helioprojective coordinate system, coordinates are two-dimensional and



are strictly relative to the specific position of the observer. The positions are expressed either
in standard meters or, vastly more commonly in astrophysics engines, by the angle seen from
the observer measured in arcseconds.'

This system is inherently relativistic and dynamic; the precise angular value depends entirely on
the distance between the observer and the Sun. For example, a simulation placing a virtual
observer or satellite at the Lagrange point L1—which is approximately 1% closer to the Sun
than the Earth—will inherently compute a slightly larger angular value in arcseconds for the
exact same solar feature compared to a simulation parameterized for an Earth-based
terrestrial observer.'®

Within these computational engines, transforming between coordinate frames requires
meticulous handling of these angular dimensions. A two-dimensional Helioprojective
coordinate representing a solar flare might be represented internally as

(6:,6,) = (123 arcsec, 456 arcsec) . To perform broader operations on these

coordinates, such as calculating the total surface area coverage of a coronal mass ejection,
the engine must apply specific, massive scale factors. For instance, converting certain solar
angular measurements into a physical surface area representation requires applying a

. 4.25 = 10" arcsec®
conversion factor of exactly .

This demonstrates the highly critical nature of the unit and coordinate pipeline within the
physics engine architecture. If the initial setup of a solar demo initializes a Helioprojective view
of the sun from Earth, and the user opens the expandable menu to alter the observer's location
to the L1 Lagrange point, the underlying coordinate framework must flawlessly transition the
observer reference and recalculate all rendered vectors based on the new arcsecond relative
angles, without pausing the solar animation.

Fluid Dynamics, Velocity Flow Fields, and Correlation Tracking

When simulating magnetized regions on the solar surface or similar fluid-like plasma
environments, physics engines employ advanced tracking algorithms to determine proper
motions. Local Correlation Tracking (LCT), originally proposed in 1988, is a standard
computational methodology for calculating these proper motions on the solar surface from
consecutive frames in a time series of intensity maps."”

Modern simulation engines implement highly refined versions of this logic, such as ILCT
(combining Fourier Local Correlation Tracking with the induction equation) or DAVE4VM, to
obtain incredibly accurate velocity flow fields in magnetized regions."” In these computational
models, the spatial resolution is rigorously parameterized in arcseconds per pixel, and the
temporal cadence is tracked in precise seconds."” The output of these tracking algorithms
generates a structured velocity field, accessible programmatically via distinct directional
vectors (vx, vy, vz)."”

Integrating such massive vector field calculations into a real-time web demo requires immense
computational overhead. To maintain a smooth user experience where settings can be toggled



via an expandable menu, the engine must offload these Fourier transforms and correlation
tracking algorithms to Web Workers or utilize General-Purpose computing on Graphics
Processing Units (GPGPU). The utilization of GPGPU allows physics simulations to manipulate
massive datasets—such as signed distance fields or complex plasma particle systems—directly
on the graphics hardware, bypassing standard single-thread JavaScript bottlenecks.?

Micro-Scale Physics: X-Ray Diffraction and
Environmental Modeling

The reliance on the arcsecond as a fundamental unit of simulation is not limited strictly to
macro-cosmological scales; it is equally vital in micro-scale physical modeling and massive
environmental datasets.

Solid-State Physics and The Takagi-Taupin Equations

In the realm of solid-state physics and crystallography, simulation engines are frequently
utilized to model X-ray diffraction and photon reflectivity. Tools such as pytakagitaupin act as
Python solvers for the 1D Takagi-Taupin equations, which mathematically solve the reflectivity
of a crystal as a function of incident photon energy or the precise incidence angle.”

When simulating these photon interactions, the engine must account for whether the target
crystal (such as a Silicon or Germanium lattice) is undeformed or spherically bent. The
parameters fed into the engine include the Miller indices, bending radius, and crystal
thickness."® Crucially, when an angular scan is performed to determine the reflectivity vector,
the angle-vector must be passed to the solver strictly in arcseconds, while the photon energy
is measured in keV."® The resulting TTsolution object maps the exact depth-dependent strain
of the crystal. If this solver were integrated into an interactive web interface, the expandable
menu would serve as the control panel for adjusting the spherical bending radius or incidence
angle in arcseconds, providing instantaneous visual feedback of the reflection spectrum.

Climate Modeling and High-Resolution Paleoclimatology

Similarly, high-resolution environmental and climate simulations rely on extremely precise
spatial grids. When formatting custom datasets for paleoclimatic modeling (such as
reconstructing past climates using netCDF files), physics engines and data visualization tools
must manage vast arrays of temporal and spatial variables.

Datasets like the Trace21k, downscaled using the CHELSEA algorithm, are frequently provided
at a spatial resolution of exactly 30 arcsecs.”” The engines tasked with rendering these geoTIFF
files must collate variables (such as bioO1 time steps representing negative integers for past
millennia) into cohesive spatRasters. The ability to extract only the required spatial location of
interest without reading the entire dataset into memory is a hallmark of efficient engine
architecture.'” An expandable interface in this context allows climatologists to adjust the
temporal slider (years since 1950) or the variable prefix, seamlessly shifting the rendered



climate model across the 30-arcsec resolution grid.

Human-Computer Interaction: Vibrotactile Feedback
and Stereopsis

The application of robust physics engines extends far beyond visual simulations into the
immersive realm of tactile and stereoscopic feedback. Virtual reality, augmented
environments, and advanced interface systems rely deeply on the physics engine to dictate
not just what the user sees, but exactly what they feel and perceive in three-dimensional
space.

Multi-Rate Rendering and Tactile Integration

In highly immersive environments, rendering visual physics and tactile feedback simultaneously
introduces severe synchronization challenges. A multi-rate rendering architecture is often
required to prevent input lag.?® In advanced systems like PhysVib, the core visual physics
engine runs at a relatively low update rate to preserve computational overhead for graphics,
while the vibrotactile feedback commands are generated at an exceedingly high update rate.”
When a physical collision event occurs within the simulation—detected via the AABB and
narrow-phase colliders previously discussed—the system utilizes an exponentially-decaying
sinusoidal model based directly on the physics simulation results to trigger automatic
vibrotactile feedback commands.? This vibration model provides highly superior perceptual
quality compared to older, sound-synthesis-based complex models.”® Adjusting the
parameters of this tactile feedback—such as the decay rate, the simulated density of the
colliding objects, or the amplitude of the sinusoidal wave—would ideally be handled by the
interface's expandable menu, allowing the user to tune the tactile response of the simulation
without ever interrupting the visual flow.

Stereopsis and Micro-Spatial Depth Adjustments

In environments requiring true depth perception, such as stereoscopic displays or virtual
reality headsets, the rendering engine must project dual camera perspectives accurately. The
human perception of depth, known as stereopsis, relies strictly on minor horizontal disparities
between the two optical images.

In controlled evaluations within virtual environments—such as clinical studies measuring the
perception time of virtual beach volleyball players as a function of depth—the physics engine
controls the exact spatial disparity of the rendered objects. Background elements (like a
shining sun) may be rendered with zero disparity, while active foreground objects (the
volleyballs) are meticulously rendered with a specific crossed disparity, often measured
precisely in arcseconds (e.g., 15 arcsecs) to simulate an exact perception of depth.”
Historically, testing visual acuity and depth perception in humans has relied on physical tools
like the Stereo Fly Test, which checks for stereoscopic cue recognition.”® However, traditional
testing can yield false negatives due to learned responses or non-stereoscopic cues. By



utilizing an interactive, web-based physics engine demo as a diagnostic tool, optometrists can
dynamically adjust the stereoscopic disparity (in arcseconds) via the expandable menu. This
allows for modified testing protocols where children or patients interact with the physics
simulation while the examiner fine-tunes the crossed disparity, ensuring absolute validation of
stereoscopic cues without breaking the immersive engagement of the test.?°

Cosmological Instrumentation and Gravitational
Microlensing

The role of the arcsecond as a hard limiting factor in physics modeling is perhaps most evident
when a simulation engine is used to model theoretical cosmology, map dark matter, or predict
the precise performance characteristics of actual physical observatory hardware.

Hardware Limitations and Survey Simulations

When simulating the hardware constraints of upcoming cosmological surveys, the engine must
accurately reflect the mechanical realities and optical limits of the instruments being
constructed. For instance, the modeling of the MUST telescope plans relies heavily on the
physical limitations of its hardware. MUST plans to adopt a miniaturized fiber positioning robot
featuring a 6.2 mm outer diameter. The optical fiber itself has a core diameter of approximately

140 pm " which precisely corresponds to a field of view of 1.2 arcsecs on the night sky.?

This angular restriction ensures the fiber density strictly satisfies the rigorous requirements of
future deep-space cosmology surveys.?

Similarly, heliophysics roadmap instruments, such as the FOXSI (Flare Acceleration Region)
imager, operate with an effective area of 150 cm? up to 50 keV, utilizing a field of view

measuring exactly 700 x 700 arczecs , with a spatial resolution of single shells operating at

I ATESEE £l Width at Half Maximum (FWHM).” The AIA (Atmospheric Imaging Assembly)

provides simultaneous high-resolution full-disk images of the solar corona with a staggering

1.5 arcsec . . . T ,
" spatial resolution and a 12-second temporal resolution, utilizing Piezoelectric

Transducers (PZT) to tilt the secondary mirror by exact increments of =46 arcsecs to

stabilize the image.?* Further examples include the NOEMA PolyFix interferometer, which maps
molecular outflows in Active Galactic Nuclei (AGN) like NGC 3079, resolving CO(2-1) lines with

a synthesized beam measuring just .59 arcsec > .43 arcsec 25

Incorporating these rigid hardware limitations into a physics engine allows researchers to
simulate the effective coverage, field-of-view, and actual data yield of the telescope long
before the hardware is ever physically built. By placing the configuration of these fiber
densities, PZT mirror tilts, and angular resolutions into a non-intrusive expandable menu, a
researcher can visually interact with the simulated focal plate, tweaking the mechanical
parameters in real-time to optimize the spatial arrangement of the modules without losing the



visual context of the simulated night sky.
Weak Gravitational Lensing and Dark Matter Halos

Beyond hardware, physics engines are fundamentally necessary for modeling weak
gravitational lensing—a phenomenon absolutely crucial for modern galaxy cluster surveys and
probing the existence of cosmological dark matter. Because the image separation of lensed
quasars is generally larger than a few tenths of an arcsecond, often extending down to a few
arcsecs, large effective area observations combined with arcsecond-level angular resolution
become a unique and powerful probe for identifying lensed quasars and mapping supernova
remnants.” For example, studies on the supernova remnant Cas A revealed mechanisms of
particle acceleration purely by observing the time variation of the shell expanding in precise
arcsecond resolutions.?

Simulating these massive gravitational events requires the physics engine to execute highly
complex computations regarding dark matter halos. If cosmological dark matter consists of
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objects of mass © “, the engine can calculate the strict probability that a background

population, such as a quasar at redshift ~ 4 ,is gravitationally microlensed.” If a star in the
Large Magellanic Cloud (LMC) is gravitationally microlensed by a dark halo object, the engine
must compute several dynamic factors:
1. The exact dependence of the source's brightness on time as the gravitational lens
passes near the line of sight.
2. The Full Width at Half Maximum (FWHM) of this light curve, derived mathematically in
terms of the transverse velocity of the lens, the lens mass, and the relative lens distance.
3. The peak magnification amplitude.
4. The exact separation of the two resulting distorted images, measured precisely in
arcsecs.
5. How the absolute centroid of the light distribution shifts dynamically during the
microlensing event.”
A web-based simulation handling these computations offers unprecedented accessibility to
students and researchers. By providing an expandable menu that allows the user to

dynamically adjust the redshift (), the mass of the dark matter object (‘I1|I 1 ), or the transverse
velocity, the engine instantly recalculates the light curve and updates the rendered visual
distortion on the HTML5 canvas, transforming abstract astrophysical equations into a highly
interactive, immediate-feedback learning environment.

Speculative Cosmology, AGI, and the Theoretical
Limits of Physics Engines

At the most extreme boundaries of computational physics simulations, engines are not only
used to model known, observable phenomena but are increasingly leveraged to model



speculative cosmology. Pushing the limits of what a numerical integration engine can achieve
touches upon profound philosophical and theoretical boundaries regarding the nature of the
universe itself.

The Dead Universe Theory and Entropic Gradients

Frameworks such as the Dead Universe Theory (DUT) propose radical redefinitions of
spacetime dynamics. DUT posits a non-singular gravitational potential and a dynamic, fluid
interplay between physical matter, quantum vacuum, and entropy fields.?® The theory
hypothesizes that this intricate relationship—particularly the concept of dynamically induced
entropic gradients within spacetime—can theoretically be manipulated to induce a directional
bias in vacuum fluctuations.? This speculative manipulation suggests a mechanism for Zero-
Point Energy (ZPE) extraction, enabling a net energy flow from the quantum vacuum.?
Simulating the thermodynamic quantification of such entropic gradients pushes traditional
rigid body physics engines to their absolute breaking point. A simulation tasked with modeling
DUT must visualize the cessation of large-scale star formation and the ultimate asymptotic
fate of baryonic matter.” To build an interactive demo of this theoretical framework, the
architecture previously described—where the simulation runs continuously while parameters
are tweaked via an expandable interface—becomes philosophically resonant. The user (or
researcher) effectively manipulates the foundational entropy fields and vacuum states,
watching the simulated universe evolve, collapse, or extract energy in real-time.

Martin Rees's Six Numbers and Universal Parameterization

The concept of an expandable menu controlling a physics engine serves as a perfect metaphor
for speculative cosmology itself. In Martin Rees's seminal explorations of cosmology, he
identifies six physical constants that are utterly fundamental to the nature of our universe.”
These constants dictate a delicately balanced beginning, governing how hydrogen and helium
emerged from the Big Bang, and how stars subsequently forged heavier elements over billions
of years.”

Among these numbers are the cosmological constant, the precise ratio of the electromagnetic

force to gravity, and profoundly, the constant D 3 , representing the strict number of
spatial dimensions.”” Rees demonstrates that three "normal" spatial dimensions are an absolute
requirement for our existence, while also exploring how string theory potentially incorporates
"wrapped up" dimensions.”

If one were to build the ultimate cosmological physics engine demo, it would begin running
immediately upon initialization—representing the ongoing, active state of our universe. The
expandable menu hidden on the side of the interface would contain exactly these six sliders:
the cosmological constant, the electromagnetic-to-gravity ratio, the dimension count, and so
forth. As theorists have noted, theoretical physics often strays into speculative cosmology,
driven by the same human impulses that invent creation myths, but now backed by rigorous



mathematical analysis.*® By bringing these speculative equations into a visual, interactive
physics engine, theorists can literally "play" with the foundational parameters of existence.

Artificial General Intelligence and Exploiting the Physics Engine

The future of these simulation architectures intersects heavily with the development of
Artificial General Intelligence (AGI). Speculative analysts note that if one plugs any sufficiently
advanced algorithm into "our universe's physics engine," it is bound to find loopholes and
exploits, suggesting that all biological life is essentially a successful algorithmic hack of physical
laws.”"

However, in actual speculative cosmology, an AGI-level scientific intelligence would not
necessarily "build universes" directly; rather, it would massively accelerate humanity's ability to
understand the underlying laws of reality.>' Currently, modern physics is severely fragmented:
General Relativity flawlessly explains gravity and the large-scale universe (the macroscopic),
while Quantum Mechanics accurately explains the microscopic world, yet the two cannot be
fully unified.”’ An AGI operating a hyper-advanced physics engine could potentially analyze
every physics paper ever written simultaneously, discovering hidden unifications.”’

For human researchers interfacing with this AGI-driven engine, the Ul design remains
paramount. While the AGI handles the unimaginable computational complexity of unifying
relativistic gravity with quantum entropic gradients, the human operator still requires intuitive
interfaces to parse the output. An expandable menu that allows a researcher to smoothly
adjust the number of spatial dimensions or tweak the zero-point energy extraction rate, while
watching the simulated multidimensional universe evolve seamlessly on the canvas, represents
the absolute zenith of interactive physics engine architecture.

Conclusions

The development of interactive, web-based physics engines requires a delicate, highly
optimized balance between rigorous mathematical accuracy and frictionless user experience
design. The architectural desire to drop users immediately into a running simulation—shifting
the complex parameterization of gravitational forces, kinetic restitution, stereoscopic
disparity, and celestial coordinate systems into a non-intrusive, expandable menu—aligns
perfectly with the absolute best practices of modern computational software engineering.
By strictly decoupling the high-performance WebGL rendering context and the
mathematically dense collision resolution loops from the asynchronous DOM-based HTML
interface, developers can create platforms that are immediately engaging upon load, yet offer
infinite tunability. Whether the engine is tasked with calculating the simple rigid-body friction
of bouncing cubes, mapping the complex LCT velocity flow fields of solar plasma, or
computing the tangent-plane geometrical offsets of distant galaxies down to a fraction of an
arcsecond, the underlying engine architecture must unequivocally support real-time state
mutation without ever compromising the stability of the rendering thread.

As physics engines scale from handling basic JavaScript canvas interactions to modeling



speculative cosmological entropic gradients and microscopic X-ray diffraction, the reliance on
high-precision units like the arcsecond ensures mathematical fidelity across massive
disparities in scale. Ultimately, the successful execution of such an architectural system
provides a seamless, unbreakable bridge between the raw, numerical computational power of
the underlying algorithms and the exploratory, intuitive curiosity of the user. By rendering the
physical simulation first and asking for the environmental parameters later via an expandable
interface, the application champions dynamic interaction over static configuration, effectively
pushing the boundaries of what browser-based computational simulations can achieve.
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