
Integrating Orbital Mechanics, Relativity, and
Multi-Scale Physics
Building a unified simulation that spans from orbital mechanics in a Copernican model to relativistic
effects and multi-scale physics requires combining many components. We will leverage and extend the
existing Spectra Gallery Sandbox models and demos to create a single interactive HTML/JS canvas. The
solution will  incorporate  orbital  dynamics,  Einstein’s  gravitational  lensing,  chaotic  attractors,  sensor
inputs, and adjustable physics parameters in one generative-art meets science simulation. Below we
outline  the  plan  in  detail,  including  real-time  data  integration,  multi-scale  interactions,  modular
structure, and a rich UI for toggling domains and parameters.

Orbital Mechanics in a Relativistic Context

To  add orbital  mechanics  with a  Copernican model,  we will  introduce a  solar-system simulation
where planets orbit a central star. We can build on the existing three-body gravity demo, extending it to
an N-body system. For example, we might initialize masses to mimic the Sun and planets with realistic
ratios  and initial  velocities  (or  simplified circular  orbits).  The  sandbox already  has  a  Three.js-based
gravity integrator ( stepThreeBody  in static/simulations/threeBody.js), which we can generalize to more
bodies .  This provides a Newtonian baseline for orbital  motion.  We’ll  ensure the  Copernican
heliocentric  model (sun-centered  orbits)  is  the  default  view,  though  the  UI  could  allow  switching
reference frames (e.g. geocentric view for comparison). 

Cluster mass interactions will be supported by allowing multiple gravitating bodies (beyond three). By
increasing the body count, we can simulate star clusters or even galaxies under Newtonian gravity. For
performance, a simple Barnes-Hut approximation or limiting to a dozen bodies can keep it manageable.
Each body will be a particle/mesh (like colored spheres) whose trails or orbits can be visualized. We’ll
also include particle merging: if two masses come very close (collision threshold), we merge them into
one larger mass (conserving total mass and momentum). This models coalescence (e.g. star mergers)
and prevents unstable high-energy orbits. Visually, merging can be shown by blending the object colors
into a new color and perhaps a burst effect. (The existing ecosystem code already tracks events like
“merge_occurrence”  in  generative  art  contexts ,  which  we  can  repurpose  for  physics  merging
events.)

To incorporate the “spectrum of special relativity,” we will introduce relativistic effects in a simplified
way. This can include: - Time dilation and faster motion: If any object’s speed approaches a significant
fraction of c (the speed of light), we can slow its internal clock or color-shift it to indicate relativistic time
dilation.  For  instance,  an object  moving very  fast  could have its  trail  or  blinking frequency change
according to $\gamma = 1/\sqrt{1-v^2/c^2}$. In normal planetary orbits this is negligible, but the user
can crank up velocities via UI to explore relativistic regimes. -  Perihelion precession:  As an artistic/
scientific  enhancement,  we  might  modify  the  gravitational  force  for  close  orbits  to  mimic  general
relativity’s  corrections  (e.g.  a  slight  $1/r^3$  term  to  produce  precession  of  Mercury’s  orbit).  This
connects Newtonian and relativistic gravity in the simulation. -  Gravitational lensing (Einstein lens):
We  will  add  a  visual  shader  effect  to  simulate  light  bending  around  a  massive  object.  When  the
“Einstein lens” UI option is enabled, a massive body (like the central star or a designated black hole)
will  act like a lens that distorts background stars or grids. Implementation-wise, we can render the
scene to a texture and then apply a fragment shader that warps texture coordinates near the mass. The
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deflection angle can be based on an approximate formula (e.g. bending $\propto \frac{4GM}{rc^2}$ for
light passing a mass $M$ at radius $r$). The result will be an Einstein ring-like effect: if the camera is
aligned behind the massive object, background points form a ring or arc. Off-axis, the circle deforms
into ellipse-like arcs, illustrating spacetime curvature. We will provide a toggle to turn this on/off, as
lensing is computationally heavier. Using a GPU shader for this distortion is ideal , so the effect runs
in real time. The UI might also allow adjusting the lens strength (effectively scaling $G$ or the mass for
the shader) to exaggerate or diminish the distortion for educational purposes.

Visual shader evolution will also be applied to other aspects. For example, the background or the field
lines can be drawn with a fragment shader that changes over time according to physics parameters. We
can  use  a  time  uniform  to  animate  color  fields  or  particle  materials,  similar  to  the  existing
tensorField.html which uses  u_time  to evolve the vertex positions and fragment colors . For
instance, a field-of-stars background could slowly shift hue or brightness based on the gravitational
potential or electromagnetic field at that point, linking visuals to physics variables. The combination of
WebGL shaders and Three.js objects ensures the simulation is both performant and visually engaging,
blending solid objects (planets, stars) with shader effects (field textures, lens distortions, etc.).

Real-Time Data and Sensor Integration

To make the simulation dynamic and live, we will integrate real-time data streams. This includes both
mathematically generated chaos (attractors) and actual device sensor inputs, as described:

Chaotic Attractor Input (Lorenz & Great Repeller):  We will  incorporate a  Lorenz attractor
simulation as a source of chaotic data. The sandbox already provides a Lorenz demo (solving the
Lorenz system) . We can use the evolving $(x,y,z)$ from the Lorenz system either to drive
a visual element or to influence parameters. For example, the Lorenz $(x,y,z)$ could define the
position of a “chaos particle” in 3D space that wanders in its butterfly attractor pattern, or it
could modulate something like the RGB color components of nebulas or the rotation angles of
certain objects. This brings a  “chaos attractor” into the simulation. The term "great repeller"
may refer to a counterpart chaotic system or a cosmological flow (the Dipole Repeller in large-
scale structure). If needed, we could include another chaotic system (e.g. an inverted Lorenz or
another strange attractor) to serve as a “repeller” influence, or simply use the Lorenz data in a
bidirectional way. The UI can allow enabling an API data source for chaos as well – for instance,
if an external service provides live chaotic data or real astrophysical data (like live telemetry from
a  chaotic  pendulum  or  real-time  orbital  data  of  satellites),  the  system  could  fetch  that.
Otherwise,  the  fallback  is  the  internal  simulation  data,  ensuring  the  demo  works  offline
(important for avoiding content rot or external dependency issues).

Device  Motion  (Accelerometer/Gyroscope):  Using  the  device  accelerometer  and  gyroscope
adds an interactive propulsion and orientation control. We can map accelerometer readings to
a “propulsion clock” or thrust input. For example, the magnitude of acceleration (when the user
shakes or moves their device) could temporarily speed up the simulation clock – as if shaking
adds energy to the system. This creates a playful way to accelerate time: shaking the phone
could fast-forward or energize the particles. Another idea is to treat the accelerometer’s direction
as a vector force on the simulation – e.g., tilting the device could apply a gentle uniform force to
all  particles  or  shift  the  center  of  rotation.  In  the  repository’s  living-artwork  demo,  device
motion was captured and used to tilt an entire network of nodes in real-time . We can do
something similar: map the device tilt to a bias in the simulation’s space – effectively rotating or
translating the whole scene slightly based on tilt, giving a sensation of a “petri dish” you can tip.
The  gyroscope (device orientation) will be used to control the camera’s view orientation. This
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means on mobile, you can look around the 3D scene by physically rotating the device, enabling
an AR-like experience.  For instance,  turning the phone could change the perspective on the
orbital plane or allow you to inspect the “universe” from different angles intuitively.

Magnetometer (Ambient Magnetic Field): The ambient magnetic field sensor can feed into the
simulation as a source of variability for electromagnetic phenomena. In the sandbox’s example,
the magnetometer strength was read and used to bias certain random growth parameters

. In our case, we will use the magnetometer reading (the magnitude of Earth’s magnetic field
around the device,  or  any changes if  a  magnet is  brought near)  to influence the  Maxwell’s
equations simulation for the electromagnetic field. For example, the base magnetic field in the
simulation’s environment can be set proportional to the real ambient field. If the magnetometer
detects  a  spike  (perhaps  the  user  places  a  magnet  near  the  phone),  we  could  temporarily
increase the electromagnetic field strength in the sim or trigger an EM disturbance. This creates
a neat correspondence: a real magnetic influence translates to a virtual magnetic perturbation.
We will  integrate Maxwell’s  equations in a simplified form by modeling the  electromagnetic
tensor  field on a  grid.  Using a  numerical  integrator  (like  a  2D or  3D finite-difference time-
domain  update  or  a  4th-order  Runge-Kutta  on  a  set  of  field  equations),  we  can  propagate
electromagnetic  waves  in  the  simulation  space.  The  magnetometer’s  value  might  bias  the
permittivity/permeability or act as an external B-field injection. The result is that the tensor field
representing  the  EM  field will  evolve  over  time,  launching  waves  or  oscillations.  We  will
visualize this field (perhaps as a grid of arrows or a shader that shows field intensity as colors).
For  example,  a  tensorField WebGL shader  can  use  uniform inputs  for  field  components  and
render a colorful field pattern that pulses with time . The magnetometer input ensures
the field isn’t static – it introduces  stochastic bias (as in the original code ) to keep patterns
lively  and non-repeating.  All  of  this  will  be done  in-browser with vanilla JS and Web APIs,
without heavy external dependencies, following the project’s approach of sensor-driven art .

Camera (Video Feed): Accessing the device camera allows us to incorporate real-world visuals or
data. One straightforward and effective use is color sampling from the camera to influence the
simulation’s  color  palette.  This  is  demonstrated  in  the  sandbox’s  afrho2 demo,  where  a  live
camera feed is sampled and the dominant color slowly shifts the artwork’s palette . We will
implement  a  small  video  element  capturing  the  rear  camera  (preferring  environment-facing
camera)  and  periodically  sample  a  pixel  or  compute  an  average  color  from  the  feed.  This
sampled color can, for instance, tint the background nebula or alter the particle colors in the
simulation. The effect is a subtle mirror of the user’s environment – e.g., if you point your camera
at something green, the simulation might take on a greenish hue. This makes the piece context-
aware and “alive” to its  surroundings.  Another creative use of the camera is  to treat it  as a
source  of  augmented  reality  backdrops.  We  could  render  the  simulation  with  an  alpha
background  over  the  live  video,  so  the  real  world  is  behind  the  virtual  particles.  Then  the
gravitational lens effect could actually bend the view of the real world captured by the camera
(as if you’re seeing the real environment distorted by a gravity well on screen). However, this AR
approach might be complex and would require calibrating scales; at minimum we’ll implement
the color-sampling method to connect camera data with the visual output.

Microphone (Audio Feed): Audio input provides another exciting channel for interactivity. We’ll
use the device microphone to create an audio feedback loop with the simulation. The sandbox
demos  already  allow  microphone  FFT  input  when  activated ,  causing  color  shifts  in  the
visuals.  We  will  similarly  analyze  the  audio  spectrum  (using  the  Web  Audio  API’s
AnalyserNode  for an FFT) or amplitude. This audio data can control various parameters:
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We might let the sound volume modulate the strength of gravitational lensing or the amplitude
of electromagnetic waves. For example, louder sounds could deepen the spacetime well
(exaggerating lens distortions) or inject energy into the EM field shader causing it to flare
brighter. This ties audio energy to visual energy.
We will also attempt to utilize phase and Doppler effects from the audio. This is more
advanced: if a known tone is present, movement of the device or sound source causes a Doppler
shift in frequency. By emitting a specific tone from the device (or detecting a steady
environmental tone like a fan), the system could measure slight frequency shifts via the FFT.
Those shifts can be interpreted as relative velocity. In essence, the microphone becomes a basic
sonar/radar: e.g., if the user swirls the device or if an object moves and changes the sound
frequency, the simulation could interpret that as an object moving towards or away. We could
then adjust the simulation accordingly (for instance, if Doppler indicates approaching motion,
maybe increase the speed of approaching particles or trigger a collision event). This is quite
experimental, but it aligns with the idea of using X-band (a high-frequency wave) and Doppler
techniques to predict motions around the system. Even if precise Doppler sensing is
challenging, the concept is to create a feedback loop: the simulation could emit a tone or visual
that the microphone picks up, then the difference in phase/frequency informs the simulation of
a real-world action, closing the loop. 
As a simpler audio interaction, particular frequency bands could map to forces or resonances in
the simulation. For example, a bass beat might pulse the gravitational field (making the orbits
elliptical temporarily), while a high-pitch might perturb electron orbits or string vibrations in the
quantum domain. The Fourier transform data thus feeds into different scale domains (low
frequencies affecting cosmic scale, high frequencies affecting quantum scale, for instance).

To keep all these sensor inputs from destabilizing the simulation, we will implement an autoregulator
(feedback  control).  This  means  smoothing  and  clamping  inputs:  e.g.,  using  exponential  moving
averages or interpolation so that sudden changes in sensor data don’t break the lens or throw planets
off orbits instantly. In code, we see an example of clamping in the magnetometer bias application ,
and the use of linear interpolation for color changes . We will apply similar techniques – for instance,
gradually adjusting the lens distortion based on microphone volume (rather than a 1:1 instantaneous
change), to maintain a stable yet responsive system. Different atmospheric “layers” of the simulation
(visual, physics, audio) will influence each other in a controlled loop: the simulation state can output
audio (perhaps a tone or music based on system energy), the microphone picks it up (or directly loops
back),  and changes  influence the  simulation again.  These  cross-domain  interactions  create  a  living
system that self-regulates. We’ll display a small HUD on screen to indicate sensor statuses (camera on/
off, mic levels, motion on, etc.), similar to the one in the demo (with icons for 📷, , ) . This gives
users feedback that their real-world inputs are active and affecting the virtual world.

All sensor and live-data features will be implemented with pure web technologies (WebGL, Web Audio,
DeviceMotion API, etc.), keeping the page self-contained and robust. The existing demo’s philosophy
of “no external libraries required – pure Web API & Web Audio” will be followed  to avoid dependency
breakage.  This  helps avoid content  rot  by not  relying on third-party  servers or  libraries that  might
disappear.  Any  external  API  usage  (e.g.,  fetching  live  astrophysical  data)  will  be  optional  and  with
graceful fallback so the core simulation stands on its own.
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Multi-Scale Simulation from Quantum to Cosmos

A major goal is to allow interactions at every scale, from the subatomic to the cosmological, including
links between cosmology and astrology. We will achieve this by representing multiple scales within one
cohesive simulation and providing controls to navigate and toggle these scales:

Quantum (Quarks & Particles): At the smallest scale, we can incorporate elements of particle
physics  and  string  theory.  We  won’t  simulate  the  full  Standard  Model  (which  is  extremely
complex),  but we can artistically represent quarks/strings. For instance, we could have a tiny
vibrating string graphic or a small cluster of particles that orbit or vibrate rapidly to signify
subatomic behavior. One idea is to show a proton composed of quarks: three point-like charges
bound together by “gluon strings”. These could be represented by three tiny colored particles
connected by springy lines. The user could toggle a “string theory” view which perhaps overlays
additional  dimensions  or  a  Calabi-Yau shape in  the background (purely  decorative).  Another
aspect  is  quantum  uncertainty:  instead  of  exact  trajectories,  quantum-scale  objects  might
appear as probability clouds (fuzzy glow rather than a point). For example, an electron around a
nucleus (in an atom model) can be drawn as a smeared cloud to illustrate its orbital probability
distribution. When the quantum domain UI is enabled, we switch the electron’s representation
from a definite orbiting dot to a hazy spherical cloud, emphasizing wave-particle duality.

Atomic & Molecular: Building up, we include atoms and molecules. The sandbox already has a
nucleus + electron orbit in the Quantum Cosmos demo . We will expand that concept: for
example, add a simple molecule (like two atoms bonded, e.g.,  O<sub>2</sub> or H<sub>2</
sub>O shape) at a slightly larger scale than the single atom. These can be represented by small
clusters of spheres connected by sticks (bonds). They will vibrate to indicate thermal motion. If
the user zooms in on this scale, they might see the atomic orbitals and bond vibrations. This
connects to material science (“life materials” as mentioned): showing how atomic bonds form
the basis of materials. We can even incorporate an artistic rendition of DNA or a cell at a slightly
larger scale, to bridge to biology – for example, a double-helix strand floating to represent life
molecules (this could be static art or a simple physics spring system that wiggles).

Ecosystem (Life): Representing full ecosystems is difficult in the same simulation, but we can
include  a  predator-prey  population  model as  a  conceptual  link.  For  example,  an  abstract
Lotka–Volterra equation  simulation  could  drive  a  graph  or  a  small  display  within  the  UI,
showing how two species oscillate in population (a kind of chaos). In fact, the repository hints at
an eco/preyPreyChaos.js, which suggests a chaotic model for ecosystem interactions. We can run
such a model in the background (couple of differential equations) and use its output to influence
a visual (perhaps a small patch of “forest” changing color or the size of creatures icons). This
would be a nod to the complexity at the ecological scale. It doesn’t directly tie into the orbital
mechanics, but it emphasizes that  similar mathematical patterns (chaos, oscillations) occur
across scales. We might, for instance, find that the predator-prey graph looks like a waveform
that mirrors some oscillation in the cosmic domain (drawing a parallel between, say, how galaxy
clusters  oscillate  during  formation  and  how predator-prey  populations  oscillate  –  an  artistic
analogy).

Planetary (Copernican Solar System): This is the scale of planets, moons, and the Sun. We will
have the solar system model as described, showing planets orbiting the Sun. If the user focuses
on this domain (via UI selection), we can highlight planetary orbits, display planet names, and
perhaps draw trails.  This demonstrates classical mechanics (Kepler’s laws) in action. The user
could tweak constants like the gravitational constant  G or the mass of the Sun via UI and see
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orbits  change  (e.g.,  lower  G  making  orbits  larger/slower).  This  is  a  direct  cosmology  vs
astrology tie-in too: the arrangement of planets is essentially the data used in astrology. In fact,
we can overlay the zodiac constellations in the ecliptic plane and mark the current positions of
planets in those signs. Using real ephemeris data (if available via API or preset for current date),
the simulation could place planets in their actual current alignment relative to zodiac signs. This
way, the user sees a live astrology chart superimposed on the solar system. For example, if
today Mars is in Leo, the simulation’s star background will show the constellation Leo in that
direction and Mars’s position lined up with it. This bridges empirical astronomy with astrological
tradition. The UI can list the zodiac and maybe highlight the current rising sign, etc. By doing so,
we “find patterns between astrology and cosmology” – for instance, the simulation can illustrate
why  certain  planetary  alignments  happen  (astronomy)  and  allow  the  user  to  observe  any
correlations or just the aesthetic symmetry that astrology focuses on.

Stellar & Galactic:  Going further out, we include stars beyond the Sun and galaxies. We can
represent the nearest stars or a constellation shape. For example, draw the Milky Way galaxy as
a collection of points or a spiral image when zoomed out. We could place the solar system within
a  galactic coordinate grid –  show the galactic  center,  maybe show other star systems (just
symbolic). This gives context of our solar system in the galaxy. Further, at the galactic cluster
scale, we can simulate a small cluster of galaxies gravitationally affecting each other (using our
N-body engine with each “body” now representing a whole galaxy). This would illustrate cluster
mass interactions:  galaxies  orbiting a  common center  of  mass,  sometimes merging if  they
collide (analogous to our particle merging logic,  but here it’s  galaxy mergers).  The colors of
points could represent different galaxy types, and when they merge, create a new color (mix of
two, symbolizing the merger of two galaxies’ star populations).

Cosmic (Relativity  & Multiverse):  At  the largest  scale,  we connect  to  general  relativity  and
cosmology. We can depict the expanding universe – perhaps by showing a grid on a balloon
that expands over time (a common analogy). In practice, we might have a 3D grid of points that
slowly  spreads  apart,  indicating expansion of  space.  The user  could  toggle  on a  setting for
cosmic expansion,  which would uniformly increase distances between far-apart objects over
time (as per Hubble flow). If the user accelerates time far enough, they might see the universe
model expand significantly or even a Big Bang reverse if we allow negative time. We will include
major cosmological parameters as constants: e.g., the Hubble constant, dark energy fraction,
etc., which advanced users can tweak to see hypothetical different universes (this addresses the
“theory of everything” and multiverse aspect in an exploratory way). For instance, if one reduces
the speed of light in the simulation or increases $G$, they can observe a dramatically different
cosmos – effectively what-if universes.

Regarding the  multiverse: if we zoom out beyond our universe, we could whimsically show another
bubble  universe.  A  simple  way  is  to  instantiate  multiple  independent  instances  of  our  universe
simulation as small spheres in a larger space (each sphere with its own little galaxies inside). This is
mostly  visual  speculation,  but  it  drives  home  the  idea  of  a  multiverse.  The  multiverse  mode could
arrange a few bubble-universes in a lattice, with possibly different fundamental constants (some could
have slightly different color rules or expansion rates to indicate they are different). This addresses the
“cosmological scale regarding the multiverse model” – an artistic take on a very speculative domain.

Astrology Patterns: We will explicitly incorporate astrological patterns overlaying the scientific
simulation to encourage finding connections. As mentioned, zodiac positions of planets is one.
Another is recognizing shapes like the Platonic solids or sacred geometry that astrologers or
mystics sometimes associate with planetary arrangements. We could allow a mode where the
positions of planets at a given time form a geometric pattern (for example, connect all planets
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with lines in order – sometimes interesting shapes like a grand sextile or T-square appear in
astrology). These could be drawn on the solar system for the user to see. On the cosmology side,
we might draw constellations (connect the dots for famous constellations) to show how humans
impose patterns on stars (bridging human pattern-finding with actual star maps). All of this uses
empirical data (star catalogs, ephemerides) combined with interactive visualization so the user
can literally toggle between a scientific view and an astrological view of the same configuration.
By doing so, any “patterns” or lack thereof can be observed directly by the user, fulfilling the goal
of exploring astrology vs cosmology empirically.

Across  these  scales,  we  ensure  there  are  common  threads  and  patterns.  For  example,  chaotic
dynamics show up at micro (electron cloud fluctuations), medium (ecosystem cycles), and macro (galaxy
interactions)  scales.  We will  highlight  such parallels  through synchronized visual  cues.  Perhaps  the
Lorenz attractor controlling a micro particle also echoes in a galaxy’s motion – e.g., the chaotic particle
might be driving a wobbly motion of a star in a cluster, drawing a similar butterfly shape at a huge scale.
This kind of self-similarity (a fractal theme) ties the micro and macro together visually.

To allow the user to  navigate these scales, we implement scaling controls. A  global scale slider or
zoom (which can also be tied to keyboard +/-  or pinch gestures on touch) will smoothly interpolate
the  scene  from  microscopic  to  cosmic.  Technically,  this  can  be  done  by  changing  the  camera’s
orthographic/perspective scale or by scaling the entire scene. We might need to adjust how certain
objects are toggled on/off or their representation detail based on scale to avoid clutter (for instance, we
don’t want to render quark-level details when zoomed out to galaxies). We can define scale thresholds
at which certain groups of objects become visible or hidden. For example: - Scale 1 (smallest): show
quark and atom details, hide planets and above. - Scale 2: show molecules and cells. - Scale 3: show the
solar system (planets), hide atom detail (maybe collapse the atom into a point at this scale). - Scale 4:
show galaxy view, hide solar system details (just mark Sun as a point). - Scale 5: show multiple galaxies/
universe, etc.

The transitions can be cross-faded or morphed to keep it smooth. Using Three.js, we could organize
each scale’s content into groups and adjust group visibility or size. If the user uses keyboard arrows or a
slider to move through scales, it will feel like a continuous zoom from micro to macro, akin to the classic
“Powers of Ten” visualization but fully interactive. This fulfills the “from quark to cosmos” brief literally.

Throughout  all  scales,  physical  constants will  be  accessible  and tweakable.  We will  have  a  set  of
fundamental  constants  (like  $c$,  $G$,  $\hbar$  (Planck’s  constant),  Coulomb’s  constant  $k_e$,  etc.)
defined (the repository already has a  constants  module exporting Planck’s  constant ).  In  the UI,
these  will  appear  as  input  fields  or  sliders.  Changing  them  will  globally affect  the  simulation:  for
instance, a user could increase $G$ to see gravity strengthen at all  scales (planets orbit faster, light
bends more, etc.), or reduce $c$ to exaggerate relativistic effects. Adjusting Planck’s constant will mainly
affect the quantum scale – e.g.,  a larger $\hbar$ makes the electron cloud more spread out (more
uncertainty) and might introduce noticeable quantum randomness into bigger scales (if we simulate
any quantum randomness, like particle jitter). This effectively lets the user experiment with alternate
physics in a sandbox – bridging into “theory of everything” territory by seeing how changing a constant
in the equations yields a different universe. It’s an educational and fun way to understand why our
constants matter.

To make sure these changes visibly propagate, our code architecture will  reference these constants
everywhere appropriate (rather than hardcoding values). For example, gravitational force calculation
will  use  $G$ from a  variable;  our  Lorenz  or  other  equations  could  even be  exposed to  parameter
changes  (Lorenz  $\sigma,\rho,\beta$  could  be  UI-tweakable  to  see  different  strange attractors).  By
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allowing keyboard input for precise values and gestures for coarse control, we ensure both fine-tuning
and intuitive scaling are possible.

In  summary,  this  multi-scale  setup  will  emphasize  both  scientific  accuracy  and  artistic
interpretation of  each  domain:  quantum  uncertainty,  atomic  bonding,  ecological  chaos,  orbital
mechanics, galactic dynamics, and cosmic expansion – with astrology’s symbolic layer overlaying the
astronomy.  The  user  can  seamlessly  move  through  these  realms  and  toggle  on  the  theoretical/
philosophical context for each (quantum, relativistic, etc.), effectively seeing a “unified theory” illustration
where each scale is a chapter of one grand story.

Modular Architecture in a Single File

Given the complexity,  we will  structure the code into  modules for  clarity  during development,  but
ultimately bundle everything into one responsive HTML/JS file. This approach satisfies the requirement
of a single deliverable that the user can open and interact with, while maintaining modularity internally:

We  will  create  separate  modules  (JS  objects  or  classes) for  major  components:  e.g.
OrbitalSystem  (handling planetary motion and N-body updates), ElectromagneticField

(handling  the  tensor  field  and  Maxwell  integration),  QuantumAtom  (for  the  atom  model),
ChaosAttractor  (for Lorenz or other chaotic systems), etc. Each module will encapsulate the

state and update logic for that aspect of the simulation. This separation aligns with the different
domains  and  theories,  making  the  code  easier  to  reason  about.  For  example,  the
OrbitalSystem  update will compute gravitational forces and update positions of planets each

frame,  independent  of,  say,  the  QuantumAtom  which  might  update  an  electron  cloud
visualization.

During  development,  these  modules  can  be  separate  files  (for  instance,  orbital.js , 
quantum.js , etc.). We can use ES6 modules (as the static demos do, importing functions like
stepLorenz )  to  import/export  between  them.  We’ll  also  have  a  central  script  (maybe
main.js ) that initializes everything and handles the animation loop.

When it’s time to deploy as one file, we have a couple of options:

Inline Modules: We can include multiple <script type="module">  tags in the single HTML,
one for each module, and a main one that imports them. Modern browsers will load these, and
since everything is local in the file system, it should work (the modules just import by path which
might need adjusting). This preserves modular structure but still is just one HTML file containing
all code.

Build Step:  Alternatively, we can use a build tool or a manual concatenation to combine the
modules into one script. The repository even provides a scripts/build.sh  to build packages
–  since our  use-case is  a  single  static  HTML,  we might  not  need a  complex build.  A  simple
approach is to concatenate the JS or use a bundler like webpack/rollup to produce one bundle
file, then embed that in a <script>  tag in the HTML. We must ensure all required resources
(shaders, data files) are either embedded or fetched from stable sources (like images or text files
from static  directory can be inlined as data URIs if small, or bundled).

The HTML file will be structured to be responsive (full-page canvas that resizes to window). We
already see that pattern in all static demos (canvas width/height set to window size and listening
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to resize events ).  We will  do the same so that on desktop or mobile,  it  uses the full
screen. The simulation will use requestAnimationFrame for the main loop to render smoothly.

All assets needed (like images for background stars or icons for UI) will be embedded or drawn
procedurally. For instance, star fields can be generated by random point drawing or via a stable
procedural seed, avoiding external image files (reducing content rot). If we do use any images
(perhaps a nebula texture or constellation figures), we will bundle them as data URIs or include
them in the repository so they load locally. The goal is self-containment.

We will  incorporate  existing  static  demo code where  possible  to  avoid  reinventing and to
ensure proven functionality. For example, we can lift the lorenz integrator , the three-body
integrator , and the sensor handling code from afrho2.html. By reusing these snippets (with
attribution/comments), we not only speed development but also know that these components
work. This mitigates the risk of content rot, since we’re not pulling from third-party CDN for logic;
the code lives in our file. The only CDN usage might be well-known libraries like Three.js (as in
existing demos, loaded from jsDelivr ) or dat.GUI. If we worry about CDN availability, we
can also vendor these libraries (include a copy in the file). Three.js is somewhat large to inline
(~>500k), but since this is a one-file deliverable for a specific purpose, it’s acceptable to include it.
Alternatively, since the Next.js visualizer station is part of the project, we know Three.js is already
an assumed dependency; using the CDN as in other static demos is likely fine. We will note in
documentation  that  if  used  locally  with  no  internet,  the  user  might  need  to  preload  those
libraries or we can suggest running through a local server that can serve them (but including
them directly is simplest for true single-file usage).

Generative artwork integration: The single file will double as an art piece. In “artistic mode,”
some modules might run with more freedom or aesthetic parameters. Each module can have an
“art mode” vs “science mode.” For example, the orbital module in art mode might ignore actual
physics and instead arrange planets in a poetic alignment or exaggerate orbits to create flower-
like patterns (spirographs), whereas in science mode it uses proper gravity equations. We will
implement an overarching toggle (perhaps called “Reality mode” vs “Creative mode”). When the
user switches to creative/art mode, we can internally switch algorithms or parameter sets:

Planet positions might use precomputed harmonious positions or musical ratios rather than real
physics.
The electromagnetic field might turn into a more abstract tensor field visualization (like the
neon sine/cosine patterns from tensorField.html ) rather than obey Maxwell’s equations
strictly.

Essentially,  art  mode will  prioritize visual  appeal  and concept,  while science mode prioritizes
fidelity to known physics. This satisfies the requirement: “single file is a generative artwork visual
canvas using vanilla JS and shaders with an option to switch to scientific simulation.” We give the
audience  the  best  of  both:  an  awe-inspiring  generative  art  experience  and  an  educational
simulation, at the flip of a switch.

We will thoroughly comment and document the code, given its complexity, possibly linking to
the project’s  whitepaper or relevant documentation for background . This will  help future
maintainers or the Spectra Gallery team (Kobalt, etc.) to update parts without breaking others,
thus  avoiding  content  rot  in  a  maintenance  sense.  The  modular  design  means  if  a  certain
domain  (say  astrology  overlay)  becomes  outdated  or  needs  revision,  it  can  be  changed
independently.
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After assembling and testing, we’ll  have  one HTML file that the user can simply open in a modern
browser to experience the full simulation. This file will contain all HTML, CSS (likely minimal, for layout
and transparency styling), and JS (our modules combined, plus shaders as template strings or script
types). The responsiveness ensures it works on desktop (with mouse controls for UI, etc.) and mobile
(with touch, sensors). The result will be a sort of “Universe in a browser”, blending scientific simulation
with generative art, all self-contained.

Interactive UI for Physics Domains and Controls

To give users intuitive control over this rich simulation, we will create a transparent layered UI with a
toolbox of interactive elements. The UI itself will be part of the HTML (using standard elements or a
lightweight  GUI  library)  and  will  overlay  on  the  canvas  (using  CSS  transparency  so  the  simulation
remains visible behind the controls). Key aspects of the UI design:

Domain Tabs / Panels: We will divide controls by physics domain, as requested. The interface
will feature either a tabbed panel or multiple floating panels arranged in a cascade (masonry-
like) layout. Each domain – Optics, Quantum, Gravity, String Theory, TOE (Theory of Everything),
Electromagnetism, Group Theory, Cosmology, Astrophysics, Astrology – will have its own section of
controls. For example:
Quantum/Particle Panel: sliders for things like “Planck’s constant”, a toggle for particle vs wave
view, maybe a slider for electron cloud size or quantum randomness.
Gravity/Relativity Panel: controls for “Gravitational Constant G”, a toggle for Newtonian vs
Relativistic mode, a checkbox to enable gravitational lensing, slider for speed of light (to
exaggerate relativistic effects).
Electromagnetism Panel: controls for electromagnetic field visualization – e.g., checkboxes to turn
on/off electric or magnetic field displays, a slider for field strength or frequency of an EM wave
emitter, maybe a dropdown to select polarization or field configuration.
Cosmology Panel: controls for Hubble constant (expansion rate), matter vs dark energy content (if
we simulate expansion effects), a button to trigger “Big Bang” reset or expand/collapse universe,
and possibly a choice of cosmological model (flat, open, closed universe).
Astrophysics Panel: this might overlap with cosmology but could include controls for the planetary
system – e.g., select which planet to focus on, toggle asteroid belt, adjust mass of sun or add a
second star (binary system toggle).
Astrology Panel: controls related to astrological interpretation – perhaps a date/time picker to set
the simulation’s date (and thus planetary alignment for that date), and options to highlight
zodiac constellations or draw aspect lines between planets (squares, trines, etc., for those
familiar with astrology). This panel bridges user curiosity by allowing them to input a birth date
and visualize the “sky” of that date within the simulation.
String Theory / TOE Panel: since these are theoretical, controls here might be more abstract – e.g.,
a slider to morph the Calabi-Yau visualization, or toggles to “break unification” (separate the
fundamental forces) vs “unify forces” (some visual cue showing forces merging at high energy).
It’s a bit whimsical, but could control, say, a temperature parameter that when raised, we fade
differences between forces (symbolizing how at high energies forces unify – an aspect of Grand
Unification and TOE).
Optics Panel: controls for the optical aspect, which in our sim is mainly the gravitational lens and
maybe some quantum optics. Here we could allow toggling a simple double-slit diffraction
pattern overlay (to represent wave interference), or control the intensity of lensing effect. If we
include actual light rays visualization, controls for number of light rays or speed could be here.
Group Theory Panel: this is more mathematical, but we could use it to control symmetry
operations in the visuals. For instance, a dropdown to apply a symmetry group operation to the
pattern – choose from rotation, reflection, inversion, or even more exotic group transformations.
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Selecting one could clone and transform parts of the visual (for art effect) or highlight symmetric
aspects (like showing mirror symmetry in the molecule or rotational symmetry in the galaxy). It
emphasizes the beauty of symmetry groups underlying physics. This panel might have buttons
like “Apply D6 symmetry to system” which would, for example, replicate the current particle
arrangement in a hexagonal symmetric pattern (purely an artistic transformation to illustrate a
group concept).

These panels will be  accessible via tabs or buttons likely arrayed at a top or side bar. If using tabs,
clicking a domain name brings that panel to front. If using floating panels, we might allow multiple to
stay open –  hence the “cascade/masonry”  mention:  e.g.,  you could open the Quantum and Gravity
panels at once and they’d sit side by side (or staggered) on screen. CSS grid or flexbox can arrange open
panels in a responsive row/column layout that wraps (masonry-like flow for varying heights). We’ll style
panels with a  semi-transparent background (rgba black or white with opacity ~0.4) so that they
don’t  fully  block the canvas .  Each panel  will  have a title/header (maybe the domain name) and
contain the relevant controls grouped.

General Toolbox: In addition to domain-specific controls, there will be a universal control bar
for common actions and global settings. This can either be a fixed footer bar or a panel of its
own. Here we will include:
Simulation Scale: A slider or perhaps a set of zoom buttons to scale the simulation from micro
to macro. This is essentially the “scale the simulation” control that lets you zoom through the
levels. If it’s a slider, one end might say “Quark” and the other “Cosmos”, with ticks indicating
intermediate domains (Atom, Planet, Galaxy...). The user can drag it or click a domain label to
jump.
Time Control: Buttons or a slider to control simulation speed (and direction). For example, a 
play/pause button, a fast-forward slider (to adjust a multiplier for the dt  of each step), and
possibly a reverse time button (if our simulation supports going backwards – not all physics is
time-reversible especially if we have merging events, but for orbital mechanics it’s fine to reverse
velocities). Accelerating time will let users see slow processes (like planet orbits or cosmic
expansion) happening faster. We’ll cap it to a range to avoid stepping so fast that numerical
stability fails.
Frame of Reference (Referential): A dropdown or set of radio buttons to change the coordinate
frame. For instance, “Heliocentric” vs “Geocentric” for the solar system. Or “Center on Galaxy” vs
“Center on Earth”. This will reposition the camera or re-map motion according to the chosen
reference. E.g., in geocentric mode, the Sun will orbit the Earth in the visualization
(demonstrating the historical Ptolemaic view), which could be interesting to compare with the
heliocentric mode . Another referential change could be between inertial frame and a moving
object’s rest frame – e.g., follow a spaceship or ride along with a planet (then the others move
relative to you). We can implement this by simply offsetting and rotating the camera or
coordinate system each frame based on the target frame.
Display Options: Checkboxes to toggle certain visual elements globally. For example, “Show
Trails” (to draw path trails behind moving objects), “Show Field Lines”, “Labels On/Off” (for
naming planets or stars), “Constellation Lines”, etc. This allows decluttering or adding
informational overlays as the user desires.
Reset / Preset: Buttons to reset simulation to initial state, and possibly presets to load different
scenarios (e.g., a preset for “binary star system” or “solar eclipse alignment” or “galaxy collision
scenario”). This general section ensures the user can recover if things go chaotic or choose
interesting starting configurations easily.

Mode Toggle (Art/Science):  As discussed,  a switch for artistic  mode vs scientific mode. This
might be a simple toggle button labeled “  Art Mode” vs “  Science Mode” to flip the internal
behaviors. In art mode, we might also enable some fun extras like more vibrant color cycling or
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generative patterns that aren’t physically based, whereas science mode might mute colors to
realistic tones or enforce conservation laws strictly. The user can pick what experience they want.

Control Types: We will incorporate a variety of form controls to match the parameter types:

Sliders ( <input type="range"> ) for continuous ranges like scale, time speed, field strength,
color frequency, etc. We will display the numeric value next to them (the question specifically
says “sliders with value and ratio”, so likely they want to see the number as well as perhaps a
percentage).
Multi-select or checkboxes for enabling/disabling multiple options. For example, a list of forces:
[x] Gravity, [x] Electromagnetism, [ ] Strong Nuclear, [ ] Weak Nuclear – the user could toggle
fundamental forces if we allow that (turning off gravity could freeze orbital motion, turning off
EM could e.g. disable electron orbits, etc., purely conceptual). We’ll implement that as either a set
of checkboxes or a multi-select list control.
Dropdown menus for mutually exclusive choices (like reference frame choices, or choosing a
planet to focus the camera on).
Color pickers might be provided if the user wants to adjust color scheme of certain elements
(less crucial, but easy to add for customization).
Text input or number input for precise entry of constants (the user might type in a value for G or
c if they want a specific scenario).
Specialized controls like a frequency range selector: Possibly a dual-handle range slider to
select a band of frequencies from the microphone to respond to. For instance, we could let the
user pick 20Hz–100Hz as the band that feeds the gravitational perturbation, and 1000Hz–2000Hz
for something else. This way advanced users can map parts of the audio spectrum to different
effects. Under the hood, we have the FFT data, and we’d integrate energy in that band.

Essentially,  all adjustable parameters in our simulation will be exposed in a structured, user-friendly
way. We can use a GUI library like dat.GUI to expedite this – as seen in  tensorField.html, dat.GUI can
automatically create sliders and listen to changes . However, dat.GUI produces a single panel. We
might need to instantiate multiple GUI panels or heavily customize it to achieve the tabbed multi-panel
design. It  might actually be simpler to craft  our own HTML controls for full  flexibility in layout and
styling. We can still take inspiration from how dat.GUI connects UI to variables in code (we will ensure
that when a control is changed, it updates the relevant simulation parameter in real-time).

Styling and UX: The UI will have a minimal futuristic design to match the theme – translucent
backgrounds, light text,  maybe neon highlights. We’ll  ensure the text is readable against the
canvas (so likely light gray or white text on semi-transparent dark background panels ). The
layout will be responsive: on a wide desktop, panels can sit side by side; on a narrow mobile
screen, panels might stack vertically or become collapsible sections under each domain tab. The
cascade/masonry suggestion implies maybe a staggered arrangement (like each panel offset a
bit from the one before, which can be aesthetically pleasing and imply depth). We can achieve
that by giving each panel a slight margin-top  and margin-left  so they appear cascaded.

Interactivity: Controls will update simulation in real time. For example, sliding the time speed
will immediately speed up/slow down the animation (we’ll tie it to the frame loop’s delta time).
Adjusting a constant like G will recompute gravitational forces on the fly. There might be heavy
changes (like switching reference frame) where we’ll  likely recompute some states or at least
smoothly transition the camera. We will handle such changes gracefully (maybe fade out and in
when doing a major reconfiguration to avoid jarring jumps).
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HUD elements: Aside from the main control panels, some informational HUD readouts will be
overlaid on the canvas (similar to the sensor HUD in afrho2 , which shows sensor status and
magnetometer reading).  We’ll  include things like current simulation time (maybe in years or
seconds depending on scale), current scale level (like “Solar System Scale x1e6”), maybe energy
readings (total kinetic energy, etc.), or messages when certain events occur (“Galaxies merged!”,
“Black hole formed!”,  “Quantum decoherence event!”  –  fun notifications to engage the user).
These would be small text in a corner, not requiring user interaction, just feedback from the
simulation.

By providing a rich UI, users can customize and explore each facet of the simulation. For instance, an
educator could turn off all but gravity to demonstrate a pure gravity orbit, or turn on EM and turn off
gravity at small scales to show atomic structure without gravitational influence (since it’s negligible). A
curious user might play with astrology settings then switch to science mode to see the actual physics
behind the scenes.

This UI also ensures the simulation is not a black box – users actively engage with the “parameters that
can be tweaked or changed in interpolation of  a dynamic graphics system describing the universe.” The
phrase  essentially  means  we let  users  interpolate  between different  physical  regimes  by  adjusting
parameters.  Indeed,  with  this  UI,  one  could,  say,  slide  from  a  gravity-dominated  regime  to  an
electromagnetism-dominated one, observing the interpolation (for example, gradually reducing G while
increasing Coulomb’s constant could morph a planetary system metaphor into an atomic-like system).

Finally, we emphasize that everything will be  documented and tested to avoid content rot. We’ll use
the  data  and  examples  from  the  spectra-gallery/arquolab-sandbox-models  repository
extensively (Lorenz, three-body, tensor field, etc., with their proven code) to build this system, rather
than  relying  on  external  content.  This  ensures  longevity  –  the  simulation  will  continue  to  run  as
intended as browsers evolve,  with minimal external  dependencies.  All  UI elements will  be standard
HTML (unlikely to break) and our use of WebGL and Web APIs is based on stable specifications. The
result  is  an  integrated,  multi-physics  sandbox that  is  both  an  artwork  and  a  scientific  toy,
encapsulating everything from quarks to cosmos in a single interactive page.

Sources:

Spectra Gallery Sandbox code & demos for chaotic systems, orbital mechanics, and sensor
integration . These provide the groundwork for Lorenz attractors, N-body gravity, and
real-time input handling that we will reuse.
afrho2.html – example of combining generative art with live microphone, camera, accelerometer,
and magnetometer inputs , guiding our implementation of sensor-driven dynamics.
tensorField.html – demonstrates a WebGL shader with dynamic parameters (position, velocity,
acceleration, etc.) controlled via dat.GUI . We will employ similar shader techniques for fields
and allow UI tuning of physics parameters.
Quantum Cosmos (quantum_cosmos.html) – illustrates linking atomic and cosmic scales in one
scene , which we extend to more scales (molecular, human, galactic) and make interactive.
Spectra Gallery documentation (whitepaper/FAQ) for constant definitions and design philosophy
(e.g., usage of Planck’s constant  and focus on hackable, interactive scientific art ). These
guide our integration of scientific constants and theories in a user-facing manner.
External reference for gravitational lensing concept and real-time visualization approaches
(inspiration from projects like LensToy and WebGL black hole shaders) – ensures our Einstein lens
effect is grounded in known techniques, even as we implement our own for this simulation.
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With these components combined, the final product will be a comprehensive interactive simulation
that  the  user  can  tweak  and  watch  as  it  evolves  dynamically  over  time,  reflecting  a  tapestry  of
physical  laws  and creative  interpretations  –  truly  a  “universe  in  a  box”  experience,  powered by  in-
browser computation and the Spectra Gallery sandbox framework.

GitHub
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README.md

GitHub
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