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Expanding the spawnPlanetsAndMoons Function
for Dynamic Systems

Using UI Inputs for Planet Count, Moon Count, and Distribution
Mode

To make the simulation flexible, we first retrieve the desired number of planets and moons from the UI
sliders. For example, if the HTML has sliders with IDs  "planetSlider" and | "moonSlider" , we can
read their values (as integers) at runtime. Similarly, a UI toggle (e.g. a checkbox or dropdown) controls the
moon distribution strategy (even vs. random). In the  spawnPlanetsAndMoons () function, we'd do:

const numPlanets = parseInt($("planetSlider").value);

const numMoons = parseInt($("moonSlider").value);

const evenDistribution = $("moonDistToggle").checked; // true = even, false =
random

This mirrors how other sliders are read in the code (e.g. reading an asteroid count) ' . The function will use
numPlanets| and numMoons| to determine how many bodies to create. The boolean
evenDistribution (from a Ul toggle) will dictate how moons are allocated per planet (explained below).

Note: Ensure these UI elements exist in the HTML (with appropriate min |, max , etc.) similar
to other controls. For example:

<label>Planets: <input id="planetSlider" type="range" min="0" max="10"
value="6"></label>  and a corresponding  <span> | to display the value. Do the same for
moonSlider |. For distribution, a simple checkbox can indicate "Even distribution" (checked =
distribute evenly, unchecked = random).

Spawning Planets Orbiting the Central Body

With the desired planet count in hand, we spawn that many planets orbiting the central star (or other
primary body). The simulation already adds the central mass (e.g. the Sun) to |world.bodies[0] | before
this function runs 2 . We then create planets in a loop up to | numPlanets  instead of a fixed number. For
each planet:

1. Choose Orbital Radius: We can position planets at increasing distances from the star. For example,
the original code placed 6 planets at radii 8, 11, 14, ... (incrementing by ~3) 2 . We can continue this
pattern or use a formula. A simple choice is:
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const radius = 8 + 1 * 3; // base 8, spaced by 3 (can be adjusted or made
dynamic)

Optionally, introduce a slight random offset so orbits aren’t perfectly uniform. Ensure planets are not
too close to the star or each other (to avoid immediate collisions).

2. Initial Position and Velocity: To orbit the star, each planet needs a tangential velocity based on
orbital radius. We calculate speed using circular orbit physics:

const star = world.bodies[0]; // central body
const orbitRadius = radius;

const v_mag = Math.sqrt(G * star.m / orbitRadius); // orbital speed
magnitude 3

We'll place planets in the XY-plane (for simplicity) at random angles so they start at different
positions around the star. Let 8 be a random angle in [0, 2m). Then:

const px orbitRadius * Math.cos(6);

const py = orbitRadius * Math.sin(8);

const pz = 0; // all planets in base plane (z=0)

// velocity perpendicular to radius (for circular orbit, counter-clockwise)
const vx = -v_mag * Math.sin(®);

const vy v_mag * Math.cos(8);

const vz = 0;

world.add(new Body({

m: rand(0.5, 1.5), // random planet mass

p: [px, py., pzl, // position in 3D space

v: [vx, vy, vz], // orbital velocity

r: 0.4, // planet radius (for rendering)
c: [rand(), rand(), rand()], // random color

name: "Planet"
),

This uses the same gravity constant | G | and velocity formula as the original, but with dynamic input

3 . By randomizing 6 for each planet, we avoid all planets lining up on one axis. The planets will
orbit in the same plane (here XY) but starting at different positions. The example above gives each
planet a random mass between 0.5-1.5 and a random color, similar to the original code. After this
loop, we have | numPlanets | planets orbiting the central body.

3. Ensure Stability: We chose orbital speeds for near-circular orbits. Planets are added with
moving:true by default (from the Body constructor) 4 , meaning the physics engine will update
their positions. By spacing out radii (and optionally angles), we reduce initial interference. The
simulation’s integrator will handle the gravitational pulls between all bodies, including star-planet
and planet-planet interactions, going forward.
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Assigning Moons to Planets: Even vs. Random Distribution

Next, we distribute  numMoons | moons across the planets. We ensure each planet gets at least one moon if
any moons are requested, as per the requirements. We use the toggle ( evenDistribution ) to choose
between an even or random spread of the moons:

+ Base Assignment (Guarantee One per Planet): If numMoons > 0, give each planet one moon to
start. This ensures no planet is moonless (until we run out of moons). If numMoons < numPlanets |,
we'll end up assigning one moon to some planets and leaving the rest with none (since we can't
exceed the total count). In that edge case, the first numMoons | planets can get one moon each, and
the remaining planets get zero. Typically, you'd configure the UI so that if moons are enabled ( >0),
the number is at least the number of planets to satisfy the “each planet gets one” condition, but our
code will handle either case safely.

Even Distribution Mode: If the toggle indicates even distribution, we allocate the remaining moons
as evenly as possible among the planets. For example, if there are 10 moons and 4 planets, each
planet would initially get 1 (using 4 moons, leaving 6). Then we distribute the leftover 6 one-by-one
to each planet in round-robin fashion. In this example, the final counts would be 3, 3, 2, 2 (since 6
extra moons distributed evenly gives two extra to two planets and one extra to the other two). The
goal is a nearly uniform moon count across planets.

Random Distribution Mode: If the toggle is set to random, we take the remaining moons after
giving one per planet and assign them to random planets. This may result in some planets getting
many moons and others only their one. We still guarantee every planet had one first, so none are
left out. Continuing the above example (10 moons, 4 planets): after giving 1 each (4 moons used, 6
left), we would randomly attach each of those 6 to any planet. One possible outcome might be that
one planet ends up with 1+3=4 moons total, another with 1+2=3, another with 1+1=2, and one stays
at 1 (if it got none of the extras) - truly random distribution.

We can implement this logic with a helper or inline. For clarity, here's pseudocode that builds an array
moonsPerPlanet | holding the number of moons for each planet index:

// Initialize all counts to O
let moonsPerPlanet = Array(numPlanets).fill(0);
if (numMoons > 0) {
if (numMoons < numPlanets) {
// Not enough moons for every planet - give each of the first numMoons
planets one moon
for (let i = 0; i < numMoons; i++) {
moonsPerPlanet[i] = 1;
}
} else {
// Give one moon to each planet
moonsPerPlanet.fill(1);
let leftover = numMoons - numPlanets;
if (evenDistribution) {



// Evenly distribute leftover moons in round-robin fashion
let p = 0;
while (leftover > 0) {
moonsPerPlanet[p] += 1;
leftover--;
p=(p + 1) % numPlanets;
¥
} else {
// Randomly assign leftover moons to planets
while (leftover > 0) {
const p = Math.floor(Math.random() * numPlanets);
moonsPerPlanet[p] += 1;
leftover--;

After this, moonsPerPlanet[i]  tells us how many moons to create for planet i . This ensures each
planet has =1 moon when  numMoons > 0 (except the edge case of fewer moons than planets, which we
handle by giving out what we can).

Generating Moon Orbits Around Each Planet

With the distribution decided, we now spawn the moons. We iterate over each planet and create the
assigned number of moons orbiting that planet. Key steps for each moon:

1. Orbital Parameters: We treat the planet as the center for the moon’s orbit. Choose a moon orbital
radius (distance from the planet). This should be relatively small compared to the planet’s distance
from the star, so that the moon indeed orbits the planet rather than the star dominating. For
example, we might choose a random radius in the range ~ 0.5 to 2.0 units for the moon’s orbit.
This could also be scaled by the planet's own characteristics (e.g., a more massive planet could
feasibly hold moons farther out), but a simple small range works for a generic approach.

2. Initial Position: We position the moon at some point on a circle around the planet. For simplicity, we
can keep moons in (approximately) the same orbital plane as the planet. Assuming the planet orbits
in the XY plane (z=0), we can place the moon in that plane as well. Choose a random angle ¢ (0 to 2m)
for the moon around its planet. Then if the planet’s current positionis P = (Px, Py, Pz) , we set
the moon'’s position as:

mx Px + r_moon * Math.cos(9);
my = Py + r_moon * Math.sin(¢);
mz = Pz; // same plane as planet for now



This places the moon at distance  r_moon | from the planet, at an angle @ relative to the planet. (If
we wanted to introduce a slight inclination, we could give | mz | a small offset or use a tilt angle
similar to how asteroids were given a small ¢ out of plane 5 , but we'll keep it simple.)

3. Initial Velocity: To make the moon orbit the planet, we give it a velocity relative to the planet. We
calculate the circular orbital speed around the planet: v_moon = sqrt(G * planet.mass /
r_moon) |. Then we set the moon’s velocity perpendicular to the planet-moon radius vector (for a
circular orbit around the planet). Using the same ¢ angle:

// planet velocity components (Px, Py, Pz already have planet position;
assume planet velocity is (Vpx, Vpy, Vpz))

const Vpx = planet.v[0], Vpy = planet.v[1], Vpz = planet.v[2];
// perpendicular unit vector in planet’s orbital plane

const vx_rel -Math.sin(¢) * v_moon;

const vy_rel Math.cos(¢p) * v_moon;

const vz_rel 0;

// combine planet's velocity to get moon's absolute velocity
const vx_moon Vpx + vx_rel;

const vy_moon = Vpy + vy_rel;

const vz_moon = Vpz + vz_rel;

This way, if the planet is moving around the star, the moon’s initial velocity is the sum of the planet’s
velocity and its own orbital velocity around the planet. The result is that, in the planet's reference
frame, the moon has a roughly circular orbit. In the star's frame, the moon'’s path will be a looping
orbit around the star, staying near its planet.

4. Create the Moon Body: Now we add the moon to the world. We give it a smaller size and perhaps a
distinct color (e.g. gray or a muted color to distinguish from planets). For instance:

world.add(new Body({

rand(0.01, 0.1), // moons are smaller mass
[mx, my, mz],

[vx_moon, vy_moon, vz_moon],

0 < T 3

0.2, // smaller radius for moon

c: [0.8+rand(-0.1,0.1), 0.8+rand(-0.1,0.1), 0.8+rand(-0.1,0.1)1, //
grayish color

name: "Moon"

)

We use a smaller random mass (say 0.01-0.1) for moons, and a radius of 0.2 for rendering (half the
planets’ size). The example color is a gray with slight variation. At this point, the moon is part of the
simulation.

We repeat the above for each moon a planet needs. This nesting ensures each planet ends up with its
moons orbiting around it. Because these moons are full |Body objects in the physics engine, all
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gravitational interactions are automatically accounted for - the star pulls on the moons, the planet
pulls on them, and even moons will tug slightly on each other and on other planets. This n-body setup
inherently allows phenomena like 3-body interactions and chaotic behavior to emerge. For instance, if a
moon'’s orbit comes into resonance with another moon or with the planet's year, their orbital elements may
oscillate. We introduced small random differences in orbit radii and velocities, so not all moons are in
perfect resonance - this can lead to realistic perturbations. Over time, the gravitational physics (using
Newton'’s law in | World.step() ) will produce effects like precession of moon orbits, occasional alignment
(conjunctions), and even instability if a moon is too distant (it might get pulled more by the star and wander
off). The simulation’s integrator updates all bodies each frame, summing gravitational forces for every pair

6 . Notably, a small random noise is added to accelerations each step (to simulate numerical or
environmental perturbations) 7 , which further ensures that if there are any delicate periodic orbits, they
can drift - a source of chaos in the long term. All these factors mean our generated system isn't static but
can exhibit rich dynamics like resonance locking and chaotic variations without any special code for it - it
emerges from the physics.

Finally, because each moon is a | moving body with its own | path | history array (initialized empty by the
Body constructor) 4 , the existing trail-rendering logic will include moon trajectories as well. If trajectory
drawing is enabled, you'll see each moon leaving a trail around its planet's path, and if orbit-plane drawing
is enabled, each moon will contribute an orbit plane (likely nearly overlapping the planet's plane in our
simple setup).

Making the Function Reusable for All Scenarios

We design  spawnPlanetsAndMoons() to be generic and globally reusable. It does not hard-code
anything specific to the solar system (no fixed planet counts or names). You can call this function in any
scenario that involves a central body with orbiting satellites. For example, in the “solar” scenario of our
simulation, we would replace the fixed planet creation code with a call to | spawnPlanetsAndMoons() .
Pseudocode for integration into the scene builder:

world.reset();
switch(scenario) {
case "solar":
world.add(new Body({ m:100, p:[0,0,0], v:[0,0,0], r:2, c:[1,0.8,0.2],
moving:false, name:"Sun" }));
spawnPlanetsAndMoons(); // dynamically adds planets & moons based on UI

break;
case "galaxy":
// ... other scenario

Now the number of planets and moons in the solar system scenario is determined by the UI sliders, not by
hardcoded values. The | spawnPlanetsAndMoons | function always uses world.bodies[0] as the central
attractor, so it will work as long as you've added the central star/core first. (If you ever wanted to use it for a
scenario with multiple stars or a different indexing, it could be generalized to accept a reference to the
central body or an index, but in our use-case we assume one central body at index 0.) We also ensure the
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function resets any existing planet/moon bodies when re-run by calling /world.reset()  at the start of a
rebuild (as seen above), so we don't accumulate duplicates.

UI Binding: To make the changes reflect automatically when a user adjusts the controls, we tie the sliders/
toggles to trigger a re-spawn. In the HTML/JS, we can add our new controls to the same event handler list
that rebuilds the scene. For example, if the app uses:

["sceneSel", "asteroidSlider", "trailSlider","trajChk", "planeChk",6"collChk"].forEach(id
=> $(id).oninput = buildScene);

as in the current code @& , we should extend that to include | "planetSlider" |, "moonSlider" , and the
moon distribution toggle (let's call it | "moonDistToggle" ). After doing so, any change to those inputs will
call ' buildScene() , which in turn calls our updated | spawnPlanetsAndMoons() during the solar
scenario. This way, the planets/moons update in real time as the user moves the sliders (or toggles even/
random). We also hook into any “reset” or scenario change as needed (in the snippet above, there's a
resetBtn that also calls buildScene 8 , so that will reset to the current slider settings when pressed).

Maintaining Rendering and Physics Coherence

By using the existing World | methods and patterns, our new function integrates seamlessly with the
simulation’s rendering and physics:

* Rendering: After spawning, 'world.bodies  now contains the star, planets, and moons. The
rendering code that uploads body positions/colors will automatically include the new bodies (it
iterates over world.bodies.length to draw points) 9 10 . Each body’s c colorand r size are
used for drawing, so we set those appropriately for visibility. You will see moons as smaller points of
the given color. The trail generation ( uploadTrails ) also loops through all bodies and uses each
body's | path to draw trajectory segments 11 . Since every moon has its own | path (and we haven't
disabled trajectories for them), they will have trailing orbits drawn just like planets do. Orbit plane
rendering ( uploadPlanes ) will treat moons like any other moving body, drawing a circular plane
for their orbit 10 - this means if enabled, you might see a ring around each planet indicating the
moon'’s orbital plane (which will coincide with the planet’s plane in our current implementation).

* Physics: The ‘world.step(dt) function will continue to update all bodies' velocities and positions
according to gravitational forces. Our planets and moons are added as Body | objects, so they
partake in the same physics integration loop without any special case. The gravitational force
calculation is n-body, so every pair interacts 6 . Moons feel forces from the star and all planets (not
just their parent), enabling realistic perturbations. The collision detection/merging
(world.doCollisions ) also includes moons - if a moon accidentally gets too close to another
body (within radius), the simulation might merge them 2, which could happen in extreme
scenarios (for example, if you spawn a moon so close that it collides with its planet immediately, or if
two moons around the same planet intersect). We have set sensible initial distances to avoid
immediate collisions (e.g., moon orbital radius is much larger than the planet’s radius). The time-step
and gravity constant remain the same; no adjustments are needed there.


file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=%24%28%27resetBtn%27%29.onclick%3DbuildScene%3B%5B%20%27sceneSel%27%2C%27asteroidSlider%27%2C%27trailSlider%27%2C%27trajChk%27%2C%27planeChk%27%2C%27collChk%27%20%5D.forEach%28id%3D
file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=%24%28%27resetBtn%27%29.onclick%3DbuildScene%3B%5B%20%27sceneSel%27%2C%27asteroidSlider%27%2C%27trailSlider%27%2C%27trajChk%27%2C%27planeChk%27%2C%27collChk%27%20%5D.forEach%28id%3D
file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=function%20uploadBodies%28%29%7Bconst%20n%3Dworld.bodies.length%2Cpos%3Dnew%20Float32Array%28n,b.path.length%3Bi%2B%2B%29%7Bv
file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=verts%3D%5B%5D%2Ccols%3D%5B%5D%3Bfor%28const%20b%20of%20world.bodies%29%7Bif%28%21b.moving%29continue%3Bconst%20r%3DMath.hypot%28...b.p%29%3Bif%28r,n%5B1%5D%2Au%5B0%5D%5D%3Bfor%28let%20s%3D0%3Bs%3Cseg%3Bs%2B%2B%29%7Bconst%20a%3D2%2AMath.PI%2As%2Fseg%2CbAng%3D2%2AMath.PI%2A%28s%2B1%29%2Fseg%3Bconst%20p1%3D%5Bu%5B0%5D%2AM
file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=function%20uploadTrails%28%29,length%2F3
file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=verts%3D%5B%5D%2Ccols%3D%5B%5D%3Bfor%28const%20b%20of%20world.bodies%29%7Bif%28%21b.moving%29continue%3Bconst%20r%3DMath.hypot%28...b.p%29%3Bif%28r,n%5B1%5D%2Au%5B0%5D%5D%3Bfor%28let%20s%3D0%3Bs%3Cseg%3Bs%2B%2B%29%7Bconst%20a%3D2%2AMath.PI%2As%2Fseg%2CbAng%3D2%2AMath.PI%2A%28s%2B1%29%2Fseg%3Bconst%20p1%3D%5Bu%5B0%5D%2AM
file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=step%28dt%29%7Bconst%20n%3Dthis.bodies.length%2Cacc%3DArray.from%28%7Blength%3An%7D%2C%28%29%3D%3E%5B0%2C0%2C0%5D%29%3B%20for%28let%20i%3D0%3Bi,dz%2FA.m%3B%20acc%5Bi%5D%5B0%5D%2B%3Dax%3Bacc%5Bi%5D%5B1%5D%2B%3Day%3Bacc%5Bi%5D%5B2%5D%2B%3Daz
file://file-5pKaWhNArtjADRBn6bsK1E#:~:text=%7D%20if%28this.doCollisions%29%7Blet%20i%3D0%3Bwhile%28i,A.r%2BB.r%29%7BA.m%3E%3DB.m%3Fthis.merge%28i%2Cj%29%3Athis.merge%28j%2Ci%29%3Bcontinue%3B%7Dj%2B%2B%3B%7Di%2B%2B%3B%7D%7D%20for%28const%20b%20of%20this.bodies%29%7Bif%28this.showTraj%29%7Bb.path.push%28%5B...b.p%5D%29%3Bif%28b.pat

In summary, spawnPlanetsAndMoons()  reads the Planet and Moon counts from the UI, spawns that
many planets around a central body, and then spawns moons around those planets. We ensure at least one
moon per planet (if any moons are requested) and provide a Ul-controlled toggle to distribute extra moons
evenly or randomly among the planets. Each moon'’s orbit is initialized with a slight randomness in position
and velocity, so when the simulation runs, the interactions between star, planets, and moons naturally lead
to phenomena like gravitational resonances and chaotic orbit evolution over time. The function is written
generally enough to be used in any similar scenario, and by binding it to UI events we maintain an
interactive, real-time experience. All existing features - rendering, trails, collision handling, etc. - continue
to work with the new planets and moons without further changes, since we integrate into the world data
structure and use the same physics step for updates 13 14 | This yields a robust and extensible planetary
system simulation that can be controlled on the fly by the user.
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