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any program you might want to write
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PHILOSOPHIA Sges Gle |y (o8 (lg8 et Jgol OLS ;o (g aiwe; O
NATURALLS

PRINCIPIA
MATHEMATICA. G m,m,

AUCTORE F=ma F_

ISAACO NEWTONO, Eq Avurato.

Perpetutis Commentariss lluflrata, communi j?ndia ' 2
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public class Body
Body(vector r, Vector v, double mass)

void move(vector f, double dt) Wb At sy s cp £ 5o Jlos]

void draw() s (2

Vector forceFrom(Body b) b jous b ;1 pus @l 4 5)ly Sop ulas

Vector ;| colaiwl b 5,0 ¢ S p «amBan yinlad o o glools g45 O

public class Body {

private Vector r; // position
private Vector v; // velocity
private double mass; // mass
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y v, Ty = T+ dt - vy
r = r.plus(v.times(dt)) ;
n, + dt - 2
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Vector a = f.times(1/mass); a=F/ml el ply Qll F )5 590 (i L O
v = v.plus(a.times (dt)) ; RE Q‘)t‘?" L l?m) Ly & uL....; ).‘ ool O

r = r.plus(v.times (dt)) ;
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force / mass
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unit vector magnitude of force is
G * a.mass * b.mass
dist * dist

double G = 6.67e-11;

Vector delta = a.r.minus(b.r);

double dist = delta.magnitude() ;

double F = (G * a.mass * b.mass) / (dist * dist);
Vector force = delta.direction() .times (F) ;

Force from one body to another
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public class Universe

Universe ()
void 1increaseTime(double dt) Wb dt b i (s jlwad

void draw() s Rwp

public static void main(String[] args) {

Universe newton = new Universe() ;
double dt = Double.parseDouble (args[0]) ;

while (true) {
StdDraw.clear () ;
newton.increaseTime (dt) ;
newton.draw() ;
StdDraw.show (10) ;

} S wasds Aol dils
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public class Universe

Universe ()
void 1increaseTime(double dt) Wb dt b i (s jlwad

void draw() s Rwp

public class Universe {

private double radius; // radius of universe
private int N // number of particles
private Body[] orbs; // the bodies

dgas (slo pdin
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public Universe () { .
N = StdIn.readInt() ; $r9s9 kE
radius = StdIn.readDouble() ;
StdDraw.setXscale (-radius, +radius); % more 4body.txt
StdDraw.set¥scale (-radius, +radius); 4 |<— N velocity s
// read in the N bodies 5.0e10 | <~— radius |
:rbs: = Boc(:)ly[I:I];' o e o -3.5e10 0.0e00 0.0e00 | 1.4e03(3.0e28
or (1int 1 = 0; 1 ;1
double rx = StdIn.readDouble(); -1.0e10 0.0e00({0.0e00 1.4e04|3.0e28
double ry = StdIn.readDouble() ; 1.0e10 0.0e00 0.0e00 -1.4e04 3.0e28
U v 5 S tnasae SEma Ol § 3.5e10 0.0e00]0.0e00 -1.4e03 3.0e28
double vy = StdIn.readDouble() ; f
double mass = StdIn.readDouble() ; ..
posttion

double[] position = { rx, ry };
double[] velocity = { vx, vy };
Vector r = new Vector (position) ;
Vector v = new Vector (velocity) ;
orbs[i] = new Body(r, v, mass);
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// compute the forces

for (int 1 = 0; 1 < N; i++) {
for (int j = 0; j < N; J++) {
if (i '=3) { by =
f[i] = f£[1i] .plus(orbs[i] .forceFrom(orbs[]j])) ;

}
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public class Universe {

private final double radius; // radius of universe

private final int N; // number of bodies

private final Body[] orbs; // array of N bodies

public Universe() { /* see previous slide */ } — sy w

public void increaseTime (double dt) ({
Vector[] £ = new Vector[N];
for (int i = 0; i < N; i++)
f[i] = new Vector (new double[2]) ;
for (int i = 0; i < N; i++)

for (int j = 0; j < N; j++) — Jlw, 9, v
if (1 '= j)
f[i] = f[i] .plus(orbs[]j].forceTo(orbs[i])) ;

for (int i = 0; i < N; i++)
orbs[i] .move (£[i], dt);
}

public void draw() { )
for (int i = 0; i < N; i++) Pl pwy
orbs[i] .draw() ;
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