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2.1.1 Verlet [

Verlet 00 0000000000000 O0O0OOO0OOODOOOOOOOOOO (2.1)0
goobooon

r(t+h)=2r(t)—rt—nh)+ %Qf(t) (2.1)

O000r)000¢t0000000000fH0ODOt0000OO0O00OD0OOOOOOO
RO00000OmODOOOO0OO0OOOOOOOO (21)D000¢t00000O0OOOOOO
O¢+t—h000000000O0OC0O0¢t0DO0OOOOOOOODOODOODOODODOO40
gbobooobdt+eA0000ODbDO0ODODOODOODODOODODOODbDODO
gbobobooobooboboboodbVerletODooooooboboboooboog
gbogobuogbboobogbbuodgboouoobboobooobuooboon
gbboouogbbogboooboobbuoobbooboouobboobooboon
gobbboooobbbuoooobbbuooobobboooobobobog

2.1.2 00O

O0t+A0000000CO00rt+h00000C0CO0O0O0O0O0O0O (22) 00000



dr(t)  hPdPr(t) R dr(t)

r(t+h)=r(t)+h TR TRTEn (2.2)
AO000000O0D0AOODODOODOOO
rt 4 ) = () + R0 L) (2.3)
i A e
hO —AOO0OO0OOO
2 72
r(t—h) = r(t) — hd:;f) + %d drt(f) (2.4)

0(23)00 (24000000 +(t+A) 00000000000 (2500000

r(t+h)=2r(t)—rt—nh)— hQ% (2.5)

000000000000 0000000000o(n) 000 t0000r(t)000 ¢tO
O0o00o0oOdO (26)00000

0000 (26)0000t0000000 a(t)O

a(t) = d;t(f) (2.7)

000 f()000+0000000mO00000000O000O0O0O00000O0 (2.8)
gooo
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ft) _ dr(t)

t
LA 2.
m dt? (2:9)
0 (2900 (2500000000 (210)000 Verlet0OODODOD
h2
r(t+h)=2r(t)—r{t—h)+ Ef(t) (2.10)

2.2 Lennard-Jones 00O 0O OO
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3.1 Processing

Processing 000000000 0O0O0DOODDOO0ODO0ODOO0OOO0ODOOODOOOO
O00JavaODOODODODO0O0ODOO0OODDODODOOOOODODODOOOO0ODODODOOOOO
0000000000 000O0Processingd O JavaScriptD OO0 O OO0OO0OOOOOOO
O0Processing 00000000000 WebODOOOOOOOOODODDOOODOOODOO
gooooboboobbboooooooooouooo s33nonoobonboa

3.2 JavaScript

JavaScrippU OO0 WebO OO ODOOOODOODOODODOODODODODODODO
O0JavaDOOD0OODOODOOOOOOODOOOODOODOHTMLODO JavaScript 00O
OoooboobobooooodwebO OOooooooboboOooooooooDO

3.3 OOooong

O0000D000O000 Processingd 0 JavaScript OO0 DD O00OO0OO0OOOOOO
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3.3.1 UO0OOonooogdg

gbobobobobooobobOobobuobdbProcessingl 00O O0OODOOOODO
gogggoobobbbbbbbbbobobouododgdooooooooooooon
gbbobuodbooobuodobboobuoobbodoboobbuodgboouobood
OO0000ooooooogn ControlP50 00000000000 0OO0O GUIODOODO
Oo0ooooobDOoooOooboboooDpoboooobooDoobooOooonDD JavaScript O
gobogobuodboboobooboboooobbbooboobboooboobobon
gobboboogoobbbooogbbobooogbooboosiltboog O

3.3.2 UUOOOOUOOOOUOO

OO0DO00bO0o0oboobboOJavaScripp000000DOOO0OOOOOODODOOODOO

googodobdodod
e ™

void same_name (){

println(0);

void setup(O{
int same_name;
same_name () ;
println(1);

3
N /

gobbbudddsamenameJ 0000000000 O0OOO0O0O0O0O0OOOO0OO0

00 Processing0 0 01000000 JavaScript D 0000 0O0OO0O0OOOOOO0O

3.3.3 JavaScript 0 000

ProcessingO OO0 int 000, 000000 float000O0OD0OODOONONO O JavaScript
oo bbbbodoogooobobobobbobooog
goooooooon



s A

void setup(){
int integer;
integer = 3/2;
println(integer);

+
N /

0000000 int000 intergerd 1.5 0000 0O Ointerger 1 00 00O OO O O Pro-

cessing 00 it 0000 100000000 JavaScript00 150000000000
JavaScrippO 0 00 int 00 0000000000000 0ODO0ODO0OO0O0O0OO0OD0DO
goboooog

[integer = (int) (3/2); ]

00000000000 int00000 JavaScriptO O 1000 00O O Processing O O O

gbobbooogbbbuoobobboooobbbuoobobboooobobob

3.3.4 translateJ0 00O OO O0O

mousePressed 0 keyPressed 0000000000000 OOOO translated 0 00O
0000000000 00O0bO0obO0obOoooooooDoo
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s A

void setup(){
size(500,500) ;

void mousePressed(){
translate(10,10);
ellipse(130,130,10,10);

void draw(){
background (255) ;
£111(0);
ellipse(100,100,10,10);

+
N J

0000000000 (100,100)000000000000000O00O0O0O0O0O0O (140,140)

O0000DO0o00ooDOoo0ooobDObJavaScripp0 000000 DOOOOOOOO
O00000000000000 (10,10)000000000000000O0 mousePressed

gbgobobbooboobodgod
~ R

void mousePressed(){

translate(10,10);
ellipse(130,130,10,10);
translate(-10,-10);

3
N /

00000000000 translate(-10,-10) 00000000 translate 00000000

000000000 JavaScript D O OO ProcessingD D OO OOOOOOOOO
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gbobob0ob0ob0obo0ooboboob0obuobuobOdProcessingl OO OoOQ
O0JavaScriptD OO0 0000000 WebODOODOODOODOODODODODODOODOODOODO
gbbooobogbobuoobbooboboobbuoobboobobobooboon
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Press R 10 Reset
Press S to Solid-Mode false
Press F to Force-Mode false

h=0.0010
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l.gbobogboobobuodgbobugbobuoobobuaobobuoobobodgo

goboboodao
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3. Verllet U0 ODOD0OOOOOOOOODOO

4. 2300000000000 O00DO0ODOOODLOODbOOD
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O000000o0D0bD0b0ob0ob0b0O0bO0boOO0oOgn setparticle0 OO0O0O0OO

gobooo
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s A

void set_particle(){
int i, j, k=0;
for(i=1; i<10; i++){
for(j=1; j<10; j++){
if (k==n) break;
ball_pl[k][0] = i;
ball_plk][1] = j;
pre_plk][0] = i;
pre_plk]l [1] = j;
k++;
}
for(i=0; i<n; i++){
ball_f[i] [0] = O;
ball_f[i][1] = 0;

}
N J

004, j000000ob0o0oobob0obobobooooookob0ooooO0ngn

O00000000000000000000 (ballp)DOOOOO (prep)00D00OOO
O00000000000000 (hallf)D 00000 OOOODODOODOOODOODODOO
gbooogbootboobbuoobbuoobboboobbooooobbooboon
guogoobbooggbbobuoooobbbuoooooboboo

5.3 UUOoOnognn

googoboobodgbobooboobobobooboobooobuooboboonboobo
goboboooobbbuooooobobod

5.3.1 UJUUUOOOUOooog

000000 Lennard-Jones0 O OO OO0 O0OOO0ODOOOOOOOOODOOOO
O0000000b00o0O00boOOo00boO0O00DO interforee0D00O0O0OODOOOO

18



float[] lennard(float pl[], float p2[]1){
float d, force;
float[] force_xy = new float[2];
d = distance(pl, p2);
force = -30 * pow(d,-13) + 30 * pow(d,-7);
force_xy[0] = force * (p2[0] - p1[0])/4d;
force * (p2[1] - p1[1l)/4;

force_xy[1]
return force_xy;

+
N J

00000 pl,p2000000plO0000000OO0O0O0O0OOODOOOforcexy[0]0 xO

0000 forcexy[l]0 yOOOOOOOOLennard-JonesO0 0000000000000
gooobobolooooboobooodooboboboooobobooboop2000000 p10O

gobodgbodbdbodooooooogodabdodod
s ™

void inter_force(int i, int j){

float[] tmp= new float[2];

tmp = lennard(ball_p[i], ball_p[jl);
ball_f[i] [0] += tmp[0];

ball_f[i][1] += tmp[1];

ball_f[j]1[0] += -tmp[O];
ball_f[jl[1] += -tmp[1];

X
N /

OOoboobooboobooboobooooboooboooobood lemmard00DODOOQ

000000 ballf00000000000000000000000000 ball.f00
000000 (+=)0000
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5.3.2 UUOOO

\
for( i=0; i<n-1; i++){
for( j=i+1l; j<n; j++){
inter_force(i, j);
}
}
L J

nJ000000000000000O000b0D00O000bO0O00bDDObOOO inter_force
O0b000oooboOoboboobooooboopallf0bbooboobOooboobboOon
gobobooogboo
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gboboboogobbobuogoobobbuoooobboboooboboboaoo

5.4.1 VerletOOQOQOOO

Verlet OO ODOO0OO0O0OO0OO0OOO0OODOVerletOOOOOOOOOODOODODOO

float[] verlet(float current[], float previous[], float force[]){ )
float[] newpos = new float[2];
newpos [0]=2*current [0] -previous [0] +h*h/m*force[0] ;
newpos [1]=2*current [1] -previous[1]+h*h/m*force[1];
return newpos;
\\} /

Verlet OOOOOO0ODOOO (current),hOOOOOO (previous), 00 O0O0O0O0O0O0OOO
(force) 0O O0O0ODOMKOOODODODO (newpos) OO DOO0O0O0O0O0O0OOKOOODODODO
mdO0oooooooooobbooddggoooooo

5.4.2 0OOOOO

Verlet OO 0O0O0O00O0OO00OO0O0O0O0DO0OOOOOODOODOODOOOOOO
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/

void calc_verlet(int i){
float[] tmp= new float[2];
if (solid_mode) ball_f[i] [1]+= 0.00001/(h*h);//solid_mode
tmp = ball_pl[il;
ball_p[i] = verlet(ball_p[il, pre_p[il,ball_f[il);
pre_pl[il= tmp;

}
.

/

i000000000 Verlet 0OOO0OO0O0O0O0OO0OO0OO0O0O0O0O0O0O0D0OO (ballp)DOOOd

O00OVerlet DCOOOOO0OO0O0D0O0OD0O0OO0OOO (prep)000000000O00OOtmp

00000000 ballpd prep00000000

5.5 U

gbbgdbbogbbogogbboobobbobobbobuooobuoobuooboa

goo

-~

void draw_particle(int i){
float v;
v = distance(ball_p[i], pre_pl[il);
colorMode (HSB,360,100,100) ;
£i111(230+5000%*v,100,100) ;
ellipse(ball_p[i] [0]*50,ball_p[i] [1]*50, ball_size*100,ball_size*100);

~

5.5.1 0OU

(:ellipse(ball_p[i][O]*50,ball_p[i][1]*50, ball_size*100,ball_sizex100);

)

000000 ballp*500000000000000000O0O0O0OO5000000 ball_p

gobobobobobb ogdboooobobobobogsoboooooboobooogn

O0balsizeDOOODOODOOODOOO0ODOOOOODOOODOOO

21



5.5.2 U000

gbbogobogbooobooobbobooboobboobbodgbobuoobbg
gobbooooon

float v;

v = distance(ball_p[i], pre_p[il);
colorMode (HSB,360,100,100) ;
£i111(230+5000%*v,100,100) ;

00000000 (ballp)DODOOOO (prep) 0000000000 DODODOODODOO
0000000000000 0000000HSBOOOODODOOOODOOOHDOO)O
gobobobooooobbboooobbobooodon

HSB( 360, 100, 100)

HSB( 230, 100, 100)

HSB( 0, 100, 100)

O51: HSBOOODOOODOO

0510 S(O00)=100B(O00)=1000000 H(OO)OOOOOOOOOoooooo
gbbuogbodbb20o003cobdbbogubbuogbbobbuoobboood
gobooo
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5.6 UOOUOOO

gbobogobuogbboobogbbuouoobuoobooobouogbboobooog

OO0O0OOreflect0000O00O0OOO0O0OO
s R

void reflect(int i){

if(ball_p[i] [0]<ball_size){

ball_p[i] [0] = ball_size*2-ball_p[i] [0];

pre_pl[i] [0] = ball_size*2-pre_p[i] [0];

}

else if(ball_p[i] [0]>10-ball_size)q{
ball_p[i] [0] = (10-ball_size)*2-ball_pl[i] [0];
pre_p[i] [0] = (10-ball_size)*2-pre_pl[i] [0];

if (ball_p[il [1]<ball_size){
ball_pl[i] [1] = ball_size*2-ball_pl[il[1];
pre_pl[i] [1] = ball_sizex2-pre_pl[i] [1];
}
else if(ball_p[i] [1]1>10-ball_size && solid_mode)
ball_p[i] [1]1=10-ball_size-0.01;
else if(ball_p[i] [1]1>10-ball_size){
ball_p[i][1] = (10-ball_size)*2-ball_p[i][1];
pre_pl[il[1] = (10-ball_size)*2-pre_p[i] [1];

+
N J

gbiggbobooboboobobobobboobobobooboboobobo

0000000000000 000o0bboooOobD VerlletDODODOOOODOOODO
000 (ballp) DOOOOOO0O0DOOOODODO VerletOOOOODOOOOOODOOODOO
O000000000000000 (prep) 0000000
gs2udbbboogobboogobooouobbuooobbuoooooobobod
gbbogbobuodgbooobuooboobobuoobboboboobooobuooboon
gobbooogbbbuoooobbbuooobobboooobobbog
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5.7 UUOUOOOOOOOOON

gboodgbbodgbbdgbuoobobuogobooobooooboboobboooo
gobbooggbbbuoooobbboooobbodao

~

int click_ball=0;

void mousePressed() {
int i;
for(i=0; i<n; i++){
if (mouseX-10-20<=ball_p[i] [0]*50 & mouseX-10+20>= ball_p[i] [0]*50 &
mouseY-10-20<=ball_p[i] [1]1*50 & mouseY-10+20>= ball_p[i] [1]1*50){
click_ball = i;
£i11(0);
//Ver Processing
ellipse(pre_pl[i] [0]*50,pre_p[i] [1]1*50,ball_size*100,ball_size*100);
/*Ver JavaScript
ellipse(10+pre_p[i] [0]1*50,10+pre_p[i] [1]1*50,
ball_size*100,ball_size*100);
*/

mouse_p [0]

mouseX;

mouse_p[1] = mouseY;

return;

}
click_ball = -1;
}
void mouseReleased(){
if(click_ball !'= -1){
ball_f[click_ball] [0] +=( mouseX - mouse_p[0])*0.0001/(h*h);
ball_f[click_ball] [1] += (mouseY - mouse_p[1])*0.0001/(h*h);
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571 DO0O0O0OO

gbboggbobbodgbbooboooobobobooobooboobobuoobobg

gobboooobbbuoobobboooobbbuoooobboooobon
4 N

void mousePressed() {

int 1i;
for(i=0; i<n; i++){
if (mouseX-10-20<=ball_p[i] [0]*50 & mouseX-10+20>= ball_p[i] [0]*50 &
mouseY-10-20<=ball_p[i] [1]*50 & mouseY-10+20>= ball_p[i] [1]*50){
click_ball = i;
£i11(0);
//Ver Processing
ellipse(pre_p[i] [0]1*50,pre_p[i] [1]*50,ball_size*100,ball_size*100) ;
/*Ver JavaScript
ellipse(10+pre_p[i] [0]*50,10+pre_p[i] [1]*50,
ball_size*100,ball_size*100);

*/
mouse_p[0] = mouseX;
mouse_p[1] = mouseY;
return;
}
}
click_ball = -1;
\} )

gbobbooooboboooboboibbboogbbbooobbbooobbooon
gobboobboobodnbboboooobbbuoooon

e NOUOOODLODDOOO

1. click ballOODOOOOO0ODOOOO

2. 000000000000

3. 0000000bibibd mousepODOONU

4. 00 mouse_ Pressed0 00000
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e HUOODLODLODOUOOODLDDLDOOOODLDOD

e click ballD-100000DO

OO00ODOD cickbalOODODOOODOODODOOO-1000000DO0O0OO0OOODO
bbodbUOU0OmousepUU0O0OUOOODDODO0OOOOOOOOOOODOOLOOOO
0000000000000 0D0OO00b0O00DDOO Processing 0 JavaScript 00000
gboboboboboboboboobobobobobobobobobobobo
goobooood

5.72 UJUUOUOODOOO

é N

void mouseReleased(){
if(click_ball != -1){
ball_f[click_ball] [0] +=( mouseX - mouse_p[0])*0.0001/ (h*h);
ball_f[click_ball] [1] += (mouseY - mouse_p[1])*0.0001/(h*h);

}
N J

O000000o0b0obobooobOoogn clickballmousepd0 0 OO0O0O0O0OOOO

00000000 clickballO-100 (OO0OOOODO0OOOOO)ODOOOOOOODOO
00000000 ballflclick ball 00 0000000000000 0OOOOODOOOO
000000000000000000000000000000 A00000000
gboo0hbooboobooboobobbobboobooboobon
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5.8 UL OMO

boolean solid_mode = false; A
boolean force_mode = false;
void keyPressed() {
if (key == ’s’||key == ’S’) {
if (solid_mode) solid_mode = false;
else solid_mode = true;
}
if (key == ’f’|lkey == ’F’) {
if (force_mode) force_mode = false;
else force_mode = true;
}
if (key == ’r’|lkey == ’R’) set_particle();
\} J

boolean 0 O OO OOODOOOO truefalse 00 000D O0OO0O0OOOOOOOOOOO
0SO0000000 (solidmode),FOOODODOOOOOOO (forceemode) 00O OO
00000 RODODDODOOOOODLOODOOOOOOOOOOOO0O0OO0O0 set_particle
goobod

5.9 0O0O0OO

gboooooooooooboobobobobobobobobobobobobob
gboobobobobobobooobooobooboobooboboboo

OO caleverlet OO OO0O0O00OOO0OO0O
[:if(solid_mode) ball_f[i] [1]1+= 0.00001/(h*h); :)

O0reflect 0O 0 OODODOOOOOOOODOOO
else if(ball_p[i] [1]1>10-ball_size && solid_mode)

ball_p[i] [1]=10-ball_size-0.01;

0000000 solidmodeD true0 00000 0OOOO0ODOOODOOOOOOOODOOO

28



gbboodgbogoboogobuobugyboobbuoobbodbbyodoboog
gbogudgbooobuoobbooboobbuodbooogbooobuoobood
gbboogbogbbuoobbodgbouobbuoobbooboooobboobood
OOboooboodOverletDOOOOOOOODOOODOOODOOODOOODOOODOODO
gbogoboobobboboobooboobuoobuooboobboobboobOon

else if(ball_p[i] [1]>10-ball_size && solid_mode) {
ball_p[i] [1]1=10-ball_size-0.01;
pre_pl[i] [1]1=10-ball_size-0.01;

gobobobobbobboooooobobobbooooobobboooooobobobon
gbbodbboogbooobuooobuooboobbuoooobbobbooboog
gobobooon

5.10 OUOUOoOouooOn

O0O0o0o0o0oDObo0oDooooO drawforee0000000OO0OOOO
- ™

void draw_force(int i){

float force_sqrt_x, force_sqrt_y;

strokeWeight (3);

if(ball_£[i] [0]>0) force_sqrt_x = sqrt(abs(ball_f[i] [0]));
else force_sqrt_x = -sqrt(abs(ball_f[i][0]));

if(ball_f[i] [1]1>0) force_sqrt_y = sqrt(abs(ball_f[i][1]));
else force_sqrt_y = -sqrt(abs(ball_f[i][1]));

line(ball_pl[i] [0]1*50, ball_p[i] [1]%50,

ball_pl[i] [0]*50+force_sqrt_x, ball_p[i] [1]*50+force_sqrt_y);
strokeWeight (1) ;

+
N /

00i000 (ball_p[i][0]*50, ball_p[i][1]*50) 00000 000+000000000000

O (ball_p[i][0]*50+force_sqrt_x ,ball_p[i][1]*50+force_sqrt_y) D 0 0 0 0 O (strokeWeight(3))
gbbogbogoboobuoobbooboooboobbuoobboobbboon
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010000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000sqrt(abs(ball_f[i[0]))
0x0000000000000000000000000000000000000
forcesqrtx 00 00000000000000000000O0O0000O000O0OO0
0000000000000000000000000000000000000000
00000000000

line(ball_p[i] [01%50,ball_p[i] [1]%50,
ball_p[i] [0]*50+ball_f[i] [0],ball_p[i] [1]*50+ball_£[i][1]);
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5.11 0O0OOOO

float slider_value = 1;

boolean slider_dragged = false;

void slider(int position_x, int position_y, int slider_height,

int slider_width, int min, int max, int NumberOfTickMarks){

int num_separator =
(int)map(slider_value, min, max, O, NumberOfTickMarks-1);
float cordinate_y = position_y + slider_height -
((float)slider_height / (NumberOfTickMarks-1))*num_separator;
£i11(255);
rect(position_x, position_y, slider_width, slider_height);
£i11(0);
rect(position_x, cordinate_y, slider_width, position_y +

slider_height - cordinate_y);

text ( slider_value, position_x, position_y + slider_height + 20);

if (mouseX >= position_x & mouseX <= position_x + slider_width &
mouseY<=cordinate_y+10 & mouseY>= cordinate_y-10){
if (mousePressed){
slider_dragged= true;
3
3

if (mousePressed==false) slider_dragged=false;

if (slider_dragged){
num_separator+= (int) ((cordinate_y - mouseY)/
((float)slider_height / (NumberOfTickMarks-1)));
num_separator = constrain(num_separator, 0, NumberOfTickMarks-1);

slider_value=map(num_separator, O, NumberOfTickMarks-1, min, max);
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0000000000000 00Db000b000bO0OooOoOboOoOan slidervalued OO
O00000000000000 sliderdraggeed00000D00ODO0OO0OOOOOOOOO
O0slider DOOO0OO0O0OOOOODOOOODODOOOO position_x,position_y, 00 00O
00000 slider_height, sliderwidth, 0000000000000 min, max, 000
0000000 NumberOfTickMarks D O 0000000 0O0OO0ODO0ODOOOOOODOO
00000 numseparator U OO UOOOOOOOOOOOOOO0OOOOOOOOO
J0o00o0ob0o0oobodooboobbooboooDbooooobOooboobooon
JoobooooobobboooobbboooobDbooooobObooooooboobooo

—_

. 0000000 (slidervalue) 0000000000000 (num-separator) 0 O
gooo

2. 00000000000000000 yOO (cordinatey) 00O O OO
3. 0b0uoogobobodo
4. 0000000000 (sliderdragged) DO OO

5. b 000 trued 0O

l.obooboboboboboobooboobooboobo

2. 000000bbbuoooobbbooooboboboo
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el OO

O000b0OWebOODOUOODO Interactive OO0 DOO00OO0OO0ODOO0ODOOOO
gobbooogbbbuooooboboooobbooooboboooobobooan

l.ogobboogoobbuoobbbooboboooobobooobbbooon
gbbooobogbbuoobbooboobboobboobooooobobood
gbbboggbbooobbboobbbooobbooobboooboboo
gbobboooobbodd

2. 000000 JavaScriptO 000 WebOODODODOOODODOODOODODOOOOO
gboboboogbbuogobbuoobbobuoogbbooobbbuoooboog
gobboooobbbuooobbobooooboo

. 0boggbobobuooobobbooobboooobbooobbbooooboba
gbobboggbbboooobbuooobbooobbuooobbuooobooga
gboboooobbuogobbooobbbooobobbuooobboooboog
gobooo
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0 OA 0OO00O000o00odnmi

float[][] ball_p = new float[81][2];
float[][] pre_p = new float[81][2];
float[][] ball_f = new float[81][2];
float[] mouse_p =new float[2];

float ball_size = 0.2;

float m=0.2;

float h=0.001;

int n = 9;

float slider_n = n;

boolean slider_dragged = false;

boolean slider2_dragged = false;

int click_ball=0;

boolean solid_mode false;

boolean force_mode = false;

void setup(){
size (800, 550);

set_particle();

void set_particle(){
int i, j, k=0;
for(i=1; i<10; i++){
for(j=1; j<10; j++){
if (k==n) break;
ball_pl[k][0] = i;
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ball_pl[k][1] = j;
pre_plk] [0] = i;
pre_plk][1] = j;

k++;

I

for(i=0; i<n; i++){
ball_f[i] [0]
ball_f[i] [1]

0;
0;

float distance(float[] a, float[] b){
return sqrt( sq(al0]-b[0]) + sq(al1l-b[1]) );

float[] lennard(float pi[], float p2[1){

float d, force;

float[] force_xy = new float[2];

d = distance(pl, p2);

force = -30 * pow(d,-13) + 30 * pow(d,-7);
force * (p2[0] - p1[0])/4;
force * (p2[1] - p1l[1l)/4;

force_xy[0]

force_xy[1]

return force_xy;

float[] verlet(float current[], float previous[], float forcel[]){
float[] newpos = new float[2];
newpos [0]=2*current [0] -previous [0] +h*h/m*force [0] ;
newpos [1]=2*current [1] -previous [1]+h*h/m*force[1];

return newpos;
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void reflect(int i){

if (ball_p[i] [0]<ball_size){

ball_p[i] [0] = ball_size*2-ball_p[i] [0];

pre_pl[i] [0] = ball_size*2-pre_p[i] [0];

}

else if(ball_p[i] [0]>10-ball_size)q{
ball_p[i] [0] = (10-ball_size)*2-ball_pl[i] [0];
pre_pl[i]l [0] = (10-ball_size)*2-pre_p[i] [0];

if (ball_plil [1]<ball_size){
ball_p[i] [1] = ball_size*2-ball_pl[i][1];
pre_pl[i]l [1] = ball_sizex*2-pre_pl[il [1];

}

else if(ball_p[i] [1]1>10-ball_size && solid_mode)
ball_p[i] [1]=10-ball_size-0.01;

else if(ball_p[i][1]1>10-ball_size){
ball_p[i] [1] = (10-ball_size)*2-ball_pl[i] [1];
pre_plil [1] = (10-ball_size)*2-pre_p[i][1];

void draw_particle(int i){
float v;
v = distance(ball_p[i], pre_p[il);
colorMode (HSB,360,100,100) ;
£i11(230+5000%*v,100,100) ;
ellipse(ball_p[i] [0]*50,ball_p[i] [1]*50, ball_size*100,ball_size*100);

void inter_force(int i, int j){
float[] tmp= new float[2];
tmp = lennard(ball_p[i], ball_p[jl);
ball_£[i] [0] += tmp[O];

37




ball_f[i] [1] += tmp[1];
ball_f[j][0] += -tmp[0];
ball_f[jI[1] += -tmp[1];

void calc_verlet(int i){
float[] tmp= new float[2];
if (solid_mode) ball_f[i] [1]+= 0.00001/(h*h);
tmp = ball_pl[il;
ball_p[i] = verlet(ball_p[i], pre_p[il,ball_f[i]);
pre_pl[i] = tmp;

void force_reset(int i){
ball_f[i] [0] 0;
ball_f[i][1] = 0;

void draw_force(int i){
float force_sqrt_x, force_sqrt_y;
strokeWeight (3);
if (ball_f[i] [0]>0) force_sqrt_x = sqrt(abs(ball_f[i][0]));
else force_sqrt_x = -sqrt(abs(ball_f[i][0]));
if (ball_f[i] [1]>0) force_sqrt_y = sqrt(abs(ball_f[i][1]));
else force_sqrt_y = -sqrt(abs(ball_f[i][1]));
line(ball_p[i] [0]*50, ball_p[i] [1]1*50,
ball_p[i] [0]*50+force_sqrt_x, ball_pl[i] [1]*50+force_sqrt_y);
strokeWeight (1) ;

void slider(int position_x, int position_y, int slider_height,

int slider_width, int min, int max, int number_tickmarks){

int num_separator = (int)map(slider_n, min, max, O, number_tickmarks-1);
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float cordinate_y = position_y + slider_height -
((float)slider_height / (number_tickmarks-1))*num_separator;

£i11(255);

noStroke() ;

rect(position_x, position_y + slider_height, slider_width+50, 30);

stroke(1);

rect(position_x, position_y, slider_width, slider_height);

£i11(0);

rect(position_x, cordinate_y, slider_width, position_y +

slider_height - cordinate_y);

text( "N="+nf(slider_n,1,0), position_x, position_y + slider_height + 20);
if (mousePressed==false) slider_dragged=false;
if (mouseX >= position_x & mouseX <= position_x + slider_width &
mouseY<=cordinate_y+10 & mouseY>= cordinate_y-10){
if (mousePressed){

slider_dragged= true;

if (slider_dragged){
num_separator+= (int) ((cordinate_y - mouseY)/
((float)slider_height / (number_tickmarks-1)));
num_separator = constrain(num_separator, 0, number_tickmarks-1);

slider_n=map(num_separator, O, number_tickmarks-1, min, max);

void slider2(int position_x, int position_y, int slider_height,

int slider_width, float min, float max, int number_tickmarks){

int num_separator =
(int)map(h, min, max, O, number_tickmarks-1);

float cordinate_y = position_y + slider_height -
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((float)slider_height / (number_tickmarks-1))*num_separator;
£111(255);
noStroke();
rect(position_x, position_y + slider_height, slider_width+50, 30);
stroke(1);
rect(position_x, position_y, slider_width, slider_height);
£i11(0);
rect(position_x, cordinate_y, slider_width, position_y +

slider_height - cordinate_y);

text( "h="+nf(h,1,4), position_x, position_y + slider_height + 20);

if (mousePressed==false) slider2_dragged=false;

if (mouseX >= position_x & mouseX <= position_x + slider_width &
mouseY<=cordinate_y+10 & mouseY>= cordinate_y-10){
if (mousePressed){

slider2_dragged= true;

if (slider2_dragged){
num_separator+= (int) ((cordinate_y - mouseY)/
((float)slider_height / (number_tickmarks-1)));
num_separator = constrain(num_separator, 0, number_tickmarks-1);

h=map (num_separator, 0, number_tickmarks-1, min, max);

void mousePressed() {
int i;
for(i=0; i<n; i++){
if (mouseX-10-20<=ball_p[i] [0]*50 & mouseX-10+20>= ball_p[i] [0]*50 &
mouseY-10-20<=ball_p[i] [1]1*50 & mouseY-10+20>= ball_p[i] [1]1*50){
click_ball = i;
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£i11(0);
//Processing

ellipse(pre_p[i] [0]1*50,pre_p[i] [1]*50,ball_size*100,ball_size*100) ;

/*JavaScript

ellipse(10+pre_p[i] [0]*50,10+pre_p[i] [1]*50,
ball_size*x100,ball_size*x100);

*/

mouse_p[0] = mouseX;
mouse_p[1] = mouseY;
return;
}
}
click_ball = -1;
}

void mouseReleased(){
if (click_ball != -1){
ball_f[click_ball] [0] +=( mouseX - mouse_p[0])*0.0001/(hxh);
ball_f[click_ball]l[1] += (mouseY - mouse_p[1])*0.0001/(h*h);

void keyPressed() {
if (key == ’s’||key == ’S’) {
if(solid_mode) solid_mode = false;

else solid_mode = true;

if (key == ’f’||key == 'F’) {
if (force_mode) force_mode = false;

else force_mode = true;

}
if (key == ’r’|lkey == ’R’) set_particle();
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void draw(){
colorMode (RGB,256) ;
int i;
int j;
translate(10,10);
if (mousePressed == false){
if (n!=slider_n) {
n=(int)slider_n;
set_particle();
}
background (255) ;
text ("Press R to Reset ",550,35);
text ("Press S to Solid-Mode "+so0lid_mode, 550,50) ;
text ("Press F to Force-Mode "+force_mode,550,65);
£i11(255,255,255) ;
rect(0, 0, 500, 500);

for( i=0; i<n; i++){
reflect(i);

draw_particle(i);

for( i=0; i<n-1; i++){
for( j=i+1l; j<n; j++){

inter_force(i, j);

for( i=0; i<n; i++){
if (force_mode){
draw_force(i);
}

calc_verlet(i);
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for(i=0; i<n; i++){

force_reset(i);

translate(-10, -10);

colorMode (RGB,256) ;

slider (600, 100, 300, 20, 1, 81, 81);
slider2(700, 100, 300, 20, 0.0001, 0.01, 100);

translate(10, 10);
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