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#include <stdio.h>

#include <stdlib.h>

#include <math.h> ooooy

#include <GLUT/glut.h>

#define NN 10000 // size of array

#define PI 3.14159265

#define echarge // charge of an elementary electron 70707
#define ep0 // Electric permittivity of free space

#define emass // mass of a free electron

/*Declaration of variables related to electron dynamics */
int PARTICLE NUM;

double dt,time;

int step,total step;

double side x,side_y,side z,sideh x,sideh_y,sideh zEfield;
double epsilon;

static double cd[NN];

static double cd_draw[NNT];

static double vI[NN]; 7070717
static double fc[NN];

static double mass[NN];

static double kinenergy[NN];

[***%* Declaration of variables related to OpenGL ****%*/
int stop_flg=1;

double eye len=220;

double trans[3] = {0.0, 0.0, 0.0};

double angle[3] = {0.0, 0.0, 0.0};

int mouse | =0;

int mouse_m = 0;

int mouse_r = 0;

int mpos[2];

double m_matrix[16];

double i_matrix[16];
/********************************/

/** Declaration of the variables to open the file **/
FILE *fp_output;

ooo0oooooooon,uoooon

/*Initialization of electron dynamics[] */

void init_dynamics(void) ooooooooooooooononnnn

{
int 1,j,k;
int ix,1y,iz;
double v12_sum;

/* Device size (in units of nano mater)*/

side x= ;

side y=  ; 000000000 0m 000

B

side z= ;

/*Half of the device size ( Don't change this part.)*/
sideh x=side x*0.5;
sideh_y=side y*0.5;
sideh _z=side z*0.5;
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/*Number of electrons*/
PARTICLE NUM= ;

/*time step */
dt= ;

/*time initialization*/
step=1;

/*total number of simulation steps*/
total_step = ;

/*electric field in units of [V/m]*/
Efield= ;

/*file open command */
fp_output=fopen("output.dat","w");

/*mass of electrons */
for(i=0; i < PARTICLE_NUM; i++)
{
mass[i]= ;

}

/*dielectric constant™®/
epsilon= ;

/*initial positions of electrons in units of [m] */
for (i=0;i<PARTICLE _NUM;i++)
{

cd[i*3] = ((double)rand()/RAND_MAX-.0)*side x*1.0e-9; | — X

PARTICLE NUM=00000000

a=000000

step=[] 00000000010 time=step*dt

Efield OO0O0O0O0000

oooooon outputdat 0000000
oooooooooonn

164 00000000

oooooooooooonnn

ooooooooooooon

cd[i*3+1] = ((double)rand()/RAND MAX-.0)*side y*1.0e-9; | -y DO o000

cd[i*3+2] = ((double)rand()/RAND MAX-.0)*side z*1.0e-9; | —z

}

—~—
| 0-100000000000000000000000

/*initial velocities of electrons in units of [m/s] */
for(i = 0; i < PARTICLE_NUM,; i++)

vl[i*3] = ; - Wy
vi[i*3+1]= ; v, HO0O0O00
vi[i*3+2]= ; -V,

}

/*electron dynamics */
void run_dynamics(void)
{ . ..
int i,j;
double dis,ld,md,nd,sumvz;

time+=dt;

/* update of forces acting on electrons*/
double dist;

ooooooooooooooonononnno

ooooooonoonnnn
U run_dynamics [J total _step=10000 [J [J[J[][70
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for(i = 0; i < PARTICLE NUM; i++)
{
fc[i*3]=0.0;
fc[i*3+1]=0.0;
fc[i*3+2]=0.0;

for(j = 0; j < PARTICLE_NUM; j++) - [
{ 0000000000000 - f
if(j 1=1) - [
{
dist=sqrt(  (cd[i*3]-cd[j*3])*(cd[i*3]-cd[j*3]) +  (cd[i*3+1]-cd[j*3+1])*(cd[i*3+1]-cd[j*3+1]) +

(cd[i*3+2]-cd[j*3+2])*(cd[i*3+2]-cd[]*3+2]) );

/*

fc[i*3]+= 0.0;
fc[i*3+1]+=0.0 ;
fe[i*3+2]+= 0.0 ;
}
H
}

/*update of velocities*/
for(i=0; i < PARTICLE NUM,; i++)
{
vi[i*3]= ;
vil[i*3+1]=
vi[i*3+2]=
}

/*update of positions */
for(i = 0; i < PARTICLE _NUM,; i++)

{
cd[i*3] = ;
cd[i*3+1]= ;
cd[i*3+2]=
h
/*average velocity in z-direction*/
sumvz=0;
for(i = 0; 1 < PARTICLE NUM,; i++)
{
sumvz+=vl[i*3+2];
H

sumvz=sumvz/PARTICLE NUM,;

/*file output*/
fprintf(fp_output," %e %e ¥n" time,sumvz);
/*printf("average velocity= %e (m/s) ¥n",sumvz);*/

/* reflections at x,y boundaries and periodic b.c. at z boundaries */
for(i = 0; i < PARTICLE _NUM,; i++)

{
if (cd[i*3+2]>side_z*1.0e-9)

cd[i*3+2]= ;
}

7(9)

0 (10)

ooooiio oonzo0onoonnosumz)
oooon

ooooooooooooononnon
Ofprintt O 000000
Oprintf 00000

Ye: JOOOOOO%d: 00000
W“Oooooooo

oooooooonn

Oooooooouz oo
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if (cd[i*3+2]<0)
cd[i*3+2]= ;

h
if (cd[i*3]>side_x*1.0e-9)
{
vi[i*3]= ;
cd[i*3]=
H
if (cd[i*3]<0)
{
vi[i*3]= ;
cd[i*3]=

H
if (cd[i*3+1]>side_y*1.0e-9)
{
vi[i*3+1]=
cd[i*3+1]= ;
H
if (cd[i*3+1]<0)
{
vi[i*3+1]= ;
cd[i*3+1]= ;
b
bt

/* time increment*/
step++;

if(step == total_step)

// file close.
// exit the dynamics time roop

fclose(fp_output);
exit(1);

}

glutPostRedisplay();
;

// OpenGL command

rOO000000000000000000%

void draw_box(void)

{
glDisable(GL_LIGHTING);
glColor3£(1.0,1.0,1.0);

glBegin(GL_LINE LOOP);
glVertex3f( 0, 0,0);
glVertex3f(side x, 0,0);
glVertex3f(side x,side y,0);
glVertex3f(0, side_y,0);
glEnd();

| oooooooo: 000

_
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glBegin(GL_LINE LOOP);

glVertex3f( 0, 0,side z);
glVertex3f(side x, 0,side z);
glVertex3f(side x,side y,side z);
glVertex3f(0, side y,side z);
glEnd();

glBegin(GL_LINES);
glVertex3f( 0, 0, 0);
glVertex3f( 0, 0,side z);
glVertex3f(side x, 0, 0);
glVertex3f(side x, 0,side z);
glVertex3f(  O,side y, 0);
glVertex3f(  0,side_y,side z);
glVertex3f(side x,side y, 0);
glVertex3f(side x,side y,side z);
glEnd();

glEnable(GL_LIGHTING);

void draw_dynamics(void)

{

int 1;

double color_level;
GLfloat color[4];

glTranslated(-sideh_x,-sideh_y,-sideh_z);
draw_box();

for(i=0; i < PARTICLE _NUM; i ++){
cd_draw[i*3]=cd[1*3]*1.0e9;

cd_draw[i*3+1]=cd[i*3+1]*1.0e9;
cd_draw[i*34+2]=cd[i*3+2]*1.0e9;

glPushMatrix();
glTranslated(cd draw[i*3],cd_draw[i*3+1],cd_draw[i*3+2]);

color[0]=0; — Red
color[1]=1; — Green
color[2]=0; — Blue

color[3]=1.0;

glMaterialfv(GL_FRONT, GL_ AMBIENT AND_ DIFFUSE,color);

glutSolidSphere(0.2, 20, 10);

glPopMatrix(); 0.2:000000000

}

H
void mat_inv(double a[4][4])

{

int 1,j,k;
double t, u, det;
intn=73;

ooooooooooonn

oooooooonoon
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det=1,
for(k = 0; k <n; k++){
t = a[k][k]; det *=t;
for(i = 0; 1 <n; i++) a[k][i] /=t;
a[k][k]=1/t;
for(j = 0; j <n; j++)
if(j I=k){
u=afj]k];
for(i=0;1<n;it+t)
if(i 1= a[j][i] -= a[k][i] * u;

else a[j[i] = -u/t;
}
}
H
void init_gl(void)
{

GLfloat light position[] = {1.0, 1.1, 1.2, 0.0};

glShadeModel(GL_SMOOQOTH);
glLightfv(GL_LIGHTO0, GL_POSITION, light position);

glMatrixMode(GL_MODELVIEW);
glGetDoublev(GL_MODELVIEW_ MATRIX,m_matrix);
glGetDoublev(GL_MODELVIEW_ MATRIX,i_matrix);

H
void display(void)
{

int i,j;
double d0,d1,d2,d3,d4,ds;
GLfloat color[4];

glClearColor(0.0, 0.0, 0.0, 1.0);
glClear(GL_COLOR_BUFFER BIT | GL_DEPTH BUFFER _BIT);

glEnable(GL_DEPTH_TEST);
glEnable(GL_CULL_FACE);
glEnable(GL_LIGHTING);
glEnable(GL_LIGHTO);
glCullFace(GL_BACK);

glLoadlIdentity();
glPushMatrix();

gluLookAt(eye_len, 0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0);
glTranslated(trans[0], trans[ 1], trans[2]);

glPushMatrix();

glLoadldentity();

glRotatef( angle[0],1.0,0.0,0.0);

glRotatef( angle[1],0.0,1.0,0.0);

glRotatef( angle[2],0.0,0.0,1.0);
glMultMatrixd(m_matrix);
glGetDoublev(GL_MODELVIEW MATRIX, m_matrix);
glPopMatrix();

for(i=0;1<16; i++)
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1_matrix[i] = m_matrix[i];
mat_inv((double(*)[4])i_matrix);

glMultMatrixd(m_matrix);

if(mouse 1==1 | mouse m==1 || mouse_r==1){
angle[0] = 0;
angle[1
angle[2
}

1=0;
1=0;
draw_dynamics();
glPopMatrix();
glDisable(GL_DEPTH TEST);
glDisable(GL_LIGHTO);
glDisable(GL_LIGHTING);
glDisable(GL_CULL_FACE);

glutSwapBuffers();

void reshape(int w, int h)

{

}

int 1;
glViewport(0, 0, (GLsizei)w, (GLsizei)h);

giMatrixMode(GL_PROJECTION);
glLoadldentity();

gluPerspective(30.0, (double)w / (double)h, 1.0, 800.0)
glMatrixMode(GL_MODELVIEW);

void mouse(int button, int state, int x, int y)

{

switch (button) {
case GLUT_LEFT BUTTON:
if (state == GLUT_DOWN) {
mpos[0] = x;
mpos[1] =y;
mouse 1=1;
§
if (state == GLUT _UP) {
mouse 1= 0;
}
break;
case GLUT _MIDDLE BUTTON:
if (state == GLUT_DOWN) {
mpos[0] = x;
mpos[1] =y;
mouse m = 1;
H
if (state == GLUT UP) {
mouse_m = 0;
§
break;

>



407 case GLUT _RIGHT BUTTON:

408 if (state == GLUT_DOWN) {
409 mpos[0] =x;

410 mpos[1] =y;

411 mouse 1= 1;

412 }

413 if (state == GLUT _UP) {
414 mouse_r = 0;

415 }

416 break;

417 default:

418 break;

419 }

420 }

421  void motion(int x, int y)

422 {

423 double dO;
424 double len = 10;

425

426 len = eye len;

427

428 if(mouse 1 ==1 && mouse m == 1){

429 trans[0] += (double)(y-mpos[1])*1en/150;
430 angle[0] = -(double)(x-mpos[0])*0.2;

431 } else if(mouse m==1 || (mouse_|==1 && mouse r == 1)){
432 trans[1] += (double)(x-mpos[0])*len*.001;
433 trans[2] -= (double)(y-mpos[1])*Ilen*.001;
434 } else if(mouse r==1){

435 trans[0] -= (double)(y-mpos[1])*len/150;
436 angle[0] = (double)(x-mpos[0])*0.2;
437 } else if(mouse 1 ==1){

438 d0 =1en/50;

439 if(d0 > 1.0) d0 = 1.0;

440 angle[1] = (double)(y-mpos[1])*d0;

441 angle[2] = (double)(x-mpos[0])*d0;

442 }

443 if(mouse 1==1 || mouse_ m==1 || mouse_r==1){
444 mpos[0] = x;

445 mpos[1]=Yy;

446 glutPostRedisplay();

447 }

448 }

449  void keyboard(unsigned char key, int X, int y)
450

{
451 if( key == 'q' || key == 'Q") exit(0);
452 if(key == ')

453 {

454 if(stop_flg==1)

455 {

456 stop_flg=0;

457 glutldleFunc(run_dynamics);
458 }

459

460 else if(stop_flg ==0)

461 {

462 stop flg=1;

463 glutldleFunc(NULL);

464 )
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}

}

int main(int argc, char** argv)

{

init_dynamics();

glutlnit(&argc, argv);
glutInitDisplayMode(GLUT DOUBLE | GLUT _RGBA | GLUT _DEPTH);
glutlnitWindowSize (1000, 1000);
glutlnitWindowPosition (400, 100);
glutCreateWindow (argv[0]);
init_gl();

glutDisplayFunc(display);
glutReshapeFunc(reshape);
glutMouseFunc(mouse);
glutMotionFunc(motion);
glutKeyboardFunc(keyboard);
glutMainLoop();

return 0;
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