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Complex one = new Complex(1,0): real number unit: "1”
Complex mone = new Complex(-1,0): minus one: “-1"
Complex i1 = new Complex(0,1): maginary number unit
Complex mil = new Complex(0,-1): minus -
nt Nx = 80: number of lattice points in x-direction
nt Ny : number of lattice points in y-direction

number of lattice points in z-direction

x-width of the sample

y-width of the sample

z-width of the sample

display size—x

display size-y

= B display size-z

double Pl = Math. atan2(1.0, 1.0) = 4.0: Pl

Complex[J[1[] psi
Complex[][1[] psi_s
Complex[] (][] Ux
Complex(J[1[] Uy
Complex(] (][] Uz
Complex[J[1[] Uxm
Complex[J[1[] Uym
Complex[][1[] Uzm
Complex(J[1[] Ux_p
Complex[][1[] Uy p
Complex[1[1[] Uz_p
double[J[1[] Ex
le(J010] Ey
ble1000] Ez

[T T TR TR TR TR

new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex [Nx+2] [Ny+2] [Nz+2]:
new Complex [Nx+2] [Ny+2] [Nz+2] :
new Complex[Nx+2] [Ny+2] [Nz+2]:
new Complex [Nx+2] [Ny+2] [Nz+2] :
new double[Nx+2] [Ny+2] [Nz+2]:

= new double[Nx+2] [Ny+2] [Nz+2]:

new double[Nx+2] [Ny+2] [Nz+2]:

ble h = 88x / Nx:
e dt = 0.0002:
TDGL parameter
2

= 10.0:

spatia
tempora

order parameter
order parameter (just
nk variable correspg
nk variable correspg
nk variable correspg
(just for calc laplag
(just for calc laplag
(just for calc laplag
for calc electric fig
for calc electric fig
for calc electric fig
electric field Ex
electric field Ey
electric field Ez

discretization step which should be equal

discretization step

time-constant for the order parameter ps

17



KREICHELMEZL=ES

a=a+b-c-d+e-f

a.equal ( a.plus( b.mul (¢c).mul(d) ).plus( e.mul (f) );

Complex plus( Complex z ) {

return new Complex( x + z.x, vy + 2.y );

}
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class Complex{
//// x: real part
//// y: imaginary part
K = [ B =
double x, y; r % Z 7
Complex(double x@, double y@){ *ﬁ%?&77 Jémﬁ
X = x@; // real part
y = y@; // imaginary part

Complex(Complex z){
X = Z.Xj
y = 2.y;

void setPolar(double R, double theta){

X = R % Math.cos(theta);
y = R * Math.sin(theta); Complex mul (Complex z) {

} - .
void equal(Complex z){ double x1 = z.x;
X = 2.X; double y1 = z.vy;
y VOBV double x2 = x;
id equal(double x@, double y0){ — v
VO)l( :g::;n oubLe X Oub Le yO doub | e yz — y’
| y = yo; return new Complex (x1*x2 — ylky2, x1%y2 + y1*x2);

Complex plus(Complex z){ }

return new Complex(x + z.x, y + z.y);
}
Complex minus(Complex z){
return new Complex(x - z.x, y = z.y);
}
Complex mul(double a){
return new Complex(akx, aky);
h |
Complex mul(Complex z){
double x1 = z.x;
double yl1 = z.y;
double x2 = x;
double y2 = y;
return new Complex(x1%x2 - ylxy2, x1ky2 + ylkx2);
}
Complex div(double a){
return new Complex(x/a, y/a);
}
Complex conj(){
return new Complex(x, -y);
}
}
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Complex Lz (Complex[1[1[] Ux, Complex[I[1[] Uy, Complex[1[]1[] Uz, int i, int j, int k) {

return Ux[i1[j1Tk]. mul Uy [i+11 051 TkD). mul WxCiTTj+11Tk]. conj O). mul WyLi1Ti1[k]. conj ()
}
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void do_Laplacian(Complex[I1[1[] psi, Complex[]1[]1[] Ux, Complex[][1[] Uy, Complex[][][] Uz, double dt, double D) {

for(int k = 1; k <= Nz; k++) {
for(int j =1; j <= Ny, j+) {
for(int i =1; i <= Nx; i++){
psi_s[i1[j]1[k].equal (psi[i1[j]1[k].plus(

((si[i+1][j1k]. mul (Ux[il[jICk])).plus(psili-110j]1[k].mul (Ux[i-1]1[j]1[k].conj()))
.plus(psi[i][j+1]1[k]. mul (Uy[il[j][k])).plus(psilillj-1]1[k].mul (Uy[i]l[j-11[k].conj()))
.plus(psi[il[j1lk+1]. mul Wz[illj1Ck1)).plus(psililljllk-11.mul Wz[il[jllk-1].conj()))
.minus(psi[i]l[j]lk].mul (6.0) ) )

.mul(dt * D/ (h*h))

for(int k = 1; k <= Nz; k++) {
for(int j =1; j <= Ny; j+) {
for(int i =1; i <=Nx; i++){
psilil[jILk]. equal (psi_s[i][j]l[k]):

/111717717
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/// constraints by the applied field and current
/// y-z plane ( Bz-Uy-component ) set Ja = 0 when longitudinal
for (int k = 1; k <= Nz; k++) {
for(int j =1; j <= Ny-1; j++) {
ex. setPolar (1.0, hxh*(Ba + Ja*SSx/2.0));
Uy[11[j][k]. equal (Uy[2] [j1[k]. mul (Ux[1][j+1][k].conj()).mul (Ux[1][j1Ck]).mul (ex)) ;
ex. setPolar (1.0, —hxh*(Ba — Ja*SSx/2.0)) ;
; Uy [Nx] [j1[k]. equal (Uy[Nx=11[j][k].mul (Ux[Nx=11[j+11[k]).mul (Ux[Nx=11[j][k].conj()).mul (ex)) ;
}
/// z—x plane ( Bz-Ux-component ) omit when transverse
for(int i =1; i <= Nx-1; i++){
for (int k = 1; k <= Nz; k++) {
ex. setPolar (1.0, - hxh*Ba) ;
Ux[i][1][k]. equal ¢ (Uy[i+1]1[1]1[k].conj ) .mul (Ux[i][2][k]).mul (Uy[i]1[1][k]).mul (ex) );
ex. setPolar (1.0,  hxh*Ba) ;

Ux[i][Ny]l[k].equal ¢ Ux[1][Ny=11[k].mul Uy[i+1]1[Ny=11[k]).mul Wy[i]l[Ny=-11[k].conjQ)).mul (ex) );
}

}
/// y-z plane ( J=(0, 0, Jb)-Uz—component ) longitudinal
for(int k = 1; k <= Nz-1; k++) {
for(int j =1; j <= Ny; j++) {
ex. setPolar (1.0, hxh*Jb*SSx/2.0) ;
Uz[11[j1k]. equal ¢ Ux[1][5][k]. mul (Uz[21[j1LK]) . mul (Ux[11[j]1[k+1].conj()).mul (ex) );
Uz[NxI[j]1[k].equal ¢ (Ux[Nx=11[j][k].conj()).mul (Uz[Nx=11[j]1[kl).mul (Ux[Nx=11L[j][k+11).mul (ex) );
}
}
/// z-x plane ( J=(0, 0, Jb)-Uz—component ) longitudinal
for(int i =1; i <= Nx; i+t {
for(int k = 1; k <= Nz-1; k++) {
ex. setPolar (1.0, hxh*Jb*SSy/2.0) ;
Uz[il[1][k]. equal ¢ Uy[iJ[11[k]l.mul (Uz[iJ[2][k]).mul QUyL[il[1][k+1].conj()).mul (ex) );
Uz[i][Ny][k].equal ¢ (Uy[i][Ny-11[k].conjQO).mul (Uz[i][Ny-11[k1).mul (Uy[il[Ny-11[k1).mul (ex) );
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