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import java.awt.?*;

import java.awt.event.*;

import java.applet.Applet;

public class myIsing2 extends IsingGUI {
double h;

/* solve{) carries out the Metropolis method for updating a
2-dimensional lattice of spins. The updating runs
continuously until you push the Stop button of the
applet.

The spin values are given as the elements of an array of
integers called

State[m] [n]
The entries of State should take the values 1 or -1.
n and m range over the values 0, 1, 2, ... Nx or Ny
{If vou call State[m] [n] for m or n outside this

range, bad things will happen.)

Nx and Ny are set equal to 200; please do not change this.
The program then simulates a 200 x 200 spin model.

To implement fixed-spin boundary conditions, do Metropolis

updates for m, n =1 .. Nx-1 only
To implement periodic boundary conditions, do Metropolis
updates for m, n=1.. Nx-1 only
and,

when the 1 element is updated, copy it to the Nx element
when the Nx-1 element is updated, copy it to the 0 element
The temperature is available as a glcobal variable called T.

The method below is set up to simulate the thermodynamics of
the Hamiltonian

H = - sum_ {nm} S_{nm}/T

corregponding to an external magnetic field h =1

and no interaction, You should change this Hamiltonian
appropriately to simulate the Ising model with J = 1

The value of the energy/site will be reported in the applet
if yvou implement the function computeEnergy () below

*/

void solwve () {
/* intialization */

h = -0.2;

int 1i,3;

int Ns = 4;

for (i = 1; i <= Nx; i++){

for (3 = 1; J <= Ny; j++}{
Statel[il []j] = 1;
/* add a reversed-spin droplet of size Ns */
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if ( (i - Nx/2)*(i-Nx/2) + (j - Ny/2)*(j-Ny/2) < Ns*Ns )}
Statef[il[j] = -1;

}
/* sweep through the lattice and do Metropolis updating */
int N = 0;
while (true){
N++;
/* impose periodic boundary conditions */
for (1 = 2; i <= Nx-1; i++){
State[i][0] = Statel[i] [Nv-1];
State[i] [Ny] = State[il[1l]:
}
for (j = 2; j <= Ny-1; j++){
State{0][j] = State[Nx-11([J]:
State[Nx] [j] = State[l]l[ij];

}
/* now sweep */
for (i = 1; 1 < Nx; i++){
for (j = 1; j < Ny; j++)}{
int § = Statel[il][]]:
double Hnoflip = H(i,3,S);
double Hflip = H{i,j,-9);:
if (Hflip < Hnoflip){
Statel[i][j] *= -1;

} else {

double r = ran();
/* gets a random number between 0 and 1 */

double ratio = Math.exp( - (Hflip - Hnoflip)/T);
if (r < ratio) Statel[i]l[j] *= -1;:

}

}
/* put a large number here to make the updating run slower */
if (timetostop) break;
if (N%2 == 0) refreshPicture();
}
}

double H{int m, int n, int S){
/* wvalue of H including only terms involving
S = State(m] [n]
S is kept as an argument so we can flip it
With more complicated Hamiltonian, the
return value would depend on State[m+l][n]
and other neighboring spins */
return - (8§ * (State[m+1l][n] + State[m-1][n] + State[m][n+1]
+ Statelm]l[n-11}
+ h * 8) ;

}

double computeEnergy () {
int i,73;
/* should return E/N */
double EE = 0.0;
for (i = 1; i < Nx; i++){
for {(j = 1; J < Ny; j++){
EE += H(i,j,Statelil[j]);
}

}
return EBE/{ (Nx-1)}* (Ny-1));



evolution of bubbles at T= 1.5, H=-0.2

with R = 6, the almost every bubble grows

with R = 4, almost every bubble shrinks

but here is an example
of a bubble growing
fromR =4
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