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The Isinig model is a famous and applicable model in the statistical 
mechanics. In this project, I propose to consider the Ising model and its 
computational simulation. In this text, I try to review the main idea of 
the Ising model and Metropolis algorithm, the computational approach to 
this problem. Finally, I report the result of my own simulation and 
compare its results with analytical solution as a conclusion. 
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1. Disorder condition (hot start): In this state we start our program with 
complete disordered state, which means the entropy is maximal. 

2. Order condition (cold start): In this state we start our program with 
complete ordered state, which means the entropy is minimal and the 
temperature is 0. 

2. Generate a new state: 

1. Choose ijth  element randomly (Monte Carlo) 

2. Reverse ijth spin direction to create a trial configuration 

3. Calculate the energy of the trial configuration 

4. If E new < E {sij} then accept the change 

5. Else with random process with P probability accept the change 

(b) Simulation Algorithm [Appendix: Project.f90]: 

Subroutine Monte Carlo 
Monte Carlo choose of a random particle

Metropolis to change orientation of particle

Loop for 
20000000 time

Temperature
Size

J=1, KB=1
parameters.dat

Total energy
Average magnetization

Spin Structure Spin_x.dat

Results.dat

 
 

(c) Metropolis Algorithm [Appendix: Subroutine MonteCarlo]: 
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                    T=0.1, Average magnetization=1                                    T=1.0, Average magnetization= 0.9446 
 

      
               T=1.5, Average magnetization= 0.7316                              T=2.0, Average magnetization= 0.3589 
 

 
T=4.0, Average magnetization= 0.1107 

Figure 4. The result structures in 40×40 lattice. 

CONCULSION 

The result structures of simulation (in 40×40 lattice) are shown in Figure 4. As we expect, the 
entropy of system increasing by the temperature of system.  

Figure 5 are the charts of results for 20×20, 40×40, 60×60 and 100×100 in compare of 
analytical graph. As we expect, the value of the average magnetization in high temperature 
are decrease by increasing of system. It’s mean that the system becomes nearest to statistical 
limit and the simulation work well as a statistical system. The other point is that the 
qualitative behavior of system and the simulation’s results are same. On the other hand, we 
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APPENDIX: Project.f90 
!____________________________________ 
!Computational Physics Project (Fall 2008) 
!By Sayed Mohammad Mahdi Sadrnezhaad - 8711105 
!smmsadr@gmail.com - smmsadr@merc.ac.ir 
!____________________________________ 
!This program writen to calculate the equilibrium states of the Ising Hamiltonian  
!with Monte-Carlo methods. 
!____________________________________ 
module parameters 
!In this module we define the value of our parameters. 
 integer N,Total 
 real(8) J,Total_energy,kB,T,Average_magnetization 
 integer(4) P 
 integer s(100,100)  
end module parameters 
!____________________________________ 
Program Monte_Carlo_for_Ising_Hamiltonian 
 use parameters 
 implicit none 
 !integer i 
 open (10,file='p.dat',status='old') 
  read (10,*) P 
 close (10) 
 Average_magnetization=0 
 Total=0 
 open (20,file='Results.dat',status='unknown')   
 call parameters_reader 
 call Ising_Hamitunian 
 close (20) 
 open (10,file='p.dat',status='unknown') 
  write (10,*) P 
 close (10) 
end Program Monte_Carlo_for_Ising_Hamiltonian 
!____________________________________ 
subroutine parameters_reader 
!This subroutine reads parameters from input file 2. 
 use parameters 
 implicit none 
 integer b,c 
 s=0 
 open (10,file='parameters.dat',status='old') 
  read (10,*) J  
  read (10,*) N   
  read (10,*) kB 
  read (10,*) T  
 close (10) 
 !open (10,file='First_spin.dat',status='old') 
  do b=1,N 
   do c=1,N 
    !read (10,*) s(b,c) !For when we want read first spin from file. 
    s(b,c)=1 
   end do 
  end do 
 !close(10) 
end subroutine 
!____________________________________ 
subroutine Montecarlo(counter) 
 use parameters 
 implicit none 
 integer r_x,r_y,counter !,reject 
 real r,Probability,ran 
 r_x=int(ran(P)*(N-1)+1) 
 r_y=int(ran(P)*(N-1)+1) 
 r=ran(P) 
 !print*,N,r_x,r_y 
 if (Probability(r_x,r_y)>1) then 
  s(r_x,r_y)=-1*s(r_x,r_y) 
 else 
  if (Probability(r_x,r_y)>r) then 
  if (Probability(r_x,r_y)<1) s(r_x,r_y)=-1*s(r_x,r_y) 
 end if 
 end if 
 counter=counter+1 
 !print*,counter 
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end subroutine 
!____________________________________ 
function Probability(x,y) 
 
 use parameters  
 implicit none 
 integer x,y,x1,y1,x2,y2 
 real Probability,delta_E,beta 
 beta=-1/(kB*T) 
 x1=mod(x+N-2,N)+1 
 x2=mod(x,N)+1 
 y1=mod(y+N-2,N)+1 
 y2=mod(y,N)+1 
 delta_E=-J*s(x,y)*(s(x1,y1)+s(x1,y2)+s(x2,y1)+s(x2,y2)) 
 Probability=exp(beta*delta_E) 
end function 
!____________________________________ 
subroutine Ising_Hamitunian 
 use parameters 
 implicit none 
 integer counter,b_b_b !,Tc,r_x,r_y,i 
 !real r 
 b_b_b=100 
 Total=0 
 Average_magnetization=0 
 Total_energy=0 
 counter=0 
 do while(counter<=20000000) 
  call Montecarlo(counter) 
  if (counter>b_b_b*1000) then  
   b_b_b=b_b_b+1 
   call Energy_calculator 
   call Magnetization_Calculator !(counter) 
   !if (Number_of_Zero>300000) then 
   call write_results(counter) 
   !Print*,Counter,Average_magnetization,Total_energy 
  end if  
 end do 
end subroutine 
!____________________________________ 
subroutine Energy_calculator 
 use parameters  
 implicit none 
 integer x,y,x1,y1,x2,y2 
 !real E 
 Total_energy=0 
 do x=1,N 
  do y=1,N 
   x1=mod(x+18,N)+1 
   x2=mod(x,N)+1 
   y1=mod(y+18,N)+1 
   y2=mod(y,N)+1 
   Total_energy=Total_energy-J*s(x,y)*(s(x1,y1)+s(x1,y2)+s(x2,y1)+s(x2,y2))/4 
  end do 
 end do 
 Total_energy=Total_energy/(N**2) 
end subroutine 
!____________________________________ 
subroutine Magnetization_Calculator !(c) 
 use parameters  
 implicit none 
 integer f,g,sum2 !,c 
 sum2=0 
 do f=1,N 
  do g=1,N 
   sum2=sum2+s(f,g) 
  end do 
 end do 
 Average_magnetization=sum2+Average_magnetization 
 total=total+1 
end subroutine 
!____________________________________ 
subroutine write_results(c) 
!This subroutine writes results in output file. 
 use parameters 
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 implicit none 
 integer i,k,c 
 open (30,file='spin_1.dat',status='unknown') 
 open (31,file='spin_2.dat',status='unknown') 
  do i=1,N 
   do k=1,N 
    if (s(i,k)==1) then 
     write (30,4)  i,k,s(i,k) 
    else 
     write (31,4)  i,k,s(i,k) 
    end if 
   end do 
  end do 
 close (30) 
 close (31) 
 write (20,4) c,Total_energy,Average_magnetization/(total*(N**2)) 
4 format(9(2x,g17.11)) 
end subroutine 
!____________________________________ 


