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Reference:
1. Electron –Electron Repulsion by Monte Carlo Methods ,http://www.geocities.com/serienumerica2/Electronelectronrepulsion.doc
The aim of this note is to combine two tools used in solving quantum mechanics problems. The first is the variational method and the second ,much less familiar, is the Monte Carlo method.

Monte Carlo methods are really useful when the integrations are not easily amenable to analytic or numerical methods. Such is the case when dealing with many- particle systems.

The total energy of the harmonic oscillator is (hbar=1,m=1,k=1)
 E = (1. / ∫ Ψ2 dx) ( -(1/2)∫ Ψ (d2 Ψ/dx2 ) dx  + ∫ (1/2) x2 Ψ2 dx )     (1).

It is well known that the energy eigenvalues are

En = ( n+ ½)      ,     n=0, 1,2,..                             .

The ground state energy is 0.5
Employ the trial wavefunction  

                                             Ψ(x)  =  exp(-α x2)                               (2)

where α is the variational parameter.

The Monte Carlo integration of (1) generates three averages.

The normalization average is
Norm =  (size of the box) * ( Ψ2 ) average                                          (3)

The kinetic energy is 

Ekin =(1/norm)(size of the box)*{  -(1/2) Ψ (d2 Ψ/dx2 )average}                    (4)

and the potential energy is

Epot =  (1/norm)(size of the box)* {(1/2) x2 Ψ2 average}                            .   (5) 

The range  of x is chosen to be            - (8/α)1/2  ≤  x  ≤    (8/α)1/2 . Hence the size of the box is  2(8/α)1/2.
The FORTRAN code given below includes its own random number generator invoked by the subroutine ran(x,xi,boxsize,pi,z).

Figure 1 shows our results. A minima exists E≈0.5 for alfa ≈ 0.5.
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FIGURE 1.

c  energy of harmonic oscillator by MonteCarlo Methods

c http://www.geocities.com/serienumerica2/Electronelectronrepulsion.doc

c   march 26 , 2008

      data dx, nstep, niter, a1 ,a2/1.e-3,3000,50,.3 , .8/

c      psi(x)=(1./pi**(.25))*exp(-.5*x**2)

      psi(x)=exp(-alfa*x**2)

      tx(x)=(psi(x+dx)

     $-2.*psi(x)+psi(x-dx))/dx**2

      f(x)=-(1./2.)*psi(x)*tx(x)

      vx(x)=(.5*x**2)*psi(x)**2

      fn(x)=psi(x)**2

      pi=2.*asin(1.)

      da=(a2-a1)/float(niter)

      alfa=a1

      do 20 ia =1,niter

      xs=sqrt(float(ia+1))

      xi=-sqrt(8./alfa)

      boxsize=2.*abs(xi)

      sum=0.

      sumv=0.

      sumnorm=0.

      hit=0.

      do 10 i=1,nstep

      call ran(xs,xi,boxsize,pi,x1)

c      print*,'x1=',x1

      xs=x1**2*float(i)

      sum=sum + f(x1)

      sumnorm=sumnorm+fn(x1)

      sumv=sumv+vx(x1)

10    continue

      sumnorm=boxsize*sumnorm/float(nstep)

      ekin=boxsize*sum/float(nstep)

      epot=boxsize*sumv/float(nstep)

      ekin=ekin/sumnorm

      epot=epot/sumnorm

      etotal= ekin+epot

c      print*,'xi,nstep=',abs(xi), nstep

c      print*,' '

c      print*,'          /xi/ ,   normfactor,  ekin , ekin(teo)=  '

      print 150 ,alfa, ekin, epot, etotal

      alfa=alfa+da

20    continue

c      print 100,abs(xi),sumnorm, ekin, .25

100   format(2x,4(3x,e11.4))

150   format(1x,'a,ek,ep,et=',4(3x,e11.4))

      stop

      end

      subroutine ran(x,xi,boxsize,pi,z)

      y=sqrt((x+.1)*pi)

      z=xi+boxsize*abs(y-int(y))

      return

      end

      subroutine ran2(x,xi,boxsize,pi,z)

      y=sqrt((x+sqrt(pi))*pi)

      z=xi+boxsize*abs(y-int(y))

      return

      end

