Electron –Electron Repulsion by Monte Carlo Methods
by Reinaldo Baretti Machín

www.geocities.com/serienumerica2
www.geocities.com/serienumerica

reibaretti2004@yahoo.com




The electron repulsion energy ,Vee , between two 1s electrons is calculated using Monte Carlo methods.

In this case 
Vee  = ∫ ∫ (1./ [ r1 – r2 ] )  ψ1s (r1 )2  ψ1s( r2 )2 dV1 dV2       (1)
and we take  ψ1s (r )= ( 1/π )1/2 exp(-r)  . The exact value of (1)

 is 5/8 =0.625

A box of size =2 /xi /   is constructed  and 20,000 samplings are made for each integration.The value of xi is changed. The normalization condition   ∫  ψ1s (r )2 dV = 1 is tested along with each calculation of Vee .   

The Fortran code employed is given below. 

The volume of each box is   Vol= 8 /xi /3  .

The Montecarlo calculation averages the function 

F(r1,r2)= (1./ [ r1 – r2 ] )  ψ1s (r1 )2  ψ1s( r2 )2      (2)

and estimates 

Vee ≈ ( 8 /xi /3 )2 F(r1,r2)average                                (3)
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The results show that Vee (yellow marks) oscillates about 0.6 . 
FORTRAN code

c VEE by Monte Carlo method    dec 14 , 2007

c xi=3.7 gives a normalization of 1. +- 2 % error

c for veecalculations  /xi/ should be less than 3.7

      data nstep, xi/20000, -2.7/

      psi(r)=sqrt(1./pi)*exp(-r)

      f(r1,r2)=(psi(r1)**2*psi(r2)**2 )/r12

      fn(r)=psi(r)**2

      boxsize=2.*abs(xi)

      pi=2.*asin(1.)

      xs=sqrt(2.)

      sum=0.

      sumnorm=0.

      hit=0.

      do 10 i=1,nstep

c determines  r1

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

      ys=x1**2*float(i)

      call ran(ys,xi,boxsize,pi,y1)

      zs= y1**2*float(i)

      call ran(zs,xi,boxsize,pi,z1)

      zs=z1**2*float(i)

      r1=sqrt(x1**2+y1**2+z1**2)

      xs=zs

c determines r2

      call ran2(xs,xi,boxsize,pi,x2)

      ys=x2**2*float(i)

      call ran2(ys,xi,boxsize,pi,y2)

      zs= y2**2*float(i)

      call ran2(zs,xi,boxsize,pi,z2)

      zs=z2**2*float(i)

      xs=zs

      r2=sqrt(x2**2+y2**2+z2**2)

      r12=sqrt((x1-x2)**2 +(y1-y2)**2 +(z1-z2)**2+0.*1.e-6)

      if(r12.gt.0.0)then

      sum=sum+f(r1,r2)

      sumnorm=sumnorm+fn(r1)

      hit=hit+1.

      endif

10    continue

      sumave= sum/hit

      sumnorm=boxsize**3*sumnorm/float(nstep)

      vee=sumave*boxsize**6

      print*,'xi,nstep,hits=',abs(xi), nstep, hit

      print*,' '

      print*,' /xi/ ,normtest,vee ,Vee(teo)=  '

      print 100,abs(xi),sumnorm, vee , 5./8.

100   format(2x,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+.3)*pi)

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

      return

      end

