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c       variation energy of H2 plus molecules

c phi1s(r)=(4.*a**3/r)*(.25/a**3-exp(-2.*a*r)*(.25*r/a**2+.25/a**3))

c nucleus (a) is located at the origin, nucleus (b) at R=(Rx,0.,0.)

      equivalence (limx1,x1), (limy1,y1),(limz1,z1),(dx,dy,dz)

      real limx1,limx2,limy1,limy2,limz1,limz2,lx,j1sab,kprimo

      dimension px2a2b(0:50,0:50,0:50)

      ra(x,y,z)=sqrt(x**2+y**2+z**2)

      rb(x,y,z)=sqrt((x-Rx)**2+(y-Ry)**2+(z-Rz)**2)

      ra2(x,y,z)=sqrt(x2**2+y2**2+z2**2)

      rb2(x,y,z)=sqrt((x2-Rx)**2+(y2-Ry)**2+(z2-Rz)**2)

      u1sa1(x,y,z)=sqrt(alfa**3/pi)*exp(-alfa*ra(x,y,z))

      u1sb1(x,y,z)= sqrt(alfa**3/pi)*exp(-alfa*rb(x,y,z))

      u1sa2(x,y,z)=sqrt(alfa**3/pi)*exp(-alfa*ra2(x,y,z))

      u1sb2(x,y,z)= sqrt(alfa**3/pi)*exp(-alfa*rb2(x,y,z))

      phi1s(r)=(4.*alfa**3/r)*(.25/alfa**3-exp(-2.*alfa*r)*

     $(.25*r/alfa**2+.25/alfa**3))

      pi=2.*asin(1.)

      alfa=1.

c limits of integration Rx=position of nucleus (b)

      Rx=.5

      lx=3.

      nx=50

      itrx=25

      rxf=4.

      drx=(rxf-rx)/float(itrx)

      do 40 ie=1,itrx

      Ry=0.

      Rz=0.

      limx1=-lx

      limx2=rx+lx

      limy1=-lx

      limy2=lx

      limz1=-lx

      limz2=lx

      dx=(limx2-limx1)/float(nx)

      ny=nint((limy2-limy1)/dy)

      nz=nint((limz2-limz1)/dz)

c     3 dim.  integrations  varying internuclear distance

      call delta(dx,dy,dz,nx,nz,ny,limz1,limy1,limx1,rx,ry,rz,alfa,

     $ pi,overlap)

cc      ovex=exp(-rx)*(1.+rx+.3333*rx**2)

c      print*,'overlap,ovex=',overlap ,ovex

      call AJ(dx,dy,dz,nx,nz,ny,limz1,limy1,limx1,rx,ry,rz,alfa,

     $ pi,j1sab)

      call AJprim(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,alfa,

     $ pi,aj12)

      call AK(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,alfa,

     $ pi,ak1a1b)

      iter=12

      call Expot(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,alfa,

     $ pi,iter,px2a2b,kprimo)

c      akx=-exp(-rx)*(1.+rx)

c      print*,'ak1a1b, akx=', ak1a1b ,akx

c      ajx12=1./rx-exp(-2.*rx)*(1./rx+11./8.+.75*rx+(1./6.)*rx**2)

c      print*,'aj12,ajx12=',aj12 ,ajx12

c      aj1sab=-1./rx+exp(-2.*rx)*(1.+1./rx)

c      print*,'j1sab,j1sex=',j1sab, aj1sab

      wh=.5*alfa**2-alfa

      wsim=2.*wh+1./rx +(2.*j1sab+ aj12+2.*overlap*ak1a1b+kprimo)/

     $(1.+overlap**2)

      wasim=2.*wh+1./rx +(2.*j1sab+ aj12-2.*overlap*ak1a1b-kprimo)/

     $(1.-overlap**2)

      print 100,rx,wsim,wasim

      rx=rx+drx

40    continue

100   format(2x,'D,E(sym),E(antisym)=',3(4x,e10.3))

      stop

      end

      function alapla(x,y,z,Rx,Ry,Rz,alfa,dx,dy,dz)

      ra(x,y,z)=sqrt(x**2+y**2+z**2)

      rb(x,y,z)=sqrt((x-Rx)**2+(y-Ry)**2+(z-Rz)**2)

      psi(x,y,z)=exp(-alfa*ra(x,y,z))+

     $exp(-alfa*rb(x,y,z))

      alapla=psi(x+dx,y,z)+ psi(x-dx,y,z)+

     $ psi(x,y+dy,z) +psi(x,y-dy,z)+

     $psi(x,y,z+dz)+psi(x,y,z-dz) -6.*psi(x,y,z)

      return

      end

      subroutine delta(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,

     $ alfa,pi,overlap)

      ra(x,y,z)=sqrt(x**2+y**2+z**2)

      rb(x,y,z)=sqrt((x-Rx)**2+(y-Ry)**2+(z-Rz)**2)

      u1sa1(x,y,z)=sqrt(alfa**3/pi)*exp(-alfa*ra(x,y,z))

      u1sb1(x,y,z)= sqrt(alfa**3/pi)*exp(-alfa*rb(x,y,z))

      dtau=dx**3

      sum=0.

      z=z1

      do 30 iz=1,nz

      y=y1

      do 20 iy= 1,ny

      x=x1

      do 10 ix=1,nx

      sum= sum +  u1sa1(x+dx/2.,y+dy/2.,z+dz/2.)*

     $ u1sb1(x+dx/2.,y+dy/2.,z+dz/2.)

      x=x+dx

10    continue

      y=y+dy

20    continue

      z=z+dz

30    continue

      overlap=dtau*sum

      return

      end

      subroutine AJ(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,alfa,

     $ pi,j1sab)

      real j1sab

      ra(x,y,z)=sqrt(x**2+y**2+z**2)

      rb(x,y,z)=sqrt((x-Rx)**2+(y-Ry)**2+(z-Rz)**2)

      u1sa1(x,y,z)=sqrt(alfa**3/pi)*exp(-alfa*ra(x,y,z))

      u1sb1(x,y,z)= sqrt(alfa**3/pi)*exp(-alfa*rb(x,y,z))

      dtau=dx**3

      sum=0.

      z=z1

      do 30 iz=1,nz

      y=y1

      do 20 iy= 1,ny

      x=x1

      do 10 ix=1,nx

      if(rb(x+dx/2.,y+dy/2.,

     $ z+dz/2.).eq.0.0)goto 14

      sum= sum +  u1sa1(x+dx/2.,y+dy/2.,z+dz/2.)**2/rb(x+dx/2.,y+dy/2.,

     $ z+dz/2.)

14    x=x+dx

10    continue

      y=y+dy

20    continue

      z=z+dz

30    continue

      j1sab=-dtau*sum

      return

      end

      subroutine AJprim(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,alfa,

     $ pi,aj12)

      ra(x,y,z)=sqrt(x**2+y**2+z**2)

      rb(x,y,z)=sqrt((x-Rx)**2+(y-Ry)**2+(z-Rz)**2)

      u1sa1(x,y,z)=sqrt(alfa**3/pi)*exp(-alfa*ra(x,y,z))

      u1sb1(x,y,z)= sqrt(alfa**3/pi)*exp(-alfa*rb(x,y,z))

      phi1s(r)=(4.*alfa**3/r)*(.25/alfa**3-exp(-2.*alfa*r)*

     $(.25*r/alfa**2+.25/alfa**3))

      dtau=dx**3

      sum=0.

      z=z1

      do 30 iz=1,nz

      y=y1

      do 20 iy= 1,ny

      x=x1

      do 10 ix=1,nx

      r=rb(x+dx/2.,y+dy/2.,z+dz/2.)

      sum= sum +  u1sa1(x+dx/2.,y+dy/2.,z+dz/2.)**2*phi1s(r)

14    x=x+dx

10    continue

      y=y+dy

20    continue

      z=z+dz

30    continue

      aj12=dtau*sum

      return

      end

      subroutine  AK(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,alfa,

     $ pi,ak1a1b)

      ra(x,y,z)=sqrt(x**2+y**2+z**2)

      rb(x,y,z)=sqrt((x-Rx)**2+(y-Ry)**2+(z-Rz)**2)

      u1sa1(x,y,z)=sqrt(alfa**3/pi)*exp(-alfa*ra(x,y,z))

      u1sb1(x,y,z)= sqrt(alfa**3/pi)*exp(-alfa*rb(x,y,z))

      phi1s(r)=(4.*alfa**3/r)*(.25/alfa**3-exp(-2.*alfa*r)*

     $(.25*r/alfa**2+.25/alfa**3))

      dtau=dx**3

      sum=0.

      z=z1

      do 30 iz=1,nz

      y=y1

      do 20 iy= 1,ny

      x=x1

      do 10 ix=1,nx

      if(rb( x+dx/2.,y+dy/2.,z+dz/2.).eq.0.0)goto 14

      r=rb(x+dx/2.,y+dy/2.,z+dz/2.)

      sum= sum +  u1sa1(x+dx/2.,y+dy/2.,z+dz/2.)*

     $ u1sb1(x+dx/2.,y+dy/2.,z+dz/2.)/rb( x+dx/2.,y+dy/2.,z+dz/2.)

14    x=x+dx

10    continue

      y=y+dy

20    continue

      z=z+dz

30    continue

      ak1a1b=-dtau*sum

      return

      end

      subroutine Expot(dx,dy,dz,nx,nz,ny,z1,y1,x1,rx,ry,rz,alfa,

     $ pi,iter,px2a2b,kprimo)

      dimension px2a2b(0:50,0:50,0:50) ,uiter (0:50,0:50,0:50)

      real kprimo

      ra(x,y,z)=sqrt(x**2+y**2+z**2)

      rb(x,y,z)=sqrt((x-Rx)**2+(y-Ry)**2+(z-Rz)**2)

      u1sa1(x,y,z)=sqrt(alfa**3/pi)*exp(-alfa*ra(x,y,z))

      u1sb1(x,y,z)= sqrt(alfa**3/pi)*exp(-alfa*rb(x,y,z))

      rho(x,y,z)= u1sa1(x,y,z)*u1sb1(x,y,z)

      pi=2.*asin(1.)

      dtau=dx*dy*dz

c          potencial phi mediante ecuacion de Poisson

c fix boundary conditions

c boundary at plane x=-lx  ,x=+lx

      do 205 j=0,ny

      do 205 k=0,nz

      x=x1

      y=y1+dy*float(j)

      z=z1+dz*float(k)

      r1=sqrt(x1**2+y**2+z**2)

      px2a2b(0,j,k)=0.

      uiter(0,j,k)=0.

      px2a2b(nx,j,k)=0.

      uiter(nx,j,k)=0.

205   continue

c boundary at plane y=limy1

      do 206 i=0,nx

      do 206 k=0,nz

      y=y1

      x=x1+dx*float(i)

      z=z1+dz*float(k)

      r1=sqrt(x**2+y1**2+z**2)

      px2a2b(i,0,k)=0.

      uiter(i,0,k)=0.

      px2a2b(i,ny,k)=0.

      uiter(i,ny,k)=0.

206   continue

c boundary at plane z=limz1

      do 207 i=0,nx

      do 207 j=0,ny

      z=z1

      x=x1+dx*float(i)

      y=y1+dy*float(j)

      r1=sqrt(x**2+y**2+z1**2)

      px2a2b(i,j,0)=0.

      uiter(i,j,0)=0.

      px2a2b(i,j,nz)=0.

      uiter(i,j,nz)=0.

207   continue

c******************************************************

c initial value of the potential px2a2b (at interior points)

      do 30 iz=1,nz-1

      do 30 iy=1,ny-1

      do 30 ix=1,nx-1

      x=x1+dx*float(ix)

      y=y1+dy*float(iy)

      z=z1+dz*float(iz)

      px2a2b(ix,iy,iz)=rho(x,y,z)/(ra(x,y,z)+rb(x,y,z))

c       px2a2b(ix,iy,iz)=.1

c      print*,'px=',  px2a2b(ix,iy,iz)

30    continue

c      ********* ITERATIONS  **************

c integration using finite difference  (dx=dy=dz)

      do 55 it=1,iter

      z=z1

      do 35 iz=1,nz-1

      y=y1

      do 25 iy= 1,ny-1

      x=x1

      do 15 ix=1,nx-1

      trho=(1./6.)*4.*pi*dx**2*rho(x,y,z)

      sumphi=(1./6.)*( px2a2b(ix+1,iy,iz)+px2a2b(ix-1,iy,iz)+

     $ px2a2b(ix,iy+1,iz)+px2a2b(ix,iy-1,iz)+px2a2b(ix,iy,iz+1)

     $+px2a2b(ix,iy,iz-1))

      uiter(ix,iy,iz)= trho+sumphi

      x=x1+dx*float(ix)

15    continue

      y=y1+dy*float(iy)

25    continue

      z=z1+dz*float(iz)

35    continue

c relabel phi and phi1

      do 45  i=0,nx

      do 45  j=0,ny

      do 45  k=0,nz

      px2a2b(i,j,k)=uiter(i,j,k)

45    continue

c      do 70 i=12,12

c      do 70 j=12,12

c      do 70 k=12,12

c      print 100,i,j,k,px2a2b(i,j,k)

c      print*,'   '

c70    continue

55    continue

c integration of rho x px2a2b over all space simply dtau=dx*dy*dz

c     NO  4.*pi factor

      suma=0.

      z=z1

      do 135 iz=0,nz

      y=y1

      do 145 iy= 0,ny

      x=x1

      do 155 ix=0,nx

      suma=suma+rho(x,y,z)*px2a2b(ix,iy,iz)

      x=x1+dx*float(ix)

155   continue

      y=y1+dy*float(iy)

145   continue

      z=z1+dz*float(iz)

135   continue

      suma=suma*dtau

      kprimo=suma

c      print*,'kprimo=',suma

100   format(1x,3(i3,1x),e11.4)

      return

      end

  D,E(sym),E(antisym)=     0.500E+00    -0.509E+00     0.477E+01

  D,E(sym),E(antisym)=     0.640E+00    -0.892E+00     0.321E+01

  D,E(sym),E(antisym)=     0.780E+00    -0.108E+01     0.207E+01

  D,E(sym),E(antisym)=     0.920E+00    -0.119E+01     0.133E+01

  D,E(sym),E(antisym)=     0.106E+01    -0.126E+01     0.784E+00

  D,E(sym),E(antisym)=     0.120E+01    -0.129E+01     0.404E+00

  D,E(sym),E(antisym)=     0.134E+01    -0.131E+01     0.136E+00

  D,E(sym),E(antisym)=     0.148E+01    -0.129E+01    -0.117E+00

  D,E(sym),E(antisym)=     0.162E+01    -0.128E+01    -0.287E+00

  D,E(sym),E(antisym)=     0.176E+01    -0.127E+01    -0.420E+00

  D,E(sym),E(antisym)=     0.190E+01    -0.124E+01    -0.531E+00

  D,E(sym),E(antisym)=     0.204E+01    -0.122E+01    -0.615E+00

  D,E(sym),E(antisym)=     0.218E+01    -0.120E+01    -0.684E+00

  D,E(sym),E(antisym)=     0.232E+01    -0.118E+01    -0.742E+00

  D,E(sym),E(antisym)=     0.246E+01    -0.115E+01    -0.788E+00

  D,E(sym),E(antisym)=     0.260E+01    -0.114E+01    -0.820E+00

  D,E(sym),E(antisym)=     0.274E+01    -0.111E+01    -0.856E+00

  D,E(sym),E(antisym)=     0.288E+01    -0.110E+01    -0.881E+00

  D,E(sym),E(antisym)=     0.302E+01    -0.108E+01    -0.901E+00

  D,E(sym),E(antisym)=     0.316E+01    -0.107E+01    -0.918E+00

  D,E(sym),E(antisym)=     0.330E+01    -0.106E+01    -0.932E+00

  D,E(sym),E(antisym)=     0.344E+01    -0.105E+01    -0.944E+00

  D,E(sym),E(antisym)=     0.358E+01    -0.104E+01    -0.953E+00

  D,E(sym),E(antisym)=     0.372E+01    -0.103E+01    -0.960E+00

  D,E(sym),E(antisym)=     0.386E+01    -0.103E+01    -0.967E+00
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