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The effective potential is given by uef(x) which is a function of fexp(x).
In the case of lithium ground state c3=0. The neutral atom has f1s=2 , f2s=1.

For the singly ionized atom f1s=2 , f2s=0.

The initial conditions are for- s states- Psi(0)=1.  Psi(1)= -dx + Psi(0) .

The initial conditions are for- p states- Psi(0)=0.  Psi(1)= +dx + Psi(0)

c23456 effective potential

      dimension psi(0:10000)

      real nel ,lambda

      fexp(x)=c1*exp(-lambda*x) + (c2+ c3*f2p*x)*exp(-lambda*x/2.)

      uef(x)=-(1./x)*(z-nel+1.+(nel-1.)*fexp(x))

      g(e,x)=e -uef(x)

      pi=2.*asin(1.)

      z=3.

      f1s=2.

      f2s=1.

      f2p=0.

      nel=f1s+f2s+f2p

      c1=f1s/(f1s+f2s)

      c2=f2s/(f1s+f2s)

      c3=2.4

      al=0.

      lambda=z

      nstep=5000

      kprint=int(float(nstep)/20.)

      e1=-2.89

      e2=-2.84

      xlim=2.80

      e=e1

      iter=1

      deltae=(e2-e1)/float(iter)

      do 40 it=1,iter

      xfin=xlim

      print*,'g(e,xfin),xfin=',g(e,xfin),xfin

      dx=xfin/float(nstep)

c     initial conditions for s orbitals

      if(al.eq.0.)then

      psi(0)=1.

      psi(1)=-dx+psi(0)

      endif

c     initial conditions for p orbitals

      if(al.ge.1.)then

      psi(0)=0.

      psi(1)=+dx+psi(0)

      endif

      do 30 i=2,nstep

      x=dx*float(i)

      psi(i)=2.*psi(i-1)-psi(i-2)-(2.*dx/(x-dx))*(psi(i-1)-psi(i-2))

     $-2.*dx**2*g(e,x-dx)*psi(i-1)

     $ +dx**2*al*(al+1.)*psi(i-1)/(x-dx)**2

30    continue

      write(6,110)e,psi(nstep)

c      call anorm(pi,dx,psi,nstep,alfac)

      Print*,'  '

      call prtpsi(psi,pi,alfa2,nstep,kprint,dx)

       Print*,'  '

      e=e+deltae

40    continue

110   format(2x,'e,psif=',1x,2(3x,e11.4))

      stop

      end

      subroutine anorm(pi,dx,psi,nstep,alfac)

      dimension psi(0:10000)

      pi=2.*asin(1.)

      sum=0.

      do 10 i=1,nstep

      x=dx*float(i)

      sum=sum+psi(i-1)**2*(x-dx)**2+ psi(i)**2*x**2

10    continue

      sum=sum*4.*pi*dx/2.

      cnorm=1./sqrt(sum)

      do 20 i=0,nstep

      psi(i)=psi(i)*cnorm

20    continue

c      alfac=(pi*psi(0)**2)**(1./3.)

c      print*,'alfacorrected=',alfac

      return

      end

      subroutine prtpsi(psi,pi,alfa2,nstep,kprint,dx)

      dimension psi(0:10000)

      psi2s(x)=sqrt(alfa2**3/(32.*pi))*(2.-alfa2*x)*exp(-alfa2*x/2.)

      do 10 i=0,nstep,kprint

      x=dx*float(i)

      print 100, x, psi(i),0.*psi2s(x)

10    continue

100   format(2x,'x, psi,psi2s=',3(3x,e11.4))

      return

      end

[image: image1.emf]lithium psi2s  e=-.19

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 2 4 6

r(au)

psi2s

Series1


[image: image2.emf]Lithium psi1s   e=-2.86

0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3

r(au)

psi1s

Series1


The HF ,first and second ionization potentials of lithium are 0.1963 au and

2.7364 au. (see E.U. Condon , H. Odabasi, Atomic Structure, Cambridge Univ Press 1980, pp 474 -475 )
