Total energy of lithium in the Hartree approximation
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Two variational parameters a1 and a2 allow a reasonable estimate of the  total energy of lithium. The energy is given by 
E (a1,a2) = < ψ1s(r1) ψ1s(r2)  ψ2s(r3)   / H / ψ1s(r1) ψ1s(r2)  ψ2s(r3)   >  (1)

Take the wavefunctions to be

ψ1s(a1,r) = ( a13 / π) ½  exp(-a1 r)                                                (2)         

ψ2s(a2,r) =( a23 /(32π)) 1/2 (2-a2r)  exp(-a2 r/2 )     .                    

The total energy is 

 E (a1,a2) = 2.*(a1**2/2.-z*a1)

 +(1./4.)*(a2**2/2.-z*a2)

      +5.*a1/8.  +2.*ve1s2s                                                                (3)    

Where  Ve1s1s= 5.*a1/8.  is the 

repulsive energy between the two 1s electrons.

Ve1s2s is the repulsive energy between a 1s electron and the 2s orbital electron. Its explicit expression is

       Ve1s2s=-(1./8.)*a2*(-8.*a1*a2**4-96.*a1**3*a2**2-64.*a1**5-

     $  80.*a1**2*a2**3-

     $ 160.*a1**4*a2)/(2.*a1+a2)**5                                  .             (4)

The energy plot with a1 fixed at Z-5./16.   shows a minimum of about -7.39 au when a2≈1.3   .
The Hartree –Fock value is -7.43 au .
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Fortran code

c Lithium ground state Hartree approx  evaluation of E(a1,a2) as a

c   functional of two parameters a1 and a2

c a1 is fixed at z-5./16.   and a2 is varied

c ps1s and psi2s are the hydrogenic wave functions

c     psi1s(r) = sqrt(a1**3/pi) * exp(-a1*r)                                                (1)

c psi2s(r) =  sqrt( a2**3 /(32.*pi))*(2.-a2*r)  exp(-a2*r/2. )

      z=3.

      nstep=20

      a1=z-5./16.

      a2i=.7

      a2f=2.

      da=(a2f-a2i)/float(nstep)

      a2=a2i

      do 10 i=0,nstep

       Ve1s2s=-(1./8.)*a2*(-8.*a1*a2**4-96.*a1**3*a2**2-64.*a1**5-

     $  80.*a1**2*a2**3-

     $ 160.*a1**4*a2)/(2.*a1+a2)**5

      e= 2.*(a1**2/2.-z*a1)

     $ +(1./4.)*(a2**2/2.-z*a2)

     $ +5.*a1/8.  +2.*ve1s2s

c      print*,'ve1s2s=',ve1s2s

      print 100 ,a1,a2,E

c      print*,'  '

      a2=a2+da

10    continue

100   format(1x,'a1,a2,E=',3(3x,e11.4))

      stop

      end

