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The total energy of neon  (Z=10) , in the configuration 1s2 2s2 2p6 is calculated using one variational parameter (a) and the scaled hydrogenic wavefunctions,
ψ1s(a,r) = ( a3 / π) ½  exp(-a r)                                            (1)        

ψ2s(a,r) =( a3 /(32π)) 1/2 (2-ar)  exp(-a r/2 )         .            (2)

It is shown in references     (2) – (7) that , the electron-electron repulsion energies are   
      ve1s1s(a)=(5./8.)*a                                                  (3)
      ve1s2s(a)=(17./81.)*a

      Ve2s2s(a) = (77./512.)*a
     we take    Ve2s2p=Ve2p2p= Ve2s2s

We use only one exchange term  namely 

K1s2s = kx(a)=(16./729.)*a                   .                        (4)
There are 20 electron pairs with parallel spin.

The total energy is 

      E= f1*h01s(a)+f2*h02s(a)+ve1s1s(a)+f1*f2*ve1s2s(a)+

           (1./2.)*f2*(f2-1.)*ve2s2s(a)-20.*kx(a)

The plot of E vs a shows a minimum at  a ≈ 8.05  , E = -129.9364
The Hartree Fock values is  EHF = -128.5470 au 
To obtain the first ionization potential, we  minimize E for the configuration

1s2 2s2 2p5 . There are now 16 exchange pairs of electrons.

The minimum is  E= - 129.2077 au

I = 129.9364 - 129.2077 = 0.7287  au  and the observed value is 0.7925 au.

a1, E=    0.7899998E+01   -0.1289058E+03

 a1, E=    0.7999998E+01   -0.1290375E+03

 a1, E=    0.8099998E+01   -0.1291317E+03

 a1, E=    0.8199999E+01   -0.1291885E+03

 a1, E=    0.8299999E+01   -0.1292077E+03

 a1, E=    0.8400000E+01   -0.1291894E+03

 a1, E=    0.8500000E+01   -0.1291336E+03

 a1, E=    0.8600000E+01   -0.1290403E+03

 a1, E=    0.8700001E+01   -0.1289096E+03

 a1, E=    0.8800001E+01   -0.1287413E+03
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Fortran code 

c  NEON ONE PARAMETER VARIATIONAL CALCULATION

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. )

c there are 20 electron pairs that contribute to the exchange energy

      real kx

      data z, f1,f2/10., 2.,8./

      ve1s1s(a)=(5./8.)*a

      ve1s2s(a)=(17./81.)*a

      Ve2s2s(a) = (77./512.)*a

      kx(a)=(16./729.)*a

      h01s(a)=a**2/2.-z*a

      h02s(a)=(1./4.)*h01s(a)

      nstep=40

      a=z-4.

      af=z

      da=(af-a)/float(nstep)

      do 10 i=0,nstep

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

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

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

      e= f1*h01s(a)+f2*h02s(a)+ve1s1s(a)+f1*f2*ve1s2s(a)+

     $(1./2.)*f2*(f2-1.)*ve2s2s(a)-20.*kx(a)

      print 100 ,a,E

c      print*,'  '

      a=a+da

10    continue

100   format(1x,'a1, E=',2(3x,e11.4))

      stop

      end

