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Hydrogenic wave functions are use to estimate the total energy of beryllium ground state and the first ionization potential.

The total energy is 
E= f1s*h01s(a)+(f2s+f2p)*h02s(a)+ve1s1s(a)+ ve2s2s(a)+

     $ f1s*f2s*ve1s2s(a)+

     $f1s*f2p*ve1s2p(a)+f2s*f2p*ve2s2p(a)-2.*akx1s2s(a)
The expression for all potential terms ve1s1s, ve1s2s…..-akx1s2s

are given in ref. 6 as function of a single variational parameter a.

The orbital energy for a 2s electron is. The ionization potential should be 

I = - eorb .
      eorb=h02s(a)+f1s*ve1s2s(a)+ ve2s2s(a)- akx1s2s(a)
The results are given and the Fortran code used.The minimum energy is

E = -14.2097   au while the Hartee –Fock value is -14.5730 au.

The ionization potential is way off. It gives .1010 au while the HF value is 

0.3092 au.

Run

a,E,eorb=  0.300000E+01 -0.140371E+02 -0.230449E+00

 a,E,eorb=  0.302500E+01 -0.140595E+02 -0.222916E+00

 a,E,eorb=  0.305000E+01 -0.140804E+02 -0.215227E+00

 a,E,eorb=  0.307500E+01 -0.140997E+02 -0.207382E+00

 a,E,eorb=  0.310000E+01 -0.141175E+02 -0.199380E+00

 a,E,eorb=  0.312500E+01 -0.141337E+02 -0.191223E+00

 a,E,eorb=  0.315000E+01 -0.141483E+02 -0.182909E+00

 a,E,eorb=  0.317500E+01 -0.141614E+02 -0.174438E+00

 a,E,eorb=  0.320000E+01 -0.141729E+02 -0.165812E+00

 a,E,eorb=  0.322500E+01 -0.141828E+02 -0.157029E+00

 a,E,eorb=  0.325000E+01 -0.141912E+02 -0.148090E+00

 a,E,eorb=  0.327500E+01 -0.141980E+02 -0.138995E+00

 a,E,eorb=  0.330000E+01 -0.142033E+02 -0.129743E+00

 a,E,eorb=  0.332500E+01 -0.142070E+02 -0.120336E+00

 a,E,eorb=  0.335000E+01 -0.142091E+02 -0.110772E+00

 a,E,eorb=  0.337500E+01 -0.142097E+02 -0.101051E+00

 a,E,eorb=  0.340000E+01 -0.142087E+02 -0.911749E-01

 a,E,eorb=  0.342500E+01 -0.142061E+02 -0.811421E-01

 a,E,eorb=  0.345000E+01 -0.142020E+02 -0.709530E-01

 a,E,eorb=  0.347500E+01 -0.141963E+02 -0.606077E-01

 a,E,eorb=  0.350000E+01 -0.141891E+02 -0.501062E-01

 a,E,eorb=  0.352500E+01 -0.141803E+02 -0.394485E-01

 a,E,eorb=  0.355000E+01 -0.141699E+02 -0.286344E-01

 a,E,eorb=  0.357500E+01 -0.141580E+02 -0.176641E-01

 a,E,eorb=  0.360000E+01 -0.141445E+02 -0.653776E-02

 a,E,eorb=  0.362500E+01 -0.141294E+02  0.474506E-02

 a,E,eorb=  0.365000E+01 -0.141128E+02  0.161842E-01

 a,E,eorb=  0.367500E+01 -0.140946E+02  0.277794E-01

 a,E,eorb=  0.370000E+01 -0.140749E+02  0.395309E-01

 a,E,eorb=  0.372500E+01 -0.140536E+02  0.514387E-01

 a,E,eorb=  0.375000E+01 -0.140307E+02  0.635028E-01

 a,E,eorb=  0.377500E+01 -0.140063E+02  0.757231E-01

 a,E,eorb=  0.380000E+01 -0.139803E+02  0.880996E-01

 a,E,eorb=  0.382500E+01 -0.139527E+02  0.100632E+00

 a,E,eorb=  0.385000E+01 -0.139236E+02  0.113321E+00

 a,E,eorb=  0.387500E+01 -0.138929E+02  0.126167E+00

 a,E,eorb=  0.390000E+01 -0.138607E+02  0.139168E+00

 a,E,eorb=  0.392500E+01 -0.138269E+02  0.152326E+00

 a,E,eorb=  0.395000E+01 -0.137915E+02  0.165640E+00

 a,E,eorb=  0.397500E+01 -0.137546E+02  0.179110E+00

 a,E,eorb=  0.400000E+01 -0.137161E+02  0.192737E+00

FORTRAN Code

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. )

      data z, f1s,f2s,f2p/4., 2.,2.,0./

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

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

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

      ve1s2p(a)= .2425*a

      ve2s2p(a)=  .1613*a

      akx1s2s(a)=(.2196e-1)*a

      akx1s2p(a)=(.8048e-1)*a

      akx2s2p(a)= (.2920E-1)*a

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

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

      nstep=40

      a=z-1.

      af=z

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

      do 10 i=0,nstep

      E= f1s*h01s(a)+(f2s+f2p)*h02s(a)+ve1s1s(a)+ ve2s2s(a)+

     $ f1s*f2s*ve1s2s(a)+

     $f1s*f2p*ve1s2p(a)+f2s*f2p*ve2s2p(a)-2.*akx1s2s(a)-0.*akx1s2p(a)

     $-0.*akx2s2p(a)

      eorb=h02s(a)+f1s*ve1s2s(a)+ ve2s2s(a)- akx1s2s(a)

      print 100 ,a,E,eorb

c      print*,'  '

      a=a+da

10    continue

100   format(1x,'a,E,eorb=',3(1x,e13.6))

      stop

      end

