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The total energy of an atom ,in Slater’s method is given by

E =    ∑i  ∫ φi (-1/2 ∆ -Z/r) φi )dτ
         + (1/2) ∫ ρ(r) ρ(r’) dτ dτ’/abs (r-r’)  + αx Kx                 (1)
where αx is about one and Kx is called the exchange formula.

We employ here the original expression
Kx = -(3/4) (3/π)1/3 ∫ ρ(r)4/3 dτ                                             (2)  
and set αx =1.

For helium we employ  hydrogenic orbitals 

φ1s = (α3 / π)1/2 exp( - α r)                                                   (3)
This variational parameter α , is not related in any way to αx.
Then the energy becomes a functional of α , that is E =E(α).

Results for helium:
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The minimum is  E= -2.70 au  with  α = 1.64 , a result obtained by Tong and Sham (1966) , see Ref. page 156. 
alfa,et=    0.2200E+01   -0.2392E+01

 alfa,et=    0.2160E+01   -0.2437E+01

 alfa,et=    0.2120E+01   -0.2475E+01

 alfa,et=    0.2080E+01   -0.2511E+01

 alfa,et=    0.2040E+01   -0.2544E+01

 alfa,et=    0.2000E+01   -0.2574E+01

 alfa,et=    0.1960E+01   -0.2603E+01

 alfa,et=    0.1920E+01   -0.2626E+01

 alfa,et=    0.1880E+01   -0.2645E+01

 alfa,et=    0.1840E+01   -0.2662E+01

 alfa,et=    0.1800E+01   -0.2677E+01

 alfa,et=    0.1760E+01   -0.2689E+01

 alfa,et=    0.1720E+01   -0.2696E+01

 alfa,et=    0.1680E+01   -0.2700E+01

 alfa,et=    0.1640E+01   -0.2701E+01

 alfa,et=    0.1600E+01   -0.2700E+01

 alfa,et=    0.1560E+01   -0.2695E+01

 alfa,et=    0.1520E+01   -0.2686E+01

 alfa,et=    0.1480E+01   -0.2675E+01

 alfa,et=    0.1440E+01   -0.2660E+01

 alfa,et=    0.1400E+01   -0.2643E+01

 alfa,et=    0.1360E+01   -0.2621E+01

 alfa,et=    0.1320E+01   -0.2597E+01

 alfa,et=    0.1280E+01   -0.2570E+01

 alfa,et=    0.1240E+01   -0.2538E+01

 alfa,et=    0.1200E+01   -0.2505E+01

 alfa,et=    0.1160E+01   -0.2468E+01

 alfa,et=    0.1120E+01   -0.2427E+01

 alfa,et=    0.1080E+01   -0.2385E+01

 alfa,et=    0.1040E+01   -0.2337E+01

FORTRAN CODE

c     X alpha method 10 agosto 2006

      dimension vcoul(0:10000)

      equivalence (alfa,alfa2)

      psi1s(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

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

      psi2p(x)=sqrt(alfa**5/(96.*pi))*x*exp(-alfa*x/2.)

      rho(x)=f1s*psi1s(x)**2 + f2s*psi2s(x)**2 +f2p*psi2p(x)**2

      pi=2.*asin(1.)

      z=2.

      cx=.75*(3./pi)**(1./3.)

      slatera=1.

      f1s=2.

      f2s=0.

      f2p=0.

      alfai=z+.2

      alfaf=1.

      na=30

      da=(alfaf-alfai)/float(na)

      alfa=alfai

      do 10 ia=1,na

      xlim=6./alfa

      nstep=3000

      dx=xlim/float(nstep)

      e1=alfa**2./2.-z*alfa

      call vrep(pi,cx,slatera,f1s,f2s,f2p,alfa,alfa2,nstep,dx,

     $ vcoul)

      call veej(pi,cx,f1s,alfa,alfa2,nstep,dx,vcoul,ajcoul,ajx)

      et=2.*e1 + ajcoul-ajx

c      print 100,alfa,e1,ajcoul,ajx

      print 110, alfa,et

      alfa=alfa+da

10    continue

100   format(1x,'alfa,e1,ajcoul,ajx=',4(3x,e11.4))

110   format(1x,'alfa,et=',2(3x,e11.4))

      stop

      end

c creates vrep

      subroutine vrep(pi,cx,slatera,f1s,f2s,f2p,alfa,alfa2,nstep,dx,

     $ vjj)

      dimension vjj(0:10000)

      psi1s(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

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

      psi2p(x)=sqrt(alfa**5/(96.*pi))*x*exp(-alfa*x/2.)

      rho(x)=f1s*psi1s(x)**2 + f2s*psi2s(x)**2 +f2p*psi2p(x)**2

c      c     calculates ve1s(0)

      sum=0.

      do 10 i=1,nstep

      x= dx*float(i)

      sum=sum + rho(x-dx)*(x-dx) + rho(x)*x

10    continue

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

      vjj(0)=sum

      vjj(1)=vjj(0)

      do 20 i=2,nstep

      x=dx*float(i)

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

     $ (vjj(i-1)-vjj(i-2))

     $ - 4.*pi*dx**2*rho(x-dx)

20    continue

      return

      end

      subroutine veej(pi,cx,f1s,alfa,alfa2,nstep,dx,vpot,vc,vx)

      dimension vpot(0:10000)

      psi1s(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

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

      psi2p(x)=sqrt(alfa**5/(96.*pi))*x*exp(-alfa*x/2.)

      rho(x)=f1s*psi1s(x)**2

      f(x,i)=0.5*rho(x)*x**2*vpot(i)

      f2x(x)= cx*rho(x)**(4./3.)*x**2

      sum=0.

      sumx=0.

      do 10 i=1,nstep

      x=dx*float(i)

      sum=sum+f(x,i)+f(x-dx,i-1)

      sumx=sumx+f2x(x)+f2x(x-dx)

10    continue

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

      vx=sumx*4.*pi*dx/2.

      return

      end

