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The total energy of lithium ground state is minimized  using two  hydrogenic wave functions with  two parameters alfa for Ψ1s and alfa2 for Ψ2s .The functions are not orthogonal.

xf=  17.2413788

 vj1s1s,vj1s2s,ex1s2s=  1.81257129  0.389694065  0.0833590776

 ecin,vn=  8.78845024 -18.7049999

 alfa,alfa2,et=  2.9000001  1.74000013 -7.40794945

 xf=  17.4825153

 vj1s1s,vj1s2s,ex1s2s=  1.78757155  0.384318858  0.0822092593

 ecin,vn=  8.54768276 -18.4470005

 alfa,alfa2,et=  2.86000013  1.7160002 -7.42531776

 xf=  17.7304955

 vj1s1s,vj1s2s,ex1s2s=  1.76256979  0.378943443  0.0810595527

 ecin,vn=  8.31025887 -18.1890011

 alfa,alfa2,et=  2.82000017  1.69200015 -7.43934488

 xf=  17.9856091

 vj1s1s,vj1s2s,ex1s2s=  1.73756933  0.373568743  0.0799096823

 ecin,vn=  8.0761795 -17.9310017

 alfa,alfa2,et=  2.78000021  1.66800022 -7.45002508

 xf=  18.2481728

 vj1s1s,vj1s2s,ex1s2s=  1.712569  0.36819315  0.0787600204

 ecin,vn=  7.84544325 -17.6730022

 alfa,alfa2,et=  2.74000025  1.64400017 -7.45736361

 xf=  18.5185165

 vj1s1s,vj1s2s,ex1s2s=  1.68756652  0.362818509  0.0776101872

 ecin,vn=  7.61805153 -17.4150028

 alfa,alfa2,et=  2.70000029  1.62000024 -7.46135807

 xf=  18.7969894

 vj1s1s,vj1s2s,ex1s2s=  1.66256618  0.357443005  0.0764604062

 ecin,vn=  7.39400387 -17.1570015

 alfa,alfa2,et=  2.66000032  1.59600031 -7.46200562

 xf=  19.0839653

 vj1s1s,vj1s2s,ex1s2s=  1.63756537  0.352068275  0.0753106475

 ecin,vn=  7.17329979 -16.8990021

 alfa,alfa2,et=  2.62000036  1.57200027 -7.45931101

 xf=  19.3798409

 vj1s1s,vj1s2s,ex1s2s=  1.61256349  0.346693009  0.0741608068

 ecin,vn=  6.95594025 -16.6410027

 alfa,alfa2,et=  2.5800004  1.54800034 -7.45327377

 xf=  19.6850357

 vj1s1s,vj1s2s,ex1s2s=  1.58756316  0.341317862  0.0730111301

 ecin,vn=  6.74192429 -16.3830032

 alfa,alfa2,et=  2.54000044  1.52400029 -7.44389105

Optimum value 

Etotal=  -7.46210003 au
xf=  18.6567154

 vj1s1s,vj1s2s,ex1s2s=  1.67506623  0.360130847  0.0770353451

 ecin,vn=  7.50560856 -17.2860012

 alfa,alfa2,et=  2.68000007  1.60800016 -7.46210003
FORTRAN CODE

c lithium total energy using an

c optimized effective pottential OEP , in terms of hydrogenic wave

c     functions // alfa is varied with alfa .ne. alfa2

      dimension  v1s(0:5000),v2s(0:5000) ,vx1s2s(0:5000)

      data z,f1s,f2s,niter,al /3.,2.,1., 1 ,0./

      psi1sh(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

      psi2sh(x)= sqrt(alfa2**3/(32.*pi))*(2.-alfa2*x)*exp(-alfa2*x/2.)

      pi=2.*asin(1.)

      alfai=2.68

      alfaf=2.5

      dalfa=(alfaf-alfai)/float(niter)

      alfa=alfai

      do 50 ia=1,niter

      alfa2=.6*alfa

      xf=30./alfa2

      print*,'xf=',xf

      print*,'  '

      nstep=2000

      dx=xf/float(nstep)

      ns=1

c      call akin(f1s,f2s,alfa,alfa2,pi,x,dx,nstep,ns,tk1s)

      ns=2

c      call akin( f1s,f2s,alfa,alfa2,pi,x,dx,nstep,ns,tk2s)

      ecin=(alfa**2/2.)*f1s + (alfa2**2/2.)*f2s/4.

      vn= -z*(f1s*alfa + f2s*alfa2/4.)

c  do 10 creates potential V1s(i) , V2s(i)

      do 10 i=0,nstep

      x=dx*float(i)

      call vrep(f1s,f2s,alfa,alfa2,pi,i,x,dx,nstep,ve1s,ve2s)

c      if(niter.eq.1)then

      call vxch(alfa,alfa2,pi,i,x,dx,nstep,vx)

      vx1s2s(i)=vx

c      print*,'i,vx1s2s(i)=',i,vx1s2s(i)

c      endif

      v1s(i)=ve1s

      v2s(i)=ve2s

10    continue

      call vj(v1s,v2s,nstep,dx,f1s,f2s,alfa,alfa2,pi,vj1s1s,vj1s2s)

c      if(niter.eq.1)then

      call exch(nstep,dx,alfa,alfa2,pi,vx1s2s,ex1s2s)

c      endif

      print*,'vj1s1s,vj1s2s,ex1s2s=', vj1s1s,vj1s2s,ex1s2s

      print*,'ecin,vn=',ecin,vn

      et=ecin +vn + vj1s1s+f1s*f2s*vj1s2s-ex1s2s

      print*,'alfa,alfa2,et=',alfa,alfa2,et

      print*,' '

      alfa=alfa + dalfa

50    continue

      stop

      end

c calculates the potential for an electron in the 1s  and 2s orbitals

      subroutine vrep(f1s,f2s,alfa,alfa2,pi,i,r,dx,nstep,u1s,u2s)

      psi1sh(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

      psi2sh(x)= sqrt(alfa2**3/(32.*pi))*(2.-alfa2*x)*exp(-alfa2*x/2.)

      rho1s(x)=psi1sh(x)**2

      rho2s(x)= psi2sh(x)**2

      f11s(x)= (1./(r+1.e-6))*4.*pi*x**2*rho1s(x)

      f21s(x)= 4.*pi*x*rho1s(x)

      f12s(x)= (1./(r+1.e-6))*4.*pi*x**2*rho2s(x)

      f22s(x)= 4.*pi*x*rho2s(x)

      sum1sa=0.

      sum1sb=0.

      sum2sa=0.

      sum2sb=0.

      if(i.ne.0)then

      do 10 i1=1,i

      x=dx*float(i1)

      sum1sa=sum1sa + (dx/2.)*(f11s(x)+f11s(x-dx))

      sum2sa=sum2sa + (dx/2.)*(f12s(x)+f12s(x-dx))

10    continue

      endif

      if(i.eq.0)sum1sa=0.

      if(i.eq.0)sum2sa=0.

      do 20 i2=i+1,nstep

      x=dx*float(i2)

      sum1sb=sum1sb+(dx/2.)*(f21s(x) +f21s(x-dx) )

      sum2sb=sum2sb+(dx/2.)*(f22s(x) +f22s(x-dx) )

20    continue

      u1s=sum1sa + sum1sb

      u2s=sum2sa +sum2sb

      return

      end

      subroutine vxch(alfa,alfa2,pi,i,r,dx,nstep,vx)

      psi1sh(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

      psi2sh(x)= sqrt(alfa2**3/(32.*pi))*(2.-alfa2*x)*exp(-alfa2*x/2.)

      rho1s2s(x)=psi1sh(x)*psi2sh(x)

      f1(x)= (1./(r+1.e-6))*4.*pi*x**2*rho1s2s(x)

      f2(x)= 4.*pi*x*rho1s2s(x)

      sum1=0.

      sum2=0.

      if(i.ne.0)then

      do 10 i1=1,i

      x=dx*float(i1)

      sum1=sum1 + (dx/2.)*(f1(x)+f1(x-dx))

10    continue

      endif

      if(i.eq.0)sum1=0.

      if(i.eq.0)sum2=0.

      do 20 i2=i+1,nstep

      x=dx*float(i2)

      sum2=sum2+(dx/2.)*( f2(x) +f2(x-dx) )

20    continue

      vx=sum1+sum2

      return

      end

      subroutine vj(v1s,v2s,nstep,dx,f1s,f2s,alfa,alfa2,pi,vj1s1s,

     $ vj1s2s)

      dimension    V1s(0:5000),v2s(0:5000)

      psi1sh(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

      psi2sh(x)= sqrt(alfa2**3/(32.*pi))*(2.-alfa2*x)*exp(-alfa2*x/2.)

      f1s1s(x,i)= 4.*pi*x**2*v1s(i)*psi1sh(x)**2

      f1s2s(x,i)= 4.*pi*x**2*v2s(i)*psi1sh(x)**2

      sum1s1s=0.

      sum1s2s=0.

      do 10 i=1,nstep

      x=dx*float(i)

      sum1s1s=sum1s1s+ (dx/2.)*(f1s1s(x,i)+f1s1s(x-dx,i-1))

      sum1s2s=sum1s2s+ (dx/2.)*(f1s2s(x,i)+f1s2s(x-dx,i-1))

10    continue

      vj1s1s=sum1s1s

      vj1s2s=sum1s2s

      return

      end

      subroutine exch(nstep,dx,alfa,alfa2,pi,vx1s2s,ex1s2s)

      dimension  vx1s2s(0:5000)

      psi1sh(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

      psi2sh(x)= sqrt(alfa2**3/(32.*pi))*(2.-alfa2*x)*exp(-alfa2*x/2.)

      rho1s2s(x)=psi1sh(x)*psi2sh(x)

      f(x,i)=4.*pi*x**2*rho1s2s(x)*vx1s2s(i)

      sum=0.

      do 10 i=1,nstep

      x=dx*float(i)

      sum=sum+(dx/2.0)*( f(x,i) + f(x-dx,i-1) )

10    continue

      ex1s2s=sum

      return

      end

