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CARBON - ONE PARAMETER VARIATIONAL CALCULATION 
NEON ONE PARAMETER VARIATIONAL CALCULATION 
Electron repulsion –Vee- one parameter approximations 
Plot of exchange energy term K1s2s 
Approximation to the exchange energy term K1s2s 
Total energy of lithium in the Hartree approximation 
Total energy of lithium with a single variational parameter 
Two Fortran codes are given below that were employed to obtain  numerically the double integral in r1 and r2 for  Coulomb and Exchange energies.

The Coulomb repulsion between two electron is 
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where 
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and 

 Fk are double integrals over coordinates r1  and r2 
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** NOTE  (we do not emply the factor (4π)2 in the FORTRAN codes, due to a slightly different definition of the angular parts)
The ak ( l, m ; l’,m’) are obtained from the angular parts. Some are summarized in the next table. 
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The exchange terms are
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where 
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We used scaled hydrogenic wavefunctions with a single variational  parameter – a. 
The results are summarized in Table 1.
	
	n
	l
	m
	n’
	l’
	m’
	

	J(1s,1s)
	1
	0
	0
	1
	0
	0
	0.6250a

	J(1s,2s)
	
	
	
	
	
	
	0.2099a

	J(2s,2s)
	
	
	
	
	
	
	0.1504a

	J(1s,2p)
	
	
	
	
	
	
	0.2425a

	J(2s,2p)
	
	
	
	
	
	
	0.1613a

	J(2p,2p)
	2
	1
	1
	2
	1
	0
	0.1744a

	J(2p,2p)
	2
	1
	(+/-)1
	2
	1
	(+/-)1
	0.1849a

	G(1s,2s)
	1
	0
	0
	2
	0
	0
	0.2196E-01


	G(1s,2p)
	
	
	
	
	
	
	0.8048E-01



	G(2s,2p)
	
	
	
	
	
	
	0.2920E-01



	G(2p,2p)
	2
	1
	1
	2
	1
	0
	0.1054E-01

	G(2p,2p)
	2
	1
	+1
	2
	1
	-1
	  0.2108E-01


J(1s,1s)
Ve1s1s =(5./8.)*a =  0.625

a,suml, sumu,sumt=    0.1000E+01    0.3125E+00    0.3125E+00    0.6251E+00
J(1s,2s)=

Ve1s2s =(17./81.)*alfa =  0.209876537

a,suml, sumu,sumt=    0.1000E+01    0.2881E-01    0.1798E+00    0.2087E+00
J(2s,2s)=

Ve2s2s =77/512*alfa=  0.150390625

a,suml, sumu,sumt=    0.1000E+01    0.7462E-01    0.7462E-01    0.1492E+00
J(1s,2p)=

a,suml, sumu,sumt=    0.1000E+01    0.1785E-01    0.2247E+00    0.2425E+00
J(2s,2p)=

a,suml, sumu,sumt=    0.1000E+01    0.1000E+00    0.6126E-01    0.1613E+00
J(2p,2p)= J(n=2,m=1 ;n= 2,m=0)=

a,suml, sumu,sumt=    0.1000E+01    0.9644E-01    0.5885E-01    0.1553E+00
G(1s,2s)=

a,suml, sumu,sumt=    0.1000E+01    0.1098E-01    0.1098E-01    0.2196E-01
G(1s,2p)=

a,suml, sumu,sumt=    0.1000E+01    0.8538E-02    0.8538E-02    0.1708E-01

G(2s,2p)=

a,suml, sumu,sumt=    0.1000E+01    0.1460E-01    0.1460E-01    0.2920E-01

G(2p,m=1;2p,m=0)=
a,suml, sumu,sumt=    0.1000E+01    0.4094E-02    0.4094E-02    0.8188E-02

cFORTRAN CODE  for Coulombic repulsion J (i,j)
c integral J(n L ,n' L") double integral over r1,r2 , ref. Pauling 243

c using scale hydrogenic wavefunctions and one variational

c  parameter alfa

      data alfa, nstep ,rf/1.,200,10.0 /

      data r1i,r2i/0.,0./

      equivalence (dx,dr) , (dy,dr)

      R10(u) =sqrt(alfa**3)*2.*exp(-alfa*u)

      R20(u)=(alfa**(3./2.)/(2.*sqrt(2.)))*(2.-alfa*u)*exp(-alfa*u/2.)

      R21(u)= (alfa**(3./2.)/(2.*sqrt(6.)))*(alfa*u)*exp(-alfa*u/2.)

c     aj1(u,v)=R10(u)**2*R20(v)**2*(1./u)*u**2*v**2

c      aj2(u,v)=R10(u)**2*R20(v)**2*(1./v)*u**2*v**2

      aj1(u,v)=R10(u)**2*R10(v)**2*(1./u)*u**2*v**2

      aj2(u,v)=R10(u)**2*R10(v)**2*(1./v)*u**2*v**2

      dr=(rf-r1i)/float(nstep)

      sumlower=0.

      sumupper=0.

c integration in lower half plane r1>=r2

      do 10 iy=1,nstep

      r2=r2i+dy*float(iy)

      do 10 ix=iy,nstep

      r1=r1i+dx*float(ix)

      if(ix.eq.iy)area=.5*dx*dy

      if(ix.ne.iy)area=dx*dy

      sumlower= sumlower + area*aj1(r1-dx/2.,r2-dy/2.)

10    continue

c integration in upper half plane  r2>=r1

      do 20 iy=1,nstep

      r2=r2i+dy*float(iy)

      do 20 ix=1,iy

      r1=r1i+dx*float(ix)

      if(ix.eq.iy)area=.5*dx*dy

      if(ix.ne.iy)area=dx*dy

      sumupper=sumupper  + area*aj2(r1-dx/2.,r2-dy/2.)

20    continue

      sumt=sumlower+sumupper

      print*,'Ve1s1s =(5./8.)*a =',5.*alfa/8.

      print 100, alfa , sumlower , sumupper ,sumt

100   format('a,suml, sumu,sumt=',4(3x,e11.4))

      stop

      end
c integral K(n L ,n' L") double integral over r1,r2 , ref. Pauling 245

c using scale hydrogenic wavefunctions and one variational

c  parameter alfa

      data alfa, nstep ,rf/1.,200,13.0 /

      data r1i,r2i/0.,0./

      equivalence (dx,dr) , (dy,dr)

      R10(u) =sqrt(alfa**3)*2.*exp(-alfa*u)

      R20(u)=(alfa**(3./2.)/(2.*sqrt(2.)))*(2.-alfa*u)*exp(-alfa*u/2.)

      R21(u)= (alfa**(3./2.)/(2.*sqrt(6.)))*(alfa*u)*exp(-alfa*u/2.)

c calculation of G(1s,2s)

c      aj1(u,v)=R10(u)*R20(u)*R10(v)*R20(v)*(1./u)*u**2*v**2

c      aj2(u,v)=R10(u)*R20(u)*R10(v)*R20(v)*(1./v)*u**2*v**2

c calculation of G(1s,2p)

c      aj1(u,v)=R10(u)*R21(u)*R10(v)*R21(v)*(1./3.)*(v/u**2)*u**2*v**2

c      aj2(u,v)=R10(u)*R21(u)*R10(v)*R21(v)*(1./3.)*(u/v**2)*u**2*v**2

c calculation of G(2s,2p)

c      aj1(u,v)=R20(u)*R21(u)*R20(v)*R21(v)*(1./3.)*(v/u**2)*u**2*v**2

c      aj2(u,v)=R20(u)*R21(u)*R20(v)*R21(v)*(1./3.)*(u/v**2)*u**2*v**2

c calculation of G(2p,2p) m=1  ,m'=0

c      aj1(u,v)=R21(u)*R21(u)*R21(v)*R21(v)*(3./25.)*

c     $ (v**2/u**3)*u**2*v**2

c      aj2(u,v)=R21(u)*R21(u)*R21(v)*R21(v)*(3./25.)*

c     $ (u**2/v**3)*u**2*v**2

c calculation of G(2p,2p) m=1  ,m'=-1

c      aj1(u,v)=R21(u)*R21(u)*R21(v)*R21(v)*(6./25.)*

c     $ (v**2/u**3)*u**2*v**2

c      aj2(u,v)=R21(u)*R21(u)*R21(v)*R21(v)*(6./25.)*

c     $ (u**2/v**3)*u**2*v**2

      dr=(rf-r1i)/float(nstep)

      sumlower=0.

      sumupper=0.

c integration in lower half plane r1>=r2

      do 10 iy=1,nstep

      r2=r2i+dy*float(iy)

      do 10 ix=iy,nstep

      r1=r1i+dx*float(ix)

      if(ix.eq.iy)area=.5*dx*dy

      if(ix.ne.iy)area=dx*dy

      sumlower= sumlower + area*aj1(r1-dx/2.,r2-dy/2.)

10    continue

c integration in upper half plane  r2>=r1

      do 20 iy=1,nstep

      r2=r2i+dy*float(iy)

      do 20 ix=1,iy

      r1=r1i+dx*float(ix)

      if(ix.eq.iy)area=.5*dx*dy

      if(ix.ne.iy)area=dx*dy

      sumupper=sumupper  + area*aj2(r1-dx/2.,r2-dy/2.)

20    continue

      sumt=sumlower+sumupper

c      print*,'Ve2s2s =77/512*alfa=',(77./512.)*alfa

      print 100, alfa , sumlower , sumupper ,sumt

100   format('a,suml, sumu,sumt=',4(3x,e11.4))

      stop

      end

