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Schrodinger’s equation is solved by the finite difference method,

     psi(i)=dx**2*g(x-dx,i-1)+2.*psi(i-1)-psi(i-2)-(2.*dx/(x-dx))*

     $(psi(i-1)-psi(i-2))

where        v(x)= -Z/x

  and     g(x,i)=-2.*(e- al*(al+1.)/(2.*x**2)- v(x))*psi(i) .
The first three eigenvalues

Z=1.

  energy(ev), psifin=    -0.1392E+02     0.4278E-01

  energy(ev), psifin=    -0.1384E+02     0.3328E-01

  energy(ev), psifin=    -0.1376E+02     0.2349E-01

  energy(ev), psifin=    -0.1368E+02     0.1337E-01

  energy(ev), psifin=    -0.1360E+02     0.2670E-02     e1s = -13.6 eV
  energy(ev), psifin=    -0.1352E+02    -0.7373E-02

  energy(ev), psifin=    -0.1344E+02    -0.1741E-01

  energy(ev), psifin=    -0.1336E+02    -0.2811E-01

  energy(ev), psifin=    -0.1328E+02    -0.3910E-01

  energy(ev), psifin=    -0.1320E+02    -0.5027E-01
energy(ev), psifin=    -0.3644E+01    -0.9459E+00

 energy(ev), psifin=    -0.3563E+01    -0.6796E+00

 energy(ev), psifin=    -0.3483E+01    -0.3739E+00

 energy(ev), psifin=    -0.3403E+01    -0.2833E-01   e2s = -3.4 eV
 energy(ev), psifin=    -0.3322E+01     0.3657E+00

 energy(ev), psifin=    -0.3242E+01     0.8081E+00

 energy(ev), psifin=    -0.3162E+01     0.1302E+01
energy(ev), psifin=    -0.1717E+01     0.1361E+02

 energy(ev), psifin=    -0.1637E+01     0.1029E+02

 energy(ev), psifin=    -0.1556E+01     0.4681E+01  e3s = -1.51 eV
 energy(ev), psifin=    -0.1476E+01    -0.4120E+01

 energy(ev), psifin=    -0.1396E+01    -0.1713E+02

 energy(ev), psifin=    -0.1316E+01    -0.3532E+02

 energy(ev), psifin=    -0.1235E+01    -0.5924E+02
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 The first two eigenvalues can be read off the graph , -13.6 ev  , -3.4 eV
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Unnormalized Psi -1s.
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Unormalized Psi-2s.
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Z= 2  ,   e1s = - 54.4 eV
FORTRAN CODE
FORTRAN CODE

      equivalence (dx,h)

      dimension psi(0:10000) ,psinf(300),energy(300)

      v(x)= -Z/x

      g(x,i)=-2.*(e- al*(al+1.)/(2.*x**2)- v(x))*psi(i)

c      g(x,i)=-2.*(e- al*(al+1.)/(2.*x**2)- v(x))*psi(i)

135   print*,' enter atomic number '

      read*,Z

      e=-.6*Z**2

c input angular momentum q. number al

      al=0.

      efinal= -0.3*z**2

      nstep=4500

      niter=200

      de=(efinal-e)/float(niter)

      escale=27.2109

c      print*,'escale,e=',escale,e

      print*,'atomic number, ang momentum',z,al

      print*,'    '

      do 110 iter=1,niter

      xlim=3.0*Z/abs(e)

      dx=xlim/float(nstep)

c xlim should go beyond the classical turning point where e=V(x)

c  initial condtions psi(x)=x**al , psi'(x)= al*x**(al-1.)

c  for al=0.   psi(0)=1.    psi(1)=psi(0)-dx

      if(al.eq.0.)then

      psi(0)=1.

      psi(1)=psi(0)-dx

      endif

c for al=1.   psi(0)=0.  psi'(0)=1.  , psi(1) = psi(0)+dx

      if(al.eq.1.)then

      psi(0)=0.

      psi(1)=psi(0)+dx

      endif

c for al=2.    psi(0)=0.   psi(1)= (1./2.)*dx**2*al

      if(al.eq.2.)then

      psi(0)=0.

      psi(1)= psi(0)+ (1./2.)*dx**2*al

      endif

      do 100 i=2,nstep

      x=dx*float(i)

      psi(i)=dx**2*g(x-dx,i-1)+2.*psi(i-1)-psi(i-2)-(2.*dx/(x-dx))*

     $(psi(i-1)-psi(i-2))

c      print*,'e,g,psi(i)=',e,g(x-dx,i-1),psi(i)

100   continue

      energy(iter)=e

      psinf(iter)=psi(nstep)

      e=e + de

110   continue

      do 20 i=1,niter

      print 120,energy(i)*escale,psinf(i)

20    continue

120   format(3x,'energy(ev), psifin=',2(4x,e11.4))

      print*,'  '

c      call plotwave(psi,nstep,50,dx)

      print*,'more ? =1 another run , =0 no more'

      read*,more

      if(more-0)130,130,135

130   stop

      end

      subroutine plotwave(psi,nstep,ns,dx)

      dimension psi(0:5000)

      do 10 i=0,nstep,ns

      x=dx*float(i)

      print 100 , x, psi(i)

10    continue

100   format(2x,'x,psi=', 2(4x,e11.4))

      return

      end

c      function v(u,rcero,vcero)

c      if(u.le.rcero)v=vcero

c      if(u.gt.rcero)v=vcero*exp(-(u-rcero)/.9)

c      return

c      end

Psi 1s   (Z=1)
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