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Reference:

1. Introduction to Quantum Mechanics with Applications to Chemistry by Linus Pauling and E. Bright Wilson , page 202.
Writing Schrodinger equation in one dimension in finite difference form gives

(-1/2) (ψi+1  -2 ψi   +ψi-1 )/∆x2  + V (xi ) ψi     = e ψi                   .    (1)
Solving for ψi  one gets 
psi(i-1)+psi(i+1))/(2.-dx**2*2.*(e-v(x-dx)))

ψi =( ψi+1  + ψi-1)/{2- 2(∆x2)(e- V(xi) }                                       (2)

Eq (2) is solved by iterations , an intial trial wave function is given with appropriate boundary conditions along with an intial energy value (e).

The FORTRAN Code allowos us to find the ground state wave function an energy of the harmonic oscillator V(x) = (1/2) x2  and the first excited state.
Ground state

  e initial=  0.137077

Some of the iterations energies..

e=  0.508599937

 e=  0.50857681

 e=  0.508554459

 e=  0.508532584

 e=  0.508511543

 e=  0.508490503

 e=  0.508470535

 e=  0.508450985

 e=  0.508431911

 e=  0.508413315

First excited state
  e initial=  0.548311412

Some of the iterations are printed ….
e=  1.51457226

 e=  1.51437116

 e=  1.51416671

 e=  1.51395965

 e=  1.51374865

 e=  1.51353455

 e=  1.51331699

 e=  1.51309597

 e=  1.51287067

FORTRAN CODE
c Pauling  method use of difference equation to solve Schrodinger eq.

c example of one dim harmonic oscillator

c Pauling and Wilson page 202-203

      dimension   psi(0:1000)

      data n ,xi,nstep,iter/0,-3.,100,200/

c n=0,1,2,3...

      pi=2.*asin(1.)

      xf=-xi

      dx=(xf-xi)/float(nstep)

      ak= float(n+1)*pi/(xf-xi)

      do 10 i=0,nstep

      x=xi+dx*float(i)

      psi(i)=sin(ak*abs(x-xi))

10    continue

      e=(1./2.)*ak**2

      print*,' e initial=',e

      print*,'  '

      do 50 it=1,iter

      psi(nstep)=0.

      psi(0)=0.

      do 20 i=1,nstep

      x=xi+dx*float(i)

      psi(i)=(psi(i-1)+psi(i+1))/(2.-dx**2*2.*(e-v(x-dx)))

20    continue

      tk=0.

      sume=0.

      sumv=0.

      do 30 i=1,nstep

      x=xi+dx*float(i)

      tk=tk+(-.5/dx**2)*(psi(i+1)-2.*psi(i)+psi(i-1))*psi(i)

      sume=sume+psi(i-1)**2

      sumv=sumv +v(x)*psi(i-1)**2

30    continue

      e=(tk+sumv)/sume

      print*,'e=',e

c      if(it.gt.int(.75*float(iter)))print*,'e=',e

50    continue

c      Print*,'option continue yes=1,n=0'

c      read*,noption

c      if(noption.eq.1)goto 90

c      if(noption.ne.1)print*,'finish'

      stop

      end

      function v(x)

      v=.5*x**2

      return

      end

