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A numerical code is provided to generate eigenvalaues from an adaptation of the Newton- Raphson formula 

ε n+1 = ε n  -  Ψ( X0 , ε n  ) / ( d Ψ/ d ε )n        .       (1)

 X0 is chosen well into the classically forbidden region.

The derivative   ( d Ψ/ d ε )n   is calculated numerically from two successive “solutions”.

 That is  , ( d Ψ/ d ε )n   ≈  Ψ( X0 , ε n  ) - Ψ( X0 , ε n -1) /( ε n  - ε n -1)
energy of hydrogen  1s state
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energy of hydrogen  2s state
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FORTRAN CODE

c reference perturb hydrogen campoy y palma Int J. Q chem. Symposium

c  no. 20 1986 page  38

      implicit real*8(a-h,o-z)

      dimension psi(0:10000),energy(100),psif(200)

      v(x)=-1.d0/x + alambda*x**2

      g(e,x) = e-v(x)

      al=0.d0

      alambda=0.d0

c intial guess

      e=-.12d0

      ne=10

      xlim=20.d0

      nstep=6000

      print*,'xlim,nstep=',xlim,nstep

      dx=xlim/dfloat(nstep)

      do 10  ie=1,ne

      energy(ie)=e

      psi(0)=1.d0

      psi(1)=-dx + psi(0)

      do 30 i=2,nstep

      x=dx*float(i)

      psi(i)=2.d0*psi(i-1)-psi(i-2)-(2.d0*dx/(x-dx))*(psi(i-1)-psi(i-2))

     $-2.d0*dx**2*g(e,x-dx)*psi(i-1)

     $ +dx**2*al*(al+1.d0)*psi(i-1)/(x-dx)**2

30    continue

      if(ie.eq.1)then

      e=1.03d0*e

      psif(ie)=psi(nstep)

      endif

      if(ie.ge.2)then

      psif(ie)=psi(nstep)

      deltae= energy(ie)-energy(ie-1)

      deriv=( psif(ie)-psif(ie-1) )/deltae

      e= e - psi(nstep)/deriv

      endif

      print*,' e=', e

10    continue

      stop

      end

