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(Fortran code given)

A potential defined by

V(x) = ∞        (  x ≤ 0    )

V(x) = -a/x2     ( x > 0)                              (1) 

does not  define an eigenvalue problem nor are scattering states (E>0) defined.
The Schrodinger eq is 

- (1/2) ( hbar2/m) d2 ψ /dx2      -a/x2 ψ    = E ψ       (2).

It does not have a scale of length or energy because in the dimensional 

match of the kinetic and potential energy terms 

     ( hbar2/m) (1/ L2 )     ~  a/ L2                           (3)

The length scale L  , is canceled. The energy scale that would be defined by 
  Escale ~ a/ L2  , also remains undefined.

An option is to move the wall at the origin a finite distance ε to the right.

Now the potential is redefined as 

V(x) = ∞        (  x ≤ ε    )                                          (4)

V(x) = -a/x2     ( x > ε)             .
We solve Schrodinger’s equation numerically to find the ground state energy and wave function. The initial conditions are   ψ(ε) =0.  , d ψ /dx =1.
The value of  a and ε are the same as in Ref 1.,   a=37./8. ,  ε=1 ;  while hbar and m are scaled to one.
The ground state energy is     E=   -0.52394E+00 and the first excited state energy is E= -0.61603E-01  .
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Fortran code 

c    FORTRAN code

c potential V(x) = -a/x**2    ,V(x) =infinte x<=epsi

      real lscale

      dimension  psi(0:10000)

      data epsi,niter /1., 1/

      v(x)=-a/x**2

      a=37./8.

      lscale=epsi/sqrt(a)

      escale=a/lscale**2

      e=   -0.52394E+00

      ef=-0.52382E+00

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

      print*,'escale,lscale=',escale,lscale

      do 10 i=1,niter

      xi=epsi

      xf=2.5*sqrt(a/abs(e))

      dx=lscale/20.

      nstep=int(xf/dx)

      if(niter.eq.1)print*,'dx,nstep,escale,lscale=',

     $ dx,nstep,escale,lscale

      if(niter.eq.1) print*,'  '

c initial values psi=0. , d(psi)/dx=1.

      psi(0)=0.

      dprime=1.

      psi(1)=psi(0)+dx*dprime

      do 20 j=2,nstep

      x=xi+dx*float(j)

      g=-2.*(e-v(x-dx))*psi(j-1)

      psi(j)=2.*psi(j-1)-psi(j-2)+dx**2*g

20    continue

      print 100 ,e , psi(nstep)

      e=e+de

10    continue

100   format(2x,'e,psif=',2(4x,e12.5))

      if(niter.eq.1)then

      do 30 i=0,nstep,10

      x=xi+dx*float(i)

      print 130,x,psi(i)

30    continue

      endif

130   format(2x,'x,psi=',2(4x,e10.3))

      stop

      end

