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FORTRAN Code given

Numerical  solutions to the equation

-(1/2)(hbar2/m) d2ψ/dx2  (-k/x1/2 ) ψ  = E ψ                              (1) 

are sought.

define V(x) = infinte repulsive for x ≤ 0

and     V(x) = -k/x1/2        for x>0      .
Equating the dimensional relation

(hbar2/m)* (1/L2 ) ~ k / L1/2 in eq (1)

 implies a scale  of length 

Ls = ( hbar2/(mk) )2/3                                     .                          (2)  
equating E ~ k / L1/2   gives the energy scale    

Es = k ( mk/hbar2 )1/3                                                            (3)                                                    
Since we set k=1 ,hbar=1, m=1     , both Ls and Es are one.
The initial condition for ψ are  ψ(0)=0  and   d ψ/dx= 1.   
The first two energy levels have values of  ≈  -.55  ,  -.33   .

Further refinement shows that the ground state energy is -.5518 .

The wave function is plotted in the next figure.
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  e,psif=    -0.100E+01     0.165E+01

  e,psif=    -0.986E+00     0.168E+01

  e,psif=    -0.971E+00     0.171E+01

  e,psif=    -0.957E+00     0.175E+01

  e,psif=    -0.942E+00     0.178E+01

  e,psif=    -0.928E+00     0.181E+01

  e,psif=    -0.914E+00     0.185E+01

  e,psif=    -0.899E+00     0.188E+01

  e,psif=    -0.885E+00     0.191E+01

  e,psif=    -0.870E+00     0.194E+01

  e,psif=    -0.856E+00     0.197E+01

  e,psif=    -0.842E+00     0.199E+01

  e,psif=    -0.827E+00     0.202E+01

  e,psif=    -0.813E+00     0.204E+01

  e,psif=    -0.798E+00     0.206E+01

  e,psif=    -0.784E+00     0.207E+01

  e,psif=    -0.770E+00     0.208E+01

  e,psif=    -0.755E+00     0.209E+01

  e,psif=    -0.741E+00     0.208E+01

  e,psif=    -0.726E+00     0.207E+01

  e,psif=    -0.712E+00     0.205E+01

  e,psif=    -0.698E+00     0.201E+01

  e,psif=    -0.683E+00     0.196E+01

  e,psif=    -0.669E+00     0.189E+01

  e,psif=    -0.654E+00     0.180E+01

  e,psif=    -0.640E+00     0.168E+01

  e,psif=    -0.626E+00     0.154E+01

  e,psif=    -0.611E+00     0.136E+01

  e,psif=    -0.597E+00     0.114E+01

  e,psif=    -0.582E+00     0.872E+00

  e,psif=    -0.568E+00     0.548E+00

  e,psif=    -0.554E+00     0.158E+00

  e,psif=    -0.539E+00    -0.306E+00

  e,psif=    -0.525E+00    -0.857E+00

  e,psif=    -0.510E+00    -0.150E+01

  e,psif=    -0.496E+00    -0.226E+01

  e,psif=    -0.482E+00    -0.313E+01

  e,psif=    -0.467E+00    -0.412E+01

  e,psif=    -0.453E+00    -0.522E+01

  e,psif=    -0.438E+00    -0.641E+01

  e,psif=    -0.424E+00    -0.763E+01

  e,psif=    -0.410E+00    -0.879E+01

  e,psif=    -0.395E+00    -0.972E+01

  e,psif=    -0.381E+00    -0.101E+02

  e,psif=    -0.366E+00    -0.958E+01

  e,psif=    -0.352E+00    -0.745E+01

  e,psif=    -0.338E+00    -0.288E+01

  e,psif=    -0.323E+00     0.512E+01

  e,psif=    -0.309E+00     0.173E+02

  e,psif=    -0.294E+00     0.329E+02
FORTRAN code

c potential V(x) = -c/sqrt(x)

      data c, nstep,niter /1.,1000, 50/

      v(x)=-c/sqrt(x)

      e=-1.

      ef=-.28

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

      do 10 i=1,niter

      xf=2.*(c/e)**2

      dx=xf/float(nstep)

      psi0=0.

      dprime=1.

      psi1=psi0+dx*dprime

      do 20 j=2,nstep

      x=dx*float(j)

      g=-2.*(e-v(x-dx))*psi1

      psi2=2.*psi1-psi0+dx**2*g

      psi0=psi1

      psi1=psi2

20    continue

      print 100 ,e , psi2

      e=e+de

10    continue

100   format(2x,'e,psif=',2(4x,e10.3))

      stop

      end

