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The singularity in the one dimensional coulombic potential is removed by introducing the cutoff  ε , such that 

V(x) = -1/ε                                /x/ ≤ ε ,

V(x) = -1/ abs(x)                      /x/  ≥ ε                 .                          (1)
We solve the one dimensional Schrodinger equation for different values of the parameter ε.
The finite difference solution is

Ψn     = 2Ψn-1  - Ψn-2 – 2 (∆x)2 ( E – V(x-∆x) ) Ψn-1       .             (2)

Initial conditions for the ground state are

Ψ ( x=0) = 1. ,  (d Ψ/dx)x=0 = 0.

In fig 1 the values of abs(E)= –E ,are plotted vs the absolute value of 

log10 (ε). The graph is suggestive of the fact that as ε goes to zero the binding energy becomes infinite. This leads in part to the conclusion that there are no bound states around a one dimensional dipole , (see ref. 3).
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FORTRAN code

c ground state of one dimensional hydrogen

c references N. J. Giordano , Computational Physics(Prentice Hall, 1997)

c sec 10.2  ; D. J. Griffiths , Introduction to Quantum mechanics ,

c (Prentice Hall 2005), Problem 2.54 ; K. Connolly A.J.P.75(6),524,2007

      data niter,nstep,epsi / 80 ,4000 ,.0001/

      xi=0.

c      energyi=v(xi,epsi)

      energyi=-50.

      energyf=0.

      de=(energyf-energyi)/float(niter)

      energy=energyi

c the integration is  carried out from the right to to the left

      kp=int(float(nstep)/70.0)

      kount=kp

      do 20 it=1,niter

      xf=4.5*(-1/energy)

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

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

      psi0=1.

      psi1=1.

c      if(niter.eq.1)print 100,xi,real(psi0),V(xi,xe,v0,vb,awidth)

      do 10 i=2,nstep

      x=xi+dx*float(i)

      psi2=2.0*psi1-psi0 -2.*dx**2*(energy-V(x-dx,epsi))*psi1

      psi0=psi1

      psi1=psi2

      if(niter.eq.1)then

      if(i.eq.kount)then

c      print 100,x, real(psi2), V(x,xe,v0,vb,awidth)

      kount=kount+kp

      endif

      endif

10    continue

      print 100,energy,psi2

      energy=energy+de

20    continue

c      print*,'  '

100   format(1x,'energy,psi2=',2(4x,e12.5))

      stop

      end

      function v(x,epsi)

      if(x.le.epsi)v= -1./epsi

      if(x.gt.epsi)v=-1./x

      return

      end

