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1. Perturbative and nonperturbative studies with the delta function potential  
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2. The attractive nonlinear delta-function potential  
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3.
Supersymmetric quantum mechanics: Examples with dirac functions  
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4.One dimensional hydrogen molecule ( Part 2) 
5.One dimensional hydrogen molecule ( Part 1) 

6. Lithium with Vee delta function potentials
7. http://en.wikipedia.org/wiki/Delta_function_potential
The purpose of this note is to obtain numerically  the eigenvalue of a delta function potential of negative strength -Z located at the origin using only half of the delta potential.  
The Schrodinger equation is 

 { -(1/2) d2 /dx2  - Zδ(x)   } φ(x)  = ε φ(x)                         (1)
Our approximation to the delta potential is 
               δ(x)  = 1/(2 ∆ x)     when       - ∆ x ≤  x ≤  + ∆ x    (2)

                      = 0                  abs (x) > ∆ x   .
We will integrate (1) using finite differences for x ≥ 0 .

Assume  the unormalized φ(x) =exp(-kx)   where k =(2 abs(E))1/2.

The initial conditions are φ(0)=1 and  (dφ /dx)x=0 = -k    .

We integrate for various E values 

phi(i)=2.*phi(i-1)-phi(i-2)

     $ -2.*dx**2*(-vnuc(x-dx,z,dx)*phi(i-1) + e*phi(i-1))
from x=0   to xfinal = .5/Z   . One finds that (see RUN)  for E between

   -0.50050E+00   and    -0.50044E+00 φ will diverge from -∞ to +∞.

Thus the eigenvalue has been located between those two limits.

The actual value is  -Z2/2.      

Run
   -0.50068E+00   -0.65982E-04

   -0.50062E+00   -0.65982E-04

   -0.50056E+00   -0.65982E-04

   -0.50050E+00   -0.65982E-04

   -0.50044E+00    0.23204E-03

   -0.50038E+00    0.23204E-03

   -0.50032E+00    0.23204E-03

   -0.50026E+00    0.23204E-03

FORTRAN code -Half delta function

c numerical determination of the  energy and eigenfunction of a single

c delta function potential using half of delta potential

c I. C. psi(0)=1.    psiprime(0)=-1.  The width of the delta function is

c  2.*dx   , vnuc = - z *delta(u)    when   -dx=<u<=dx

      real k

      data z,  niter, nstep /1.,50 ,5000/

      dimension phi(0:8000)

      ei=-.502

      efinal=-.499

      de=(efinal-ei)/float(niter)

      kp=int(float(nstep)/60.)

      e=ei

c  to pick symmetric state  let xf=+ 1./z

c to pick antisymmetric state  let xf= 3./z

      xf= .5/z

      xi=0.

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

      do 20 it=1,niter

      k=sqrt(2.*abs(e))

      kount=kp

      phi(0)=1.

c      phi(1)=phi(0)-dx

      phi(1)=(1.-k*dx)*phi(0)

      if(niter.eq.1) print 150, xi ,phi(0)

      do 10 i =2,nstep

      x=xi+dx*float(i)

      phi(i)=2.*phi(i-1)-phi(i-2)

     $ -2.*dx**2*(-vnuc(x-dx,z,dx)*phi(i-1) + e*phi(i-1))

      if(niter.eq.1)then

      if(i.eq.kount)then

c      print 150, x,phi(i)

      kount=kount+kp

      endif

      endif

10    continue

      print 100, e , phi(nstep)

      e=e+de

20    continue

      print*,'  '

      if(niter.eq.1)call norm(phi,xi,dx,nstep)

      if(niter.eq.1)call plotphi(phi,xi,dx,nstep,kp)

100   format(1x,'e,phifinal=',2(3x,e12.5))

150   format(1x,'x,phi(i)=',2(3x,e10.3))

      stop

      end

      function vnuc(u,z,dx)

      if(abs(u).le.dx)vnuc=-Z/(2.*dx)

      if(abs(u).gt.dx)vnuc=0.

c      print*,'vnuc=',vnuc

      return

      end

      subroutine norm(phi,xi,dx,nstep)

      dimension phi(0:5000)

      sum=0.

      do 10 i=1,nstep

      sum=sum+(dx/2.)*(phi(i)**2 +phi(i-1)**2)

10    continue

      anorm=1./sqrt(sum)

      do 20 i=0,nstep

      phi(i)=anorm*phi(i)

20    continue

      return

      end

      subroutine plotphi(phi,xi,dx,nstep,kp)

      dimension phi(0:5000)

      print*,'  '

      print*,'phi plot'

      do 10 i=0,nstep,kp

      x=xi+dx*float(i)

      print 100, x, phi(i)

10    continue

100   format(1x,'x, phi =',2(4x,e10.3))

      print 100, x, phi(nstep)

      return

      end

