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1. Critical dipoles in one, two, and three dimensions  
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 HYPERLINK "http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=AJPIAS&possible1=Connolly%2C+Kevin&possible1zone=author&maxdisp=25&smode=strresults&aqs=true" Kevin Connolly and David J. Griffiths
2.E. Fermi and E. Teller , Phys. Rev. 72 , 399-408  (1947).
The problem of the existence of bound states in a stationary electric dipole is discussed in Ref 1.
To obtain bound states in one dimension we modify   

v(x) = -1./abs(x+d/2.) +1./abs(x-d/2.)                               (1)

(where d is the dipole length)   such that an infinite wall is assumed on the left side.

Now    V(x) = + ∞       for   x ≤ -(d/2)                           .

The FORTRAN code given below integrates the one dimensional Schrodinger equation. We take d=1 au
 with  initial conditions  Ψ (-d/2) =0     ,  (d Ψ/dx)x= -d/2 = 1.

The ground state energy is E = + 4.50 au and the first excited state has
E = 19.7 au.  See the plots of ψ below.

The energies are approximately those of the particle in the box

E box = (π2 /(2 d2) ) * n2     , (n= 1,2,3…) ,

E box (n=1) =   4.93   au  , E box(n=2) = 19.7 au  .   
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V(x)=infinite for x<=-.5
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E= 4.50 au 
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E= 19.7 au
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FORTRAN CODE

c one dimensional dipole  v(x) = -1./abs(x+d/2.) +1./abs(x-d/2.)

      dimension psi(0:10000)

      v(x) = -1./abs(x+d/2.) +1./abs(x-d/2.)

      data d,nstep,niter/  1., 600, 1/

c      escale=1./d

      e=4.5

      ef=30.

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

      xi=-d/2.

      xf=d/2.

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

      do 10 j=1,niter

      psi(0)=0.

      dprime=1.

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

      do 20 i=2,nstep

      x=xi+dx*float(i)

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

      psi(i)=2.*psi(i-1)-psi(i-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,int(float(nstep)/50.)

      x=xi+dx*float(i)

      print 130, x , psi(i)

30    continue

      endif

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

      print*,'  '

      call plot(d,xi,xf,60)

      stop

      end

      subroutine plot(d,xi,xf,nstep)

      v(x) = -1./abs(x+d/2.) +1./abs(x-d/2.)

      x1=.95*xi

      x2=.95*xf

      dx=(x2-x1)/float(nstep)

      do 10 i=0,nstep

      x=x1+dx*float(i)

      print 100 ,x,v(x)

10    continue

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

      return

      end

