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The energy values for a one dimensional potential
of the form

V(x) = - V 0       for         -a <x < a  ,

V(x) =  -V 0  abs( a/x) p   ,  /x/  >a    ,     0<p<1   .
are found by numerical integration. 

The Fortran code is given below.The differential equation is solved by finite differences. The initial conditions  are ;

for even states  psi(0)=1. ,psi'=0. ,
for odd states  psi(0)=0.  , psi'(0)= +1.
Even states energy eigenvalues.
Let p=1./2.  mV0 = 1.   , a =1 . The unit of energy is  = (hbar**2/(m*a**2).

Some even energy eigenvalues.One has to interpolate between the two values in bold type or refine the search around those values.

E1≈ -.76    ,       E3 = -.38  

  energy                 psi asymptotic

  -0.9990E+00     0.1011E+01

  -0.9790E+00     0.1013E+01

  -0.9590E+00     0.1015E+01

  -0.9391E+00     0.7915E+00

  -0.9191E+00     0.7917E+00

  -0.8991E+00     0.7922E+00

  -0.8791E+00     0.5992E+00

  -0.8591E+00     0.5846E+00

  -0.8392E+00     0.4408E+00

  -0.8192E+00     0.3910E+00

  -0.7992E+00     0.2209E+00

  -0.7792E+00     0.7919E-01

  -0.7592E+00    -0.8126E-01

  -0.7393E+00    -0.2438E+00

  -0.7193E+00    -0.4585E+00

  -0.6993E+00    -0.6663E+00

  -0.6793E+00    -0.9098E+00

  -0.6593E+00    -0.1169E+01

  -0.6394E+00    -0.1452E+01

  -0.6194E+00    -0.1759E+01

  -0.5994E+00    -0.2083E+01

  -0.5794E+00    -0.2402E+01

  -0.5594E+00    -0.2733E+01

  -0.5395E+00    -0.3043E+01

  -0.5195E+00    -0.3321E+01

  -0.4995E+00    -0.3507E+01

  -0.4795E+00    -0.3557E+01

  -0.4595E+00    -0.3428E+01

  -0.4396E+00    -0.3012E+01

  -0.4196E+00    -0.2220E+01

  -0.3996E+00    -0.9564E+00

  -0.3796E+00     0.8335E+00

  -0.3596E+00     0.3082E+01

  -0.3397E+00     0.5432E+01

  -0.3197E+00     0.7035E+01

  -0.2997E+00     0.6349E+01

Some odd energy eigenvalues.One has to interpolate between the two values in bold type or refine the search around those values.

E2≈  -.50    ,   E4≈ -.32

-0.9990E+00     0.1521E+01

 -0.9790E+00     0.1586E+01

 -0.9590E+00     0.1654E+01

 -0.9391E+00     0.1669E+01

 -0.9191E+00     0.1679E+01

 -0.8991E+00     0.1755E+01

 -0.8791E+00     0.1806E+01

 -0.8591E+00     0.1839E+01

 -0.8392E+00     0.1882E+01

 -0.8192E+00     0.1920E+01

 -0.7992E+00     0.1953E+01

 -0.7792E+00     0.1973E+01

 -0.7592E+00     0.2003E+01

 -0.7393E+00     0.2002E+01

 -0.7193E+00     0.2002E+01

 -0.6993E+00     0.1979E+01

 -0.6793E+00     0.1936E+01

 -0.6593E+00     0.1870E+01

 -0.6394E+00     0.1772E+01

 -0.6194E+00     0.1637E+01

 -0.5994E+00     0.1458E+01

 -0.5794E+00     0.1225E+01

 -0.5594E+00     0.9285E+00

 -0.5395E+00     0.5579E+00

 -0.5195E+00     0.1073E+00

 -0.4995E+00    -0.4315E+00

 -0.4795E+00    -0.1056E+01

 -0.4595E+00    -0.1751E+01

 -0.4396E+00    -0.2482E+01

 -0.4196E+00    -0.3178E+01

 -0.3996E+00    -0.3719E+01

 -0.3796E+00    -0.3892E+01

 -0.3596E+00    -0.3436E+01

 -0.3397E+00    -0.2014E+01

 -0.3197E+00     0.6111E+00

 -0.2997E+00     0.4141E+01

 -0.2797E+00     0.7030E+01

 -0.2597E+00     0.5732E+01

FORTRAN CODE

c  v= v0 if /x/ <= a    v= -v0*(a/x)**p if x>a

c  shallow square well potential  A. J. P. Vol 55, no1,Jan1987, page 55

      dimension psi(0:5000),psinf(200),energy(200)

      data a,vcero,niter/1.,-1., 1 /

c      etext(vcero)= -2.*abs(vcero)*(a**2*abs(vcero))+

c     $ (16.*abs(vcero)/3.)*(a**2*abs(vcero))**2

      e=.999*vcero

      e=-.527

      efinal= -.50

      nstep=3000

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

c      print*,'etext=',etext(vcero)

      print*,'  '

      do 110 iter=1,niter

c xlim should go beyond the classical turning point where e=V(x)

      xc=(vcero/e)**2*a

      xlim=2.*xc

      dx=xlim/float(nstep)

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

      kount=kp

c initial conditions-even states  psi(0)=1.,psi'=0.

c odd states  psi(0)=0.  , psi'(0)=+1.

      psi(0)=0.

      psi(1)=psi(0)+dx

      if(niter.eq.1) print 130, 0.,psi(0)

      do 100 i=2,nstep

      x=dx*float(i)

c      psi(i)=-2.*dx**2*g(x-dx,i-1)+2.*psi(i-1)-psi(i-2)

      psi(i)=-2.*dx**2*(e-v(a,vcero,x-dx))*psi(i-1)+

     $ 2.*psi(i-1)-psi(i-2)

      if(niter.eq.1)then

      if(i.eq.kount)then

      print 130,x,psi(i)

      kount=kount+kp

      endif

      endif

100   continue

      energy(iter)=e

      psinf(iter)=psi(nstep)

       e=e + de

110   continue

      print*, '  '

      do 20 i=1,niter

      print 120,energy(i),psinf(i)

20    continue

120   format(3x,'energy, psifin=',2(4x,e11.4))

130   format(3x,'x, psi=',2(4x,e11.4))

      stop

      end

      function v(a,vcero,x)

      if(x.le.a)v=vcero

      if(x.gt.a)v= vcero*(a/x)**.5

      return

      end

