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A two step potential model has been used in the investigation of the spectroscopy of charmonium and bottomonium.

Let a two step potential be of the form
         V1 (r ) = - β/r                                      r ≤  B

         V2(r)  = -V0 +K r                                r ≥ B
Requiring  V1 (B) =  V2 (B )   and   (dV1 /dr)r=B = (dV2 /dr)r=B , one obtains
B= (β /K)1/2    and V0 = 2KB   .

Letting  K=1 , B=1 and β=1 , the potential has the shape shown in Fig 1.
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Fig1. Two step potential.

Localization of energy eigenvalue ( E ≈ -.315 )

energy,psi2=    -0.33000E+00     0.30290E-01

 energy,psi2=    -0.32000E+00     0.37255E-02

 energy,psi2=    -0.31000E+00    -0.20755E-01

 energy,psi2=    -0.30000E+00    -0.45632E-01

 energy,psi2=    -0.29000E+00    -0.70300E-01
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Fig 2. Ground state wave function.

FORTRAN code

c Two setp  potential

      real k

      data niter,nstep, k , beta , b/ 1 ,4000 ,1.,1.,1./

      xi=0.

      energyi=-.3125

      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

      if(energy.le.-1.)xf=2.5*(-1./energy)

      if(energy.gt.-1.)xf=3.

c      if(energy.gt.2.*v0)xf=3.*a

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

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

      psi0=0.

      psi1=dx

      if(niter.eq.1)print 110,xi,psi0

      do 10 i=2,nstep

      x=xi+dx*float(i)

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

      psi0=psi1

      psi1=psi2

      if(niter.eq.1)then

      if(i.eq.kount)then

      print 110,x,psi2

      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))

110   format(1x,'x,psi=',2(4x,e12.5))

      stop

      end

      function v(x,beta,b,k)

      real k

      if(x.lt.b)v= -beta/x

      if(x.ge.b)v= -2.*k*b+k*x

      return

      end

