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The single particle model of the nucleus is treated in Ref. (1) and (2) using tapered potentials.

In this example we take the case of neutrons in a finite square well of depth   -40 Mev.

For protons the Coulomb repulsion has to be taken into account.

We solve numerically the equation

(1/r2 ) d ( r2 dR/dr ) /dr  = - 2  {E ¨C L(L+1) /(2 r2 ) ¨C V(r) } R      (1)

with V ( r ) = - 40 Mev    for      r < r 0   where 

r 0   = 1.07E-15*A**(1./3.).    V ( r ) = 0      for    r> r 0   .

For S  states , L=0 , the initial conditions are,  R(0)=1.   d R/dr =0.
Fro P  states , L=1, the initial conditions are , R(0)=0. , dR/dr= 1. 

The energy eigenvalues are read off by making a table of the “ final ” values of psi . E runs from -40 Mev to 0. Whenever psi changes sign from +  to -  or vice versa ,an eigenvalue has been traversed. Let A = 250 au and the angular momentum L=1,  then  the table shows two eigenvalues,   ε 1p = -32.7 Mev ,

ε 2p  =- 18.2 Mev.  
The following figure is from reference 1.
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Fig. 6-7. Neutron energy eigenvalues vs. nuclear number 4. (From Green, op. cit.)
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amass, ang mom  250.  1.

   energy(Mev), psifin=    -0.4000E+02     0.3091E+03

   energy(Mev), psifin=    -0.3950E+02     0.2560E+03

   energy(Mev), psifin=    -0.3900E+02     0.2223E+03

   energy(Mev), psifin=    -0.3850E+02     0.1862E+03

   energy(Mev), psifin=    -0.3800E+02     0.1574E+03

   energy(Mev), psifin=    -0.3750E+02     0.1296E+03

   energy(Mev), psifin=    -0.3700E+02     0.1047E+03

   energy(Mev), psifin=    -0.3650E+02     0.8523E+02

   energy(Mev), psifin=    -0.3600E+02     0.6734E+02

   energy(Mev), psifin=    -0.3550E+02     0.5171E+02

   energy(Mev), psifin=    -0.3500E+02     0.4004E+02

   energy(Mev), psifin=    -0.3450E+02     0.2786E+02

   energy(Mev), psifin=    -0.3400E+02     0.1885E+02

   energy(Mev), psifin=    -0.3350E+02     0.1150E+02

   energy(Mev), psifin=    -0.3300E+02     0.4603E+01

   energy(Mev), psifin=    -0.3250E+02    -0.5404E+00

   energy(Mev), psifin=    -0.3200E+02    -0.4478E+01

   energy(Mev), psifin=    -0.3150E+02    -0.8016E+01

   energy(Mev), psifin=    -0.3100E+02    -0.1058E+02

   energy(Mev), psifin=    -0.3050E+02    -0.1244E+02

   energy(Mev), psifin=    -0.3000E+02    -0.1377E+02

   energy(Mev), psifin=    -0.2950E+02    -0.1461E+02

   energy(Mev), psifin=    -0.2900E+02    -0.1504E+02

   energy(Mev), psifin=    -0.2850E+02    -0.1514E+02

   energy(Mev), psifin=    -0.2800E+02    -0.1496E+02

   energy(Mev), psifin=    -0.2750E+02    -0.1458E+02

   energy(Mev), psifin=    -0.2700E+02    -0.1398E+02

   energy(Mev), psifin=    -0.2650E+02    -0.1330E+02

   energy(Mev), psifin=    -0.2600E+02    -0.1244E+02

   energy(Mev), psifin=    -0.2550E+02    -0.1156E+02

   energy(Mev), psifin=    -0.2500E+02    -0.1061E+02

   energy(Mev), psifin=    -0.2450E+02    -0.9641E+01

   energy(Mev), psifin=    -0.2400E+02    -0.8637E+01

   energy(Mev), psifin=    -0.2350E+02    -0.7686E+01

   energy(Mev), psifin=    -0.2300E+02    -0.6743E+01

   energy(Mev), psifin=    -0.2250E+02    -0.5808E+01

   energy(Mev), psifin=    -0.2200E+02    -0.4921E+01

   energy(Mev), psifin=    -0.2150E+02    -0.4080E+01

   energy(Mev), psifin=    -0.2100E+02    -0.3281E+01

   energy(Mev), psifin=    -0.2050E+02    -0.2562E+01

   energy(Mev), psifin=    -0.2000E+02    -0.1860E+01

   energy(Mev), psifin=    -0.1950E+02    -0.1233E+01

   energy(Mev), psifin=    -0.1900E+02    -0.6657E+00

   energy(Mev), psifin=    -0.1850E+02    -0.1395E+00

   energy(Mev), psifin=    -0.1800E+02     0.3195E+00

   energy(Mev), psifin=    -0.1750E+02     0.7288E+00

   energy(Mev), psifin=    -0.1700E+02     0.1090E+01

   energy(Mev), psifin=    -0.1650E+02     0.1394E+01

   energy(Mev), psifin=    -0.1600E+02     0.1658E+01

   energy(Mev), psifin=    -0.1550E+02     0.1878E+01

   energy(Mev), psifin=    -0.1500E+02     0.2053E+01

   energy(Mev), psifin=    -0.1450E+02     0.2192E+01

   energy(Mev), psifin=    -0.1400E+02     0.2296E+01

   energy(Mev), psifin=    -0.1350E+02     0.2367E+01

   energy(Mev), psifin=    -0.1300E+02     0.2408E+01

   energy(Mev), psifin=    -0.1250E+02     0.2423E+01

   energy(Mev), psifin=    -0.1200E+02     0.2415E+01

   energy(Mev), psifin=    -0.1150E+02     0.2384E+01

   energy(Mev), psifin=    -0.1100E+02     0.2335E+01

   energy(Mev), psifin=    -0.1050E+02     0.2272E+01

   energy(Mev), psifin=    -0.1000E+02     0.2196E+01

   energy(Mev), psifin=    -0.9500E+01     0.2104E+01

   energy(Mev), psifin=    -0.9000E+01     0.2005E+01

   energy(Mev), psifin=    -0.8500E+01     0.1900E+01

   energy(Mev), psifin=    -0.8000E+01     0.1786E+01

   energy(Mev), psifin=    -0.7500E+01     0.1670E+01

   energy(Mev), psifin=    -0.7000E+01     0.1553E+01

   energy(Mev), psifin=    -0.6500E+01     0.1431E+01

   energy(Mev), psifin=    -0.6000E+01     0.1309E+01

   energy(Mev), psifin=    -0.5500E+01     0.1190E+01

   energy(Mev), psifin=    -0.5000E+01     0.1072E+01

   energy(Mev), psifin=    -0.4500E+01     0.9577E+00

   energy(Mev), psifin=    -0.4000E+01     0.8449E+00

   energy(Mev), psifin=    -0.3500E+01     0.7378E+00

   energy(Mev), psifin=    -0.3000E+01     0.6343E+00

   energy(Mev), psifin=    -0.2500E+01     0.5411E+00

   energy(Mev), psifin=    -0.2000E+01     0.4413E+00

   energy(Mev), psifin=    -0.1500E+01     0.3528E+00

   energy(Mev), psifin=    -0.1000E+01     0.2751E+00

   energy(Mev), psifin=    -0.5000E+00     0.2003E+00

The comparison with the first figure shows that the finite square well has levels slightly higher in energies than the tapered potential.  
c Nuclei energy levels see  Introduction to Nuclear Physics-Harald Enge
c see pages   143-149
c vo=-40mev   r0 = 1.07*A**(1./3.)
      equivalence (dx,h)

      dimension psi(0:10000) ,psinf(300),energy(300)

      real mass

      g(x,i)=-2.*(e- al*(al+1.)/(2.*x**2)- v(x,vcero,rcero))*psi(i)

c      g(x,i)=-2.*(e- al*(al+1.)/(2.*x**2)- v(x))*psi(i)

135   print*,' enter amass(au) '
      read*,amass
      h=1.05E-34
      mass=1.67E-27
      rscale=1.E-15

      rcero=1.07E-15*amass**(1./3.)

      rcero=rcero/rscale

      escale=h**2/(1.6e-13*(mass*rscale**2))

      vcero=-40.

      vcero=vcero/escale

c  input e ~(mev) ,   efinal(mev)****

      al=1.

      e=-40.

      efinal=-0.

      e=e/escale

      efinal=efinal/escale

      nstep=4500

      niter=70

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

      xlim=1.5*rcero
      dx=xlim/float(nstep)
c      print*,'escale,e=',escale,e

      print*,'amass, ang mom',amass, al
      print*,'    '
      do 110 iter=1,niter
c xlim should go beyond the classical turning point where e=V(x)
c  initial condtions psi(x)=x**al , psi'(x)= al*x**(al-1.)

c  for al=0.   psi(0)=1.    psi(1)=psi(0)

c      psi(0)=1.

c      psi(1)=psi(0)

c for al=1.   psi(0)=0.  psi'(0)=1.  , psi(1) = psi(0)+dx

      psi(0)=0.

      psi(1)=psi(0)+dx

c for al=2.    psi(0)=0.   psi(1)= (1./2.)*dx**2*al

c      psi(0)=0.

c      psi(1)= psi(0)+ (1./2.)*dx**2*al
      do 100 i=2,nstep
      x=dx*float(i)
      psi(i)=dx**2*g(x-dx,i-1)+2.*psi(i-1)-psi(i-2)-(2.*dx/(x-dx))*
     $(psi(i-1)-psi(i-2))
c      print*,'e,g,psi(i)=',e,g(x-dx,i-1),psi(i)
100   continue

      energy(iter)=e

      psinf(iter)=psi(nstep)

      e=e + de

110   continue
      do 20 i=1,niter
      print 120,energy(i)*escale,psinf(i)
20    continue
120   format(3x,'energy(Mev), psifin=',2(4x,e11.4))
      print*,'  '
c      call plotwave(psi,nstep,50,dx)
      print*,'more ? =1 another run , =0 no more'
      read*,more
      if(more-0)130,130,135
130   stop
      end
      function v(x,vcero,rcero)

      v=vcero

      if(x.ge.rcero)v=0.

      return
      end
      subroutine plotwave(psi,nstep,ns,dx)
      dimension psi(0:5000)
      do 10 i=0,nstep,ns
      x=dx*float(i)
      print 100 , x, psi(i)
10    continue

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

      return
      end
