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In this note we test numericaly the effects of shifting the infinite wall of a semi oscillator to x0 ≠ 0 , a certain amount  to the right of the origin.
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Fig 1.   V = (1/2) x2  , V(x)= ∞      ,     x ≤ 0                           
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Fig 2     V =  (1/2) x2 ,   V(x)= ∞      ,     x ≤ 0.1                           
The Schrodinger equation for the oscillator 
    -( h*2/(2m) ) (d2 Ψ/dx2)  + (1/2) k x2 Ψ  = E Ψ                   (1)
First consider the case of the semi oscillator with one with half the eigenvalues because the potential is defined by 

                           V(x)= ∞              ,     x ≤ 0                           (2)

                           V(x) = (1/2)k x2      , x >0
The eigenvalues are 

                              E = ( n+1/2) h* ω   , where only the odd values of n appear.Letting h*  = 1 , m=1  , k=1   the energy values are

 E= 1.5  , 3.5   ,5.5  ,7.5 …..
The FORTRAN code given below allows the localization of the eigenvalues.
Part I: Run with wall at x0 =0.
                            E                                                     Erefined futrher
e,phifinal=    0.149386E+01    0.180443E+01                1.5

e,phifinal=    0.160800E+01   -0.496321E+02

e,phifinal=    0.343429E+01   -0.416958E+05               3.5

e,phifinal=    0.354843E+01    0.486438E+05

e,phifinal=    0.548886E+01    0.289512E+08                5.5

e,phifinal=    0.560300E+01   -0.424546E+09

e,phifinal=    0.742929E+01   -0.505813E+12               7.5

e,phifinal=    0.754343E+01    0.497833E+12

Part II :  Run with x0 = 0.1

e,phifinal=    0.160800E+01    0.578550E+01             1.61  < E < 1.71
e,phifinal=    0.170787E+01   -0.904382E+02

e,phifinal=    0.360550E+01   -0.154332E+06            3.60  < E < 3.70

e,phifinal=    0.370537E+01    0.110314E+06

e,phifinal=    0.570287E+01    0.168134E+09              5.70  < E < 5.80

e,phifinal=    0.580275E+01   -0.173546E+10
e,phifinal=    0.770037E+01   -0.265060E+13              7.70  < E < 7.80

e,phifinal=    0.780025E+01    0.393722E+13
Comparing the results of part I and II we notice that the energies 
increase and will not be given by the formula E = ( n+1/2) h* ω  .
FORTRAN code

c numerical determination of the  energy and eigenfunction for the

c the semioscillator where V=infinity at x < x0

      real m,k

      data  niter, nstep /70 ,2000/

      data k ,m /1.0 ,1.0 /

      dimension phi(0:10000)

      g(e,x)=-2.0*m*(e-.5*k*x**2)

      pi=2.0*asin(1.0)

      ei= .01*sqrt(k/m)

      ef=8.

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

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

      e=ei

      print*,'aprox e    '

c      print*,'  (n+1/2)*(k/m)**.5=',1.5*(k/m)**.5,

c     $ 3.5*(k/m)**.5 ,5.5*(k/m)**.5,7.5*(k/m)**.5

      print*,'   '

      do 20 it=1,niter

c ri , rf limits of integration

c      rhof= 2.5d0*sqrt(2.d0*e/k)

      xi=.0

      xf=xi+2.5*sqrt(2.0*e/k)

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

      kount=kp

c  Initial conditions at x<=x0 ~infinite potential wall

      phi(0)=0.0

      phi(1)=phi(0) + dx

      do 10 i =2,nstep

      x=xi+dx*float(i)

      phi(i)=2.0*phi(i-1)-phi(i-2) + dx**2*g(e,x-dx)*phi(i-1)

      if(niter.eq.1)then

      if(i.eq.kount)then

c      print 150, rho , phi(i)

      kount=kount+kp

      endif

      endif

10    continue

      print 100, e , phi(nstep)

c      if(niter.eq.1)call norm(phi,drho,nstep)

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

      e=e+de

20    continue

      print*,'  '

100   format('e,phifinal=',3(3x,e13.6))

150   format(1x,'rho,phi(i)=',2(3x,e13.6))

      stop

      end

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

      dimension phi(0:10000)

      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

