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Let a flux of particle be incident from the left upon a potential barrier V0 , at the origin (x=0) ,such that the energy of the particles  E > V0. ( Use units h(bar)=1, m=1)
The wave function on the left is 

ψI (x) = A  ei k1*x  + B e –ik1*x               (x≤ 0)          (1),

where k1=( 2*E)1/2 .               

The wave function on  the right is
ψII (x) = C ei k2*x                                (x≥ 0 )              (2),

where k2=( 2*(E-V0))1/2 .
Applying the boundary conditions
 ψI (0) = ψII (0)                                                       (3)

 and
 (d ψI /dx ) x=0 = (dψII /dx )x=0      ,                        (4)

 gives 

A + B = C                      ,                                           (5)

i( A – B) = i C                .                                           (6)

Solving them in terms of A , one gets

B=  (k1-k2)*A/(k1+k2)                                              (7)

C= (2k1*A)/(k1+k2)       .                                           (8) 
In the present numerical treatment we give trial values to the reflection coefficient B, which is real,  and integrate a complex  wave function.

What we see by examing the plots of the real and imaginary parts of is that ψII is not of the correct form , ( cos(k2 x) + i sin(k2 x) ) if  B is not the correct value.
Three examples are presented , first B > (k1-k2)*A/(k1+k2)    ,

then    B = (k1-k2)*A/(k1+k2) and finally  B < (k1-k2)*A/(k1+k2).                                              
 The data is  E= 1.3  , V0 =1.

The theoretical reflection coefficient is 

 b theor.=  (k1-k2)*A/(k1+k2)=  0.351000428

Example 1.    bi= 1.5* bteor=  0.526500642  
An unacceptable solution develops on the region x>0.
[image: image1.emf]-2.00E+00

-1.50E+00

-1.00E+00

-5.00E-01

0.00E+00

5.00E-01

1.00E+00

1.50E+00

2.00E+00

-3 -2 -1 0 1 2 3 4 5

real Psi

Im psi


The real and imaginary parts ( for x>0)  do not  have the same amplitude and 

do not represent the analytical solution  

 ψII (x) = C (cos(k2*x) + i sin(k2*x) ) . 

Example 2.
b= bteor= 0.351000428
An accepatble solution develops in the region x>0.
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The real and imaginary parts ( for x>0)   have the same amplitude and 

represent the analytical solution   ψII (x) = C (cos(k2*x) + i sin(k2*x) )  

Example 3.

Choosing a reflection coefficient bi < b (theoretical)

bi,bteor=  0.175500214  0.351000428

An unacceptable solution develops in the region x>0.
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Again, the real and imaginary parts ( for x>0)  do not  have the same amplitude and 

do not represent the analytical solution  

 ψII (x) = C (cos(k2*x) + i sin(k2*x) ) . 

c   barrier reflection E>V0

c    C=(2.*k1*A)/(k1+k2)

c    B= (k1-k2)*A/(k1+k2)

      real k1,k2

      complex psi(0:6000),rooti ,g

      data E,v0  / 1.3 , 1./

      data xi,x0,xf,nstep1/ -3.,0., 5., 1000/

      g(i)= -2.*(e-vx)*psi(i)

      rooti=(0.,1.)

      a=1.

      k1=sqrt(2.*e)

      k2=sqrt(2.*(e-v0))

      bi= ((k1-k2)*A)/(k1+k2)

      bteor=((k1-k2)*A)/(k1+k2)

      bf=1.2

      b=1.5*bteor

      niter=1

      db=(bf-bi)/float(niter)

      dx=abs(x0-xi)/float(nstep1)

      nstep2=int((xf-xi)/dx)

      print*,'bi,bteor=',b,bteor

      print*,'  '

      psi(0)=a*exp(+rooti*k1*xi)+b*exp(-rooti*k1*xi)

      psi(1)=a*exp(+rooti*k1*(xi+dx))+b*exp(-rooti*k1*(xi+dx))

      kp=int(float(nstep2)/70.)

      kount=kp

      do 20 j=1,niter

      do 10 i=2,nstep2

      x=xi+ dx*float(i)

      vx=v(x-dx,v0)

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

      if(i.eq.kount)then

      print 110, x, real(psi(i)),aimag(psi(i))

      kount=kount+kp

      endif

10    continue

      b=b+db

20    continue

110   format(1x,'x,real(psi),imag(psi)=', 3(4x,e10.3))

      c=real(psi(nstep1))

      print*,'  '

      print*,'cteor, c=',(2.*k1*A)/(k1+k2) ,c

      print*,'     '

      do 30 i=nstep1,nstep2,kp

      x=dx*float(i-nstep1)

      print 120 ,x,cos(k2*x), real(psi(i))/c,sin(k2*x),aimag(psi(i))/c

30    continue

120   format(1x,'x,cos,real/c,sin,im/c=',5(2x,e9.2))

      stop

      end

      function v(x,v0)

      if(x.lt.0.)v=0.

      if(x.ge.0.)v=v0

      return

      end

