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The purpose of this tutorial is to explore the impact of the presence of a large (100 E h) thin (0.10 a0) internal barrier on

the solutions to the particle-in-a-box (PIB) problem. Schrodinger's equation is integrated numerically for the first five
energy states. (Integration algorithm taken form J. C. Hansen, J. Chem. Educ. Software, 8C2, 1996.)

For the one-bohr PIB the energy eigenvalues are:
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Set  parameters:
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Calculate position vector, the potential energy matrix, and the kinetic energy matrix.  Then combine them into a total
energy matrix.
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 Hamiltonian matrix: H T V

Find eigenvalues: E sort eigenvals H( )( ) Display selected eigenvalues: m 1 5 Em
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Calculate selected eigenvectors k 1 4  k( ) eigenvec H Ek 

Display probability distributions and energy level manifold in the presence of the internal potential barrier:

n = 1 and n = 3 states: n = 2 and n = 4 states:
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It is clear from the numeric and graphic display of the energy manifold that the presence of the internal barrier causes
a bunching of the energy eigenstates for the four lowest levels. This is frequently called "inversion doubling" because
of an identical effect that appears in the analysis of the ammonia umbrella inversion. This gives the impression that a
second set of quantized energy levels is created by the internal barrier. However, the correct explanation for this
bunching is evident in the display of the four lowest wave functions. The presence of the barrier raises all energy
levels relative to the simple PIB, but the  n = 2 and n = 4 states have nodes in the barrier, thus reducing the barrier's
effect on raising the energy. Thus the odd states are raised in energy more than the even states, causing the
bunching.


