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Abstract
Experimental results from literature show equidistant energy levels in thin Bi �lms on surfaces,
suggesting a harmonic oscillator description. Yet this conclusion is by no means imperative, especially
considering that any measurement only yields energy levels in a �nite range and with a nonzero
uncertainty. Within this study we review isospectral potentials from the literature and investigate the
applicability of the harmonic oscillator hypothesis to recent measurements. First, we describe
experimental results from literature by a harmonic oscillator model, obtaining a realistic size and depth of
the resulting quantum well. Second, we use the shift-operator approach to calculate anharmonic non-
polynomial potentials producing (partly) equidistant spectra. We discuss different potential types and
interpret the possible modeling applications. Finally, by applying n th o rder perturbation theory we show
that exactly equidistant eigenenergies cannot be achieved by polynomial potentials, except by the
harmonic oscillator potential. In summary, we aim to give an overview over which conclusions may be
drawn from the experimental determination of energy levels and which may not.
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Figure 1

Experimental data of Kroger et al. [4] (3 different Bi �lms) and Hirahara et al. [5] in comparison with a �t
to the harmonic oscillator.

Figure 2

Left: energy levels. Center: energy level spacings. Right: thickness-dependent energy level. Colored lines
denote the 1D harmonic oscillator. Black dots denote the truncated 1D harmonic oscillator of 16 nm
thickness.

Figure 3
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Potential and lowest states of the second-order shift operator for A = 1. The offset of the states are the
corresponding eigenenergies.

Figure 4

Potentials of the third-order shift operator U0 ...U21.

Figure 5

Numerical solution of Eq. (13) with A = −0.4 and W(1) = W0 (1) = W00(1) = 0. Left: type-1 potential and
lowest states. The offset of the states are the corresponding eigenenergies. Right: energy levels. The inset
shows the energy level spacings.
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Figure 6

Please see the Manuscript PDF �le for the complete �gure caption

Figure 7

Please see the Manuscript PDF �le for the complete �gure caption
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Figure 8

Please see the Manuscript PDF �le for the complete �gure caption

Figure 9
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Supplementary Files



Page 7/7

This is a list of supplementary �les associated with this preprint. Click to download.

supplement.pdf

supplement�g1.pdf

supplement�g2.pdf

supplement�g3.pdf

supplement�g4.pdf

supplement�g5.pdf

supplement�g6.pdf

https://assets.researchsquare.com/files/rs-345038/v1/ff885ca4144088abd38687f1.pdf
https://assets.researchsquare.com/files/rs-345038/v1/d1701f2b991306a21f99fc39.pdf
https://assets.researchsquare.com/files/rs-345038/v1/5b4504595bb57887d2bd19c1.pdf
https://assets.researchsquare.com/files/rs-345038/v1/26c0dae49510313c560a7a81.pdf
https://assets.researchsquare.com/files/rs-345038/v1/a6f52feda6efe2b87a95748a.pdf
https://assets.researchsquare.com/files/rs-345038/v1/e0d479981bb0e8557a7c6a98.pdf
https://assets.researchsquare.com/files/rs-345038/v1/25610638fd853fdc9b399e0d.pdf

