Wave Packet Revivals in the Asymmetric Infinite Square Well.
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of only odd-numbered eigenstates. We examine the numerically calculated auto-correlation function of even and odd sub wave packets. We find clear
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Introduction Wave Packet Thpugh not pgrfect, the even and odd subpackets exhibit muc;h better reviv_als tl?an the full wave packet.
—_— This can be viewed as evidence that the full wave packet revivals are deteriorating as the even and odd
- subpackets gradually get out of sync. To thoroughly examine what’s happening to the full wave packets,
In the infinite square well (ISW), We examined revivals in the AISW for a Gaussian wave packet with initial state it’s necessary to look at the even subpacket, the odd subpacket and the full wave packet on the same plot.
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a wavepacket will have a periodic motion. It will initially disperse but after a fixed period (known as The probability density for the initial wave packet is shown below. If we increase p, the wave packet the peak in the full wave packet
the revival time) it will return to its initial state. So, for a given wave packet P(x,0) in the ISW, we will still have the same initial probability density, but the wave packet will be built from higher autocorrelation function is between the
know that if m is an integer and 1, is the revival time, then energy eigenstates. We can determine the eigenstate, or value of n, at which the wave packet is pea.ks_ of the even and odd autocorrelation
Py Py peaked by simply squaring the value of p,. ﬁmctlpns and that the full wave packet
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4 d En at wave packets peaked at Figure 5. A plot of the full wave packet autocorrelation (green) vs. the
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2h2n2? 16ma? on the 7 = 3 state, but Direct Revival Time Comparison for Even and Odd Subpackets
En — 5 — Trey = 5 . 05 similar behavior was found Subpacket Revival Time (n=3) Figure 6 is a direct comparison of the
2m(2a) Q0 for the n =25 and n = 50 numerically calculated revival times for
0 cases. - even and odd subpackets. Revival times
Adding a small step in potential halfway through the ISW results in the asymmetric infinite -3 -2 -1 0 1 2 3 . are calculated by computing the time
square well, X difference between consecutive full revival
o0, T < —a Figure 1. A plot of the wave packet we s peaks in the autocorrelation function.
0 - 0 examined. ' There is a clear difference in the revival
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Vi(z Vi 0<z<a Again, this strongly suggests that one
0007 2 ; @ To examine the revivals of this wave packet we computed the autocorrelation function: reason for the deterioration of the revivals
) = . in the full wave packet is that the even and
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_ * N . odd portions of the wave packet get out of
Wave packets in the AISW do not have perfect revivals. We used perturbation theory and numerical A(t) - / v (1’, 0) \11(157 t) da. . : . o . : . sync as time passes.
calculations to explain why this potential step causes the perfect wave packet revivals of the ISW to —a
become the imperfect wave packet revivals of the AISW. When A(1) = I the wave packet ! Figure 6. Even subpacket revival time vs. odd subpacket revival
matches up perfectly with its initial time.
Perturbation Theory Solutions for the AISW probability density. So spikes in the 0.3
autocorrelation function that approach Other Findings and Future Research
i . . X A(?) = I indicate perfect or near- 0]
. Perturbation theor.y can be usefi to find the eqergy corrections for the AISW' First-order time perfect revivals. When we plot the A® ‘We found results similar to those for the n = 3 wave packet in wave packets centered on the n = 25
independent perturbation theory gives the following formula for the energies of the AISW: autocorrelation function for our full and n = 50 states. In both of these cases the full wave packet showed deteriorating revivals due, in
2h2n2 Vi wave packet (see Figure 2) we find o4 1 l part, to the even and odd subpackets getting out of sync.
~ Yo that as ¢ increases the revival peaks
" 2m(2a)2 27 deteriorate. Our perturbation theory 02 Another factor that affects wave packet revivals in the AISW is the fact that the revivals times are not
. . X o analysis suggests one possible reason 1 N \ M J integer multiples of the so-called classical period. The classical period describes the time it takes for
To first order the energies of the AISW are just the ISW energies plus a constant. This will change for this deterioration: the even and odd L i} H I L the peak of the wavepacket to complete one full circuit within the well, irrespective of any changes in
the overall phase of the wave functions in the AISW, but will not change any of the revival revivals are out of sync. 0 the wave packet’s shape. In the ISW the revival times occur at multiples of the classical period,
properties. So first order perturbation theory predicts perfect revivals. Examining the second order 5 ensuring that the wave packet is in the correct location within the well when it experiences a revival.
" h hed: lizht on the situation. As that we're deal th Figure 2. Autocorrelation fum:llon plot of the full wave I > packi i ‘!
energy cokrr Tc 1ons,t o\xt/e;/er%;_ ehs more Eig 0") f Stl aﬂ:on. sstlnfgth Zl\g:’\/r: e mgdw1 4 packet. In the AISW this relationship no longer holds and the wave packet may be in a different part of the
gl g A L - . -
:;2"5 packets constructed of high energy (large 1) states, the energies ot the 0 second order To examine this hypothesis we dmded the full wave packet into subpacke!s composed of only well when it reaches a revival time. As the revival times and classical periods get further out of sync
even-numbered or only odd- We then puted the autocorrelation the revivals of even and odd subpackets will deteriorate. We believe this is the reason for the
2 h2 2 V "}/me (2@) function for each of these subpackets. The results are shown in Figures 3 and 4. deterioration of revivals shown in Figures 3 and 4, but more research is required to show this
, — quantitatively.
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