Journal of Physics: Conference

Series
OPEN ACCESS You may also like
H - Quantum optomechanics with a high-
From MaX|ma| EntrO py Random Walk to quantu m frequency dilational mode in thin dielectric
membranes
thermodynamics K Barkje and S M Girvin
- Classical versus guantum views of intense
. . . laser pulse propagation in gases
To cite this article: Jarek Duda 2012 J. Phys.: Conf. Ser. 361 012039 S A Berman, C Chandre, J Dubois et al.

- Ground state cooling of a quantum
electromechanical system with a silicon
nitride membrane in a 3D loop-gap cavity
Atsushi Noguchi, Rekishu Yamazaki,
Manabu Ataka et al.

View the article online for updates and enhancements.

G N o | Discover

how sustainability

The 3 : intersects with
Electrochemical ¢ |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 18.216.34.146 on 04/05/2024 at 21:53


https://doi.org/10.1088/1742-6596/361/1/012039
https://iopscience.iop.org/article/10.1088/1367-2630/14/8/085016
https://iopscience.iop.org/article/10.1088/1367-2630/14/8/085016
https://iopscience.iop.org/article/10.1088/1367-2630/14/8/085016
https://iopscience.iop.org/article/10.1088/1361-6455/ab1c12
https://iopscience.iop.org/article/10.1088/1361-6455/ab1c12
https://iopscience.iop.org/article/10.1088/1367-2630/18/10/103036
https://iopscience.iop.org/article/10.1088/1367-2630/18/10/103036
https://iopscience.iop.org/article/10.1088/1367-2630/18/10/103036
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsu7qGJmEDTo1QNPo-UDTYr2RXyXKRDEuGRj4fSSx48gf7Lhi4EaY6jGtu8fg9Lh4aD1Vc2fXs5DiYwi6aTQ662rJ8Ufx54wJIpUTboPZy-XNT_3ySADHnUKNpMsSAtLdKvIPGskDYQOYz3JqJtZGKaAypmg6IUoyp4sdYn58TZAAHLdSVK-tinrxfIsVzrVe_jEXC5WrEeFZ65MBK1Onel9onlRM4sd2CN5Uke6Ql5yjKZbk-PJkkwrj-UGdDmEZKgZ-lXMTJ6zDXZJtPBP9tdeHXpp7yCtk1OIc3g8rVCW-NUfMqQKcRM93x4l0kAllPmLAe97Hezw6oci5zl8vnvVyNTzXA&sig=Cg0ArKJSzFZXE76xmYQj&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

EmerQuM 11: Emergent Quantum Mechanics 2011 IOP Publishing
Journal of Physics: Conference Series 361 (2012) 012039 doi:10.1088/1742-6596/361/1/012039

From Maximal Entropy Random Walk to quantum
thermodynamics

Jarek Duda

Smoluchowski Institute of Physics, Jagiellonian University, Cracow, Poland

E-mail: dudaj@interia.pl

Abstract. Surprisingly, the natural looking random walk leading to Brownian motion occurs
to be often biased in a very subtle way: emphasizing some possibilities by only approximating
maximal uncertainty principle. A new philosophy of stochastic modelling has been recently
introduced, in which we use the only maximizing entropy choice of transition probabilities
instead. Local behaviour of both approaches is similar, but they usually lead to completely
different global situations. In contrast to Brownian motion leading to nearly uniform stationary
density, this recent approach turns out in agreement with having strong localization properties,
thermodynamical predictions of quantum mechanics, like thermalizing to dynamical equilibrium
state of probability density as the quantum ground state: squares of coordinates of the lowest
energy eigenvector of the Bose-Hubbard Hamiltonian for single particle in discrete case, or of
the standard Schrodinger operator while including potential and making infinitesimal limit.

While constructing probabilistic models, the choice of probabilities is often made arbitrarily.
However, universal maximum uncertainty principle strictly imposes the optimal choice of
probabilities as maximizing entropy for the knowledge we posses. For example, if among 2"
length n sequences of 0/1, we restrict to sequences in which p € [0, 1] of symbols are “1”, their
number is approximately (pT:L) ~ 2"P)  where h(p) := —plg(p) — (1 — p)1g(1 — p) is Shannon’s
entropy, which has single maximum for p = 0.5. The entropy is coefficient in the exponent, so
in n — oo limit, the maximizing entropy cases completely dominates all possibilities - without
additional relations, a long random 0/1 sequence almost surely contains nearly half of “1”
symbols.

Random walk is natural situation in physics of choosing probabilities - we discretize the
space of possibilities and assume that because of complexity or our lack of information, the
system makes transitions between these chosen states in practically random way. According to
maximum uncertainty principle, as long as there are no additional clues about the transition
probabilities, there should be used the maximizing entropy choice. The space of possibilities for
any other choice becomes asymptotically negligible.

Specifically, for given graph defined by its adjacency matrix (M;; € {0,1}), we would like
to choose transition probabilities (0 < S;; < M;;, >, Si; = 1), such that average entropy
production (H(S)) is the largest possible: H(S) := — 3, m >, Sij18(Sij), where m; € [0,1] is
stationary probability distribution for given S: ). m;S;; = m;, >, m = 1. The standard choice
leading to Brownian motion is that for each vertex, each outgoing edge is equally probable
(SERW =1/, My = 7TZGRW o »_; M;j) - we will call such choice a Generic Random
Walk. It can be seen as local approximation of entropy maximization. However, it usually is not
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Figure 1. Schematic explanation of GRW and MERW choice of transition probabilities and
simulation of their probability distribution evolution on 40x40 lattice graph with cyclic boundary
conditions, in which all vertices but marked ones have self-loops (edge to itself).

the real maximum, which can be obtained by taking scale-invariant limit of GRW: instead of
choosing uniform distribution among possible length 1 path, assume uniform probability among
length k paths and take & — oo limit. Such Maximum Entropy Random Walk is given by
S}}/IERW = ]\f\”ii 7TZMERW x go? where Z M;jpo; = Ap;
J

is the dominant eigenvector. Local behaviour of both GRW and MERW looks similar, but from
Fig. 1 we see that on defected lattice they lead to completely different stationary distributions
- GRW to nearly uniform one, while MERW has strong localization properties ([1], [2]) - in this
case practically completely localizes in the largest defect-free region (called Lifshitz sphere).

The adjacency matrix can be seen as minus Hamiltonian of Bose-Hubbard model for single
particle - the dominant eigenvector corresponds to quantum ground state and so in opposite
to GRW, MERW stationary probability distribution agrees with thermodynamical prediction of
quantum mechanics: deexcitation to the ground state density. This localization effect can be
seen in recent STM measurements of electron density on defected lattice of semiconductor [3].

The defects from Fig. 1 can be seen as locally larger potential - after generalization into
continuous potential and taking infinitesimal limit of such lattice, the Hamiltonian becomes

Schrodinger operator. It also leads to thermodynamical analogues of Ehrenfest equation,
Heisenberg uncertainty principle and Pauli exclusion principle [4].
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