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The maximum entropy principle in a quantum mechanical approach
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We review the state of the art of the maximum
entropy principle (MEP) in its classical and quan-
tum (QMEP) formulation. Within the classical
MEP we overview a general theory able to pro-
vide, in a dynamical context, the macroscopic rel-
evant variables for carrier transport in the pres-
ence of electric fields of arbitrary strength. For
the macroscopic variables the linearized maxi-
mum entropy approach is developed including
full-band effects within a total energy scheme.
Under spatially homogeneous conditions, we con-
struct a closed set of hydrodynamic equations for
the small-signal (dynamic) response of the macro-
scopic variables. The coupling between the driv-
ing field and the energy dissipation is analyzed
quantitatively by using an arbitrary number of
moments of the distribution function. The theo-
retical approach is applied to n-Si at 300 K and
is validated by comparing numerical calculations
with ensemble Monte Carlo simulations and with
available experimental data. Within the quan-
tum MEP we introduce a quantum entropy func-
tional of the reduced density matrix, the prin-
ciple of quantum maximum entropy is then as-
serted as fundamental principle of quantum sta-

tistical mechanics. Accordingly, we have devel-
oped a comprehensive theoretical formalism to
construct rigorously a closed quantum hydrody-
namic transport within a Wigner function ap-
proach. The theory is formulated both in ther-
modynamic equilibrium and nonequilibrium con-
ditions, and the quantum contributions are ob-
tained by only assuming that the Lagrange mul-
tipliers can be expanded in powers of h̄2, being
h̄ the reduced Planck constant. In particular, by
using an arbitrary number of moments, we prove
that: (i) on a macroscopic scale all nonlocal ef-
fects, compatible with the uncertainty principle,
are imputable to high-order spatial derivatives
both of the numerical density n and of the effec-
tive temperature T ; (ii) the results available from
literature in the framework both of a quantum
Boltzmann gas and a degenerate quantum Fermi
gas are recovered as particular cases; (iii) the
statistics for the quantum Fermi and Bose gases
at different levels of degeneracy are explicitly in-
corporated; (iv) a set of relevant applications ad-
mitting exact analytical equations are explicitly
given and discussed; (v) the quantum maximum
entropy principle keeps full validity in the clas-

sical limit, when h̄ → 0. Future perspectives of
the MEP, including many body effects, relativis-
tic invariance and fractional statistics are briefly
addressed.

REFERENCES

1. M. Trovato and L. Reggiani, A proper non-
local frmulation of quantum maximum en-
tropy principle in statistical mechanics, In-
ternational Journal of Modern Physics, B26,
1241007 (2012).

2. M. Trovato and L. Reggiani, Maximum en-
tropy principle and hydrodynamic models in
statistical mechanics, Rivista Nuovo Cimento
Vol. 35, N. 3-4 (2012).


