Spectral analysis of Bazarov’s piston
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We consider a hard-disk gas contained in an adiabati-
cally isolated cylinder with a movable, frictionless, adia-
batic piston under constant external pressure. The power
spectrum of the position of a piston at equilibrium is in-
vestigated. The analysis is made by means of molecular
dynamics simulations and hydrodynamics. For different
piston masses we obtain results for the main times scales
involved in the problem: the piston frequency and its
damping constant.

The model (see Fig. 1) consists of a simplified version
of the adiabatic piston. It presents the advantage that
it has a well-defined thermodynamic solution.! On the
other hand, this model does not present the time evolu-
tion from mechanical equilibrium to full thermodynamic
equilibrium characteristic of the adiabatic piston.?
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Figura 1. Bazarov’s piston.

From a theoretical viewpoint, an analysis of the system
near equilibrium is performed by assuming that the flu-
id displacement is approximately described by &(z,t) ~
sin(kx) f(t) where k is an effective wavelength of the sys-
tem. An equation for the wavelength is derived in terms
of the mass of the piston M and hydrodynamic parame-
ters. Comparison with simulation shows that this equa-
tion is very accurate in predicting the piston frequency.
Finally, an equation of motion for the piston is obtained
in terms of an effective mass that is itself a function of
the wavelength k.

Previous work? showed that the power spectral density
S(w) of the position of the adiabatic piston at equilibri-
um presents a three peak structure with a thermal mode
associated to the slow motion of the piston from mechan-
ical equilibrium to full thermodynamic equilibrium and
a sound mode related to the damped oscillating behavior
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of the piston. A similar behavior is found for the sound
mode in Bazarov’s piston but the thermal mode char-
acteristic of the adiabatic piston is absent in Bazarov’s
piston. This behavior is shown in Fig. 2 where we note
that one must keep the same ratio between piston mass
and the mass of the particles in both systems and this
implies half piston mass in Bazarov’s model compared to
the adiabatic piston. Finally we would like to note that a
second harmonic arises in the spectrum as a consequence
of the asymmetry of the effective potential in Bazarov’s
model.
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Figura 2. Power spectral density of the position of the pis-
ton at equilibrium. Bazarov’s piston with M = 50 vs the
adiabatic piston with M = 100.
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