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Recently, irreversibility on macroscopic systems has been investigated based on the chaos the-
ory, by using Molecular Dynamics (MD) methods. However, the MD methods can not avoid the
numerical irreversibility due to round-off errors. For example, Loschmidt’s reversibility paradox
was investigated by Orban and Bellemans!. In their simulation, a time-reversal operation is
realized by a velocity-inversion technique. That is, all velocities of the particles are reversed
suddenly at a certain time in the middle of the equilibrium state. ‘As a result, irreversibility
appeared in the simulation, i.e., Boltzmann’s H-function didn’t return to the initial value after
the time-reversal operation. Accordingly, it is still unclear whether the irreversibility of the
system can be investigated properly, even if the stability has some relation to the irreversibility.

Therefore, to study the characteristic of this numerical irreversibility, we employ the bit-
reversible algorithm? as a test bed. The bit-reversible algorithm (Bit MD) is completely time-
reversible and is free from any round-off error and, therefore, any irreversibility can be detected
definitely® (Fig. 1). This is because Bit MD employs Verlet’s algorithm for time derivatives but,
unlike the standard MD, employs a discrete coordinate-space, instead of a continuous coordinate-
space. This complete time-reversibility suggests that, if a quantitatively-controlled noise is

added to Bit MD, it may be possible to quantitatively investigate numerical irreversibility in the
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standard MD. Based on this idea, we investigate the irreversibility by means of the following
controlled noise which is added to Bit MD. The controlled noise is a deliberate displacement
of the particles; that is, the particles change their position suddenly by a certain amount, in a
random direction in the discrete coordinate-space.

Through this study, it is clearly demonstrated that, other than the extent of the stability of
the system, the appearance of irreversibility is related to the ’quantity’ of the controlled noise
(See Fig. 2). By means of the bit-reversible simulation added to the controlled noise of an
appropriate ’quantity’, the characteristic of the numerical irreversibility in the standard MD
is revealed. Note that, to measure the numerical irreversibility properly, a recovery rate of
Boltzmann’s H-function, Rp, is newly defined by

_ dH _ H(Qtrev) - H(trev)
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Fig. 1: Time evolution of Boltzmann’s H-function obtained by time-reversible simulations.
Time-reversal operations are executed at the timings designated by a, b, ¢ and d. The H-
functions in Bit MD return to the initial value exactly after a passage of time from the time-
reversal operations, which is equal to a time interval from 0 to t,y. On the other hand, in
the standard MD, the time evolution of the H-function is influenced by the timings #;ey of the
time-reversal operation, and the H-functions don’t return to the initial state completely. In this
figure, for Eq. 1, dH and AH at t,., =b are also shown.

Fig. 2: Effects of the number of particles to which the controlled noise is added, Ncn.
Arbitrary Nc¢n particles are chosen to be displaced by the minimum lattice distance in the
discrete coordinate-space, only once at the timing ¢y of the time-reversal operation. In this
study, Ncn/N is varied ranging from 0.06% to 100%. Here, the total number of particles N is set
to be 1600. As shown in Fig. 2, the number Ny has a significant influence on the appearance
of irreversibility. The more the ratio Non/N increases, the more quickly the irreversibility starts
to appear, and the more rapidly the irreversibility prevails.
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