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Abstract

The second law of the thermodynamics tells us that the work done to an
1isothermal system cannot be smaller than the change of its Helmholtz free energy.
We consider that the system is divided into a plant and the rest that measures and
controls the plant. It is interested how the work done to the plant is related to the

change of its Helmholtz free energy.

We numerically study a process of carrying a charged Brownian particle by means
of an external electrostatic force in one dimension from a place to another in a finite
time lapse. We control the force by using a feedback loop to minimize an evaluation
functional, which contains the averaged work and two terms involving control
parameters. We can show that the minimum work remains finite in a limit of the

control parameters.

The results appear to satisfy the inequality proposed by Sagawa & Ueda (2008) for
a quantum system. A similar inequality is founded to hold in general for the
classical system the plant of which is measured at many times. It involves the
mutual information defined in the Markov process extracted from the whole

process.

Using the numerical results in the model above, we find the difference between the
values on one side and other side of the inequality to be very large. To investigate
the practical conditions making the inequality closer to the equality, we numerically
study another model, where the Brownian particle is shifted by means of a
harmonic potential. The linear feedback loop is designed so that the averaged work
1s decreased as much as possible. The averaged work under the optimal control
depends on the sensor noise, the process duration time and other factors. Many
factors cannot reduce the optimal averaged work and make the inequality closer to
the equality at the same time. The particle friction is found to be clearly exceptional

1n this point.
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