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Table 1.  Description of particle motion parameters of different types of active systems.
HTHm R /pm EHHSE s *ﬂj’r; et LSO D, ) radvs | B Ra /s
BBl PR 1.00 (EA%) 0 0.2 0.17 0
F A Bk 1.00 (Ef&) 3.3 1.9 1.10 0
BRI TR 2.00 (1K), 0.25 (EAR) 20.0 100.0 3.30 10
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Fig. 1. Schematic diagram of the active particle, the hori-
zonal distance between the wall and the centroid of the
particle is x, the length of the particle is 2L and the orient-
ing angle is 6.
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Fig. 2. Effective pressure as the function of reduced interac-

tion intensity.
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Fig. 3. Effective pressure as the function of reduced length

of active particle.
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Fig. 4. The variations of the torques and the pressures as a
function of structure constants of the three kinds of

particle.
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Fig. 5. The variations of pressures as a function of particle
number density for different rotational mobilities.
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Abstract

Self-driven particle systems consist of particles that can extract energy from the environment and transform
into active motion, and thus are significantly different from the classical passive particle systems. For such an
active system, the question of whether there is a classical equation of state (EOS) has caused spreading concern.
Recent studies analyzed the validity of the EOS of an active system under the harmonic potential (Solon et. al,
2015 Nature Physics, 11 673). In contrast, this paper explores the conditions for and the specific forms of the
EOS of an active system under electric double-layer interaction between the wall and the particles. The results
show that the wall pressure is related to the shape of the active particles. When a wall exerts a moment on the
active particles, the particles orientation turns to the equilibrium state parallel to the wall surface under the
action of the moment, and the increase of the wall-particle interaction strength enhances the parallel-orientation
trend, which reduces the system pressure. The association of pressure and wall means that the active system
does not have a general equation of state. In the case where the wall-particle interaction intensity is extremely
small or extremely large, by defining the effective temperature, the active system has an equation of state
similar to that of the ideal gas. In addition, it is found that the extent of the shape of particles deviating from
the rotational symmetry is a key factor affecting the pressure of active particles. The research results provide a
reference for the study of the current active system equilibrium properties, and provide a basis for studying the

thermodynamic properties of active systems under more complex interaction potentials.
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