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Abstract
By introducing the path subspace, this study extends the energy phase space
to a digital phase space (Λ space), thereby completing the digital statistical
description of elastic particle equilibrium systems. Unlike the Γ phase space
(6N-dimensional) of the Gibbs statistical ensemble, the Λ phase space (18N-
dimensional) is divided into three regions: liquid, solid, and gas, and its energy
probability distribution function possesses cyclic symmetry. The Λ space em-
ploys association degree to characterize particle interactions, thereby avoiding
the potential energy integration difficulty of the Γ space. This paper presents the
macroscopic and mesoscopic equilibrium conditions for elastic particle systems,
and derives the partition functions and state functions for the three regions.
Furthermore, by extending the definition of the entropy function, the thermo-
dynamic differential equations are generalized to the entire range of states of
matter. The results demonstrate that the structural information of matter can
be decoded using four independent parameters: one digital variable and three
scaling bases.

Full Text
2.3 Derived Energy
The derived energy of the system is defined through the energy operator. For
the kinetic component, we define the derived energy as:

̃𝑟𝑈
where the derived energy is expressed as:

̃𝑈 = {𝐸𝑧 ∶= 𝐸𝑧2 + 𝐸𝑧{𝐸𝑘 = 𝐿𝑘 + 𝐻𝑘, 𝐸𝑙 = 𝐻𝑙 + 𝐾𝑙, 𝐸ℎ = 𝐾ℎ + 𝐿ℎ}𝐽𝑧 ∶=
𝐸𝑧3 − 𝐸𝑧{𝐽𝑘 = 𝐻𝑘 − 𝐾𝑘, 𝐽𝑙 = 𝐾𝑙 − 𝐿𝑙, 𝐽ℎ = 𝐿ℎ − 𝐻ℎ}𝑄𝑧 ∶= 𝐸𝑧1 + 𝐸𝑧{𝑄𝑘 =
𝐾𝑘 + 𝐿𝑘, 𝑄𝑙 = 𝐿𝑙 + 𝐻𝑙, 𝑄ℎ = 𝐻ℎ + 𝐾ℎ}𝐺𝑧 ∶= 𝐸𝑧2 − 𝐸𝑧{𝐺𝑘 = 𝐿𝑘 −
𝐻𝑘, 𝐺𝑙 = 𝐻𝑙 − 𝐾𝑙, 𝐺ℎ = 𝐾ℎ − 𝐿ℎ}𝑈𝑧 ∶= 𝑄𝑧 − 𝐸𝑧{𝑈𝑘 = 𝑄𝑘 − 𝐻𝑘, 𝑈𝑙 =
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𝑄𝑙 − 𝐾𝑙, 𝑈ℎ = 𝑄ℎ − 𝐿ℎ}𝑌𝑧 ∶= 𝑄𝑧 + 𝐺𝑧{𝑌𝑘 = 𝑄𝑘 + 𝐺𝑘, 𝑌𝑙 = 𝑄𝑙 + 𝐺𝑙, 𝑌ℎ =
𝑄ℎ + 𝐺ℎ}𝑎𝑧(𝑐𝑈/𝑈)𝑏𝑧(𝑈/𝑈)𝑎𝑧 ∶= 𝑏𝑧 ∶= {𝐾𝑘, 𝐾𝑘, {}}𝑉𝑧𝐿}
The probability distribution in phase space yields the normalization condition:

̃𝑈{{{𝑉𝑙, 𝑉𝑙, }}}3𝑐𝑈
with the momentum vector defined as 𝑃𝑧 ∶= (𝑃 1

𝑧 , 𝑃 2
𝑧 , 𝑃 3

𝑧 ) = 𝑃𝑧𝑒0. The magni-
tude satisfies:

̃𝑟𝑃𝑠 = 𝐸𝑠/𝑉𝑠

The derived energy operator thus connects the microscopic variables to macro-
scopic thermodynamic quantities through the partition function.

4. Thermodynamic Relations
4.1 L2-Norm and Derived Energies

The L2-norm formulation provides the foundation for derived energies in the
system. The derived energies for different regions are summarized in Table 2,
which shows the relationships between the digital variables and thermodynamic
quantities. The mesoscopic equilibrium conditions require that the derived en-
ergies satisfy specific normalization constraints.

4.2 Parameter Configuration

The fundamental parameter vector is defined as 𝑘∗ = (𝑘, 𝑙, ℎ) = (1, 1, 1), estab-
lishing the baseline configuration for the three-phase system. This symmetric
assignment ensures equal weighting of the liquid, solid, and gas regions in the
Λ-space.

4.3 Differential Relations

The thermodynamic differential relations emerge from the derived energy frame-
work. Starting from the fundamental relation 𝜆 = 𝜃 − 𝜂, we obtain:

𝑑𝜆 = 𝑑(𝜃 − 𝜂) = 𝑑(𝜎𝐸𝑠 − 𝑃2𝑉𝑠) = (𝐸𝑠𝑑𝜎 − 𝑃2𝑑𝑉𝑠) − (−𝜎𝑑𝐸𝑠 + 𝑉𝑠𝑑𝑃2)
Similarly, from 𝜆 = 𝜐 − 𝛾, we derive:

𝑑𝜐 = 𝐸𝑠𝑑𝜎 − 𝑃2𝑑𝑉𝑠, 𝑑𝛾 = −𝜎𝑑𝐸𝑠 + 𝑉𝑠𝑑𝑃2

The Gibbs free energy differential follows as:

𝑑𝐺 = 𝑑(𝐶𝛾) = 𝐶𝑑𝛾+𝛾𝑑𝐶 = 𝐶(−𝜎𝑑𝐸𝑠 +𝑉𝑠𝑑𝑃2)+𝛾𝑑𝐶 = −𝑆𝑑𝐸𝑠 +𝑉 𝑑𝑃2 +𝛾𝑑𝐶
This yields the generalized thermodynamic relation:

𝑑𝐺 = −𝑆𝑑𝐸𝑠 + 𝑉 𝑑𝑃2 + 𝛾𝑑𝐶
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4.4 Total Differential Equations

The complete set of thermodynamic differential equations for the elastic par-
ticle system is presented in Table 3. These equations generalize traditional
thermodynamics to the full range of matter states in Λ-space. The key relations
include:

• Energy conservation: 𝑑𝐸2 − 𝑑(𝑃2𝑉 ) = 𝑑𝑄 − 𝑑(𝑆𝐸𝑠) = 0
• Fundamental relation: 𝑆𝑑𝐸𝑠 − 𝑉 𝑑𝑃2 + 𝐶𝑑𝛾 = 0

The total differential equations connect the derived energies (𝐸1, 𝐸2, 𝐸3), ther-
modynamic potentials (𝐺, 𝑄, 𝑈, 𝑌 ), and state variables (𝑆, 𝑉 , 𝐶).

4.5 Partition Function and State Functions

The partition function for each region is constructed from the degree of associa-
tion 𝐶𝑛 and the microscopic parameters. For the liquid region (𝑘), the partition
function yields:

̃𝑈𝐿1

The derived state functions follow from logarithmic derivatives of the partition
function. The energy scale bases are determined by:

• 𝐾𝑘 = 𝑁𝐸𝑠
𝑘 ≡ 𝐶𝜅𝑘

• 𝐿𝑙 = 𝑁𝐸𝑠
𝑙 ≡ 𝐶𝜆𝑙

• 𝐻ℎ = 𝑁𝐸𝑠
ℎ ≡ 𝐶𝜂ℎ

These relations establish the connection between microscopic elastic particle
properties and macroscopic thermodynamic observables.

Table 1 Digitization of energy and pressure parameters showing the relationship
between digital variables (𝑎𝑠, 𝑏𝑠), scale bases, and derived quantities for each
region (𝑘, 𝑙, ℎ).

Table 2 Derived energies of the system and midson (intermediate states) show-
ing how digital variables combine to produce macroscopic thermodynamic quan-
tities.

Table 3 Energy relations and total differential equations for the complete ther-
modynamic description in Λ-space.
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1. Physical Constants
The Avogadro constant 𝑁𝐴 = 6.02214076×1023 mol−1 serves as the fundamental
scaling factor. The molar volume at reference temperature 𝑇2 is denoted 𝑉𝐴(𝑇2).
The characteristic length scale is:

𝑟𝑠 = 3√𝑉𝑠 = 3√𝑉𝐴(𝑇2)
with corresponding time and inertia scales:

𝑡𝑠 = √𝐼𝑠/𝐸𝑠, 𝐼𝑠 = 𝑚𝑠𝑟2
𝑠

2. Thermodynamic Functions
The digital variable 𝐶 represents the normalized volume:

𝐶 = ̃𝑉 = 𝑉𝐴(𝑇 )/𝑉𝐴(𝑇2) ≤ 𝑁𝐴

At the reference temperature 𝑇 = 𝑇2, 𝐶 = 𝑁 . The temperature-dependent
parameters are defined as:

𝑎(𝑇 ) ∶= 𝑉𝐴(𝑇2)/[2𝑉𝐴(𝑇 )] 𝑏(𝑇 ) ∶= 𝑉𝐴(𝑇 )/𝑉𝐴(𝑇2)
These parameters encode the thermal expansion behavior and phase transition
characteristics.

3. State Equation
The fundamental state equation emerges as:

𝑃 ∗𝑉 = 𝑐𝑘𝑇
where the effective pressure 𝑃 ∗ = (2𝑎2+1)⋅𝑘𝑇 ⋅𝑁𝐴/𝑉𝐴(𝑇2). The system exhibits
critical behavior when 𝑑𝑎/𝑑𝑇 = 0, corresponding to the phase transition point
𝑇0 where 𝑉 ′[𝑎(𝑇0)] = 0 and 𝑉 ″[𝑎(𝑇0)] > 0. This occurs in the temperature
range 30°C ∼ 4°C, consistent with known anomalous expansion phenomena.

5. Conclusion
The statistical principle of elastic particles in digital phase space provides a uni-
fied framework for describing matter across all states. The Λ-space formulation
avoids the potential energy integration problem of traditional Γ-space by employ-
ing the degree of association as the interaction measure. The cyclic symmetry of
the three regions (liquid, solid, gas) enables decoding of structural information
through four independent parameters: one digital variable and three scale bases.
This approach establishes a foundation for the final theory of physics based on
barycenter reference frames.

References

chinarxiv.org/items/chinaxiv-202508.00249 Machine Translation

https://chinarxiv.org/items/chinaxiv-202508.00249


[1] Liang Z C 2024 A physical theory based on barycenter reference frames
I. Principles of particle flow fields. (DOI:10.12074/202412.00119)(in Chinese)
https://chinaxiv.org/abs/202412.00119 (DOI:10.13140/RG.2.2.27259.84009)(in
English)

[2] Liang Z C 2024 A physical theory based on barycenter reference frames
II. Principles of particle dynamics. (DOI:10.12074/202412.00118)(in Chinese)
https://chinaxiv.org/abs/202412.00119 (DOI:10.13140/RG.2.2.28544.34565)(in
English)

[3] Liang Z C 2025 A physical theory based on barycenter reference frames
III. Principles of particle statistics. (DOI:10.12074/202503.00183)(in Chinese)
https://chinaxiv.org/abs/202503.00183V2 (DOI:10.13140/RG.2.2.32521.76640)(in
English)

[4] Liang Z C, Dong K J 2025 Return to simplicity and reality: Road
to final theory of physics. (DOI:10.12074/202506.00056)(in Chinese)
https://chinaxiv.org/abs/202506.00056V2

[5] Liang Z C 2020 Outline of real physics. Glob J Sci Front Res 20 (3A) 9 (DOI:
10.34257/GJSFRAVOL20IS3PG9) https://journalofscience.org/index.php/GJSFR/article/view/2621

[6] Liang Z C 2019 Modeling of real particles. J Phys (Conf Ser) 1391 012026
(DOI: 10.1088/1742-6596/1391/1/012026) https://iopscience.iop.org/article/10.1088/1742-
6596/1391/1/012026

[7] Liang Z C 2021 Dark matter and real-particle field theory. Glob J
Sci Front Res 21 (6A) 27. (DOI: 10.34257/GJS- FRAVOL21IS6PG27)
https://journalofscience.org/index.php/GJSFR/article/view/3057

[8] Liang Z C 2019 The origin of gravitation and electromagnetism. Theor Phys
4 85 (DOI: 10.22606/tp.2019.42004) https://doi.org/10.22606/tp.2019.42004

[9] Liang Z C 2018 Essence of light: particle, field and interaction. Proc SPIE
10755, Photonic Fiber and Crystal Devices: Advances in Materials and Innova-
tions in Device Applications XII, 107550I. https://doi.org/10.1117/12.2316422

[10] Liang Z C, Chen N N 2023 The distortion and quantization of the earth’s
orbit. J Phys Chem Biophys 13 361. (DOI:10.35248/2161-0398.23.13.361)
https://www.longdom.org/archive/jpcb-volume-13-issue-5-year-2023.html

[11] Liang Z C, Xie L H 2023 Wave or particle? Quantum behavior of solar
system. Glob J Sci Front Res 23 (7A) 9 (DOI: 10.21203/rs.3.rs-2891785/v1)
https://journalofscience.org/index.php/GJSFR/article/view/102761

[12] Liang Z C 2019 Motion, energy, and state of body particle system. Theor
Phys 4 66 (DOI: 10.22606/tp.2019.42003) https://doi.org/10.22606/tp.2019.42003

[13] Liang Z C 2019 Motion of elastic particles and spectrum of hydrogen atoms,
Glob J Sci Front Res 19 (4F) 18 (DOI: 10.34257/GJSFRFVOL19IS4PG19)
https://doi.org/10.34257/gjsfrfvol19is4pg19

chinarxiv.org/items/chinaxiv-202508.00249 Machine Translation

https://chinarxiv.org/items/chinaxiv-202508.00249


[14] Liang Z C 2019 Cluster ensemble statistics of body particle sys-
tem. New Hori Math Phys 3 53 (DOI: 10.22606/nhmp.2019.32002)
https://doi.org/10.22606/nhmp.2019.32002

[15] Liang Z C 2021 Ion-cluster model charge-transport properties ionic liquids.
Preprint (DOI: 10.13140/RG.2.2.16968.85760) https://www.researchgate.net/publication/355980667

[16] Bi L, Liang Z C 2015 Features of velocity-cross-correlations in
ionic liquids. J Mol Liq 212 775 (DOI:10.1016/j.molliq.2015.10.034)
https://doi.org/10.1016/j.molliq.2015.10.034

[17] Bi L, Liang Z C 2015 Investigation on dynamics and self-diffusion coefficient
of [BMIM][PF6] via molecular dynamics simulations. Rus J Phys Chem B 9 978
(DOI:10.1134/S1990793115060226) https://doi.org/10.1134/S1990793115060226

[18] Lin Z H 2007 Thermodynamics and Statistical Physics, (Beijing: Peking
University Press).

The Statistical Principle of Elastic Particles in Digital Phase Space

Liang Zhong-Cheng¹)†

¹(College of Electronic and Optical Engineering, Nanjing University of Posts
and Telecommunications, Nanjing 210023, China)

Abstract

By introducing the path subspace, this study extends the energy phase space
to a digital phase space (Λ-space), thus accomplishing the digital statistics of
the elastic particle equilibrium systems. Unlike the Γ phase space (6N dimen-
sions) of Gibbs statistical ensemble, the Λ-space (18N dimensions) is divided
into three regions: liquid, solid, and gas, and their energy probability distri-
butions have cyclic symmetry. The interaction between particles in Λ-space is
characterized by the degree of association, thereby avoiding the problem of po-
tential energy integration in Γ-space. This article presents the macroscopic and
mesoscopic equilibrium conditions for elastic particle systems and derives the
partition functions and state functions for three regions. In addition, the ther-
modynamic differential equations are generalized to the entire range of matter
states by extending the definition of the entropy function. The results indicate
that the structural information of matter can be decoded using four independent
parameters: one digital variable and three scale bases.

Keywords: statistical physics, elastic particles, statistical phase space, parti-
tion function, thermodynamical functions, structure of matter
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