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Review of Kinetic Theory



Hamiltonian Mechanics
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A Little Fluid Kinematics

▪ Incompressibility:
𝜕𝑡𝜌 + 𝑣𝑖𝜕𝑖𝜌 = 0

▪ Conservation of mass:
𝜕𝑡𝜌 + 𝜕𝑖 𝜌𝑣𝑖 = 0

𝜕𝑖𝑣𝑖 = 0



Liouville Equation
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Single-Particle Distribution
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1st BBGKY

𝐻1 =
𝑝2

2𝑚
+ 𝑉 Ԧ𝑟

𝜕𝑓1

𝜕𝑡
= 𝐻1, 𝑓1 +

𝜕𝑓1

𝜕𝑡
𝑐𝑜𝑙𝑙.



Boltzmann Equation
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H-Theorem

𝐻 𝑡 ≔ න 𝑑3 Ԧ𝑟 𝑑3 Ԧ𝑝 𝑓1 Ԧ𝑟, Ԧ𝑝 ln 𝑓1 Ԧ𝑟, Ԧ𝑝

𝑑𝐻

𝑑𝑡
≤ 0



Violation of Boltzmann’s H-Theorem in Real Gases

E. T. Jaynes, 1971 - Phys. Rev. A, Vol. 4, Num. 2



Violation of Boltzmann’s H-Theorem in Real Gases
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Violation of Boltzmann’s H-Theorem in Real Gases

▪ Maxwellian Distributions:
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Violation of Boltzmann’s H-Theorem in Real Gases

Possible States in K-H Plane



Violation of Boltzmann’s H-Theorem in Real Gases

Location of H-Theorem-Violating States



Violation of Boltzmann’s H-Theorem in Real Gases

▪ Maxwellian Distributions:
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Violation of Boltzmann’s H-Theorem in Real Gases
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Violation of Boltzmann’s H-Theorem in Real Gases
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Violation of Boltzmann’s H-Theorem in Real Gases

▪ Mollier Chart: Oxygen
𝑁 = 1 𝑚𝑜𝑙, 𝑇 = 160∘𝐾, 𝑃 = 45 𝑎𝑡𝑚

𝜕ℎ

𝜕𝑇
𝑉

= 12 𝑐𝑎𝑙/𝑑𝑒𝑔

𝑃𝑉

𝑇
= 1.3 𝑐𝑎𝑙/𝑑𝑒𝑔

10.7 > 8.3
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