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EHTIFEIR (Gibbs paradox)
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Diatomic Molecules

A B

E=€t+Evt+Er

° FHh
RENSEE: XNTAERE T MTEERSHEARE, flFRETH
I XAHR ¢ FT-XFHE pi - EABMFERBETF ksl
° k30 WRERFZEAXAIRE AT LUK FIIERA w RIERF
° ¥

54 /125



W EF 53 FIEE S

1& Wﬁﬁﬁmﬁﬁ# j‘] Wiy Wy~ Wr, Jﬂ'mﬂﬁl’__fl%l

7 = Zwle Bey _ Zwtwvw e —B(ettevter)

t,v,r

= E wee e E wpe Pe E wre P = 72,707,
t v ld

MIRE
U=-NZimz=-n2 (InZ; +1nZy, +1n Z,)
— 8/5 - 8,3 t v T

oU v r
Cy = <a7>V206+0v+cv

55 /125



WEFHF: RIER

o LEEEBE ~eV, ERE ~10°K
Ti =T + U

o RERFRIFEELE

1 Z Z axmam —————uiau;p + O(u?)

zg 1a,8=1

* AFRETLEMNE, VI&E wio H—HE
* “HBRFIERRIAIEE

56 /125



WEFHF: RIER

xAkE, X HEAEEHR

<H1>:v*+3";m

kT

m AEEW K. KEE

57 /125



WEFHF: RIER

xAkE, X HEAEEHR

3n 2
Nk Ds KS 2
_y +z(2m+ ‘ us)
s=1

° SERIIFRME
V(xi+c¢...,xn+c¢) =V(x1,...,%n)

RAHERTEERD Q =), %./n » BEZTBHE
° BRI ﬁ%ﬁ’]%‘ﬁ]iﬁlﬁ 0<r<3
FEFET m = 3n -3 —r MEFTHAKEE
6n—-3—r

(H) = > kpT

SN EREHE, r MEHEBEE, 3n -3 - MEHEHE

57 /125



WEFHF: RIER
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Tetra-atomic NH; 4 3 6 18kp/2  10/9
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WEFHF: EHER (Rotational mode)
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WEFHF: EHER (Rotational mode)

L= g (92 + sin? 9(;'52)

s RFEETFTH L2 =11+ 1=0,1,2,...
o HHE2+1

Zror Zex { M} (21 +1)

[#i%E Kardar, (Statistical Physics of Particles) , page 160-161
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X4 /REIE (Liouville's theorem)
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1 2
q q

The phase space density p(I',t) behaves like an incompressible fluid
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X4 /REIE (Liouville's theorem)
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Thermodynamics describes the behavior of macroscopic objects and try to
answer the following questions:

® How can we define “equilibrium” for a system of moving particles?
® Do all systems naturally evolve towards an equilibrium state?

® What is the time evolution of a system that is not quite in equilibrium?
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Statistical ensembles

1 weight
piston
_—insulation
Canonical Grand Canonical Gibbs or Enthalpy or

(const. NVE) (const. NVT) (const. yVT) Isob:
(const. NPT) (const. NPH) H=E+PV

Statistical mechanics is a probabilistic approach to equilibrium macroscopic
properties of large numbers of degrees of freedom
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_—insulation

c ical

(const. NVE)

(const. NVT)

Statistical ensembles

Grand Canonical
(const. yVT)

Gibbs or

Enthalpy or

(const. NPT)

(const. NPH) H=E+PV

Statistical mechanics is a probabilistic approach to equilibrium macroscopic
properties of large numbers of degrees of freedom

Under a macrostate M, there are various microstates {p}:

Statistical mechanics aims to find out pas(u)

82/125



MIEMZ&4LE (Microcanonical ensemble)
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IEMZE4E (Canonical ensemble)
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EIEMZELE (Grand canonical ensemble)
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