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Macroscopic thermodynamics

microscopic thermodynamics/statistical thermodynamics
Root-mean-square / average rate of motion

Macrosate / Microstate: 72 W&/ 2

The time average of the properties of a system Is equivalent to
the instantaneous average over the ensemble of the microstates
available to the system.
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Nomenclature (2)
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Ensemble: Z%¢
Microcanonical / canonical / macrocanonical: 4/ 1FE N/
Degeneracy: fij /&

Partition function: B4 k%%

i

David V. Ragone, Thermodynamics of Materials, John Wiley &
Sons, Inc., 1995, Vol. I, Chap 10 &Vol. I, Chap 2..

AR, Fopk S, Bl i hcet, 1999, 5 /W&
TRAHRE, Wk, AR R, B Hibicet, 2000, SRJULERHRE
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Average Velocity of Gas Molecules
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Monatomic, ideal gas in equilibrium with its pressure and temperature

PV =nRT
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o TS
PR IIRA LR S BOmELEE  RURI ek

An isolated system at equilibrium at a given volume.

o TS
TR R AR TR, WA 43 710 g ek s

Specify the position and velocity of all of the molecules in the system

%
5

The rate of motion of molecules in air at macroscopic equilibrium

=3kT /m=23.4x10* m?*/S?
=483 m/S
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In order to compute the macroscopic average of a property
*The property of each microstate

*\Which microstates the system can be in

*The probability that the system will be in a given microstate

Macrostate:

stating the total number of particles in
each box yields

Microstate:

each way of realizing a given macro
distribution

Each macrostate may be realized by a
number of microstates T

Figure 10.2 Instantaneous gas pressure as a function of time. (The
magnitude of the variation of instantaneous gas pressure is exag-
gerated for emphasis.)

Macroscopic
pressure

Pressure —

Instantaneous
pressure
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Table 10.1 Distributions of Four Spheres (A, B, C, and D) in Two Boxes I and II
Macrostate: — P
stating the total_ AD.
number of particles 5D
in each box yields AC.
_ [ BCD | [ BC | [ A
Microstate: A L:&]_)_ | BCD |
eacr_l way of_ " ACD] (AD B
realizing a given | B | BC | | ACD |
macro distribution [ ABD | AC] el
| C | | BD | | ABD |
Each macrostate [ABCD] [ ABC | [ AB | [ D | [ 0 ]
may be realized by 0 | D | | CD ABC | ABCD
a number of Box I 4 3 2 1 0
I Box II 0 1 2 3 Vi
mlcrostaN‘Q X 4 6 4 1

(DOYRINAY(E
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U=3u, V(FEZffi i€ e,=0+ &,=1u. &,=2u. &,=3u), N=3
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Isolated System and Boltzmann Hypothesis
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Microcanonical ensemble
An isolated system with N particals in a volume, V, with a fixed energy, E
Premise: all microstates are equally probable

Boltzmann hypothesis
The entropy of a system is linearly related to the logarithm of Q

S=kInQ

Q: thermodynamic probability
the number of different ways that macro-configuration can be achieved.

N! Entropy of mixing of two components

0=
N,IN !

SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 19 Statistical



guit ) ARl A St

Page 20/66
éﬁii_‘f}?\t&jj% df l(a)AB) da)AB
R S i f'(Ons)  ©ng

f = f f
() (@,)+ f(wg) In f'(a)A,B) —1In 1 +Ink
Dp g = W) Wy | @ s
. _ . _ f F'(@pg) =
(@) (0, - @) (@,) + T (@) Y:

o f'(w,-wg)=1"(w,) f(a)A,B):klna)A’B +C

0,0 1" (0, )+ ' (v, @) =0 S=klnw,,+C

Oppt " (Wpg)+ T (0y5)=0 S—kinm

SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 19 Statistical



Isolated System and Boltzmann Hypothesis
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Isolated System and Boltzmann Hypothesis
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Boltzmann Distribution
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CI) = Z Table 10.2 Partition Function for Many (N) Noninteracting Particles (®) based on
Partition Function for One Particle (Z)
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Figure 10.3 Arrangement of atoms in a per-
fect compound.
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System at Constant Temperature
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Canonical ensemble
A closed system, with a fixed number of particals N and in a fixed volume V, immersed
In a large constant temperature bath.

1

S=-k) PInP P=—

Z | | Q
Gibbs formation identical to the =0 q 1
Boltzmann formulation. S = —kza |n(—j

=1
Pi 1 1
The probability that the system S = _kg{_ |n(_ﬂ
will be In microstate 1, and the sum Q) Q)
IS the sum over all the micorstate.
S=klnQ
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Boltzmann Distribution
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Find the distribution of N particles among the m energy levels that will maximinze
the entropy S, subject to the constraints.

Maximize:$ =k P, InR (E) The average energy or
Constraint : (E) = Y PE, expected energy of a particle.

Constraint:1=> P,

The Lagrange undetermined multipliers P o
]
Multiplier ]
> InP6P, =0 1 - b
i -]
Z E;oP =0 ,B = _ .
i Figure 10.5 The m locations at different energy levels.

2. =0 —Ina

SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 19 Statistical



S.J.T.U.
Phase Transformation and Applications

Page 39/66

> (NP —Ina+ fE)P, =0
NP —Ina+ fE, =0
Pi:ae—ﬂEi

P =1 e~/ | Z: Partition function
ociZe‘ﬁEi =1 ! /
o ; Ze_ﬂE‘

PEi
p__%

i Ze—ﬂa

SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 19 Statistical



S.J.T.U.

Phase Transformation and Applications Page 6468
S=—k)> PInP =-k> P(-InZ - fE)) o _ eXp(-E; /KT)
i i Z
- i i Ci exp(-E. / kT
S kZP,InZJrkZ,BP,E, p p(~E, /KT)
S—-InZ +kp(E E
p(E) . exp( Oj
S=kInZ +kgU T
X -E -E mgh

B = i <— (1) h=h —+ = eXp(#j = eXp(— _gj

kT Y i kT KT

| I"l'l'.;llf._it'! n ressu re
pt!;ta[[fwtial energy p 1 — eXp _ mgh
pressure, kT
e
e § pressure, = pressure, x exp| — T

Figure 10.6 Isothermal column.
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 Macro-states and Micro-states

e Boltzman Hypothesis and the Third Law
e Boltzman Distribution

e Partition Function

e |deal Gas
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*Exercises in Chap 10
10.3, 10.8
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