MREMBBEMBR

Equilibrium Statistical Physics

A i
(% ZhR)

( I HR )

Michael Plischke
(Simon Fraser University, Canada)

Birger Bergersen
(University of British Columbia, Canada)

=

1

120
00
80
60

perconducting Transition Temperature, T,
= z -
ettt —

=
2B

ok % mpmat




0414. 21
Y1=2

2006.

MRERBHEH B R

Equilibrium Statistical Physics
(2nd Edition)
-l v ALy
(% k)
(BESCHENRR)

Michael Plischke -

( Simon Fraser University, Canada)

Birger Bergersen
( University of British Columbia, Canada)

18 9 % & miprat



BB EMS B (CIP ) 318

S-# Ge it 2 (55 _RR) = Equilibrium Statistical Physics(2nd Edition)/
Chn ) 3% BLGRE, (A ) (s 2% . — B3 . 2 B R# ikt , 2006. 11

(BFRERTGEMBR)

ISBN 7-309-05200-5

[ o L O%-OfA I PRSI S
R -BFSEZIR-HEL V. 0414.21

h E IR A B 4545 CIP BB (2006) 55 121623 &

Equilibrium Statistical Physics(2nd Edition)

Michael Plischke, Birger Bergersen

First edition published in 1989 by Prentice-Hall, Inc.

This edition copyright (©) 1994, 1999,2003 by World Scientific Publishing Co. Pte. Lid.
A B (B3 AR M RA E BAUH R SCEEIR

FERGRZICS KT :09-2006-682

TEETMESF(FH)
()M E2HH (h)B AHKEFE #

HAREAT Lk £ mrma EYBHEAEE STO S R4 200433
86-21-65642857( 1T EE)
86-21-65118853 ( H{AiTHY) 86-21-65109143(54“%!11{[3%)

fupnet@ fudanpress. com hitp://www. fudanpress. com

RERE £ R

B HRE ah5E

H & A BEXE

Ep Bl WAL TR AR AR
F & 787 x960 1/16

2] ¥ 33.75

KR 2006 47 11 A TURRE— XK EIR)
2] ¥ 1—3100

3 £ ISBN 7-309-05200-5/0 - 372

= # 50.00 5¢

WA ENe B RV, 3 16 B2 B K RS R AT IR A
AR RRLE



il T

FERFHRHEEMEXROBR(AREMBEM B R), £
ERXTUTILEFE,

L (HmBO)ERABRBRADUAEEHAKEFELZ TH, H
KT H 10 FHEHAF R, K20 #4290 FRUK, L HE
1995 ££i% 2 8 3 1 T 46 # % B % It 4 R4k (Imperial College Press)
51% e (L4 B TR T 100% i B W) Z J5 , 3X W K BRAL
WEBREHABRNEFTHRET  T2RXRETREFAZRLHR
B EREYCEAHEE B EREHEE, B A P#AT A
HHEHERBMEAT . B EZAFAELERAHENMN, XL
AR MBI F R, A BRATEAN RN S 1E R ERK
12 A o

2. IRABEBERUFAL RN X B, BN BREEX 2
R AR T 8 h 3SR, A 2003 T4, O I 4
R Y Fudan Series in Graduate Textbooks :X M , B W Wi #F KW
RtF, BERTUEZFALN, XELAFBZNFRMIEHRE N T,
A, BRMNEANBEHENERAE, S# - HEFEIHLAR
EWANTEHAM, (F B HERHKHERAEA S RAENEE, BIFR
BTXFE-ANRFNVE. BIOTAZAARBRAEERLHH EF,
HEHI0LAHNE EAEXTFERE, RLAHETHPW 1 fF
AEMCAREMNBHEM B R)B WM, X 11 HEFWEH %
H¥ K EEWEASAHNERY 10 ZHERIARHIT, 011
BEEMX FHBAAWAEAN, ARBFREAMNETAREHKFN
ANBHER(EREFWEENA) . £ITHMEL REFE A H
INE AR, XKW T AT F Ao B RS A, & AR AR 55 WO
T AN TEHERFREARENKEE, ;11/‘? 6 AKEMEAH M,



RaAE - AEAYEEENARBRTET NG AL BRI —
(BMFH—NATXEAFEHEFE)

3.ANTAMT AnEMEHEHE BHXM BHEHEAR
WHER REEDARFTFHBARN B RE B XHBEN G IfEH
MBI, I i1 4% preface(F &) FRF Xo FER-—AFWEN, ¥
BRERER BEERA WEFEMA R SS S, HAKHF R
FXEDAFA T EH x| WA, 8% X H R RN AR, B
REBZSBEHNE _MEF.

4. FRF MBS, kKM 3 o L AR A, BB B A
A¥EFREURZEERTREFL, HEE AN HMNTEE
Pt oz — AR GFEZILH AN R ENESETREEY
S, X P R BB ERAT RN EFENEHZ—

5. FREAYELAESRZ(FAF) HFHARHRAAHE — &
MR ERG S 11 K BBAYEN R, X—FRWRE
Bl A AL ZUEOAT S B RN HE ST LA A e o R,

RMEF WP, 32 H A W,

HEKF MR
2006 4 9 F



s & N

R X ANEY IR A AR R R 2B A MR R AR AE N R
ToRME G BB . F7E 1980 4, fEETR B K. G. Wilson ¥
HBAHTEIAGARRIFRBRINZ)E, BRESYEHMARHIAT K
R R ) B, BRI A B 5T AR B B 9 802 T D 28 R BRX T Y 3
o AT 1989 4EF i Prentice-Hall H AZY B H AR T 5 B IX 77 1 4% €4
CPEESiT ) 1994 42531817, ¥ 5| World Scientific iR T A BEE—
R, 1999 4 H AR T 48 AR, BUAE 2 BUAE 23 11 A B9 2 2003 £ERRRAS

HHD 1 H FNESFHNE IR FNRITREHEL, XBFHE
BER B # M 5 & AL, R T AR 81 8 A B it $1 h # fnde
TH B AR, PEAA KRR, 0] LR B A Mg, 5w
£ B 53 YRR V1 3R BT FE B SRR I R BSR4 e A
B RBRTE AR ERAB TS, S LENMAHEER T E A
ot B EN ARG YERERO N HEE: REYHMER &8 TR
A MR TR RS, B TABNGELEESE R K E Trg
B HKER SRR T HARREONE, A HEEHE AN -,
PR HAE, S BB A R, EENEETIRE 18R
%),ﬁ'ﬁ%% B 5 U B% 432 & BT a8 13 5 B X (htip://www. worldscibooks. com/
physics/4485. html ) Z$%,



Michael Plischke

A% K Simon Fraser KW R AT, 4. ZE Loyola K H ¥
-+ Yale KFEWHEM L, Yeshiva KEY AL, KN FERESYHE
BT, 88 -+ A A B E R G1T 1%# . Equilibrium Statistical Physics y |
Physics and Chemistry of Disordered Systems %R RHEMELE,

Birger Bergersen
%K British Columbia KA H A K 3 R FREH BB, BB LA

AR A R MG K A 30 L4E, Equilibrium Statistical Physics —
Pk EHEENFEREE.



95— W

| I EW 10 FrHEE, KNALEXHEL BHFREAR
AEREGEFARERBREEN R FRE, EZXRNE, b
K.G. Wilson £ £ EEAHN T EIABERARZI P, XH AKX
HAETRNABRRSWENFAR T k. B ANEEAHIIANMAE
A AR K, R ALK — JF SR AE 3 % PSR 8 VRGBT AR
SRR, LR TG AR S S A B o U B B AT
Fo I TEWBHRLLEZ, ERENEE, U5 ZRBZETE
AR, AR ES AR E R RESEL
e R B AR &R KRN X EAR % 3 F0R E Y148 K BR
B, INE R A FRRFZAF
EXAHHAF, BNEDAR R A FWERT EHR R, &
NATH20 FPHFRXRERARAR, KEEFARERHE-TTR
WHEHRE, RAGAAZXTRELH ALV N AR ERE(A
¥ RY R EAEAER W, o 3 A8 KA o a4 i) Fu Bt A RO
MFEEEEMAZLEAMARKE,
BNEFHNRER, HERTR -THRA¥, I —-THi
AFENES, RNBEFRENUANCEERIEXTENHH, B
WRMNGERMLE A, PR ET KBNS, AR T EH
EHHRA,
FZBERMNFRAARFAGER, A AT REALER R
Go THOIBIMAMBREE, X THENLRNAEERET
Wi, FEECRABERE ZERR R . —EHEETE. FHY
BEhmpA AN R REGET HiE, B K& W ER BARE N
H-FRERYBGER S T8
FUFSREEARMAAENES, REERTERANT S

- X -



BOTEARKGEAERM T PEARTFNOHR, EERNEREA
HEEERKRT 2 EE, BN L AR A, ERWERERT
EAET HR,FEBNBEARS XKD R AR SRR ¥ E W
FEER. RANZAR KT H 83T K B B AR KSR B Om-
stein-Zernike 77 2 Wy Fah b, W E MR E B A H AR A KT R
2K # %o (Monte Carlo fu 40 F 30 F ) MR E MBI NN H, £ X
EFWRE—F,BMNER T FAE LS —FA®BNA, 50 #7%
TH-AFEWEEL R EL, X kh FEHER KT R
— FE AR — R AR,

FRLEAWERATHEMEERAL, £EEF RN
WTETIRAW_4FFHANREEBR BANY IREEW
ERARE S —RERFA LS L2, BA1% B Kadanoff By
BRI THENFREEL, JIS#THERTANEELHA, BE
X B SR % R ML # Kosterlitz-Thouless 72 i 4F i}
FTEREEMENITH,

FREXARAERBMBO AR T AHEL, XEHBMAXT
— % CAFFEAME AT L H L E R T EEITED HH,
BNHARTEEMERN T EANER, R TEL L oTaH
B I R AT A o Wilson fn Fisher #JE 441 € B IF Z 41 7 it ik,
R-—FTEMNERRAK,MRANERANFARTHZ FHWE
wRR,HEMNRAES FTHEELN,

FLEBNHAETFRAA, L EEAFEE K BHELERAR
ERER BIEMY BCSHEL, UABEHEZ WP E- T RER
Wo RN BRMALAE X b THEEH KK, AT
TERAEH TR ANEZFFRERRABREHRBEET
EEHRBRHEWNEA, '

EANFEZTEFREEMNEL, KEHLEHZTHE Kubo B H
BABHRERXREERNET TR, X—FRNBLEEEK
EFEAE— XU NI T, PHEARER R EE LS K
Rl e FREANE N R EREEYTRE, LR EE

-\



A ERENAHREEFEF-RFVNNEA,AET @8N Tk,
MATRTEMEMFEREEFRITRRMBOA T T &, B T kb,

FNERBTEFMAEDEFNN A, BAHR T L7 £
GREFAWEW, B — AR N BRI E, =R #HT -
B TAWBA, BINENET S RER, 5 B EA © A ER
AW BB FRHAEWERET W0, 5 T3 g 53k 7 oA
BEMNETHE Z YN EEHE, XU EHHEYUHSFTEN
HAFREN, BT ERRNOAE T EHLE T2 +£, HTH
HAENLR , BMNAEAEXHEFERATHFX TERREHYAR
Xk, AR EMEF N CRABEEL,

BMEAXE T RO AERERFREENTEM, 0 R
LWL, LESTEHFEABEEHM . XTEHALITH FW
TR ABETFIFER FERFAFAEREASYENF A H
HEBREMITELT . —REFALABAERBHEFH LA
BRE,AFHIFI AU AFRANE, XEHLERE - TH
Wi, REFLIM, ARLRKNEI A, WAL REE, ERIET
AR R #y 3] RLAH A AR L BBk

KEBBRHASBERANERERTFROANTRA, LT
MEE,BMNEAALAFEHA EHAWAEX#H. ARV EA
FH, XS H R WIF IS XET A RAAKA R 46 W IR

BAFWEERETHSF(FTHREEFEFRTR), A5
REFFHTH, HTAMGH TN, FRNGFHEER, XH
B 4% Bl & lan Affleck, Leslie Ballentine, Robert Barrie, John Berlin-
sky, Peter Holdsworth, Zoltan R4cz UL % Bill Unruh £ 11 89 & B 4%
Al %o AT 2 & Dan Ciamiello, Victor Finberg & Barbara Frisken
WERAITIET 24, R TEEBA T A FEN T, YR HE
TREF R A ZAEEHAHE,

Michael Plischke

Birger Bergersen

<X -



B WmEE

REE-RHERESEHS Fofle, RAIVKE TR EENE B
FRPEGEMNAAMEENAREAENEN, B, RiTA
FHARARMER B R, £F MW EFEIREY, RITEAR
R REX BT AT, BANAKE BARRMAE: W
FROMHBFNATERBR T E S RENLELIT,

REFIRNEERERREE - BRA RN EAXTHLEE
WA Y Bt A DT &, B R AMY AR T B
¥LE, EEAREKNDEY RN AN BT EEZR %X, X T
Kol EERNF T EE-F, 4R ERALHR, RATH
FETHE-—BRWERERA MY TXTARADMIEEME L EEN
B — W, &JE, RAHET T B e e b H 8 L i 3
Flo RANAERRT I RMEF R, B w8 F LT i\ HRE R

TEHRZT RAERBMNEAATHE —RIWEE HELTITE,
BREFAA BT T TRSE AN B, A HERH Vinay Ambe-
gaokar, Leslie Ballentine, David Boal, Bill Dalby, Zoltan R4cz, Byron
Southern P4 & Philip Stamp,

Michael Plischke
Birger Bergersen

ERVE R



Contents

Preface to the First Edition

Preface to the Second Edition

1 Review of Thermodynamics

11
1.2

1.3
14
1.5
1.6
1.7
1.8

State Variables and Equationsof State . . . . . . ... ... ..
Laws of Thermodynamics . . . .. ... ... ..........
1.21 Firstlaw . . .. . .. ... Lo oo
122 Secondlaw . . .. ... ... ... . ... 0.0 ...
Thermodynamic Potentials . . . .. ... ... .., ......
Gibbs-Duhem and Maxwell Relations . . . ... ... .....
Response Functions . . . . ... ... ... ............
Conditions for Equilibrium and Stability . . . . . ... ... ..
Thermodynamics of Phase Transitions . . . . . ... ... ...
Problems . ... ... . .. ... ... ... ...

2 Statistical Ensembles

21
2.2
2.3
24

2.5
2.6
2.7

Isolated Systems: MicrocanonicalEnsemble . . .. .. ... ..
Systems at Fixed Temperature: Canonical Ensemble . . . . . .
Grand Canonical Ensemble . . . . . .. ... ... ... ...
Quantum Statistics . . . . . .. ... ... L
2.4.1 Harmonicoscillator. . . . . .. ... ... ... .....

2.4.2 Noninteracting fermions . . . . . ... ... ... ...
2.4.3 Noninteractingbosons . . . . .. .. ... ........
244 Densitymatrix . ... ... ... ... 000

Maximum Entropy Principle . . . . ... ... ... ......
Thermodynamic Variational Principles . . . . . ... .. .. ..
Problems . .. ... ... .. ... ... ... ..

xi

(S U



3 Mean Field and Landau Theory

3.1
3.2
3.3
34
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13

Mean Field Theory of the Ising Model . . . .. ... .. ...
Bragg-Williams Approximation . . . . ... ... ... ....
Order Disorder Transition . . . ... ... ... ........
Bethe Approximation . . ... .................
Critical Behavior of Mean Field Theories . .. ... ... ..
Ising Chain: Exact Solution . . . . .. ... ... .......
Landau Theory of Phase Transitions . . . ... ... ... ..
Example of Symmetry Considerations: Maier-Saupe Model . .
Landau Theory of Tricritical Points . . . . . . ... ... ...
Landau-Ginzburg Theory for Fluctuations . . . . . ... ...
Multicomponent Order Parameters: n—Vector Model . . . . .
Mean Field Theory of Fluids: Van der Waals Approach . . . .
Problems . . ... ..... ... ... ... .. ... .....

4 Dense Gases and Liquids

4.1
4.2

4.3

4.4

4.5

4.6

Virial Expansion . . . ... ...................
Distribution Functions . . . . . ... ... . ... .......
4.2.1 Pair correlation function . . . . .. ... ... ... ..
422 BBGKYhierarchy . ... ... .............
4.2.3 Ornstein—Zernike equation . . . . . . . ... ... ...
Perturbation Theory . . . . .. .. ... ............
Inhomogeneous Liquids . . ... ... .............
4.4.1 Liquid-vaporinterface . . . .. ... .. ........
442 Capillarywaves . . . . ... .. ... ... ..... ..
Density-Functional Theory . . ... ..............
4.5.1 Functional differentiation . . ... . ... ... . ...
4.5.2 Free-energy functionals and correlation functions . . . .
453 Applications . ... ... ... ... ... .......
Problems . .. ... ... ... ..., ... .........

5 Critical Phenomena I

5.1

5.2

Ising Model in Two Dimensions . . . . .. ...........
511 Transfermatrix . . . . .. ... ... ..........

5.1.2 Transformation to an interacting fermion problem

5.1.3 Calculation of eigenvalues . . . ... ..........

5.1.4 Thermodynamic functions . . . . . ... ... .....
5.1.5 Concluding remarks . .. ... ... ... .......
Series Expansions . . . . . ... .. ...............

Contents

61
63
65
69
74
77
80
86
89
96
103
107
109
115

123
125
131
131
137
138
141
143
143
149
151
151
153
159
161



Contents vii

5.2.1 High-temperature expansions . . . ... ....... .. 180
5.2.2 Low-temperature expansions . . ... .......... 186
523 Analysisofseries . . ... ................. 186

53 Scaling. . ... ... ... 191
5.3.1 Thermodynamic considerations . . . . . ... ... ... 191
5.3.2 Scaling hypothesis . . ... ... ............. 192
5.3.3 Kadanoff blockspins . . . . ... ... .......... 195

5.4 Finite-Size Scaling . . . ... ... ... ...... . ...... 199
55 Universality . . . ... ... ... ... .. ... ... ...... 204
5.6 Kosterlitz-Thouless Transition . ... ........... ... 206
5.7 Problems . .......... e e e e e e e 214
6 Critical Phenomena II: The Renormalization Group 217
6.1 The Ising Chain Revisited . . . . . ... ... .......... 218
62 FixedPoints . .. ... ......... . ............ 222
6.3 Position Space Renormalization: Cumulant Method . . . . . . . 228
6.3.1 First-order approximation . . . . ... .......... 232
6.3.2 Second-order approximation . . . . . ... ........ 234

6.4 Other Position Space RenormalizationGroup Methods . . . . . 237
6.4.1 Finite latticemethods . . . ... ... .......... 237
6.4.2 Adsorbed monolayers: Ising antiferromagnet . . . . . . 238
6.4.3 Monte Carlo renormalization . . . . ... ... ... .. 243

6.5 Phenomenological Renormalization Group . . . . .. ... ... 246
6.6 TheeExpansion . ......................... 249
6.6.1 The Gaussianmodel . . . ... .............. 251
662 TheS*model........................ 255
6.6.3 Critical exponentstoordere . ... ........... 258
664 Conclusion . ............ ... .. ....... 264

6.7 Problems .. ..... ... . ... .. .. ... ... ... .. 265
7 Simulations 271
7.1 Molecular Dynamics . . ... ................... 272
72 Monte CarloMethod . . . . . .. ................. 277
721 Markov processes . . . . . ... .. .. ... ... ... 277
7.2.2  Detailed balance and the Metropolis algorithm . . . . . 279
7.23 Histogrammethods .. ... ............. .. 282

73 DataAnmalysis . . . ... .............. .. ... ... 284
731 Fluctuations . ... .................... 284



viii Contents
7.3.3 Extrapolation to the thermodynamic limit . . . . . . . . 287

7.4 The Hopfield Model of Neural Nets . . . . ... .. ....... 290
7.5 Simulated Quenching and Annealing . . . . ... ........ 295
76 Problems ... ... ... ... ... . 298

8 Polymers and Membranes 301
8.1 Linear Polymers . ... ... .................. 302
8.1.1 The freely jointed chain . . . . . ... ... ....... 304

8.1.2 The Gaussianchain . ... .. ... ........... 307

8.2 Excluded Volume Effects: Flory Theory . ... ... ...... 309
8.3 Polymers and the n-Vector Model . . . . . . ... ... ..... 313
8.4 Dense Polymer Solutions . . . . . . ... ... .......... 317
85 Membranes . . . ... ... ... .. ... ... e 323
8.5.1 Phantom membranes. . . ... . ... ... ....... 324

8.5.2 Self-avoiding membranes . . . . . . ... ... ... ... 327

8.5.3 Liquid membranes . ... ... ... ........... 332

86 Problems ... ... ... ... ... L o 336

9 Quantum Fluids 339
9.1 BoseCondensation . . . . ... .................. 339
9.2 Superfluidity ... ... ... ... ... ... ... 347
9.2.1 Qualitative features of superfluidity . . ... .. .. .. 347

9.2.2 Bogoliubov theory of the ‘He excitation spectrum . . . 356

9.3 Superconductivity . .. ... ... ... ... ... 359
931 Cooperproblem .. .................... 360

932 BCSgroundstate . ... ................. 361

9.3.3 Finite-temperature BCStheory . . . . . .. .. ... .. 365

9.3.4 Landau-Ginzburg theory of superconductivity . .. .. 369

94 Problems .. .............. .. .. ... ... ... 373
10 Linear Response Theory 377
101 Exact Results . . . . .. ... ..... ... . ... .... 378
10.1.1 Generalized susceptibility and the structure factor . . . 378

10.1.2 Thermodynamic properties . . . ... .. ... ... .. 385

10.1.3 Sum rules and inequalities . . . . . . .. ... ... ... 386

10.2 Mean Field Response . . . . . . ... ... ............ 388
10.2.1 Dielectric function of the electrongas . . ... ... .. 389

10.2.2 Weakly interacting Bosegas . . . . . ... ... ... .. 391

10.2.3 Excitations of the Heisenberg ferromagnet . . . . . . . . 393



Contents ix

10.2.4 Screeningand plasmons . . . . ... ... ... ..... 396
10.2.5 Exchange and correlationenergy . . .. ... ... ... 402
10.2.6 Phononsinmetals . . . ... .. ... .......... 404

10.3 Entropy Production, the Kubo Formula, and the Onsager Rela-
tions for Transport Coefficients . . . . . . . ... ... ... .. 406
10.3.1 Kuboformula . . . . .. ... ............... 406
10.3.2 Entropy production and generalized currents and forces 408
10.3.3 Microscopic reversibility: Onsager relations . . . . . . . 410
10.4 The Boltzmann Equation . . . .. ... ... .......... 414
10.4.1 Fields, drift and collisions . . . .. ... ......... 414
10.4.2 DC conductivity of ametal . . . . .. ... ....... 417
10.4.3 Thermal conductivity and thermoelectric effects . . . . 419
10.5 Problems . . . . ... ... ... ... ... 423
11 Disordered Systems 429
11.1 Single-Particle States in Disordered Systems . . . . ... .. .. 431
11.1.1 Electron states in one dimension . . .. ... ... ... 432
11.1.2 Transfermatrix . . . . . ... ... ... ......... 433
11.1.3 Localization in three dimensions . . ... ... ... .. 439
11.1.4 Density of states . . . . . .. ... .. .......... 441
11.2 Percolation . . .. ... ... .. ... ... .. ... ... 446
11.2.1 Scaling theory of percolation . ... ........... 448
11.2.2 Series expansions and renormalization group . . . . . . 451
1123 Conclusion . . ... ... ... .............. 453
11.3 Phase Transitions in Disordered Materials . . . . . . ... ... 454
11.3.1 Statistical formalism and the replica trick . . . . . . . . 455
11.3.2 Nature of phase transitions . . . ... ....... ... 458
11.4 Strongly Disordered Systems . . . ... ... .......... 463
11.4.1 Molecularglasses . . . . ... ............... 463
1142 Spinglasses . . . . . . . . . . ... ... ... 465
11.4.3 Sherrington—Kirkpatrick model . . . . . ... ... ... 470
115 Problems . . ... ... ... ... ... . ..., ... ..., 476
Appendix: Occupation Number Representation 481
Bibliography 495

Index 511



‘Chapter 1

Review of

Thermodynamics

This chapter presents a brief review of elementary thermodynamics. It com-
plements Chapter 2, in which the connection between thermodynamics and
statistical mechanical ensembles is established. The reader may wish to use
this chapter as a short refresher course and may wish to consult one of the
many books on thermodynamics, such as that of Callen[48] or Chapters 2 to
4 of the book by Reichl[216], for a more complete discussion of the material.
The outline of the present chapter is as follows. In Section 1.1 we introduce
the notion of state variables and equations of state. Section 1.2 contains a dis-
cussion of the laws of thermodynamics, definition of thermodynamic processes,
and the introduction of entropy. In Section 1.3 we introduce the thermody-
namic potentials that are most useful from a statistical point of view. The
Gibbs-Duhem equation and a number of useful Maxwell relations are derived
in Section 1.4. In Section 1.5 we turn to the response functions, such as the
specific heat, susceptibility, and compressibility, which provide the common
experimental probes of macroscopic systems. Section 1.6 contains a discussion
of some general conditions of equilibrium and stability and we conclude, in
1.7, with a brief discussion of the thermodynamics of phase transitions and
the Gibbs phase rule.



