PEARSON

e
Prentice
Hall

Ashley H. Carter

BRNES5% T HE
LT

Ashley H. Carter




PEARSON

—

Prentice
Hall

BRELwEAN— PR E T

RN E5%it E
LGS b

Classical and Statistical | Ashiey H. Carter

Thermodynamics

AR HARTE

Jex



JERHTBPUREEREFRFILS B 01-2007-5197

Original edition, entitled CLASSICAL AND STATISTICAL THERMODYNAMICS, 9780137792085 by ASHLEY H.
CARTER, published by Pearson Education, Inc, publishing as Prentice-Hall, Inc., copyright © 2001.

All Rights Reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying, recording or by any information storage retrieval system, without permission from
Pearson Education, Inc.

China edition published by PEARSON EDUCATION ASIA LTD., and TSINGHUA UNIVERSITY PRESS Copyright
2007.

This edition is manufactured in the People’s Republic of China, and is authorized for sale only in the People’s Republic of
China excluding Hong Kong, Macao and Taiwan.

For sale and distribution in the People’s Republic of China exclusively
(except Taiwan, Hong Kong SAR and Macao SAR).
RFHREARXMEEAN (FEFEFEEE. RIS NTHRERMGEA S H
R)SHEXRIT.

ABEHENEH Pearson Education (EEH B HARER) WA NIRE, TREETSHE.

IRELERA, RALLTT. RIVEEIRABIE:  010-62782989 13501256678 13801310933

EH7ERS B (CIP) HiE

%5 G5t ) B 17 B #URE = Classical and Statistical Thermodynamics: %30/ F4 (Carter, A.H.) 2. —E A,
—IJbE: WERFEHRAL, 2007.12

(HrE2YEE . BERRSD

ISBN 978-7-302-16573-6

I #ee I R I QRDF—EXQGIYHEE - V. 0414

oh i A B F51R CIP Bl %7 (2007) % 185939 &5

RITHIE: 45

RIEEDH: 4 #a

MR &F: HERFEHRA i Hb: JEREERFEPIRE A B
http://www.tup.com.cn B Y5: 100084
c-service@tup.tsinghua.edu.cn
i B #Hl: 010-62770175 MRMAL:  010-62786544
#FEIM: 010-62772015 EFESE:  010-62776969

B % &F: IHSRSBREOHERAR
2 . eEFERE

F o OA: 170X230 El k. 2825

K R: 20074E 12 A% 1R ED OR: 2007 45 12 HE 1 IRENRI
N % 1~3000

E - 38.00T

ARWAFAECFE A WWEDS BRIU. BT, VTS ENRE R IR, 3 S50 4Rk 2 HH AR Hh AR R B R i e
BRARHE:  010-62770177 #3103 72545 027582-01




Classical and Statistical Thermodynamics

5 ED R Fr

W GG Y E IR ) — T EE ARG IR, 2YHEE
WFEE TR ERYIE NI RS X2 —. BEARERES, R
2P NS — B . X TR E L A 5 S URFR 152 2 LA RN ERAH R
R B A EER Y. MERTHER. EREBRSaRBRERE, BfF. BT
TARE 7B M & B T RN F 5 R E SRR

AR TR (R 2001 14 530 G IsRm 522 R AR B TR
EHERENETEL) FHE 8 &K T BRI H RGBS IMNERITH "I
B A B HERAMEHR R Lolk, VTN ER 4 IRAR e AT AE
POt hSCIRR, B IR, A TOE N RIRBA A B T RE R E T
VAR RS AEF, POEBT R AR TRFRE R R, SR
BRIt T 26 38K £ 3B £ 2802 SEVABLRT LA IV 800 1) 3802 FE B, TR U AN 2 AR K 3%
¥zh. HEAFHHAD, BokBZEE RN LR BIEARRIECE P& 25 N 5
[ 44 K22 (0 BBV, SEAT RGEH S, 2RISR, WEFREA
RS K 2 B KB 5 R AT SR R R B . 5 WUE F e AT L
B AMERE S, T LA AR AL T A 2 3] L VB AR, T R R AT K
SERIFRAR . FTAR, RIS R AR P SE R 1) L) e

H 80 E W RAT B (R4 ) (ERED M (B 55
2y (AR, mdE. M) , HEFENER: RZEOEARE AR
(I 2R BT RAAS; ZURNEMTERL S P4, AT Edg)
Sy, EHSTR T IBAER M, BHZ R4 BAGIEMEKS. R
i, BIEHE. JEPESLIERYIE . ETEMNWEFARE. HRERK
1k, BB THARRYMEAREAM, RN —8A 72 %5, BT 8T
RHEEAS T RIZE I KL K 46 220, BB RE AT B 8 TRHBeR N P
MR BRI E .

S EEMA A (Drew University) 3 % #3#% Ashley H.Carter BE2 %25, &
B, BAFEFEMHELRER . thinE M EM Classical and Statistical
Thermodynamics B2 MR PEERIFRMG TP E. N5 1 FEZH 10 &,



DA e R il (IR E, B—, B2, $=88) YELUHE
TVPERRT%. 1581, 2 BAHTREMPEESSERES, 3. 4. 5 24
HTRN LR —ERRENH; 86, 7T ENATRIEE SR RENH, 6
B8y 9\ 10 AT Mo IR . ETWE X RN FIMREH 2. M,
HAMAHER R RS # B =k, W 11 3P 19 =, YR T PSS,
FENMAT AR WHZBE . WAL BRGSO E 3
B PO SR . 7655 20 ENE T35 BB IR ANES & 5N A .

Classical and Statistical Thermodynamics 58 Py B A [F 28 #b #H EL B, R K A
AR BREHE R PSR TS . A R A TR R
XA URAR P A BESRARR AR K — L8 TRIBe AL SERR G RS AN E K. Boh, %
T T E BRI HBEEN A . 5 ERNEAFEAREER. AFER. it
HORE Govk 2, MR RETISEA T Z RN . 8 5RT B TR R i

N#FFTRED “BTEFE", “BFIHHORL SRR, “BTER” %, £

BRAR R L ANT] b B B
75k, AVAEEE. KRG, FEEKX: FWRISHE, s, Es;
BAEMEL, FREOIFE: EFTAE. K&, SRR, SJEELR, JHKA
ZHEGE, RAKHAME, HRHE—EREE, WA ESPEEE L, R
MERL, SR TR A
R IR FR
2007.10.15



Preface

This book is intended as a text for a one-semester undergraduate course in
thermal physics. Its objective is to provide third- or fourth-year physics stu-
dents with a solid introduction to the classical and statistical theories of ther-
modynamics. No preparation is assumed beyond college-level general physics
and advanced calculus. An acquaintance with probability and statistics is help-
ful but is by no means necessary.

The current practice in many colleges is to offer a course in classical
thermodynamics with little or no mention of the statistical theory—or vice
versa. The argument is that it is impossible to do justice to both in a one-
semester course. On the basis of my own teaching experience, I strongly dis-
agree. The standard treatment of temperature, work, heat, entropy, etc. often
seems to the student like an endless collection of partial derivatives that shed
only limited light on the underlying physics and can be abbreviated. The fun-
damental concepts of classical thermodynamics can easily be grasped in little
more than half a semester, leaving ample time to gain a reasonably thorough
understanding of the statistical method. ;

Since statistical thermodynamics subsumes the classical results, why
not structure the entire course around the statistical approach? There are
good reasons not to do so. The classical theory is general, simple, and direct,
providing a kind of visceral, intuitive comprehension of thermal processes.
The physics student not confronted with this remarkable phenomenological

xiv



Preface xv

conception is definitely deprived. To be sure, the inadequacies of classical ther-
modynamics become apparent upon close scrutiny and invite inquiry about a
more fundamental description. This, of course, exactly reflects the historical
development of the subject. If only the statistical picture is presented, however,
it is my observation that the student fails to appreciate fully its more abstract
concepts, given no exposure to the related classical ideas first. Not only do clas-
sical and statistical thermodynamics in this sense complement each other, they
also beautifully illustrate the physicist’s perpetual striving for descriptions of
greater power, elegance, universality, and freedom from ambiguity.

Chapters 1 through 10 represent a fairly traditional introduction to the
classical theory. Early on emphasis is placed on the advantages of expressing
the fundamental laws in terms of state variables, quantities whose differentials
are exact. Accordingly, the search for integrating factors for the differentials of
work and heat is discussed. The elaboration of the first law is followed by
chapters on applications and conseéquences. Entropy is presented both as a
useful mathematical variable and as a phenomenological construct necessary
to explain why there are processes permitted by the first law that do not occur
in nature. Calculations are then given of the change in entropy for various
reversible and irreversible processes. The thermodynamic potentials are
broached via the Legendre transformation following elucidation of the ratio-
nale for having precisely four such quantities. The conditions for stable equi-
librium are examined in a section that rarely appears in undergraduate texts.
Modifications of fundamental relations to deal with open systems are treated
in Chapter 9 and the third law is given its due in Chapter 10.

The kinetic theory of gases, treated in Chapter 11, is concerned with the
molecular basis of such thermodynamic properties of gases as the tempera-
ture, pressure, and thermal energy. It represents, both logically and historically,
the transition between classical thermodynamics and the statistical theory.

The underlying principles of equilibrium statistical thermodynamics are
introduced in Chapter 12 through consideration of a simple coin-tossing
experiment. The basic concepts are then defined. The statistical interpretation
of a system containing many molecules is observed to require a knowledge of
the properties of the individual molecules making up the system. This infor-
mation is furnished by the quantum mechanical notions of energy levels, quan-
tum states, and intermolecular forces. In Chapter 13, the explication of
classical and quantum statistics and the derivation of the particle distribution
functions is based on the method of Lagrange multipliers. A discussion of the
connection between classical and statistical thermodynamics completes the
development of the mathematical formulation of the statistical theory.
Chapter 14 is devoted to the statistics of an ideal gas. Chapters 15 through 19
present important examples of the application of the statistical method. The
last chapter introduces the student to the basic ideas of information theory
and offers the intriguing thought that statistical thermodynamics is but a spe-
cial case of some deeper, more far-reaching set of physical principles.



xvi Preface

Throughout the book a serious attempt has been made to keep the level
of the chapters as uniform as possible. On the other hand, the problems are
intended to vary somewhat more widely in difficulty. ‘

In preparing the text, my greatest debt is to my students, whose response
has provided a practical filter for the refinement of the material presented
herein.

A.H.C.
Drew University
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