ELEMENTARY PRINCIPLES IN
STATISTICAL MECHANICS,
DEVELOPED WITH SPECIAL REFERENCE
TO THE RATIONAL FOUNDATIONS OF
THERMODYNAMICS



Published @ 2017 Trieste Publishing Pty Ltd

ISBN 9780649001682

Elementary principles in statistical mechanics, developed with special reference to the rational
foundations of thermodynamics by J. Willard Gibbs

Except for use in any review, the reproduction or utilisation of this work in whole or in part in
any form by any electronic, mechanical or other means, now known or hereafter invented,
including xerography, photocopying and recording, or in any information storage or retrieval
system, is forbidden without the permission of the publisher, Trieste Publishing Pty Ltd, PO Box
1576 Collingwood, Victoria 3066 Australia.

All rights reserved.

Edited by Trieste Publishing Pty Ltd.
Cover @ 2017

This book is sold subject to the condition that it shall not, by way of trade or otherwise, be lent,
re-sold, hired out, or otherwise circulated without the publisher's prior consent in any form or
binding or cover other than that in which it is published and without a similar condition
including this condition being imposed on the subsequent purchaser.

www.triestepublishing.com



J. WILLARD GIBBS

ELEMENTARY PRINCIPLES IN
STATISTICAL MECHANICS,
DEVELOPED WITH SPECIAL REFERENCE
TO THE RATIONAL FOUNDATIONS OF
THERMODYNAMICS

ﬁTrieste






Pale Bicentennial Publications

ELEMENTARY PRINCIPLES IN
STATISTICAL MECHANICS






Jsale Wicentemmal Publications

With the approval of the President and Fellows
of Yale University, a series of volumes bar been
prepared by @ number of the Professars and In-
structerty to be inmed in commection with  the
Bicentennial Anntvertary, ai a partial indica-
tion of the character of the studier in which the
Unrversity teachers are engaged.

This series of wvolumes is respectfully dedicated to

The Sraduates of the Unibersity






rll‘iﬂ"""

NMech -

ELEMENTARY PRINCIPLES

IN

STATISTICAL MECHANICS

DEYELOFED WITH ESPECIAL REFERENCE TO

THE RATIONAL FOUNDATION OF
THERMODYNAMICS

'y BY

7 WILLARD GIBBS
Lrofessor of Mathematical Physicr in Yale University

NEW HAVEN: YALE UNIVERSITY PRESS
LONDON: HUMPHREY MILFORD
OXFORD UNIVERSITY PRESS
MCKMXIV



PREFACE.

Tue usual point of view in the study of mechanics is that
where the attention is mainly directed to the changes which
take place in the course of time in a given system. The prin-
cipal problem is the determination of the condition of the
system with respect to configuration and veloeities at any
required time, when its condition in these respects has been
given for some one time, and the fundamental equations ave
those which express the changes continually taking place in
the system. Inquiries of this kind are often simplified by
taking into consideration conditions of the system other than
those through which it actually passes or is supposed to pass,
but our attention is not usually carried beyond conditions
differing infinitesimally from those which are regarded as
actual.

For some purposes, however, it is desirable to take a broader
view of the subject. We may imagine a great number of
systems of the same nature, but differing in the configura-
tions and veloeities which they have at a given instant, and
differing not merely infinitesimally, but it may be so as to
embrace every conceivable combination of eonfiguration and
velocities. And here we may set the problem, not to follow
a particular system through its succession of configurations,
but to determine how the whole number of systems will be
distributed among the various conceivable confignrations and
velocities at any required time, when the distribution has
been given for some one time. The fundamental equation
for this inquiry is that which gives the rate of change of the
number of systems which fall within any infinitesimal limits
of configuration and velocity.
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Such inguiries have been called by Maxwell statistical.
They belong to a branch of mechanics which owes its origin to
the desire to explain the laws of thermodynamics on mechan-
ical principles, and of which Clausius, Maxwell, and Boltz-
mann are to be regarded as the principal founders. The first
inguiries in this field were indecd somewhat narrower in their
scope than that which has been mentioned, being applied to
the particles of a system, rather than to independent systems.
Statistical inguiries were next directed to the phases {or con-
ditions with respect to configuration and velocity) which
succeed one another in a given system in the course of time.
The explicit consideration of a great number of systems and
their distribution in phase, and of the permanence or alteration
of this distribution in the course of time is perhaps first found
in Boltzmann’s paper on the * Zusammenhang zwischen den
Siitzen iiber das Verhalten mehratomiger Gasmolekiile mit
Jacobi's Princip des letzten Multiplicators ™ (1871).

But although, as a matter of history, statistical mechanics
owes its origin to investigations in thermodynamics, it seems
eminently worthy of an independent development, both on
account of the elegance and simplicity of its principles, and
beeause it yields new results and places old truths in a new
light in departments yuite outside of thermodynamics. More-
over, the separate study of this branch of mechanics seems to
afford the best foundation for the study of rational thermody-
namics and molecular mechanics,

The laws of thermodynamics, as empirically determined,
express the approximate and probable behavior of systems of
a great number of particles, or, more precisely, they express
the laws of mechanics for such systems as they appear to
beings who have not the fineness of perception to enable
them to appreciate quantities of the order of magnitude of
those which relate to single particles, and who cannot repeat
their experiments often enough to obtain any but the most
probable results. The laws of statistical mechanics apply to
conservative systems of any npmber of degrees of freedom,



