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Unifying the study of materials science
The Mechanical and Thermal
Properties of Materials

A. McB. Collleu, D. J. Powney
283 pp. Crane, Russak, New York,
1973. $9.25

Statistical Physics of Materials
L. A. Girifalco
346 pp. Wiley, New York,
1973. $21.95

Reviewed by Herbert Herman

Materials science, both in the university
and in industrial research laboratories,
has come to represent the unification,
at least in a titular sense, of solid-state
physics and chemistry, metallurgy and
ceramics. The reason for and the con-
sequences of this tendency to converge
these activities into one apparently uni-
fied field of study have received consid-
erable attention (such as "Materials
and Man's Needs—Materials Science
and Engineering," National Academy of
Science, 1974). But somewhat less at-
tention has been devoted to the devel-
opment of appropriate curricula of un-
dergraduate and graduate training of
materials scientists; a case in point is
the lack of adequate textbooks in the
field.

The current university departments
of materials science generally have
evolved from what were originally me-
tallurgy and ceramics departments.
The orientation has changed gradually
with the coming of new faculty, trained
in physics and chemistry, and more re-
cently, in materials science. However,
in spite of new directions that have
been taken in materials-science educa-
tion, there are few innovative teaching
books that specifically approach the re-
quirements of this new field.

The two books reviewed are at ex-
treme ends of a wide spectrum; from an
undergraduate "general" textbook on
the basic physics of matter to a first-
year graduate text on statistical phys-
ics. The former The Mechanical and
Thermal Properties of Materials by
Anthony McB. Collieu and Derek J.
Powney is an undergraduate British
text covering heat and mechanics, but
with a wealth of applications to materi-
als. The latter, Statistical Physics of
Materials, by Louis A. Girifalco, intro-
duces and employs statistical mechanics

Ultra-pure glass is melted in a radiofrequency field by direct coupling with a water or gas-cooled
crucible. This technique for melting batch materials, developed at Standard Telecommunica-
tion Laboratories in the United Kingdom, eliminates contamination by crucible degradation.

to explore the dynamical properties of
crystals, from lattice vibrations to
atomic migration. Both books general-
ly succeed in a unifying of the study of
materials science.

The Collieu and Powney approach is
refreshing in that physical properties
are related to actual laboratory experi-
ences. For example, in the chapter on
fluid flow, they discuss the concept of
non-Newtonian liquids in the context of
lubrication. This connection between
theory and practice is natural (though
not usually stressed in most physics

texts) and leads to continuity between
the fundamental and the applied. Ex-
periments are outlined with sufficient
detail, so that a physical concept, such
as thermal conductivity, can be readily
appreciated through an illustration of
how the relevant measurements are ob-
tained. The questions for each chapter
are at three levels, from elementary to
advanced. These questions are gener-
ally rather good, and many are thought
provoking. Answers are given for all
questions requiring numerical calcula-
tions. This book should be considered
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as a possible text for a first course in
technical or general physics for under-
graduates majoring in materials science.

Girifalco's book fills an important
need in materials science graduate cur-
ricula. The book is intended for first-
year graduate students, but could also
play a role as a refresher volume. It is a
readable book that requires little in the
way of advanced mathematics. A good
introduction develops the concepts of
statistical physics. This is followed by
the usual applications to the solid state,
such as simple crystals, free-electron
theory and kinetic theory of electron
transport. The author also covers
order-disorder phenomena, point de-
fects and diffusion in crystals. The vol-
ume is self-contained and would form a
fine text for a course oriented to materi-
als-science students. It is important to
note that the similarity of Girifalco's
book to previous treatments ends at the
table of contents. Girifalco has a
unique ability to make a subject inter-
esting and indeed understandable. I
am reminded of a little book that he
wrote some years ago on diffusion "for
the everyman" (Atomic Migration in
Crystals, Blaisdell, New York, 1964);
This little gem has received insufficient
attention. It is likely that Statistical
Physics of Materials will become an ac-
cepted graduate volume, though I think
that the absence of problems will limit
the book's appeal as a textbook.

These two books are an indication
that the needs of education in materials
science are beginning to be recognized.
Both books are welcome contributions.

Herbert Herman is chairman of the depart-
ment of materials science at the State Uni-
versity of New York, Stony Brook. His re-
search interests include studies of phase
transformations in solids, particularly the
effects of irradiation-induced defects on
transformation kinetics.

Liquid State Physics—A
Statistical Mechanical
Introduction

C. A. Croxton
421 pp. Cambridge U.P., New York,
1974. $28.50

Liquid-state physics is a popular and
growing field. The theory of simple
atomic liquids has made enormous
progress during the last decade. This
progress evolved from the detailed "ex-
perimental" information determined
from computer simulations of atomic
fluids. Armed with this information,
workers have formulated a few basic
concepts that provide the foundation of
the modern theories of atomic liquids.

These theories are both simple and
quantitatively accurate. Further, there
is every reason to expect that the same,
concepts will lead to a successful treat-
ment of complex molecular fluids.
Thus, it seems that the time has come
for a monograph or textbook that ex-
plains both the basic concepts and the
theoretical techniques used in imple-
menting the concepts. Unfortunately,
Clive Croxton's book, Liquid State
Physics—A Statistical Mechanical In-
troduction, does not succeed at this
task.

The topics touched upon in the book
are certainly the ones that should be in-
cluded in a good text. These are clus-
ter expansions, functional derivatives
and functional Taylor expansions, inte-
gral equations for the equilibrium pair
correlation function, perturbation
theories of liquids, equilibrium theories
of the liquid-vapor interface, both the
Monte Carlo and the molecular dynam-
ics techniques for computer simula-
tions, time correlation functions, and
transport phenomena. However, Crox-
ton's treatment of each of these subjects
is inadequate for several reasons.

To begin with, there are many unde-
fined symbols and concepts in the text.
For example, Croxton's first use of the
structure factor, S(k), occurs on page 53
in an equation. There is no statement
before or near the equation that defines
S(k). Later on, he presents a figure
showing an experimentally determined
S(k). Yet Croxton never states how or
why S(k) is measured, and he never ex-
plicitly relates it to the r- space pair cor-
relation function. One also finds men-
tion of the compressibility equation of
state; but the compressibility theorem
is never derived or stated.

These kinds of omissions make the
text nearly unintelligible unless the
reader is already familiar with the top-
ics being discussed. But an even worse
stumbling block to the uninitiated is
the large number of typographical and
conceptual errors in the book. The
first conceptual error is found on page 3
where Croxton presents an example of a
cluster diagram, which he says is reduc-
ible. He also explains why he thinks it
is reducible. But, in fact, the diagram
is irreducible.

In some portions of the book, Crox-
ton's choice of material seems out-
dated. For example, in his long chapter
on dynamic properties, Croxton empha-
sizes the kinetic-theory approach devel-
oped in the 1950's and earlier by John
Kirkwood, Stuart Rice, and their co-
workers. A modern treatment of lin-
ear-response theory is not to be found
in the book Indeed, the relationship
between measurements and time-corre-
lation functions is not discussed.

Many parts of Liquid State Physics
simply paraphrase sections of older
monographs in the field—especially


