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BOOKS
been the lack of a single source
reference on the topic. In this, the
first comprehensive book on EELS,
Ray Egerton has produced a detailed
description covering all aspects of
theory and practice necessary to suc-
cessfully implement the technique on
the modern AEM.

The energy loss spectrum shows the
consequences of inelastic scattering of
the initially monoenergetic beam
electrons. The myriad inelastic inter-
actions can convey an extraordinary
range of information about elemental
composition, chemical bonding, inter-
atomic distances, bond angles and the
degree of atomic disorder. Upon first
examination, it would appear that
EELS offers so much more informa-
tion than the x-ray signal that it
would inevitably be the analytical
signal of choice, but this is not the
case in practice. As Egerton notes,
"EELS is a fairly demanding tech-
nique, requiring for its full exploita-
tion a knowledge of atomic and solid-
state physics, electron-optics, and
electronics." Egerton, who is recog-
nized as one of the world's leading
researchers in the theory and applica-
tion of EELS in the electron micro-
scope, succeeds admirably in his goal
of gathering in one book a comprehen-
sive collection of information on
EELS, including detailed descriptions
of instrumentation, electron optics
and electron scattering theory. Such
an approach is needed if EELS is to
move beyond the small club of current
practitioners to wider acceptance in
the materials science and biological
communities.

While very few members of this
second tier of EELS users are ever
likely to fabricate an energy-loss
spectrometer from scratch, preferring
rather to employ commercially avail-
able spectrometers, Egerton's de-
tailed account of the physical basis of
the design of the instrumentation will
prove valuable to those who wish to
know the relative strengths and
weaknesses of the various types of
spectrometers. With an emphasis
ever on the practical, the book pro-
vides extensive details to aid the
microscopist in recognizing and cor-
recting various instrument-induced
artifacts in the spectrum.

The particular strength of the book
lies in its thorough and readily under-
standable description of electron scat-
tering. Building upon this physical
description, Egerton carefully con-
structs the detailed basis for quantita-
tive analysis, including the math-
ematical procedures used to separate
characteristic edge information from
the high and rapidly varying spectral
background. Appendices provide FOR-

TRAN codes for several of the critical
mathematical operations, including
Fourier-log spectral deconvolution,
partial cross sections based on the
hydrogenic approximation for K-shell
and L-shell ionization, and Kramers-
Kronig transformations.

The final section of the text reviews
a wide variety of practical applica-
tions, including measurement of
specimen thickness, phase identifica-
tion, measurement of alloy composi-
tion, detection of hydrogen and heli-
um, EELS imaging, core-loss elemen-
tal microanalysis, measurement of
radiation damage, and structural in-
formation from fine structure in the
EELS spectrum.

This book will prove invaluable to a
wide range of users of analytical
electron microscopy, particularly in
the materials science, technology and
biological science communities,
where EELS is usually considered an
answer in search of a question. With
its emphasis on practical matters in
obtaining high-quality EELS spectra
in the laboratory and its thorough
descriptions of the underlying theory
and quantitative chemical analysis,
the book provides a comprehensive
view of this promising technique.

DALE E. NEWBURY
National Bureau of Standards

Gaithersburg, Maryland
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The search for correlations among
physical properties of solid materials
has a long tradition. Both scientists
and engineers have tried various
ways of summarizing existing knowl-
edge about such properties. Some-
times the goal is to relate a variety of
properties through an underlying
physical model. Often the goal is to
provide an empirical framework with-
in which one can judge the justness of
an existing or new measurement of a
property or from which one can ob-
tain an unknown value. Much mod-
ern technology depends on materials,
increasingly used under extreme con-
ditions, and the appearance of well-
founded methods is welcome.

P. A. Varotsos and K. D. Alexopou-
los detail in this book their search for
a unifying framework to correlate the
many measurements that have been
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made of point defect properties in
metals, noble gas solids and ionic
crystals.

The authors devote the first third
of the book to a painstaking discus-
sion of the thermodynamics of point
defects in solids. The view is re-
freshingly broad, looking beyond
usually quoted relations, for exam-
ple, to draw useful distinctions
between isobaric and isochoric prop-
erties. Some care in discussion is
appropriate because one must choose
suitable reference states and paths.
These choices are not obvious be-
cause states are sometimes arbitrar-
ily defined and apply to a hypotheti-
cal perfect crystal. The situation is
reminiscent of problems in nonlinear
elasticity or in solids under finite
strain, a situation that took decades
to clarify. The treatment is pedagog-
ic, with numerous interspersed sec-
tions on statistical models that help
make the thermodynamic discussion
concrete.

Most of the book is devoted to a
comprehensive analysis of data from
the literature on vacancy and
Schottky defect properties, including
impurity and self-diffusion. There
are over 700 references. This analy-
sis is correlated using the authors'
model, which represents the defect
(partial) Gibbs energy g as cBfl,
where c is a proportionality con-
stant, B the isothermal bulk modu-
lus and H the mean volume per atom
of the host material. The capacity of
this model to correlate point defect
properties with the bulk elastic prop-
erties of the respective host solid is
impressive. In part this is another
demonstration of the remarkable ef-
ficacy of quasiharmonic methods,
which employ a succession of har-
monic relations at different finite
changes of volume.

A concluding chapter examines pos-
sible underlying justifications of the
cBCl model by identifying different
expressions for the proportionality
constant c. One looks forward to
further refinements, such as a realis-
tic incorporation of anharmonic ef-
fects, perhaps analogous to the treat-
ment for perfect crystals in D. C.
Wallace's Thermodynamics of Crys-
tals (Wiley, New York, 1972). And
one expects that if this approach is to
be extended to nonequilibrium de-
fects, such as dislocations, or to de-
formed materials, a more sophisticat-
ed use of shear elastic constants will
be required. Even point defects store
much of their energy in shear modes
of the host material.

RALPH O. SIMMONS
University of Illinois,
Urbana-Chamvaign


