
however, is an exception. It concen-
trates on the solid-state version and
supplies both the theoretical back-
ground of the physical principles the
devices are based on and a disclosure
of practical possibilities and limita-
tions.

After a brief introduction to maser
theory and some magnetic relations
in a medium, the author starts with
a quantum-mechanical description of
the internal structure and the mag-
netic properties of atoms. He then
concentrates on paramagnetic maser
materials. Chapter 5 is a well-written
survey of paramagnetic resonance
using both the relaxation of the spin-
lattice system and Bloch's approach
(dynamic behavior of macroscopic
magnetization in a nuclear paramag-
netic material) . In the next chapter
Bloembergen's three-level solid-state
maser is dealt with, both as an ampli-
fier and as an oscillator. The author
also considers briefly the problem of
harmonic pumping. Further on he
discusses the traveling-wave maser,
considering first the amplification
mechanism and then passing on to
bandwidth and tuning considerations
and to properties of the interaction
structure. This section also has a con-
cise discussion of traveling-wave tube
problems. In Chapter 8 noise gener-
ation in maser spin systems is con-
sidered, and here the author uses the
well-suited wave approach. The
sources of these perturbations and
their measurement are dealt with, and
some discussion is added on the quan-
tum aspect of amplification and noise.
The last chapter considers a number
of practical maser devices, their per-
formance figures and important ex-
perimental techniques involved. A
very useful table of properties and
suppliers of maser materials is in-
cluded. In an appendix the ruby
energy level and transition-probability
matrix elements are given. An index
and a bibliography containing about
350 references on solid-state maser
problems and about 280 references on
paramagnetic resonance and relevant
topics are attached.

Siegman's book is an excellent hand-
book on microwave solid-state masers.
both as a detailed and concise intro-
duction leading the student and re-
search worker to a very high level of

understanding and as a reference book
for the scientist working in the field.
It is quite certain that this book will
very soon belong to every library, pri-
vate or public, containing books on
masers and paramagnetic resonance. It
may be highly recommended to every
scientist in the field and to people
having both a deep interest in maser
problems and a good physical knowl-
edge. The book is worth the price
and will not be out-dated for quite
a long time.

The Chemistry of Imperfect Crystals. By
F. A. Kroger. 1039 pp. North-Holland,
Amsterdam, 1964. $30.80.
Reviewed by Norman H. Nachtrieb, Uni-
versity of Chicago.

This book is significant as a compre-
hensive treatment of the defect crys-
talline state, insofar as imperfections
are responsible for the chemical be-
havior of solids. Its author is a staff
member of the Philips' Research Lab-
oratories in Eindhoven, Holland, long
distinguished for contributions to the
research literature on the lumines-
cence of solids.

Crystalline solids would be chem-
ically uninteresting substances were it
not for the imperfections they pos-
sess. Even the most superficial tarnish-
ing reaction would not proceed much
beyond the depth of a single lattice
spacing in their absence. Broadly
speaking, imperfections fall into one
of two categories: lattice defects and
electronic defects. Much has been
learned during the past two decades
about their properties, and techniques
have been devised to regulate and
control them for useful purposes.
Kroger's monograph is an effort to
summarize most of what is important
in the thermodynamic and kinetic
behavior of crystal imperfections. On
the whole, this has been accomplished
in a very successful manner. It is
highly readable, up to date, and
critical.

The first of its twenty-five chapters
is devoted to the principles of puri-
fication of materials, the growth of
single crystals, and doping. Succeed-
ing chapters are concerned with the
thermodynamics of phase diagrams
and a survey of the laws of dilute
solutions, with particular reference
to solid solutions. The detailed dis-

cussion of lattice imperfections (va-
cancies and interstitial atoms) and
of electronic defects (electrons and
holes) is particularly well done. The
simple law of mass action and the
principle of electroneutrality suffice
for the description of most of the
chemical equilibria encountered at
low-defect concentrations. Imperfec-
tions may interact with one another,
of course, forming ion pairs and high-
er associates when they are charged,
and requiring a Debye-Hiickel kind
of correction when their concentra-
tion becomes appreciable. They may
also interact with impurity atoms and
modify solubility relations, or alter
the stoichiometry of the host sub-
stance. Kroger carefully points out
that although electronic defects are
usually in equilibrium with a crystal,
it is often the case that lattice im-
perfections are not; the thermal his-
tory and ambient gas composition
during the growth and annealing of
crystals are often dominant factors in
the reactivities of solids. In a system-
atic manner, separate chapters deal
with imperfection equilibria in pure
elemental substances, and with the ef-
fects of one and two kinds of foreign
atoms on these equilibria. Similar
considerations are then given to com-
pounds (oxides, sulfides, alkali ha-
lides, and to such complex systems as
spinels, perovskites, and ice). Relaxa-
tion effects in solids, including the
kinetics of clustering and precipita-
tion reactions, the diffusion of color
centers, and the migration of charged
imperfections are considered in one
chapter.

The last five chapters represent the
application of the principles of crystal-
defect chemistry to particular prob-
lems, notably sintering, tarnishing
reactions, solid-state batteries, fuel
cells, electrolytic capacitors, and the
photographic process. Particularly in-
teresting, although admittedly still
speculative, is a discussion of the het-
erogeneous catalysis of charge-transfer
gas reactions by semiconductor sur-
faces. The over-all process involves
adsorption, surface reaction, and de-
sorption when donor and acceptor
molecules combine with one another
to form a product molecule. The slow
step is presumed to be the charge-
transfer reaction, in which ionized
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Berkeley
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and Laboratory
A fresh and modern approach to the teaching of experimental physics at the

introductory level • This is a two-year college physics program for students
majoring in science and engineering. The purpose of the program is to present
the elementary ideas of physics in a spirit that well represents their role in cur-
rent research in the field. The course and laboratory are designed to reflect
vigorously the revolutions in physics in the last hundred years. The project was
developed by an inter-university group centered at the University of California
at Berkeley consisting of • Eugene D. Commins, Frank S. Crawford, Jr., Charles
Kittel, Walter D. Knight, Philip Morrison, Alan M. Portis, Edward M. Purcell,
Frederick Reif, Malvin A. Ruderman, and Eyvind H. Wichmann.

Now available • Laboratory Physics Part A by the Berkeley Physics Laboratory

• Designed for the first semester of introductory physics for science and engi-
neering students • Developed by Professor Alan M. Portis • A detailed descrip-
tion of the Berkeley Physics Laboratory appears in the June issue of the American
Journal of Physics, Volume 32, Number 6, pages 458-64.

Experiments in Part A
1. Acceleration and deflection of electronics
2. Magnetic deflection of electrons
3. Helical motion of electrons
4. Time of flight of electrons
5. Exponential relaxation
6. Damped oscillations
7. Frequency response
8. Resonance
9. Nonlinearity

10. Modulation
11. Negative resistance
12. Relaxation oscillations

Parts B and C to follow. Examination copies of Part A available on request.

Forthcoming: The Projected Five Volumes of • The Berkeley Physics Course

Volume I: Mechanics
Volume II: Electricity and Magnetism
Volume III: Waves and Oscillations
Volume IV: Quantum Physics
Volume V: Statistical Physics

McGraw-Hill Book Company • 330 West 42nd Street • New York, New York 10036
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Production and nuclear interaction of neutrons.
The theory of neutron fields.
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donor and acceptor molecules are
formed on a reactive surface site.

Like most books, this one has its
share of errors, but they are neither
excessive nor particularly serious.
Fick's second law for diffusion is mis-
takenly written with a negative sign
several times on page 794. Equation
(6.11), the relation between the sul-
fur and oxygen pressures which pre-
vails when ZnS and ZnO are in equi-
librium with each other, should read,

ps.J/poJ.
Equation (9.10) is also in error, and
should read,

In Ko = (2,ViSi°/k) = (&S°/R).
More annoying than such errors,
which are readily seen and discounted,
are the many undersized figures that
appear in the text. When all of this
is said, it is nevertheless an excellent
book. What a pity that its excessive
cost will limit it to the libraries of
the more affluent institutions!

Progress in Brain Research. Vol. 2. Nerve,
Brain, and Memory Models. N. Wiener
and J. P. Schade, eds. 280 pp. Elsevier,
New York, 1963. $15.00.
Reviewed by Joseph G. Hoffman. State
University of New York at Buffalo.

Twenty papers on the operations of
the nervous system have been contrib-
uted to this volume by twenty-five
authors. Fifteen papers are in Eng-
lish, three in French, and two in
German. They present original work
on neurocybernetics which deals "with
the pathways of action via sense-
organs, neurons and effectors". As ed-
itor, Norbert Wiener wrote in the
Introduction, "the nervous system is
unbelievably complex", and this com-
plexity requires the collaboration of
neurologists, psychiatrists, biologists,
engineers, mathematicians, and phys-
icists for its elucidation. The inte-
grated nervous system is a formidable
object which has not yet been ade-
quately described; new words have to
be coined. To quote Wiener again:
"• . . You cannot hope to get people
of these different disciplines to pro-
duce cybernetic work merely because
they are brought together. They must
understand language, methods, and
thoughts of the others."

All of the papers achieve high
standards of presentation and are
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