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PREFACE

THE perfect crystal is one of the idealizations commonly found in
theoretical physics and science fiction. Only after much experimental
effort have the nature and properties of the commonest defects in
real crystals been isolated. At the same time, the theory of defects
has developed through a series of models, approximations, and
assertions, and often the basis of these ideas has been forgotten in
their evolution. In this book, I have tried to give a critical survey of
defect theory, stressing assumptions made and attempting to assess
their value. I hope that the book will be useful to the wide range of
research workers and graduate students interested in solid state
science, both to theorists who want to relate their own work to the
many previous calculations, and to experimentalists who want to
know what, if anything, they should believe of present theories.
The possible effects of defects on crystals are diverse, affecting
the colours of gemstones and the strength of metals, so that a full
discussion of all defect properties is beyond the scope of any one
book. 1 have tried to compromise between breadth and depth of
coverage by several broad restrictions. First, this book is primarily
about defects. It does not try to be a textbook of general solid state
physics, elementary quantum mechanics, or group theory. Thus
the opening chapters on the perfect solid (Part I) merely define
notation, state assumptions, and assert without proof results needed
later. Secondly, I concentrate on the properties of point defects in
insulators and semiconductors. Metals and heavily-doped semi-
conductors behave very differently because of the free carriers and,
whilst most of the theory carries over to linear or planar defects, the
experimental data in such cases are so much less satisfactory that
detailed discussion is not yet worthwhile. Thirdly, it is the electronic
properties of defects which are stressed. Optical and spin-resonance
properties are discussed at length, the dynamics of lattices with
defects in less detail, and defect production and mechanical proper-
ties largely ignored. Finally, this book is concerned with the theory
of defects in solids. There are no vast tables of experimental results.
The aim of the study of defects is surely to achieve a quantitative
understanding of observed behaviour, and not the mere compilation
of data. The discussion in Part IV attempts to see just how good our
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present understanding is. To do this, a small number of classes of
defect are considered in detail. The range is as wide as possible so,
whilst I may have missed out the reader’s favourite defect, I hope
there will be some system discussed which is sufficiently similar to be
helpful. I have felt under no obligation to discuss all defects sgen or
claimed, and I have intentionally spent less time on topics discussed
in depth elsewhere, like the theory of transition-metal jons. Instead,
I have tried to stress any important features treated sparsely in the
literature, and to set out the arguments involved where controversy
remains.

The bibliography should be reasonably complete up to late 1972,
apart from inadvertent omissions. Later work has been included
only when I have been able to see it before publication, or in rare
cases of special importance. I have had to make arbitrary decisions
in subjects at the borders of those I discuss and in topics treated in
less detail, notably defect formation energies, dynamics of imperfect
lattices, and transition-metal ions. And I have had no qualms about
omitting work which I believe to be misleading, misguided, or
simply wrong. It has been observed that there has rarely been a
possible mistake which theorists have not made. Defect theory is no
exception, and I should welcome corrections of errors or omissions.

Dorchester-on-Thames, AMS.
October, 1973
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