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Preface

This textbook is designed for a one-year (two semesters) graduate course on condensed matter
physics for students in physics, materials science, solid state chemistry, and electrical engineering. It
can also be used as a one-semester course for advanced undergraduate majors in physics, materials
science, chemistry, and electrical engineering, and another one-semester course for graduate students
in these areas. The book assumes a working knowledge of quantum mechanics, statistical mechanics,
electricity and magnetism, and Green’s function formalism (for the second-semester curriculum). The
book is written as a two-semester graduate-level textbook, but it can also be used as a reference book
by faculty and other researchers actively engaged in research in condensed matter physics. With judi-
cious choice of topics, the book can be divided into two parts: “Fundamental Concepts” designed to
be taught in the first semester, and “Research Applications” to be taught in the second semester.
Obviously, the first part can be taught to advanced undergraduate majors as an introductory course.

The later chapters are self-contained. Each research topic has a brief introduction, a review, and a
summary of basic foundations for advanced research. This is done with the belief that the students will
develop the skills and will be sufficiently prepared to develop an interest in one of the vast areas of the
topics covered under the umbrella of “condensed matter physics.” In fact, this wide diversity of topics,
the research on which has been increasing exponentially during the past decade, makes it nearly impos-
sible to write a two-semester textbook for graduate students. Probably that is the reason for a dearth of
graduate-level textbooks in condensed matter physics. This has led to an increasingly difficult task for
the instructor because he or she has to prepare notes from a variety of textbooks, reference books, and
review articles, especially to teach in the second-semester graduate level.

There has been slow but steady growth in the area of solid state physics after it was recognized
as a separate branch of physics around 1940, probably after the publication of the book The Modern
Theory of Solids by Seitz. The main reason for this growth is solid state physics is essentially the
applied branch’ of physics with a variety of technological applications and has attracted students
from other disciplines. The slow but steady growth accelerated in the 1960s because of extensive
research funding due to the space program, and eventually solid state physics became the major
branch of physics attracting the maximum number of faculty and students. The American Physical
Society officially changed the name of its largest group from “Solid State Physics” to “Condensed
Matter Physics,” thereby including liquids and other soft materials. This change in 1978 has led to
explosive growth in condensed matter physics during the past 30 years, and the material for supple-
menting the available textbooks has risen exponentially. In addition, research in various areas has
accelerated rapidly, fueled by grants and a need for fast development in computer memory and
storage as well as other applications of nanoscience and nanotechnology. The subject, which has now
become multidisciplinary, includes materials science, solid state chemistry, and electrical engineering.

Recently, I wrote a book called Heavy-Fermion Systems, which is a part of the book series
“Handbook of Metal Physics,” of which I am the series editor. A large number of distinguished
physicists and chemists contributed to the book series and T have learned much while editing their
work. These are advanced research-level books, but it became obvious that there is a need for a one-
year (two-semester) graduate-level textbook in condensed matter physics that includes material on
some of the new topics covered in this book series as well as in many other advanced research—level
books and research reviews in prestigious journals. A graduate student should have the choice to
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select a topic for research after being taught in the classroom in order to acquire enough background
on the topic. I have endeavored to do just that in this textbook, which has been limited to 18 chapters
and 3 appendices. The project has taken several years, much longer than I had originally planned.
I have learned a lot during this period, including the fact that the boundaries between the various
disciplines in physics, chemistry, electrical engineering, and materials science are getting blurred.

The book has three objectives:

. To present a coherent, clear, and intelligible picture of simple models of crystalline solids in the

first few chapters. The properties of real solids, which are more complicated, are dealt with in
later chapters. The more advanced topics are dealt with in the later part of each chapter (after
the first few introductory chapters). Each chapter includes a collection of problems in order to
enable students to have a grasp of the topics taught in the chapter. The problems at the end of
each chapter are designed to make the students derive some of the formulas of analytical
development with no intrinsic interest. The objective is to keep the book within a reasonable
length, but more importantly, with the belief that the mathematical steps are better understood if
they are derived by the students with the aid of hints and suggestions. In the second part of the
book (Research Applications), some of the problems at the end of the chapter are extensions of
the advanced topics covered in the chapter. In this part, some other problems are designed to
make the applications of the topics more clear. It is up to the instructor to choose and assign the
problems, and some instructors have their own list of problems. However, students should at
least read all the problems even if they do not have any motivation or intention to solve them.
To present a comprehensive account of the modern topics in condensed matter physics by
including introductory accounts of the areas where intense research is going on at present. To be
able to do so, I have included chapters on Spintronics (Chapter 11), Heavy Fermions (Chapter 15),
Metallic Nanoclusters (Chapter 16), and Novel Materials (Chapter 18). In addition, I have
included sections on ZnO (Section 9.9), graphene (Section 10.7), graphene-based electronics
(Section 10.8), quantum hall effect (Section 12.5), fractional quantum hall effect (Section 12.6),
high-temperature superconductivity (Section 14.9), liquid *He (Section 17.3), and quasicrystals
(Section 17.5). Most of these topics are normally not included in standard textbooks in condensed
matter physics. In fact, condensed matter physics is rapidly growing as an interdisciplinary subject
because of its application in nanoscience and other areas of fast-growing science and technology.
The objective of this book is to present the fundamental concepts as well as the methods for
advanced research in this area.

To keep the size of the book within a reasonable length so that it can be taught as a two-
semester course, I have avoided too many diagrams as well as excluded material not usually
taught but included in most standard textbooks. I have also avoided including too many tables
that list the properties of solids because these can be easily found in books specifically designed
to provide such information. In addition, I have made a comprehensive review of many
important topics such as band-structure calculations (Chapter 5), but left the details for students
to learn if they are interested in doing research involving such topics.

I have consulted a large number of research papers and books while writing this textbook. It is not

possible to acknowledge all these books and research papers at the appropriate places as is usually
done in advanced research—level books. I have acknowledged whenever I have reprinted a figure with
the permission of the author/publisher from a research paper published in a research journal or a
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book. I have also acknowledged at appropriate places whenever I have used any material published in
research journals. There is a list of references at the end of each chapter where I have acknowledged
the books and research papers I have used as primary sources of reference while writing this textbook.
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