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Foreword to Earlier Series Editions

More than a generation of German-speaking students around the world have
worked their way to an understanding and appreciation of the power and
beauty of modern theoretical physics — with mathematics, the most fundamental
of sciences — using Walter Greiner’s textbooks as their guide.

The idea of developing a coherent, complete presentation of an entire field of
science in a series of closely related textbooks is not a new one. Many older
physicists remember with real pleasure their sense of adventure and discovery as
they worked their ways through the classic series by Sommerfeld, by Planck and
by Landau and Lifshitz. From the students’ viewpoint, there are a great many
obvious advantages to be gained through use of consistent notation, logical
ordering of topics and coherence of presentation: beyond this, the complete
coverage of the science provides a unique opportunity for the author to convey
his personal enthusiasm and love for his subject.

The present five volume set, Theoretical Physics, is in fact only that part of
the complete set of textbooks developed by Greiner and his students that
presents the quantum theory. I have long urged him to make the remaining
volumes on classical mechanics and dynamics, on electromagnetism, on nuclear
and particle physics, and on special topics available to an English-speaking
audience as well, and we can hope for these companion volumes covering all of
theoretical physics some time in the future.

What makes Greiner’s volumes of particular value to the student and
professor alike is their completeness. Greiner avoids the all too common “it
follows that ...” which conceals several pages of mathematical manipulation
and confounds the student. He does not hesitate to include experimental data to
illuminate or illustrate a theoretical point and these data, like the theoretical
content, have been kept up to date and topical through frequent revision and
expansion of the lecture notes upon which these volumes are based.

Moreover, Greiner greatly increases the value of his presentation by includ-
ing something like one hundred completely worked examples in each volume.
Nothing is of greater importance to the student than seeing, in detail, how the
theoretical concepts and tools under study are applied to actual problems of
interest to a working physicist. And, finally, Greiner adds brief biographical
sketches to each chapter covering the people responsible for the development of
the theoretical ideas and/or the experimental data presented. It was Auguste
Comte (1798-1857) in his Positive Philosophy who noted, “To understand a
science it is necessary to know its history”. This is all too often forgotten in
modern physics teaching and the bridges that Greiner builds to the pioneering
figures of our science upon whose work we build are welcome ones.
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Foreword

Greiner’s lectures, which underlie these volumes, are internationally noted
for their clarity, their completeness and for the effort that he has devoted to
making physics an integral whole; his enthusiasm for his science is contagious
and shines through almost every page.

These volumes represent only a part of a unique and Herculean effort to
make all of theoretical physics accessible to the interested student. Beyond that,
they are of enormous value to the professional physicist and to all others
working with quantum phenomena. Again and again the reader will find that,
after dipping into a particular volume to review a specific topic, he will end up
browsing, caught up by often fascinating new insights and developments with
which he had not previously been familiar.

Having used a number of Greiner’s volumes in their original German in my
teaching and research at Yale, I welcome these new and revised English
translations and would recommend them enthusiastically to anyone searching
for a coherent overview of physics.

Yale University D. Allan Bromley
New Haven, CT, USA Henry Ford II Professor of Physics
1989



Preface to the Second Edition

We are pleased to note that our text Quantum Mechanics — Symmetries has
found many friends among physics students and researchers so that the need for
a second edition has arisen. We have taken this opportunity to make several
amendments and improvements to the text. We have corrected a number of
misprints and minor errors and have added explanatory remarks at various
places. In addition to many other smaller changes the sections 8.6,8.11, and 11.4
and the exercises 3.9, 7.8, and 9.5 have been expanded. Two new exercises on the
Wigner—Eckart theorem (Ex. 5.8) and on the completeness relation for the
SU(N) generators (Ex. 11.3) have been added. Finally, the Mathematical
Supplement on Lie groups (Chap. 12) has been carefully checked and received a
new introductory section.

We thank several colleagues for helpful comments, especially Prof. L. Wilets
(Seattle) for providing a list of errors and misprints. We are greatly indebted to
Prof. P. O. Hess (University of Mexico) for making available corrections and
valuable material for Chap. 12. We also thank Dr. R. Mattiello who has
supervised the preparation of the second edition of the book. Finally we
acknowledge the agreeable collaboration with Dr. H. J. Kélsch and his team at
Springer-Verlag, Heidelberg.

Frankfurt am Main and Durham, NC, USA Walter Greiner
July 1994 Berndt Miiller



Preface to the First Edition

Theoretical physics has become a many-faceted science. For the young student it
is difficult enough to cope with the overwhelming amount of new scientific
material that has to be learned, let alone obtain an overview of the entire field,
which ranges from mechanics through electrodynamics, quantum mechanics,
field theory, nuclear and heavy-ion science, statistical mechanics, thermo-
dynamics, and solid-state theory to elementary-particle physics. And this know-
ledge should be acquired in just 8—10 semesters, during which, in addition, a
Diploma or Master’s thesis has to be worked on or examinations prepared for.
All this can be achieved only if the university teachers help to introduce the
student to the new disciplines as early on as possible, in order to create interest
and excitement that in turn set free essential, new energy. Naturally, all
inessential material must simply be eliminated.

At the Johann Wolfgang Goethe University in Frankfurt we therefore
confront the student with theoretical physics immediately, in the first semester.
Theoretical Mechanics I and 11, Electrodynamics, and Quantum Mechanics I
— An Introduction are the basic courses during the first two years. These lectures
are supplemented with many mathematical explanations and much support
material. After the fourth semester of studies, graduate work begins, and
Quantum Mechanics Il — Symmetries, Statistical Mechanics and Thermo-
dynamics, Relativistic Quantum Mechanics, Quantum Electrodynamics, the
Gauge Theory of Weak Interactions, and Quantum Chromodynamics are
obligatory. Apart from these, a number of supplementary courses on special
topics are offered, such as Hydrodynamics, Classical Field Theory, Special and
General Relativity, Many-Body Theories, Nuclear Models, Models and Ele-
mentary Particles, and Solid-State Theory. Some of them, for example the two-
semester courses Theoretical Nuclear Physics and Theoretical Solid-State
Physics, are also obligatory.

The form of the lectures that comprise Quantum Mechanics — Symmetries
follows that of all the others: together with a broad presentation of the necessary
mathematical tools, many examples and exercises are worked through. We try
to offer science in a way as interesting as possible. With symmetries in quantum
mechanics we are dealing with a particularly beautiful theme. The selected
material is perhaps unconventional, but corresponds, in our opinion, to the
importance of this field in modern physics.

After a short reminder of some symmetries in classical mechanics, the great
importance of symmetries in quantum mechanics is outlined. In particular, the
consequences of rotational symmetry are described in detail, and we are soon led
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