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Preface to the First Edition

The attempt to understand the physics of the structure of stars and their change in
time – their evolution – has been bothering many physicists and astronomers ever
since the last century. This long chain of successful research is well documented
not only by numerous papers in the corresponding journals but also by a series of
books. Some of them are so excellently written that despite their age they can still
be recommended and not only as documents of the state of the art at that time.
A few outstanding examples are the books of Emden (1907), Eddington (1926),
Chandrasekhar (1939), and Schwarzschild (1958). But our science has rapidly
expanded in the last few decades, and new aspects have emerged which could not
even be anticipated, say, 30 years ago and which today have to be carefully explored.

This does not mean, however, that our ambition is to present a complete account
of the latest and most refined numerical results. This can well be left to the large
and growing number of excellent review articles. This book is intended rather to
be a textbook that will help students and teachers to understand these results as far
as possible and present them in a simple and clear manner. We know how difficult
this is since we ourselves have tried for the largest part of our scientific career to
understand “how the stars work” – and then to make others believe it. In these
attempts we have found that often enough a simplified analytical example can be
more helpful than the discussion of an exceptionally beautiful numerical solution.
Therefore we do not hesitate to include many simple considerations and estimates, if
necessary, even at the expense of rigour and the latest results. The reader should also
note that the list of references given in this book is not intended to represent a table
of honour for the (known and unknown) heroes of the theory of stellar structure; it is
merely designed to help the beginner to find a few first paths in the literature jungle
and presents those papers from which we have more or less randomly chosen the
numbers for figures and numerical examples (There are others of at least the same
quality!).

The choice of topics for a book such as this is difficult and certainly subject
to personal preferences. Completeness is neither possible nor desirable. Still, one
may wonder why we did not include, for example, binary stars, although we are
obviously interested in their evolution. The reason is that here one would have had
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viii Preface to the First Edition

to include the physics of essentially non-spherical objects (such as disks), while
we concentrate mainly on spherical configurations; even in the brief description of
rotation the emphasis is on small deviations from spherical symmetry.

This book would never have been completed without the kind and competent
help of many friends and colleagues. We mention particularly Wolfgang
Duschl and Peter Schneider who read critically through the whole manuscript;
Norman Baker, Gerhard Börner, Mounib El Eid, Wolfgang Hillebrandt,
Helmuth Kahler, Ewald Müller, Henk Spruit, Joachim Wambsganß, and many
others read through particular chapters and gave us their valuable advice. In fact it
would probably be simpler to give a complete list of those of our colleagues who
have not contributed than of those who helped us.

In addition we have to thank many secretaries at our institutes; several have left
their jobs (for other reasons!) during the five years in which we kept them busy.
Most of this work was done by Cornelia Rickl and Petra Berkemeyer in Munich
and Christa Leppien and Heinke Heise in Hamburg, while Gisela Wimmersberger
prepared all the graphs. We are grateful to them all.

Finally we wish to thank Springer-Verlag for their enthusiastic cooperation.

Munich and Hamburg Rudolf Kippenhahn
December 1989 Alfred Weigert



Preface to the Second Edition

Twenty years after its first publication, this textbook is still a major reference for
scientists and students interested in or working on problems of stellar structure and
evolution. But with the incredible growth of computational power, the computation
of stellar models has to large extent become a standard tool for astrophysics. While
the early computations were restricted to single choices for mass, compositions and
possibly evolutionary stage, by now models for the whole parameter space exist. The
first edition of this book was restricted to a few examples for low- and intermediate-
mass star evolution and lacked the broader view now being possible. There are even
semi-automatic stellar evolution codes that may be used remotely via the Internet.

However, stellar evolution programs should not be used without a thorough
understanding of the stellar physics. Therefore, a textbook concentrating on the
foundations of the theory and explaining in detail specific phases and events in the
life of a star is very much needed to allow scientifically solid modelling of stars.
This is the reason why this book deserved a second edition.

Much to our regret, A. Weigert passed away two years after publication of the
first edition. He left a gap that cannot be filled. Given the above mentioned need for
a second edition and the requirement to add up-to-date stellar models, it was decided
to have A. Weiss join R. Kippenhahn in preparing the new edition.

The two authors of this book came to discriminate between the eternal truth
and the mutable parts. The latter ones refer to the current state of modelling and
knowledge obtained from numerical models and their comparison to observations.
Such chapters were updated, extended, or added. As far as possible, the stellar
models shown were specifically calculated for this purpose, with the present, much
evolved version of the original code by Kippenhahn, Weigert, and Hofmeister. The
numerical results are therefore much more homogeneous and consistent than in the
first edition.

The eternal truth concerns the aforementioned basic physics and their under-
standing. These parts of the book have been left almost untouched, since the authors
(and those readers who were consulted) did not see any reason to change them.

The authors are indebted to many friends and colleagues who gave their advice
or comments, with respect to both necessary changes and the new text passages.
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x Preface to the Second Edition

The support of Santi Cassisi, Jørgen Christensen-Dalsgaard, Wolfgang Hillebrandt,
Thomas Janka, Ralf Klessen, Ewald Müller, Hans Ritter, Maurizio Salaris, and
Helmut Schlattl was essential for us.

We are also very grateful to all those colleagues who very generously provided
their own data to help filling gaps that we could not fill with our own models.
They were (again in alphabetical order) Leandro Althaus, Isabelle Baraffe, Raphael
Hirschi, Marco Limongi, Marcelo Miller Bertolami, Aldo Serenelli, and Lionel
Siess. Needless to say, their data also came with much wanted and helpful advice
and sometimes fruitful scientific discussions about details of the models.

Norbert Grüner’s help in the difficult task of generating a useful index is
acknowledged, too.

Last, but not least, we thank Mrs. Rosmarie Mayr-Ihbe, who designed, corrected,
and improved the many figures that we added to this second edition.

Garching Achim Weiss
February 2012
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