
MAGNETOHYDRODYNAMIC TURBULENCE

This book presents an introduction to, and state-of-the-art account of,
magnetohydrodynamic (MHD) turbulence, an active field both in general
turbulence theory and in various areas of astrophysics. The book starts
by introducing the MHD equations and certain useful approximations.
The transition to turbulence is then discussed, including the problem of
finite-time singularities of the ideal equations and the excitation of in-
stabilities. The second part of the book deals with incompressible MHD
turbulence, the macroscopic aspects connected with the various self-
organization processes, the phenomenology of the turbulence spectra,
two-point closure theory, and intermittency. The third part considers two
extensions: two-dimensional turbulence and compressible (in particular,
supersonic) turbulence. Because of the similarities in the theoretical ap-
proach, these chapters start with a brief account of the corresponding
methods developed in hydrodynamic turbulence. The final part of the
book is devoted to three astrophysical topics: turbulence in the solar
wind, in accretion disks, and in the interstellar medium. This book is
suitable for graduate students and researchers working in turbulence
theory, plasma physics, and astrophysics.
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Preface

Turbulence in electrically conducting fluids is necessarily accompanied by
magnetic-field fluctuations, which will, in general, strongly influence the dy-
namics. It is true that, in our terrestrial world, conducting fluids in turbulent
motion are rare. In astrophysics, however, material is mostly ionized and strong
turbulence is a widespread phenomenon, for instance in stellar convection zones
and stellar winds and in the interstellar medium. Turbulent magnetic fields are
therefore expected to play an important role. Despite the fact that, on a micro-
scopic level, astrophysical plasmas exhibit rather diverse properties, a unified
macroscopic treatment in the framework of magnetohydrodynamics (MHD)
to describe the most important magnetic effects is appropriate. Hence there is
much interest in MHD turbulence in the astrophysical community. Consider-
able interest comes also from the side of pure theory, where MHD turbulence
introduces new concepts into turbulence theory, as the large number of articles
on this topic in the literature shows. However, to date no monograph on MHD
turbulence seems to have been written. I therefore believe that a treatise both
introducing the field and reviewing the current state of the art could be welcome.

The book consists of four major parts: an introductory part, Chapters 2 and 3,
discusses the MHD model and the transition to turbulence; the second part,
Chapters 4–7, focusses on the theory of incompressible turbulence; the third
part, Chapters 8 and 9, deals with two important extensions, two-dimensional
turbulence, which arises in the presence of a strong magnetic field, and, in a sense
the opposite case, compressible, in particular supersonic, turbulence; and finally
a part concerning applications, Chapters 10–12, treating three areas in which
MHD turbulence is observed, or expected to be excited, namely turbulence
in the solar wind, in accretion disks, and in the interstellar medium. A book
on MHD turbulence is also a book on hydrodynamic turbulence, using and
generalizing methods developed for the latter, which the reader will find in the
first parts of most chapters. The chapters dealing with the applications contain

xi
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xii Preface

a general introduction to each field and may be read independently of the rest.
Apart from elementary fluid dynamics no particular expertise is required, though
some knowlege of plasma physics can sometimes be helpful. I hope that the
book will be suitable for those just entering the field and also interesting for
researchers in the field.
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