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Preface

The purpose of this monograph is to formulate a quantitative and self-consistent theo-
retical approach to wave—particle interactions occurring in space plasmas, and present
a logical development of the subject. In the Earth’s magnetosphere, Nature has given
us a plasma laboratory that is accessible to observations made by radio, magnetic and
electric instruments on the ground, and a great variety of instruments aboard rockets
and Earth-orbiting satellites. Spacecraft are making similar observations in the more
distant solar system.

To understand such observations as fully as possible, with colleagues around the
world we have been challenged to produce a rigorous description of the energetic
charged particle distribution function interacting with electromagnetic waves across
a wide frequency spectrum. The space plasma is, as a rule, a non-equilibrium system
with sources and sinks of energy and charged particles. As such, electromagnetic waves
are generated via the process of the stimulated emission of radiation. Together with
the electrodynamic properties of the space plasma, determined by variations of the
magnetic field and plasma density, this constitutes a maser system. It exerts a strong
influence on the state of the space plasma.

Cyclotron masers (CMs) are a shining example of such maser systems operating in
the Universe. Whether in the Earth’s magnetosphere or Jupiter’s, in the solar corona
or in the laboratory, CMs are exciting systems to marvel at, to wonder about and to
investigate in detail. Such is the theme of this book. We analyse waves in a resonant
cavity (here termed the eigenmodes), the excitation conditions and different wave
generation regimes. In these wave—particle interactions, feedback processes, which
are inherently nonlinear, have to be taken into account. Energetic electrons interact in
CMs with electromagnetic waves and are precipitated into the atmosphere; electrons
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can be accelerated by these waves to produce secondary radiation. Similar results hold
for the interaction between energetic ions and hydromagnetic (Alfvén) waves.
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entire book. Special thanks are also given to Andrei Demekhov, Victor’s colleague at
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Post Script, added by Michael Rycroft and Andrei Demekhov

We are greatly saddened to report the death of our good colleague and dear friend
Victor Yurievich Trakhtengerts on 4 December 2007; he had battled against cancer
for more than three years. At that time this book had been completed, and was
being finally checked and collated. Poignantly, it was submitted electronically to the
Cambridge University Press a few days later. We consider that it is an appropriate
testament to Victor’s many achievements in research on space plasma physics over
his entire career. We hope that his keen physical insight and imagination, and his
superb analytical skills, are as evident to the reader as they are to us. We trust that
the publication of this book may stimulate others to continue to pursue research in
this fascinating field.
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