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Preface

This third edition has the following revisions compared to the
second edition published in 2007:

® Every chapter has been significantly updated.

® The chapter previously called Ultrawideband Systems is
titled Beamless Systems and includes nonlinear transmis-
sion lines.

e Chapter 10 now focuses entirely on vircators due to a resur-
gence of interest in them.

e Chapter 11 is a new chapter that covers gyrotrons, electron
cyclotron masers, and free electron lasers.

As with previous editions, this book is meant to communicate a
wide-angle, integrated view of the field of high power microwaves,
or HPM. Our treatment of HPM is actually rather brief; by limit-
ing the book’s length to a manageable number of pages, we hope
to encourage the reader to further explore the field, rather than
skip to select sections of narrower interest, which often happens
with lengthier tomes. Our presentation is broad and introductory
with the flavor of a survey; however, it is not elementary. For the
reader seeking greater detail, we have provided an extensive set of
references and guidance to the literature with each chapter.

We anticipate that our readers will include researchers in
this field wishing to widen their understanding of HPM; present
or potential users of microwaves who are interested in taking
advantage of the dramatically higher power levels that are being
made available; newcomers entering the field to pursue research;
and decision makers in directed energy weapons acquisitions
and related fields, such as radar, communications, and high-
energy physics, who must educate themselves in order to deter-
mine how developments in HPM will affect them.

This book has its origins in many short courses we have
taught in the United States and western Europe. Over time, as we
have continued to update and widen the scope of our classes, our
outlook in the field of HPM has expanded considerably. Although
we approached the field by initial investigations with particular
HPM sources, we found ourselves asking questions with increas-
ingly more global implications, which this book addresses:

* How does HPM relate historically and technically to the
conventional microwave field?

® What applications are possible for HPM, and what key cri-
teria will HPM devices have to meet in order to be applied?

® How do high power sources work? Are there really as many
different sources as the nomenclature seems to indicate? What
are their capabilities, and what limits their performance?

® Across the wide variety of source types, what are the broad
fundamental issues to be addressed in the future?

We believe that addressing these questions has profited us—and
ultimately the reader—and that our perspectives are largely com-
plementary: our primary research interests lie with different source

types. While James Benford works largely as an experimental-
ist, John Swegle is a theorist. The new coauthor since the Second
Edition, Edl Schamiloglu, describes himself as an applied theorist.

The reader is encouraged to read Chapter 1, the introductory
chapter, where we outline the historical trends that have led to the
development of HPM and compare the capabilities of HPM with
those of other domains, such as conventional microwaves and THz
sources. A premise of this book is that the field can be divided into
two sectors, which sometimes overlap: one applications-driven and
the other technology-driven. Chapter 2 is entirely new and deals
with both perspectives. Chapter 3 directly treats the applications
of HPM. The other chapters are focused on technologies. Chapter
4 on microwave fundamentals is a guide to the major concepts used
in later chapters. Chapter 5 on enabling technologies describes
the equipment and facilities surrounding the sources in which
microwaves are generated. These are the elements that make the
system work by supplying electrical power and electron beams to
the source, radiating microwave power into space, and measuring
microwave properties. Chapter 6 deals with the ultrawideband or
beamless technologies. Chapters 7 through 11 deal in detail with
the major source groups. The Appendix contains the High Power
Microwave Formulary. Finally, in the frontal matter we have
included a List of Acronyms to assist the reader.

We thank our colleagues for helping in the preparation of this
book: Gregory Benford, Steven Gold, John Luginsland, Dominic
Benford, Bill Prather, David Price, Edward Goldman, Keith Kato,
David Giri, Carl Baum, William Radasky, Jerry Levine, Douglas
Clunie, David Price, John Mankins, Kevin Parkin, Richard
Dickinson, Bob Forward, Bob Gardner, George Caryotakis,
Daryl Sprehn, Mike Haworth, Sid Putnam, Yuval Carmel, Joe
Butler, Sonya Looney, Michael Petelin, Ron Gilgenbach, Larry
Altgilbers, Mike Cuneo, James McSpadden, and Mats Jansson.

Special thanks go to Charles Reuben (University of New
Mexico), who tirelessly handled the figures, and to Weihua Jiang
(Nagaoka University of Technology, Japan), whose corrections
and requests for clarification when translating the second edition
into Chinese improved this third edition significantly. We also
thank John Luginsland (Air Force Office of Scientific Research,
AFOSR) for his support of this project.

Finally, we thank Francesca McGowan of Taylor & Francis
Group for shepherding us through this third edition.

Very special thanks go to our wives for their patience.

James Benford
Microwave Sciences, Lafayette, California

John A. Swegle
J-Two, Aiken, South Carolina

Edl Schamiloglu
University of New Mexico, Albuguerque, New Mexico
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