Fusion

Research

nciples, Experiments and Technology




Fusion
Research

Principles, Experiments and Technology

Thomas James Dolan



Original Edilon  Copyright © Pergamon Press 1882
Cormrected Edition Copyright © Thomas James Dolan 2000

Library of Congress Cataloging in Publication Data

Dolan, Thomas James, 1939-
Fusion research.

Includes indexes.

1. Nuclear fusion. |. Title.
QC791.D64 1980 539.7'64 80-18383
ISBN 0-08-025565-5



dedicated to

Charlou Baker Dolan
Virginia Fisher Dolan
Thomas James Dolan, Sr.



CLEUS.charged
@ mi‘l?h ll"osih’ve Eles,c-
P \ nfCqu

s

salellire " ELECTRONS

v

J}m;g Aboul Nuci'cus.
Their ﬁu:‘ul:’cr: :?;q rom
1in th ‘i.!?anium

"' The atomic weight of hydrogen is not exactly 1, but by careful
measurement is found to be 1.0077 . Who could imagine that in this
slight discrepancy -- which indeed needs some explanation to make
intelligible,-- an immense store of possible energy is indicated,
which some day, when we have learned how, may become accessible for
good or ill to the human race 7 .

If then the whole of any perceptible portion of matter disappeared,
the energy resulting would be prodigious. When hydrogen is packed
into helium, the whole runs not the slightest risk of disappearing.
But seven or eight parts in every 10,000 do disappear. The 1.0077
becomes one. And though the disappearing fraction is small, yet the
total of which it is a fraction is so gigantic that the result would
put all our other sources of energy to shame.

But we have not learned how to pack hydrogen into helium or into
any other of the heavier atoms -- as yet. No, not yet. And yet it
would appear that it must have been done, some time and somewhere;
perhaps in the interior of stars, certainly in ways at present
unknown. ..

And if ever the human race get hold of a means of tapping even a
small fraction of the energy contained in the atoms of their own
planet, the consequences will be beneficent or destructive
according to the state of civilization at that time attained, "

from

Sir Oliver Lodge, F.R.S, "Putting the Atom to Work",
Seientific American, May 1924, pages 306-307, 358-359.
Copyright (:) 1924 by Scientific American, Inc. A1l rights reserved.
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Xix

PREFACE

An abundant energy supply is necessary for feeding the world's hungry people.
Agriculture and industry require great amounts of energy for fertilizers,
irrigation, fuels, transportation, and manufacturing. Although technological
prosperity cannot assure spiritual health, it can remove some causes of conflict,
such as poverty and hunger, and thus alleviate some of the pressures leading to
war. When nations prosper, a greater share of their resources can be devoted to
solving other crucial problems, like disease.

Nuclear fusion reactions are the source of the enormous power radiated by the
sun and other stars. The fossil fuels we consume now originally received their
energy from sunlight, so fusion is called the ultimate energy source. However,
the energy we receive from the sun is very diffuse. In order to provide more
concentrated power, we will build miniature suns on earth, using deuterium fuel.
When the deuterium extracted from one litre of water is burned in a fusion
reactor, it will produce as much energy as burning 300 litres of gasoline. There
is enough deuterium in the oceans to last mankind for millions of years. The
difficulty is that the fuel must be heated to temperatures hotter than the sun
and confined until a significant fraction burns.

Several fusion experiments will demonstrate plasma conditions equivalent to
breakeven (fusion power output exceeding energy input) in the 1980's. Fusion
research will become popular, funding and industrial participation will increase,
and educational programs will be expanded to meet manpower needs.

The purpose of this book is to provide a general description of the methods
and problems of fusion research, which will be useful to those entering the field
and to those already engaged in fusion research, but specializing in one area.
Each topic is simplified and condensed. The book has three main parts:

* Principles (Chapters 1-10). Chapter 4 describes the conditions under which
fusion reactors can succeed, in terms of plasma parameters and efficiencies. It
develops a set of fusion reactor power balance equations, applicable to either
magnetic confinement or inertial confinement, to steady state or pulsed reactors,
with or without direct conversion. Chapters 8-10 describe the fundamentals of
plasma confinement, heating, and diagnostics. The other chapters in Principles
provide background information for these chapters. Knowledge of modern physics
and differential equations is assumed. Complex mathematical derivations
important to plasma heating and stability have been included in a few cases
(Sections 2E, 5E, 8D), but readers uninterested in such derivations may skip to
the results without great Toss. The book does not quantitatively describe some
important plasma physics topics, such as the Fokker-Planck equation, wave-
particle interactions, turbulence, and stochastic fields.

* Experiments (Chapters 11-17). About forty plasma confinement schemes and
experiments are described. The history of who originated various concepts is not
given. Some experimental parameters are cited to illustrate the state of the art
as of 1981.

* Technology (Chapters 18-29). Various engineering problems associated with
reactor design, vacuum and magnet systems, materials, plasma purity, fueling,
blankets, neutronics, environment, and fusion-fission hybrids are discussed.














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































