trolled Thermonuclear Reactions. By
. A. Artsimovich. A. C. Kolb and K. S,
ase, eds. Transl, from Russian by P.
y and A. Peiperl. 405 pp. Gordon
Breach, New York, 1964. S19.50,
iewed by Harold P. Furth, Lawrence
adiation Laboratory.
A key sentence of Academician Art-
simovich's thermonuclear survey is to
be found in its Conclusion: "It is
difficult to prophesy which of the
various methods that have been de-
veloped for heating and confining plas-
will be the most successful: but
‘does not mean that all the methods
‘must be regarded as being of equal
h." The vitality of Artsimovich's
. springs precisely from his readi-
s to make value judgments on
‘both the subject matter and the con-
*dur:t of controlled-fusion research.
This attitude is new in the literature
and may prove evolutionary, Ten
years ago there was little basis in
theory or practice for a critical com-
parison of the diverse approaches to
tﬁermonuclear power. It was natural
d has meanwhile become traditional
reviews such as those of Project
od in the United States to
a virtue of meticulous impar-
Artsimovich's book reflects a
ideal: that the accumulating
h of experience should serve to
- principles and directions of
ole research.
simovich’s credentials as a com-
are well supported He is
ling figure in fumon research

n world fusion research. The

‘group has been noted from
set for its conservative public-
s practices and its emphasis on
physics. These tendencies are
y ascribed to the influence of

..... concept of fusion re-
'“ ta:n be outllned as follows:

task of considerable and
ain magnitude.

BOOK REVIEWS

2, The relevant principles of plas-
ma stability are still largely obscure.
When success is achieved, 1t will be
as the result of the systematic elucida-
tion of these principles, not as the
result of engineering ventures under-
taken in ignorance.

This point of view has its advocates
also in the West, but is by no means
universally respected there—or, for that
matter, in the Soviet Union. In the
United States, there has been an of-
ficial reluctance to embrace the step-
by-step evolution of plasma physics as
the central process of controlled-fusion
research. Intermediate goals of a dif-
ferent nature have in the past been
taken more seriously: for example,
empirical-technological — achievements
such as the realization of small neutron
yields from “prototype thermonuclear
reactors”, TFor Arwsimovich, this goal
is not merely irrelevant but actively
obstructive:

. The artificial excitement created
every time anyone announces the de-
tection of an indication of ‘real’
thermonuclear neutrons introduces an
unnecessary element of publicity into
the work on one of the most arduous
scientific and technical problems in

existence today.
This and similar remarks, more of
an anthropological than a plasma-

physical favor, remind the reviewer
of Sir James Frazer's classic commmen-
tary on homeopathic magic. The anal-
ogy is sufficiently accurate that a few
direct quotations from The Golden
Bough may be ol interest;

The methods by which [the rain-
makers] attempt to discharge the
duties of their office are commonly,
though not always, based on the
principle of homeopathic or imitative
magic. If they wish to make rain
they simulate it by sprinkling or
mimicking clouds. [Practices
based on homeopathic magic] derive
in the final analysis from a false
conception of natural law. The prim-
itive magician, however, never ana-
Iyzes the mental assumptions on
which his performance is based, never
reflects on the abstract principles in-
volved, With him, as with the vast

majority of men, logic is implicit,
not explicit; he knows magic only as
a practical thing, and to him it is
always an art, never a science, the
very idea of science being foreign to
his thinking.

Artsimovich would presumably add
that rain-makers must concentrate on
researches in gas dynamics and the
physical chemistry of the atmosphere.

Aside from a scientific outlook, Con-
trolled Thermonuclear Reactions of-
fers some elements of plasma physics,
some ground rules of thermonuclear
power production, interesting
but mildly chauvinistic historical mate-
rial, and a “snapshot photograph™ of
experimental fusion research in early
1961. For the English version, prepared
with the competent aid of Editors
A. C. Kolb and R. §. Pease toward
the end of 1962, the original Russian
snapshot has been retouched exten-
sively. Even so, it has already a slightly
dated air—perhaps the best possible
tribute to the current rate of progress
in the field.

The experimentalist sympathies of
Controlled Thermonuclear Reactions
are revealed in the Foreword: “The

choice and arrangement of the mate-

some

rial have been governed by the belief
that a
lems can be obtained without draping
the meagre skeleton of experimental
garment of

o s
is a rather mis-

clear understanding of the prob-

facts in a voluminous
mathematical elaboration.
metaphor, however,
leading one. High-energy nuclear phys-
ics may have an experimental skeleton
on which theory is to be draped. In
plasma physics the situation is pre-
cisely a rigid theoretical
skeleton grows out of the principles
of classical and electrody-
namics. The voluminous and largely
amorphous experimental material is
not needed to support the skeleton of
theory, serves rather to indicate
the points at which today’s primitive
skeleton must grow.

Artsimovich's inversion of the nor-
mal anatomy of plasma physics tends to

the reverse:

mechanics

but
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diminish the effectiveness of his book
in several respects. As a primer lor
those entering the feld, Controlled
Thermonuclear Reactions will convey
a vivid and intelligently drawn general
picture, but is not as well suited to
train an independent judgment. While
the derivations given are always sound
and physically illuminating, the link-
age of the various theoretical bone-
fragments is not consistently brought
out. Many important results are merely
stated, sometimes without mention ol
underlying assumptions or references
conveniently accessible to the general
public,

For those already familiar with the
fusion field, the most interesting ele-
ments of Artsimovich's book are the
oracular passages and the general sur-
veys. In particular, the broad juxta-
position of experiment and theory is
a much-needed contribution to the
technical literature. In the
gross hydromagnetic phenomena, one
can see that
theoretical correlations are almost uni-
versally obtained; elsewhere, noncor-
relation is still the rule vather than the
exception. Here again the moral drawn
by Artsimovich (i.e..
making voluminous garments instead
ol fitting the experimental skeleton)
inverted. large-
scale fusion experiments anywhere in
the world today are designed primarily
to shed the clearest possible light on
theoretical questions—lor example, on
the nature of the breakdown of the

area ol

positive  experimental-

theorists  busy

seems  curiously Few

infinite-conductivity hydromagnetic ap-
proximation in various plasma regimes.
As Artsimovich’s book serves to illus-
trate, fusion experimenters tend 1o
look to stability theory for helplul
hints on “"how to improve things"
rather than for the definition of crit-
ical experiments requiring special ap-
paratus. To draw an
ordinary fluid dynamics one should try
to imagine the development of its
theory an the strength of reports from

analogy with

science-minded sailors and flyers.
Fortunately, the weakness of detailed
stability theory does not leave [usion
research in a state of total disorienta-
tion. Thermodynamic arguments can
be used to idenuly the energy sources
on which various classes of instability
feed. Even in an infinite plasma vol-
ume, [ree energy for microinstabilities
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is made available by certain departures
from the thermal velocity distribution,
and particularly by directed particle
streams. In finite  plasma  conhigura-
tions, energy to drive instabilities can
be provided also by perturbations of
the confining magnetic field. Especially
where a current in the plasma makes
an important contribution to the con-
fining field, a wide range ol instability
modes is energetically accessible; but
in any case encrgy can be realized by
displacement  of the “diamagnetic”
plasma in divections ol diminishing
magnetic field strength. The thermo-
dynamic argument, ol course, merely
sets limits on the existence and growth
rate ol instabilities, and does not prove
that thermodynamically “worse” con-
figurations will actually be more un-
stable. From the experiments, how-
that hot, dense
plasmas are extremely inventive in
finding derailed modes to exploit what
is thermodynamically permissible.

EVer, ond¢ can sec

Art-
simovich's Tatalistic dismissal ol certain

This is the background for
approaches to plasma confinement—
for example, conventional mirror ma-
chines and all species ol pinch. The
fatalistic thermodynamic point of view
is also somewhat popular in the West,
particularly among theorists, but thus
far has largely failed to convinee those
experimentalists with whose techno-
logical orientation it is incompatible.
The stand against the thermodynamic
argument, alter all, is inherently a
durable one: no finite amount of de-
tailed theoretical analysis or experi-
mentation could [urnish a rigorous
prool of nonfeasibility in any broad
citegory ol plasma  confinement  or
heating.

Meanwhile those enterprises that re-
spect the thermodynamic argument as
the principal signpost of fusion re-
search are enjoying a rather marked
prosperity. The most important devel-
opment ol the past lew vears has been
the investigation of so-called “mini-
mum-B"  conhgurations. These are
magnetic traps based on special systems
of external conductors such that the
strength of the confining field increases
in every direction away [rom the
plasma. The existence of such con-
figurations had been known almost
since the beginning ol [usion research,
but their uniquely favorable thermo-

dynamic position had never been tal_::e'_x'j
seriously on the level of experimental
policy. At the 1961 international con-
trolled-fusion conference held in Salz-
burg, the first dramatic success with
a minimum-B machine was announced
by ML.S. Ioffe, an experimentalist work-
ing under Artsimovich. Simply by turn-
img the minimum-B property on and
off, he was able to switch his plasma
[rom classically stable confinement to
instability and l'npid escape—one of
those rare experiments that rank at
the same time as direct “accomplish-
ments” in fusion research and as clear-
cut demonstrations in physics, The
last section of Controlled Thermo-
nuclear Reactions gives a briel account
of Toffe's work and its significance,
More recently, in the United States,
in the United Kingdom, and in France,
as well as in Moscow, numerous vari-
ants of the Toffe experiment have
confirmed and extended the initial
results.

At the present time, the minimum-
B experiments seem to be headed for
conditions ol long-time stable confine-
ment at levels of plasma density and
temperature that are nontrivial on the
thermonuclear scale. More important-
ly. these new experiments can hope to
come to grips in a clear-cut fashion
with the intrinsic stability problem
ol controlled-Tusion research: whether
the mere localization in space ol a
hot, dense plasma provides an energy
reservoir sufficient to set up unac
ceptably high levels of “universal” in-
stability. The existence of potentially
dangerous “universal” modes has been
demonstrated during the last two years
by Soviet theorists. (Artsimovich's dis-
cussion is restricted to the earliest work
along this line.) Forthcoming mini-
mum-B experiments will shed light
on the theoretically as yet uncertain.
finite-amplitude effects of the “univer-
sal’ instabilities. and on the efficacy of
various configurational remedies that
would suppress the currently known
modes. -

On the question of success, the
last paragraph of Controlled Ther-
monuclear Reactions states:

It is hardly to be doubted that
ultimately the problem of controlled
thermonuclear fusion will be solved.
Nature can put only a finite number

of difficulties on the road to the
solution; and when man has overcome
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Applied Optics and Optical
Engineering—

A Comprehensive Treatise

Volumes 1 and 2

edited by R. Kingsloke

provides the precise data and information needed by an op-
tical engineer in the design, construction, and testing of new
optical devices

assists those who use optical equipment both in selecting a
suitable instrument for specifically postulated work and in
understanding the details of the operation and use of each
instrument

covers the basic optical theory although the mathematical
aspects have been held to a minimum; the principal optical
elements such as lenses, mirrors, prisms, gratings, thin films,
optical materials, fibers, and filters are discussed in detail
Volume 1: Light: Its Generation and Medification

(K410} March 1945, 423 pp., $15.00, (K409) Subscription price $13.00**
Volume 2: The Detection of Light and Infrared Radiotion

I'SK;HJ June 1965, obout 400 pp., $15.00, (K411) Subscription price

##Subseription price is wvalid on orders received prior
of the last volume.

Lattice Defects in Quenched Metals

An_International Conference held at the Argonne National Laboratery,
Sponsored by the United States Atomic Energy Commission

edited by R. M. J. Cotterill, M. Doyama, J. J. Jackson, and M.
Meshii

« considers all aspects of the field of lattice defects in quenched
metals

emphasizes the topic of activation energies

presents detailed descriptions of precise experimental deter-
minations of migration and binding energies, experiments
which allow different types of defects to be distinguished, the
production of vacancies, the role of impurity atoms in
quenchlng and annealing processes, large clusters of vacan-
cies, and quenched body-centered cubic metals

(C750) April 1965, 807 pp., $22.00
. -
Oriented Nuclei:

Polarized Targets and Beams

Volume 20 of Pure aond Applied Physics

by J. M. Daniels

* introduces the subject of angular effects; eschews mathema-
tical detail and presents basic ideas

» covers the whole subject of oriented nuclei—the approach is
descriptive, the emphasis is on experimental aspects

» valuable to all research workers and graduate students in
nuclear physics, magnetism, and related fields who wish to
became familiar with the techniques of producing beams,
targets, and radioactive sources in which the spin axes of the
nuclei are spatially oriented

(D148) February 1945, 287 pp., $9.00

to publieation

Magnetism

A Treatise on Modern Theory and Materials
Yolume 2—Part A:

STATISTICAL MODELS,
ACTIONS, AND METALS

edited by George T. Rado and Harry Suhl
(RO95) May 1965, about 450 pp., $15.00

MAGNETIC SYMMETRY, HYPERFINE INTER-

19-65 sales ta

The Theory of
Electron-Atom Collisions

by G. F. Drukarev

Translated from the Husslan by S, Chomet,
Translation edited by ). B. Hasted

+ presents a detailed discussion of the quantum theory of elec-
tron-atom collisions which includes important contributions
on such treatments as perturbation theory, distorted wave
calculations, variational methods, allowances for exchange
and for coupling, together with improved computational
techniques
will be of inttrest not only to the professional quantum theor-
ist, but also to those physicists who want to understand the
effects produced by elastic and inelastic collisions, without
personally manipulating the mathematics

(DBBO) March 1965, 161 pp., $6.50

Atomic and lonic Impact Phenomena
on Metal Surfaces

by Manfred Kaminsky

FROM THE PREFACE: “The leading thought in the prepara-
tion of the manuscript has been to give a compact synopsis of
certain atomic and ionic impact phenomena on surfaces and
thus to facilitate interdisciplinary communication between the
different fields. . . . The intention has been ro give the reader
a balanced view of the subject, from both the experimental and
theoretical standpoints, and to emphasize the well established
principles which emerge and the many peculiarities, obscurities,
and uncertainties which still remain to be resolved . . ."

(KO90) 1964, 332 pp., $14.50

Physical Acoustics
Principles and Methods

Volume 2—Part B:
PROPERTIES OF POLYMERS AND NONLINEAR ACOUSTICS
edited by Warren P. Mason
« deals with the glasses and polymers—materials which are more
closely packed than liquids, but in which atomic movement
can still occur
(M366) Moy 1965, about 285 pp., $14.00

Selected Problems in Quantum
Mechanics

Reyised and  augmented second edition of Gol'dman, Krivehenkor, Kogan,
and Galltskil, **Problems in Quantum Mechanics"'

collected and edited by D. ter Hoaor

e to be used in conjunction with any modern textbook, this

book contains new problems on atomic physics
(G521) March 1945, 402 pp., $8.50
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them by unremitting creative activity,

nature will not he able to invent new

obstacles. All that is uncertain is how

long the process will last.
This is not so much an
an expression of ofhcial Sovier policy.
Inquiries of Soviet scientists in the
field have received more or
less the same reply: the Soviet Union
is aiming at excellence in high-tem-
perature plasma physics and is content
to let the physics show what time
scale is natural to the harvesting of
economic henefits.

oracle as

always

28: Star Evolution (Proceedings
International School of Physics
Varenna. Italy), L. Grat-
Academic Press, New

Course
of the
“Enrico Fermi,”
ton, ed. 188 pp.
York, 1963, S18.50.
Reviewed by . Allen Fynek, Dearborn
Olservatory.

Stellar evolution is a broad domain
into which virtually all phases of as-
trophysics and observational astron-
omy enter, and to which they all con-
tribute, in greater or lesser degree.
No one volume, or a series for that
matter, can essay to cover the field
adequately. The rapid evolution our
ideas ol stellar evolution themselves
have undergone. even in the
since the volume under review
in preparation, emphasizes this point.
Quasistellar sources and recent  ad-
vances in our knowledge of radio gal-
axies and in relativistic astrophysics
were not yet a part ol the working
data of the contributors when they
met on the shores of Lake Como in
Varenna, Italy. to deliver Course 28
in the International School of Physics
“Enrico Fermi”, on the subject of star
evolution, Thus, even though sixteen
specialists presented  eighteen  excel-
lent and thorough lectures on spe-
tific problems in swellar  evolution,
this volume, edited competently by L.
Gratton, himsell one of the contribu-
tors, is not a comprehensive survey
ol the field of stellar evolution.
Rather, many contributors dealt with
those ideas which were [rontier as-
pects of the field when the symposium
was held in 1962,

Despite these limitations, an under-
standable price of progress, the vol-
ume contains much fundamental ma-
terial basic to an understanding ol
the central ideas ol stellar evolution.

time
was
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There are arcas in the feld which
are well established even though prog-
ress has been rapid, and many of the
contributors have given an excellent
résumde ol these.

For this reason book can be
fully recommended to serious readers

the

wishing an authoritative discussion of
integral the problem of
stellar evolution. These cover a wide
spectruny, ranging  from the observa-
tional approach to stellar evolution,
to nuclear astrophysics and the con-
struction ol stellar models. Schatzman
treats the carly stages of stellar evolu-

aspects ol

tion in one chapter, and in another
he deals with the very late stages
ol stellar evolution in his discussion
ol white dwarls and Type I super-
novae, Gratton [ollows this with a
discussion ol stellar association  and
very young clusters, while much older

stars, Cepheids, white dwarfs, and
stars  with  helium-rich cores are
treated by Baker and  Schatzman.

Ledoux contributes a fine chapter on
stellar stability and stellar evolution.
The Burbidges give a comprehensive
treatment of nuclear astrophysics and
nucleosynthesis, covering in detail the
synthesis of elements and the related
topic ol explosion:
following this, they discuss the ob-
served chemical composition of the
stars. G. Burbidge includes a very ex-
cellent bibliography.

No detailed chaprer-hy-chapter dis-
cussion can be given in this review,
but the survey of the observational
approach to stellar evolution given by
Sandage and Gratton should be espe-

supcrnnvu then

cially noted as it will appeal to a
much wider audience than some of
the more specialized chapters. Follow-
ing a résumé of the theary of the
Hertzsprung-Russell diagram and the
closely related  color-magnitude  dia-
grams, they present the observational
evidences for stellar  evolution as
shown  particularly by diagrams for
open and globular star clusters, in-
terpreted as envelopes ol stellar evo-
lutionary tracks.

The mathematics of stellar struc
ture cannot be encompassed in a few
chapters, and  Wrubel devotes
chapter on construction of stellar
madels to a few sclected aspects, par-
ticularly calculation of opacities for
use in model integrations.  Another

his

special aspect, “stellar evolution as ;
problem for an electronic computer”,
will be found timely.

The closing chapter of the sym-
posium by M. Hack deals with the
evolution of close binary systems.
This is one of the most exciting and
potentially productive phases of
problem of stellar evolution.
the components of a close b
(separation ol the order aof «
of the stars) are not of eq
the more massive will ey
the main sequence hrst, exp;
in size and transferring
mass to the companion
first Lagrangian point of |
This, in turn, upsets thn‘
course of stellar evolution,
a variety of consequences.

The task of editing a
in so rapidly evolving a
harassing one, and Gratton

number of typographical
been left unattended.

The Equilibrium Theory of €
Fluids. A Lecture Note and '
ume. By Harry L. Frisch and ]
Lebowitz. 3 Chapters, Ben
York, 1964. Cloth $10.00;
Reviewed by Stuart 4. Rice,
Chirago,

The Equilibrion Theory of (
Fluids is a reprint volume
parts somewhat from the
tablished in the past. In
useful  comments in 4 nu
places provided by both editors
authors, there are several g
articles with the nature of critical
views. The purpose of these arti es
is 1o provide new and clearer deriva-
tions ol well-known results and, hope-
fully, thereby new insights. Thus, in-
stead of making a compendium of re-
prints, the editors have constructed
something intermediate between an
original monograph and a collection,
and should be commended for this.
I believe the ‘book to be useful to

As minor demurrers, let me
mark that in my copy pages 11-258
and I11-250 are identical. 1 !
lieve that it would have been |
to cut open the journals
photographing the articles, s



