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The Pursuit of Simplicity. By Edward Teller. Pepperdine 
University Press, Malibu, California (1980). 167 pp. $10.95 
hardback; $6.95 paperback. 

This book is a very broad, highly condensed survey of 
what we owe to and can expect from science and technology. 
It is so condensed that it is difficult for any reviewer to 
improve on a recommendation that the original should not be 
missed. The title is to be taken seriously although the author 
admits that it is paradoxical. The author notes that large 
numbers of educated people in the western world are gripped 
by a malaise of despair at a world that seems too complicated 
to understand, much less affect. They wish that the world 
were more simple, more as it used to be. Their pursuit of 
simplicity begins with wanting to discard science and tech­
nology. Rejecting science and technological progress, even if 
it were possible, would certainly not solve people's problems. 
The final paragraphs of this book deserve to be quoted: 

In the attempt to survive, in the attempt to reconcile 
what seems contradictory, people may succeed only if 
they manage to find the proper amount of simplicity in 
a seemingly complex world. One needs truths that are 
accepted as evident. I would offer these: 

That no limits are set to human knowledge; 
That knowledge leads to power; 
That power can be used for the benefit of everyone. 

If we believe more than this, we may be fools; 
If we believe less, we are cowards. 

No endeavor that is worthwhile is simple in prospect; if 
it is right, it will be simple in retrospect. The pursuit of 
simplicity in science leads to understanding and beauty. In 
human affairs, it may fulfill our most desperate need: 
the survival of a civilized human society. 

The book roams through much history and philosophy of 
science. Writing with firsthand knowledge of Niels Bohr, he 
recalls a meeting in Copenhagen in the early days of quantum 
mechanics when Bohr appeared deeply depressed by the 
discussion, which he explained by saying: "If someone talks 
about Planck's constant and does not feel at least a little dizzy 
he does not understand what he is talking about." 

Chapter Two is devoted to the geometry of Space and 
Time: 

When my son was not quite six years old, I told him a 
story about the moon, which I described as being very far 
away. I tried to give him some feeling of how far 239,000 
miles really is. Then I told him that light travels very, very 
fast. It takes little more than one second to cover the 
distance between the earth and the moon. All this my 
young son accepted without too much astonishment and 
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without any protest. Then I added the statement: light 
moves very fast, and nothing can move faster. 

At that point I got a very polite, very justified query­
why? I declined to answer. My son didn't pursue the 
subject, but the next day he asked, "Daddy, why can't 
anything travel faster than light?" I had achieved my ob­
jective of arousing his curiosity, and bit by bit I answered 
his question. It took all of six years. When my son was 
twelve and understood the main facts of relativity, I had 
high hopes that he would become a physicist. Instead, he 
chose philosophy. However, he is interested in the philos­
ophy of science. 

Chapter Five discusses Science and Survival: 

Thinking about the most important events of the past, I 
am struck by the ambiguities in two truly outstanding 
cases. One is the revolution in religion, morality and art in­
troduced by the Pharaoh Ikhanaton (or Akhnaton) almost 
fourteen centuries before Christ.... Countless people, 
among them our contemporaries, have admired the sculp­
ture showing his chief wife, Nefertiti. 

Yet his accomplishments were wiped out by a counter­
revolution ... 

The second example is closely connected with technology. 
The great North-South Canal, constructed around the year 
600 A.D. in China, was much more than an amazing engi­
neering accomplishment. .. 

Technology once introduced is rarely forgotten. The 
Chinese canal has been maligned, but it is still in service 
today. The methods of providing food, clothing, housing 
or weapons have all shown irreversible trends. Whether 
these trends have been for the better or worse is, in fact, 
debatable. But when one considers that an ever increasing 
number of human beings do live on this planet, and that a 
greater fraction of them are freed from the necessity of 
the severest kinds of labor, one can at least argue that the 
understanding and control of nature has been a positive 
contribution ... 

Ever since Thomas Malthus described a balance between 
food increase and population in the 18th century, his 
point of view has been commonly accepted. Malthus said, 

Population, when unchecked, increases in a geometric 
ratio. Subsistence increases only in an arithmetical 
ratio. A slight acquaintance with numbers will show the 
immensity of the first in comparison with the second. 

This is double nonsense. In the 180 years intervening, 
world population has increased at a rate greater than 
geometric, and the means of subsistence have increased 
vastly beyond an arithmetical progression. 
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Human inventiveness in the fields of science and tech­
nology have outstripped human fertility ... 

Malthus' second nonsense is harder to forgive. There is no 
evidence in history, not at his time or after, to justify the 
use of the mathematical expressions he cited. 

Teller then gives a table (Fig. 5.1, p. 145) on population 
that is marred by an evident numerical disagreement. The date 
of the building of the great pyramid of Khufu (Cheops) is 
given in the text as 2560 B.C. but in the table as 2650 B.C. 

Mankind is concerned about the future of the world and 
the possibility of the world's end. After discussing other 
myths, Teller points out that one possibility is the coming 
of the next ice age. There is some evidence indicating that the 
next ice age might overwhelm us within a single century. The 
difference is that the world has science and technologies not 
present when the last ice ages were experienced. Mankind can 
look forward to the future with hope if all the human gifts 
that distinguish us from other living creatures are used. It is 
within possibility that the menace of oncoming glaciation will 
provide human beings with sufficient motivation to unite 
against a common menace of nature. Humanity in all its 
history has repeatedly escaped disaster by a hair's breadth. 
Total security has never been available to anyone. To imagine 
it to exist is to invite disaster. 

Teller discusses at some length the problem set by the 
reality and realization of the world's energy shortage. In the 
current discussion he notes that one of the postulates is that 
society should get away from exhaustible energy sources and 
concentrate on renewable forms. This prospect is often some­
what erroneously perceived and, in fact, even in his discussion 
it is not made clear that abundance of even something already 
understood like nuclear fission energy is or may be sufficient 
without being renewable to relieve fears of shortage when 
taking account of the availability of thorium as an energy 
source. 

W. Bennett Lewis 

P.O. Box 189 
Deep River, Ontario 
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July 17,1981 

About the Reviewer: Bennett Lewis, a student of Lord 
Rutherford, has enjoyed an illustrious career in physics with 
particular interest, of course, in the nucleus. Following the war 
years, when he was a civilian scientific officer with the u.K. 
Air Ministry, he began work in nuclear energy in Canada, first 
with the National Research Council, then as senior vice­
president, Science, of Atomic Energy of Canada Limited, a 
position from which he is now retired. Dr. Lewis continues his 
contributions to physics through an association with Queens 
University at Kingston. 

Atomic and Molecular Processes in Controlled Thermonuclear 
Fusion. Edited by M. R. C. McDowell and A. M. Ferendeci. 
Plenum Press, New York (1980).506 pp. $55.00. 

This volume contains the texts of the invited lectures to 
the North Atlantic Treaty Organization Advanced Study 
Institute on Atomic and Molecular Processes on Controlled 
Thermonuclear Fusion, which was held in France in August 
1979. The first part of the book introduces the physics of 

controlled thermonuclear fusion, especially in tokamaks, 
while the remainder of the book is devoted to a survey of 
relevant atomic and molecular processes. 

Fusion presents a hope for the energy future of mankind, 
for a nearly limitless source of energy, having minimal impact 
on the ecosystem. A very high temperature is required for 
nuclei to overcome their mutual repulsion and to fuse together. 
The most easily attainable fusion process is the deuterium­
tritium (D-T) reaction: deuterium and tritium fuse to form 
a helium nucleus (alpha particle), a neutron, and considerable 
energy. Ions in a plasma must be heated to a temperature 
of 50 to 100 million degrees. This high temperature requires 
that the plasma be isolated from the walls of the containing 
vessel, and that powerful means be used to heat the plasma. 
However, once the plasma is hot, if the plasma conditions 
are correct, the alpha particles created by the fusion reaction 
will alone provide sufficient energy to keep the plasma hot, a 
condition called ignition. 

Two examples of fusion are stars, held together by gravity, 
and therefore large, and the hydrogen bomb, too powerful 
to tame. Two schemes presently under study for fusion 
reactors are somewhat analogous to the above: magnetic 
confinement, in which a low-density plasma is confined by a 
magnetic field; and inertial fusion, in which a small pellet 
of hydrogen, bombarded by an intense pulse of laser light 
or particle beams, is both heated and inertially compressed 
for the few nanoseconds necessary for fusion to occur. The 
fusion-reactor concept that is presently the most advanced is 
that of magnetic confinement of a plasma. This book is 
mainly devoted to tokamaks: plasma-containment devices 
utilizing closed magnetic field lines in a toroidal geometry. 
Another approach to magnetic confinement, the magnetic 
mirror, uses cylindrical geometry. Although mirrors are not 
discussed in this book, much of the physics is applicable to 
both magnetic confinement systems. 

The nuclear physics of fusion has been known for many 
years. There are, however, many atomic, plasma, engineering, 
and technological problems to be solved before a practical 
fusion reactor is feasible. There is a need for considerable 
atomic and molecular data for all aspects of controlled ther­
monuclear fusion: in confinement, heating, energy balance, 
plasma-wall interactions, diagnostics, and the problems asso­
ciated with impurities in the plasma. Furthermore, it is 
necessary for plasma and atomic physicists, for theoreticians 
and experimentalists, to communicate with each other and to 
exchange ideas, to reach the goal of a practical and econom­
ically viable fusion reactor. It was the aim of this conference 
and of these lectures to facilitate such communication. 

The first five papers in this volume are devoted to a 
discussion of the basic principles of fusion reactors, especially 
tokamaks, of the relevant atomic processes, and of the role of 
plasma impurities in the operation and energy balance of a 
tokamak. Following an introduction to atomic processes in 
tokamaks by M. R. C. McDowell is an excellent and compre­
hensive article by M. F. A. Harrison on the relevance of atomic 
processes to magnetic confinement and the concept of a 
tokamak reactor. 

Impurities are unavoidable in a tokamak plasma. They 
arise mainly from imperfect confinement of the plasma and 
from sputtering of wall material and of the limiters, which 
keep the plasma from touching the wall of the confinement 
vessel. Impurity atoms released into the plasma are quickly 
ionized into high charge states. The presence of these im­
purities has many effects, mostly deleterious, on the plasma. 
Radiative losses provide sharp limits to the maximum tolerable 
level of a given impurity ion to achieve plasma ignition. 
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Impurities can also prevent effective neutral-beam heating 
of a plasma by altering the beam energy-deposition profile. 
Many atomic processes must be understood to calculate 
the effects of impurities on plasma energy balance. Impurity 
production by wall processes is discussed in one paper. 
Another topic discussed in the first series of papers is methods 
of impurity control, which will be a difficult issue for the 
design of the next generation of fusion reactors. One possi­
bility discussed for impurity control is the use of a divertor, 
in which plasma near the outer edge of a tokamak is diverted 
to a remote area. 

The next five papers are devoted to theoretical methods 
for atomic collisions. These papers on the whole are dis­
appointing, because they are addressed to specialists in atomic 
theory, which reduces their accessibility to nonspecialist 
readers. Shortcomings include a relative paucity of simple 
physical explanations, incomplete discussion of the region of 
validity of each theory, and insufficient comparisons of 
results of various theories and of theory with experiment. 
An exception is the article on theoretical studies of electron­
impact excitation of positive ions. Electron-impact excitation 
of impurity ions is a dominant mechanism for producing 
radiation which is emitted from hot plasmas. In addition, 
the relative intensity of impurity lines excited by electron 
impact provides a sensitive diagnostic of temperature and 
density within the plasma. The papers on theoretical methods 
for ionization and on the theory of recombination processes, 
both very important topics, are unfortunately too formal 
and detailed to be within the scope of interest of most readers. 

Experimental atomic physics is discussed in two excellent 
papers, one by K. T. Dolder on ionization and excitation of 
atoms by electrons and on ion-ion collisions, the second by 
F. J. de Heer, who writes about experiments on electron 
capture and ionization in ion-atom collisions. Dolder compares 
various experiments, and discusses comparison of experimental 
and theoretical results. de Heer has written an excellent review 
of ion-atom collisions, with some emphasis on collisions of 
multiply charged ions with atomic hydrogen. Experimental 
methods are discussed, as are ion sources for multicharged 
ions. Experimental results are compared with theory. Both 
papers have balanced coverage, are clearly written, and the 
references are comprehensive. 

Highly ionized atoms are discussed in the next three papers. 
The paper by I. Martinson on experimental studies of energy 
levels and oscillator strengths of highly ionized atoms nicely 
complements the paper on theoretical studies of oscillator 
strengths for the spectroscopy of hot plasmas, by M. Klapisch. 
Both papers are clear, readable, and comprehensive. Energy 
levels, structure, and lifetime data for highly ionized atoms 
are all necessary for fusion applications, both for plasma 
modeling and for spectroscopy and diagnostics of hot plasmas. 
A third paper in this group discusses spectroscopy of highly 
ionized atoms in the interior of a tokamak plasma, with iron 
ions in the Princeton Large Torus as an example. 

A final paper in the volume discusses thermalization and 
exhaust of helium in a future thermonuclear reactor. Neutrons 
from the D-T reaction go directly to the walls of the reactor, 
where their energy is transformed into heat, and have no 
direct influence on the power balance of the plasma. The 
alpha particles from the D-T reaction, however, must be 
confined and thermalized to obtain plasma ignition. 

This book is a sensible collection of well-written papers on 
atomic and molecular processes in controlled thermonuclear 
fusion. Its major strengths are the clear discussions of tokamak 
reactors, of experimental atomic-collision processes relevant to 
fusion, and of spectroscopy of highly ionized atoms. One 

annoying detail is that a few of the bibliographies reference 
only the first author, the co-authors being relegated to et aI., 
a practice that must be discouraging to the co-authors. The 
book has an index, which is of help to the reader, especially 
since, of necessity, the various chapters overlap. The choice 
of topics is very good, especially the emphasis on impurities. 
However, a discussion of mirror reactors would have increased 
the breadth of the book, as would a comprehensive discussion 
of negative ions. 

This bool<: should be of interest and use to nuclear engineers 
and atomic and plasma physicists interested in or working on 
controlled thermonuclear fusion. It provides a good under­
standing of the atomic and molecular processes relevant to 
magnetic-confinement fusion reactors. The bibliographies 
are current up to 1979; the interested reader should quickly 
be able to update the bibliographies by reference to the 
current literature, which is necessary because the field of 
atomic processes relevant to fusion is rapidly evolving. 

Alfred S. Schlachter 

Strahlenzentrum der J llstus·Liebig Universitlit 
Institut fUr Kernphysik, Leihgesterner Weg 217 

6300 Giessen, West Germany 

July 7,1981 
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Nuclear Chemistry Theory and Applications. G. R. Choppin 
and J. Rydberg. Pergamon Press, Oxford (1980). 667 pp. 
$29.50 flex cover; $87.00 hardcover. 

The most widely used textbooks of nuclear chemistry 
in the U.S. give strong coverage of the fundamental physics 
underlying the subject and more cursory treatments of the 
associated chemistry and applications. European textbooks 
place less emphasis on the former and more on the latter. 
Choppin and Rydberg have attempted to write an up-to-date 
textbook in the European tradition, with an emphasis on 
chemistry and nuclear applications. (Fortunately, however, 
they have deviated from the European tradition by including 
problems at the ends of chapters, although the problems 
tend to be rather mundane.) In that attempt, they have been 
quite successful in a number of areas, especially their extensive 
coverage of nuclear energy, its promise and problems, the 
biological effects of radiation, the synthesis of elements in 
stars, applications of radioactive tracers, and the synthesis 
of new elements. They deal with nuclear energy and its 
associated hazards very thoroughly and effectively, including 
the principles of nuclear reactor operation, the chemistry 
and physics of the fuel cycle, the release of radioactivity during 
normal operations, the probability of accidents (drawing 
extensively on the Rasmussen report), waste disposal problems 
and the experience derived from the Okla natural reactor, 
the proliferation problem and proliferation-free fuel cycles, 
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and the probable somatic and genetic effects of radiation 
exposure from the nuclear industry. Opponents of nuclear 
energy would no doubt find the treatment of the problems 
much too optimistic, but the authors have done an excellent 
job of presenting the data in a straightforward, scientific 
manner that places the dangers of nuclear energy in context 
with other radiation exposures (mainly natural and medical) 
and other types of hazards. Although they don't belabor 
the point, they include data that suggest possible beneficial 
effects of small radiation doses (e.g., decreased malignant 
mortality rates in U.S. states that have higher natural radiation 
levels). One shortcoming in this regard is that specific sources 
of information are rarely indicated. It would, for example, be 
interesting to know the source of a statement that an estimated 
"28 persons per day die in New York by excessive S02 
emissions." 

The chapter on synthetic elements is quite interesting and 
provides a good review of the principles and clever experi­
mental methods (e.g., recoil collection methods) that were 
vital to the discoveries and useful in other areas. Discoveries 
of the transuranium elements and the completing claims 
of Berkeley and Flerov's group in the Soviet Union for 
elements 102 and above are extensively discussed, but a curious 
omission is the incorrect discovery of nobelium (Z = 102) 
by scientists at the Nobel Institute with collaborators from 
Argonne and Harwell. 

In view of the emphasis on uses of nuclear chemistry, 
the treatments of nuclear analytical methods and medical 
diagnoses with tagged molecules are surprisingly brief relative 
to their widespread uses. During the middle 1 960s, experi­
mental nuclear chemistry underwent a revolution caused by 
introduction of lithium-drifted germanium [Ge(Li) 1 gamma­
ray detectors, which have much better resolution than the 
NaI crystals they replaced. Their initial impact was in funda­
mental studies, especially nuclear spectroscopy, where they 
provided energies reliable to 0.1 keV and often revealed 
dozens of transitions that were not resolvable with Nal. The 
germanium revolution quickly influenced applications, espe­
cially activation analysis, in which the superior resolution 
allows one to observe gamma rays of up to 40 elements in 
complex irradiated samples. Even tracer applications are 
affected, as one can often use many gamma-emitting isotopes 
simultaneously and resolve them with germanium detectors. 
Despite the great impact on Ge(Li) detectors on the field, 
Choppin and Rydberg have treated them very briefly. For 
example, they use a NaI spectrum to illustrate the features 
of gamma-ray spectra instead of using Ge(Li), which would 
show the features more clearly. 

The coverage of fundamental nuclear concepts is dis­
appointing-far from up to date and without great depth. 
The chapter on nuclear structure, for example, handles the 
shell model rather well, the rotational model of deformed 
nuclei briefly, and the vibrations and coupling of quasi­
particles in spherical nuclei not at all. Although beta decay 
and fission have been more the "property" of nuclear chemists 
than physicists, neither subject is dealt with in great detail. 
While the basic portions of the text may be adequate for 
students who wish merely to apply existing nuclear methods 
to their particular problems, they would not provide the 
grounding needed to allow the students to advance the state 
of the art. 

The book is written at a level that should be understand­
able by the intended users. Its organization is generally good, 
except that detection methods are not discussed until Chap. 17, 
which follows radiation effects on biological systems. The 
book is very large and could have been improved by judicious 

editing of side issues. Although obvious errors are rare, there 
are occasional oversimplifications, e.g., that the l/v law for 
neutron cross sections arises just from the wavelength of the 
neutron without reference to resonances. The 14 appendixes 
contain a large store of information of value to students, 
including a chart of the nuclides. 

In summary, although Choppin and Rydberg's treatment 
of fundamentals is weak, their book should serve quite well 
as a text for courses designed strictly for users of nuclear 
methods, being so complete that students will keep and 
consult it long after the course is over. 

Glen E. Gordon 

University of Maryland 
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College Park, Maryland 20742 

July 20,1981 

About the Reviewer: Glen Gordon is professor of chemistry 
at the University of Maryland, where he has been a member 
of the staff since 1969, following teaching and research 
responsibilities at the Massachusetts Institute of Technology. 
He has served as advisor to the Electric Power Research 
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Two-Phase Flow and Heat Transfer in the Power and Process 
Industries. By A. E. Bergles, J. G. Collier, J. M. Delhaye, G. F. 
Hewitt, and F. Mayinger. Hemisphere Publishing Corporation, 
Washington, D.C. (1981). 707 pp. $55.00. 

The dramatic growth of interest and research activities in 
two-phase flow and heat transfer in recent years is best demon­
strated by the sudden appearance of numerous conference 
sessions, symposia, and workshops, as well as books and 
proceedings devoted to this subject. Although the subject has 
a broad application base in various power and process indus­
tries, much of the recent impetus has been provided by the 
thermal-hydraulic aspects of nuclear reactor safety. The 
rapidly expanding literature on the subject, however, makes 
it a formidable task to present a mature, cohesive, and com­
prehensive treatment in a single volume by a single author. 
The present book represents a gallant effort to fulfill such a 
need. 

The book is an outgrowth of lecture notes prepared earlier 
for a sequence of short courses on two-phase flow and heat 
transfer by the five authors, all of whom are well-recognized 
leaders in the field. It contains a strong international flavor as 
the authors consist of one American (AEB), two Englishmen 
(JGC and GFH), one Frenchman (JMD), and one German 
(FM). As compared to other treatises on the same subject, 
this book is· unique in its relatively broad and up-to-date 
coverage ranging from fundamental analysis and mechanisms 
to practical plant design and operational safety. It even in­
cludes, as the last chapter (Chap. 24) of the book, an excellent 
review of the historical developments in two-phase flow and 
heat transfer since its inception. 

The book starts with five chapters on two-phase flow 
fundamentals including flow patterns, basic equations, fric­
tional pressure drops, singular pressure drops, and annular 
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flow. Chapters 6 through 12 concern two-phase heat transfer 
covering pool boiling, forced convective boiling, burnout, 
post-dryout heat transfer, heat transfer in condensation, and 
heat transfer augmentation. System aspects such as insta­
bilities, scaling, and instrumentation are discussed in Chaps. 13 
through 16. The next seven chapters deal with practical 
problems as applied to process and power industries including 
plant design and safety. 

In a book with five authors of different country origins, 
it is inevitable to find certain unevenness in the depth of 
coverage and style of presentation in various chapters. There 
also exists some duplication from individual authors' previous 
treatises on the related subjects, although their work has been 
updated. These shortcomings, as well as the book's photo­
offset production, are greatly outweigh ted, however, by the 
many exceptional qualities of this book, particularly its com­
prehensiveness and timeliness. This book should prove to be 

an excellent and useful reference to a wide spectrum of 
readers, students, researchers, and practitioners alike in the 
broad field of two-phase flow and heat transfer. 

Chang-Lin Tien 

University of California 
Berkeley, California 

July 15, 1981 
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