
responsible for the Coulomb degener-
acy. His last review article in 1964 is
a brief and very elegant discussion of
variational methods in two-electron
problems.

The impact of these collected pa-
pers is amplified by one particular
memoir (Rev. Mod. Phys. 35, 421
1963) that gives us great additional
insight both into Hylleraas and into
the way physicists work. There he
deals with the early history of quan-
tum theory, as seen by him as a young
man. It should be compulsory read-

ing for students and young physicists
today. He shows a university life
quite different from the present day.
As a student "we could do what we
chose to do, and nobody had a respon-
sibility for the result, except ourselves
. . . The top aim of our learning usual-
ly was to become useful teachers in
our high schools, and none of us, or at
least very few, would hit upon the
idea of becoming scientists by profes-
sion."

On the research side, in Gottingen,
he shows the presence of a well tem-

pered competition and a great deal of
discussion. A most interesting part
deals with his gradual understanding
and development of the approxima-
tion theory, which led to the calcula-
tion of the helium ground-state ener-
gy. This is a beautiful documentation
on the growth of an idea nursed along
by insight, discussions, persistence and
luck.

NANDOR L. BALAZS

Professor of Physics
State University of New York,

Stony Brook

Invention of the
Meteorological Instruments
By W. E. Knowles Middleton
362 pp. Johns Hopkins, Baltimore,
Maryland, 1969. $12.00

An oral examination question attrib-
uted to Enrico Fermi is "How much
energy is dissipated in a bolt of light-
ning?" The reaction of most exam-
inees would be stark panic because
most physics students learn little or
nothing about the physics of their en-
vironment.

This is particularly sad because
many advances in physics were inti-
mately connected with the develop-
ment of meteorological instruments.
As tar as we know the use of meteoro-
logical instruments goes back to the
fourth century BC where weather-
watchers in India tried to measure
rainfall. But the real introduction of
the instruments began in the flowering
period of science during the 17th and
18th centuries.

W. E. Knowles Middleton is retired
from the National Research Council of
Canada and now lives in Vancouver,
B.C., where he is associated with the
department of the history of medicine
and science at the University of Brit-
ish Columbia. He is a well known au-
thority on the history of meteorology
having written A History of the Ther-
mometer and Its Use in Meteorology
and The History of the Barometer and
other excellent books. In the present
work he treats the barometer, the
thermometer, instruments for measur-
ing humidity, duration of sunshine,
the rain gauge and atmometer, the
windvane and the anemometer, instru-
ments for measurement of the upper
winds and the height and motion of
clouds, upper-air soundings, and con-
cludes with telemeteorology and the
radiosonde.

Sir Christopher Wren's weather-measuring device, sketched by Balthasar de Monconys.

Middleton has traveled extensively
to gather the data for this work. He
has shown extreme care in preserving
and presenting his historical data, not
only in excellent bibliographical notes,
but also in the 224 illustrations, many
of them photographs of the ancient in-

X-Ray Diffraction
By B. E. Warren
381 pp. Addison-Wesley,
Mass., 1969. $15.00

Reading,

Every once in a while a book appears
that contains much of the author's
creative life. This text by B.E. War-
ren, well known for his research and
teaching, is just such a work. Intend-
ed for seniors and graduate students in
physics and metallurgy, it provides
both an introduction to the basics of x-
ray diffraction and to advanced topics
primarily in nonstructural problems.
It is the primer for anyone intending
to do research in the latter field. As
is obvious, diffraction studies have
contributed immensely to solid-state
physics, and Warren's text covers sev-

struments and papers he discusses in
the text.

FRED L. WILSON
Associate Professor

National Technical Institute
for the Deaf

Rochester Institute of Technology

eral fields that are currently of re-
search interest. Today, x-ray diffrac-
tion has even entered the area of
Fermi-surface investigations.

About one third of the book covers
introductory x-ray diffraction theory
and practice; this section existed for
many years as mimeographed notes
and was referenced by A.H. Compton
and S.K. Allison (1935). Then fol-
low four long chapters that are the
heart of the book: "Scattering by
Non-Crystalline Forms of Matter,"
"The Effect of Temperature Vibration
on X-Ray Diffraction," "X-Ray Studies
of Order-Disorder" and "Diffraction
by Imperfect Crystals." In each of
these areas, Warren and his students
have made original and significant con-
tributions. Finally there is a full chap-

PHYSICS TODAY /SEPTEMBER 1970



New and Recent Titles in Physics...

DIRECT NUCLEAR REACTION THEORIES PRINCIPLES OF HOLOGRAPHY
By NORMAN AUSTERN, University of Pittsburgh
A volume in the Monographs and Texts in Physics and
Astronomy Series, edited by R. E. Marshak

A guide to modern research
in direct nuclear reaction
theories, this book evaluates
and classifies published re-
search reports and explores
the background and practi-
cal development of this field.
Direct reactions are dis-
cussed as a special case of
nuclear structure theory.
Students preparing for work
in theoretical or experimen-
tal nuclear physics, as well
as active researchers in this
field will benefit from this
systematic approach to the
vast amount of published
research articles.
1970 448 pages $19.95

THE APPLICATIONS OF HOLOGRAPHY
By HENRY JOHN CAUL FIELD, Sperry Rand Research Center,
and SUN LU, Texas Instruments Incorporated
A volume in the Wiley Series in Pure and Applied Optics,
edited by Stanley S. Ballard

"It was our intention to write a book not for our fellow hologra-
phers, but for the many technical people who could use holog-
raphy if they knew what it can do and how it can be done.
Therefore, we have tried to make the book a self-contained
introduction to holography and its applications."

—from the Preface
Written for nonholographers who wish to use it in their own

field of interest, and who require a thorough understanding of
its uses, this is the most complete book available on the prac-
tical applications of holography.

1970 160 pages (approx.) $9.95

THE PHOTOGRAPHIC ACTION OF
IONIZING RADIATIONS
By R. H. HERZ, Kodak Research Laboratories, England
A volume in the Wiley Series on Photographic Science and
Technology and the Graphic Arts, edited by Walter Clark

Here is the first comprehensive account of how and why ioniz-
ing radiations, such as x- and gamma rays, electrons, alpha
particles, protons, and neutrons affect the photographic emul-
sion. With an introduction on x-ray and particle physics, the
book gives an account of the theoretical and experimental fun-
damentals of the photographic response to ionizing radiations.
In addition, it covers most of the essential aspects of the many
photographic applications of ionizing radiations with the aim
of improving the image quality in medical and industrial radiog-
raphy, in neutron, electron, auto- and microdiography, and of
achieving the optimum utilization of photographic emulsions
indosimetry. 1969 629 pages $22.50

ATOMIC ABSORPTION SPECTROSCOPY
Applications in Agriculture, Biology, and Medicine
By GARY D. CHRISTIAN, University of Kentucky and
FREDRIC J. FELDMAN, Beckman Instruments, Inc.

The authors provide the reader with a review of the current
literature in the field and explain, with unusual thoroughness,
the underlying principles of atomic absorption spectroscopy.
In addition, their discourse provides up-to-date knowledge of
the techniques and instrumentation available for spectroscopic
analysis and provides a guide to the capabilities and limitations
of atomic absorption for dozens of elements in specific bio-
logical and agricultural applications.

1970 490pages $16.50

By HOWARD M. SMITH, Eastman Kodak
Research Laboratories
Providing the first unified and complete treatment of the sub-
ject this book will enable the physicist working with optics to
deal effectively with any aspect of holography that he may
encounter.

" . . . the first book to treat all the fundamental aspects of
optical holography under one cover. It is amazingly up-to-date

. and provides an excellent physical description of the proc-
ess as well as thorough theoretical treatment."

—American Scientist

CONTENTS: Historical Introduction. Basic Arrangements for
Holography. General Theory of Volume Holograms. Factors
Affecting Image Resolution. Practical Considerations. Color
Holography. Applications for Holography. Appendix. Fourier
Transforms with Lenses. 1969 239 pages $9.95

MATHEMATICAL AND
THEORETICAL PHYSICS, in 2 volumes
By EGIL A. HYLLERAAS
Foreword by Joseph O. Hirschfelder

"This is truly a great book writ-
ten by one of the greatest physi-
cists of the twentieth century."

—from the Foreword

Extensively revised and up-
dated, the English adaptation of
Mathematical and Theoretical
Physics appears in two volumes.
The bulk of the author's en-
deavor encompasses five major
themes: Mathematical Prepara-
tions for Theoretical Physics;
Classical Mechanics; Thermody-
namics, Kinetic Theory of Gases,
and Statistical Mechanics; Elec-
tricity and Magnetism; and Atom-
ic Theory.

The late Dr. Hylleraas' novel
approach to the development of theoretical physics and his
invaluable innovations in quantum mechanics makes this edi-
tion an essential reference for physicists and physical chemists.

VOLUME 1 1970 512 pages (approx.) $15.00
VOLUME 2 1970 528 pages (approx.) $15.00

THEORY OF WEAK INTERACTIONS
IN PARTICLE PHYSICS
By ROBERT E. MARSHAK, University o1 Rochester;
RIAZUDDIN, University of Islamabad, Rawalpindi; and
CIARAN P. RYAN, University College, Dublin

A volume in the Monographs and Texts in Physics and
Astronomy series, edited by R. E. Marshak

This comprehensive volume surveys both the present status
and future promise of weak interaction theory. Because it sum-
marizes a decade of intense activity in the field, it will be of
special interest to advanced students and research workers in
particle physics, as well as to nuclear physicists and astro-
physicists.

Highlights of the book include: the first thorough account
of the very successful V,A theory of weak interactions; the con-
sistent application of the current algebraic approach to all
aspects of weak interactions; and two special, introductory
chapters to make this book especially useful to the experimen-
talist—the first includes an historical summary and the second
summarizes the mathematical apparatus required to follow the
theoretical exposition. A detailed table of contents, extensive
lists of references at the end of each chapter, and numerous,
previously unpublished figures increase the utility of this work.

1969 761 pages $29.95
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.. .from Wiley -Interscience

PHYSICS OF SEMICONDUCTOR DEVICES
By S. M. SZE, Bell Telephone Laboratories, Inc.

"By the breadth of its subject matter, its sheer bulk, and the
number of its formulae and figures, this book is certainly the
most ambitious opus yet written in the field which underlies
the whole structure of modern electronics: semiconductor de-
vice physics. Written by a well-known young researcher in the
field, it treats virtually all important semiconductor devices
and the phenomena on which they are based."

—American Scientist

"The Physics of Semiconductor Devices by Simon Sze is by
far both the most complete and the most up-to-date book de-
scribing virtually all the important semi-conductor devices
Moreover, with about 500 figures and 30 tables it is a store-
house of information that will be of great value to all workers
in the field of semi-conductor devices. It contains about 1,000
references to the pertinent work in the field up to and including
1968. This amazingly complete set of references is in itself
reason enough to purchase the book . . . the book will be of
unquestionable value to the students, as well as those engaged
in semiconductor device research."—Solid-State Electronics

1969 812 pages $19.95

ION-MOLECULE REACTIONS
By E. W. McDANIEL, Georgia Institute of Technology;
V. CERMAK, Institute oi Physical Chemistry, Czechoslovak
Academy of Sciences, A. DALGARNO, Harvard University,
E. E. FERGUSON, U.S. Department of Commerce,
Environmental Science Services Administration; and
L. FRIEDMAN, Brookhaven National Laboratory

A volume in the Wiley-lnter-
science Series in Atomic
and Molecular Collisional
Processes—Advisory Editor,
C. F. Barnett and Assistant
Editor, Donna M. Cobble

Written by five specialists in
the field of rearrangement
collisions, this volume pre-
sents a critical analysis of
the accuracy and reliability
of all the known experimen-
tal methods for making
quantitative studies of ion-
molecule reactions. Consid-
erable space is devoted to

the theoretical foundations of the subject and to the various
models that have been adopted in computations of reaction
rates. A review is given of the measurements in the earth's
atmosphere from which information on ion-molecule reactions
has been deduced, followed by a discussion of ion-molecule
chemistry. Experimental data on 230 ion-molecule reactions
are displayed in tabular and graphical form.

1970 376 pages (approx.) $19.95

THEORY AND INTERPRETATION
OF FLUORESCENCE AND
PHOSPHORESCENCE
By RALPH S. BECKER, University of Houston

"The author claims that the main purpose of the book is to
make available to those interested in molecular spectroscopy
ar>d photochemistry the current thinking in theory and the
maximum in data, and in addition to point out areas in which
Problems still exist. To the present reviewer it seems that these
Purposes are admirably fulfilled in this text and that the volume
will be of undisputed value to all those practising chemists
whose work touches on fluorimetry and phosphorimetry."

—G. F. Kirkbright, Laboratory Practice

"A welcome addition to the library of both the molecular
sPectroscopist and the photochemist which begins where the
standard texts end."-Choice

1969 283 pages $14.95

Optical Data
Processing

OPTICAL DATA PROCESSING
By ARNOLD ROY SHULMAN,
Goddard Space Flight Center

A volume in the Wiley Series in Pure and Applied Optics,
edited by S. S. Ballard

Since most available litera-
ture in the field of optical
data p rocess ing is at a
rather advanced level, it
does not provide an ample
introduction for prospective
newcomers to the field. To
fill this gap, the author pro-
vides the de ta i led back-
ground necessary for under-
standing coherent optical
data processing technigues,
with practical examples and
results of these techniques
applied to specific types of
data. Included are discus-
sions of Fourier Optics, data

processing techniques, and holography. The chapters are gen-
erously illustrated with diagrams and photographs.

1970 710 pages $27.50

COSMIC RAY PHYSICS
Nuclear and Astrophysical Aspects

By SATIO HAYAKAWA, Nagoya University, Japan

A volume in the Monographs and Texts in Physics and
Astronomy series, edited by R. E. Marshak

The author discusses the astrophysical and nuclear-physical
aspects of cosmic rays taking into consideration kinematics in
collisions and decays and the results of cascade theory. An
introduction to the general topic of cosmic rays is presented
and the interactions of high-energy particles with matter are
considered. The morphology of cosmic rays on earth is de-
scribed and the origin of cosmic rays is examined.

CONTENTS: Historical Survey. Interactions of High-Energy
Particles with Matter. Very-High-Energy Interactions. Behavior
of Cosmic Rays in the Atmosphere and Underground. Extensive
Air Showers. Origin of Cosmic Rays. Appendices. Author Index.
Subject Index. 1969 774 pages $39.50

FOURIER METHODS IN
CRYSTALLOGRAPHY
By G. N. RAMACHANDRAN, Indian Institute of
Science and R. SRINIVASAN, University of Madras

A volume in the Wiley Monographs in Crystallography,
edited by M. J. Buerger

A treatise on theoretical methods for transforming the data of
x-ray diffraction by a periodic crystal into the electron density
distribution in the crystal, this monograph is particularly con-
cerned with procedures for deriving the structure via Fourier
methods applied directly to x-ray intensities. The authors have
been involved in this process for more than a decade. This
volume is essentially an account of their procedures for deriv-
ing a structure, together with a discussion of related topics
and extensions of their procedures. In addition, isomorphous
replacement and anomalous dispersion are discussed in de-
tail, with special reference to their application in the solution
of the phase problem.

Just published 256 pages (approx.) $15.95

WILEY-INTERSCIENCE
a division of JOHN WILEY & SONS, Inc.
605 Third Avenue, New York, N.Y. 10016
In Canada: 22 Worcester Road, Rexdale, Ontario
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ter on perfect crystal theory; although
no work in this field has come from
MIT, several members of the Warren
"school" have made contributions to
this important subject.

Structural crystallography is intro-
duced but not covered fully, small-
angle scattering is not treated and de-
tails of apparatus and procedures are
not included. However, there is
enough on techniques so that one can
learn how data are obtained and relat-
ed to theory.

This book is notable for its excep-
tional clarity. It begins at the begin-
ning with free-electron scattering and
proceeds with a rigorous development
of basic diffraction theory. As we
might expect from someone who has
attracted and taught two generations
of students, there are numerous sim-
plified retreatments of theory that are
pedagogically very satisfying. Theo-
retical derivations are carried far
enough to relate to experimental
quantities. Such relations are neces-
sary for students to appreciate the real
world; all too often they are given
highly sophisticated treatments that
appear to have little relevance to actu-
al experiments. In the chapter on
noncrystalline scattering both approxi-
mate and exact theories are given; this
again makes good pedagogical sense.

WARREN

Much data and many results of sig-
nificance are to be found, and some
case studies are very detailed. For
example, long- and short-range order
studies are discussed with respect to
acquisition of data and how they are
treated to minimize errors. (By the
way, most of us refer to short-range
order coefficients as Warren coeffi-
cients; Warren, however, refers to
them as Cowley parameters.) An ex-
ample of the useful and practical in-
formation included is the treatment of
termination effects in Fourier inver-
sion.

There is a good selection of nontriv-
ial problems, many of which are
drawn from actual research questions.
Each chapter has numerous refer-
ences, some to other texts but most to
papers in the research literature. A
few tables are appended to provide
ready reference to wavelengths, ab-
sorption coefficients, atomic scattering
factors, dispersion corrections and
Compton scattering intensities.

In summary it may be said that
Warren has produced the expected
and long-awaited book and the scien-
tific world welcomes it as an impor-
tant and unique contribution.

LEONARD MULDAWER

Professor of Physics
Temple University

Monte Carlo Principles and
Neutron Transport Problems
By Jerome Spanier, Ely M. Gelbard
234 pp. Addison-Wesley, Reading,
Mass., 1969. $14.95

In many complicated problems of par-
ticle transport, the numerical simula-
tion of particle histories is a powerful
tool for obtaining solutions. Because
the histories are constructed by a more
or less random sampling of possible
histories, these techniques are called
"Monte Carlo" methods for the solu-
tion of particle-transport problems.

Such Monte Carlo methods have
proved useful in designing radiation
shields and nuclear reactors and in
studying cascade reactions. Often,
one seeks to determine the probability
of a rare event, such as the penetra-
tion of a particle through a shield.
Then the central problem is to con-
struct a biased simulation in which in-
teresting histories are sampled pref-
erentially while the probability of the
rare event is still estimated in an unbi-
ased manner. These are called "var-
iance reducing simulations."

The present book is concerned with
such methods and their application to
practical problems of neutron trans-
port in reactors. The authors are ex-
perts in their field; Jerome Spanier has
helped to give the methods a firm
mathematical foundation, and Ely
Gelbard has pioneered in their appli-
cation to selected reactor-design prob-
lems. The book reflects this exper-
tise. The first half is a fairly rigorous
and systematic presentation of the
principles (without use of measure
theory). Following a general intro-
duction, emphasis is placed on meth-
ods for variance reduction and the
techniques of importance sampling,
correlated sampling, use of expected
values, splitting, and Russian Roulette
are explained.

In the second half, two neutron-
transport problems arising in reactor
design are considered, namely the ab-
sorption of thermal neutrons and reso-
nance capture in cell geometry. Their
solution using general Monte Carlo
methods together with superposition
principles and adjoint equations is ex-
plained in some detail, and serves to
introduce the reader to the subtlety
and diversity of techniques that are
likely to be embodied in a numerical
Monte Carlo program.

The exposition of Monte Carlo
methods is a difficult task, for al-
though many of the principles are
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