
Percival Lowell's fanciful planetology—
and yet they underline why Viking went
to Mars and Pioneer to Venus.

The aim of this book, that the atmo-
sphere of a planet has a history, is mar-
velously achieved by Walker. His dis-
tinguished career at Yale and now his di-
rectorship of the atmospheric-science
program at the Arecibo Observatory are
clearly evident—for Evolution of the
Atmosphere is the work of an excellent
teacher and a very capable researcher.
And like every good history, it's also a very
enjoyable story to read.

Michael Mendillo's research interests are in
space physics. He teaches in the astronomy
department at Boston University and is as-
sociate dean of the Graduate School of Arts
and Sciences.

Lectures on Solid State
Physics

G. Busch, H. Schade
538 pp. Pergamon, Oxford, 1977. $38.50
clothbound, $20.00 paperbound

Georg Busch of the Swiss Federal Insti-
tute of Technology is an internationally
known physicist who has a long record of
accomplishment to his credit not only in
regard to the work of his laboratory but in
regard to training scientific "generations"
of young persons who themselves go on to
contribute in physics. He has presented
the distillate of his own interests and
perspective in the book Lectures on Solid
State Physics now translated and avail-
able in English.

This text represents a comprehensive
and solid achievement in presenting a
"classical-standard" version (circa
1950-65) of solid-state and especially
semiconductor physics. The treatment
covers several major areas of crystal-
physics phenomena in a straightforward
fashion, including lattice dynamics of
perfect crystals, electronic processes in
metals, semiconductors, junctions,
transport problems and magnetism. In
all these areas the treatment is thorough
and careful—it presupposes a limited
(elementary) knowledge of quantum
mechanics, but eschews any "fancy"
methods such as group theory or many-
body physics or even perturbation theory
of second or higher order.

Throughout, the emphasis is on ob-
taining understandable phenomenological
results that can be quickly compared to
experiment without elaborate calculation.
The discussion of optical "band-edge"
absorption in insulators may serve as an
example. Busch gives a good qualitative
discussion, illustrated with typical en-
ergy-band diagrams, of direct and indirect
optical-absorption processes. He men-

tions exciton effects (but does not illus-
trate them). Nor does he derive, or even
exhibit, any theoretical expression for the
frequency dependence of optical-ab-
sorption coefficient that is of course es-
sential in the interpretation of the data
(presented here as a figure) in terms of the
processes involved and the subsequent
determination of electronic-band struc-
ture.

Busch's treatment of transport phe-
nomena gives a very nice coverage of
electron and hole contributions to the
electrical and thermal conductivities. He
nicely sorts out major effects and gives
some useful definitions and illustrations
of thermoelectric (Seebeck, Thomson,
Peltier) and galvanomagnetic effects.

Perhaps more surprising in a book ad-
dressed to a modern (post-1976) solid-
state-physics audience is the total absence
or even mention of the term "quasi par-
ticle": the only mention of "exciton" is
a brief definition (footnote) on page 248,
while "magnon", "polaron" and "polari-
ton" are not even mentioned. One must
wonder why so ubiquitous a phenomenon
in insulators as ferroelectricity finds no
mention, and why one of the most inter-
esting and exciting areas of contemporary
solid-state physics—superconductivity
—is deemed even unworthy of a footnote,
while magnetism and ferromagnetic and
magnetic ordering (without any mention
of critical effects) occupy 15% of the text.
Chacon a son gout!

To those whose taste runs to supple-
menting the theoretical treatment found
in A. H. Wilson's The Theory of Metals
(Cambridge, 1953) with some illustrative
and pedagogically interesting examples,
I would recommend perusal of this text.
The care and explicitness of Busch's
treatment may also help some neophytes
become oriented in solid-state phenom-
ena.

JOSEPH L. BIRMAN
Department of Physics

City College
City University of New York

Computer Techniques for
Image Processing in Electron
Microscopy

W. O. Saxton
289 pp., Academic, New York, 1978.
$27.00

It is generally agreed that image process-
ing is one of the important avenues for the
further development of electron micros-
copy. The many possibilities for en-
hancing the resolution, contrast or infor-
mation content of the images have been
the subject of a large amount of effort in
recent years. The fact that none of the
methods developed to date has given any
useful result in practice, with a few ex-
ceptions in very limited areas, has done

nothing to discourage the search for even
more powerful methods. This book by
Owen Saxton is an excellent exposition of
some of the more mathematically rigor-
ous, computationally developed and
conceptually intriguing aspects of the
subject in which the author's own contri-
butions are well known.

Image processing for electron micros-
copy has complications unknown for the
equivalent subject in light optics. For
low-resolution imaging, where the need
for imaging processing is minimal, the
incoherent-imaging theory of light optics
can be applied with reasonable success.
High resolution introduces the compli-
cations of coherent illumination of phase
objects with objective-lens transfer
functions that are complex and involve
large phase changes as a result of the in-
escapable spherical aberration.

In principle it should be possible to use
two or more defocussed images to deduce
the actual phase change of the electron
wave produced by a thin-phase object and
hence to deduce the projection of the
object structure with high resolution in
spite of the lens aberrations. The
Gerchberg-Saxton algorithm was put
forward a few years ago as a major step
toward accomplishing this task. The
definitive statement on this idea and its
further refinements and parallel devel-
opments forms a major part of Saxton's
book. It is proposed that the complex
object-transmission function can be de-
rived from one image and an electron-
diffraction pattern, both readily accessi-
ble. Reduced to its essentials, the ques-
tion is "How far do the modulus of a
function and that of its Fourier transform
determine the phase of the function?"

After two chapters of mathematical
preliminaries, Saxton treats this problem
with rigor, but at a level that will daunt
the nonmathematician and leave the vast
majority of interested electron micro-
scopists flipping the pages in search of
some contact with their experience. The
page-flippers will not be disappointed,
because the processes are well illustrated
by computer experiments on computer-
generated data and the conclusions, al-
though indefinite, are clearly stated.
Saxton gives useful chapters on the
hardware for digital image handling and
on the software needed for all the basic
operations of the wide range of image-
processing techniques. There are rela-
tively brief discussions of the recon-
struction of three-dimensional objects
from two-dimensional projections and the
averaging of repeated structures, for
which the practical applications to ex-
perimental electron micrographs have
been extensive and important in recent
years. Finally the book includes the
computer programs developed in Cam-
bridge by Saxton and colleagues, de-
scribed in sufficient detail to make them
useful.

The author has not attempted a com-
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ALBERT EINSTEIN
1879-1979

Relativity, Quanta, and Cosmology
in the Development of the Scientific Thought
of Albert Einstein

On March 14, 1979, the world will celebrate the 100th birthday of Albert Einstein. To honor the
memory of this seminal thinker, Johnson Reprint Corporation, in association with the Giunti Publishing
Group of Florence, is proud to announce the publication in October 1979 of ALBERT EINSTEIN, a
collection of twenty-three outstanding essays on current developments in Einsteinian physics, all pub-
lished for the first time. Two Nobel prize winners are included among the distinguished contributors.

Of the many great physicists of the twentieth century, none has produced a body of work as
far-reaching and as crucial to our conception of the universe as Einstein. Members of the international
scientific community will find this two-volume set a comprehensive summation of recent research as well
as an affirmation of Einstein's place in the history of ideas.

Tentative Contents

Introduction
A. Carrelli

The Search tor Gravitational Waves
E. Amaldi and G. Pizzella

The Space-Time Concept of General Relativity
P. G. Bergmann

The Experimental Foundations of Gravitation
B. Bertotti

Is "General Relativity" Necessary for Einstein's
Theory of Gravitation?
Sir H. Bondi

The Introduction of a Fundamental Interval of
Time (the Chronon) in the Relativistic Theory
of the Election
P. Caldirola

Wave-Corpuscle Dualism in the Work of
Albert Einstein
Einstein's Viewpoint and Some Contemporary
Viewpoints on Elementary Particles

L. D. Faddeev
The Perennial Activity of the Einstein Theory
of Gravitation

D. Ivanenko
Einstein and the Force of Gravity

P.Jordan
Einstein and the Photon Concept

A. Kastler
On the Problem of the Irrevei sibility of Cosmic
Evolution and the Process of the History
of Culture

B. Kuznetsov
Relativity and Mathematical Physics

A. Lichnerowicz
The Triumphs and Limitations of Einstein's
Theory of Relativity and Gravitation

C. M0ller
Inertia and Cosmology

J. V. Narlikar
Symmetry and Invariance in the Physics of
Our Century

L. A. Radical! di Brozolo

Relativity and Beyond
E. Recami

Gravitational Collapse and Exact Solutions of
Einstein Equations

H. Sato

Thermal and Quantum Fluctuations in Special
and General Relativity: An Einstein Synthesis

D. W. Sciama
Solar System Tests of the General Theory of
Relativity

I. I. Shapiro
Neutrinos, Supei novae, and Related Astrophysics

M. M. Shapiro and R. Silberberg
On the Problem of the Physical Meaning of
Quantization of Gravitational Fields

H.-J. Treder
Quanta and the Universe

J. A. Wheeler

To reserve your set at the special prepublication
price of $2 10.00, please complete and

return the order form today.

ALBERT EINSTEIN
1879-1979

D Please enter my order for
$210.00 each.
• Please send me further information.

Name

ORDER FORM

set(s) at

Address

City

State

Johnson Reprint Corporation
A Subsidiary of Harcourt Brace Jovanovich, Publishers
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The Dancing
UUu Li Masters

by Gary Zukav
foreword by David Finkclstein

This book covers the whole his-
tory of physics to the present in
the clearest language possible,
without equations

"Succeeds in the difficult task
of introducing the non-physi-
cist to the spirit and problems
of modern physics."

—MAX JAMMER.
Author of The Conceptual
Development of Quantum

Mechanics and The Philosophy of
Quantum Mechanics

$5.95 in paper $12.95 in cloth

MWILLIAM MORROW
( 1 0 5 Madison Avenue New York. N Y 10016]
Circle No. 46 on Reader Service Card

GAUGE THEORIES
AND LEPTONS

Edited by J. Tran Thanh Van
Orsay University (France).

The Proceedings of the Leptonic Session
of the Xlllth Rencontre de Moriond covers
two main topics:

Photon and Electron-Positron Physics,
Neutrino Physics.

Contributors: M. Davier, F. Hayot,
F. M. Renard, R. Turlay, G. Altarelli,
J. C. Barbarino, Ph. Bloch, J. Burger,
N. Cabibbo, G. Carnesecchi,
A. M. Diamant-Berger, T. Francois,
G. Grindhammer, G. Hanson, F. Jacquet,
K. Kleinknecht, T. Y. Ling, H. Lubatti,
L. Maiani, R. B. Palmer, N. L. Perl,
R. J. N. Phillips, Y. Sacquin,
S. Savoy-Navarro, J. Smith,
U. Sukhatme,
B. Tallini, C. Vander Velde Wilquet,
K. L. Wernhard, G. Wolf.
Clothbound, FF. 260/$58, 1978.

The Proceedings of the Hadronic Session
is published under the title:

PHENOMENOLOGY OF QUANTUM CHROMODYNAMICS
Clothbound, FF. 250/US $56, 1978.
Copies may be ordered by individuals by
writing to:

EDITION FRONTIERES
B.P. 44

91190—Gif-sur-Yvette (France)

Circle No. 47 on Reader Service Card

prehensive exposition on electron-mi-
croscope imaging theory or on image
processing. The introductory chapter on
image formation is a condensed and di-
rected treatment with inaccuracies in only
a few details. (The somewhat confused
statements on inelastic scattering reflect
the general confusion in the literature on
this subject.) The optical-analogue
methods of image processing are dis-
missed briefly. The concentration of in-
terest, suggested by the title, reflects a
restricted, personal point of view that has
value because of the depth and com-
pleteness of Saxton's involvement in the
subject.

For those directly concerned in the
image-processing game this book is a
must. The interested nonspecialist may
prefer to wait for some future, popularized
version.

JOHN M. COWLEY
Department of Physics

Arizona State University
Tempe

Optical Spectra of Transparent
Rare Earth Compounds

S. Hufner
237 pp. Academic, New York, 1978.
$24.00.

One feature above all others determines
the character of the spectra of rare-earth
ions in solids: the internal nature of the
4f electrons. The rare earths are thus the
delight of theoretical physicists, who can
treat the effect of the crystal lattice by
means of perturbation theory. It is
therefore rather hard to understand why
it took so long to interpret the spectra.
John van Vleck wrote about the "puzzle
of rare-earth spectra in solids" as long ago
as 1937. Even in the 1950's there was still
some question as to the nature of the ab-
sorption line of the praseodymium ion in
the yellow. Only by understanding this
transition could parameters relevant to
other rare-earth ions be inferred. Karl
Heinz Hellwege settled the matter by
careful polarization work carried out in
Darmstadt. His laboratory was the
training ground of Stefan Hufner, who is
thus admirably poised to survey the
present status of the field.

One of the problems facing the writer
of a broad review is how to cope with the
elaborate theoretical apparatus that has
grown up like ivy over the experimental
edifice. Hufner prunes it to a bare min-
imum. He directs his attention first at
the physics and second at the mathe-
matics. This makes the book ideal for a
graduate student, or anyone interested in
getting a sound introduction to the field.
Group theorists should envy the skill of

the author in compressing the corpus of
their subject to five printed pages.

Hufner treats the splittings induced in
the free-ion levels by the crystal field from
a thoroughly modern point of view, be-
ginning with the point-charge model and
including a discussion of Douglas New-
man's superposition model. The transi-
tions between states of the 4f shell, which
give the optical spectra their character-
istically sharp fine structures, receive a
detailed treatment. Hiifner's conclusion
that several mechanisms may contribute
to the so-called hypersensitive transitions
(pseudoquadrupolar transitions with in-
tensities particularly sensitive to the en-
vironment) is probably more apt than
some of the workers in the field would
admit. The book contains a section on
satellite lines, which have long been of

Absorption lines of the rare-earth ion Ho3+ in
crystalline LaCI3 in magnetic fields of strengths
ranging from 0 (top) to 4637 gauss (bottom).
Stefan Hufner discusses the optical spectra of
transparent rare-earth compounds in his book,
reviewed here. (Photo: Dieke and Pandey)
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