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Advances in Lasers and Applications, Proceedings of 52nd
Scottish Universities Summer School in Physics
Edited by D. M. FINLAYSON and R. D. SINCLAIR

1998, £130.00, $199.00 (hbk), £30.00, $49.00 (pbk),
pp. Xiii+ 346. Institute of Physics, ISBN 0 7503 0631 9
(hbk), 0 7503 0632 7 (pbk). Scope: summer school
proceedings. Level: postgraduate.

At first sight it might be thought that a book emanating
from a summer school and that purports to report advances
in a field as broad as lasers and their applications might
have limited academic clout. A quick reading of the
contents and some of the articles in this book soon show
this snap view to be wrong! The articles included are
substantial in content. Equally important, these have been
contributed by eminent researchers in their respective fields,
suggesting one can have confidence in their appraisal of the
‘state-of the-art’.

The section on laser sources is wholly devoted to solid
state devices which is, perhaps, not unexpected given the
renaissance this field has experienced over the past decade
or so. Diode pumping, now central to emerging technol-
ogies, is reviewed by Hanna and Clarkson, with comple-
mentary chapters covering compact cw visible lasers
(Huber) and fibre and waveguide lasers (Tropper). The
sources section is completed by reviews of the basic physics
and technology of optical parametric oscillators (Dunn and
Ebrahhimzadeh) and ultra-short laser pulse generation
(Keller). Related articles deal with the issues of materials
for lasers and nonlinear optics (Krupke) and the periodic
poling technique for nonlinear optics (Myers).

A good flavour of some of the main current uses of
lasers, again almost exclusively solid state, is provided by
the inclusion of comprehensive articles on medical applica-
tions (Verdaasdonk), LIDAR (Moulton) and materials
processing (Loosen). Three shorter articles also warrant
mention. Barr gives an interesting account of factors that
drove the defence industry to adopt laser range finders and
designators. This gives a good general insight into criteria
that must be met for the ‘uptake’ of a specific laser
technology. There is also a short but informative account
by Rowan and Hough of long path-length laser inter-
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ferometers for gravity wave detection where the detection
of minute strains places incredibly severe demands on laser
and optical system alike. This makes fascinating reading, as
does the final short contribution by Sibbet and Knox
describing the applications now emerging for ultra-short
pulse lasers.

Overall the presenters seem to have done a good job in
keeping an appropriate balance between ‘tutorial’ and
cutting edge material and hence accessibility and freshness.
The layout and presentation is clear and a liberal sprinkling
of good quality figures supports each article. This book
should be of interest to postgraduate students and to
established researchers moving into the solid state laser
field, as well as to those simply wishing to update their
knowledge of laser devices and applications.

PROFESSOR P. E. DYER
(University of Hull)

An Introduction to Chaos in Nonequilibrium Statistical
Mechanics. In the series Cambridge Lecture Notes in
Physics, Vol. 14

By J. R. DORFMAN

1999, £35.00, $54.95 (hbk), £19.95, $34.95 (pbk), pp.
xiv+ 285. Cambridge University Press, ISBN 0 521 64218
3 (hbk), ISBN 0 521 65589 7 (pbk). Scope: lecture notes.
Level: postgraduate.

The book of Dorfman presents a postgraduate-level
introduction into the use of statistical mechanics for an
understanding of the chaotic behaviour of fluid systems.
The lectures deal with the exciting problem of how to link
the irreversible thermodynamics of macroscopic systems
with the reversible mechanics of many-body systems. To be
more concrete: how are macroscopic Onsager coe cients,
relevant for the non-equilibrium thermodynamics of fl uid
flows, linked to the microscopic, irregular behaviour of the
fluid?

The book goes back to Dorfman’s lectures From
Molecular Chaos to Dynamical Chaos given at the
University of Utrecht. With his demanding textbook he
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addresses graduate students and researchers, who must
have a solid background in statistical mechanics and
nonlinear science. Starting with a historical overview of
the foundations of statistical mechanics, the author
provides in the first six chapters a step-by-step development
of the fundamental tools of statistical mechanics, which are
necessary for the understanding of the following. Among
these basic topics are Boltzmann’s and Liouville’s equation,
the ergodic hypothesis, and Green—Kubo correlations.

In the succeeding sections Dorfman speeds up and he
turns to more advanced and modern concepts such as
Lyapunov exponents, baker’'s map, Sinai-entropy, or Sinai—
Ruelle—Bowen measures. While doing so he guides the
reader up to the topics of current research. The presenta-
tion is clear and the material is supported by many
examples. In some parts the discussion appears to be
rather brief. Deepening by additional study of the literature
is therefore recommended. Here the reader is supplied with
a comprehensive list of suggestions for further reading,
along with helpful comments to facilitate the selection.
Further deepening is intended by means of the exercises at
the end of each chapter. Unfortunately, their presentation
is kept rather short, mostly without a sketch of the solution.

Dorfman’s argumentations refrain from exaggerated
mathematical precision in favour of physical transparency.
The grouping of the selected material is well thought-out
and numerous comments crosslinking between the chapters
render the logical structure obvious. Chapter 17 presents an
assembling synthesis of the mathematical results and
physical arguments of what has been learned before. The
irreversible dynamics of fluid systems comes across vividly.

There is no doubt that the most attractive feature of
these lecture notes is their unreserved topicality. Many of
the points dealt with are taken from research carried out by
the author, his collaborators, or his students. Towards the
end of the book reading becomes really exciting when the
author gives an outlook to a collection of up-to-the-minute
unresolved problems. The reader feels invited to contribute
to an attractive and challenging field of research.

Dr H. W. MULLER
(MP1 fuer Polymerforschung Mainz)

Analytic Methods in Physics
By C. HARPER

1999, £45.00 (hbk), pp. 323. Wiley-VCH, ISBN 3 527 40216
0. Scope: textbook. Level: undergraduate and postgradu-
ate.

Mathematical methods is an important part of the syllabus
of any undergraduate physics and engineering course. This
is an introductory book that describes most of these

methods in a concise way. Many examples and their
solutions are included which help the student to digest the
theory. Several problems are also given which are carefully
selected in order to introduce the student to some more
advanced concepts, which can be covered at a later stage in
more specialized courses. In some points the author
attempts to present too much material in a small space,
but notwithstanding this, the book in the main introduces
the mathematical methods of physics and engineering, in an
interesting and clear way.

Chapter 1 dicusses vector analysis and chapter 2 the
theory of matrices, with a very brief introduction to group
theory. Chapters 3 and 4 contain an introduction to
complex functions and Chapters 5 and 6 Fourier analysis.
Chapters 7 and 8 present ordinary and partial di erential
equations, Chapter 9 special functions and chapter 10
integral equations.

Chapter 11, under the heading of ‘Applied Functional
Analysis’, provides an introduction to classical mechanics
and in section 11.6 ‘transition to guantum mechanics’.
There is clearly too much material compressed in the
eighteen pages of this chapter. The author could have
allocated more space to this important chapter and section
11.6, which in three pages presents the formalism of
guantum mechanics (including path integrals!) should have
been omitted at this introductory level.

Chapter 12 presents tensor analysis. A list of references is
given at the end of the book. There is clearly a plethora of
good textbooks in the same area. The student ought to look
at many of them and choose according to his personal taste,
background, etc. This book should be included in any list
of good introductory textbooks on mathematical methods
in physics and engineering.

Dr A. VOURDAS
(University of Liverpool)

Analytical Mechanics with an Introduction to Dynamical
Systems
By J. S. ToOROK

1999, £51.95 (hbk), pp. xii+ 356. Wiley, ISBN 0 471 33207
0. Scope: textbook. Level: advanced undergraduate and
postgraduate.

Aimed to give a thorough discussion of the principles of
analytical mechanics to an audience of senior under-
graduates and graduate students, this is a clearly written
and well-presented text. The derivation of Lagrange's
equations, in particular, is given due care and emphasis.
There are also sound chapters on the Calculus of
Variations, the Dynamics of Rotating Bodies and Hamil-
tonian Systems. There are some minor points in the text at
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which queries could be raised. For example, it seems
inappropriate to include four pages in an appendix on the
method of separation of variables applied to first order
ordinary di erential equations.

However, a more important deficiency of the text is that
there are relatively few illustrative examples and those that
are given do not typically demonstrate the full power of the
procedure under discussion. Further, the absence of
answers to the large number of given problems, over 550
occupying 100 pages in a total of 350 pages, is a major
drawback. The absence of a bibliography is a lesser but still
significant omission.

These shortcomings are unfortunate in what would
otherwise be a text to be recommended to its target
audience.

Dr D. HERBERT
(University of London)

Atomic Physics with Heavy lons. In the Springer Series on
Atoms and Plasmas
Edited by H. F. BEYER and V. P. SHEVELKO

1999, £61.00, $99.00, DM159.00 (hbk), pp. xi+ 396.
Springer, ISBN 3 540 64875 5 (hbk). Scope: multi-author
review. Level: postgraduate and specialist.

Thestudy of theatomicstructure of heavyionsin plasmasand
latterly their interactions with particles and radiation as
beamshasbeenan activeand fruitful areaof research formany
decades now. Atomic Physics with Heavy lons is concerned
primarily with some of the most recent developmentsin heavy
ion sources and theoretical/experimental advances in this
field. Even a cursory glance at the reference lists for most
chapters will show them to be dominated by material
published in the last five (very exciting) years in this field.

Comprising eighteen chapters, written by approximately
30 leading experts, it is sensibly organized into three
sections on storage ring/electron beam ionization devices,
fundamental heavy ion properties and collisional/radiative
interactions. However, since it lacks the historical perspec-
tive which could be achieved by including a retrospective
on seminal and key experiments and advances in the
understanding of heavy (and often highly charged) ion
physics, | would think that the title would be better
prefaced by a rider along the lines of ‘Recent Developments
in ...". Its stated aims are to provide graduate students and
researchers working in the field of atomic physics with ‘an
up to date tool' and to redress ‘the lack of comprehensive
textbooks covering the various subfields of atomic physics
involving heavy ions'. In my opinion it goes a long way to
realizing these goals by providing a detailed and author-
itative reference.

I do however wish to make a complaint (or two). The
omission of a chapter on photoionization of heavy ions in
merged synchrotron radiation-ion beam experiments is
regrettable. It may simply be a refl ection of the traditionally
weak coupling of the photoionizatio n and collisions physics
communities that should be hopefully drawn into closer
contact by this growing area. Started in the UK in the mid
1980s and under intense development by a number of
groups in Europe, the USA and Japan right now,
photoionization of ions is an exciting field likely to throw
up some surprises as systematic studies of electron
excitation and decay mechanisms become possible along
isonuclear and isoelectronic sequences for the first time. |
do not wish to be too parochial and sensitive about my own
personal interests but might a chapter on heavy ion
spectroscopy with laser produced plasmas conceivably
have been shoved in under the theme of Atomic Physics
with Heavy lons?

But back to the text itself. Complaints aside, | found the
e ort expended in wading through this book well worth it. |
would recommend the first two chapters on storage ring
and electron beam ionization sources to even the most
loosely bound student/researcher in this field. They are
readable, informative and provide a nice window into the
innovation of the machine designers as well as examples of
the exciting experiments already happening at such facil-
ities. The heavy ion fundamentals section is devoted almost
exclusively to studies with few-electron highly charged
heavy ions. The four chapters on fundamental theory are
not for the casual reader but the experimental contributions
are quite readable and the chapter on beta decay in highly
charged ions even compelling.

The final section is devoted to collisions of electrons
and ions with atoms and ions and contains descriptions
of some very elegant experiments on ion—on interac-
tions. | also recommend the chapter on ‘Hollow Atom’
formation in ion—surface interactions (as opposed to the
photo-generation process) by Ban-d'Etat and Briand.
Hollow atoms have been catapulted into ‘hot topic’
status in the last few years and if you're wondering
what it is all about—I could not recommend a better
reference. The final chapter, on highly charged clusters
and dusty plasmas, is interesting but | wonder if it
would be better placed in a section headed ‘others’
where the omissions referred to earlier might also have
found a home.

If you have the remotest connection to or interest in the
structure, interactions and dynamics of atomic ions then |
think you will find something of interest in this text and |
recommend you dip into it next time you visit your
institution’s library.

Dr J. T. COSTELLO
(Dublin City University)
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Continental Drift. Colliding Continents, Converging Cultures
By C. ROMAN

2000, £26.00, $40.00 (pbk), pp. xv+ 211. Institute of
Physics, ISBN 0 7503 0686 6. Scope: scientific biography.
Level: non-specialist.

Despite its title, Continental Drift is not a geological or
geophysical text. It is an autobiographical account of five
years in the life of Romanian geophysicist Constantin
Roman, covering his experiences as he attempted to
become, and then became, a research student at a British
university. As a student in Romania under the communist
regime, it was no easy task for Roman to make his way to
the west. His father was a ‘professional’, and the regime
operated a quota system which limited the university places
available to the sons and daughters of ‘professionals’.
Apparently, even the entrance examination marks were
weighted according to social factors, membership of the
communist party, etc. Roman’s description of these
practices throws an interesting light on the recent debate
in the UK about improving access to universities for the
o spring of non-professional people. The consequence for
Roman was that he could not gain access to pursue his
preferred career in architecture, but had, instead to study
geology and geophysics. Fortunately, he became interested
in the application of geophysics to archaeological dating,
and made contact with groups in Paris, Oxford and
Newcastle who were investigating the magnetism acquired
by artefacts such as pots and bricks as they cooled in the
Earth’s magnetic field. He undertook and published a
diploma project on the magnetism of some Romanian ore
deposits, and through this obtained an invitation to attend
one of the Keith Runcorn’s celebrated NATO conferences
at Newcastle in 1968. With a great deal of luck and
determination, he managed to obtain the passport and
travel facilities which allowed him to leave Romania.

He gives a brief account of his visits to a number of
institutions in the UK, before he went to Paris, where he
hoped to be accepted as a PhD student. However, he
arrived there at the time of the student riots, which caused
his re-entry visa for Romania to expire. The French were
unable to find the money to support him, and he returned
to Newcastle. Unfortunately, funding was unavailabl e there
too, and he was compelled to start applying for student-
ships in the UK and elsewhere. He was exceedingly
fortunate to be awarded one at Peterhouse, Cambridge,
to work on intracontinental seismicity at the Department of
Geodesy and Geophysics, first under the supervision of
Dan McKenzie and later under Sir Edward Bullard. The
bulk of the book is concerned with his time as a research
student at Cambridge, and deals with his growing love
a air with the place, its culture, and its great men (at that
time they were certainly mostly male).

The scientific content of the book is relatively slight, and
mostly deals with Roman’s own investigations into the
seismo-tectonics of the Carpathians and Himalayas, where
he made significant contributions with his ideas on how
continent—continent collisions might be described in terms
of ‘bu er plates’. Personally, | should have liked a much
fuller account of how the science emerged on a day-to-day
basis; who supplied the ideas, how they developed, the steps
back as well as the steps forward. The description of life at
Madingley Rise (the location of the Geodesy and Geophy-
sics Department) lacks specific detail, and makes little
reference to the other research students who were his
contempories. My own experience was that students learned
as much if not more from their fellows as from their
supervisors. Roman’s account tends to focus on meetings
with ‘important people’; the scientists and others whose
names are remembered twenty years later. He clearly
wanted to be associated with and belong to this elite, and
made every e ort to become part of the charmed circle. Not
unnaturally, as a foreigner, he recognizes the value of such
networks for dealing with the Home O ce, the Romanian
embassy, or potential employers. One can only admire the
mixture of luck, determination and confidence which
enables him to meet and make use of a very wide range of
such people. In contrast, the reader may feel that he is
altogether too dismissive of the less exalted folk who, simply
by doing their job, such as asking awkward guestions at the
visa desk of some consulate or refusing him a drink on an
Edinburgh Sunday, happen to get in his way.

Overall, the book is a lively and interesting read,
essentially because of the portrayal of the individual and
his impressions, as an outsider, of UK science and culture.
However, | did not feel that it taught me much that was
new about developments in the earch sciences at what was a
particularly exciting time—about the individuals and the
organizations that had participated in the developments,
and how they made their contribution. Judged as a work of
autobiography rather than as a contribution to the history
of science the book is rather expensive.

Dr R. J. BANKs
(University of Edinburgh)

Cosmology and Controversy: The Historical Development of
Two Theories of the Universe
By H. KRAGH

1999, £12.50 (pbk), pp. xii+ 500. Princeton University
Press, ISBN 0 691 00546 X. Scope: historical survey. Level:
general reader.

Cosmology is an unusual science in that it is by definition
the study of a unique object. Experiments are essentially
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impossible so the theory builder has to rely on consistency
checks with observations. Until very recently the observa-
tional checks were not very restrictive—if anything they
encouraged speculation. Under the circumstances it is not
surprising that philosophers, mathematicians, physicists
and astronomers were able devise models and express
views. This all began to change from about 1950 onwards.
In the USA, Gamow, Alpher and Herman explored
element formation in the early universe and in Britain
and Australia, Ryle and others using Radio Astronomy
were able to determine number and flux densities for
distant quasars. These led to the beginnings of what one
might call physical cosmology. As the Cosmic Microwave
Background information improves and tighter and tighter
bounds come from nucleosynthesis and structure formation
computations, so the modelling is increasingly restricted. |
am not sure that Einstein would have been pleased at the
way things have developed. His mansion, the left hand side
of his field equations which describes the geometry, is fixed
by a perturbed Robertson—-Walker metric. His garden shed,
the right hand side of the equations, is where all the current
action resides as the physics is tuned to fit the latest
observations.

The changes in thinking which occurred in the 1950s are
crystallized in the competition between the steady state and
evolutionary theories. These two theories form the centre of
the ‘controversy’ although they do not encompass all the
ideas that Kragh considers as competitors in the period of
change. In the late 1940s, Bondi, Hoyle and Gold had
proposed steady state cosmologies which have the appeal
that they do not evolve and so the laws of physics can be
tested in experiments that can be repeated. It was in the
nature of the models that they were very specific and so
subject to refutation through observations. The alternative
evolutionary models, which Kragh points out were not
necessarily thought of as requiring a big bang, were based
on the Robertson—Walker solutions to Einstein’s equations
and were more flexible. Many of those who worked on
evolutionary models did not discuss the start of the
Universe or where the matter came from; they, except for
Gamow, simply left the beginning as an open question to be
handled later. The steady state theorists had to say where
the matter came from because it had to be replenished as
the Universe expanded.

The controversy surrounding these two views enables
Kragh to deal with the history of cosmology in this
important period for the development of our ideas in an
interesting and enlightening way. He shows how science
develops through uncertainty and competition. For periods
there is a lack of clarity about progress and who is right,
and then observations distinguish between the models and
scientists move ahead as if the controversy had not taken
place. In describing the process Kragh is able to deal
intelligently and gently with the social dynamics of science.

It is interesting to see how the personalities—he provides
brief biographies of each of the key figures—interweave
with the development of the scientific ideas. In particular he
describes a very pointed example of the problem of priority
in science with regard to the discovery on the cosmic
microwave background which | found very illuminating.

This is very good scientific history and in some measure
philosophy written by someone who has an understanding
of the process of scientific work. The writing is clear and
largely non-technical. The reader does not need to have
more than a passing knowledge, say from a few TV
programmes, about cosmology. The few isolated pages of a
more technical nature can be overlooked. The general ideas
that underpin the book hold for science broadly. Although
the focus is cosmology, the book will appeal to anyone with
an interest in how science actually works, whether it is
through the history or the philosophy.

Professor D. R. MATRAVERS
(University of Portsmouth)

Feynman and Computation: Exploring the Limits of
Computers
Edited by A. J. G. HEY

1999, £34.50, US$50.00, Can$72.50 (hbk), pp. xxiii+ 438.
Perseus Books, ISBN 0 7382 0057 3 (hbk). Scope: multi-
author review. Level: non-specialist.

The quantum theory of computation was conceived when
physicists started to ask the question: what happens when
one makes computing devices really small, so small in fact
that the systems representing a single bit of information are
truly quantum mechanical systems? At the time this was a
rather daring thought given the development of microelec-
tronics at the time. Among the first to consider the
consequences were people like Paul Benio , Charles
Bennett, Rolf Landauer and also Richard Feynman. In
fact, Feynman had given some lectures about computation
and a very nice book, Feynman’s Lectures on Computation,
has been published some years ago by Tony Hey. Now
Tony Hey has edited a follow-up to this book. Inevitably,
this time the book does not present a coherent lecture
course by Feynman, but rather a collection of some articles
by Feynman and many more by colleagues. These articles,
loosely collected into five groups depending on their
content, range from collections of anectodes about Feyn-
man (e.g. by Mead, Hillis) over nice introductory review
articles (e.g. by Bennett, Hughes, Landauer) to rather
speculative but interesting material (e.g. by To oli) that I
had not seen before.

While the majority of the material is well written and
either entertaining, informative or simply very interesting,
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there are also a number of articles that seem rather out of
place as they really do not fit under the title of the book,
such as the second contribution by Mead.

Nevertheless, while | prefer the original Feynman's
Lectures on Computation | still feel that Feynman and
Computation: Exploring the Limits of Computers has some
very interesting articles on o er for the reader (anybody
who has successfully studied physics), both from the
historical and the scientific point of view.

Dr M. B. PLENIO
(Imperial College London)

Introductory Statistical Mechanics
By R. BowLEY and M. SANCHEZ

1999, £21.99 (pbk), pp. xvi+ 352. Oxford University Press,
ISBN 0 19 8505760 (pbk) Scope: textbook. Level: under-
graduate.

Foundations of Complex Systems Theories in Economics,
Evolutionary Biology, and Statistical Physics
By S. AUYANG

1998, £18.95, $29.95 (pbk), £50.00, $64.95 (hbk), pp.
xii+ 404. Cambridge University Press, ISBN 0 521 77826
3 (pbk), ISBN 0 521 62167 4 (hbk). Scope: text. Level: non-
specialist.

These books both cover statistical mechanics, but are
written in quite di erent styles, and aim at di erent
audiences.

Introductory Statistical Mechanics is intended for under-
graduates in physics. It starts with a good review of
equilibrium thermodynamics, but for no good reason states
some elementary mathematics incorrectly. In equation
(1.4.8) closed and exact di erential forms are confused,
and in (1.4.9) so are analytic and continuous functions. The
spirit of the book is that of Peierls, that thermodynamics is
a consequence of the principles of statistical mechanics. At
first, this is admirably followed; the free Bose and Fermi
gas, the Ising model and superfl uidity are treated in detail,
showing that everything can be calculated from the
partition function. But then problems of non-equilibrium
are reached. At this point, the important phenomenological
models, such as the Landau theory, are described, but are
not derived from non-equilibrium statistical mechanics.

Not all the text is convincing. After a clear argument
showing that the statistical mechanics of classical particles
leads to a non-extensive entropy, contrary to experiment,
on p. 129 the authors present a fishy argument in favour of
Bose or Fermi statistics. They say that the uncertainty

principle does not allow an experimenter to keep track of a
particle, so it loses its identity. That this is spurious is seen
by the wave-mechanics of n particles described by
unsymmetrized wave-functions: each obeys the uncertainty
principle, but together they obey Boltzmann statistics.

The authors believe that there are two rival approaches
to probability: that of Laplace, in which all outcomes are
equally likely, and that using as probability the average
number of successes in a large number of trials (the
frequentist approach). On p. 66, they want to reject the
frequentist approach (probably because it has no predictive
power). They argue that if we are not in equilibrium, one
cannot do more than one measurement, and so must
abandon the frequentists’ definition. This is mistaken. We
can reproduce the state at the same stage of its evolution
many times, and so can produce a sequence of measure-
ments of a state even if it is time dependent. Their
conclusion is that one must resort to Laplace’s definition;
this is unfortunate, since this predicts that all states are in
the microcanonical state. This absurd conclusion follows
because they do not seem to know the modern (Kolmogor-
ov) approach, which allows us to model the probability by
any measure on the sample space, thus providing a theory
of non-equilibrium states [STREATER, R. F., 1995, Statis-
tical Dynamics (London: Imperial College Press)].

The second book, Foundations of Complex Systems
Theories in Economics, Evolutionary Biology, and Statistical
Physics, is much more sophisticated, and deals with
physics, economics and evolutionary biology using the
same general type of mathematical model. Other authors
have described this type of theory as information dynamics
of a system with local structure. It reduces to a mean-field
model if the change in the local state is determined by
instantaneous mean values of some observables of the
system as a whole. If the dynamics of a local variable is
determined by the mean values of the slow variables of its
neighbours, the theory resembles statistical dynamics.

The book is literate and scholarly, with copious notes
and exact references to Gibbon, Hume, Mill, Kant and
hundreds of others. Probably, too much weight is given to
what the Greeks thought, and this makes it a slow read.
The part on physics is very well done, with just the right
amount of mathematical detail, including chaos, ergodic
theory, and the physics of superconductivity. Here, her
thesis, that the whole is more than the sum of its parts, is
beautifully illustrated: it is not possible (without hindsight)
to derive the idea that two electrons attract each other (in
the presence of an atomic lattice) just by looking at the
atomic Hamiltonian. This attraction, making quasi-parti-
cles in the form of Cooper pairs, occurs for some materials
and not others. The quasi-particles behave as if they had
only weak coupling, allowing a tractable model (the BCS
model) to give a good description of superconductivity.
This illustrates her thesis—we must carve nature at its
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joints, into weakly interacting collectives. On p. 187, she
says ‘[this] cannot be deduced from microscopic laws, but
has to be put in by hand’. This is a step back from Peierls’s
programme, and is a bit too severe, since some results, such
as phase transitions in the Ising model, can be derived from
microscopic laws.

The treatment of evolutionary biology and economics is
far less detailed, though she does argue that the same
philosophical ideas as in physics should guide us. There
are few concrete models, and only one equation, and that
is for population dynamics. The author does discuss, and
dismiss, certain contentious theories, such as that of the
‘selfish gene’. She remarks that of the 110 000 PhDs in
economics in the USA in 1987, not one predicted the
crash in the stock market. She warns against concluding
that a micro picture of the world must be true if it
happens to predict something correctly. She points to the
failures of existing theories, and except for Keynes, has no
heroes in these subjects.

Dr Auyang gives an accurate account of the Kolmogor-
ov theory of probability, but, strangely, says that this
theory has nothing to do with probability as ordinarily
understood. She maintains that there is no precise theory of
ordinary probability. This divorce between stochastic
processes and probability allows her to bridge the
philosophical divide between a deterministic theory and
its description by a stochastic process. A chaotic determi-
nistic system behaves as if by chance; she accuses those who
say nature is actually random of being tychists. I think she
might be right at the hydrodynamic level, but most
physicists believe that quantum mechanics possesses an
intrinsic randomness.

I am on her side (against quite a few) when she says (p.
139) that the dynamics of a system approaching equili-
brium is unrelated to algorithms that might e ciently
calculate the equilibrium state by the iteration of a map
applied to an initial state. She mentions the Thomas—Fermi
theory as an example. But | do not agree when she says (p.
186) ‘the laws of quantum mechanics dictate that the
stationary state of the molecule is the superposition of all
its possible states’. The laws do not tell us what the state is.
If one adds ergodicity, and assumes that the observer
measures not the observable at time t but its average over a
huge time interval, then her description is quite good. But
this is not suitable for cases when the system can be
measured in a short time, as her subsequent discussion
shows.

On p. 311 the author follows Born and Bohr in the
statistical interpretation of quantum mechanical data, and
adds ‘this is [sic] immediately converted into the statistics of
classical data’. Here she slips up, since the famous Bell
inequalities show that not all sets of quantum data can be
regarded as classical data. She is also up against the
statisticians when she says ‘probabilistic propositions are

not empirically testable’, thus dismissing the body of work
achieved in the theory of significance testing.

Each book represents the high ambitions of the authors,
and their points of view can lead to lively debates.

PROFESSOR R. F. STREATER
(University of London)

Fractography. Observing, Measuring and Interpreting Frac-
ture Surface Topography
By D. HuLL

1999, £65.00 (hbk), £27.00 (pbk), pp. xvii+ 366. Cambridge
University Press, ISBN 0 521 64082 2 (hbk), ISBN 0 521
64684 7 (pbk). Scope: text. Level: postgraduate.

Anyone who has ever watched in horror the inexorable but
unpredictable progress of a crack across a windscreen will
be fascinated to learn how internal stresses modify the
direction of growth of a crack in a brittle solid, so that
although some of the unpredictability comes from un-
controllable surface cracks and imperfections, much of it
comes from the pattern of stress imparted by the
manufacture and installation of the windscreen. In the
eyes of professional fractographers, the course of the crack
can be used to diagnose the structure and processing of the
glass, as well as the event which caused the fracture. This
professionalism is rooted in the microscopic examination of
fracture surfaces, and simple principles of geometry
governing crack propagation. Derek Hull expounds these
components of fractography with great skill and authority.
He gives equal weight to the experimental techniques and
to the interpretive principles, and interweaves them so that
he achieves remarkable integrity and narrative fl ow. Every
page reveals first-hand experience. The illustrations are
exemplary, and beautifully reproduced. Hand-drawings
even better than the classics of Robert Hooke clarify the
main features, and the text explains everything from first
principles. All types of materials are treated, and the scale
of the factures discussed range from the nanometre scale to
the metre scale or larger: from interatomic forces to the
forces which shaped the Giant's Causeway. The famous
NASA photographs of bacteria on Mars, based on
structures found on fracture surfaces of meteorites in
Antarctia, are subjected to Hull's sceptical and professional
analysis. Lectures based on the book should engage the
enthusiastic attention of every student of Materials Science,
whether a graduate student or not.

At certain points the text expresses profound truths
about science, and its engagement with Nature. | particu-
larly liked the discussion of the role of fractals: sceptical,
dismissive of unthinking power-law plots of surface area as
a function of measurement scale, yet open to the use of
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scaling laws as they apply to crack-branching and the
dissipative structures of river-lines. In fact, the treatment of
river-lines, starting with the diagrams of the intersection of
screw dislocations by an advancing crack surface, and
ending with the concept that similar stuctures will be
generated by the mixture of mode | and mode |11 forces on
cracks, is a perfect example of inductive scientific exposi-
tion. Such writing is very rare in the deductive world of
most scientific texts, and it is to be greatly welcomed.

There is nowhere any mathematical derivation of
fracture mechanics, or fundamental estimate of toughness
values based on assumed mechanisms. And the relationship
between dislocation plasiticity and fracture, as exemplified
by the initiation of fatigue cracks, is not treated. However,
there are more traditional engineering texts to cover these
topics. By virtue of its elegant exposition, and the integrity
of its point of view, | believe that wherever fracture, fast or
slow, of whatever material, is a topic of interest, Hull's
book will be an essential reference. And many scientists will
be pleased to display it on their co ee-tables, alongside
other equally elegant but much less profound works. It is a
classic.

PROFESSOR L. M. BROWN
(University of Cambridge)

Galaxy Morphology and Classification
By S. VAN DEN BERGH

1999, £25.00 (hbk), pp. x+ 111. Cambridge University
Press, ISBN 0 521 62335 9. Scope: monograph. Level:
postgraduate and specialist.

For a long time, morphological classification of galaxies
was regarded as a form of art and not science. Only over
the last decade, with the advent of the Hubble Space
Telescope and improvements in ground-based high resolu-
tion imaging, were astronomers able to put the intrinsic
shape of galaxies on a more quantitative basis. We have
seen significant progress in this field since the first galaxy
classification scheme, which was proposed in 1926 by
Hubble, who classified the galaxies by their nuclear size and
the tilt of their spiral arm. While this scheme and its
variants have been very successful over the years, it is an
oversimplification of the actual observations. For example,
it does not naturally accommodate the SO galaxies into the
sequence, with the ellipticals only classified on the basis of
their apparent axial ratios. Furthermore, it lacks objective
distinction between di erent sub-classes of spirals. How-
ever, recent observations have shown that galaxy morphol-
ogies can be a ected by their environment (i.e. by
interaction in dense regions) and evolutionary processes.
Also, a comprehensive classification scheme must accom-

modate various populations of galaxies (dwarfs, low
surface brightness galaxies etc.) and their relation with
each other. Therefore, one needs a more quantitative
scheme for classifying galaxies which should ideally
accommodate the evolutionary relationships between dif-
ferent types and be based on the physics of galaxy
formation.

This book, written by one of the pioneers in the field,
provides a review of the subject from its early days to the
present. In the first six chapters, di erent classification
systems are reviewed, with the shortcomings of each system
discussed. | found this refreshing, as discussions are also
presented of modern observations (i.e. the e ect of ram
pressure stripping in clusters on gas content and morpho-
logical types of galaxies) and theories (i.e. galaxy harass-
ment scenario).

The galaxy types which were left out from the
conventional classification picture are discussed individu-
ally in the next seven chapters. While this is helpful as a
general review, | find two shortcomings in this part of the
book. Firstly, there is little discussion on the origin of
di erent types and the likely evolutionary processes
causing transitions between them. In particular, the
section on the dwarf spheroidal galaxies contains little
about the formation scenarios of dwarfs, which is an
active field of current research. A diagram showing the
divide between the dwarf and giant populations (i.e. a
surface brightness—absolute magnitude relation) would
have been helpful here. Secondly, considering the relation
between the spectroscopic properties of galaxies and their
morphological types, more discussion of this would have
been appropriate. This is particularly the case in chapter
13 where morphologies of the Active Galactic Nuclei are
discussed.

Over the last few years, imaging by the HST and in
particular, observations of the Hubble Deep Field, has
revealed an increase in galaxy mergers (interaction) with
look-back time. This is fundamental in studying forma-
tion of galaxies at high redshifts and is appropriately
covered in this book. However, this discussion along with
that explaining the new morphological classification
techniques are too short and elementary to teach readers
the basic background or the state of the art on the
subject.

In summary, | found this book entertaining to read but
learned very little which I did not already know. The book
provides very general information about di erent types of
galaxies and their behaviour. It would be useful for those
not looking for much technical information about the
subject. Certainly, it does not prepare the reader to do
original research in this field.

Dr B. MOBASHER
(Space Telescope Science Institute)
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Imaging Phonons. Acoustic Wave Propagation in Solids
By J. P. WOLFE

1998, £65.00, $110.00 (hbk), pp. xiv+ 411. Cambridge
University Press, ISBN 0 521 62061 0. Scope: monograph.
Level: postgraduate and specialist.

The striking e ect the anisotropy of the crystal lattice has
on the electronic properties of metals will be well known to
all solid state physicists. The very elegant techniques used
to map out the Fermi surface of metals were some of the
classic developments of the 1960s and many are still in use
in studies of heavy Fermi systems. The e ect that crystal
anisotropy has on phonon propagation is no less dramatic
but much less widely known. The equivalent surfaces to
E(k) for phonons, the so-called slowness surfaces, refl ect
the symmetry of the lattice in the same way, but the
distortions from a sphere are appreciably less pronounced
than those of many Fermi surfaces since they are much
further from the Brillouin zone at the phonon frequencies
of interest. Even so, the departures result in di erences of a
hundred or more in the phonon intensities emitted in
di erent directions from a small heat source on the surface
of a typical crystal. The directions of these phonon beams
are those in which the normals to a region of slowness
surface all point in the same direction. The normal is the
direction of the group velocity and hence the direction of
energy fl ow for all the phonons in that cone of g space. The
phenomenon is known as phonon focusing but di ers from
focusing e ects in optics since the increase in intensity does
not arise through changes in direction of the phonon as it
travels along its path.

The e ect was first detected by Taylor, Maris and
Elbaum in 1969 and the theory developed by Humphrey
Maris in 1974. However the first maps showing how the
phonon intensity at a surface produced by a small heat
source on the other side of the crystal varied with direction
did not appear for a few more years. One of these earliest
images was produced by Wolfgang Eisenmenger and used a
superfluid helium film as an extended detector. The film
thickness increases at regions of high phonon intensity and
the threefold symmetry of the focusing pattern of the (111)
Si crystal he used could be seen using simple optics—a
flashlight—and generated spontaneous applause when it
was presented at an international conference in 1978. Other
forms of extended detector have since been employed but
by far the mostly widely used, and in general the most
powerful technique, is that developed by Jim Wolfe and his
group which obtains the same information but in more
detail by scanning the position of the source, usually a laser
beam, rather than the detector.

Jim Wolfe's book (published 2 years ago) provides a
comprehensive and highly readable review of this work and
is also a celebration of what can be achieved with relatively

straightforward and inexpensive technology if the ideas are
there. The images are spectacular and display all the
features of geometrical optics—and, even for someone with
no interests in this area, the book is worth browsing
through just to look at the very beautiful and intricate
pictures. But Wolfe is an excellent teacher as well as a
researcher and anyone whose work connects with phonons
will gain from giving the book more careful attention.
Phonon imaging provides a tool to test the theories of
crystal acoustics and the part of the book that deals with
that aspect, and with explanations of the complex caustic
structures that exist in certain directions, will particularly
interest the specialists in this area although it is also to be
recommended to others since it provides the ground work
for what follows. Other parts will have wider appeal,
however, since they deal not only with the e ects of
anisotropy on phonon scattering but also provide a broader
outline of work on scattering and phonon spectroscopy.
The topics include studies of defects, impurities, magnetic
ions, interfaces etc. and there is also an interesting section
on scattering by electrons including semiconductor hetero-
structures. Indeed this last topic could usefully have been
enlarged in view of the scale of interest in the electron—
phonon interaction within the semiconductor community.
So, in summary, this is a book that should be in the library
of any University that has a solid state physics group and
anyone working with phonons will want to own a copy.

PROFESSOR L. J. CHALLIS
(University of Nottingham)

Introduction to Magnetism and Magnetic Recording
By R. L. ComMsTOoCK

1999, £61.50 (hbk), pp. xii+ 485. Wiley, ISBN 0 471 31714
4 (hbk). Scope: text. Level: postgraduate and specialist.

The overall record of the magnetic recording industry is
well known, but bears repeating. As quoted here on almost
the last page, the annual compound growth rate in areal
density (bits per unit area) was 30% from 1970 to 1990 and
60% from 1990 to 2000. Comstock’s book gives a sound
and detailed introduction to both the underlying pure
physics and to the many technicalities that are required to
put the principles into practice. It will be welcomed by
graduates entering the industry, by lecturers seeking up-to-
date course material and, | hope, by earnest browsers
wishing to understand something about the technical
success story that is described.

The first part of the book is concerned with the physical
principles and like the second part is based on a graduate
lecture course. There are some di culties about teaching
such a course. Undergraduate degrees may contain






