


This book would definitely be of broad interest to
the general public, students, professors, scientists, and
those with a sufficient science background who are inter-
ested in current, state-of-the-art science. And it deserves
a wide readership. I believe that it could also be very
useful as a source to teach some important areas of
physics due to the synthetic nature of some chapters. In
short, I think it is a book that should exist in any library
of science.
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Waves and Particles: Two Essays on Fundamental
Physics, by Roger G. Newton, Singapore, World Scien-
tific, 2014, 160 + 8 pp., £13.00 (paperback), ISBN 978-
981-4449-67-0. Scope: historical review. Level: general
readership.

Waves and Particles is an impressive title and the book
embraces Pythagoras triangles and multiplication of
square matrices. However it is aimed at ‘readers not
trained in rigorous sciences’ and, as the subtitle indicates,
consists essentially of two long, largely independent,
essays in which a wide range of physics is introduced
and explained. Each, in effect, incorporates a history of
the development of the relevant physics in which the
main characters, from the Greek Miletos in the sixth-cen-
tury BCE to the more recent search for gravitational
waves at the Laser Interferometer Gravitational-Wave
Observatory, gets several lines of biography – or three
pages in the case of Newton. Both X-rays and the
positron are covered but there is no mention of Blackett
or the Braggs. There are occasional homely similes: the
D-shaped box for the magnetic-field-induced semi-circu-
lar path in a cyclotron is described as ‘hollow like pitta
bread’.

Roger Newton is a mature (born 1923) American
Emeritus Professor of Physics. He has written many
more advanced books on waves and particles, the first in
1966 (extended in 1982), some with even more snappy
titles than Waves and Particles. The Wave section of the
present volume is opened and closed (and perhaps
inspired) by reference to the powerful tidal tsunami
water waves of hundreds of metres wavelength which
can cause havoc when they reach the edge of the conti-
nental shelf. Simple harmonic sound waves are shown to
underlie the subtleties of music as well as the destruction
of the Tacoma Suspension Bridge in 1940; shock waves
are actuated by discontinuous changes in air pressure.
An example of Ernst Chladni’s distributions of fine sand

to demonstrate two-dimensional waves, e.g. of drums, is
illustrated. At the end of Waves, a dozen reference books
are listed to expand Roger Newton’s treatment of concert
halls and tsunamis, while for Particles references are
given for biographies of some significant physicists.

The shorter Particles essay runs through the contribu-
tions of Boyle, Newton, Dalton, Avogadro and early ato-
mists to atomic reality with Thomson and Rutherford.
De Broglie and the wave-particle duality are touched on
in the short chapter on wave mechanics; Bohr is quoted
as saying that ‘that is the way nature is’ even if it seems
weird. In the nuclear physics chapter, the detection of
particles by successively the cloud chamber, bubble
chamber, photographic emulsions and automated spark
chambers is neatly summarised. A section on particle
accelerators mentions the enormous Large Hadron
Collider (discovery of the Higgs boson in 2013 is
included) and there is a brief reference to new funda-
mental unstable and strange particles.

As is sometimes the case, when a talented and
experienced theoretician presents simplified explanations
of a vast array of phenomena to the comparatively
uninitiated, one may perceive some previously unrealised
connections. There are a few diagrams, mainly to illus-
trate magnetic waves, and, also in the Waves section,
some photographs of optical effects (and, inevitably, of
the Bridge). Despite its prosaic title, Waves and Parti-
cles, with its incorporation of many technical terms
about structure and dynamics familiar to physicists, will
obviously appeal to those less prepared but with ‘an
interest in understanding the world’ (one might make
that the scientists’ world) but the historical approach,
especially, may be of interest to some of those who have
been ‘trained in rigorous sciences’.
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Electromagnetic Scattering by Particles and Particle
Groups: An Introduction, by Michael I. Mishchenko,
Cambridge, Cambridge University Press, 2014, 436 pp.,
£45.00 (hardback), ISBN 978-0-52-15199-22. Scope:
monograph, textbook. Level: postgraduate, early career
researcher, researcher.

The scattering of light by groups of particles leads to
phenomena which are matters of common experience.
Dust in the atmosphere leads to the sky appearing blue,
refraction by water droplets results in rainbows and so
on. These phenomena can be explained at a macroscopic
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level without the need to delve too deeply into the equa-
tions that govern the propagation of electromagnetic
radiation through inhomogeneous media. However, if we
want to make quantitative predictions about, say, the
amount of solar energy that will be reflected due to
changes in the concentration and constituency of parti-
cles in the atmosphere or if we would like to use light
scattering as a means of remotely ascertaining the physi-
cal makeup of a material such as the concentration of
bubbles in a liquid, then we need to be rather more
sophisticated. One approach, and the one to which this
book is devoted, is to write down the full Maxwell equa-
tions for the system under consideration and then to see
whether these can be appropriately simplified in certain
circumstances to allow for direct numerical solutions to
be computed. To be a bit more precise, it is assumed that
the particles are discrete, isotropic and finite immersed in
a homogeneous background medium and only elastic
scattering processes are considered, i.e. those in which
energy is conserved. This is a configuration which
is applicable to many applications in, for example,
chemistry, meteorology and astronomy.

The first few chapters of the book outline the general
theory. This is unavoidably heavily mathematical in nat-
ure and this does not let up throughout the book. This in
no way is meant as a criticism, but it is important to
understand that this is a book which uses high-powered
mathematics to extract interesting information from a
complicated set of equations. Subsequent chapters look at
approximations that can be made to simplify the equa-
tions and under what conditions these might be valid, and
also at the sort of quantities that can be measured in
practical experiments and how these can be extracted
from the theory. After discussing many of the concepts in
the context of scattering by a single particle, the book
then goes on to examine the effect of groups of particles.
In certain circumstances (such as when the particles are
far apart), the effect of a group of particles can be calcu-
lated simply by treating the scattering by each of them
independently and then adding up the results in an appro-
priate way. This is usually given the name single scatter-
ing. Much more interesting and challenging is the case
where the mutual interactions between the scattered fields
play an integral part in the scattering process, and this
case (usually referred to as multiple scattering) is treated
extensively utilising a variety of techniques. Another
important issue is the random nature of the configuration
of the particles, and the author spends considerable time
explaining the various different averaging processes that
are relevant and the relationship between them.

Overall, this is an excellent graduate-level textbook
(there are a number of exercises at the end of each chap-
ter with hints and answers to selected problems) which
discusses a challenging set of problems. There are also a
number of short sections which discuss the history of the

subject and encourage further reading. At times, I felt
that the author was trying to claim that the techniques
and processes involved are straightforward when in real-
ity they are not. I know from experience that there is a
significant lack of understanding when it comes to
related problems in acoustics, in which case the techni-
calities are much reduced. In the context of multiple
scattering theory, it is not at all straightforward to assess
a priori what the magnitude of the errors will be as a
result of using a technique that relies on assumptions
which are only valid in an approximate sense. There is a
great deal more yet to be discovered about this
interesting class of problems.
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What Does a Black Hole Look Like?, by Charles D.
Bailyn, Princeton and Oxford, Princeton University
Press, 2014, 224 pp., £24.95 (hardback), ISBN 978-0-
691-14882-3. Scope: textbook. Level: advanced under-
graduate, postgraduate.

The idea of what we now call a ‘black hole’ seemed for
a long time to be a species of theoretical exotica arising
out of Einstein’s general relativity theory, intriguing but
without observable consequences. Over recent decades,
however, large amounts of experimental evidence have
accumulated that lead to the conclusion that objects in
the universe do exist which have properties of black
holes, and which are hard to account for in any other
way. The extreme physical characteristics of black holes
give rise to associated physical phenomena that are
remarkable and distinctive, and the observational study
of such objects has now become a standard part of the
astronomical repertoire. While many details need to be
filled in, for example in confirming the general relativis-
tic nature of the phenomena and the ways by which
black holes form in practice, this is now a centrally
important area of practical research.

Charles Bailyn has spent many years working on
these topics, and his brief but extremely useful book
consists of an expert overview of all the most important
areas of black hole astronomy from the observational
viewpoint. He discusses the various types of black hole
that are believed to exist, from remnants of supernovae
to the supermassive objects that seem to be at the centres
of most galaxies, notably our own. The ways in which
accretion processes occur around black holes are
described, as are the properties of binary black holes,
jets, and other observed features, pulsars and a wide
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