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explanation at all. While this will not matter greatly
to readers with some prior knowledge of the subject, I
think that those approaching it for the first time are
less well served than they might have been. By
contrast, I found the presentation in the second part
extremely clear and well thought out, given the
technical nature of the material. It deals with what
is known as the ‘effective action’ formalism (more
specifically, the version of the effective action
introduced by De Witt and Vilkovisky), which is
more or less essential for dealing with theories of
interacting particles in curved spacetime, and applic-
able to other aspects of quantum field theory too. The
formalism is used to investigate technical issues such
as renormalisation and, while there is little discussion
of applications to actual physical phenomena, readers
interested in the effective action formalism are
unlikely to find a more accessible textbook account
than this one.

Professor Ian D. Lawrie
University of Leeds

i.d.lawrie@leeds.ac.uk
� 2011, Ian D. Lawrie

Ultracold Quantum Fields, by H.T.C. Stoof, K.B.
Gubbels and D.B.M. Dickerscheid, Dordrecht, Spring-
er, 2009, xivþ 485 pp., £72.00 (hardback), ISBN 978-1-
402-08762-2. Scope: monograph. Level: researchers,
postgraduate physicists and senior undergraduates.

The first experimental observations of macroscopic
quantum phenomena – superconductivity in metals
and superfluidity in liquid helium – were made long
before any theoretical framework existed within which
they could be understood. Gavroglu and Goudaroulis
described them a few years ago as being ‘concepts out
of context’, which they certainly were. Decades were to
pass before the development of quantum statistical
mechanics could provide the necessary illumination
and bring an appreciation that the superconducting
transition could be perceived as the Bose–Einstein
condensation (BEC) of pairs of fermions. Even now,
the theory of superfluid helium remains incomplete
and unsatisfying because of the inherent difficulty of
describing a many-body system with strong interac-
tions. Although the liquid phases of 3He and 4He are
held together by weaker interatomic forces than exist
between any other atoms, and although quantum
mechanical zero-point energy keeps the atoms rela-
tively far apart, these systems are of relatively very
high density and are decidedly nonideal if viewed as
gases.

The situation with laser-cooled atomic gases could
hardly be more different. When BEC was first
observed in trapped bosonic alkali atoms in 1995,
there was already a huge body of theory waiting to be
applied and developed. Furthermore, the low densi-
ties of these systems mean that the effects of the
interatomic forces are negligible compared to those in
the liquid heliums, allowing for the precise calculation
of physical properties. The authors of Ultracold
Quantum Fields have provided a self-contained,
introductory, but quite detailed, account of how this
can be done.

The book has developed as an expansion of
lectures given at Les Houches and in a master’s
programme in theoretical physics at the University of
Utrecht. It is divided into three parts of ascending
difficulty. The first of these provides the mathematical
methods needed for what follows and covers, e.g.
Gaussian integration with complex variables, the
basics of quantum mechanics including the exact
solution of the harmonic oscillator, quantum statis-
tical mechanics, Feynman’s path integral approach
and second quantisation. Part II is the most
substantial part of the book. It develops an extensive
range of functional tools in quantum field theory, and
discusses the effect of interactions and the Landau
theory of phase transitions. It includes chapters on
the theory of atomic physics, Bose–Einstein conden-
sation, superfluidity and BCS theory. It also goes
beyond the Landau theory to consider critical
phenomena, renormalisation group theory and uni-
versality and much else. In the three chapters of Part
III the authors apply the functional formalism to
several questions and results of topical interest
including low-dimensional atomic gases, analogues
of condensed matter phenomena in optical lattices,
the Néel state, Feshbach resonances and Josephson
oscillations.

The book has evidently been put together with
great care and is very well written. It provides
detailed textual explanations to guide the reader
through the equations, and includes the intermediate
steps in derivations. It should therefore be found
friendly and understandable by students including, in
many cases, senior undergraduates. There are pro-
blems at the ends of chapters and a select biblio-
graphy. It is pleasure to commend it warmly to those
entering, teaching or working in the burgeoning field
of ultracold atomic gases as well as in many-particle
physics more generally.

Professor Peter V.E. McClintock
Lancaster University

p.v.e.mcclintock@lancaster.ac.uk
� 2011, Peter V.E. McClintock
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