Calogero—Sutherland models describ-
ing particles that interact via long-
range exchange interactions. These
models, not as heavily studied as the
Heisenberg or Hubbard model, are
fascinating in their own right and re-
quire significant generalizations of
the standard methods. The book pro-
vides a welcome introduction pre-
sented with verve and clarity.

My only regret and criticism is that
too much is left out of this slim mono-
graph. But perhaps the omissions re-
flect the author’s intent to make
Beautiful Models accessible rather
than exhaustive.

Natan Andrei
Rutgers University
Piscataway, New Jersey

Superconductivity:
Physics and
Applications

Kristian Fossheim and Asle Sudbg
Wiley, Hoboken, NJ, 2004. $110.00
(427 pp.). ISBN 0-470-84452-3

Kristian Fossheim and Asle Sudbg’s
Superconductivity: Physics and Appli-
cations is a modern review of the sub-
ject. The book covers
key aspects of super-
conductivity, outlined
in a clear and logi-
cally structured form.
It also provides much
up-to-date informa-
tion and covers ad-
vanced topics. This
work is one of the
first general mono-
graphs about superconductivity writ-
ten after the discovery of high-
temperature superconductors (HTSs),
an event that has led to considerable
new kinds of investigations.

The book discusses many novel
classes of superconductors: oxide,
organic, heavy-fermion, and magne-
sium diboride. Except for MgB,, the
classes, for the most part, were found
before HTSs but were typically
regarded as exotic materials, and
their features were not described in
other monographs. Maybe the only
new, interesting class is magnetic
superconductors, which are not men-
tioned in the book. The coexistence of
superconductivity and magnetism
currently attracts much interest
among researchers. Inclusion of the
subject would have been useful in
completing the story of a modern view
of superconductivity.

The theory of superconductivity,
even in its simplest description, still
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needs to be updated, especially in light
of new superconducting materials. The
authors discuss superconducting order-
parameter symmetry, anisotropy, and
the quasi-two-dimensionality of elec-
tron and vortex systems as necessary
elements of a modern theory of super-
conductivity. Investigations of HTSs
have led to many exciting develop-
ments in vortex structures, pinning,
and dynamics—and such meaty topics
richly deserve their place in the book.
The authors have written readable and
accurate sections on such new topics as
thermally activated creep and collec-
tive creep, geometric barriers, and
solid-liquid transition in vortex struc-
tures. However, they could have
expanded discussions on fluctuations
in low-dimensional superconductors:
Only the Kosterlitz—Thouless transi-
tion and vortex—antivortex unbinding
and disordering by other topological de-
fects are discussed in detail. On the
other hand, a full-length review of the
superconducting—normal (SN) transi-
tion problem is very useful, even if the
discussion is of interest to only a small
group of readers.

Fossheim and Sudbg devote insuf-
ficient attention to Josephson struc-
tures. They only briefly mention
novel effects like plasma oscillations
in multilayered superconducting
systems, and leave out such impor-
tant subjects as macroscopic quan-
tum phenomena in submicron-scale
Josephson structures. A discussion of
those new directions in superconduc-
tivity could have been placed in
sections on “Advanced Topics” or
“Topical Contributions.”

Fossheim and Sudbg’s choice of sub-
jects and contributing authors for the
topical contributions is random, and
presented papers are fragmentary. For
example, Yoshiteru Maeno’s paper cov-
ers spin-triplet superconductivity but
does not mention recent publications by
Kostya Efetov and colleagues, which
are related to possible spin-triplet su-
perconductivity in multilayered super-
conductor—-ferromagnet structures.
Jochen Mannhart’s paper describes
mr-junctions based on d-wave symmetry
in HTS systems but fails to mention
mr-junction realizations in superconduc-
tor—ferromagnet—superconductor
Josephson junctions and mesoscopic
SN structures.

In “Selected Applications,” the au-
thors also create a general impres-
sion that the book is incomplete. For
instance, they do not mention that
Josephson-junction applications also
include rapid single-flux quantum
Josephson logic, microwave flux-flow
generators and receivers, amplifiers
based on superconducting quantum

interference devices, and so forth.
In their discussion of high-frequency
applications of superconductors, the
authors also should have mentioned
superconducting bolometers and
switches.

Although the second half of Super-
conductivity is somewhat discon-
nected, the monograph as a whole of-
fers a fresh look at the modern state
of superconductivity. Certainly, it is
not a book for readers who are new to
superconductivity, but for scientists
familiar with and interested in super-
conductivity, the new monograph has
many interesting moments.

Valery Ryazanov
Institute of Solid State Physics
Chernogolovka, Russia

The Phases of Quantum
Chromodynamics:
From Confinement to

Extreme Environments

John B. Kogut and

Mikhail A. Stephanov
Cambridge U. Press, New York,
2004. $110.00 (364 pp.).

ISBN 0-521-80450-7

In recent years, physicists have real-
ized that there are more phase tran-
sitions in quantum chromodynamics
(QCD) than just the one that sepa-
rates the world of hadrons from the
quark—gluon plasma, where color
charges become deconfined and chiral
symmetry is restored. Particularly in
the domain of low temperatures and
high baryon densities, researchers
have found a good number of phases
that are strikingly similar to systems
from condensed matter physics such
as electronic superconductors or su-
perfluid helium-3. Those QCD phases
can be studied systematically at low
temperatures and asymptotically
large baryon densities via weak-
coupling methods. At high tempera-
tures and moderate baryon densities,
considerable progress has been made
by extending lattice gauge theory cal-
culations from zero to low, nonzero
baryon densities.

Why are the developments men-
tioned above interesting? QCD is not
the only theory of elementary interac-
tions that features various phases,
but it is the only one in which the
transition between phases can be ex-
perimentally investigated. The tran-
sitions are studied via heavy-ion colli-
sions and by observing the properties
of compact stellar objects. The phase
transitions of QCD also have had a
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profound influence on the evolution of
the early universe.

A textbook that gives an overview of
and ready access to the fascinating and
rapidly evolving field of QCD under ex-
treme conditions is long overdue. John
Kogut and Mikhail Stephanov’s The
Phases of Quantum Chromodynamics:
From Confinement to Extreme Enuvi-
ronments is a much-anticipated book.
Kogut is eminent in lattice QCD and
has made seminal contributions to the
field, and to high-energy and con-
densed matter physics in general.
Stephanov is a leader in the study of
QCD under extreme conditions and
has made important contributions to
the interpretation of lattice-QCD re-
sults at nonzero baryon densities, the
experimental observability of the criti-
cal point, and collective excitations in
color-superconducting quark matter.

To learn about the
phases of QCD, one
has to realize that al-
most everything of
current theoretical
and experimental in-
terest happens in a
regime where the
QCD coupling con-
stant is large—that
is, where hadrons

compete with quarks and gluons for
the ground state at a given tempera-
ture and baryochemical potential. The
large coupling, in turn, prevents the
use of perturbative tools. A first-prin-
ciples approach that gives reliable
and rigorous results in the nonper-
turbative region is lattice QCD. Con-
sequently, Kogut and Stephanov first
give a pedagogical and highly illumi-
nating introduction to lattice gauge
theory, starting with spin systems and
working their way successively to-
ward lattice QCD by first generalizing
spins to gauge fields and then intro-
ducing fermions on the lattice. I found
their particular approach very useful,
especially for particle physicists who
are not practitioners of lattice QCD
and who want to get a good overview
of the basic concepts and methods
that are used by their colleagues.
However, the book contains much
more than just the basics. The au-
thors also present such highly spe-
cialized topics as instantons and
topology in gauge theories, in a very
appealing, pedagogical way.

The authors then tour the phase di-
agram of QCD and discuss how the
basic features can be gleaned from
symmetry considerations and simple
phenomenological facts. The line of

argument is elegantly presented and
should be appealing and useful to stu-
dents who want to enter the field and
learn the basics of the QCD phase di-
agram. Kogut and Stephanov’s dis-
cussions also impressively demon-
strate how much one can learn from
symmetry alone. Their tour ends at
asymptotically high temperatures
and densities where QCD is a weakly
coupled theory. Consequently, pertur-
bation should be applicable to de-
scribe that region of the QCD phase
diagram. But about 20 years ago, re-
searchers realized that this is not
quite true at sufficiently low temper-
atures because quarks form Cooper
pairs and give rise to color supercon-
ductivity. Cooper-pair condensation
is an intrinsically nonperturbative
phenomenon because the energy gap
is a nonanalytic function of the cou-
pling constant. Depending on the
particular quantum numbers of the
pair, a multitude of different color-
superconducting phases of quark
matter are possible.

Kogut and Stephanov do a very
good job explaining the basic concepts
of color superconductivity and explor-
ing the properties of the so-called
color flavor-locked phase, which is the
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ground state of three-flavor quark
matter at asymptotically large baryon
densities. As this is a rapidly evolving
field, the presentation in the book is
not at the most recent level, but the
authors are aware of that and cer-
tainly cannot be held responsible.

So where do physicists stand?
Lattice-QCD calculations employ
methods that work well at any tem-
perature and at vanishing baryo-
chemical potential. On the other
hand, weak-coupling methods work
well at asymptotically high tempera-
tures and baryochemical potentials.
The interesting region of zero to
intermediate temperatures and
nonzero baryochemical potentials is
currently beyond the reach of theo-
retical tools. The reason for such
a predicament is that a difficulty
called the fermion-sign problem pre-
vents researchers from applying first-
principles lattice-QCD methods in
that region, and the authors spend
the last chapters of their book elabo-
rating the point. They present simple
models that could lead to progress in
solving the sign problem. The models
are either analytically under control
even at nonzero baryochemical po-
tential or, in principle, amenable to
the lattice approach. Kogut and
Stephanov also discuss several re-
cent, promising attempts to perform
lattice-QCD calculations at small,
nonzero baryochemical potentials.

The Phases of Quantum Chromo-
dynamics gives a well-structured
overview of the phases of QCD under
extreme conditions. Of course, not
everything in this rapidly evolving
science can or should be presented in
a textbook, but the selection by the
authors is informative and represents
the activities in the field quite well.
My main criticism is that the refer-
ences are sparse. The reader is often
told that more details can be found in
the literature, but no reference is pro-
vided. Also, the discussion is not re-
ally on an elementary level. Although
the authors do a good job keeping the
discussion as simple and pedagogical
as possible, students without some
knowledge of statistical field theory
may have a hard time understanding
some of the material. Nevertheless,
for scientists working in the field, the
book is a must. And for those who
want to learn more about the fasci-
nating world of QCD under extreme
conditions, it is a very good starting
point.

Dirk H. Rischke
Johann Wolfgang Goethe—Universitdt
Frankfurt, Germany
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New Books

Acoustics

Physical Acoustics in the Solid State.
B. Liithi. Springer Series in Solid-State
Sciences 148. Springer-Verlag, New York,
2005. $179.00 (426 pp.). ISBN 3-540-22910-8

Astronomy and Astrophysics

Astrophysics of Life. M. Livio, I. N.
Reid, W. B. Sparks, eds. Space Telescope
Science Institute Series 16. Proc. symp.,
Baltimore, MD, May 2002. Cambridge U.
Press, New York, 2005. $100.00 (110 pp.).
ISBN 0-521-82490-7

Cosmic Explosions in Three Dimen-
sions: Asymmetries in Supernovae
and Gamma-Ray Bursts. P. Hoflich, P.
Kumar, J. C. Wheeler, eds. Cambridge
Contemporary Astrophysics. Cambridge
U. Press, New York, 2004. $120.00 (383
pp.). ISBN 0-521-84286-7

Debris Disks and the Formation of
Planets: A Symposium in Memory of
Fred Gillett. L. Caroff, L. J. Moon,
D. Backman, E. Praton, eds. Astronomical
Society of the Pacific Conference Series
324. Proc. symp., Tucson, AZ, Apr. 2002.
Astronomical Society of the Pacific, San
Francisco, 2004. $77.00 (286 pp.). ISBN
1-58381-186-9

The Formation and Evolution of Mas-
sive Young Star Clusters. H. J. G. L. M.
Lamers, L. J. Smith, A. Nota, eds. Astro-
nomical Society of the Pacific Conference
Series 322. Proc. mtg., Cancun, Mexico,
Nov. 2003. Astronomical Society of the Pa-
cific,c San Francisco, 2004. $77.00 (564
pp.). ISBN 1-58381-184-2

The Neutral ISM in Starburst Galax-
ies. S. Aalto, S. Huttemeister, A. Pedlar,
eds. Astronomical Society of the Pacific
Conference Series 320. Proc. mtg.,
Marstrand, Sweden, June 2003. Astronom-
ical Society of the Pacific, San Francisco,
2004. $77.00 (355 pp.). ISBN 1-58381-182-6

The Origin of Stars. M. D. Smith. Impe-
rial College Press, London, 2004. $53.00,
$32.00 paper (248 pp.). ISBN 1-86094-489-2,
ISBN 1-86094-501-5 paper

Outskirts of Galaxy Clusters: Intense
Life in the Suburbs. A. Diaferio, ed. In-
ternational Astronomical Union Collo-
quium 195. Proc. colloq., Torino, Italy,
Mar. 2004. International Astronomical
Union, Paris, and Cambridge U. Press,
New York, 2005. $90.00 (560 pp.). ISBN
0-521-84908-X

Satellites and Tidal Streams. F. Prada,
D. M. Delgado, T. J. Mahoney, eds. Astro-
nomical Society of the Pacific Conference
Series 327. Proc. mtg., Los Cancajos,
Spain, May 2003. Astronomical Society of
the Pacific, San Francisco, 2004. $77.00
(346 pp.). ISBN 1-58381-190-7

Soft X-Ray Emission from Clusters of
Galaxies and Related Phenomena. R.
Lieu, J. Mittaz, eds. Astrophysics and
Space Science Library 309. Kluwer Acade-
mic, Norwell, MA, 2004. $99.00 (194 pp.).
ISBN 1-4020-2563-7

Atomic and Molecular Physics

Atomic Physics. C. J. Foot. Oxford Mas-
ter Series in Atomic, Optical and Laser
Physics 7. Oxford U. Press, New York,
2005. $89.50, $44.50 paper (331 pp.). ISBN
0-19-850695-3, ISBN 0-19-850696-1 paper

Biological and Medical Physics

The Computational Neurobiology of
Reaching and Pointing: A Foundation
for Motor Learning. R. Shadmehr, S. P.
Wise. Computational Neuroscience. MIT
Press, Cambridge, MA, 2005. $65.00 (575
pp.). ISBN 0-262-19508-9

Molecular and Cellular Signaling.
M. Beckerman. Biological and Medical
Physics, Biomedical Engineering. AIP
Press/Springer-Verlag, New York, 2005.
$99.00 (574 pp.). ISBN 0-387-22130-1

Nanoscale Technology in Biological
Systems. R. S. Greco, F. B. Prinz, R. L.
Smith, eds. CRC Press, Boca Raton, FL,
2005. $143.96 (485 pp.). ISBN 0-8493-1940-4

Protein Nanotechnology: Protocols,
Instrumentation, and Applications. T.
Vo-Dinh, ed. Methods in Molecular Biology
300. Humana Press, Totowa, NdJ, 2005.
$115.00 (463 pp.). ISBN 1-58829-310-6

Pumps, Transporters, and Ion Chan-
nels: Studies on Their Structure,
Function, and Cell Biology. F. V.
Sepulveda, F. Bezanilla, eds. Series of the
Centro de Estudios Cientificos. Proc.
symp., Valdivia, Chile, Dec. 2001. Kluwer
Academic/Plenum, New York, 2005.
$149.00 (165 pp.). ISBN 0-306-48659-8

Chemical Physics

Chemistry at Extreme Conditions.
M. R. Manaa. Elsevier, San Diego, CA,
2005. $193.00 (522 pp.). ISBN 0-444-51766-9

Contrast Agents III: Radiopharmaceu-
ticals from Diagnostics to Therapeu-
tics. W. Krause, ed. Topics in Current
Chemistry 252. Springer-Verlag, New York,
2005. $189.00 (222 pp.). ISBN 3-540-22577-3

Food Colloids: Interactions, Micro-
structure and Processing. E. Dickin-
son, ed. Proc. conf., Harrogate, UK, Apr.
2004. The Royal Society of Chemistry,
Cambridge, UK, 2005. $299.00 (497 pp.).
ISBN 0-85404-638-0

Integrated Modeling of Chemical Me-
chanical Planarization for Sub-Micron
IC Fabrication: From Particle Scale to
Feature, Die and Wafer Scales. J. Luo,
D. A. Dornfeld. Springer-Verlag, New York,
2004. $149.00 (311 pp.). ISBN 3-540-22369-X

Invariant Manifolds for Physical and
Chemical Kinetics. A. N. Gorban, 1. V.
Karlin. Lecture Notes in Physics 660.
Springer-Verlag, New York, 2005. $119.00
(495 pp.). ISBN 3-540-22684-2

Mixed Surfactant Systems. 2nd rev. ed.
M. Abe, J. F. Scamehorn, eds. Surfactant
Science Series 124. Marcel Dekker, New
York, 2005. $179.95 (831 pp.). ISBN
0-8247-2150-0

Molecular Physical Chemistry: A Con-
cise Introduction. K. A. McLauchlan.
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