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decided by the autumn and was com-
pleted the following year. With it
came a major change in Bohr’s scien-
tific-epistemic stance, from a reac-
tionary radicalism to a progressive
conservativism. Reinstating ‘“the
unity between theory and experiment
that a decade and a half before had
provided his motivation for establish-
ing the institute in the first place,”
Bohr gave up pontificating about the
ineffability of life, gave up his cam-
paign to force nonconservation of
energy upon nuclear theory, gave up
his resistance to the too facile solution
offered by Fermi’s theory of beta
decay, and gave up his insistence that
nuclear systems must be described by
essentially different dynamics than
atomic systems. He contented him-
self instead with merely a very differ-
ent degree of interaction among these
systems’ constituent particles—thus
leading him to the liquid-drop model
and the theory of the compound
nucleus.

The opportunity whose seizure ef-
fected this renovation, revitalization
and redirection of Bohr’s institute,
and of Bohr’s own thought, was pro-
vided by the availability, indeed the
enticement, of large funds, above all
those of the Rockefeller Foundation.
In 1933, after a hiatus of a few years
in which the unfocused International
Education Board had been phased
out, Rockefeller Institute the
launched a program pushing the ap-
plication of the armamentarium of
the physical sciences to biology. Si-
multaneously, the Rockefeller Foun-
dation instituted an emergency pro-
gram to relocate senior scientists
forced from their positions by the
Nazi regime. Bohr seized this twofold
opportunity for a range of reasons, of
which Aaserud stresses his wish to
provide research facilities for his
friends James Franck and George
Hevesy, who had been dislodged from
the universities of Goéttingen and
Freiburg, respectively. Although Aa-
serud steers clear of psychoanalyzing
Bohr, the possibility of psychodyna-
mic grounds for this reorientation is
perhaps to be inferred from a brief
paragraph referring to the drowning
of Bohr’s eldest son in the summer of
1934, while sailing with his father.
With this grievous loss could Bohr
perhaps finally have been free to
renounce renunciation?

Bohr’s genius as a policymaker,
Aaserud concludes, “lay in complete-
ly separating his extrascientific ef-
forts from his collaboration with the
young physicists visiting the insti-
tute.” This technique of compart-
mentalization, which was to become
so characteristic of the pursuit of

physics in the decades following
World War II, succeeded all too well.
The senior physicists practicing this
technique, quite as much as those
they intended to shield thereby from
“misleading” knowledge of the scien-
tific life—we all have been misled by
it in our view of physics and its
history. Aaserud is therefore to be
congratulated for his original, clear—
indeed, didactic—work of scholarship
and enlightenment, vivified by some
40 photographs, of which the great
majority are refreshingly new to the
history of physics literature.
PauL ForMAN
Smithsonian Institution
and New York University

Chaos in Classical and

Quantum Mechanics

Martin C. Gutzwiller
Springer-Verlag, New York,
1990. 432 pp. $39.95 hc
ISBN 0-387-97173-4

Quantum mechanics is clearly a very
successful theory. The use of Schré-
dinger’s and Heisenberg’s equations
to solve microscopic problems has led
to innumerable explanations and pre-
dictions of physical phenomena.
However, in a sense quantum me-
chanics is not an independent theory,
because to formulate its problems one
needs to “quantize” the classical ver-
sion of the problem.

One of the important heuristic pil-
lars of the early formulation of quan-
tum mechanics was Bohr’s correspon-
dence principle, which states that a
quantum mechanical system should
approach the behavior of its classical
counterpart in the limit of vanishing
Planck’s constant # divided by an
appropriate action. It is now well
known that this simple prescription
has problems because in many cases
the quantum mechanical quantities
show nonanalytic behavior in this
limit. The prescription is fulfilled,
however, in most of the problems
considered by the forefathers of quan-
tum mechanics because they mostly
considered classically integrable
systems.

In recent years a large amount of
literature has been devoted to the
study of classical systems for which
complete integration of the equations
of motion is not possible, even in
principle. It is now believed that the
set of Hamiltonians that are integra-
ble is actually of measure zero; that is,
most Hamiltonian systems are not
integrable. For the class of Hamilto-
nians that are nonintegrable it is
found that although Newton’s equa-
tions of motion are deterministic,



their solutions show a sensitive de-
pendence on initial conditions that
leads to an ensemble of trajectories
behaving essentially as though they
were random or chaotic. A funda-
mental question immediately arises:
To what extent can quantum mechan-
ics reproduce the informational con-
tent of the classically chaotic solu-
tions in the quasiclassical limit? Or,
what are the quantum manifestations
of classical chaos? Finding an answer
to these questions is a nontrivial task
because the mathematical and con-
ceptual structure of the two theories
is quite different.

The last 10 years have seen a real
explosion of papers dealing with this
general paradigm. The philosophy in
many of these works has been to study
in detail specific quantum mechanical
problems that are known to be classi-
cally chaotic, in most instances with
only two degrees of freedom. As a
result, explicit quantum manifesta-
tions of classical chaos have been
found, but many important questions
remain unsolved. It has been shown
that the quantum solutions mimic the
classical trajectories for some time
that depends in a nonanalytic way on
#. After this time the quantum prob-
lem reverts to a quasiperiodic evolu-
tion in time. The hallmarks of a
quantum problem—for example,
wave functions, eigenvalues, quasi-
energy spectrum and scattering phase
shifts—show different properties
when the classical problem is or is not
integrable.

Martin Gutzwiller has played a
pivotal role in formulating the gen-
eral paradigm and in obtaining truly
tour de force solutions to specific
problems. Thus it was with eagerness
that I awaited the printing of his
book. Chaos in Classical and Quan-
tum Mechanics contains a large num-
ber of important ideas and explana-
tions, from the fundamental to the
technical, with a sprinkling through-
out of interesting historical notes.
The general philosophy of the book is
to construct quantum mechanics from
classical mechanics using the path-
integral formulation of quantum me-
chanics as a bridge. To carry out this
program one needs to know a good
deal about classical mechanics be-
yond what one can find in any of the
standard textbooks.

The book is almost equally divided
into classical and quantum mechani-
cal parts. In the first part the author
discusses basic concepts, including
invariant tori, integrability condi-
tions, Poincaré’s surfaces of section,
Lagrangian manifolds, the impor-
tance of periodic oribits, differential
forms, Darboux’s theorem, ergodicity,

mixing and Kolmogorov’s entropy.
Although many of these topics can be
found in more mathematically orient-
ed monographs, Gutzwiller’s inten-
tion is to discuss the main ideas
behind these concepts from a geo-
metrical viewpoint rather than to
engage in long definitions, theorems
and lemmas with proofs, which are
often repellent to a practicing physi-
cist. He does give ample references,
often to original sources, where a
more interested reader can find all
the details needed to make the state-
ments tight.

The second part of the book deals
with quantum mechanics from the
quasiclassical point of view. Here the
prevailing idea is the Feynman path-
integral approach to calculating qua-
siclassical propagators. The author’s
clear intention is to make the book
useful to those who want to pursue
what may be called quasiclassical
physics, and it includes his strongly
held views on the subject. It is here
that the trace formula takes central
stage. This formula, which entails
summing over classical periodic or-
bits to obtain the quantum mechani-
cal spectrum, was originally empha-
sized by Gutzwiller and is based on
early work by John Van Vleck. The
evaluation of the trace formula for
specific problems is, however, a high-
ly nontrivial exercise in asymptotic
analysis. The author also discusses
the statistical properties of classically
chaotic systems, which have provided
a successful, though not fully under-
stood, scheme for -classifying the
quantum manifestations of classical
chaos in terms of ideas originally
introduced in random matrix theory.

This is an excellent book that al-
lows an interested neophyte to pene-
trate the intricacies of what has been
misnamed quantum chaos. Itisalsoa
good source of ideas and of citations of
original works; it is a must for people
working or planning to work in this
field and even for a reader who just
wants to know about some of the
progress made. This is not a textbook.
It has no problems at the ends of
chapters, and by and large explicit
derivations of results are not pro-
vided. Crucial concepts are elaborat-
ed in the context of solutions to
explicit problems, many of which are
problems to which the author has
made important contributions: The
author’s long experience in this field
led him to make a sure judgment on
the selection of problems that mirror
the areas in which he himself has
worked in the last 20 years. Of
course, in view of the explosion in the
number of works related to the search
for quantum manifestations of classi-
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cal chaos, a book of this size cannot
cover many other important develop-
ments on the subject. Nevertheless, I
am convinced that this book will
become a classic in the coming years,
and I recommend it highly.

JORGE V. Josk

Northeastern University

NEW BOOKS

Atomic and Molecular
Physics

Atomic and Molecular Spectroscopy:
Basic Aspects and Practical Applica-
tions. Springer Series on Atoms and Plas-
mas 6. S. Svanberg. Springer-Verlag,
New York, 1991. 405 pp. $49.00 hc ISBN
0-387-52594-7. Monograph

Atoms in Molecules: A Quantum Theo-
ry. International Series of Monographs on
Chemistry 22. R.F.W. Bader. Oxford
U.P., New York, 1991. 434 pp. $120.00
hc ISBN 0-19-855168-1. Monograph

The Chemical Physics of Atomic and
Molecular Clusters. Proc. Sch., Var-
enna, Italy, June—July 1988. G. Scoles, ed.
North-Holland, New York, 1990. 814 pp.
$200.00 hc ISBN 0-444-88331-2

Density Functional Methods in Chem-
istry. J. K. Labanowski, J. W. Andzelm,
eds. Springer-Verlag, New York, 1991.
443 pp. $59.00 hc ISBN 0-387-97512-8.
Compilation

The Hanle Effect and Level-Crossing
Spectroscopy. Physics of Atoms and Mol-
ecules. G. Moruzzi, F. Strumia, eds. Ple-
num, New York, 1991. 371 pp. $89.50 hc
ISBN 0-306-4360-2. Compilation

Nonequilibrium Phenomena in Polya-
tomic Gases, Vol. 1: Dilute Gases. Inter-
national Series of Monographs on Chemis-
try 18. F.R. W. McCourt, J.J. M.
Beenakker, W. E. Kohler, 1. Kuséer. Clar-
endon (Oxford), New York, 1990. 562 pp.
$110.00 hc ISBN 0-19-855631-4

Positron and Positronium Chemistry.
Proc. Wksp., Milwaukee, Wisc., July 1990.
Y. C. Jean, ed. World Scientific, Teaneck,
N.J., 1990. 648 pp. $78.00 hc ISBN 981-
02-0300-4

Cosmology and Relativity

Confrontation Between Theories and
Observations in Cosmology: Present
Status and Future Programmes. Proc.
Sch., Varenna, Italy, July 1987. J. Au-
douze, F. Melchiorri. North-Holland, New
York, 1990. 456 pp. $208.50 hc ISBN 0-
444-87112-8

General Relativity and Gravitation,
1989. Proc. Conf., Boulder, Colorado, July
1989. N. Ashby, D. F. Bartlett, W. Wyss,
eds. Cambridge U.P., New York, 1990.
502 pp. $49.95 hc ISBN 0-521-38428-1

General Relativity. I.R. Kenyon. Ox-
ford U.P., New York, 1990. 234 pp.
$35.00 hc ISBN 0-19-851995-8

Physics of the Early Universe. Proc.
Sch., Edinburgh, Scotland, July-August
1989. J. A. Peacock, A. F. Heavens, A. T.
Davies, eds. Edinburgh U. P., Edinburgh,
Scotland (US dist. AIP, New York), 1990.
507 pp. $115.00 Ac ISBN 0-905945-19-0

Quantum Physics, Relativity, and
Complex Spacetime: Towards a New
Synthesis. Mathematical Studies 163. G.
Kaiser. North-Holland, New York, 1990.
359 pp. $85.75 hc ISBN 0-444-88465-3

Energy and Environment

Environmental Monitoring: Meeting
the Technical Challenge. Proc. Conf,,
Cork, Ireland, May 1990. E.M. Cashell,
ed. IOP, Bristol, UK (US dist. AIP, New
York), 1990. 164 pp. $48.00 pb ISBN 0-
85498-529-8

Fighting Noise in the 1990s. Organiza-
tion for Economic Co-Operation and Devel-
opment, Paris, 1991. 120 pp. $21.00 pb
ISBN 92-64-13457-3

Ozone Diplomacy: New Directions in
Safeguarding the Planet. R.E. Bene-
dick. Harvard U.P., Cambridge, Mass.,
1991. 300 pp. $27.95 hc ISBN 0-674-
65000-X; $10.95 pb ISBN 0-674-65001-8

Policy Implications of Greenhouse
Warming. National Academy of Sciences,
Washington, D. C., 1991. 127 pp. $14.95
pb ISBN 0-309-04440-5

The Energy Sourcebook: A Guide to
Technology, Resources and Policy. R.
Howes, A. Fainberg, eds. AIP, New York,
1991. 546 pp. $28.00 ($35.00, AIP
members) pb ISBN 0-88318-706-X. Compi-
lation

Fluids

Fluid Mixing and Gas Dispersion in
Agitated Tanks. G. B. Tatterson.
McGraw-Hill, New York, 1991. 548 pp.
$64.50 hc ISBN 0-07-062933-1

Laminar-Turbulent Transition. Proc.
Symp., Toulouse, France, September 1989.
D. Arnal, R. Michel, eds. Springer-Verlag,
New York, 1990. 710 pp. $139.00 Ac ISBN
0-387-52196-8

Microhydrodynamics: Principles and
Selected Applications. Butterworth—
Heinemann Series in Chemical Engineer-
ing. S. Kim, S.J. Karrila. Butterworth-
Heinemann, Stoneham, Mass., 1991. 507
pp. $64.95 hc ISBN 0-7506-9173-5 Mono-
graph

Theory of Macroscopic Systems: A Uni-
fied Approach for Engineers, Chemists
and Physicists. C. Ouwerkerk. Springer-
Verlag, New York, 1991. 245 pp. $29.95
pb ISBN 0-387-51575-5

Geophysics

Earth Sciences Reference. M. McNeil.
Flamingo Press, 2958 State St., Carlsbad,
Calif. 92008, 1991. 709 pp. $49.00 pb ISBN
0-938905-01-5



