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Classical mechanics: three treatments
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Edition)
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Mathematical Methods of
Classical Mechanics
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Classical Dynamical Systems

W. Thirring
258 pp. Springer, New York, 1978. $20.80

Reviewed by Barry Simon

Physics has traditionally sloughed off
those areas where it is felt (whether
correctly or not) that the fundamentals
are well-understood. Thus, one typi-
cally finds fluid dynamics or circuit
theory taught these days in engineer-
ing or applied mathematics depart-
ments. Of course, we like to comfort
ourselves that we still present the core
subjects like mechanics, but even here,
there has been noticeable slippage in
recent years. Schools that used to
make undergraduates sit through me-
chanics three times have often reduced
that to two (a trend I applaud) and
graduate-level mechanics courses are
being given and taken less seriously. At
Princeton, for example, I would guess
that no more than one in five recent
theoretical PhD's knows the Hamilton-
ian-Jacobi theory.

It is unfortunate that the formal
mechanics of the nineteenth century
has fallen into disrepute but it is much
more serious that the mechanics of the
twentieth century has never been in
repute; my putative Princeton theorist
certainly knows the subject dealt with
in the Hamiltonian-Jacobi theory but
he probably thinks that a homoclinic
point has something to do with crystal
classification! This is particularly
strange because the advances of Wil-
liam Rowan Hamilton and Karl Jacobi
are primarily formalistic and are there-
fore themselves devoid of physics (al-
though they are often exceedingly use-
ful tools in the understanding of

Henri Poincare, whose far-reaching insights
led to modern concepts about the stability of
classical dynamical systems. (Photograph
courtesy of the AIP Niels Bohr Library).

physics). On the other hand, the phe-
nomena discovered by Henri Poin-
care—and more recently by those de-
veloping his extraordinarily profound
vision—are rich in interesting and sub-
tle physics often already present in
systems of two oscillators coupled in a
non-separable non-linear way.

I think it is not unlikely that we will
see a reversal in the current lack of
interest in classical mechanics due pre-
cisely to the importance of those stabil-
ity questions which characterized the
modern approach. Indeed, there is al-
ready considerable pressure in this di-
rection: Poincare was interested in the
stability of the Newtonian solar sys-
tem—a rather academic topic not only
because of the long times involved, but
because physical and astrophysical ef-
fects not included within the Newtoni-
an model become significant in that
time scale; but stability in plasmas is
hardly "only of academic interest."
Moreover, molecular dynamicists, who
have long realized that nuclear motion
in molecules takes place at a quasi-
classical limit, have realized more re-

cently that interesting phenomena oc-
cur when the classical limit is one with
extremely unstable classical orbits. In
fact, one theoretical chemist I know
shows slides in his talks of "the KAM
laundry" in honor of the celebrated
theory of Andrei Kolmogorov, Vladi-
mir Arnold and Jurgen Moser (consid-
ering the critical earlier contributions
of Carl Ludwig Siegel, should perhaps
be called "SKAM"). Finally given the
fact that KAM is a theory of systems
that are nearly integrable and given
the popularity of soliton concepts in
modern quantum field theory, one does
not need too vivid an imagination to
predict that some kind of formal infi-
nite-component KAM theory could
soon be the rage in high-energy the-
ory. In addition the success of Yang-
Mills theory is likely to give new impe-
tus to the study of those geometric
concepts critical to modern mechanics.

In this sense, the three books I review
here are most timely. They represent
the first comprehensive introductions
to the modern mathematical approach
to classical mechanics though one
should emphasize excellent books on
more advanced specialized topics like
celestial mechanics1 and other areas2

as well as two earlier briefer introduc-
tions.3 Although Abraham-Marsden is
officially a "second edition," it contains
about 500 pages more than the first
edition's 296.

The authors (and, for that matter,
the translators, who have done superb
jobs of translating into idiomatic, rea-
dable English) are a distinguished lot.
Arnold, who is the A of KAM, is among
the most celebrated of living Russian
mathematicians, Thirring is undoubt-
edly Austria's most famous physicist
and both Abraham and Marsden have
high reputations within the field of
mathematical mechanics.

My own rating of the books and I
suspect that of most others is clear.
Arnold's book is a masterpiece about
which I will shortly wax rhapsodic.
Thirring really is an excellent book
which would come out on top in most
company but not in the present one.
Even Abraham-Marsden, which I did
not like so much, has redeeming values.

Arnold's book consists of four parts:
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Second corrected and revised printing of
the second edition
...the book remains one of the best expo-
sitions of the quantum theory of resonance
in existence It has my highest recom-
mendation..."
—Journal of the Optical Society of America

" this is an excellent updating of what was
already an established standard .'.'
—Applied Spectroscopy
This essential graduate textbook now in-
cludes additional references as well as a
conversion table to assist in transforming
expressions in the text into SI units
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OF SCIENCES
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STRUCTURE AND MOBILITY IN
MOLECULAR AND ATOMIC GLASSES
The Barbizon-Plaza Hotel, New York City

9 to 11 December 1980

This conference will be chaired by James
O'Reilly (Webster Research Center. Xerox
Corporation) and Martin Goldstein (Yeshiva
University). The conference will focus upon
three aspects of the behavior of molecular
glasses: 1) New spectroscopic results by
Fourier Transform Nuclear Magnetic Reso-
nance, Fourier Transform Infrared and Raman
Spectroscopy will be reviewed for detailed
information about molecular states and pro-
cesses in glasses; 2) The study of relaxation
processes via volumetric, caiorimetric and
light scattering techniques will be analyzed to
characterize the relaxation parameters and
their relation to microscopic molecular states;
and 3) New theoretical approaches to the
thermodynamics and relaxation behavior of
molecular glasses will be addressed.

To supplement invited lectures, the con-
ference organizers will accept selected con-
tributions to poster sessions which comple-
ment the program. Abstracts (200 words)
should be submitted to E. A. DiMarzio, National
Bureau of Standards, POLY, A209, Washing-
ton, D.C., by October 1, 1980.

For Program and Registration, Contact:
Conference Department, The New York
Academy of Sciences, 2 East 63rd Street,
New York, NY 10021. (212) 838-0230.
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Newtonian, Lagrangian and Hamilton-
ian mechanics and then thirteen "Ap-
pendices" on advanced topics. The lev-
el of exposition is uniformly high and
throughout there are little gems, for
example, a pretty set of problems (Sec-
tion 8.D) showing that only two central
force fields have all orbits closed, or a
simple application of homotopy con-
cepts to the existence of periodic mo-
tions (Section 45). His presentation of
parametric resonance (Section 25) is
especially good. I would not hesitate to
use the first two parts as a basic text in
an advanced undergraduate course. I
am not so happy with Arnold's appendi-
ces: there is too much "pop science"
about them and no real coherence. One
wished he had said twice as much about
half the subjects; it is especially sad
that he says so little about KAM.

Thirring's book is not only the shor-
test but he deals with several impor-
tant subjects (scattering and relativis-
tic mechanics, including a discussion of
particle motion in the Schwarzschild
solution) not discussed in the other
books. He does this by omitting the
treatment of several other basic topics
like rigid bodies and constrained sys-
tems and by not carrying the math-
ematical formalism very far. It should
be mentioned that this is the first
volume of a four volume set which is
sort of a mathematical physicist's Lan-
dau-Lifschitz. Like the first volume,
they are all well-written, but unlike the
first, the later volumes have no real
competition and the last two on quan-
tum mechanics are likely to become
classics.

My biggest complaint about the
Abraham-Marsden volume is summa-
rized in the term "overkill": too much
notation, too many reformulations of
the same result, too many extra things
added that really shouldn't concern
their audience. In spite of this, if one
penetrates their notation (particularly
difficult if someone with some math-
ematical background takes their advice
and skips the first 160 pages of "Pre-
liminaries"), one finds clear writing.
Moreover, their Part III, "An Outline
of Qualitative Dynamics" is absolutely
unique. It is clear that someone who's
appetite is whetted by Arnold would
probably have to be sent to this part.

Finally a word about these books an
an introduction to the mathematical
language of manifolds. I prefer Ar-
nold's policy of introducing the con-
cepts as needed over that of the other
authors who begin with preliminary
chapters full of mathematics. I also
find this discussion in Abraham-Mars-
den too abstract and that Thirring has
too much of a tendency to immediately
introduce coordinates; again, I prefer
Arnold's balanced presentation. But
here I am not sure that a reader who
was not already familiar with the lan-

guage of manifolds might not find Thir-
ring preferable.

In summary, I think every aspiring
physicist should get a copy of Arnold.
Someone interested in some of the to-
pics only treated in Thirring or who
wants somewhat more elementary in-
troduction to manifolds should consid-
er also getting that book. Abraham-
Marsden, their own description not-
withstanding, is not really an introduc-
tory text. It shouldn't be attempted
until the reader has mastered one of
the other books but I welcome it as a
useful addition to the more advanced
literature.
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Black Holes and Warped
Spacetime
W. J. Kaufmann, III
221 pp. Freeman, San Francisco, Cal., 1979.
$7.95

The study of black holes is a subject
much written about these days. Un-
like so many other popular versions,
William Kaufmann's book provides a
clear, thorough treatment of the new
astrophysics without resorting to a
"gee-whiz" narrative style. He has
written several other books on astron-
omy and some of the material in Black
Holes and Warped Spacetime can also
be found in his Galaxies and Quasars.

Kaufmann patiently lays out the de-
tails needed for an understanding of
the current black hole theories: how
stars evolve through their thermonu-
clear fuel cycles; how they expire into
gravitational collapse; the different
categories of compact objects—white
dwarfs, neutron stars, and black holes;
various techniques for determining the


