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astrometry and refrains from criticiz-
ing the subjects he treats. Some of
what has come down to us through
many centuries could surely be im-
proved. Is it really still appropriate to
reckon angles in a hexagesimal system,
with two different units (hours and
degrees), no less? Has the concept of
the ecliptic—such as it is—not outlived
its usefulness? On the other hand, he
has indeed introduced new concepts
(proper direction, natural direction)
where there was a need for them.

No worker in the field will be able to
ignore this book without risking dam-
age to the quality of his or her own
work. It is also indispensable for the
serious student. It may well show some
seasoned astrometrist that the time has
passed when one can engage in much
modern astrometry without knowing
(or at least knowning how to use)
relativity. The beginner, especially the
undergraduate student, will do well to
study relativity and, for example, Laur-
ence Taffs excellent Computational
Spherical Astronomy before attempting
to read Murray's volume. No library of
any astronomical research institute
will be complete without this impor-
tant work.

HEINRICH EICHHORN
University of Florida

Manifolds, Tensor Analysis,
and Applications
R. Abraham, J. E. Marsden, T. Ratiu
582 pp. Addison-Wesley, Reading, Mass.,
1983. $34.95

This book is the first basic text in a
series of books on global analysis, pure
and applied, which is planned by Ralph
Abraham, Philip J. Holmes and Jerrold
E. Marsden and comprises both ad-
vanced and basic texts. The series aims
at giving the keys of global analysis to a
wide audience of scientists and engi-
neers. One of the advanced texts has
already appeared: Gauge Theory and
Variational Principles by David
Bleecker (1981). A second basic text, on
Riemannian geometry and Lie groups,
is on the drawing board.

Two of the authors of this text have
previously written an advanced classic
on the subject, Foundations of Mechan-
ics (Abraham and Marsden, 1978), and
one is currently writing a popular
series The Visual Mathematics Library
(Abraham with Christopher Shaw).
The present text is a good book. It
offers some of the essence of the first
with the quality of presentation of the
second.

What does this text cover? Basics in
topology, calculus on Banach spaces,
vector bundles, vector fields and dyna-
mical systems, tensors and differential
forms, integration on manifolds, appli-
cations to Hamiltonian mechanics, flu-

id mechanics, Maxwell's equations
thermodynamics and five delightful
appendices. Lie groups are not men-
tioned. Not everyone needs Lie groups
but the stage (and the titles of the series
and the books) is so well set up for them
that their absence is a pity. More
important, the absence limits the defi-
nitions of other concepts. For instance,
the basic definition of Killing-vector
fields requires the concept of group
action on a manifold. In this book
Killing-vectors are defined in the limit-
ed context of Riemannian geometry
(that is, isometries) as the vector fields
X satisfying Lxg = 0. A later example
tells us that the flow of X consists of
isometries, and isometries are defined
in a later excercise. The information is
there, but the picture is broken up into
three pieces. Similar remarks apply to
other concepts. The usual definition of
vector bundles includes a statement on
the group action of the structural group
on the typical fiber. Without it, the key
notions of structural group and transi-
tion functions, the distinction between
fibers at a point and typical fibers,
between trivialisable and trivialisa-
tions, are either absent or obscured.

Lie groups will, I believe, be an
important part of the second basic text,
and in this sense the present book is
only half a book. Comments on the
choice of topics, and their division
between the two books will be more
pertinent after the second book is
published. Depending on the audience,
the first book alone—or the two books
combined—could serve as a basis for an
excellent course in mathematical phys-
ics.

CECILE DEWITT-MORETTE

University of Texas, Austin

Relativity and Its Roots
B. Hoffmann
176 pp. Freeman, New York, 1983. $9.95

The greatest strength of this short and
very readable book, written by an
award-winning Einstein biographer,
lies in its thorough treatment of the
"roots," the history of ideas about the
relativity of motion. Though its tone
suits a lay audience, even a working
physicist may find some surprises in
this narrative.

Relativity, Banesh Hoffmann re-
minds us, is as old as Western philoso-
phy itself. Most of us know of Aristar-
chus of Samos, but he begins from
Philolaus, whose moving-Earth (but
not heliocentric!) cosmology came two
centuries earlier. He touches briefly
on the contributions of Nicolaus Coper-
nicus, Johannes Kepler, Galileo Galilei
and Rene Descartes on the way to the
most "interesting" case, that of Isaac
Newton. Here he dwells on the curious
fact that the very thinker who en-
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shrined relativity at the core of phys-
ical thought had grave misgivings
about the principle and desperately
defended his "absolute" space in the
face of the very cogent criticisms of
George Berkeley and Gottfried Wil-
helm von Leibnitz.

Hoffmann gives Immanuel Kant and
Ernst Mach their due but realizes that
it was the develpment of modern optics
that posed the greatest challenge to
relativity. On this part of the story he
lavishes his most careful attention.

The problem arose from James Brad-
ley's discovery, in 1728, of stellar aber-
ration. In its time, it posed no concep-
tual difficulties, and in fact led to the
best available estimate for the speed of
light. But a century later, in the
context of the wave theory of light and
the ether hypothesis, stellar aberration
pointed to a "stationary" medium and
spawned the ill-fated attempts to mea-
sure the absolute velocity of the Earth
optically.

Frangois Arago made the first of
these tries. In 1818 he sought the first-
order effect on the index of refraction of
glass as it turned in the ether "wind."
It was the failure to observe this effect
that gave rise to Augustin Fresnel's
hypothesis of a "partial drag" of the
ether, dependent on the index of refrac-
tion. This notion seems hopelessly
contrived now, and it did even then.
But after it was apparently "con-
firmed" by Armand Fizeau's ingenious
moving-stream experiment of 1851,
what was a natural philosopher to
believe?

We must remember that in that era
the wave theory of light, though widely
accepted, had not yet silenced all of the
skeptics. In the heat of this debate, it
was hard for most scientists to regard
light waves and the ether as separable
hypotheses, regardless of how awkward
the latter might sometimes appear.
That is why Albert Einstein's more
graceful analysis of the Fizeau result
would become a strong selling point for
special relativity.

When he deals with James Clerk
Maxwell's mechanical ether, with its
vortices and idle-wheels, Hoffmann's
otherwise faithful historical account
falters somewhat. It is not quite cor-
rect to represent Maxwell as discarding
the model once it had served its pur-
pose of guiding him to his equations.
Physicists who would like to get this
tangled story straight would do well to
choose Daniel Siegel as their guide (in
Conceptions of the Aether, edited by G.
N. Cantor and M. J. S. Hodge).

Like most good popularizers of Ein-
stein's theories, when he comes to
special and general relativity Hoff-
mann seeks a balance between formal
rigor and intuitive clarity. In his
initial discussions of each, he succeeds.
For example, he explicitly shuns the

common trap of confusing what is
actually seen with the picture recon-
structed after correcting for time-lags
of light signals. But his transitions to
formalism are sometimes a bit abrupt.
He resolves the "twin paradox" with
the aid of Minkowski diagrams, which
may satisfy physicists but have little
appeal to others. And his introduction
to the metric tensor will probably lose
most lay readers. The text is too brief
to do much more than display the bare

bones of the formalisms, without suffi-
cient applications to demonstrate their
power.

When we strive to convey the mean-
ing of relativity to the general public,
physicists must never forget that how-
ever natural it may seem to us to
regard the world as "a function of x, y, z
and (," it rarely seems so to them.

Relativity and its Roots could be of
some value as a supplementary text in
an undergraduate relativity course or
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New from Springer-Verlag
Integrated Optics: Theory and
Technology
2nd Edition
R. G. Hunsperger
Review of the first edition:
"This is a useful genera] view ... A good
aspect of this book is that lasers, wave-
guides and devices made in III-V semicon-
ductor materials are dealt with in some
depth ... [T]his book should be a useful
introduction for a graduate student to the
experimental aspects of integrated optics."

— Optica Ada
1984/approx. 345 pp./164 illus./
Cloth $29.00
(Springer Series in Optical Sciences,
Vol. 33)
ISBN 0-387-13078-0

The Physics of Hydrogenated
Amorphous Silicon I and II
Edited by J. D. Joannopoulos and
G. Lucovsky
Treating the general properties of all amor-
phous materials, these are the first books to
provide a broad — yet in-depth — look at
amorphous silicon.
Volume I: Structure, Preparation,
and Devices
1984/approx. 248 pp./209 illus./
Cloth $45.00
(Topics in Applied Physics, Vol. 55)
ISBN 0-387-12807-7'
Volume II: Electronic and Vibrational
Properties
1984/approx. 380 pp./200 illus./
Cloth $45.00
(Topics in Applied Physics, Vol. 56)
ISBN 0-387-12808-5"

Self-Organization and
Associative Memory
2nd Edition
T. Kohonen
This tutorial describes new approaches to
self-organization, adaptation, learning,
and memory. Properties of information
representations are examined from a gen-
eral perspective as their use in pattern
information processing is described.
1984/approx. 250 pp./60 illus./
Cloth $29.00
(Springer Series in Information Sciences
Vol. 8)
ISBN 0-387-12165-X

Excimer Lasers
2nd Edition
Edited by C. K. Rhodes
1984/approx. 260 pp./lOO illus./
Paper$25.00
(Topics in Applied Physics, Vol. 30)
ISBN 0-387-13013-6'

Number Theory in Science
and Communication
With Applications in Cryptography,
Physics, Biology, and Digital Information
and Computing
M. R. Schroeder
This applications-oriented introduction to
number theory makes the basics of the sub-
ject available to the non-mathematician. It
concentrates on the basic concepts rather
than formal proofs.
1984/324 pp./67 illus./Cloth $24.50
(Springer Series in Information Sciences,
Vol. 7)
ISBN 0-387-12164-1

New Proceedings...

Statics and Dynamics of
Nonlinear Systems
Edited by G. Benedek, H. Bilz, and R. Zeyher
1983/311 pp./117 illus./Cloth $27.00
(Springer Series in Solid-Stale Sciences.
Vol. 47)
ISBN O-387-I284I-7

Magnetic Phase Transitions
Edited by M. Ausloos and R J Elliott
1983/269 pp./103 illus./Cloth $29.00
(Springer Series in Solid-State Sciences,
Vol. 48)
ISBN 0-387-12842-5

Organic Molecular Aggregates
Electronic Excitation and Interaction
Processes
Edited by P Reineker, H. Haken, and
H.C. Wolf
1983/285 pp./113 illus./Cloth $29.00
(Springer Series in Solid-State Sciences,
Vol. 49)
ISBN 0-387-12843-3

Phonon Scattering in
Condensed Matter
Edited by W. Eisenmenger
1984/approx. 425 pp./325 illus./Cloth $28.00
(Springer Series in Solid-State Sciences,
Vol.51)
ISBN 0-387-12954-5

Stochastic Phenomena and
Chaotic Behaviour in
Complex Systems
Edited by R Schuster
1984/approx. 272 pp./110 illus./Cloth $31.50
(Springer Series in Synergetics, Vol. 21)
ISBN 0-387-13194-9

Synergetics
From Microscopic to Macroscopic Order
Edited by E. Frehland
1984/259 pp./146 illus./Cloth $33.00
(Springer Series in Synergetics, Vol 22)
ISBN 0-387-13131-0

Synergetics of the Brain
Edited by E. Basaretal.
1984/380 pp./192 illus./Cloth $34.00
(Springer Series in Synergetics, Vol. 23)
ISBN 0-387-12960-X

Chaos and Statistical Methods
Edited by Y. Kuramoto
1984/approx. 250 pp./120 illus./Cloth $32.00
(Springer Series in Synergetics, Vol 24)
ISBN 0-387-13156-6

Also of Interest...

Superior Beings: If They Exist, How
Would We Know?
Game Theoretic Implications of
Omniscience, Omnipotence, Immortality,
and Incomprehensibility
Steven J. Brams
'"Professor Brams has boldly invaded an unex-
plored region where modern game theory and
decision theory find applications to monotheistic
theology. His carefully constructed arguments
would have perplexed Maimonides, Aquinas,
Luther or the great Muslim thinkers."

— Martin Gardner
1983/202 pp./32 illus./Cloth $21.95/
Paper$11.95
ISBN 0-387-91223-1 (cloth)
ISBN 0-387-90877-3 (paper)

To order write:
Springer-Verlag New York Inc.
175 Fifth Ave., New York, NY 10010

Springer-Verlag
New York Berlin Heidelberg Tokyo
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to anyone interested in the historical
roots of contemporary science.

ROBERT MARCH
University of Wisconsin
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Advances in Nuclear Science and Tech-
nology. Vol. 16. J. Lewins, M. Becker, eds.
572 pp. Plenum, New York, 1984. $89.50

Dictionary of the Environment. Second
Edition. M. Allaby. 529 pp. NYU Press, New
York, 1983. $50.00

Fuel Economy in Aviation. J. L. Ethell.
Ill pp. NASA, Washington, D.C., 1983.
$15.00. recent history

The Man-Made Sun: The Quest for Fu-
sion Power. T. A. Heppenheimer. 347 pp.
Little, Brown, Boston, 1984. $19.95.

Advances in Nuclear Science and Tech-
nology. Vol. 16. J. Lewins, M. Becker, eds.
572 pp. Plenum, New York, 1984. $89.50

Nuclear Radiation: Risks and Benefits.
Monographs on Science, Technology, and So-
ciety. E. Pochin. 197 pp. Oxford, New York,
1983. $32.50. lay readers

Ouiti i Electniics aid Lasers

Advances in Laser Spectroscopy. Vol. 2.
B. A. Garetz, J. R. Lombardi, eds. 261 pp.
Wiley, New York, 1983. $44.95

Laser Interaction and Related Plasma
Phenomena. Vol. 6. Proc. Workshop, Oc-
tober 1982, Monterey, Cal. H. Hora, G. H.
Miley, eds. 1161 pp. Plenum, New York,
1984. $135.00

Excimer Lasers. Second Edition. Topics in
Applied Physics 30. C. K. Rhodes, ed. 271 pp.
Springer-Verlag, New York, 1984. $25.00

Laser: Supertool of the 1980s. J. Hecht, D.
Teresi. 264 pp. Ticknor & Fields, New York,
1984. $8.95. lay readers

Tleirt m MMeiitiMl Pkysics

Self-Organization and Associative
Memory. Springer Series in Information
Sciences 8. T. Kohonen. 255 pp. Springer-
Verlag, New York, 1984. $29.00. text

Synergetics from Microscopic to Macro-
scopic Order. Proc. International Sympo-
sium, Berlin, July 1983. Series in Synergetics
22. E. Frehland, ed. 258 pp. Springer-Ver-
lag, New York, 1984. $33.00

Gaussian Basis Sets for Molecular Calcu-
lations. Physical Sciences Data 16. S. Huzin-
aga, ed. 426 pp. Elsevier, New York, 1984.
$102.00. data

Causal Quantum Theory. J P. Wesley.
405 pp. B. Wesley, Blumberg, FRG, 1983. no
price stated, monograph of original research

A Development of Quantum Mechanics:
Based on Symmetry Considerations. G.
H. Duffey. 342 pp. Reidel (US dist. Kluwer,
Hingham, Mass.), 1984. $60.00. undergradu-
ate text

Noise-Induced Transmissions: Theory
and Applications in Physics, Chemistry,
and Biology. Series in Synergetics 15. W.
Horsthemke, R. Lefever. Springer-Verlag,
New York, 1984. $42.00

Hyperbolic Partial Differential Equa-
tions: Populations, Reactors, Tides and
Waves: Theory and Applications. M.
Witten, ed. 244 pp. Pergamon, Elmsford,
N.Y., 1984. $37.50

Structural Equation Geometry: The In-
herent Properties of Curves & Coordi-
nate Systems. J. L. Kavanau. 506 pp.
Science Software Systems, West Los An-
geles, Cal., 1983. $16.95. undergraduate text

Multiresolution Image Processing and
Analysis. Workshop, Leesburg, Virginia,
July 1982. Series in Information Sciences, A.
Rosenfeld, ed. Springer-Verlag, New York,
1984. $29.00

Weak Interactions: Formulae, Results,
and Derivations. H. Pietschmann. 202 pp.
Springer-Verlag, New York, 1983. $28.00

Nonlinear Oscillations, Dynamical Sys-
tems, and Bifurcations of Vector Fields.
Applied Mathematical Sciences 42. J. Guck-
enheimer, P. Holmes. 453 pp. Springer-Ver-
lag, New York, 1983. text

Nonlinear Waves. L. Debnath, ed. 360 pp.
Cambridge, New York, 1983. $39.50.
compendium

The Wave-Particle Dualism: A Tribute
to Louis de Broglie on His 90th Birthday.
S. Diner, D. Fargue, G. Lochak, F. Selleri,
eds. 566 pp. Reidel (US dist. Kluwer,
Hingham, Mass.), 1984. $76.00
Theory of Symmetry Changes at Contin-
uous Phase Transitions. J. Kocinski. 290
pp. Elsevier, New York, 1983. $65.50. gradu-
ate text

Quasilinearization and the Identifica-
tion Problem. Ser. in Modern Applied
Mathematics 2. R. Bellman, R. Roth. 207 pp.
World (US dist. Heyden, Philadelphia),
1983. $30.00 cloth, $17.00 paper, text

Supersymmetry and Supergravity, Proc.
19th Winter School and Workshop of Theo-
retical Physics, Poland, February 1983. B.
Milewski, ed. 578 pp. World (US dist. Hey-
den, Philadelphia), 1983. $60.00

Stochastic Phenomena and Chaotic Be-
havior in Complex Systems. Proc. Fourth
Meeting of UNESCO Group on Systems
Analysis, Flattnitz, P. Schuster, ed. 271 pp.
Springer-Verlag, New York, 1984. $31.50

Introduction to Modern Physics. Second
Edition. J. D. McGervey. 756 pp. Academic,
New York, 1983. $28.00. undergraduate text

Non-linear and Collective Phenomena in
Quantum Physics. J. L. Gervais, M. Jacob,
eds. 580 pp. World (US dist. Heyden, Phila-
delphia), 1984. $28.00. reprints from Physics
Reports

The Quest for Quarks. B. McCusker. 160
pp. Cambridge U.P., New York, 1984.
$14.95. lay readers

Proceedings of the Ninth International
Conference on General Relativity and
Gravitation, Jena, July 1980. E
Schmutzer, ed. 312 pp. Cambridge U.P., New
York, 1984. $69.50

Number Theory in Science and Com-
munication. Information Sciences Ser. 7. M.
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