
The treatment is highly mathematical
and not for the casual reader. The
physics sometimes gets lost in the math.
The book must be read from page one,
and the reading is not made easier by oc-
casionally imprecise language and an in-
adequate index. Experimental results
are rarely mentioned. The book's
strength is the detailed mathematical
exposition; it is an ideal book for a grad-
uate student or researcher who wants to
learn the mathematical treatment of
successive atomic jumps in medium-
complicated systems.

Stark's book is close to John Manning's
Diffusion Kinetics for Atoms in Crystals
in content. Stark's treatment is more
detailed; Manning ranges somewhat wider
and deeper. The choice between the two
is really a matter of taste. Neither is
suitable as a text in an advanced-under-
graduate or beginning-graduate materi-
als-science course on diffusion (and how
badly such a text is needed!). Both could
be used in advanced graduate seminars.

STEVEN J. ROTHMAN

Materials Science Diuisinn
Argonne National Laboratory

Argonne, III.

The Cosmic Frontiers of
General Relativity

W. J. Kaufmann III
306 pp. Little, Brown, Boston, 1977.
$12.95 clothbound, $6.95 paperbound

Our culture no longer presumes that
Man's immediate fate is tied to the stars,
and so we spend incomparably less effort
in studying them—as a fraction of our
total effort—than did, for example, the
neolithic people who built Stonehenge.
William Kaufmann points out that the
annual cost of even the Apollo project was
less than one-third of what Americans
spend on cigarettes and about equal to
what they spend on dog food. Yet the
day may not be far off when we shall use
outer space again—to travel, to work,
perhaps to survive. Kaufmann's new
book is therefore timely: It vividly at-
tempts to familiarize poets and liberal-
arts students with some of the more ar-
cane aspects of the modern cosmos.

The first two-fifths of the book contains
an elementary introduction of the usual
kind to special and general relativity and
to the physics of stars. But the rest is
quite unusual; it is devoted almost en-
tirely to black holes. These come in
Schwarzschild, Reissner-Nordstr0m,
Kerr and Kerr-Newman varieties (having
mass, mass and charge, mass and rotation,
or mass and charge and rotation respec-
tively). The book concentrates on Kerr
holes, which are by far the most important
in practice. A Kerr black hole is a
spacetime warp with an incredibly com-
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Squeezing in the infinite reaches of space-time. In Kaufmann's book bulldozers provide an analogy
to the mathematical technique of conformal mapping that provides a "handle" on remote regions.

plicated topology. It is connected
smoothly to infinitely many universes
similar to ours, rather like a branch point
of an infinite-sheeted Riemann surface.
Part of a Kerr hole could be realized when
a rotating star collapses through its hori-
zon under its own gravity, but the com-
plete (theoretical) Kerr hole would have
to be created from scratch, like a minia-
ture universe—and perhaps even con-
currently with the universe in which we
live.

Kaufmann undertakes to discuss these
complicated matters entirely without the
help of mathematics. Not a single equa-
tion contaminates the text. For example,
the invariant interval of special relativity
is not defined here as dx2 + dy2 + dz2 -
c2dt2 but is, rather, described thus:
"Three of the pieces that comprise the
interval come from measurements of the
distances (up-down, left-right, forward-
back) . . . the fourth piece comes from the
amount of time . . ." Again, in the de-
scription of the Penrose diagrams so
useful for the understanding of black
holes, we are told to think of bulldozers
(and a figure illustrates this) bringing the

infinite portions of spacetime to finite
positions where they can be looked at and
studied. The simple transformation x =
tan x', which pulls distances in from in-
finity and which would clarify the matter
at once to anyone having even the rudi-
ments of a mathematical education, is
barred by the self-imposed rules of the
game. And, of course, there are no ref-
erences to the literature.

Kaufmann's method is largely graphi-
cal. Over 200 well-conceived and finely
executed diagrams guide the reader's in-
tuition. The two main devices are Pen-
rose diagrams and a long series of illus-
trations (rather too long, for my taste)
showing what astronauts (always carefully
designated as "he or she") would see on
approaching—or passing through—a
black hole along various paths. As for the
Penrose diagrams, we are told how to fit
the various blocks together and what they
mean physically. Of course, no justifi-
cation for all this can be made without
recourse to the mathematics of the Kerr
solution, and so everything must be taken
on trust. Nevertheless, by playing with
these diagrams the reader should come to
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understand—at a certain level—how one
can move through the horizons from one
universe to another, how one can pass
through the ring singularity to a nega-
tive-gravity universe, how a star collaps-
ing to a black hole can emerge as a white
hole in another universe, how the Kerr
solution permits journeys into the past
(closed timelike lines), how "naked
singularities" and "blue sheets" arise and
other such esoterica.

I enjoyed reading this book. But I kept
wondering how the poets for whom it was
written, those who have no inkling of the
Kerr mathematics nor, perhaps, the spa-
tial intuition to grasp a complicated to-
pology, will fare. I also wondered if they
are not told here more than they ever
wanted to know about black holes. On
the other hand, I would recommend the
book—at least in part—with confidence
to the serious student who has a playful
turn of mind. Although such a student
can find all he needs in, for example,
Stephen Hawking's and George Ellis's
beautiful and rigorous book The Large-
scale Structure of Space-Time, he will
find in Kaufmann's book an amusing and
stimulating supplement.

WOLFGANG RINDLER
University of Texas at Dallas

Richardson

Spectra of Finite Systems

H. P. Baltes, E. R. Hilf
116 pp. Bibliographisches Institut, Zurich,
1976. Dm 24.00

A famous problem in mathematical
physics is the determination of the ei-
genvalues for the Laplace operator on a
suitable bounded open region in Euclid-
ean space with various boundary condi-
tions (Dirichlet, Neumann or mixed);
generally the eigenvalues are non-nega-
tive, increasing without finite accumula-
tion and having finite multiplicity. This
same problem arises for the wave equa-
tion after Fourier-transforming the time
variable (Helmholtz equation). In 1911
Hermann Weyl initiated a general study
of the eigenvalue distribution by giving an
asymptotic expansion for large eigenval-
ues in which the first term depended only
on the volume of the region and not the
shape of the boundary. Richard Courant,
using minimax techniques, (1920) gave
remainder estimates. In 1934 T. Carle-
man opened a new chapter by employing
Tauberian methods to estimate the as-
ymptotic behavior of the corresponding
eigenfunctions as well as recovering
Weyl's results. These methods have been
used in the modern mathematical theory
for more general classes of elliptic opera-
tors, as reviewed by Colin Clark (1967).

The monograph by Heinrich Baltes and
Eberhard Hilf gives another review of
these questions, spanning some sixty

years, and includes not only the Laplace
operator (scalar case) but also similar
questions for electromagnetic fields in
bounded cavities and deformations of
elastic media. Work in the last decade
has centered on refining Weyl's asymp-
totic expansion by the use of averaging
techniques to sort out various boundary
dependences in higher-order terms. The
authors give an overview of this in their
fourth chapter, with the cases of a square
and a cube detailed in the next chapter.

General two- and three-dimensional
regions constitute the content of Chapter
6. For the two-dimensional scalar prob-

lem with suitable boundary constraints
the higher-order terms depend upon
boundary length and curvature. The
discussion draws on results of Frank H.
Brownell (1957). For further reading, the
fine article by Marc Kac (1966) entitled
"Can One Hear the Shape of a Drum" is
recommended. The authors conjecture
that one can, provided the overtones have
a lattice-type spectrum given by a sym-
metric quadratic form on the integers
(pages 42 and 64). Remaining chapters
deal with remarks on acoustics, perfect
gases, models of the nucleus, black-body
radiation, correlation functions, con-

Part of an 8.4 MW HV DC Power Supply which
HIPOTRONICS recently delivered to Oak Ridge National
Laboratories for continued research in Nuclear Fusion!
When the requirements got tough
Hipotronics got the call. Oak Ridge
needed 168 kilovolts at 50 Amps for
the next phase of development of
their Fusion Reactor. So they turned
to Hipotronics, the leader in high volt-
age technology. They got exactly
what they wanted, a well regulated
high power supply that is rugged
enough to withstand repeated crow-
bar shorts with no damage to the
power supply.
Innovative design approaches are
everyday occurrences at Hipotronics
We design, manufacture and fabri-
cate every important component
and our facilities are the largest and
finest in the industry. That allows us
the flexibility to meet the most de-
manding specifications and condi-
tions of high technology programs
such as Neutral Beam Iniectors and
High Power Lasers.

Hipotronics has also manufactured a
wide range of high voltage power
supplies for other applications:
• Capacitor Bank Charging
• Klystron Tubes
• Travelling Wave Tubes
• High Powered Lasers
• Accelerators
Whatever your requirements, pulsed
or continuous duty, brute force or
finely regulated, call us.
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