
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-
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densed matter and related topics and
techniques.

Baltes and Hilf have provided a de-
tailed and concise review of Weyl's prob-
lem for which, having researched in this
area extensively, they are well suited.
The monograph is quite readable and
stresses physical applications as opposed
to pure mathematics, in contrast to
Clark's review. The bibliography is large
and the various contributions well docu-
mented, so that the monograph is a valu-
able guide to the literature. A post-
deadline note brings the review up to
1975.

JOHN L. CHALLIFOUR
Indiana University

Bloomington

Remote Sensing of
Environment

J. Lintz Jr, D. S. Simonett, eds.
694 pp. Addison-Wesley (Advanced Book
Program), Reading, Mass., 1976. $27.50

With the launching in 1973 of the Land-
sat-1 satellite, a new era in remote sensing
began. The relatively low cost and wide
availability of Landsat data have aroused
the interest of scientists and planners
throughout the world. During the ensu-
ing years, the data have been applied to a
wide variety of problems, such as mineral
exploration, mapping and monitoring of
water resources, land-use mapping and
planning, and the monitoring of agricul-
tural crops. Landsat thus joins a list of
remote-sensing data sources: aerial
photography, aerial gravity and magnetic
surveys, and imaging radar, to name a few.

PHOTO. RCA ASTRO-ELECTRONICS

Gianl Antarctic iceberg photographed by the
NOAA-5 satellite from 900 miles aloft.

Now we are beginning to see texts—of
which this is one—that bring together the
diverse aspects of remote sensing.

The authors concentrate on the group
of measurements involving electromag-
netic fields, from the ultraviolet through
the visible to the radio frequencies. They
treat remote sensing, with the associated
techniques for data interpretation, as a
more or less unified field, in which the
various sensors all play a part. The edi-
tors, Joseph Lintz Jr and David S. Simo-
nett, have assembled a series of papers on
the science aspects of the field (atmo-
spheric effects, photographic systems,
nonphotographic sensors, passive micro-
wave systems, active microwave sys-
tems—including imaging radar—and
airborne geophysical systems), on some of
the data-processing techniques (computer
multispectral processing, in particular),
on the need for system design and for
adequate ground truth, and on remote-
sensing applications.

The first section of the book deals with
the principles of sensing with the elec-
tromagnetic field, then with the effects
associated with the atmosphere; this is
followed by a thorough discussion of a
number of philosophical points affecting
the interpretability of the data. All of the
points are well taken, although the
treatment is somewhat uneven: The
section on the atmosphere leaves one with
the feeling that the atmosphere causes a
lot of problems, but it does not indicate
any good solution for them. The re-
mainder of this section conveys the feeling
that remote sensing is here to stay.

In the second part, the authors discuss
a number of systems for remote sensing.
Treatment of the photographic systems
is superficial, although this may be justi-
fied on the grounds that a number of
other excellent volumes cover the subject;
little information is transferred to the
reader. The chapters on nonphotogra-
phic sensors and on passive microwave
systems, on the other hand, give the
reader a good feel for these subjects, with
enough mathematics to illustrate the
techniques and the problems. The dis-
cussions on both passive and active mi-
crowave measurements leave the reader
with the feeling that the sensors are seeing
something, but it is not clear just what. A
better apologia would have been useful,
although this probably represents the
current state of the art. The discussion
on the Landsat-D (scheduled for 1981)
spectral bands shows the problems the
editorial process has in keeping up with
the designers—several of the parameters
listed (some of the spectral bands and the
local time of sensing) have been changed
during the time it took to assemble the
book; but the discussion of the parameters
is good—it is to be hoped that the authors
have a chance to update this in a second
edition.

The discussion on data processing and
ground truth is by no means a textbook on

the subject, nor was it meant to be. The
discussion is heavy on pattern recognition
and multispectral analysis. This gives
the reader a good feel for the generalities
of the subject, but it must be left to other
texts to give practical embodiments of the
ideas. A number of other areas of ma-
chine processing, such as geographical
registration and data-base systems, are
treated only lightly; the unwary reader
may be left with the idea that multispec-
tral analysis is the only important area of
machine processing. I found the treat-
ment of ground truth and mission opera-
tion refreshing: This is the area in which
it all comes together—the total system
approach, with the realization of re-
quirements for the totality of data nec-
essary to solve a given problem. Landsat
by itself (or any other single sensor) is not
necessarily the total solution. The
problem being solved is the driver, not the
need to use any given sensor. Bravo!

In the final portion of the book are a
group of sections on various real-problem
application areas. These form a fitting
end to the discussions. Each section, in
its own area, pulls together the concepts
elucidated in the preceding portions of the
book and serves as an overview of its dis-
cipline.

This book will be excellent reading for
an introductory college-level course or for
anyone desiring a general overview of the
field of remote sensing with strong em-
phasis on potential future systems and
wishing to obtain the concepts without
being troubled with the details of the
techniques. For the technique-oriented,
other, more detailed texts will be re-
quired.

FRED C. BILLINGSLEY
Earth Observations Programs
Office of Applications, NASA

Washington, D.C.

Medicine and
Clinical Engineering

B. Jacobson, J. G. Webster
674 pp. Prentice-Hall, Englewood Cliffs,
N.J., 1977. $25.00

The impact of physics and engineering on
the technology related to the medical care
of patients in hospitals continues to in-
crease. With the exception, however, of
some areas of instrumentation and, par-
ticularly, in radiology and nuclear medi-
cine, a friendly environment for physicists
and engineers in hospitals is developing
at a much slower rate than many people
expected when the concept of "health-
care delivery" became a national objective
some years ago. Nevertheless this effort,
which is beginning to gather under the
banner of "clinical engineering," is
showing steady growth. Many hospitals
now have established departments of
clinical engineering, and a number of
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