
visual observations; reflectors re-
placed refractors. The new physics of
atomic spectra replaced the gravita-
tional physics of binary stars, planets
and the solar system. Eye on the Sky
emphasizes the early years, with only
40 pages for the last 40 years. It
covers the building of the 120-inch
reflector and the introduction of elec-
tro-optical sensors. Application of the
"new physics," in any epoch, requires
that the "new astronomy" renew
itself as it deals with a continuously
varying subject matter.

The two books overlap consider-
ably; the Keeler biography gives more
detailed source material and brief
sketches of the astronomical estab-
lishment of that period. Important
figures then included Samuel Lang-
ley, Simon Newcomb, Edward Picker-
ing, Henry Rowland and the rising
star, George Ellery Hale at Chicago, a
strong supporter of Keeler. (Hale and
Keeler were cofounders of the Astro-
physical Journal in 1895.) A group of
San Francisco businessmen and poli-
ticians persuaded James E. Lick
(1796-1876) to give $700 000 to build a
telescope "superior to and more pow-
erful than any telescope yet made."
Lick, with little education, a carpen-
ter turned piano maker, had made
himself into a real-estate tycoon in
San Francisco. He had a strong
layman's interest in the planets and
stars, and no close family. Joseph
Henry and Louis Agassiz called on
him. He created a board of trustees
(which took excellent advice) to build
the 36-inch refractor, the largest in
the world. It was sited not at the
university, but on 4200-foot Mount
Hamilton, making it the first moun-
tain observatory above the tempera-
ture inversion. With the sea fog kept
below, there was stable air, that is,
good "seeing," above the telescope
much of the year. Only later did the
growth of city lighting impede obser-
vation of faint objects. In 1888 the
Lick trustees, led by the Civil War
veteran Captain Richard Floyd, trans-
ferred the finished telescope and
buildings to the regents of the Univer-
sity of California. There was a negli-
gible endowment. The 36-inch re-
mained the largest telescope in the
world for only ten years, but its
excellent location and devoted, if
small, staff kept it at the frontier
until Hale built 60- and 100-inch
reflectors on Mount Wilson (1918),
with similar climatic advantages.
But with the installation of its 120-
inch reflector in 1959, the Lick re-
turned to the competition.

Competitive "big science" in the US
began with the Lick, and some prob-
lems of big science were evident from

the start. The University of Califor-
nia was stingy with its support. The
first—traditionally all-powerful—di-
rector, Holden, who served from 1888
to 1897, proved disastrous, and the
experiment of having staff dwell to-
gether on that isolated mountain did
not always make life easy. Both
books contain more details of internal
strife within the "family" of scientists
than we may wish to know. Yet
problems posed by the emergence of
scientific novelties were successfully
encountered at Lick. Photographic
spectroscopy with the large refractor
gave orbital velocities in binary stars,
supplementing masses from visual
binaries. Because the staff had
enough observing time, major long-
duration programs were carried out
successfully. A 36-inch reflector,
bought for essentially nothing, per-
mitted second director Keeler (who
had studied with Rowland) to obtain
beautiful photographs of nebulae hav-
ing either emission-line or absorption
spectra—the former from gas clouds
in the Milky Way, the latter from
stars in "extragalactic" nebulae or
galaxies. (The distinction only be-
came obvious after Edwin Hubble
established that the Andromeda spi-
ral "nebula" and others like it lay
outside the Galaxy.) Among Keeler's
discoveries were the exact wave-
lengths of the "nebulium" lines in
gaseous nebulae, different from any
then known in the laboratory, and
later shown to be "forbidden" atomic
transitions. [See the article by Leo
Goldberg on page 38.] Osterbrock's
biography of Keeler reflects how diffi-
cult a research career was a century
ago, and how important a few individ-
uals could be in building institutions
that survived on private funds.

Students were supported by small
Lick Fellowships, and had austere
living accommodations. Twenty per-
cent of the PhDs before 1931 were
women. Such history seems particu-
larly relevant now that science, at the
end of a happy epoch of dependence
on a gush of Federal money, worries
about the shaky foundation of univer-
sity-scale projects, about continued
postdoctoral education, about how
young scientists can test new ideas.
Can energetic leaders again find
equivalents of a James Lick? Obser-
vational astronomy became one of the
most cost-effective "big sciences" in
the US while remaining largely de-
pendent on the private and state-
university sector. Among Ludwig
Boltzmann's autobiographical papers
is an idiomatic and amusing account
of a 1905 trip to California. He
delights in his meetings with the
philanthropic widows of Leland Stan-

ford and George R. Hearst. On his
visit to the Lick Observatory, he
looked at Mars through the 36-inch
refractor and remarked, "Gliicklich
das Land wo Millionare ideal denken
und Idealisten Millionare werden
[Happy the country where million-
aires are idealists, and idealists be-
come rich]." Would that he were
right.

I recommend both books, Eye on the
Sky for its scientific and cultural
information about a great institution,
and Keeler for those more interested
in the difficult life of the scientific
pioneer.

JESSE L. GREENSTEIN
California Institute of Technology

BOOK NOTE
First Light: The Search for
the Edge of the Universe

Richard Preston
Atlantic Monthly P.,
New York, 1987. 263 pp.
$18.95 he ISBN 0-87113-200-1

In Darkness Born: The
Story of Star Formation

Martin Cohen
Cambridge U. P.,
New York, 1988. 196 pp.
$19.95 he ISBN 0-521-26270-4

Thursday's Universe:
A Report from the
Frontier on the Origin,
Nature and Destiny of
the Universe

Marcia Bartusiak
Times Books (Random House),
New York, 1986. 306 pp.
$19.95 he ISBN 0-8129-1202-0

The flood of books on astrophysics for
lay readers continues with this trio,
which demonstrate different ap-
proaches to science popularization.

In First Light, journalist Richard
Preston, a nonscientist, provides
graphically detailed portraits of a few
observational astrophysicists, par-
ticularly of Maarten Schmidt and
James Gunn observing at Palomar.
He uses reconstructed dialogue from
oral interviews and novelistic detail
to give a human dimension to scientif-
ic research. Its subtitle, "The Search
for the Edge of the Universe," is
identical to that of Timothy Ferris's
The Red Limit (second edition, Quill,
New York, 1983). With its close focus
on practical observing—often with
recalcitrant gadgets—Preston's book
conveys well the spirit of comments
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The popular PRO-MATLAB and application
specific TOOLBOXES are now available on a
wider variety of computers! PRO-MATLAB,
called PC-MATLAB on personal computers,
is the premier interactive program for nu-
merical linear algebra and matrix computa-
tion. With its unique matrix interpreter,
complex arithmetic, signal processing
algorithms, easy extendibility, and mathe-
matical orientation, MATLAB has rapidly
become the software system of choice for
high-powered scientific research.

MATRIX COMPUTATION
MATLAB provides easy access to matrix software
from LINPACK and EISPACK including linear
algebra functions like eigenvalues, linear-equation
solution, least-squares, inverse, pseudoinverse,
matrix exponential, singular value decomposition,
and almost anything else you can think of to do with
matrices. MATLAB is also chock full of other
analytical capabilities including complex and polyno-
mial arithmetic, curve fitting, cubic splines, nonlinear
optimization, quadrature, ordinary differential equa-
tions, and multivariate statistics. Altogether, there
are over 200 functions available.

TIME-SERIES ANALYSIS
Optional Toolboxes extend MATLAB , providing
additional application-specific capabilities. It is a
testimonial to the power of MATLAB that Toolboxes
are written entirely in MATLAB itself - with no
Fortran or other "low-level" programming
required. For example, the SIGNAL
PROCESSING TOOLBOX is a collection of
MATLAB functions for time-series analysis,
including filtering, filter design,
resampling (decimation and
interpolation), convolution,
correlation, 2-D operations,
and power spectrum
estimation (FFT-based spectral
analysis). Other Toolboxes include
the SYSTEM IDENTIFICATION
TOOLBOX, for parametric modeling,
and the CONTROL SYSTEM TOOLBOX for
control system engineering and

HI'modeling.

Computers
PC and RT Compatibles
80386 Computers
Macintosh
Sun Workstations
flpollo Workstations
URH LIMS and Unix

FAST, ACCURATE AND RELIABLE
MATLAB not only solves mathematics and physics
problems - it does it fast. The carefully optimized
code fully utilizes any available floating point
hardware for maximum performance. For example,
on a PC it takes less than 1 second to multiply
20 x 20 matrices and 2.3 seconds to invert them. A
1024 point FFT finishes in 2.4 seconds! On larger
machines, the efficient C and assembly language
code is even more remarkable. You won't have to
question the results either - the numerical algorithms
have been programmed by leading experts in mathe-
matical software.

2-D AND 3-D COLOR GRAPHICS
Graphics tools let you make publication quality 2-D,
3-D, linear, log, semi-log, polar, and contour plots on
your plotters, dot-matrix-, and laser-printers. You
can get rid of your Fortran compiler because you'll
finally have a program with a "modern" user inter-
face to your scientific computation!

OPEN SYSTEM
Many of MATLAB "s features are implemented in
programmable M-files, made possible because of
MATLAB's open-system philosophy. Since MAT-
LAB is the teaching and research system chosen by
Physics, Computer Science and Mathematics depart-
ments at most leading universities, you can look
forward to an exciting future of new algorithmic de-
velopments from leading experts in mathematical and
signal processing software.
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• Fully integrated design including

gaussmeter, temperature controller,
PC, magnet, and power supply.

• 1.2K to 750 C temperature range
• Unsurpassed noise performance
• 10"3 emu sensitivity
• 5 x 10"5 emu noise floor
• Menu-driven IBM compatible system
• Auto hysteresis scan with 0 to ZT

field range
• Automatic temperature slewing

Applications include:
• Meissner Effect
• Magnetic Susceptibility
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readout
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characterization
Send for your FREE information
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Jams Quality!
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by Caltech astrophysicist Jesse
Greenstein, quoted in The Red Limit:
"When you're in the observer's cage
of the 200-inch, the telescope turning
and the stars going by, it's romantic,
beautiful, marvelous, but on the other
hand it's uncomfortable, tedious,
bone-cramping and you get sleepy."
Unlike The Red Limit, Preston's book
has no index, no bibliography and no
illustrations. Still, this is a book that
a teenager, perhaps a potential scien-
tist, might particularly enjoy reading.

In Darkness Born is by Martin
Cohen, a professional astrophysicist
writing about his own specialty. The
focus is very much on detailed scien-
tific findings, with the human ele- !
ment obscured. Those who are al-
ready regularly reading articles on
astrophysics in, say, Scientific Ameri-
can, Sky and Telescope or PHYSICS
TODAY will probably enjoy reading
this book about star formation.

Thursday's Universe presents an
assessment of both observational and
theoretical cosmology. Of the three
books it takes the most ambitious—
and potentially the most hazard-
ous—approach in attempting to de-
scribe the rapidly expanding re-
search frontier in cosmology. Yet
nearly two years after its publication
the book remains both timely and
comprehensive. The author, Marcia
Bartusiak, is a journalist with phys-
ics training. Clearly Bartusiak has
talked to numerous people and dis- ,
tilled the information well. The
book has a good balance between
carefully written science and quick
sketches of those who are mapping
the cosmic landscape. This is a con-
venient book for the lay reader or
nonspecialist to read for background
on the hot topics cosmologists are
discussing among themselves at
their technical meetings.

—PER H. ANDERSEN

NEW BOOKS
Astrophysics
Astrophotography. Proc. IAU Wksp.,
Jena, GDR, April 1987. S. Marx, ed. Spring-
er- Verlag, New York, 1988. 241 pp. $45.00
he ISBN 0-387-18498-8

Astrophysical and Laboratory Spectros-
copy. Scottish Universities Summer School
in Physics 33. Proc. Sch., St. Andrews, UK,
September 1987. R. Brown, J. Lang, eds.
SUSSP, Edinburgh, UK, 1988. 415 pp. £24 he
ISBN 0-905945-16-6

The Harlow-Shapley Symposium on
Globular Cluster Systems in Galaxies.
International Astronomical Union Sympo-
sium 126. Proc. Symp., Cambridge, Mass.,


