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Despite centuries of observations of the
night sky, it was not until early in this
century that the existence of matter in the
“empty space” between the stars was in-
ferred from observations of atomic absorp-
tion lines in stellar spectra that had different
Doppler shifts from the stars themselves,
suggesting “clouds” of atomic gas along the
line of sight. In the 1930s absorption lines
of a few simple diatomic molecules were also
observed in the interstellar gas, but unil
quite recently it was believed that most
astrophysical environments, and certainly
the interstellar medium, were too hostile for
chemical (that is, molecular as opposed to
atomic or nuclear) processes to be impor-
tant. The introduction of radio astronomy
in the 1950s proved an excellent means for
studying the interstellar gas via observations
of the 2l-centimeter wavelength fine-
structure transition of atomic hydrogen. Al-
though many molecular species also have
strong transitions at radio frequencies, they
were not expected to be present in the
interstellar gas and no one looked for them
(with the exception of the simple hydroxyl
radical, detected in 1963) until 1968 when
ammonia was observed. This evidence
prompted the search for other molecules in
the interstellar gas, and within a few years
dozens of additional species (including wa-
ter, carbon monoxide, alcohols, aldehydes,
and organic acids, nitriles, and amines) were
identified, ushering in the whole new field of
molecular astrophysics.

It is now apparent that the interstellar gas,
although quite diffuse, contains an amount
of matter comparable to that in the stars,
divided approximately equally between
atomic regions and molecular regions. Fur-
ther, interstellar molecular clouds are inti-
mately tied to stellar life cycles, being the
material from which stars are created and the
repository for various stellar ejecta. Studies
of molecular clouds have therefore provided
a better understanding of stellar evolution as
well as the morphology, energetics, and
kinematics of the interstellar gas itself. Be-
cause physical conditions in these objects
(extremely high vacuum and low tempera-
tures) are typically quite different from those
obtainable in the terrestrial laboratory stud-
ies of interstellar molecules have also fos-
tered new insights into molecular properties
and processes.

During its short existence, molecular as-
trophysics has become an important subdis-
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cipline of astronomy and is still growing
rapidly, mostly through extending observa-
tions to higher frequencies that generally
must be observed from above the atmo-
sphere. Molecular Astrophysics is a collection
of review articles covering most aspects of
current research in this field. The first two
chapters (part 1) provide an overview of
molecular clouds (their distribution, physi-
cal properties, and chemical composition) in
the Milky Way and in other galaxies, respec-
tively. A chapter by Myers that gives a lucid
general summary of cloud structure, mo-
tions, and evolution would appear to belong
in part 1 also but is found much later in the
book. Molecular clouds are generally classi-
fied as diffuse or dense: the former are
translucent to visible and ultraviolet light so
that photochemical processes are important,
whereas the latter are opaque. (It should be
noted that the extinction is due not to the
gas itself but to the associate dust particles
or “grains”.) Diffuse clouds are considered
in the next three chapters, which make up
part 2. Van Dishoeck gives a good summary
of the chemistry in these clouds. Early chem-
ical studies, which assumed simple physical
models for the clouds, predicted abundances
in harmony with observations for many
species, but a few discrepancies, notably
excess abundances of CH™, remained. It is
now thought that shock waves passing
through the clouds modify some of the
abundances and explain these data. Langer
discusses observational evidence for such
velocity structure, and Hartquist, Flower,
and Pineau des Foréts discuss the theory of
shock waves and how they affect the chem-
istry. The next three chapters (part 3) dis-
cuss chemistry in dense clouds. One of the
oustanding problems has been the nature of
grains and their possible (catalytic) role in
the chemistry. Whereas the line spectra of
gas-phase  molecules give unambiguous
identifications, the broad spectral features
attributed to the grains leave room for con-
jecture about their composition. Recently,
new, if indirect, information has been ob-
tained from exploration of Halley’s comet
and study of interplanetary dust particles
collected in the stratosphere; the chapter by
Buch gives a very good discussion of the
grains and their chemistry in light of these
new data. A related controversial area has
been the existence of “large molecules” and
whether they form a continuous bridge be-
tween the observed species (the largest of
which have about a dozen atoms) and small
grains; polyaromatic hydrocarbons, which
are reminiscent of small bits of graphite,
have been suggested. This topic is discussed
by Lepp.

The first chapters in part 4 discuss basic
molecular processes: molecular spectros-

copy, photochemical rates, collisional exci-
tation rates, and chemical reaction rates.
Since these are fundamental to understand-
ing some of the earlier chapters, it is not
clear why they are placed here. In fact, it is
suggested in the preface that the (excellent)
paper on molecular spectroscopy by Kirby
could profitably be read before part 2.

Twenty years ago, when it was first
learned that molecules were abundant in the
interstellar medium, it was difficult to under-
stand how they could be formed from the
atomic gas faster than they would be de-
stroyed by photodissociation. It was eventu-
ally realized that once the density was great
enough grain surfaces would efficiently cat-
alyze the recombination of hydrogen atoms
to H, and that this was sufficient to initiare
chains of fast chemical reactions between
ionic and neutral species. Quantitative mod-
els based on these ideas now give reasonable
agreement with observed abundances as dis-
cussed in the chapter by Millar. More re-
cently the problem has been turned
around—understanding  the  significant
atomic abundances that occur in dense mo-
lecular clouds. This topic is addressed in part
5. Melnick summarizes observations of the
atomic species. Though ultraviolet light
photodissociates molecules in diffuse clouds,
it had been assumed that this was not im-
portant in dense clouds, because starlight
does not penetrate. Roberge discusses the
radiative transfer problem to assess photon
flux inside dense clouds, considering sources
embedded in the clouds as well as external
flux from the background stars. A more
general mechanism is discussed by Gredel:
cosmic ray ionization of H, produces sec-
ondary electrons that collisionally excite
electronic states of H,, and these subsc-
quently decay via ultraviolet fluorescence,
producing a signficant source of photons in
the interior of dense clouds.

Although H, is the dominant species in
dense clouds, it has been difficult to observe
directly. At the typical low temperatures in
these objects H, is mostly in its lowest
quantum level and so does not radiate, and
even when it is excited its rotational and
vibrational transitions have weak line
strengths and are in difficult parts of the
infrared. Nonetheless, as noted by Geballe,
with improved telescopes and receivers such
observations are becoming “commonplace”
and indicate more H, in excited levels than
had been expected. Mechanisms discussed in
part 6 for exciting these levels higher include
collisional excitation in high-temperature
shocked regions and photon excitation.

The three chapters in part 7 discuss inter-
esting observations of molecules associated
with stars. Moran discusses the powerful
masers that are often associated with regions
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of star formation. Jura discusses the chemis-
try in circumstellar envelopes around mass-
losing red giants; some of the more exotic
molecular species, including polyacetylenes
(essentially long linear carbon chains), are
found in such regions. Obscrvations of the
recent Supernova 1987A are described in a
very readable chapter by McCray.

The penultimate chapter, by Shields, con-
siders moderately ionized regions, such as
planetary nebulac. These are atomic rather
than molecular regions, and one might won-
der why they are included in this book.
Perhaps it is because atom-atom charge
transfer is important for the physics in these
regions, and Dalgarno, to whom the book is
dedicated, played a seminal and continuing
role in calculating rate constants for such
processes. The final chapter, by Black, con-
siders the possibility of molecule formation
in the carly universe and the possibility of
observing these molecules in objects with
large red shifts.

Though Molecular  Astrophysics provides
rather comprehensive coverage of work in
this ficld, a few topics have been slighted.
There 1s essentially no discussion of experi-
mental aspects: the telescopes, receivers, or
methods of data analysis. Some interesting
work—theoretical quantum chemical calcu-
lations and innovative laboratory spectros-
copy—was needed to identify the “exotic”
interstellar species, and this is not discussed.
Also missing is discussion of possible mech-
anisms for pumping the interstellar masers.

A number of other collections of papers,
generally  proceedings of meetings, have
been published on these same topics, but
apart from some invited reviews these are
just collections of primary research papers.
Molecular Astrophysics 1s not just another such
collection; a strong editorial intent is appar-
ent. Most chapters present good overviews
of their subjects, and for the most part the
chapters are organized to present a coherent
and reasonably complete picture of the field.
A good index is provided. On the other
hand, I do not believe that this volume is a
“self-contained introduction to molecular
astrophysics . .. suitable as a text for ad-
vanced postgraduate courses” as claimed.
Because of the multiple authorship, many of
the topics are not developed in as logical or
coherent a manner as desired for a textbook.
For example, discussions of the chemistry
and of the theory of shock waves are frag-
mented among separate chapters, with at-
tendant overlap in some areas and failure to
note interrelationships in others.

Molecular  Astrophysics would provide a
good source of more recent and advanced
material for an undergraduate course if used
in conjunction with a text such as J. E.
Dyson and D. A. Williams’s Physics of the
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Interstellar Medium (Wiley, 1980) or W. W.

Duley and D. A. Williams’s Interstellar Chem-

istry (Academic Press, 1984). It is also an

excellent book for researchers in related

ficlds who would like an introduction to this
fascinating subject.

SHELDON GREEN

National Aeronautics and Space Administration,

Goddard Institute for Space Studies,

New York, NY 10025

Books Received

The Adaptive Character of Thought. John R. An-
derson. Erlbaum, Hillsdale, NJ, 1990. xiv, 276 pp., illus.
$45. Studics in Cognition.

Advances in Biomagnetism. Samucl ] Willamson
et al., Eds. Plenum, New York, 1989. xx, 771 pp., illus.
$125. From a conference, New York, Aug. 1989.

Advances in Cancer Control. Scrccning and Pre-
vention Rescarch. Paul F. Engstrom, Barbara Rimer, and
Lee E. Mortenson, Eds. Wiley-Liss, New York, 1990.
xxi1, 495 pp., illus. $129.50. Progress in Clinical and
Biological Rescarch, vol. 339. From a meeting, Be-
thesda, MD, March 1989.

Advances in Electrochemical Science and Engi-
neering. Vol. 1. Heinz Gerischer and Charles W. To-
bias, Eds. VCH, New York, 1990. xii, 295 pp., illus
$120.

The Age of Intelligent Machines. Raymond Kurz-
weil. MIT Press, Cambridge, MA, 1990. xiv, 565 pp.,
illus. $29.95.

Binding and Linkage. Functional Chemustry of Bio-
logical Macromolecules. Jeffrics Wyman and Stanley J.
Gill. Unwversity Science Books, Mill Valley, CA, 1990.
xvi, 330 pp., illus. $44.50.

Biochemical Engineering VI. Walter E. Goldstein,
David DiBiasio, and Henrik Pedersen, Eds. New York
Academy of Sciences, New York, 1990 xu, 714 pp.,
illus. Cloth or paper, $175. Annals of the New York
Academy of Sciences, vol. 589. From a conference, Santa
Barbara, CA, 1988.

A Computational Model of Metaphor Interpreta-
tion. James H. Martin. Academic Press, San l)icgo, CA,
1990. xxiv, 229 pp., illus. $34.95. Perspectives in Arti-
ficial Intelligence, vol. 8.

The Computing Neuron. Richard Durbin, Christo-
pher Miall, and Gracme Mitchison, Eds. Addison-
Wesley, Reading, MA, 1989. xiv, 417 pp., illus. $44.25.
Computation and Neural Systems Scrics. Based on a
meeting, Cambridge, U.K., summer 1988.

A Concise Dictionary of Mathematics. Christophcr
Clapham. Oxford University Press, New York, 1990. vi,
203 pp., illus. $29.95; paper, $7.95.

Connections. The Geometric Bridge Between Art
and Science. Jay Karpratf. McGraw-Hill, New York,
1990. xxii, 473 pp., illus. $39.50; paper, $19.50.

The Dosimetry of lonizing Radiation. Vol. 3. Ken-
ncth R. Kase, Bengt E. Bjarngard and Frank H. Attix,
Eds. Academic Press, San Dicgo, CA, 1990. xii, 631 pp.,
illus. $199.95.

Early Embryo Development and Paracrine Rela-
tionships. Susan Hcyner and Lynn M. Wiley, Eds.
Wiley-Liss, New York, 1990. xu, 176 pp., illus. $59.50.
UCLA Symposia on Molecular and Cellular Biology,
New Serics, vol. 117. From a symposium, Taos, NM,
Feb. 1989.

Electron Microscopy of the Lung. Dcan E.
Schraufnagel, Ed. Dekker, New York, 1990. xx, 612 pp.,
illus. $175. Lung Biology 1 Health and Discasc, vol. 48.

The Emergence of Bacterial Genetics. Thomas D.
Brock. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 1990. xxi1, 346 pE., illus. $55.

Enclosed Experimental Marine Ecosystems. A
Review and  Recommendations. C. M. Lalli, Ed.
Springer-Verlag, New York, 1990. x, 218 pg., illus. $49.
Coastal and Estuarinc Studics 37. A Contribution of the
Scientific Commuttee on Occanic Rescarch Working
Group 85.

The Flowering of Gondwana. Mary E. White. Pho-
tography of Fossils by Jim Frazicr. Princcton University
Press, Princeton, NJ, 1990. 256 pp., illus., + plates.
$49.50. Sccond cdition of The Greening of Gondwana.

Food Hoarding in Animals. Stcphen B. Vander
Wall. University of Chicago Press, Chicago, 1990. xii,
445 pp., illus. $76; paper, $29.95.

Genetic Mechanisms in Carcinogenesis and Tu-
mor Progression. Curtis C. Harris and Lance A.
Liotta, Eds. Wiley-Liss, New York, 1990. xvni, 235 pp.,
illus. $75. UCLA Symposia on Molccular and Cellular
Biology, new scrics, vol. 114. From a symposium, Key-
stone, CO, Jan. 1989.

Human Adult Odontometrics. The Study of Varia-
won 1 Adult Tooth Siz¢ Julus A. Kieser Cambridge
University Press, New York, 1990. xn1, 194 pp., illus
$54.50. Cambridge Studics n Biological Anthropology.

The Human Nervous System. Gcorge Paxinos, Ed
Academic Press, San Dicgo, CA, 1990 xu, 1195 pp.,
tlus. $195.

Immunobiology of Normal and Diabetic Preg-
nancy. Domenico Andream ef al., Eds. Wiley, New
York, 1990. xiv, 329 pp., illus $69.50.

Introduction to Quantum Field Theory. S.].
Chang. World Scientific, Teaneck, NJ, 1990. xu, 382
pp.. illus. $68; paper, $36. Lecture Notes in Physics, vol.

Introduction to Supersymmetry and Supergrav-
ity. Pcter West. 2nd ed. World Scienufic, Teaneck, NJ,
1990. xii, 425 pp. $38; paper, $24.

Karnali Under Stress [Livclihood Strategies and
Seasonal Rhythms in a Changing Nepal Himalaya. Barry
C. Bishop. Unwversity of Chicago, Commuttee on Geo-
§raph1cal Studies, Chlcaﬁo, 1990. xvin, 460 pp , illus.

24. Geography Research Papers, nos. 228-229.

Lectures on Hadron Physics. Topics on the Struc-
ture and Interaction of Hadrons. Erasmo Ferreira, Ed
World Scientific, Teaneck, NJ, 1990. vin, 253 pp., illus.
$64. From two symposia, Brazil, 1988 and 1989.

Machine Vision for Three-Dimensional Scenes.
Herbert Freeman, Ed. Academic Press, San Dicgo, CA,
1990. xii, 419 pp., illus. $59.95. From a workshop, New
Brunswick, NJ, April 1989.

Manual of Laboratory Immunology Linda E.
Muller et al. 2nd ed. Lea and Febiger, Philadelphia, 1990.
xiv, 427 pp., illus. Paper, $39 50

Mass Communication and Political Information
Processing. Sidney Kraus, Ed. Erlbaum, Hillsdale, NJ,
1990. xvi, 227 pp., illus. $34.50. From a symposium,
Gent. Belgium, Dcc. 1987

Mathematical Approaches to Cardiac Arrhyth-
mias. José¢ Jahfe, Ed. New York Academy of Sciences,
New York, 1990. xu, 417 pp., illus Cloth or paper,
$103. Annals of the New York Academy of Sciences, vol.
591. From a conference, New York, Oct. 1989.

Network Management and Control. Aaron Ker-
shenbaum, Manu Malek, and Mark Well, Eds Plenum,
New York, 1990. xu, 448 pp., illus. $89 50. From a
workshop, Tarrytown, NY, Sept 1989.

Neuro-oncofogy. Primary Malignant Bram Tu-
mours. David G. T. Thomas, Ed. ]()ﬁns Hopkins Uni-
VCTS‘?’ Press, Baltimore, MD, 1990. xvi, 303 pp., illus.
$62.50.

Nonlinear Liapunov Dynamics ]. M. Skowronski.
World Scienufic, Teancck, NJ, 1990. x, 597 pp $48.

Nonlinear Superposition Operators. Jurgen Appcll
and Petr P. Zabrejko. Cambridge University Press, New
York, 1990. vii1, 311 pp. $59.50. Cambridge Tracts n
Mathematics 95.

The Nuclear Equation of State. Part B, QCD and
the Formation of the Quark-Gluon Plasma. Walter
Gremner and Horst Stocker, Eds. Plenum, New York,
1990. xii, 600 pp., illus. $125. NATO Advanced Science
Insuitutes Series, vol. 216B. From a meeting, Peiliscola,
Spain, May 1989.

Numerical Explorations of Community Patterns.
Otto Wildi and Ldszlé6 Orldsci. SPB Academic, The
Hague, 1990. vii1, 124 pp , illus. Paper, $22

e Peripheral Nerve. Structure, Function and Re-
construction. Julia K Terzis and Kevin L Smith Raven,
New York, 1990. xvi, 176 pp., illus. $54. A Hampton
Press Publication.

Philosophical Perspectives on Newtonian Sci-
ence. Phillip Bricker and R. 1. G Hughes, Eds MIT
Press, Cambridge, MA, 1990. vin, 248 pp., $34.95
From a conference, New Haven, CT, 1987.

Phthalocyanines. Propcrtics and Applications C. C.
Leznoff and A. B.P. Lever, Eds VCH, New York,
1990. xii, 436 pp., illus. $135.

Phylogeny and the Classification of Fossil and
Recent Organisms. Norbert Schmudt-Kitder and
Ramer Willmann, Eds. Parey, Berhn, 1989 300 pp,
illus. DM 98. From a symposium, Mainz, Germany,
March 1988. Abhandlungen des Naturwissenschafth-
chen Veremns, Hamburg, NF 28

Radiation Biophysics. Edward L. Alpen. Prentice
Hall, Englewood Cliffs, NJ, 1990. xx, 392 pp , illus. $60
Biophysics and Blocnginccring Series.

Seismology and Plate Tectonics. David Gubbins.
Cambridge University Press, New York, 1990 v, 339
pp., lus. $59.50; paper, $27 95.

BOOK REVIEWS 577





