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The O-type stars are the hottest, most 
massive, and most luminous of all the 
classes of stars. They delineate the spiral 
structure of our own and other galaxies, 
serve as powerful probes of the inter- 
stellar medium, and are the site of nu- 
cleosynthesis, via supernova explosions, 
of most of the elements heavier than heli- 
um. Recent rocket and satellite studies 
of far ultraviolet spectra of O-type stars 
show that all are losing mass at rates that 
typically fall in the range 10-5 to 10-6 so- 
lar masses per year. 

The symposium proceedings present- 
ed in this volume focus first on the mass 
loss itself, including both observational 
characterizations and theoretical mod- 
eling of its properties. There is general 
agreement among the contributors that 
the winds of the O-type stars are acceler- 
ated to the observed velocities of 2000 to 
3000 kilometers per second, or about 
three times the escape velocity, by radia- 
tion pressure, but there is controversy 
about whether radiation pressure alone 
can initiate the flow. In any case, the dis- 
covery of anomalously high stages of 
ionization of particular elements (for 
example, O-VI) demonstrates that the 
winds cannot be in radiative equilibrium 
with the stellar photospheres, which typ- 
ically have temperatures in the 30,000 to 
50,000 K range. A particularly promising 
model for the wind postulates that me- 
chanical energy is deposited in a narrow 
(10 percent of the stellar radius) coronal 
(T - 5 x 106 K) region at the base of the 
flow. The anomalous ionization is then 
caused by x-rays from the corona, while 
the remainder of the wind has the tem- 
perature appropriate to a gas in radiative 
equilibrium. Since the symposium, as- 
tronomers at the Einstein X-ray Obser- 
vatory have discovered that O-type stars 
are indeed weak x-ray sources and that 
the intensity of the x-rays is approxi- 
mately in accord with the coronal model. 

During main sequence evolution an O- 
type star may lose half or more of its 
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original mass, and the second half of the 
book discusses the impact of stellar 
winds on the evolution of both single and 
double stars. Extensive mass loss length- 
ens the main sequence lifetime and pro- 
duces a star that is overluminous for its 
mass, relative to a star evolving without 
mass loss. If the hydrogen-rich envelope 
is stripped away nuclear-processed ma- 
terial, enriched in helium, nitrogen, or 
carbon, may be observed at the stellar 
surface. An understanding of these ef- 
fects is critical in analyses of binaries 
that emit x-rays owing to accretion of 
material from a stellar wind by a neutron 
star or black hole, in calculations of the 
impact of pre-supernova mass loss on 
nucleosynthetic yields, and in determin- 
ing the origin of the Wolf-Rayet stars, 
extraordinary objects that have mass 
loss rates two orders of magnitude higher 
than other luminous stars as well as 
anomalous abundances of helium, car- 
bon, and nitrogen. 

The study of mass loss in O-type stars 
has become possible only through the 
availability of new facilities for far-ul- 
traviolet, infrared, radio, and x-ray as- 
tronomy. Because so many results have 
been obtained in the past five years, a 
symposium on this subject was particu- 
larly timely. The six review papers pro- 
vide an excellent overview of both cur- 
rent research and outstanding problems, 
and the level of the contributed papers is 
unusually high. The volume is indispens- 
able for anyone who wishes to under- 
stand or be actively involved in the study 
of the mass loss and evolution of O-type 
stars. 

SIDNEY C. WOLFF 
Institute for Astronomy, 
University of Hawaii, Honolulu 96822 
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of Vilhelm Bjerknes transformed theo- 
retical and practical meteorology. Their 
various achievements included a new 
model of the extratropical cyclone, that 
is, the type of low-pressure system com- 
mon in the mid-latitudes. Recognizing 
that these atmospheric disturbances are 
composed of three-dimensional surfaces 
of discontinuity-fronts-they began 
conceiving the cyclone as a wave that 
develops and grows along preexisting 
polar fronts that separate polar and sub- 
tropical air masses. In shifting from re- 
garding cyclones as undifferentiated en- 
tities to regarding them as composed of 
fronts, they were able to provide the first 
clear physical explanation of cyclone 
evolution. The Bergen school's models 
and forecasting techniques marked a 
turn to a dynamical-physical comprehen- 
sion of the atmosphere, in contrast to the 
statistical-climatological approach that 
had dominated meteorology since the 
late 19th century. Not surprisingly, the 
Bergen meteorology promoted an un- 
precedented interaction between theory 
and practice that proved critical for the 
rapid growth of meteorology as a profes- 
sional scientific discipline during the 
1920's and 1930's. 

Like other scientific breakthroughs, 
the Bergen meteorology incorporated as- 
pects of earlier thought. Also like other 
major changes in science, it generated 
jealousy and even hostility. In her book 
Gisela Kutzbach takes up and elaborates 
upon a view of the developments argued 
during the 1920's by German and Austri- 
an meteorologists. According to this 
view, the Bergen meteorology, far from 
being novel, essentially repeats what 
was known earlier and where innovative 
ought be understood as the capstone of a 
19th-century school of thought. To prove 
the case Kutzbach presents what she 
calls the thermal theory of cyclones and 
traces its development leading to the 
Bergen school's work. 

The theories Kutzbach's classification 
subsumes are ones according to which 
the kinetic energy of a cyclone derives 
wholly or partly from thermal energy re- 
leased during condensation. Such theo- 
ries, using the first law of thermodynam- 
ics as a basis, proliferated during the sec- 
ond half of the 19th century. Kutzbach 
ably presents many of them. Readers not 
acquainted with meteorological thought 
during this period will find a competent 
overview of some prevailing ideas and 
controversies. Much of this material will 
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Unfortunately, as historical analysis 
the book fails. Ignoring the wealth of Eu- 
ropean and American archive materials, 
Kutzbach has relied solely on published 
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