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with Biot's. The battle was not easily won. 
Jed Z. Buchwald has decisively rewritten 

the history of a scientific revolution. Re- 
ceived views of the early 19th-century "rise 
of the wave theory of light'' still owe much 
to William Whewell's History ofthe Inductive 
Sciences (1837), written in the immediate 
wake of events. For Whewell, the experi- 
ments and theories of Thomas Young and 
Augustin Fresnel (together the "Newton of 
optics") unambiguously established the su- 
periority of the wave theory to the emission 
theory of light. Light consisted of waves in 
an ether, not streams of particles. 

Historians of science have already recog- 
nized Fresnel's greater importance to the 
revolution, and Buchwald underscores the 
fact by devoting over half of his book to 
him. Educated at the Ecole Polytechnique, 
Fresnel (1788-1827) approached questions 
in optics from a background in chemistry, 
and by 1814 both chemical and physical 
considerations had led him to prefer the 
wave theory and to speculate that a unifying 
ether underlay the phenomena of light, heat, 
and electricity. There followed the decade of 
highly precise experimental and theoretical 
research on diffraction, polarization, double 
refraction, and other such phenomena that 
constituted the optical revolution. The tech- 
nical history of these researches is Buch- 
wald's primary concern, and his book, copi- 
ously illustrated with optical diagrams, 
treats the mathematical and experimental 
aspects of Fresnel's work at length. 

The course of the revolution was influ- 
enced in various ways by previous research 
on the emission theory. Fresnel, for exam- 
ple, found himself championed by Fran~ois 
Arago, whose own qualitative development 
of the emission theory had been eclipsed by 
the more quantitative research of Jean-Bap- 
tiste Biot. Stung by Biot's insults, Arago was 
more receptive to Fresnel's ideas than he 
might otherwise have been, using them for 
revenge. But if Arago helped gain Fresnel a 
hearing, it was Biot's highly quantitative 
approach to optics that Fresnel followed. 
Buchwald strongly emphasizes this feature 
of Fresnel's research, recalculating some of 
his integrals by machine, for example, to 
verify "Fresnel's prodigious computational 

Much of the difficultv arose from confu- 
sion created by the concept of a "ray" of 
light, a point stressed by Buchwald. He 
distinguishes between the "selectionisr" and 
emission views of light, views that were 
generally though not necessarily linked. A 
selectionist regarded rays as the smallest 
physically real components of light. Though 
it was natural to think of rays as consisting 
of material particles, Biot, especially, sought 
to separate the concepts, developing a selec- 
tionist theory of light rays that did not 
depend on particles. Fresnel, to begin with, 
employed physically real rays in his wave 
theory but eventually dispensed with rays as 
well as particles. He thus reduced a ray to a 
mathematical abstraction, merely a line 
drawn from a source of light perpendicular 
to the wave fronts. Supporters of the wave 
theory did not fully realize the distinction 
between rays and particles. Conversely, sup- 
porters of the emission theory failed to 
understand that Fresnel's theory precluded 
the existence of physically real rays. Especial- 
ly in debates about polarization, these mis- 
understandings often rendered straightfor- 
ward communication impossible. The con- 
ceptual transformation &om rays to wave 
fronts was thus both a deep part of the 
optical revolution and a principal obstacle to 
the disputants' comprehension of one an- 
other's ideas. 

Buchwald's book is detailed and technical 
history of science at its most unapologetic. It 
is hard to see how it could have been 
otherwise and still have disclosed the essence 
of Fresnel's revolution. Buchwald success- 
fullv demonstrates that the revolution was 
not a clear-cut matter, not so easily effected 
as Whewell, for example, had supposed. He 
brings out both the continuity between 
wave and emission theories and the com- 
mon context of the combatants. His book 
will undoubtedly be a standard account for 
some time, perhaps eventually matching the 
century-and-a-half lifetime of Whewell's. 
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By many measures Mercury is an unusual 
planet. It is the closest planet to the sun and 
has the largest diurnal range in surface tem- 
perature. Because of the dissipation of large 
solar tides, Mercury is the only planet locked 
in a spin-orbit resonance. Mercury has the 
largest uncompressed density and, by infer- 
ence, the greatest mass fraction of iron- 
nickel of any planet, with a ratio of metal to 
silicate at least twice that of the other terres- 
trial planets. A strong internal magnetic field 
and the absence of a significant atmosphere 
or ionosphere combine to produce a plane- 
tary magnetosphere with characteristics 
unique in the solar system. 

Most of what is known about Mercury is 
the result of the three flybys by Mariner 10 
in 1974 and 1975. Until a few years ago, 
placement of a spacecraft in orbit about 
Mercury was thought to be unattainable by 
conventional propulsion systems, so subse- 
quent missions to Mercury did not figure 
prominently in the planning of solar system 
exploration. Ground-based observations of 
the planet continued at a modest rate none- 
theless, with the 1985 discovenr of sodium 
and potassium as components of the tenu- 
ous atmosphere being the most notable re- 
sult. These observations, as well as new 
mission scenarios and new perspectives on 
planetary formation obtained from recent 
calculations of planetary accretion and solar 
nebula evolution, led Vilas and Chapman to 
convene a conference in 1986 devoted to 
Mercury. This book reports the proceedings 
of that conference. 

The 23 chapters present overviews of all 
known aspects of the planet. Some papers 
include results of numerical modeling not 
published elsewhere. Particularly thorough 
summaries are given of the geological his- 
tory by Spudis and Guest, the impact crater 
morphology by Pike, the properties of the 
magnetosphere by Russell, Baker, and Sla- 
vin, and the characteristics of the atmo- 
sphere by Hunten, Morgan, and She- 
mansky. Other chapters treat surface proper- 
ties, rotational dynamics, tectonics, interior 
structure and evolution, bulk composition, 
and prospects for future observations. 

Perhaps the most fundamental outstand- 
ing question regarding Mercury is the origin 
of its anomalously high bulk density. At one 
time, on the basis of work by Lewis, the 
high density was attributed to the slightly 
higher condensation temperature of iron 
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