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Reflectance and emittance spectroscopy have become increasingly important tools
in remote sensing, and have been employed in virtually all recent planetary
spacecraft missions. They are primarily used to measure properties of disordered
materials, especially in the interpretation of remote observations of the surfaces of
the Earth and other terrestrial planets.

Theory of Reflectance and Emittance Spectroscopy gives a quantitative treat-
ment of the physics of the interaction of electromagnetic radiation with particulate
media, such as powders and soils. Subjects covered include electromagnetic wave
propagation, single particle scattering, diffuse reflectance, thermal emittance, and
polarization. This new edition has been updated and expanded to include: extension
of the equivalent slab model of irregular particle scattering to include particle phase
functions and coated particles; a quantitative treatment of the effects of porosity; a
detailed discussion of the coherent backscatter opposition effect, including polar-
ization; a quantitative treatment of simultaneous transport of energy within the
medium by conduction and radiation; and lists of relevant databases and software.

With a strong emphasis on physical insights, this book is an essential reference for
research scientists, engineers, and advanced students of planetary remote sensing.

Bruce Hapke is Professor Emeritus of Geology and Planetary Science at the
University of Pittsburgh, where he continues to study various bodies of the solar
system. He was principal investigator for the analysis of lunar samples and was
associated with several other NASA missions, to Mercury, Mars, Saturn, and the
outer solar system. He is a Fellow of the American Geophysical Union and was
awarded the Kuiper Prize by the Division for Planetary Sciences of the American
Astronomical Society for “outstanding contributions to planetary science.” He has
an asteroid 3549 Hapke and a mineral hapkeite named in his honor.
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I could borrow was a low-power, stereoscopic microscope. This turned out to be
serendipitous. First, I looked through the microscope at the coarse-grained pow-
der. It resembled a pile of gravel and was not very interesting. Then I placed the
fine-grained powder on the stage, and there were the fairy castles.

The name we had given the structures turned out not to be facetious at all, but is in
fact a rather accurate description of the morphology of a powder in which the surface
forces that act between grains exceed the gravitational forces exerted on them by
the Earth. As I looked through the microscope, I saw a miniature world of deep,
mysterious valleys and soaring towers leaning at crazy angles atop rugged, porous
hills, with flying buttresses, and all connected by lacy bridges. Readers can easily
verify these features for themselves. The complexity of such a texture is impossible
to perceive with a monocular microscope, but it is just what is necessary to produce
a lunar-type reflectance function. This discovery, along with Lyot’s polarization
data, turned out to be among the strongest pre-Apollo evidences that the lunar
surface consists of a fine-grained regolith.
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ever since.
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Preface to the second edition

In the years since the first edition of this book appeared reflectance and emitance
spectroscopy have evolved into mature techniques for the remote study of surfaces
of bodies of the solar system. The first edition had been generously received by
my colleagues, so Cambridge University Press suggested that I write a second
edition. Interactions with many colleagues, including those cited above and also
Paul Lucey, Jack Mustard, and Mark Robinson, continue to help my understanding
of reflectance. I am particularly indebted to my former students Jennifer Piatek and
Amy Snyder Hale. The many discussions with them and their research while at the
University of Pittsburgh made important contributions to this book. Jen’s wizardy
with MAC computers and her general programming skills were astonishing to
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polarization of particulate media, and these measurements and his insights have
been invaluable.
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