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Preface

This text is aimed at students and researchers in both
astronomy and physics. Spectroscopy links the two dis-
ciplines; one as the point of application and the other
as the basis. However, it is not only students but also
advanced researchers engaged in astronomical observa-
tions and analysis who often find themselves rather at a
loss to interpret the vast array of spectral information that
routinely confronts them. It is not readily feasible to reach
all the way back into the fundamentals of spectroscopy,
while one is involved in detailed and painstaking analysis
of an individual spectrum of a given astrophysical object.
At the same time (and from the other end of the spec-
trum, so to speak) physics graduate students are not often
exposed to basic astronomy and astrophysics at a level that
they are quite capable of understanding, and, indeed, that
they may contribute to if so enabled.

Therefore, we feel the need for a textbook that lays
out steps that link the mature field of atomic physics,
established and developed for well over a century, to
the latest areas of research in astronomy. The challenge
is recurring and persistent: high-resolution observations
made with great effort and cost require high-precision
analytical tools, verified and validated theoretically and
experimentally.

Historically, the flow of information has been both
ways: astrophysics played a leading role in the devel-
opment of atomic physics, and as one of the first great
applications of quantum physics. As such, it is with basic
quantum mechanics that we begin the study of astrophysi-
cal spectroscopy. The atomic physics and the astrophysics
content are intended to be complementary, and attempt to
provide a working knowledge in the two areas, as nec-
essary for spectral analysis and modelling. The emphasis
is on the introductory theoretical basics, leading up to
a practical framework for applications of atomic spec-
troscopy. While we limit ourselves to atomic physics, we
have attempted to highlight and delineate its reach into the
main areas of astronomy.

The link between basic-to-advanced atomic physics
and spectral analysis is increasingly important in ever

more sophisticated astrophysical models. But the chal-
lenge of writing a book such as this one has been to
find a balance between basic physics treatment that is
not superficial, and state-of-the-art astrophysical appli-
cations that are not too technical. Though that defined
and delimited the scope, it was still clear from the out-
set that the material should encompass a wide variety
of topics. But what is essential and what is superflu-
ous is, to some extent, a matter of subjective judgement.
The level of depth and breadth of each topic is subject
to these constraints. However, owing to the objective
needs before us, we have tried to be as comprehen-
sive as possible (limited by our own expertise, of
course).

The text is evenly divided into atomic physics and
astrophysics. The first seven chapters form the founda-
tional elements of atomic processes and spectroscopy. The
next seven chapters deal with astrophysical applications
to specific objects and physical conditions. Each chapter
follows the same plan. We begin with the essentials that
all readers should be able to follow easily. However,
towards the end of each chapter we outline some of the
more advanced or specialized areas. The subject mat-
ter is broadly divided into ‘basic’ material in both areas,
and ‘advanced’ material that incorporates state-of-the-art
methods and results. The underlying atomic physics is
intended as an introduction to more specialized areas, such
as spectral diagnostics, astrophysical models, radiative
transfer, plasma opacities, etc.

Emphasizing the unifying and connecting themes, the
text is planned as follows. Following the Introduction,
the next six chapters cover ‘basic’ collisional and radia-
tive atomic structure and processes. The second part of
the text, the other seven chapters, are the ‘applications’ of
the physical framework developed in the first part. Chap-
ters 8 and 9 describe the interaction of radiation with
matter and spectral formation. The remainder of the text,
Chapters 10–14, deals with descriptions of astronomical
sources: stars, nebulae, active galactic nuclei and cos-
mology. A special chapter is devoted to a description of
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x Preface

the largest single application of atomic physics to astron-
omy: stellar opacities (Chapter 11). However, the content
of these chapters is not designed to be exhaustive, but
mainly to exemplify spectral formation in astrophysical
environments. Each of Chapters 10–14 contains tables
and sample spectra characteristic of the particular astro-
physical source(s). The appendices provide some of the
tools, and some of the atomic data, needed in spec-
tral modelling. However, they are not comprehensive and
readers are advised to consult the websites described
below.

Supplementary to the present text are the authors’
websites.1 They will provide continual updates and revi-
sions related to atomic data and developments in atomic
astrophysics. Eventually, this facility is designed to be
user-interactive, with features such as on-line calcula-
tion of spectral line intensities and ratios, model cal-
culations of ionization fractions, etc., using up-to-date
atomic data.

1 www.astronomy.ohio-state.edu/ ∼pradhan and

www.astronomy.ohio-state.edu/ ∼nahar.
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