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Views of the entire sky at six wavelengths in galactic coordinates; the equator of the Milky
Way system is the central horizontal axis and the galactic center direction is at the center.
Except for the far infrared x-ray sky, the colors represent intensity with the greatest
intensities lying along the equator. In all cases, the radiation shows an association with the
galactic equator, the general direction of the galactic center, or both. The maps are in
frequency sequence as listed here: top to bottom on the back cover followed on the front
cover by top inset, background map, lower inset.

Radio sky at 408 Hz exhibiting a diffuse glow of synchrotron radiation from the entire
sky. High-energy electrons spiraling in the magnetic fields of the Galaxy emit this radiation.
Note the North Polar Spur projecting above the equator to the left of center. From three
observatories: Jodrell Bank, MPIfR, and Parkes. [Glyn Haslam et al., MPIfR, SkyView]

Radio emission at 1420 MHz, the spin-flip (hyperfine) transition in the ground state of
hydrogen, which shows the locations of clouds of neutral hydrogen gas. The gas is heavily
concentrated in the galactic plane and manifests pronounced filamentary structure off the
plane. [J. Dickey (UMn), F. Lockman (NRAO), SkyView; ARAA 28, 235 (1990)]

Far infrared (60–240 µm) sky from the COBE satellite showing primarily emission from
small grains of graphite and silicates (“dust”) in the interstellar medium of the Galaxy. The
faint, large S-shaped curve (on its side) is emission from dust and rocks in the solar system;
reflection of solar light from this material causes the zodaical light at optical wavelengths.
Color coding: 60 µm (blue), 100 µm (green), 240 µm (red). [E. L. Wright (UCLA), COBE,
DIRBE, NASA]

Optical sky from a mosaic of 51 wide-angle photographs showing mostly stars in our
Milky Way Galaxy with significant extinction by dust along the galactic plane. Galaxies are
visible at higher galactic latitudes, the most prominent being the two nearby Magellanic
Clouds (lower right). [ C©Axel Mellinger]

X-ray sky at 1–20 keV from the A1 experiment on the HEAO–1 satellite showing 842
discrete sources. The circle size represents intensity of the source, and the color denotes the
type of object. The most intense sources shown (green, larger circles) signify compact
binary systems containing white dwarfs, neutron stars, and black holes. Other objects are
supernova remnants (blue), clusters of galaxies (pink), active galactic nuclei (orange), and
stellar coronae (white). [Kent Wood, NRL; see ApJ Suppl. 56, 507 (1984)]

Gamma-ray sky above 100 MeV from the EGRET experiment on the Compton
Gamma-Ray Observatory. The diffuse glow from the galactic equator is due to the
collisions of cosmic-ray protons with the atoms of gas clouds; the nuclear reactions produce
the detected gamma rays. Discrete sources include pulsars and jets from distant active
galaxies (“blazars”). [The EGRET team, NASA, CGRO]
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Preface

This volume is based on notes that evolved during my teaching of astrophysics classes for
junior and senior physics students at MIT beginning in 1973, and thereafter on and off,
until 1997. The course focused on a physical, analytical approach to underlying processes in
astronomy and astrophysics. In each class, I would escort the students through a mathematical
and physical derivation of some process relevant to astrophysics in the hope of giving them
a firm comprehension of the underlying principles.

The approach in the text is meant to be accessible to undergraduates who have completed the
fundamental calculus-based physics courses in mechanics and electromagnetic theory. Addi-
tional physics courses such as quantum mechanics, thermodynamics, and statistics would be
helpful but are not necessary for large parts of this text. Derivations are developed step by
step – frequently with brief reviews or reminders of the basic physics being used – because
students often feel they do not remember the material from an earlier course. The derivations
are sufficiently complete to demonstrate the key features but do not attempt to include all the
special cases and finer details that might be needed for professional research.

This text presents twelve “processes” with derivations and focused, limited examples.
It does not try to acquaint the student with all the associated astronomical lore. It is quite
impossible in a reasonable-sized text to give both the physical derivations of fundamental
processes and to include all the known applications and lore relating to them across the
field of astronomy. The assumption here is that many students will have had an elementary
astronomy course emphasizing the lore. Nevertheless, selected germane examples of the
twelve processes are presented together with background information about them. These
examples cover a wide and rich range of astrophysical phenomena.

The twelve processes, with the principal applications presented, are the Kepler–Newton
problem (mass functions, exoplanets, galactic center orbits); stellar equilibrium (nuclear
burning, Eddington luminosity); stellar equations of state (normal and compact stars); stel-
lar structure (normal and compact stars); thermal bremsstrahlung (clusters of galaxies);
blackbody radiation (cosmological cooling); synchrotron (Crab nebula) and curvature radia-
tion (pulsars); 21-cm radiation (galaxy rotation, dark matter, Zeeman absorption); Compton
scattering (Sunyaev–Zeldovich effect); relativity in astronomy ( jets, photon absorption in
the cosmic microwave background or CMB); dispersion (interstellar medium) and Faraday
rotation (Galactic magnetic field); and gravitational lensing (Hubble constant, weak lensing).
Cosmology as such is not systematically covered to limit the size of the text. Several related
topics, however, are addressed: (i) the dark matter in galaxies and in clusters of galaxies,
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xxii Preface

(ii) the cooling of the background blackbody radiation of the CMB, and (iii) determinations
of the Hubble constant through both the S-Z effect and gravitational lensing.

Knowledge of the material in my previous textbook, Astronomy Methods – A Physical
Approach to Astronomical Observations (AM), is not required for this text. The topics are
largely complementary to those herein. I do, though, occasionally refer to it as an optional
background reference. (The chapter numbers refer to the original edition.) The AM text does
discuss the transport of radiation in stellar atmospheres, one of the most basic processes in
astronomy; hence, regretfully, this topic is not included in this book.

Again, SI units are used throughout to be consistent with most standard undergraduate
science texts. Professional astronomers use cgs units – probably because everyone else in the
field does. Unfortunately, this precludes progress in bringing the various science communities
together to one system of units. It is also a significant hindrance to the student exploring
astronomy or astrophysics. In this work I vote for ease of student access. One inconsistency
does remain. Rather than use the customary and highly specialized astronomical unit of
distance, the “parsec” but instead employ the better understood, but non-SI, unit, the “light
year” (LY), which is the distance light travels in one year. This is a well-defined quantity if
one specifies the Julian year of exactly 365.25 days each of exactly 86 400 SI seconds for a
total for 31 557 600 s.

Other features of the book as follows: to note are

(i) Problems are provided for each chapter and approximate answers indicated by the ∼
symbol are given when appropriate.

(ii) The problems are generally constructed to help carry the student through them and hence
are mostly mulitpart.

(iii) Units are often given gratuitously (in parentheses) for algebraic variables to remind the
reader of the meaning of the symbol.

(iv) Equation, table, figure, and section numbers in the text do not carry the chapter prefix if
they refer to the current chapter to improve readability.

(v) Tables of useful units, symbols, and constants are given in the appendix.
(vi) Quantitative information is meant to be up to date and correct but should not be relied

upon for professional research. The goal here is to teach underlying principles.

In teaching this course from my notes, I adopted a seminar, or Socratic, style of teaching that
turned out to be extremely successful and personally rewarding. I recommend this approach
to teachers using this text. I sat with the students (up to about 20) around a table, or we
would rearrange classroom desks and chairs in a circular or rectangular pattern so that we
were all more or less facing each other. I would then have the students explain the material
to their fellow students (“Don’t look at me,” I often said). One student would do a bit, and I
would move on to another. I tried very hard to make my prompts easy and straightforward,
to avoid disparaging incorrect or confusing answers, and to encourage discussion among the
students. I would synthesize arguments and describe the broader implications of the material
interspersed by stories of real-life astronomy, personalities, discoveries, and so on.

These sessions would often become quite active. The course was also great fun for the
teacher. In good weather, we would move outdoors and have our class on the lawn of MIT’s
Killian Court.
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Preface xxiii

During such discussions, the text should be available to all and be freely referenced. To
ease such referencing, all equations are numbered, labels are provided for many of them, and
important equations are marked with a boldface arrow in the left margin. The students must
work hard to prepare for class, and thus they gain much from class discussion.

The author asks his readers’ forbearance with the inevitable errors in the current text and
requests to be notified of them. He also welcomes other comments and suggestions.

Hale Bradt
Salem MA 02478–2412
USA
bradt@mit.edu.
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Also by Hale Bradt

Astronomy Methods – A Physical Approach to Astronomical Observations

(Cambridge University Press, 2004)

Contents:

1 Astronomy through the centuries
2 Electromagnetic radiation
3 Coordinate systems and charts
4 Gravity, celestial motions, and time
5 Telescopes
6 Detectors and statistics
7 Multiple telescope interferometry
8 Pointlike and extended sources
9 Properties and distances of celestial objects

10 Absorption and scattering of photons
11 Spectra of electromagnetic radiation
12 Astronomy beyond photons

This text is an introduction to the basic practical tools, methods, and phenomena that underlie
quantitative astronomy. The presentation covers a diversity of topics from a physicist point
of view and is addressed to the upper-level undergraduate or beginning graduate student. The
topics include the

� electromagnetic spectrum;
� atmospheric absorption;
� celestial coordinate systems;
� the motions of celestial objects;
� eclipses;
� calendar and time systems;
� telescopes in all wave bands;
� speckle interferometry and adaptive optics to overcome atmospheric jitter;
� astronomical detectors, including charge-coupled devices (CCDs);
� two space gamma-ray experiments;
� basic statistics;
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xxvi Also by Hale Bradt

� interferometry to improve angular resolution;
� radiation from point and extended sources;
� the determination of masses, temperatures, and distances of celestial objects;
� the processes that absorb and scatter photons in the interstellar medium together

with the concept of cross section;
� broadband and line spectra;
� the transport of radiation through matter to form spectral lines; and finally;
� techniques used to carry out neutrino, cosmic-ray, and gravity-wave astronomy.

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-84656-1 - Astrophysics Processes
Hale Bradt
Frontmatter
More information

http://www.cambridge.org/9780521846561
http://www.cambridge.org
http://www.cambridge.org


Acknowledgments

I am indebted to many colleagues at MIT and elsewhere and to many students for their
encouragement and assistance in hallway discussions, in class, and as readers of draft chapters
over the course of the several decades that this work has been evolving. It is impossible to
fairly list all those who helped in these ways, but I will mention those who particularly
come to mind. I apologize for omissions. It goes without saying that those mentioned are not
responsible for errors; I assume that role.

Colleagues: Frederick Baganoff, John Bahcall, Marshall Bautz, Edmund Bertschinger,
Kenneth Brecher, Robert Buonanno, Bernard Burke, Claude Canizares, Deepto Chakrabarty,
George Clark, Sergio Colafrancesco, Angelica Costa-Tegmark, Alessandra Dicredico, Emilio
Falco, Marco Feroci, Kathy Flanaghan, Peter Ford, Mark Gorenstein, Marc Grisaru, Sebas-
tian Heinze, Jackie Hewitt, Scott Hughes, Gianluca Israel, Paul Joss, Kenneth Kellermann,
Alan Krieger, Pawan Kumar, Alan Lightman, Herman Marshall, Christopher Moore, James
Moran, Edward Morgan, Philip Morrison, Stuart Mufson, Dimitrios Psaltis, Rudolph Schild,
Stanislaw Olbert, Saul Rappaport, Ronald Remillard, Harvey Richer, Peter Saulson, Paul
Schechter, Rudy Schild, Irwin Shapiro, David Shoemaker, David Staelin, Luigi Stella, Victor
Teplitz, David Thompson, John Tonry, Jan van Paradijs, Wallace Tucker, Joel Weisberg.

Graduate and undergraduate students (at the time): Stefan Ballmer, David Baran, James
“Gerbs” Bauer, Jeffrey Blackburne, Adam Bolton, Nathaniel Butler, Eugene Chiang, Asan-
tha Cooray, Yildiz Dalkir, Antonios Eleftheriou, James Gelb, Karen Ho, Juliana Hsu, Tanim
Islam, Rick Jenet, Jeffrey Jewell, Jasmine Jijina, Justin Kasper, Vishnja Katalinic, Ken-
neth Kellermann, Edward Keyes, Janna Levin, Glen Monnelly, Stuart Mufson, Matthew
Muterspaugh, Tito Pena, Jeremy Pitcock, Philipp Podsiadlowski, Dave Pooley, Robert Shirey,
Alexander Shirokov, Donald A. Smith, Mark Snyder, Seth Trotz.

I am especially grateful to colleagues Saul Rappaport and Stu Teplitz for their reading of
the entire set of notes some years ago, to Stan Olbert for his suggested approach for the review
of special relativity in Chapter 7, and to Alan Levine for the derivation in Section 7.8. Saul
and Alan have been especially generous with their time and counsel. I also thank XXXX for
their very recent reading of this volume in its current form. In the days before personal word
processors, secretaries Trish Dobson, Ann Scales, Patricia Shultz, and Diana Valderrama did
yeoman’s duty in typing revisions of the notes for my classes.

Much appreciated allowances have been made for my writing efforts by the Department of
Physics at MIT, by my colleagues at the MIT Center for Space Research and by my associates
in the Rossi X-ray Timing Explorer (RXTE) satellite program at MIT, the University of

xxvii

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-84656-1 - Astrophysics Processes
Hale Bradt
Frontmatter
More information

http://www.cambridge.org/9780521846561
http://www.cambridge.org
http://www.cambridge.org


xxviii Acknowledgments

California at San Diego, and NASA’s Goddard Space Flight Center. The hospitality of the
Institute of Space and Astronautical Science (ISAS) in Japan and the Observatory of Rome
(OAR) in Italy provided extended periods of quiet writing for which I am grateful.

Finally, it has been a pleasure to work with the staff and associates of Cambridge University
Press – in particular, Jacqueline Garget, Vincent Higgs, Jeanette Alfoldi, Eleanor Umali
and her associates at Aptara Corp., and copyeditor John Jasmiet XXXX. They have been
encouraging, creative, patient, and ever helpful.

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-84656-1 - Astrophysics Processes
Hale Bradt
Frontmatter
More information

http://www.cambridge.org/9780521846561
http://www.cambridge.org
http://www.cambridge.org

