
Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Foundations of Astrophysics

Foundations of Astrophysics provides a contemporary and complete introduction

to astrophysics for astronomy and physics majors. With a logical presentation and

conceptual and quantitative end-of-chapter problems, the material is accessible to

introductory astrophysics students taking a two-semester survey course. Starting with

the motions of the solar system and a discussion of the interaction of matter and light,

the authors explore the physical nature of objects in the solar system, and the exciting

new field of exoplanets. The second half of their text covers stellar, galactic, and

extragalactic astronomy, followed by a brief discussion of cosmology. This is a reissue

of the original 2010 edition, which has established itself as one of the market-leading

astrophysics texts, well known for its clarity and simplicity. It has introduced thousands

of physical science students to the breadth of astronomy, and helped prepare them for

more advanced studies.

Barbara Ryden received her Ph.D. in astrophysical sciences from Princeton University.

After postdocs at theHarvard–Smithsonian Center for Astrophysics and the Canadian

Institute for Theoretical Astrophysics, she joined the astronomy faculty at The Ohio

State University, where she is now a full professor. She has more than 25 years of

experience in teaching, at levels ranging from introductory undergraduate courses to

advanced graduate seminars. She won the Chambliss Astronomical Writing Award for

her textbook Introduction to Cosmology.

BradleyM. Peterson received his Ph.D. from the University of Arizona. He was a member

of the astronomy faculty at The Ohio State University from 1980 until his retirement in

2015, after serving as Department Chair for nine years. He received the Distinguished

Scholar Award from Ohio State; the Outstanding Achievement Award from his alma

mater, theUniversity of Minnesota; and theNASAExceptional ServiceMedal.Hewas

a community co-chair for the Science and Technology Definition Team for the Large,

Ultraviolet, Optical, Infrared Surveyor (LUVOIR), a large mission-concept study for

NASA Astrophysics, and is the author of An Introduction to Active Galactic Nuclei.

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

For Nancy and Kent —B.R.

For Jan, Evan, Ethan, Erika, Lizzie, Ellyn,

Christopher, and Aden —B.M.P.

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Foundations of Astrophysics

BARBARA RYDEN
The Ohio State University

BRADLEY M. PETERSON
The Ohio State University

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

University Printing House, Cambridge CB2 8BS, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314–321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi – 110025, India

79 Anson Road, #06–04/06, Singapore 079906

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of

education, learning, and research at the highest international levels of excellence.

www.cambridge.org

Information on this title: www.cambridge.org/9781108831956

DOI: 10.1017/9781108933001

© Barbara Ryden and Bradley M. Peterson 2021

This publication is in copyright. Subject to statutory exception

and to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without the written

permission of Cambridge University Press.

This book was previously published by Pearson Education, Inc., 2010

Reissued by Cambridge University Press 2021

Printed in the United Kingdom by TJ International Ltd, Padstow Cornwall 2021

A catalogue record for this publication is available from the British Library.

ISBN 978-1-108-83195-6 Hardback

Additional resources for this publication at www.cambridge.org/rydenpeterson

Cambridge University Press has no responsibility for the persistence or accuracy

of URLs for external or third-party internet websites referred to in this publication

and does not guarantee that any content on such websites is, or will remain,

accurate or appropriate.

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Contents

Preface xi

1 Early Astronomy 1

1.1 The Celestial Sphere 1

1.2 Coordinate Systems on a Sphere 3

1.3 Celestial Motions 9

1.4 Basic Timekeeping 16

1.5 Solar and Sidereal Time 17

1.6 Calendars 25

2 Emergence of Modern Astronomy 29

2.1 Early Greek Astronomy 29

2.2 Ptolemaic Astronomy 34

2.3 Copernican Astronomy 38

2.4 Galileo: The First Modern Scientist 47

2.5 Kepler’s Laws of Planetary Motion 50

2.6 Proof of the Earth’s Motion 52

2.6.1 Rotation of the Earth 53

2.6.2 Revolution of the Earth 57

3 Orbital Mechanics 61

3.1 Deriving Kepler’s Laws 62

3.1.1 Kepler’s Second Law 62

3.1.2 Kepler’s First Law 66

3.1.3 Kepler’s Third Law 72

3.2 Orbital Energetics 74

3.3 Orbital Speed 75

3.4 The Virial Theorem 78

v

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

vi Contents

4 The Earth–Moon System 83

4.1 Precession 83

4.2 Tides 84

4.3 Limits on the Size of Orbits 92

4.3.1 Minimum Orbit Size: Roche Limit 93

4.3.2 Maximum Orbit Size: Hill Radius 95

4.4 Phases of the Moon 97

4.5 Rotation of the Moon 99

4.6 Eclipses 102

5 Interaction of Radiation and Matter 111

5.1 Atomic Structure 111

5.2 Atomic Processes 118

5.3 Emission and Absorption Spectra 121

5.4 The Equation of Radiative Transfer 127

5.5 The Curve of Growth 130

5.6 Local Thermodynamic Equilibrium 133

5.7 Blackbody Radiation 137

6 Astronomical Detection of Light 146

6.1 The Telescope as a Camera 146

6.2 Refracting and Reflecting Telescopes 151

6.3 Quality of Images 155

6.4 Astronomical Instruments and Detectors 159

6.5 Observations and Photon Counting 161

6.6 Observations at Other Wavelengths 165

6.7 Modern Telescopes 168

7 The Sun 172

7.1 Observable Layers of the Sun 172

7.2 Solar Activity 181

7.3 Angular Momentum of the Sun 189

8 Overview of the Solar System 194

8.1 Two Types of Planets 194

8.2 Physical Properties of Planets 196

8.3 Formation of the Solar System 203

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Contents vii

9 Earth and Moon 209

9.1 The Earth’s Interior 209

9.2 The Earth’s Atmosphere 213

9.3 The Earth’s Magnetosphere 220

9.4 The Moon’s Interior and Surface 221

9.5 The Origin of the Moon 227

Appendix: Radioactive Dating 228

10 The Planets 232

10.1 Terrestrial Planets 232

10.1.1 Mercury 232

10.1.2 Venus 235

10.1.3 Mars 239

10.2 Jovian Planets 243

10.2.1 Jupiter and Saturn 244

10.2.2 Satellites of Jupiter and Saturn 252

10.2.3 Uranus and Neptune 256

10.3 Planetary Rings 259

11 Small Bodies in the Solar System 266

11.1 Asteroids 266

11.2 Trans-Neptunian Objects 271

11.3 Comets 277

11.4 Meteoroids and Dust 280

12 The Solar System in Perspective 290

12.1 Comparative Planetology Within the Solar System 290

12.2 Origin of the Solar System 292

12.3 Detecting Exoplanets 294

12.4 Properties of Exoplanets 304

13 Properties of Stars 307

13.1 How Far Is a Star? 307

13.2 How Bright Is a Star? 309

13.3 How Hot Is a Star? 313

13.4 How Big Is a Star? 318

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

viii Contents

13.5 How Massive Is a Star? 322

13.5.1 Visual Binaries 322

13.5.2 Spectroscopic Binaries 326

13.5.3 Eclipsing Binaries 329

13.6 How Are Mass, Radius, and Luminosity Related? 330

Appendix: Determination of Bolometric Corrections 332

14 Stellar Atmospheres 336

14.1 Hydrostatic Equilibrium 336

14.2 Spectral Classification 339

14.3 Luminosity Classes 343

14.4 Hertzsprung–Russell Diagrams 345

15 Stellar Interiors 350

15.1 Equations of Stellar Structure 350

15.1.1 Energy Transport in Stars 352

15.1.2 Radiative Transport 353

15.1.3 Convective Transport 356

15.2 Energy Generation in Stars 359

15.3 Nuclear Fusion Reactions 362

15.4 Modeling Stellar Interiors 369

Appendix: Random Walk Processes 372

16 The Interstellar Medium 376

16.1 Interstellar Dust 376

16.1.1 Evidence for Interstellar Dust 376

16.1.2 Observable Effects of Dust on Starlight 378

16.2 Interstellar Gas 380

16.3 The Physics of Non-LTE Gases 384

16.3.1 Ionization Balance 384

16.3.2 Thermal Balance 387

17 Formation and Evolution of Stars 393

17.1 Star Formation 393

17.2 Evolution of Sun-like Stars 398

17.3 Pulsating Variable Stars 402

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Contents ix

18 Stellar Remnants 409

18.1 White Dwarfs 410

18.1.1 Degeneracy Pressure 410

18.1.2 Mass–Radius Relationship 412

18.2 Neutron Stars and Pulsars 416

18.3 Black Holes 423

18.4 Novae and Supernovae 426

19 Our Galaxy 433

19.1 Overview: Morphology of Our Galaxy 433

19.2 Overview: Kinematics and Dynamics of our Galaxy 439

19.3 Local Stellar Motions 444

19.4 The Local Standard of Rest 448

19.5 Differential Rotation of our Galaxy 451

19.6 Determining the Rotation Curve 456

19.7 The Nucleus of our Galaxy 461

20 Galaxies 467

20.1 Galaxy Classification 468

20.2 Galaxy Spectra 474

20.3 Supermassive Black Holes in Galaxies 480

20.4 Distances to Galaxies 482

20.5 The Hubble Law 484

21 Active Galaxies 489

21.1 Types of Active Galaxies 490

21.1.1 Seyfert Galaxies 490

21.1.2 Quasars 491

21.1.3 Radio Galaxies 495

21.2 Accretion by Supermassive Black Holes 497

21.2.1 Energetics 497

21.2.2 The Eddington Limit 497

21.2.3 Accretion Disks 499

21.3 The Structure of AGNs and Unified Models 501

21.4 Quasars over Cosmic History 503

21.5 Probing the Intergalactic Medium 505

Appendix: Superluminal Radio Sources 506

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

x Contents

22 Clusters and Superclusters 511

22.1 Clusters of Galaxies 511

22.2 When Galaxies Collide! 515

22.3 Superclusters and Voids 520

23 Cosmology 526

23.1 Basic Cosmological Observations 527

23.2 Cosmology à la Newton 533

23.3 Cosmology à la Einstein 536

23.4 Metrics of Spacetime 543

23.5 The Friedmann Equation 546

24 History of the Universe 551

24.1 The Consensus Model 551

24.2 The Accelerating Universe 559

24.3 The Early Universe 564

24.4 The Very Early Universe 568

A Astronomical Data 575

Bibliography 583

Credits 585

Index 589

www.cambridge.org/9781108831956
www.cambridge.org


Cambridge University Press
978-1-108-83195-6 — Foundations of Astrophysics
Barbara Ryden , Bradley M. Peterson 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Preface

This book, like many textbooks, was inspired by teaching a class. The class in question

was a two-quarter (5 hours per week) introductory survey course in astrophysics. The

reader of this book, like the students in our course, is assumed to have studied a year

of calculus (including differential and integral calculus, basic vector calculus, and a

smattering of simple differential equations), as well as a year of calculus-based general

physics. We assume that the reader has only a remote acquaintance, if any, with quantum

physics, special relativity, or linear algebra.

Our fundamental goals for this book are twofold. First, we want to introduce students

with a serious interest in physical science to the breadth of astronomy, preparing them

for more advanced topical courses in the future. Second, we use astronomical examples

to reinforce the physics that the students have already learned. To this end, we use SI

(International System) units, which the students have already encountered in general

physics class, rather than the cgs (centimeter, gram, second) units that are frequently

encountered in the more advanced astronomical literature. Units that are peculiar to

astronomers, such as parsecs, magnitudes, solar luminosities, and solar masses, are

introduced as needed.

Our organization of the material is, in many respects, quite traditional. We start with

the kinematics and dynamics of the solar system; then, after discussing the interaction

of matter and light, we proceed to a discussion of the physical nature of objects in the

solar system. We conclude our discussion of solar system astronomy with an examination

of the solar system as illuminated by the exciting new field of exoplanets. The second

half of the book covers stellar, galactic, and extragalactic astronomy, followed by a brief

discussion of cosmology.

Our goals for the book, to some extent, dictate the relative emphasis placed on dif-

ferent fields of astronomy. Some particularly rich areas of astronomy, such as stellar

populations, globular clusters, and the large-scale structure of the universe, are only

briefly touched on. We regret the brevity with which we cover these and other fasci-

nating topics in astronomy. However, we had to balance our desire to make the book

of manageable size with our desire to cover thoroughly those topics that enhance un-

derstanding of important physical principles (such as blackbody radiation, physics of

non-LTE gases, and gravitational accretion).

Our text benefited from criticism by many individuals. Most important, the book

was shaped by several classes of undergraduate students at The Ohio State University,

xi
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xii Preface

who provided detailed feedback on nearly every aspect of the book. In particular, most

end-of-chapter problems in this book have been heavily field-tested; our students never

hesitated to point out when a problem was clumsily or ambiguously worded. Many of

the remaining end-of-chapter problems are classic problems that appear in somewhat

similar form in earlier textbooks. The textbooks from which we have adopted and adapted

problems are cited in the Bibliography at the end of the textbook.

We are grateful for reviews of individual chapters by instructors with experience in

teaching astrophysics at this level, notably Byron D. Anderson, Phil Armitage, Don

Bord, Tereasa Brainerd, David Cohen, John Cowan, Richard A. Crowe, Carsten Denker,

George Djorgovski, Stephen Gottesman, Kim Griest, Peter H. Hauschildt, John Huchra,

Philip A. Hughes, Steven Kawaler, Jeremy King, Chip Kobulnicky, Donald G. Lutter-

moser, Kevin MacKay, Michael P. Merilan, Stan Owocki, Eric S. Perlman, Lawrence

S. Pinsky, Gary D. Schmidt, James Schombert, Horace Smith, Steven Stahler, Curtis

J. Struck, Paula Szkody, Dan Wilkins, Jeff Wilkerson, Richard M. Williamon, Gerard

Williger, Vincent Woolf, Kausar Yasmin, and Dennis Zaritsky, as well as a number of

anonymous reviewers. We incorporated much of the advice received from these individ-

uals.

We are especially grateful to friends and colleagues at The Ohio State University

who provided invaluable assistance. Richard Pogge provided help with both scientific

and technical issues. Jessica Orwig prepared many of the figures and tables. Marc

Pinsonneault, David Weinberg, and Molly Peeples provided information for figures.

Finally, the fact that this is a real book rather than a pile of incoherent notes and scrawled

drawings is due to our diligent production team at Pearson Addison-Wesley.
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