
Astronomy
todAy 9e

A01_CHAI0278_09_SE_FM_NASTA.indd   1 1/3/17   7:23 PM



A01_CHAI0278_09_SE_FM_NASTA.indd   2 1/3/17   7:24 PM



Eric chaisson
Harvard University

stEvE McMillan
Drexel University

Astronomy
todAy

330 Hudson Street, NY NY 10013

With contributions by Emily Rice, 
College of Staten Island, City University of New York

9e

A01_CHAI0278_09_SE_FM_NASTA.indd   3 1/3/17   7:24 PM



Sr. Content Developer: M. Amir Said
Director of Content Development, Science: Caroline M. Power
Mastering Media Producer: Jenny Moryan
Production Management and Composition: SPi Global
Design Manager: Mark Ong, Side By Side Studios
Interior Designer:  Cenveo Publishing Services
Cover Designer: Jeff Puda
Rights and Permissions Management: Matt Perry, Cenveo Publishing Services
Senior Procurement Specialist: Stacey Weinberger
Procurement Specialist: Maura Zaldivar-Garcia
Marketing Manager: Elizabeth Bell

Copyright © 2018, 2014, 2011 Pearson Education, Inc. All Rights Reserved. Printed in the United States of America. This publication is protected by copyright, 
and permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by 
any means, electronic, mechanical, photocopying, recording, or otherwise. For information regarding permissions, request forms and the appropriate contacts 
within the Pearson Education Global Rights & Permissions department, please visit www.pearsoned.com/permissions/.

Credits and acknowledgments borrowed from other sources and reproduced, with permission, in this textbook appear on the appropriate page within the text.

Many of the designations used by manufacturers and sellers to distinguish their products are claimed as trademarks. Where those designations appear in this 
book, and the publisher was aware of a trademark claim, the designations have been printed in initial caps or all caps.

PEARSON, ALWAYS LEARNING, and MasteringAstronomy® are exclusive trademarks in the U.S. and/or other countries owned by Pearson Education, Inc. or 
its affiliates. Unless otherwise indicated herein, any third-party trademarks that may appear in this work are the property of their respective owners and any 
references to third-party trademarks, logos or other trade dress are for demonstrative or descriptive purposes only. Such references are not intended to imply 
any sponsorship, endorsement, authorization, or promotion of Pearson’s products by the owners of such marks, or any relationship between the owner and 
Pearson Education, Inc. or its affiliates, authors, licensees or distributors.

Library of Congress Cataloging-in-Publication Data
Names: Chaisson, Eric. | McMillan, S. (Stephen), 1955-
Title: Astronomy today / Eric Chaisson, Harvard University, Steve McMillan,
  Drexel University.
Description: 9th edition. | Boston : Pearson, 2017. Contents: vol. 1. The
  solar system—vol. 2. Stars and galaxies.
Identifiers: LCCN 2016047507| ISBN 9780134450278 | ISBN 0134450272
Subjects:  LCSH: Astronomy—Textbooks.
Classification: LCC QB43.3 .C48 2017 | DDC 520—dc23
LC record available at https://lccn.loc.gov/2016047507
                        2013019295

Courseware Portfolio Manager: Nancy Whilton
Content Producer: Becca Groves
Courseware Portfolio Director: Jeanne Zalesky
Courseware Portfolio Management Assistant: Kristen Stephens
Courseware Specialist: Jonathan Cheney
Courseware Director, Content Development: Ginnie Simione Jutson
Managing Producer, Science: Kristen Flathman
Director of Digital Product Development: Lauren Fogel
Executive Content Producer: Laura Tommasi
Rich Media Content Producer: Ziki Dekel
Rich Media Content Producer: Lauren Chen

www.PearsonSchool.com/Advanced

Cover photo credits:
   Main Edition: NASA, ESA, Hubble Heritage Team
   Volume 1: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute
   Volume 2: NASA, ESA, Digitized Sky Survey 2; Acknowledgement: Davide De Martin

ISBN-10: 0-13-458055-9 (High School Binding)
ISBN-13: 978-0-13-458055-5 (High School Binding)

1   16

A01_CHAI0278_09_SE_FM_NASTA.indd   4 1/3/17   7:24 PM



PART I: Astronomy and the Universe 2

 1 Charting the Heavens: The Foundations of Astronomy 5

 2 The Copernican Revolution: The Birth of Modern Science 33

 3 Radiation: Information from the Cosmos 59

 4 Spectroscopy: The Inner Workings of Atoms 79

 5 Telescopes: The Tools of Astronomy 99

PART II: Our Planetary System 132

 6 The Solar System: Comparative Planetology and Formation Models 134

 7 Earth: Our Home in Space 160

 8 The Moon and Mercury: Scorched and Battered Worlds 187

 9 Venus: Earth’s Sister Planet 214

 10 Mars: A Near Miss for Life? 233

 11 Jupiter: Giant of the Solar System 260

 12 Saturn: Spectacular Rings and Mysterious Moons 286

 13 Uranus and Neptune: The Outer Worlds of the Solar System 314

 14 Solar System Debris: Keys to Our Origin 333

 15 Exoplanets: Planetary Systems Beyond Our Own 363

PART III: Stars and Stellar Evolution 384

 16 The Sun: Our Parent Star 386

 17 The Stars: Giants, Dwarfs, and the Main Sequence 417

 18 The Interstellar Medium: Gas and Dust Among the Stars 445

 19 Star Formation: A Traumatic Birth 465

 20 Stellar Evolution: The Life and Death of a Star 490

 21 Stellar Explosions: Novae, Supernovae, and the Formation of the Elements 516

 22 Neutron Stars and Black Holes: Strange States of Matter 537

PART IV: Galaxies and Cosmology 570

 23 The Milky Way Galaxy: A Spiral in Space 572

 24 Galaxies: Building Blocks of the Universe 601

 25 Galaxies and Dark Matter: The Large-Scale Structure of the Cosmos 632

 26 Cosmology: The Big Bang and the Fate of the Universe 659

 27 The Early Universe: Toward the Beginning of Time 681

 28 Life in the Universe: Are We Alone? 706

BRIEF CONTENTS

v

A01_CHAI0278_09_SE_FM_NASTA.indd   5 1/3/17   7:24 PM



vi

CONTENTS
About the Authors  xx
Preface  xxi

PART I:  Astronomy and the Universe 2

 1 Charting the Heavens
The Foundations of Astronomy 5

 1.1 Our Place in Space 6

 1.2 Scientific Theory and the Scientific Method 8

 1.3 The “Obvious” View 10

 1.4 Earth’s Orbital Motion 13

MORE PRECISELY 1-1 Angular Measure 14

 1.5 The Motion of the Moon 18

 1.6 The Measurement of Distance 24

MORE PRECISELY 1-2 Measuring Distances with Geometry 28

Chapter Review  29

 2 The Copernican Revolution
The Birth of Modern  Science 33

 2.1 Ancient Astronomy 34

 2.2 The Geocentric Universe 36

 2.3 The Heliocentric Model of the Solar System 40

DISCOVERY 2-1 Foundations of the Copernican Revolution 40

 2.4 The Birth of Modern Astronomy 41

 2.5 The Laws of Planetary Motion 44

MORE PRECISELY 2-1 Some Properties of Planetary Orbits 46

 2.6 The Dimensions of the Solar System 48

 2.7 Newton’s Laws 49

 2.8 Newtonian Mechanics 52

MORE PRECISELY 2-2 Weighing the Sun 53

Chapter Review  56

 3 Radiation
Information from the Cosmos 59

 3.1 Information from the Skies 60

 3.2 Waves in What? 63

 3.3 Electromagnetic Spectrum 65

 3.4 Thermal Radiation 67

DISCOVERY 3-1 The Wave Nature of Radiation 68

MORE PRECISELY 3-1 The Kelvin Temperature Scale 69

MORE PRECISELY 3-2 More About the Radiation Laws 72

 3.5 The Doppler Effect 73

MORE PRECISELY 3-3 Measuring Velocities with the Doppler Effect 75

Chapter Review  76

A01_CHAI0278_09_SE_FM_NASTA.indd   6 1/3/17   7:24 PM



vii

 4 Spectroscopy
The Inner Workings of Atoms 79

 4.1 Spectral Lines 80

 4.2 Atoms and Radiation 84

DISCOVERY 4-1 The Photoelectric Effect 85

MORE PRECISELY 4-1 The Hydrogen Atom 87

 4.3 Formation of Spectral Lines 88

 4.4 Molecules 91

 4.5 Spectral-Line Analysis 92

Chapter Review  96

 5 Telescopes
The Tools of Astronomy 99

 5.1 Optical Telescopes 100

 5.2 Telescope Size 104

 5.3 Images and Detectors 109

 5.4 High-Resolution Astronomy 111

 5.5 Radio Astronomy 114

 5.6 Interferometry 118

 5.7 Space-Based Astronomy 121

DISCOVERY 5-1 The ALMA Array 122

 5.8 Full-Spectrum Coverage 128

Chapter Review  129

PART II:  Our Planetary System 132

 6 The Solar System
Comparative Planetology and  Formation Models 134

 6.1 An Inventory of the Solar System 135

 6.2 Measuring the Planets 137

 6.3 The Overall Layout of the Solar System 139

 6.4 Terrestrial and Jovian Planets 140

 6.5 Interplanetary Matter 141

DISCOVERY 6-1 Gravitational “Slingshots” 142

 6.6 How Did the Solar System Form? 144

DISCOVERY 6-2 Spacecraft Exploration of the Solar System 146

MORE PRECISELY 6-1 Angular Momentum 149

 6.7 Jovian Planets and Planetary Debris 152

Chapter Review  156

 7 Earth
Our Home in Space 160

 7.1 Overall Structure of Planet Earth 161

A01_CHAI0278_09_SE_FM_NASTA.indd   7 1/3/17   7:24 PM



 7.2 Earth’s Atmosphere 162

MORE PRECISELY 7-1 Why Is the Sky Blue? 164

DISCOVERY 7-1 The Greenhouse Effect and Global Warming 166

 7.3 Earth’s Interior 167

MORE PRECISELY 7-2 Radioactive Dating 170

 7.4 Surface Activity 172

 7.5 Earth’s Magnetosphere 178

 7.6 The Tides 180

Chapter Review  183

 8 The Moon and Mercury
Scorched and Battered Worlds 187

 8.1 Orbital Properties 188

 8.2 Physical Properties 189

 8.3 Surface Features 190

 8.4 Rotation Rates 193

MORE PRECISELY 8-1 Why Air Sticks Around 194

DISCOVERY 8-1 Lunar Exploration 196

 8.5 Lunar Cratering and Surface Composition 199

 8.6 The Surface of Mercury 204

 8.7 Interiors 206

 8.8 Origin of the Moon 207

 8.9 Evolutionary History of the Moon and Mercury 209

Chapter Review  211

 9 Venus
Earth’s Sister Planet 214

 9.1 Orbital Properties 215

 9.2 Physical Properties 216

 9.3 Long-Distance Observations of Venus 217

 9.4 The Surface of Venus 218

 9.5 The Atmosphere of Venus 225

 9.6 Venus’s Magnetic Field and Internal Structure 229

Chapter Review  230

 10 Mars 

A Near Miss for Life? 233

 10.1 Orbital Properties 234

 10.2 Physical Properties 235

 10.3 Long-Distance Observations of Mars 236

 10.4 The Martian Surface 236

 10.5 Water on Mars 240

DISCOVERY 10-1 Life on Mars? 246

 10.6 The Martian Atmosphere 252

viii Contents

A01_CHAI0278_09_SE_FM_NASTA.indd   8 1/3/17   7:24 PM



 10.7 Martian Internal Structure 255

 10.8 The Moons of Mars 255

Chapter Review  257

 11 Jupiter
Giant of the Solar System 260

 11.1 Orbital and Physical Properties 261

 11.2 Jupiter’s Atmosphere 263

 11.3 Internal Structure 269

DISCOVERY 11-1 A Cometary Impact 270

 11.4 Jupiter’s Magnetosphere 271

DISCOVERY 11-2 Almost a Star? 274

 11.5 The Moons of Jupiter 274

 11.6 Jupiter’s Ring 282

Chapter Review  283

 12 Saturn
Spectacular Rings and Mysterious Moons 286

 12.1 Orbital and Physical Properties 287

 12.2 Saturn’s Atmosphere 288

 12.3 Saturn’s Interior and Magnetosphere 292

 12.4 Saturn’s Spectacular Ring System 293

 12.5 The Moons of Saturn 300

DISCOVERY 12-1 Dancing Among Saturn’s Moons 302

Chapter Review  310

 13 Uranus and Neptune
The Outer Worlds of the Solar  System 314

 13.1 The Discoveries of Uranus and Neptune 315

 13.2 Orbital and Physical Properties 317

 13.3 The Atmospheres of Uranus and Neptune 319

 13.4 Magnetospheres and Internal Structure 321

 13.5 The Moon Systems of Uranus and Neptune 323

 13.6 The Rings of the Outermost Jovian Planets 326

Chapter Review  330

 14 Solar System Debris
Keys to Our Origin 333

 14.1 Asteroids 334

 14.2 Comets 340

DISCOVERY 14-1 What Killed the Dinosaurs? 346

 14.3 Beyond Neptune 348

 14.4 Meteoroids 355

Chapter Review  359

Contents ix

A01_CHAI0278_09_SE_FM_NASTA.indd   9 1/3/17   7:24 PM



 15 Exoplanets
Planetary Systems Beyond Our Own 363

 15.1 Modeling Planet Formation 364

 15.2 Solar System Regularities and Irregularities 365

 15.3 Exoplanet Detection 366

 15.4 Exoplanet Properties 370

DISCOVERY 15-1 Gravitational Microlensing 372

 15.5 Is Our Solar System Unusual? 376

Chapter Review  380

PART III:  Stars and Stellar Evolution 384

 16 The Sun
Our Parent Star 386

 16.1 Physical Properties of the Sun 387

 16.2 The Solar Interior 389

DISCOVERY 16-1 Eavesdropping on the Sun 392

 16.3 The Sun’s Atmosphere 394

 16.4 Solar Magnetism 397

 16.5 The Active Sun 402

DISCOVERY 16-2 Solar–Terrestrial Relations 407

 16.6 The Heart of the Sun 407

MORE PRECISELY 16-1 Fundamental Forces 410

 16.7 Observations of Solar Neutrinos 410

MORE PRECISELY 16-2 Energy Generation in the Proton—Proton Chain 412

Chapter Review  413

 17 The Stars
Giants, Dwarfs, and the Main Sequence 417

 17.1 The Solar Neighborhood 418

 17.2 Luminosity and Apparent Brightness 421

 17.3 Stellar Temperatures 424

MORE PRECISELY 17-1 More on the Magnitude Scale 427

 17.4 Stellar Sizes 428

 17.5 The Hertzsprung–Russell Diagram 430

MORE PRECISELY 17-2 Estimating Stellar Radii 431

 17.6 Extending the Cosmic Distance Scale 433

 17.7 Stellar Masses 436

 17.8 Mass and Other Stellar Properties 438

MORE PRECISELY 17-3 Measuring Stellar Masses in Binary Stars 439

Chapter Review  441

 18 The Interstellar Medium
Gas and Dust Among the Stars 445

 18.1 Interstellar Matter 446

x Contents

A01_CHAI0278_09_SE_FM_NASTA.indd   10 1/3/17   7:24 PM



 18.2 Emission Nebulae 449

 18.3 Dark Dust Clouds 455

 18.4 21-Centimeter Radiation 458

 18.5 Interstellar Molecules 459

Chapter Review  462

 19 Star Formation
A Traumatic Birth 465

 19.1 Star-Forming Regions 466

MORE PRECISELY 19-1 Competition in Star Formation 468

 19.2 Formation of Stars Like the Sun 468

 19.3 Stars of Other Masses 473

 19.4 Observations of Cloud Fragments and Protostars 474

DISCOVERY 19-1 Observations of Brown Dwarfs 475

 19.5 Shock Waves and Star Formation 480 

 19.6 Star Clusters 481

DISCOVERY 19-2 Eta Carinae 486

Chapter Review  487

 20 Stellar Evolution
The Life and Death of a Star 490

 20.1 Leaving the Main Sequence 491

 20.2 Evolution of a Sun-Like Star 492

 20.3 The Death of a Low-Mass Star 497

DISCOVERY 20-1 Learning Astronomy from History 503

 20.4 Evolution of Stars More Massive than the Sun 504

DISCOVERY 20-2 Mass Loss from Giant Stars 506

 20.5 Observing Stellar Evolution in Star Clusters 507

 20.6 Stellar Evolution in Binary Systems 510

Chapter Review  513

 21 Stellar Explosions
Novae, Supernovae, and the  Formation of the Elements 516

 21.1 Life After Death for White Dwarfs 517

 21.2 The End of a High-Mass Star 519

 21.3 Supernovae 521

 21.4 Formation of the Elements 525

DISCOVERY 21-1 Supernova 1987A 526

 21.5 The Cycle of Stellar Evolution 533

Chapter Review  534

 22 Neutron Stars and Black Holes
Strange States of  Matter 537

 22.1 Neutron Stars 538

 22.2 Pulsars 539

Contents xi

A01_CHAI0278_09_SE_FM_NASTA.indd   11 1/3/17   7:24 PM



 22.3 Neutron-Star Binaries 542

 22.4 Gamma-Ray Bursts 546

 22.5 Black Holes 549

 22.6 Einstein’s Theories of Relativity 552

DISCOVERY 22-1 Special Relativity 553

 22.7 Space Travel Near Black Holes 556

 22.8 Observational Evidence for Black Holes 559

MORE PRECISELY 22-1 Tests of General Relativity 560

DISCOVERY 22-2 Gravitational Waves: A New Window on the Universe 564

Chapter Review  567

PART IV:  Galaxies and Cosmology 570

 23 The Milky Way Galaxy
A Spiral in Space 572

 23.1 Our Parent Galaxy 573

 23.2 Measuring the Milky Way 575

DISCOVERY 23-1 Early “Computers” 579

 23.3 Galactic Structure 581

 23.4 Formation of the Milky Way 584

 23.5 Galactic Spiral Arms 586

DISCOVERY 23-2 Density Waves 589

 23.6 The Mass of the Milky Way Galaxy 590

 23.7 The Galactic Center 593

Chapter Review  598

 24 Galaxies
Building Blocks of the Universe 601

 24.1 Hubble’s Galaxy Classification 602

 24.2 The Distribution of Galaxies in Space 608

 24.3 Hubble’s Law 612

 24.4 Active Galactic Nuclei 615

MORE PRECISELY 24-1 Relativistic Redshifts and Look-Back Time 616

 24.5 The Central Engine of an Active Galaxy 624

Chapter Review  628

 25 Galaxies and Dark Matter
The Large-Scale Structure of the Cosmos 632

 25.1 Dark Matter in the Universe 633

 25.2 Galaxy Collisions 636

 25.3 Galaxy Formation and Evolution 638

DISCOVERY 25-1 The Sloan Digital Sky Survey 644

 25.4 Black Holes in Galaxies 645

 25.5 The Universe on Large Scales 649

Chapter Review  656

xii Contents

A01_CHAI0278_09_SE_FM_NASTA.indd   12 1/3/17   7:24 PM



 26 Cosmology
The Big Bang and the Fate of the  Universe 659

 26.1 The Universe on the Largest Scales 660

 26.2 The Expanding Universe 662

 26.3 The Fate of the Cosmos 665

 26.4 The Geometry of Space 668

MORE PRECISELY 26-1 Curved Space 669

 26.5 Will the Universe Expand Forever? 670

DISCOVERY 26-1 Einstein and the Cosmological Constant 672

 26.6 Dark Energy and Cosmology 673

 26.7 The Cosmic Microwave Background 675

Chapter Review  678

 27 The Early Universe
Toward the Beginning of Time 681

 27.1 Back to the Big Bang 682

 27.2 Evolution of the Universe 685

MORE PRECISELY 27-1 More on Fundamental Forces 687

 27.3 Formation of Nuclei and Atoms 689

 27.4 The Inflationary Universe 692

 27.5 Large-Scale Structure in the Universe 696

 27.6 Cosmic Structure and the Microwave Background 699

Chapter Review  703

 28 Life in the Universe
Are We Alone? 706

 28.1 Cosmic Evolution 707

DISCOVERY 28-1 The Virus 709

 28.2 Life in the Solar System 713

 28.3 Intelligent Life in the Galaxy 715

 28.4 The Search for Extraterrestrial Intelligence 720

Chapter Review  724

Appendices

APPENDIx 1 Scientific Notation A-1

APPENDIx 2 Astronomical Measurement  A-2

APPENDIx 3 Tables A-3

GLOSSARY G-1

ANSWERS TO CHECK QUESTIONS AK-1

ANSWERS TO SELF-TEST QUESTIONS AK-7

PHOTO CREDITS/TExT PERMISSIONS C-1

INDEx I-1

STAR CHARTS S-1

Contents xiii

A01_CHAI0278_09_SE_FM_NASTA.indd   13 1/3/17   7:24 PM



xiv

PART I: Astronomy and the 
Universe 2

Chapter 1 Charting the Heavens 4

•	 SELF-GUIDED TUTORIAL Phases of the 
Moon 19

•	 NARRATED FIGURE Lunar Phases 19

Chapter 2 The Copernican  
Revolution 33

•	 INTERACTIVE FIGURE Geocentric 
 Model 38

•	 INTERACTIVE FIGURE Retrograde 
 Motion 41

•	 INTERACTIVE FIGURE Venus Phases 43

Chapter 3 Radiation 59

•	 NARRATED INTERACTIVE 
 FIGURE  Electromagnetic Spectrum 67

•	 SELF-GUIDED TUTORIAL Continuous Spectra 
and Blackbody Radiation 70

•	 SELF-GUIDED TUTORIAL Doppler 
 Effect 74

Chapter 4 Spectroscopy 79

•	 SELF-GUIDED TUTORIAL Emission 
 Spectra 82

•	 SELF-GUIDED TUTORIAL Absorption 
 Spectra 82

Chapter 5 Telescopes 99

•	 SELF-GUIDED TUTORIAL The Optics of a 
Simple Lens 101

•	 SELF-GUIDED TUTORIAL Chromatic 
 Aberration 102

•	 SELF-GUIDED TUTORIAL Reflecting 
 Telescopes 103

•	 NARRATED FIGURE Multiple 
 Wavelengths 128

PART II: Our Planetary  
 System 132

Chapter 6 The Solar System 134

•	 INTERACTIVE FIGURE Nebular Contrac-
tion 145

Chapter 7 Earth 160

•	 SELF-GUIDED TUTORIAL The Greenhouse 
Effect 166

•	 INTERACTIVE FIGURE Solar and Lunar 
Tides 182

Chapter 8 The Moon and Mercury 187

•	 NARRATED FIGURE Moon Formation 208

Chapter 9 Venus 214

•	 NARRATED FIGURE Venus’s Brightness 215

•	 SELF-GUIDED TUTORIAL Super-spaceship—
Voyage to Venus 219

Chapter 10 Mars 233

•	 INTERACTIVE FIGURE Mars Map 237

•	 SELF-GUIDED TUTORIAL Comparative 
 Planetology: Mars 245

•	 SELF-GUIDED TUTORIAL Atmospheric 
Lifetimes 255

Chapter 11 Jupiter 260

•	 SELF-GUIDED TUTORIAL Jupiter— 
 Differential Rotation 263

•	 INTERACTIVE FIGURE Galilean Moons 275

Chapter 12 Saturn 286

•	 NARRATED FIGURE Roche Limit 295

•	 INTERACTIVE FIGURE Saturn’s Rings, Up 
Close 297

Chapter 13 Uranus and Neptune 314

•	 NARRATED FIGURE Jovian Magnetic 
Fields 322

Chapter 14 Solar System Debris 333

•	 NARRATED FIGURE Inner Solar System 334

ONLINE CONTENTS

A01_CHAI0278_09_SE_FM_NASTA.indd   14 1/3/17   7:24 PM



Online Contents

xv

xv   

PART III: Stars and Stellar 
 Evolution 384

Chapter 16 The Sun 386

•	 SELF-GUIDED TUTORIAL Super-Spaceship—
Voyage to the Sun 388

•	 NARRATED FIGURE Stellar Balance 390

Chapter 17 The Stars 417

•	 SELF-GUIDED TUTORIAL Stellar Paral-
lax 418

•	 NARRATED FIGURE Inverse-Square 
Law 422

•	 SELF-GUIDED TUTORIAL Hertzsprung-Russell 
Diagram 430

•	 SELF-GUIDED TUTORIAL Binary Stars— 
 Radial Velocity Curves 436

•	 SELF-GUIDED TUTORIAL Eclipsing Binary 
Stars—Light Curves 437

Chapter 18 The Interstellar  
Medium 445

•	 NARRATED FIGURE Reddening 447

Chapter 19 Star Formation 465

•	 INTERACTIVE FIGURE Newborn Star on the 
H-R Diagram 472

Chapter 20 Stellar Evolution 490

•	 SELF-GUIDED TUTORIAL Evolution of a 
1-Solar-Mass Star 504

Chapter 22 Neutron Stars and Black 
Holes 537

•	 NARRATED FIGURE Pulsar Model 540

•	 SELF-GUIDED TUTORIAL Escape Speed and 
Black Hole Event Horizons 551

•	 INTERACTIVE FIGURE Gravitational 
 Redshift 557

PART IV: Galaxies and 
 Cosmology 570

Chapter 23 The Milky Way Galaxy 572

•	 NARRATED FIGURE Globular Cluster 
 Distribution 580

•	 SELF-GUIDED TUTORIAL Gravitational  
Lensing 592

•	 INTERACTIVE FIGURE Galactic Center 593

Chapter 24 Galaxies 601

•	 NARRATED FIGURE Galaxy Rotation 610

•	 INTERACTIVE FIGURE M87 Jet 621

Chapter 25 Galaxies and Dark 
 Matter 632

•	 INTERACTIVE FIGURE Starburst Galaxy 637

Chapter 26 Cosmology 659

•	 INTERACTIVE FIGURE The Expanding Raisin 
Cake (Universe) 664

Chapter 27 The Early Universe 681

•	 NARRATED FIGURE Structure  
Formation 698

•	 INTERACTIVE FIGURE Early Structure 700

Chapter 28 Life in the Universe 706

•	 NARRATED FIGURE Drake Equation 716

A01_CHAI0278_09_SE_FM_NASTA.indd   15 1/3/17   7:24 PM



xvi

ABOUT THE AUTHORS

Steve McMillan Steve holds 
a bachelor’s and master’s degree 
in mathematics from Cambridge 
 University and a doctorate in astron-
omy from Harvard University. He 
held postdoctoral positions at the 
 University of Illinois and Northwest-
ern University, where he continued his 
research in theoretical astrophysics, 
star clusters, and high-performance 
computing. Steve is currently Depart-
ment Head and Distinguished Profes-
sor of Physics at Drexel University and 
a frequent visiting researcher at Leiden 
University and Princeton’s Institute 
for Advanced Study. He has published 
more than 100 articles and scientific 
papers in professional journals.

Eric Chaisson Eric holds a 
 doctorate in astrophysics from 
 Harvard University, where he spent 
10 years on the faculty of Arts and 
Sciences. For more than two decades 
thereafter, he served on the senior 
science staff at the Space Telescope 
Science Institute and held various 
 professorships at Johns Hopkins and 
Tufts universities. He is now back 
at Harvard, where he teaches and 
conducts research at the Harvard- 
Smithsonian Center for  Astrophysics. 
Eric has written 12 books on 
 astronomy and has published nearly 
200  scientific papers in professional 
journals.

Emily L. Rice Emily holds bach-
elor’s degrees in physics & astronomy 
and German from the University of 
Pittsburgh and a doctorate in astron-
omy and astrophysics from UCLA. 
She held a postdoctoral position at the 
American Museum of Natural History, 
where she is now a resident research 
associate. Emily is currently Assistant 
Professor at the College of Staten Island 
and doctoral faculty in physics at the 
Graduate Center, both part of the City 
University of New York. She studies 
low-mass stars, brown dwarfs, and exo-
planets with the Brown Dwarfs in New 
York City (BDNYC) group.

A01_CHAI0278_09_SE_FM_NASTA.indd   16 1/3/17   7:25 PM



xvii

Several chapters have also seen significant reorganization in 
order to streamline the overall presentation, strengthen our 
focus on the process of science, and reflect new understand-
ing and emphases in contemporary astronomy.

In addition to updates throughout the text on the 
numbers and properties of the many astronomical objects, 
the many substantive changes include:

•	 New discussion in Chapter 5 of next-generation tel-
escopes and high-resolution astronomy.

•	 Updated information and imagery in Discovery 5-1 on 
the ALMA array.

•	 New discussion in Chapter 8 of ice on the Moon.

•	 Additional coverage in Chapter 8 of Mercury’s surface 
and interior based on Messenger data.

•	 New discussion in Chapter 10 of the depletion of the 
Martian atmosphere.

•	 Expanded coverage in Chapter 10 of the Curiosity rover 
on Mars and its findings so far.

•	 Update in Chapter 11 on the changing appearance of 
Jupiter’s Great Red Spot.

•	 New material in Chapter 11 on the 2016 Juno mission.

•	 Updated discussion in Chapter 11 of the internal 
structure of Ganymede.

•	 New discussion in Chapter 12 of storms on Saturn.

•	 Expanded coverage in Chapter 12 of lakes and other 
features on the surface of Saturn’s moon Titan.

•	 Additional material in Chapter 12 on Saturn’s moon 
Enceladus.

•	 Update in Chapter 13 on the return of Neptune’s Dark 
Spot.

•	 New coverage in Chapter 14 of the Dawn mission to Ceres.

•	 Extensive discussion in Chapter 14 of the Rosetta 
mission to comet 67 P/Churyumov–Gerasimenko.

•	 Completely revised presentation of Pluto in Chapter 14 
based on data from the New Horizons mission.

•	 Updated and rewritten presentation in Chapter 15 of 
exoplanet searches and properties.

•	 New material in Chapter 15 on direct imaging as an 
exoplanet detection technique.

•	 Expanded discussion in Chapter 15 of exoplanet 
composition.

•	 Presentation in new Discovery 15-1 of gravitational 
microlensing as an important exoplanet detection 
technique.

•	 Updated discussion in Chapter 15 of habitable zones 
and planetary systems in star clusters.

Astronomy is a science that thrives on new discoveries. Fueled 
by new technologies and novel theoretical insights, the study 
of the cosmos continues to change our understanding of 
the universe. We are pleased to have the opportunity to pre-
sent in this book a representative sample of the known facts, 
evolving ideas, and frontier discoveries in astronomy today.

Astronomy Today has been written for students who have 
taken no previous college science courses and who will likely 
not major in physics or astronomy. It is intended for use in 
a one- or two-semester, nontechnical astronomy course. 
We present a broad view of astronomy, straightforwardly 
descriptive and without complex mathematics. The absence 
of sophisticated mathematics, however, in no way prevents 
discussion of important concepts. Rather, we rely on quali-
tative reasoning as well as analogies with objects and phe-
nomena familiar to the student to explain the complexities 
of the subject without oversimplification. We have tried to 
communicate the excitement we feel about astronomy and 
to awaken students to the marvelous universe around us.

We are very gratified that the first eight editions of this 
text have been so well received by many in the astronomy 
education community. In using those earlier texts, many 
teachers and students have given us helpful feedback and 
constructive criticisms. From these, we have learned to 
communicate better both the fundamentals and the excite-
ment of astronomy. Many improvements inspired by these 
comments have been incorporated into this new edition.

Focus of the Ninth Edition
From the first edition, we have tried to meet the challenge 
of writing a book that is both accurate and approachable. 
To the student, astronomy sometimes seems like a long list 
of unfamiliar terms to be memorized and repeated. Many 
new terms and concepts are introduced in this course, but 
we hope students will also learn and remember how sci-
ence is done, how the universe works, and how things are 
connected. In the ninth edition, we have taken particular 
care to show how astronomers know what they know, and 
to highlight both the scientific principles underlying their 
work and the process used in discovery.

New and Revised Material
Astronomy is a rapidly evolving field and, in the three years 
since the publication of the eighth edition of Astronomy Today, 
has seen many new discoveries covering the entire spectrum 
of astronomical research. Almost every chapter in the ninth 
edition has been substantially updated with new information. 

PREFACE
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xviii Preface

The Illustration Program
Visualization plays an important role 
in both the teaching and the practice 
of astronomy, and we continue to place 
strong emphasis on this aspect of our 
book. We have tried to combine aes-
thetic beauty with scientific accuracy 
in the artist’s conceptions 
that adorn the text, and 
we have sought to present 
the best and latest imagery 
of a wide range of cosmic 
objects. Each illustration 
has been carefully crafted 
to enhance student learn-
ing; each is pedagogically 
sound and tied tightly to 
the nearby discussion of 
important scientific facts 
and ideas. This edition 
contains more than 100 
revised figures that show the latest imagery and the results 
learned from them.

Compound Art It is rare that a single image, be it a photo-
graph or an artist’s conception, can capture all aspects of 
a complex subject. Wherever possible, multiple-part figures 
are used in an attempt to convey the greatest amount of in-
formation in the most vivid way:

Figure 11.20  Volcanoes on Io The main image shows a Galileo 
view of Io, whose surface is kept smooth and brightly colored by 
constant volcanism, revealed here as dark, circular features. The left 
inset shows an umbrella-like eruption of one of Io’s volcanoes as 

Galileo flew past this fascinating moon in 1997; the plume measures about 
150 km high and 300 km across. The right inset shows another volcano, 
this one face-on, where surface features here are resolved to just a few 
kilometers. (NASA)

R I V U X G

PlumeVolcano

Volcanic
plume

Surface

1500 km

•	 Expanded treatment in Discovery 22-1 of relativity and 
time dilation.

•	 Rewritten discussion of gravitational radiation in 
Discovery 22-1, including extensive coverage of the 2015 
LIGO detections.

•	 Reconsideration in Chapter 22 of the existence of black 
holes, in the light of the new LIGO findings.

•	 New coverage in Chapter 23 of the “X” in the Milky Way 
bulge and its implication for our Galaxy’s history.

•	 Expanded material in Chapter 23 on the “S stars” in the 
Galactic center and energetic outflows from the Galactic 
center into the halo.

•	 Updated discussion of extremophilic life in Chapter 28.

•	 Consistent distance scales in all figures, helping 
students gain an understanding of the vastness of the 
universe.

•	 Numerous replacement images for currency and clarity, 
and updated art throughout the text. 

•	 Additional material in Discovery 16-1 on the Solar 
Dynamics Observatory.

•	 Substantially improved discussion and imagery in 
Chapter 16 of the sunspot cycle.

•	 New coverage in Chapter 17 on the GAIA astrometric 
mission.

•	 Additional material in Discovery 19-1 on brown dwarfs, 
clarifying the distinction between brown dwarfs and 
planets.

•	 Improved text and imagery in Chapter 19 on the 
observational evidence for various stages of star 
formation: ALMA imagery of protostellar collapse;  
HST observations of protoplanetary disks.

•	 Improved simulations of star cluster formation in 
Chapter 19.

•	 Expanded discussion in Discovery 20-2 of mass loss from 
giant stars.

•	 Emphasis in Chapter 22 of the connection between 
hypernovae and black holes.

•	 Visible images are often presented along with their 
counterparts captured at other wavelengths.

•	 Interpretive line drawings are often superimposed on or 
juxtaposed with real astronomical photographs, help-
ing students to really “see” what the photographs reveal.
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•	 Breakouts—often multiple ones—are used to 
zoom in from wide-field shots to close-ups 
so that detailed images can be understood in 
their larger context. 

Figures and Photos Icons throughout the text 
 direct students to dynamic, interactive versions 
of art and photos on MasteringAstronomy®. 
 Using online applets, students can manipulate 
factors such as time, wavelength, scale, and per-
spective to increase their understanding of these 
figures. 

NARRATED Figures Narrated Figures are brief 
videos that step students through complex fig-
ures from the text, expanding students’ understanding of 
fundamental concepts in a presentation that includes nar-
ration, enhanced visuals, and one to two embedded ques-
tions, followed by short, one- to two-question Mastering 
activities that are graded. They mirror how an instructor 
might present a topic in class and can be assigned as home-
work, self-study, or as part of a pre-lecture program.

R I V U X G

Sun

Earth Inferior
conjunction

Superior
conjunction

Greatest elongation
(half)

Maximum brightness
(crescent)

Orbit of Venus

Orbit of Earth

47°
39°

Venus appears brightest
to us when it is part
way around in
its orbit.

NArrAted Figure 9.2 Venus’s Brightness  Venus appears full 

when it is at its greatest distance from Earth, on the opposite side 

of the Sun from us (superior conjunction). As its distance decreases, 

less and less of its sunlit side becomes visible. When closest to Earth, 

it lies between us and the Sun (inferior conjunction), so we cannot see the 

sunlit side of the planet at all. Venus appears brightest when it is about 39° 

from the Sun. (Compare Figure 2.12.) (Insets: UC Regents/Lick Observatory)

Figure 7.5 Greenhouse effect  Sunlight that is not reflected 

by clouds reaches Earth’s surface, warming it up. Infrared radiation 

reradiated from the surface is partially absorbed by carbon dioxide 

(and also water vapor, not shown here) in the atmosphere, causing the 

overall surface temperature to rise.

Cloud

Earth’s atmosphere

Reradiated
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radiation
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Visible
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Reflected
sunlight
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infrared
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Figure Annotations The ninth edition incorporates the 
research-proven technique of strategically placing annota-
tions (which always appear in blue type) within key pieces 
of art, fostering students’ ability to read and interpret com-
plex figures, focus on the most relevant information, and 
integrate written and visual knowledge.

Full Spectrum Coverage and Spectrum Icons 

R I V U X G  Astronomers exploit the full range 
of the electromagnetic spectrum to gather information 
about the cosmos. Throughout this book, images taken at ra-
dio, infrared, ultraviolet, X-ray, or gamma-ray wavelengths 
are used to supplement visible-light images. As it is some-
times difficult (even for a professional) to tell at a glance 
which images are visible-light photographs and which are 
false-color images created with other wavelengths, each 
photo in the text is accompanied by an icon that identifies 
the wavelength of electromagnetic radiation used to cap-
ture the image.
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Outcomes are provided at the start of each chapter. These 
help students structure their reading of the chapter and 
then test their mastery of key concepts. The Learning Out-
comes are numbered and keyed to the items in the Chapter 
Summary, which in turn refer back to passages in the text. 
This highlighting of the most important aspects of the 
chapter helps students prioritize information and also aids 
in their review. The Learning Outcomes are organized and 
phrased in such a way as to make them objectively testable, 
affording students a means of gauging their own progress.

Other Pedagogical Features
As with many other parts of our text, instructors have 
helped guide us toward what is most helpful for effective 
student learning. With their assistance, we have revised 
both our in-chapter and end-of-chapter pedagogical appa-
ratus to increase its utility to students. 

Learning Outcomes Studies indicate that beginning stu-
dents have trouble prioritizing textual material. For this 
reason, a few (typically five or six) well-defined Learning 

Studying this chapter will enable you to

1 Summarize the composition and physical properties of the 
interstellar medium.

2 Describe the characteristics of emission nebulae, and 
explain their significance in the life cycle of stars.

LEARNING OUTCOMES

3 List the basic properties of dark interstellar clouds.

4 Specify the radio techniques used to probe the nature of 
interstellar matter.

5 Explain the nature and significance of interstellar molecules.

The Big Picture The Big Picture feature on every chapter 
opening spread encapsulates the overarching message that 
each chapter imparts, helping students see how  chapter 

content is connected to a broad understanding of the 
 universe.

Stars are everywhere in the night sky. The naked eye can distinguish about 6000 of them, 
spread across 88 constellations. With binoculars or even a small telescope, millions 
more become visible. The total number of stars, even in our local cosmic neighborhood, 
is virtually beyond our ability to count. By analyzing the light from millions of distant 
stars, astronomers have learned a great deal about stellar properties—their masses 
and radii, their luminosities, even their ages and destinies. Stars tell us more about the 
fundamentals of astronomy than any other class of objects in the universe.

The Big 
Picture

The Big Question Each chapter now ends with a broad, 
open-ended query that is intended to ignite students’ curi-
osity about the still-unanswered questions at the forefront 

of astronomical research. The Big Question builds on the 
material presented in the chapter and invites students to 
speculate on the larger scope of what they have just learned.

We will see in the next few chapters that, once you specify the mass and 
composition of a star, its structure and future evolution are largely set. But are 
the masses of newly formed stars pretty much the same everywhere, or do they 
vary systematically from place to place in our Galaxy and beyond? Astronomers 
generally assume the former, since that’s the only practical way we can do 
astronomy, but is it true? At the cutting edge of research, astronomers are now 
testing this fundamental assumption against state-of-the-art observations.

The Big 
Question

Concept Checks We incorporate into each chapter a num-
ber of “Concept Checks”—key questions that require the 
reader to reconsider some of the material just presented or 
attempt to place it into a broader context. Answers to these 
in-chapter questions are provided at the back of the book.

CONCEPT Check 
 ▶ Why do astronomers draw such a clear distinction 
between the inner and the outer planets?

xx Preface
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H–R Diagrams and Acetate Overlays All of the book’s H–R 
diagrams are drawn in a uniform format, using real data. In 
addition, a unique set of transparent acetate overlays dra-
matically demonstrates to students how the H–R diagram 
helps us to organize our information about the stars and 
track their evolutionary histories.

More Precisely Boxes These boxes provide more quanti-
tative treatments of subjects discussed qualitatively in the 
text. Removing these more challenging topics from the 
main flow of the narrative and placing them within a sepa-
rate modular element of the chapter design (so that they can 
be covered in class, assigned as supplementary material, or 
simply left as optional reading for those students who find 
them of interest) will allow instructors greater flexibility in 
setting the level of their coverage.

Discovery Boxes Exploring a wide variety of interesting 
supplementary topics, Discovery boxes provide the reader 
with insight into how scientific knowledge evolves and em-
phasizes the process of science.

End-of-Chapter Questions, Problems, and Activities 
 (Extensively Revised)

•	 Each chapter incorporates Review and Discussion 
Questions, which may be used for in-class review or for 
assignment. As with the Self-Test Questions, the material 
needed to answer Review Questions may be found within 
the chapter. The Discussion Questions explore particular 
topics more deeply, often asking for opinions, not just 
facts. As with all discussions, these questions usually have 
no single “correct” answer. Questions identified with a 
POS icon encourage students to explore the Process of 
Science, and each Learning Outcome is reflected in one 
of the Review and Discussion questions, marked by LO. 
BP (NEW) questions relate to the Big Picture item at the 
start of the chapter.

•	 Each chapter also contains Conceptual Self-Test 
Questions in a multiple-choice format, including 
select questions that are tied directly to a specific figure 
or diagram in the text, allowing students to assess their 
understanding of the chapter material. These questions 
are identified with a VIS icon. Answers to all these 
questions appear at the end of the book.

•	 The end-of-chapter material includes Problems, based 
on the chapter contents and requiring some numerical 
calculation. In many cases the problems are tied directly 
to quantitative statements made (but not worked out 
in detail) in the text. The solutions to the problems are 
not contained verbatim within the chapter, but the 
information necessary to solve them has been presented 
in the text. Answers to odd-numbered Problems appear 
at the end of the book.

•	 Heavily revised in this edition, the end-of-chapter material 
now ends with collaborative and individual Activities 

Process of Science Checks Each chapter now also includes 
one or two “Process of Science Checks,” similar to the Con-
cept Checks but aimed specifically at clarifying the ques-
tions of how science is done and how scientists reach the 
conclusions they do. Answers to these in-chapter questions 
are also provided at the back of the book.

PROCESS OF SCIENCE Check 
 ▶ In what sense are the comets we see unrepresentative of 
comets in general?

Data Points (NEW) Data Points sidebars in each chap-
ter, based on data captured from thousands of students, 
alert students to the statistically most common mis-
takes made when working problems on related topics in 
 MasteringAstronomy®.

Concept Links In astronomy, as in many scientific dis-
ciplines, almost every topic seems to have some bearing 
on almost every other. In particular, the connection be-
tween the astronomical material and the physical prin-
ciples set forth early in the text is crucial. Practically 
everything in Chapters 6–28 of this text rests on the 
foundation laid in the first five chapters. For example, 
it is important that students, when they encounter the 
discussion of high-redshift objects in Chapter 25, recall 
not only what they just learned about Hubble’s law in 
Chapter 24 but also refresh their memories, if necessary, 
about the inverse-square law (Chapter 17), stellar spectra 
(Chapter 4), and the Doppler shift (Chapter 3). Similarly, 
the discussions of the mass of binary-star components 
(Chapter 17) and of galactic rotation (Chapter 23) both 
depend on the discussion of Kepler’s and Newton’s laws 
in Chapter 2. Throughout, discussions of new astronomi-
cal objects and concepts rely heavily on comparison with 
topics introduced earlier in the text.

It is important to remind students of these links so 
that they recall the principles on which later discussions 
rest and, if necessary, review them. To this end, we have 
inserted “concept links” throughout the text—symbols 
that mark key intellectual bridges between material in 
different chapters. The links, denoted by the symbol  
together with a section reference, signal that the topic 
under discussion is related in some significant way to ideas 
developed earlier and provide direction to material to 
review before proceeding.

Key Terms Like all subjects, astronomy has its own spe-
cialized vocabulary. To aid student learning, the most im-
portant astronomical terms are boldfaced at their first ap-
pearance in the text. Boldfaced Key Terms in the Chapter 
Summary are linked with the page number where the term 
was defined. In addition, an expanded alphabetical glos-
sary, defining each Key Term and locating its first use in the 
text, appears at the end of the book.

Preface   xxi
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A media-rich self-study area is included that students can 
use whether the instructor assigns homework or not.

Mastering Preview and Adoption Access Upon textbook 
purchase, students and teachers are granted access to 
MasteringBiology with Pearson eText. High school teach-
ers can obtain preview or adoption access to MasteringBi-
ology in one of the following ways:

Preview Access

•	 Teachers can request preview access online by visit-
ing www.PearsonSchool.com/Access_Request. Select 
Science, choose Initial Access, and complete the form 
under Option 2. Preview Access information will be sent 
to the teacher via e-mail.

Adoption Access

•	 With the purchase of this program, a Pearson Adop-
tion Access Card with Instructor Manual will be 
delivered with your textbook purchase. (ISBN: 
978-0-13-354087-1)

•	 Ask your sales representative for a Pearson Adoption Access 
Card with Instructor Manual. (ISBN: 978-0-13-354087-1)

OR

•	 Visit PearsonSchool.com/Access_Request, select Sci-
ence, choose Initial Access, and complete the form 
under Option 3—MyLab/Mastering Class Adoption 
Access. Teacher and Student access information will be 
sent to the teacher via e-mail.

Students, ask your teacher for access

Pearson reserves the right to change and/or update technology plat-
forms, including possible edition updates to customers during the 
term of access. This will allow Pearson to continue to deliver the 
most up-to-date content and technology to customers. Customer 
will be notified of any change prior to the beginning of the new 
school year.

Instructor Resources
Most of the teacher supplements and resources for this text 
are available electronically to qualified adopters within Mas-
tering and on the Instructor Resource Center (IRC). Upon 
adoption or to preview, please go to www.pearsonschool.
com/access_request and select Instructor Resource 
 Center. You will be required to complete a brief one-time 
 registration subject to verification of educator status. Upon 
verification, access information and instructions will be 
sent to you via e-mail. Once logged into the IRC, enter 
0-13-458055-9 in the “Search our Catalog” box to locate 
resources.
Instructor Resource Area in MasteringAstronomy® This 
instructor resource area resides in MasteringAstronomy® 
and provides every electronic asset instructors will need 

relevant to the material presented in the text. These 
range from basic naked-eye and telescopic observing 
projects to opinion polls, surveys, group discussions, 
and astronomical research on the Web.

Chapter Review Summaries The Chapter Review Summaries, 
a primary review tool, are linked to the Learning Outcomes at 
the beginning of each chapter. Key Terms introduced in each 
chapter are listed again, in context and in boldface, along 
with key figures and page references to the text discussion.

south celestial poles (p. 12). The line where Earth’s equatorial 
plane cuts the celestial sphere is the celestial equator (p. 12).

4 The nightly motion of the 
stars across the sky is the result of 
Earth’s rotation (p. 12) on its 
axis. The time from one noon to 
the next is called a solar day  
(p. 13). The time between suc-
cessive risings of any given star is 
1 sidereal day (p. 13). Because 
of Earth’s revolution (p. 14) around the Sun, we see different 
stars at night at different times of the year, and the Sun appears 
to move relative to the stars. The Sun’s apparent yearly path 
around the celestial sphere (or the plane of Earth’s orbit around 
the Sun) is called the ecliptic (p. 14).

5 We experience seasons  
(p. 16) because Earth’s rotation 
axis is inclined to the ecliptic 
plane. At the summer solstice  
(p. 15), the Sun is highest  
in the sky and the length of the 
day is greatest. At the winter 
solstice (p. 16), the Sun is lowest and the day is shortest. At the 
vernal (p. 17) and autumnal equinoxes (p. 17), Earth’s axis 
of rotation is perpendicular to the line joining Earth to the Sun, so 
day and night are of equal length. Because of precession (p. 17), 
the slow “wobble” of Earth’s axis due to the influence of the Moon, 
the orientation of Earth’s axis changes slowly over time. As a 
result, the particular constellations visible during any given season 
change over the course of thousands of years.

6 The Moon emits 
no light of its own, 
but instead shines by 
reflected sunlight. 
As the Moon orbits 
Earth, we see lunar 
phases (p. 18) as the 
amount of the Moon’s sunlit face visible to us varies. A lunar 
eclipse (p. 20) occurs when the Moon enters Earth’s shadow.  

1 The universe (p. 7) is the totality of all space, time, mat-
ter, and energy. Astronomy (p. 7) is the study of the universe. 
In order of increasing size, the basic constituents of the cosmos 
are planets, stars, galaxies, galaxy clusters, and the universe 
itself. They differ enormously in scale—a factor of a billion 
 billion from planet Earth to the entire observable universe.

2 The scientific method (p. 8) 
is methodical approach employed 
by scientists to explore the universe 
around us in an objective manner. 
A theory (p. 8) is a framework 
of ideas and assumptions used to 
explain some set of observations and 
construct theoretical models  
(p. 8) that make predictions about 
the real world. These predictions in turn are amenable to further 
observational testing. In this way, the theory expands and sci-
ence advances.

3 Early observers grouped the 
thousands of stars visible to the 
naked eye into patterns called 
 constellations (p. 10), which 
they imagined were attached to 
a vast celestial sphere (p. 11) 
centered on Earth. Constellations 
have no physical significance, but 
are still used to label regions of the 
sky. The points where Earth’s axis 
of rotation intersects the celestial 
sphere are called the north and 

SuMMARY

Chapter Review

Take another look at the spectacular image at the start of this chapter (p. 4). Think 
about all those stars—about 100 billion in our Galaxy alone. We cannot help but 
wonder: Are there planets around some of those stars and perhaps intelligent 
beings on some of those planets? This grandest of all unsolved questions about 
the universe now lies at the heart of modern astronomy.

The Big 
Question

0.01 kilometer 15,000 kilometers
1,500,000 kilometers,
or 0.5 light seconds

Observation

Prediction

TheoryThe scientific method 
is not nearly as clean and 

clear as suggested by this simple 
diagram. In reality, the process is 

complicated by false starts, unsure 
ideas, messy data, and personal 
subjectivity. In the end, though, 

careful tests trump all, and 
objectivity eventually

emerges.
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whole sky around you. 
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www.masteringastronomy.com

MasteringAstronomy® is the most widely used and most 
advanced astronomy tutorial and assessment system in the 
world. By capturing the step-by-step work of students nation-
ally, MasteringAstronomy® has established an unparalleled 
database of learning challenges and patterns. Using this stu-
dent data, a team of renowned astronomy education research-
ers has refined every activity and problem. The result is a 
library of activities of unique educational effectiveness and 
assessment accuracy. MasteringAstronomy® provides students 
with two learning systems in one: a dynamic self-study area 
and the ability to participate in online assignments.

MasteringAstronomy® provides instructors with a fast 
and effective way to assign uncompromising, wide-ranging 
online homework assignments of just the right difficulty 
and duration. The tutorials coach 90 percent of students 
to the correct answer with specific wrong-answer feed-
back. Powerful post-diagnostics allow instructors to assess 
the progress of their class as a whole or to quickly identify 
an individual student’s areas of difficulty. Tutorials built 
around text content and all the end-of-chapter problems 
from the text are available in MasteringAstronomy®.  
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they get stuck, and partial credit for their method(s) used. 
Students also have access to a self-study area that contains 
practice quizzes, self-guided tutorials, narrated and interac-
tive figures, animations, videos, and more.

Pearson eText 2.0 is available through MasteringAstronomy®, 
either automatically when MasteringAstronomy® is packaged 
with new books, or available as a purchased upgrade online. 
Allowing the students to access the text wherever they have 
access to the Internet, Pearson eText comprises the full text, 
including figures that can be enlarged for better viewing, 
and embedded narrated and interactive figures where rel-
evant. Within Pearson eText students are also able to pop up 
definitions and terms to help with vocabulary and the read-
ing of the material. Students can also take notes in Pearson 
eText using the annotation feature. 

The following resources are available for purchase.

Starry Night 7 Student Access Code Card, 8th  Edition 
This best-selling planetarium software lets you escape the 
Milky Way and travel within 700 million light-years of 
space. View more than 16 million stars in stunningly real-
istic star fields. Zoom in on thousands of galaxies, nebulae, 
and star clusters. Move through 200,000 years of time to see 
key celestial events in a dynamic and ever-changing uni-
verse. Blast off from Earth and see the motions of the planets 
from a new perspective. Hailed for its breathtaking realism, 
powerful suite of features, and intuitive ease of use, Starry 
Night College™ lives up to its reputation as astronomy soft-
ware’s brightest . . . night after night. ISBN 0-321-71295-1

Starry Night College™ Activities & Observation and 
Research Projects 
This downloadable supplement contains activities for Starry 
Night College planetarium software by Erin O’Connor (Santa 
Barbara City College), as well as observation and research 
projects by Steve McMillan. It is downloadable free from the 
MasteringAstronomy® Study Area and also from the Pearson 
Starry Night College download site. ISBN 0-321-75307-0

SkyGazer 5.0 Student Access Code Card 
This access kit provides a one-time download of SkyGazer 
5.0 that combines exceptional planetarium software with 
informative pre-packaged tutorials. Based on the popular 
Voyager software, this access code card is available to be pack-
aged at no additional charge with new copies of introductory 
astronomy textbooks. Along with the software, this access 
code card also enables users to download the Astronomy 
Media Workbook by Michael LoPresto. ISBN 0-321-76518-4
(Also available on CD-ROM. ISBN 0-321-89843-5)

Sky and Telescope Based on the most popular amateur 
astronomy magazine, this special student supplement con-
tains nine articles by Evan Skillman, each with a general 
overview and four question sets focused on the issues pro-
fessors most want to address in this course: General Review, 

in and out of the classroom. The area not only contains an 
Instructor’s Resource Manual, but also all text figures in 
jpeg and PowerPoint formats, including additional images, 
star charts, as well as the animations and videos from the 
MasteringAstronomy® Study Area. The area also contains 
TestGen®, an easy-to-use, fully networkable program for 
creating tests ranging from short quizzes to long exams. 
Questions from the Test Bank are supplied, and instructors 
can use the Question Editor to modify existing questions or 
create new questions. It also contains chapter- by-chapter 
lecture outlines and conceptual “clicker” questions in Pow-
erPoint. It is available in both PC and Mac formats.

Instructor Resource Center The Pearson Instructor Re-
source Center contains everything found on the Instructor 
Resource Area in MasteringAstronomy®. It provides virtu-
ally every electronic asset instructors will need in and out 
of the classroom. This includes all text figures in jpeg and 
PowerPoint formats, as well as the animations and videos 
from the Mastering Astronomy® Study Area. It also con-
tains TestGen®, an easy-to-use, fully networkable program 
for creating tests ranging from short quizzes to long exams. 
Questions from the Test Bank are supplied, and instructors 
can use the Question Editor to modify existing questions or 
create new questions. This also contains chapter-by-chap-
ter lecture outlines in PowerPoint and conceptual “clicker” 
questions in PowerPoint.

Instructor Guide Revised by James Heath (Austin Com-
munity College), this online guide provides sample syllabi 
and course schedules; an overview of each chapter; peda-
gogical tips; useful analogies; suggestions for classroom 
demonstrations; writing questions, selected readings, and 
answers/ solutions to the end-of-chapter Review and Dis-
cussion Questions and Problems; and additional references 
and resources. (Available for download from the Instructor 
Resource Center.)

Test Bank An extensive file of approximately 2800 test ques-
tions, newly compiled and revised for the ninth edition. 
The questions are organized and referenced by chapter sec-
tion and by question type. The ninth edition Test Bank has 
been thoroughly revised and includes many new Multiple- 
Choice and Essay questions for added conceptual emphasis. 
This Test Bank is available in both Microsoft® Word and 
TestGen® formats (Available for download from the Instruc-
tor Resource Center.)

Student Resources

www.masteringastronomy.com

This homework, tutorial, and assessment system is 
uniquely able to tutor each student individually by provid-
ing students with instantaneous feedback specific to their 
wrong answers, simpler subproblems upon request when 
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Observation Exercises in Astronomy This workbook 
by Lauren Jones contains a series of astronomy exercises 
that integrate technology from planetarium software 
such as Stellarium, Starry Night College, WorldWide 
 Telescope, and SkyGazer. Using these online products 
adds an interactive dimension to students’ learning. ISBN: 
0-321-63812-3

Astronomy Labs: A Concept-Oriented Approach This 
modular collection of 40 conceptually-oriented astronomy 
labs by Nate McCrady and Emily Rice is housed in the Pear-
son Custom Library for easy creation of a customized lab 
manual. The labs cover astronomy content from the night 
sky and the Solar System to extragalactic topics and cos-
mology and engage students in higher levels of Bloom’s 
taxonomy: application, synthesis, and analysis. Most of the 
labs use only inexpensive everyday objects, such as flash-
lights, construction paper, theatre gels, etc., and many labs 
require no additional equipment or materials. Instructors 
can select only those labs that they wish to include in their 
custom lab manual and the final price will be based on the 
number of labs selected. ISBN-13: 9780321861771

Process of Science, Scale of the Universe, and Our Place in 
the Universe. ISBN 0-321-70620-X

Lecture-Tutorials for Introductory Astronomy, 3rd 
Edition 
Edward E. Prather, University of Arizona
Timothy F. Slater, University of Wyoming
Jeffrey P. Adams, Millersville University
Gina Brissenden, University of Arizona

Funded by the National Science Foundation, Lecture-Tutori-
als for Introductory Astronomy is designed to help make large- 
lecture-format courses more interactive. The third edition 
features six new tutorials on the Greenhouse Effect; Dark 
Matter; Making Sense of the Universe and Expansion; Hub-
ble’s Law; Expansion, Lookback Times, and Distances; and 
The Big Bang. Each of the 44 Lecture-Tutorials is presented 
in a classroom-ready format that asks students to work in 
groups of two to three for between 10 and 15 minutes and 
requires no equipment. These lecture-tutorials challenge 
students with a series of carefully designed questions that 
spark classroom discussion and engage students in critical 
reasoning. ISBN 0-321-82046-0
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