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The Bubble Nebula, NGC 7635, gas expanding around a
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here with Hubble.
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Telescope.

13. The Death of Stars: Recycling 381
13.1 The Death of the Sun 381

13.1a
13.1b
13.1c
13.1d
13.1e

Red Giants 381

Planetary Nebulae 383

White Dwarfs 384

Summary of the Sun’s Evolution 386
Binary Stars and Novae 387

13.2 Supernovae: Stellar Fireworks! 388

13.2a
13.2b
13.2¢
13.2d
13.2e

13.2f
13.2g
13.2h

Core-Collapse Supernovae 389

White-Dwarf Supernovae (Type Ia) 391

Superluminous Supernovae 393

Observing Supernovae 393

Supernova Remnants 393

A Closer Look 13.1 Searching for
Supernovae 395

Supernovae and Us 396

Supernova 1987A! 397

Cosmic Rays 401

13.3 Pulsars: Stellar Beacons 402

13.3a
13.3b
13.3c
13.3d

Neutron Stars 402

The Discovery of Pulsars 402

What Are Pulsars? 403

The Crab, Pulsars, and Supernovae 404

13.3e  Slowing Pulsars and Fast Pulsars 406

13.3f Binary Pulsars and Gravitational Waves 406
13.3g A Pulsar with a Planet 408

13.3h X-ray Binaries 408

14. Black Holes: The End of Space and Time 415

Credit: NASA, ESA, and M. Brodwin (University of Missouri)

14.1 The Formation of a Stellar-Mass Black Hole 416
14.2 The Photon Sphere 416
14.3 The Event Horizon 417
14.3a A Newtonian Argument 417
14.3b Black Holes in General Relativity 418
14.4 Time Dilation 419
14.5 Properties of Black Holes 419
14.5a Rotating Black Holes 419
14.5b Measuring Black-Hole Spin 420
14.6 Passageways to Distant Lands? 422
14.7 Detecting a Black Hole 422
14.7a Hot Accretion Disks 422
14.7b Cygnus X-1: The First Plausible Stellar-Mass
Black Hole 423
14.7¢ Other Black-Hole Candidates 424
Figure It Out 14.1 Binary Stars and Kepler’s
Third Law 424

A cluster of galaxies 10 billion light-years from Earth, with
500 trillion times the mass of our Sun. Hot gas in the middle,
imaged with the Chandra X-ray Observatory, shows as blue-
white overlaying Hubble’s visible-light image in green and
the Spitzer Space Telescope’s image in red.

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108431385
www.cambridge.org

Cambridge University Press
978-1-108-43138-5 — The Cosmos

5th Edition
Table of Contents
More Information

Credit: European Space Agency/Planck Consortium

Detailed Contents XV

An all-sky map made with the European Space Agency’s Planck spacecraft, which was also used to map the cosmic background
radiation. The image is a composite of magnetic-field, atomic “free-free,” dust, and carbon-monoxide components.

14.8
14.9
14.10

14.11
14.12

15. The Milky Way: Our Home in the Universe 447

15.1

15.2
15.3
15.4
15.5
15.6
15.7
15.8
15.9
15.10
15.11
15.12
15.13
15.14

14.7d The Strange Case of S5433 425
Supermassive Black Holes 426

Moderation in All Things 428

Gamma-ray Bursts: Birth Cries of Black Holes?
14.10a How Far Away Are Gamma-ray Bursts?
14.10b Models of Gamma-ray Bursts 431
Mini Black Holes 433

The Detection of Gravitational Waves 433
Proposal: The Maxwell-Einstein speed 440

Our Galaxy: The Milky Way 448

Star Party 15.1 Observing the Milky Way 448
The Illusion That We Are at the Center 450
Nebulae: Interstellar Clouds 451

The Parts of Our Galaxy 453

The Center of Our Galaxy 456

All-Sky Maps of Our Galaxy 460

Our Pinwheel Galaxy 461

Why Does Our Galaxy Have Spiral Arms? 463
Matter Between the Stars 464

Radio Observations of Our Galaxy 465
Mapping Our Galaxy 466

Radio Spectral Lines from Molecules 468
The Formation of Stars 468

At a Radio Observatory 471

16. A Universe of Galaxies 479

16.1

16.2

16.3

16.4

16.5

16.6
16.7

The Discovery of Galaxies 480

16.1a The Shapley—Curtis Debate 480

16.1b Galaxies: “Island Universes” 482

Types of Galaxies 483

16.2a Spiral Galaxies 483

16.2b Elliptical Galaxies 485

16.2c  Other Galaxy Types 486

Habitats of Galaxies 488

16.3a Clusters of Galaxies 488
Star Party 16.1 Observing Galaxies 488

16.3b Superclusters of Galaxies 491

The Dark Side of Matter 491

16.4a The Rotation Curve of the Milky Way
Galaxy 491

16.4b Dark Matter Everywhere 493
Figure It Out 16.1 Calculating the Mass from

the Rotation Curve 494

16.4c What Is Dark Matter? 495

Gravitational Lensing 497

The Birth and Life of Galaxies 503

The Expanding Universe 503

Figure It Out 16.2 Redshifts and the Hubble—Lemaitre
Law 505

Figure It Out 16.3 Using the Hubble—Lemaitre Law to
Determine Distances 506

© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781108431385
www.cambridge.org

Cambridge University Press
978-1-108-43138-5 — The Cosmos
5th Edition

Table of Contents

More Information

XVi Detailed Contents

NASA , ESA, and B. Salmon (STScl)

A gravitationally lensed embryonic galaxy, only half a billion years after the big bang. It is only 1% the mass of our Milky Way
Galaxy, and is revealing an early stage of galaxy formation. The lensing smeared it into an arc; other galaxies about that far
away and far back in time appear only as reddish dots. The image was taken with the Hubble Space Telescope.
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