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CHAPTER OVERVIEW

29: The Big Bang

In previous chapters, we explored the contents of the universe—planets, stars, and galaxies—and learned about how these objects
change with time. But what about the universe as a whole? How old is it? What did it look like in the beginning? How has it
changed since then? What will be its fate?

Cosmology is the study of the universe as a whole and is the subject of this chapter. The story of observational cosmology really
begins in 1929 when Edwin Hubble published observations of redshifts and distances for a small sample of galaxies and showed
the then-revolutionary result that we live in an expanding universe—one which in the past was denser, hotter, and smoother. From
this early discovery, astronomers developed many predictions about the origin and evolution of the universe and then tested those
predictions with observations. In this chapter, we will describe what we already know about the history of our dynamic universe
and highlight some of the mysteries that remain.

29.1: The Age of the Universe

29.2: A Model of the Universe

29.3: The Beginning of the Universe

29.4: The Cosmic Microwave Background
29.5: What Is the Universe Really Made Of?
29.6: The Inflationary Universe

29.7: The Anthropic Principle

29.E: The Big Bang (Exercises)

Thumbnail: This drawing shows the James Webb Space Telescope, which is currently planned for launch in 2018. The silver
sunshade shadows the primary mirror and science instruments. The primary mirror is 6.5 meters (21 feet) in diameter. Before and
during launch, the mirror will be folded up. After the telescope is placed in its orbit, ground controllers will command it to unfold
the mirror petals. To see distant galaxies whose light has been shifted to long wavelengths, the telescope will carry several
instruments for taking infrared images and spectra. (credit: modification of work by NASA).
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