
of the matter in each atom is found in the nucleus, which consists of positive protons and electrically neutral
neutrons all bound tightly together in a very small space. Each element is defined by the number of protons in
its atoms. Thus, any atom with 6 protons in its nucleus is called carbon, any with 50 protons is called tin, and any
with 70 protons is called ytterbium. (For a list of the elements, see Appendix K.)

The distance from an atomic nucleus to its electrons is typically 100,000 times the size of the nucleus itself. This
is why we say that even solid matter is mostly space. The typical atom is far emptier than the solar system out
to Neptune. (The distance from Earth to the Sun, for example, is only 100 times the size of the Sun.) This is one
reason atoms are not like miniature solar systems.

Remarkably, physicists have discovered that everything that happens in the universe, from the smallest atomic
nucleus to the largest superclusters of galaxies, can be explained through the action of only four forces: gravity,
electromagnetism (which combines the actions of electricity and magnetism), and two forces that act at the
nuclear level. The fact that there are four forces (and not a million, or just one) has puzzled physicists and
astronomers for many years and has led to a quest for a unified picture of nature.

1.9 A CONCLUSION AND A BEGINNING

If you are new to astronomy, you have probably reached the end of our brief tour in this chapter with mixed
emotions. On the one hand, you may be fascinated by some of the new ideas you’ve read about and you may
be eager to learn more. On the other hand, you may be feeling a bit overwhelmed by the number of topics we
have covered, and the number of new words and ideas we have introduced. Learning astronomy is a little like
learning a new language: at first it seems there are so many new expressions that you’ll never master them all,
but with practice, you soon develop facility with them.

At this point you may also feel a bit small and insignificant, dwarfed by the cosmic scales of distance and time.
But, there is another way to look at what you have learned from our first glimpses of the cosmos. Let us consider
the history of the universe from the Big Bang to today and compress it, for easy reference, into a single year.
(We have borrowed this idea from Carl Sagan’s 1997 Pulitzer Prize-winning book, The Dragons of Eden.)

On this scale, the Big Bang happened at the first moment of January 1, and this moment, when you are
reading this chapter would be the end of the very last second of December 31. When did other events in the
development of the universe happen in this “cosmic year?” Our solar system formed around September 10, and
the oldest rocks we can date on Earth go back to the third week in September (Figure 1.15).

L I N K  T O  L E A R N I N G

To construct an atom, particle by particle, check out this guided animation (https://openstax.org/l/
30buildanatom) for building an atom.
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Figure 1.15 Charting Cosmic Time. On a cosmic calendar, where the time since the Big Bang is compressed into 1 year, creatures we would
call human do not emerge on the scene until the evening of December 31. (credit: February: modification of work by NASA, JPL-Caltech, W.
Reach (SSC/Caltech); March: modification of work by ESA, Hubble and NASA, Acknowledgement: Giles Chapdelaine; April: modification of work
by NASA, ESA, CFHT, CXO, M.J. Jee (University of California, Davis), A. Mahdavi (San Francisco State University); May: modification of work by
NASA, JPL-Caltech; June: modification of work by NASA/ESA; July: modification of work by NASA, JPL-Caltech, Harvard-Smithsonian; August:
modification of work by NASA, JPL-Caltech, R. Hurt (SSC-Caltech); September: modification of work by NASA; October: modification of work by
NASA; November: modification of work by Dénes Emőke)

Where does the origin of human beings fall during the course of this cosmic year? The answer turns out to be
the evening of December 31. The invention of the alphabet doesn’t occur until the fiftieth second of 11:59 p.m.
on December 31. And the beginnings of modern astronomy are a mere fraction of a second before the New
Year. Seen in a cosmic context, the amount of time we have had to study the stars is minute, and our success in
piecing together as much of the story as we have is remarkable.

Certainly our attempts to understand the universe are not complete. As new technologies and new ideas allow
us to gather more and better data about the cosmos, our present picture of astronomy will very likely undergo
many changes. Still, as you read our current progress report on the exploration of the universe, take a few
minutes every once in a while just to savor how much you have already learned.

FOR FURTHER EXPLORATION

Books
Miller, Ron, and William Hartmann. The Grand Tour: A Traveler’s Guide to the Solar System. 3rd ed. Workman, 2005.
This volume for beginners is a colorfully illustrated voyage among the planets.

Sagan, Carl. Cosmos. Ballantine, 2013 [1980]. This tome presents a classic overview of astronomy by an
astronomer who had a true gift for explaining things clearly. (You can also check out Sagan’s television series
Cosmos: A Personal Voyage and Neil DeGrasse Tyson’s current series Cosmos: A Spacetime Odyssey.)

Tyson, Neil DeGrasse, and Don Goldsmith. Origins: Fourteen Billion Years of Cosmic Evolution. Norton, 2004. This
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book provides a guided tour through the beginnings of the universe, galaxies, stars, planets, and life.

Websites
If you enjoyed the beautiful images in this chapter (and there are many more fabulous photos to come in other
chapters), you may want to know where you can obtain and download such pictures for your own enjoyment.
(Many astronomy images are from government-supported instruments or projects, paid for by tax dollars, and
therefore are free of copyright laws.) Here are three resources we especially like:

• Astronomy Picture of the Day: apod.nasa.gov/apod/astropix.html (https://apod.nasa.gov/apod/
astropix.html) . Two space scientists scour the Internet and select one beautiful astronomy image to
feature each day. Their archives range widely, from images of planets and nebulae to rockets and space
instruments; they also have many photos of the night sky. The search function (see the menu on the
bottom of the page) works quite well for finding something specific among the many years’ worth of
daily images.

• Hubble Space Telescope Images: http://hubblesite.org/images/gallery
(https://www.hubblesite.org/newscenter/archive/browse/images) . Starting at this page, you can
select from among hundreds of Hubble pictures by subject or by date. Note that many of the images
have supporting pictures with them, such as diagrams, animations, or comparisons. Excellent captions
and background information are provided. Other ways to approach these images are through the more
public-oriented Hubble Gallery (www.hubblesite.org/gallery (https://www.hubblesite.org/gallery) )
and the European homepage (www.spacetelescope.org/images (https://www.spacetelescope.org/
images) ).

• National Aeronautics and Space Administration’s (NASA’s) Planetary Photojournal:
photojournal.jpl.nasa.gov (https://photojournal.jpl.nasa.gov) . This site features thousands of
images from planetary exploration, with captions of varied length. You can select images by world,
feature name, date, or catalog number, and download images in a number of popular formats. However,
only NASA mission images are included. Note the Photojournal Search option on the menu at the top of
the homepage to access ways to search their archives.

Videos
Cosmic Voyage: www.youtube.com/watch?v=qxXf7AJZ73A (https://www.youtube.com/
watch?v=qxXf7AJZ73A) . This video presents a portion of Cosmic Voyage, narrated by Morgan Freeman (8:34).

Powers of Ten: www.youtube.com/watch?v=0fKBhvDjuy0 (https://www.youtube.com/
watch?v=0fKBhvDjuy0) . This classic short video is a much earlier version of Powers of Ten, narrated by Philip
Morrison (9:00).

The Known Universe: www.youtube.com/watch?v=17jymDn0W6U (https://www.youtube.com/
watch?v=17jymDn0W6U) . This video tour from the American Museum of Natural History has realistic
animation, music, and captions (6:30).

Wanderers: apod.nasa.gov/apod/ap141208.html (https://apod.nasa.gov/apod/ap141208.html) . This video
provides a tour of the solar system, with narrative by Carl Sagan, imagining other worlds with dramatically
realistic paintings (3:50).
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