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Be sure to note thata light-yearisa unit of distance, not of time.
Light travels at the speed of light, which is 300,000 kilometers
per second. We therefore say that one light-second is about
300,000 kilometers, because that is the distance light travels
in one second. Similarly, one light-minute is the distance that
light travels in one minute, one light-hour is the distance that
light travels in one hour, and so on. Mathematical Insight 1.1
shows that light travels about 10 trillion kilometers in one year,
so that distance represents a light-year.

Looking Back inTime The speed of light is extremely fast
by earthly standards. It is so fast that if you could make light
go in circles, it could circle Earth nearly eight times in a single
second. Nevertheless, even light takes time to travel the vast dis-
tances in space. Light takes a little more than 1 second to reach
Farth from the Moon, and about 8 minutes to reach Earth from
the Sun. Stars are so far away that their light takes years to reach
us, which is why we measure their distances in light-years.
Consider Sirius, the brightest star in the night sky, which
is located about 8 light-years away. Because it takes light
8 years to travel this distance, we see Sirius not as it is today,
but rather as it was 8 yearé ago. The effect is more dramatic
at greater distances. The Orion Nebula (FIGURE 1.2) is 2 giant
cdoud in which stars and planets are forming, It is located

Basic Astronomical Definition

ASTRONOMICAL OBJECTS

star A large, glowing ball of gas that generates heat and light through
nuclear fusion in its core. Our Sun is a star.
planet A moderately large object that orbits a star and shines
primarily by reflecting light from its star. According to a definition
adopted in 2006, an object can be considered a planet only if it
(1) orbits a star, (2) is large enough for its own gravity to make it
Y round, and (3) has Jleared most other objects from its orbital path.
An object that meets the first two criteria but has not cleared its
orbital path, like Pluto, is designated a dwarf planet. :
moon (or satellite) An object that orbits a planet. The term satellite
is also used more generally to refer to any object orbiting another
object.
| asteroid A relatively small and rocky object that orbits a star.
comet A relatively small and jce-rich object that orbits a star.
small solar system body An asteroid, comet, or other object that
orbits a star but is too small to qualify as a planet or dwarf planet.

COLLECTIONS OF ASTRONOMICAL OBJECTS

solar system The Sun and all the material that orbits it, including
| planets, dwarf planets, and small solar system bodies. Although the
term solar system technically refers only to our own star system (solar
means “of the Sun”), it is often applied to other star systems as well.
star system A star (sometimes more than one star) and any planets
and other materials that orbit it.

galaxy A great island of stars in space, containing from a few
hundred million to a trillion or more stars, all held together by
gravity and orbiting a common center.

about 1500 light-years from Earth, which means we see it as

‘it looked about 1500 years ago—about the time of the fall of

the Roman Empire. If any major events have occurred in the
Orion Nebula since that time, we cannot yet know about them
because the light from these events has not yet reached us.

The general idea that light takes time to travel through
space leads to a remarkable fact:

The farther away we look in distance, the further back
we look in time. i

The Andromeda Galaxy (FIGURE 1:3) is about 2.5 million light-
years away, which means we se¢ it as it looked about 2.5 million
years ago. We see more distant galaxies as they were even further
in the past. Some of the galaxies in the Hubble Space Telescope
photo that opens the chapter are billions of light-years away,
meaning we see them as they were billions of years ago-

The glow from the central region of the Andromeda Galaxy is
faintly visible to the naked eye and easy 10 se€ with binoculars.
Use a star chart to find it in the night sky. Contemplate the fact that
you are seeing fight that spent 2.5 million years in space before
reaching your eyes. If students on a planet in the Andromeda
Galaxy were looking at the Milky Way, what would they see?
Could they know that we exist here on Earth?

cluster (or group) of galaxies A collection of galaxies bound
together by gravity. Small collections (up to a few dozen galaxies)
are generally called groups, while larger collections are called
clusters.

supercluster A gigantic region of space in which many groups
and clusters of galaxies are packed more closely together than else-
where in the universe.

universe (or cosmos) The sum total of all matter and energy—that
is, all galaxies and everything between them.

observable universe The portion of the entire universe that can
be seen from Earth, at least in principle. The observable universe is
probably only a tiny portion of the entire universe.

ASTRONOMICAL DISTANCE UNITS

astronomical unit (AU) The average distance between Earth and
the Sun, which is about 150 million kilometers. More technically,
1 AU is the length of the semimajor axis of Earth’s orbit.
light-year The distance that light can travel in 1 year, which is
about 9.46 trillion kilometers.

TERMS RELATING TO MOTION

rotation The spinning of an object around its axis. For example,
Earth rotates once each day around its axis,-which is an imaginary
line connecting the North and South Poles.

orbit (revolution) The orbital motion of one object around another
due to gravity. For example, Earth orbits the Sun once each year.
expansion (of the universe) The increase in the average distance

between galaxies as time progresses.
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The Meaning of a Light-Year

Vou've probably heard people say things like "1t will take me
| light-years to finish this homework!” But a statement like

this one doesn't make sense, because light-years are a unit of
distance, not time. 1f you are unsure whether the term light-year
is being used correctly, try testing the statement by using the
fact that 1 light-year is about 10 trillion kilometers, or 6 trillion
miles. The statement then reads "It will take me 6 trillion miles
to finish this homework,’ which clearly does not make sense.

entire universe, which may be far larger than our observa-
ble universe. We simply have no hope of seeing ot studying
anything beyond the bounds of our observable universe.

@ Seale of the Uni Tutorial L 1-3

How big is the universe?

Figure 1.1 put numbers on the sizes of different structures in

the universe, but these numbers have little meaning for most
people—after all, they are literally astronomical. Therefore,
to help you develop a greater appreciation of our modern
view of the universe, we'll discuss a few ways of putting these

numbers into perspective.

How Farls a Light-Year?
An Introduction to Astronomical Problem Solving

We can develop greater insight into astronomical ideas by applying
mathematics. The key to using mathematics is to approach problems
in a clear and organized way. One simple approach uses the follow-

ing three steps:

Step 1 I_Jnderstand the problem: Ask yourself what the solution
will look like (for example, what units will it have? will it be big or
small?) and what information you need to solve the problem. Draw a
diagram or think of a simpler analogous problem to help you decide

how to solve it.
Step 2 Solve the problem: Carry out the necessary calculations.

Step 3 Explain your result: Be sure that your answer makes sense,

and consider what you've learned by solving the problem.

You can remember this process as «Understand, Solve, and Explain,”
or USE for short. You may not always need to write out the three
steps explicitly, but they may help if you are stuck.

EXAMPLE: How farisa light-year?

S0LUTION: Lets use the three-step process.

Step 1 Understand the problem: The question asks how far, so we are
looking for a distance. In this case, the definition of a light-year tells
us that we are looking for the distance that light can travel in 1 year.
We know that light travels at the speed of light, so we are looking for
us distance from speed. If you don’t remember

an equation that gives
of a simpler but analogous problem, such as

this equation, just think

6 PART | DEVELOPING PERSPECTIVE

The Scale of the Solar System One of the best ways

to develop perspective on cosmic sizes and distances is t0 imag-
1 to a scale that would allow

ine our solar system shrunk dow
you to walk through it. The Voyage scale model soldr system
in Washington, D.C., makes such a walk possible (FIGURE 1.5).
The Voyage model shows the Sun and the planets, and the dis-
tances between them, at o1e ten-billionth of their actual sizes
and distances.

FIGURE 1.6a shows the Sun and planets at their correct sizes
(but not distances) on the Voyage scale. The model Sun is
about the size of alarge grapefruit, Jupiter is about the size of a
marble, and Earth is about the size of the ball point in a pen.
You can immediately see some key facts about our solar
system. For example, the Sun is far larger than any of the
planets; in mass, the Sun outweighs all the planets combined
by a factor of nearly 1000. The planets also vary considerably
in size: The storm on Jupiter known as the Great Red Spot
(visible near Jupiter’s lower left in the painting) could swal-
low up the entire Earth.

The scale of the solar system is even more remarkable when

you combine the sizes shown in Figure 1.6a with the distances
e Voyage model in FIGURE 1.6b. For

{lustrated by the map of th
example, the ball-point-size Earth is located about 15 meters

(16.5 yards) from the grapefruit-size Sun, which means you
can picture Earth’s orbit as a circle of radius 15 meters around

a grapefruit.

. @
(‘My Math Review Video: Problem Solving Part 1

-

“If you drive at 30 kilometers per hour, how far will you travel in
2 hours?” You'll realize that you simply multiply the speed by the time:

distance = speed X time. In this case, the speed is the speed of light,

or 300,000 km/s, and the time is 1 year.

Step 2 Solve the problem: From Step 1, our equation is that 1 light-

year is the speed of light times one year. To make the units

consistent, we convert 1 year to seconds by remembering that there

are 60 seconds in 1 minute, 60 minutes in 1 hour, 24 hours in 1 day,

and 365 days in 1 year. (See Appendix C.3 to review unit conversions.)
We now carry out the calculations:

1 light-year = (speed of light) X (1yr)

*m 365 days

= (300,000 ~> X (1 yf X
5 1yf

24hf 60 mif 60;§>

X X
Tday . ihr | lmi

= 9,460,000,000,000 km (9.46 trillion km)

X

Step 3 Explain your result: In sentence form, our answer is “One
light-year is about 9.46 trillion kilometers” This answer makes
sense: It has the expected units of distance (kilometers) and it is a
long way, which we expect for the distance that light can travel ina
year. We say “about” in the answer because We know it is not exact.
For example, a year is 1ot exactly 365 days long. In fact, for most

purposes, we can approximate the answer further as “One light-year

is about 10 trillion kilometers.
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FIGURE 1.7 This famous photograph from the Kztriwovtaga'zgil g
(Apollo 11 in July 1968} shows astronaut Buzz ,f‘rst e ol

e reflected in his visor. Armstrong was the fi ALyl
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one giant leap for mankind.
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When Pluto was disc

remarkable that we can see the star at all, but the blackness of
the night sky allows the naked eye to see it as a faint dot of light.
It looks much brighter through powerful telescopes, but we still
cannot see features of the star’s surface.

Now, consider the difficulty of detecting planets orbiting
nearby stars, which is equivalent to looking from Washington,
D.C., and trying to find ball points or marbles orbiting grape-
fruits in California or beyond. When you consider this chal-
lenge, it is all the more remarkable to realize that we now have
technology capable of finding such planets [Section 13.1].

The vast distances to the stars also offer a sobering lesson

about interstellar travel, Although science fiction shows like
Star Trek and Star Wars make such travel look easy, the reality
is far different. Consider the Voyager 2 spacecraft. Launched in
1977, Voyager 2 flew by Jupiter in 1979, Saturn in 1981, Uranus
in 1986, and Neptune in 1989. It is now bound for the stars at a
speed of close to 50,000 kilometers per hour—about 100 times
as fast as a speeding bullet. But even at this speed, Voyager 2
would take about 100,000 years to reach Alpha Centauri if it
were headed in that direction {which it’s not). Convenient
interstellar travel remains well beyond our present technology.

The Size of the Mil ky Way Galaxy The vast separa-
tion between our solar system and Alpha Centauri is typical of

The Scale of Space and Time

Making a scale model usually requires nothing more than division. For
example, in a 1-to-20 architectural scale model, a building that is actu-
ally 6 meters tall will be only 6 + 20 = 0.3 meter tall. The idea is the
same for astronomical scaling, except that we usually divide by such large
numbers that it’s easier to work in scientific notation—that is, with the aid
of powers of 10. (See Appendixes C.1 and C.2 to review these concepts.)

EXAMPLE 1: How big is the Sun on a 1-to-10-billion scale?
SOLUTION:

Step 1 Understand: We are looking for the scaled size of the Sun,
$o we simply need to divide its actual radius by 10 billion, or 10%,

Appendix E.1 gives the Sur’s radius as 695,000 km, or 6.95 X 10°km
in scientific notation.

Step 2 Solve: We carry out the division:

actual radius
_ 695 X 10°km
D WO o

= 6.95 X 10671 9km = 6.95 X 105km

I

scaled radius

Notice that we used the rule that dividing powers of 10 means
subtracting their exponents [Appendix C.1]

Step 3 Explain: We have found an answer, but because most of us

don’t have a good sense of what 1075 kilometer looks like, the answer

will be more meaningful if we convert it to units that will be easier to

interpret. In this case, because there are 1000 (10®) metersin a kilometer

and 100 (10%) centimeters in a meter, we convert to centimeters:
10°ni _ 10°cm

6.95 X 107 ki X The X T 6.95 cm

EEE——— ]

il i -
| Confusing Very Different Things

M 0st people are familiar with the terms solar system and
galaxy, but few realize how incredibly different they are.
Our solar system is 3 single star system, while our galaxy is a
collection of more than 100 billion star systems—so many that
it would take thousands of years just to count them. Moreover,
if you look at the sizes in Figure 1.1, you'll see that our gélaxy
is about 100 million times larger in diameter than our solar
system. So be careful: numerically speaking, mixing up solar
system and galaxy is a gigantic mistake!

the separations among star systems in our region of the Milky
Way Galaxy. We therefore cannot use the 1-to-10-billion scale
for thinking about distances beyond the nearest stars, because
more distant stars would not fit on Earth with this scale. To
visualize the galaxy, let’s reduce our scale by another factor of
1 billion (making it a scale of 1 to 10%9),

On this new scale, each light-year becomes 1 millimeter, and
the 100,000-light-year diameter of the Milky Way Galaxy becomes
100 meters, or about the length of a football field, Visualize a foot-
ball field with a scale model of our galaxy centered over midfield.
Our entire solar system is a microscopic dot located around the

o

]

MA .‘ Math Review Video: Scientific Notation, Parts 1 to 3

We've found that on the I-to-10-billion scale the Sur’s radius is
about 7 centimeters, which is a diameter of about 14 centimeters—
about the size of a large grapefruit.

EXAMPLE 2: What scale allows the 100,000-light-year diameter of the
Milky Way Galaxy to fit on a 100-meter-long football field?

SOLUTION:

Step 1 Understand: We want to know how many times larger the
actual diameter of the galaxy is than 100 meters, so we'll divide the
actual diameter by 100 meters. To carry out the division, we'll need
both numbers in the same units. We can put the galaxy’s diameter
in meters by using the fact that a light-year is about 102 kilometers
(see Mathematical Insight 1.1) and a kilometer is 103 meters; because

we are working with powers of 10, we'll write the galaxy’s 100,000-light-
year diameter as 10° ly. '

Step 2 Solve: We now convert the units and carry out the division:

1013 3
- 1051y x 10k 10° s
galaxy diameter _ 1k 1Jan
football field diameter 10% ot

— 10(5+13+3—2) — 1019

Note-that the answer has no units, because it simply tells us how
many times larger one thing is than the other.

Step 3 Explain: We've found that we need a scale of 1 to 10" to
make the galaxy fit on a football field.
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20-yard line. The 4.4-light-year separatio
system and Alpha Centauri becomes just 4.

its number of stars—more
tonight you are having diffic
you are contemp.
counting sheep,
count about one star €
to count 100 billion stars in
is 100 billion (10') seconds,
100 billion seconds is more th
this by dividing 100 billion by the n
You would need thousands of years just to co¥
Milky Way Galaxy, and this assumes you neve
no sleeping, no eating,

n between our solar
4 millimeters on this

width of your little finger. If you stood

Another way to put the galaxy into persp:
than 100 billion. Imagine that

ulty falling asleep (perhaps because
lating the scale of the universe). Instead of
you decide to count stars. If you are able to
ach second, how long would it take you
the Milky Way? Clearly, the answer
but how long is that? Amazingly,
an 3000 years. (You can confirm
umber of seconds in 1 year.)
nt the stars in the
r take a break—

and absolutely no dying!

Il\ﬁ:l

Contemplate the fac

just to count out loud the stars
star is a potential sun for a system of planets. How does this

perspective affect your thoughts about the possibilities for find-
ing life—or intelligent life—beyond Earth? Explain.

t that it would take more than 3000 years

in our galaxy. and that each

Order of Magnitude Estimation

at an estimate can be useful

power of 10. For example,
galaxies

In astronomy, numbers are often so large th
about the nearest

even if it’s good only to

when we multiplied 100 billion stars per galaxy by 100 billion
to estimate that there are about 1022 stars in the observable universe,
we knew that the “ballpark” nature of these numbers means the actual
number of stars could easily be anywhere from about 10°* to 10%.
Estimates good to about the nearest power of 10 are called order of

magnitude estimates.

e claim that the number of grains of (dry) sand

EXAMPLE: Verify th
able to the number of stars in

on all the beaches on Earth is compar
the observable universe.

SOLUTION:
Step 1 Understand: To verify the claim, we need to estimate the

number of grains of sand and see if it is close to our estimate of 102

stars. We can estimate the total number of sand grains by dividing

the total volume of sand on Earth's beaches by the average volume
of an individual sand grain. Volume is equal to length times width
times depth, so the total volume is the total length of sandy beach on
Earth multiptied by the typical width and depth of dry sand. That is,
. total volume of beach sand

total sand grains = — — " 406 et
average volume of 1 sand grain
beach length X beach width X beach depth

B average volume of 1 sand grain

into the equation. We can estimate the

We now need numbers to put
asuring out a small

average volume of an individual sand grain by me
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The Observable

of our galaxy may seemm,
ly 100 billion galaxies in the

these galax

total number of stars in
100 billion X 100 billion, or
(10%%). How big is this numbe
through the fine-grained san
grain of sand as it slips through
counting every grain of sand
count every grain of dry san
Mathematical Insight 1.
this task, you would fi
comparable to the num
(FIGURE 1.9).

Universe As incredible as the scale
the Milky Way is only one of rough-
observable universe. Just as it
nt the stars in the Milky

scale—smaller than the
at the position of our solar system in this model, millions of star would take thousands of years to cou
systems would lie within reach of your arms. Way, it would take thousands of years to count all the galaxies.
ective is to consider Think for a moment about the total number of stars in all
ies. If we assume 100 billion stars per galaxy, the

the observable universe is roughly
10,000,000,000,000,000,000,000
2 Visit a beach. Run your hands
d. Imagine counting each tiny
your fingers. Then imagine
on the beach and continuing to
d on every beach on Earth (see
3). If you could actually complete
nd that the number of grains of sand is
ber of stars in the observable universe

Y A B
Study the foldout in the
ideas covered in this sec
visualizing Earth to scale a
and on human existence? Explai

front of this book, which illustrates the
tion in greater detail. Overall, how does
ffect your perspective on our planet

n.

the number of grains in this volume, and
the number of grains. If you do this, you'll
magnitude estimate is one-tenth of a
cubic millimeter, or 10710 m?, per sand grain. We can estimate beach
width and depth from experience or photos of beaches. Typical widths
are about 20 to 50 meters and typical sand depth is about 2 to 5 meters,
so we can make the numbers easy by assuming that the product of

beach width times depth is about 100 square meters, OF 10? m%. The
total length of sandy beach on Earth is more difficult to estimate,
but you can look online and find that it is less than about 1 million

kilometers, or 10° m.

volume of sand, counting
then dividing the volume by
find that a reasonable order of

have our equation and all the numbers we
note that we group beach width and
d them together in Step 1:

Step 2 Solve: We already
need, so we just put them in;
depth together, since we estimate
beach length X (beach width X beach depth)

e of 1 sand grain

total sand grains = —
average volum

10° ni X 10°

T 0w
_ 10[9+z—(—1o)] — 102
mate for the total number
Earth is 10%}, which is
f the estimated 1022 stars in the observable

umbers could easily be off by a factor of 10
that one is larger than the other,

order of magnitude esti

Step 3 Explain: Our
d on all the beaches on

of grains of dry san
within a factor of 10 ©
universe. Because both n
or more, we cannot say with certainty
but the numbers are dearly comparable.
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FIGURE 1.11 The cosmic calendar compresses the 14-
so each month represents a little more than 1 billion years.
version created by Carl Sagan. {For a more detailed version, seé the

diagram in the front of the book.)

How do our lifetimes compare to the
age of the universe?

We can put the 14-billion-year age of the universe into
perspective by jmagining this time compressed into a single
year, so each month represents a little more than 1 billion
years. On this cosmic calendar, the Big Bang occurred at
the first instant of January 1 and the present is the stroke of
midnight on December 31 (FIGURE 1.1).

On this time scale, the Milky Way Galaxy probably
formed in February. Many generations of stars lived and died
in the subsequent cosmic months, enriching the galaxy with
the “star stuff” from which we and our planet are made.

Our solar system and our planet did not form until early
September on this scale (45 billion years ago in real time).
By late September, life on Earth was flourishing. However,
for most of Earth’s history, living organisms remained rela-
tively primitive and microscopic. On the scale of the cosmic
calendar, recognizable animals became prominent only in

billion-year history of the universe into 1 year,
This cosmic calendar is adapted from a
"You Are Here in Time” foldout

was born about 0.05 second ago, around 11:59:59.95 p.m. on
the cosmic calendar. On the scale of cosmic time, the human
species is the ‘youngest of infants, and a human lifetime is a

mere blink of an eye.

NK ABU y
Study the backside of the foldout in the front of this book, which
shows a more detailed version of the cosmic calendar. How
does an understanding of the scale of time affect your view of
human civilization? Explain.

1.3 SPACESHIP EARTH

Wherever you are as you read this book, you probably have
the feeling that you're “just sitting here” Nothing could be
further from the truth. As we'll discuss in this section, all
of us are moving through space in so many ways that noted
inventor and philosopher R. Buckminster Fuller (1895-1983)
described us as travelers on spaceship Earth.

DECEMBER 31

11:59 pm

12:00 midnight

Z;e(;/v:irfsrzm above t.he North Pole—which is why the Sun
Al Eg}fii ’;oprllli:;ilcr;lth; eatst a;ld set in the west each
that our ancestors assumed :hee;:a\?enrsoizs:))ln s
;}llleitzogﬁllcl)n iieed is substantial (FIGURE 1.12): ‘[I;jl:srso;fl:l? lilwllse,
W orf or south, you ar.e whirling around Earth’s axis
peed of more than 1000 kilometers per hour (600 mi
perilm}llr) —faster than most airplanes travel .
b ;lte t;ensga?;etgrrls;se ;ccllj ;otati(ng, Earth also orbits the Sun,
distance varies slightly overe?lie FC':;':E 102 3e):;c]151arth’s v
. . ea
Z\S S:;u(s;{e;d) ealﬁl.eﬁ t(he average distance is one};sti"oigfn?i
o ;v\::l dlc ’1sfabout. 150 million kilometers. Again,
e ' on’t feel this motion, the speed is impres-
e racing around the Sun at a speed in excess of

Earth rotates from I )
west to east. . @ which means counterclockwise

| as viewed from above the North Pole.

% 0 km/hr

100,000 kilometers i

is faster than any spfferc?;fltl ;e(t6 i)e;g?l(c):hr:clll.es B e bRl
deﬁise sy:lfll ;ttutliy Figure 1.13, notice that Earth’s orbital path
st by 231 o  ineperpndieor e e s

ilted by - endicular to the ecliptic

Zlhnllso :tfcllsirtelglhzf})ens to be oriented so that the aI))(is Ir)’(lirr:s
e dhss t)}fl : .Z star caH.ed -Polaris, or the North Star. Keep
o the st idea Tc;f axis tilt r'nakes sense only in relation
e e Ecane.h at is, th.e idea of “tilt” by itself has no
s p f’ W efe there is no absolute up or down. In
pace, “up” and “down” mean only “away from the center of

Earth” (or another
planet) and “
respectively. ) toward the center of Earth,’

| there is no u i do ou t that ost
[oNe} down in Space, wi
gobeS and aps nave the NOt ole O top Would t be

equally correct to have th
: e
S lasre! South Pole on top or to turn a globs

mid-December. Early dinosaurs appeared on the day after
Christmas. Then, in a cosmic instant, the dinosaurs disap- S 1100 km/hr Earth’s axis remains pointed T
peared forever—probably because of the impact of an asteroid How is Earth moving through space? ;?szg 36}/;17 d{rictign 4 ‘;' Z‘[/Jef sggbft;?uf;‘/;;zun t/flistance
. : ; L rd Polarish-..... ; 0 mitlion km.
or a comet [Section 12.4]. In real time the death of the dln(?- As you ‘sit” on spac eship Earth, you are in fact being spun in througroerl © R . -
saurs occ'urred some 65 million Years agc?, but on the cosmic circles as Earth rotates, you are racing aroun d the Sun in Earth’s L the year. ) -.._30 olaris _ to Ijolarls
calendar it was only yesterday. With the dinosaurs gone, small orbit, you are circling the galactic center with our Sun, and you = —— 1670 km/hr . % =
furry mammals inherited Farth. Some 60 million years later, are careening through the cosmos in the Milky Way Galaxy : AT [ [ =
or around' 9 e December 31 of the cosmic calendar, Let’s explore each of these motions in a little more detail. ¢
early hominids (human ancestors) began to walk upright. - 4%
Rotation and Orbit The most basic motions of Earth -, ecliptic plane
1100 km/hr

Perhaps the most astonishing fact about the cosmic calen-
dar is that the entire history of human civilization falls into
just the last half-minute. The ancient Egyptians built the
pyramids only about 11 seconds ago on this scale. About
1 second ago, Kepler and Galileo proved that Earth orbits

the Sun rather than vice versa. The average college student
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are its daily rotation (spin) and its yearly orbit (or revolution)

around the Sun..

Earth rotates once each day around its axis, which is
the imaginary line connecting the North Pole to the South
Pole. Earth rotates from west to east—counterclockwise as

FIGURE 1.1
depends 5n2onz E'arth rotates, your speed around Earth's axis
r location: The closer you are to the equator, the

fi
aster you travel with rotation.

Earth takes 1 year to orbit the Sun at
an average speed of 107,000 kmy/hr.

FIG i

leél:liy;:a';:;:g otr;)lts the Sun at a surprisingly high speed
. oth rotates and orbi i .

viewed from above the North Pole. DiEReuotelas R
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Notice also that Earth orbits the Sun in the same direction
that it rotates on its axis: counterclockwise as viewed from
above the North Pole. This is not 2 coincidence but a conse-
quence of the way our planet was born. As we'll discuss in
Chapter 8, strong evidence indicates that Earth and the other
planets were born in 2 spinning disk of gas that surrounded
our Sun when it was young, and Earth rotates and orbits in
the same direction that the disk was spinning.

Motion Within the Local Solar Neighborhood
Rotation and orbit are only a small part of the travels of space-
ship Earth. Our entire solar system is on a great journey with-
in the Milky Way Galaxy. There are two major components to
this motion, both shown in FIGURE 1.14. Let’s begin with our
motion relative to other stars in our local solar neighborhood,
by which we mean the region of the Sun and nearby stars.

To get a sense of the size of our local solar neighborhood
relative to the galaxy, imagine drawing a tiny dot on the paint-
ing of the galaxy. Because the galaxy contains at least 100 billion
stars, even a dot that is 10,000 times smaller than the whole
painting will cover a region representing more than 10 million
stars (because 100 billion + 10,000 = 10 million). We usually
think of our local solar neighborhood as a region containing
justa few thousand to a few million of the nearest stars.

The arrows in the box in Figure 1.14 indicate that stars
in our local solar neighborhood move essentially at random
relative to one another. The speeds are quite fast: On average,
our Sun is moving relative to nearby stars ata speed of about
70,000 kilometers per hour (40,000 miles per hour), almost
three times as fast as the Space Station orbits Earth.

Given these high speeds, you might wonder why we don’t
see stars racing around our sky. The answer lies in their vast
distances from us. You've probably noticed that a distant airplane
appears to move through your sky more slowly than one flying
close overhead. Stars are SO far away that even at speeds of
70,000 kilometers per hour, their motions would be notice-
able to the naked eye only if we watched them for thousands
of years. That is why the patterns in the constellations seem
to remain fixed. Nevertheless, in 10,000 years the constel-
Jations will be noticeably different from those we se€ today.

FIGURE 1.14This painting illustrates the motion of the Sun both
within the local solar neighborhood and around the center of the

galaxy.
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In 500,000 years they will be unrecognizable. If you could
watch a time-lapse movie made over millions of years, you
would see stars racing across our sky.

HINK ABU 1
Despite the chacs of motion in the local solar neighborhood
over millions and billions of years, collisions between star
systems are extremely rare. Explain why. (Hint. Consider the
sizes of star systems, such as the solar system, relative to the
distances between them.)

Galactic Rotation Ifyou Jook closely at leaves floating in
a stream, their motions relative to one another might appear
random, just like the motions of stars in the local solar neigh-
borhood. As you widen your view; you see that all the leaves are
being carried in the same general direction by the downstream
current. In the same way, as we widen our view beyond the local
solar neighborhood, the seemingly random motions of its stars
give way to a simpler and even faster motion: rotation of the
Milky Way Galaxy. Our solar system, located about 27,000 light-
years from the galactic centef, completes one orbit of the galaxy
in about 230 million years. Even if you could watch from outside
our galaxy, this motion would be unnoticeable to your naked
eye. However, if you calculate the speed of our solar system as
we orbit the center of the galaxy, you will find that it is close to
800,000 kilometers (500,000 miles) per hour.

Careful study of the galaxy’s rotation reveals one of the great-
est mysteries in science. Stars at different distances from the
galactic center orbit at different speeds, and we can learn how
mass is distributed in the galaxy by measuring these speeds. Such
studies indicate that the stars in the disk of the galaxy represent
only the “tip of the iceberg” compared to the mass of the entire
galaxy (FIGURE 1.15). Most of the mass of the galaxy seems 0
be located outside the visible disk (occupying the galactic halo
that surrounds and encompasses the disk), but the matter that
makes up this mass is completely invisible to our telescopes. We
therefore know very little about the nature of this matter, which
we refer to as dark matter (because of the lack of light from
it). Studies of other galaxies suggest that they also are made
mostly of dark matter, which means this mysterious matter
must significantly outweigh the ordinary matter that makes up
planets and stars. We know even less about the mysterious dark
energy that seems to make up much of the total energy content
of the universe. We'll discuss the mysteries of dark matter and
dark energy in Chapter 23.

How do galaxies move within
the universe?

The billions of galaxies in the universe also move relative to
one another. Within the Local Group (see Figure 1.1), some
of the galaxies move toward us, some IMove away from us,
and at least two small galaxies (known as the Large and Small
Magellanic Clouds) apparently orbit our Milky Way Galaxy.
Again, the speeds are enormous by earthly standards. For
example, the Milky Way is moving toward the Andromeda
Galaxy at about 300,000 kilometers per hour (180,000 miles
per hour). Despite this high speed, we needn’t worry about a

Mc)st of the galaxy’s

light comes from stars
apd gas inthe galactic
d/:s*k and central bulge .

r. (Jutmeasufémenf’s suggest
that most of the mass fies unseens

in the spherical halo t
sphet that surrounds
the entire disk. ' i

1 g H
. pal t SNOWS a edge 0]
FGWURE 1.15 S view O e Milky Wa Gaa Stud O gaaCtC otatio
shows that alt OUgh ost VISIbIe stars lie the centra bulge Oy { " dskxy OStoyt e ass iles

t | su ]
: P
€ nalo Wa[ |OU dSka d enco asses the disk BeCaUSe this ass emits no d t that we have

Speeds of Rotation and Orbit

B . . . -

Sil;lcimi upon prior Mathematical Insights, we will now see h

drcfe e— eormulas—such as the formula for the circumference o(f)vav
xpand the range of astronomical problems we can solve .

S a person on EElIthS equator mo ing 'lth

SOLUTION:

Step 1 U 3 i

» I[))eed. ;d;;slti:i Th]: questlon. how fast tells us we are looking for
s lelm er th?t highway speeds are posted in miles
e é)b 0}1r, you'll realize that speed is a distance (such
- C)'r a tm;e (such as hours). In this case, the distance is
. }1lrcum feoce, because that is how far a person at the
e e'fich rotation (see Figure 1.12); we’'ll therefore use
i r the circumference of a circle, C = 2 X 71 X radi

is 24 hours, because that is how long each rotation takes .

Step 2 Solve: i
p ve: From Appendix E.1, Earth’s equatorial radius is 6378 km

80 its circumference is 2 X
its. 7 X 6378 km = ivi
this distance by the time of 24 hours: o7 om We divce

rotation speed at equator = _equatorial circumference

length of day
_ 40,074 km
= 2007km _ ) gro <
24 hr hr

Step 3 Expla'm- A erson at 1€ equator 1s mov ng wit Earth’s
rotation at a spe. ed € . p . | )
of almu 6 k O ters per our, Wl ich is a

little over 101 i
00 miles per h i
i erdaljet P our, or about twice the ﬂying speed ofa
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k_/; Math Review Video: Problem Solving, Part 3

E H i
XAMPLE 2: How fast is Earth orbiting the Sun?
SOLUTION:

Step1U 5 i
o £Vid61;c:1e.r:tand. We are again asked how fast and therefore need
istance by a time. In this case, the distance is the circum

f rence of h y
S 1L,
erence Eart ()]b t, ar ld the time is the 1 ear that Ear th takes to

Ste, 5 4 i
150p i i?l(.)lve. Earth’s avserage distance from the Sun is 1 AU, or about
io )
2 pers ;15(1>.<5 1>;8 }((I)n) km, so the orbit circumference is ab;)ut
. =~ 9.40 X 10° km. The orbital speed is this .

dlStaIlCe dl\/lded by the time of 1 year, w l'C] We conv
) i / : > nvert to hours SO

el — orbital circumference

lyr
9.40 X 10°km
S X 10" km km
365da5  2ahr 107,000 —
1yf X x = i
¥t day ‘

Step 3 in: orbi

107pOOOE)g:171}:1. Earth orbits the Sun at an average speed of about

bet;veen aboutr5 05)6:,0(;)(;0;13;(111;). Most “speeding bullets” travel
: n /hr, so Earth’ i i

than 100 times as fast as a speeding bullet T
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collision anytime soon. Even if the Milky Way and Andromeda
Galaxies are approaching each other head-on, it will be billions
of years before any collision begins.
When we look outside the Local Group, however, we
find two astonishing facts recognized in the 1920s by Edwin
Hubble, for whom the Hubble Space Telescope was named:

1. Virtually every galaxy outside the Local Group is moving

away from us.

5 The more distant the galaxy, the faster it appears to be

racing away.
These facts might make it sound as if we suffered from a
cosmic case of chicken poX, but there is a much more natural

explanation: The entire universe is expanding. Wwe'll save the
he book, but you can understand the basic

details for later in t

idea by thinking about a raisin cake baking in an oven.
Analogy Imagine that you make a
e distance between adjacent raisins
is 1 centimeter. You place the cake into the oven, where it
expands as it bakes. After 1 hour, you remove the cake, which
has expanded so that the distance between adjacent raisins
has increased to 3 centimeters (FIGURE 1.16). The expansion of
the cake seems fairly obvious. But what would you see if you
lived in the cake, as we live in the universe?

Pick any raisin (it doesn’t matter which one) and call it
the Local Raisin. Figure 1.16 shows one possible choice,
with three nearby raisins also labeled. The accompanying
table summarizes what you would see if you lived within
the Local Raisin. Notice, for example, that Raisin 1 starts
out at a distance of 1 centimeter before baking and ends up

The Raisin Cake
raisin cake in which th

Before baking: raisins
/ are all 1 cm apart.

Local Raisin —

From an outside
perspective, the cake
expands uniformly as
it bakes . . . L,

/ After baking:
raisins are all

3 cm apart.

of view of the Local Raisin,
farther away during baking,

with more distant raisins moving faster.

but from the pbint
all other raisins move
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at a distance of 3 centim
moves a distan
during the hour of bakin,
Local Raisin is 2 centime
a distance of 2 centimeters
6 centimeters after baking,
of 4 centimeters away from
Hence, its spe
of Raisin 1. Generalizing,
means that all the raisins are mo

Raisin, with

eters after baking, which means it

ce of 2 centimeters away from the Local Raisin

g. Hence, its speed as seen from the
ters per hour. Raisin 2 moves from
before baking to a distance of
which means it moves 2 distance
the Local Raisin during the hour.
ed is 4 centimeters per hour, or twice the speed
the fact that the cake is expanding
ving away from the Local

more distant raisins moving away faster.

HIMA A ol

Suppose a8 raisin started out 10 ce
Raisin. How far away would it be aft
would it be moving away from the Local Raisin?

ntimeters from the Local
er one hour, and how fast

are moving in much the
with most moving away

ones moving away faster, implies

Hubble’s discovery that galaxies
same way as the raisins in the cake,

from us and more distant
that the universe is expanding much like the raisin cake. If

w imagine the Local Raisin as representing our Local
er raisins as representing more
distant galaxies of clusters of galaxies, you have a basic
picture of the expansion of the universe. Like the expanding
dough between the raisins in the cake, space itself is grow-
ing between galaxies. More distant galaxies move away from
us faster because they are carried along with this expansion
like the raisins in the expanding cake. Many billions of light-
we see galaxies moving away from us at speeds

the speed of light.

you no
Group of galaxies and the oth

years away,
approaching

The Real Universe There’s at least one important dis-
tinction between the raisin cake and the universe: A cake
has a center and edges, but we do not think the same is true

Distances and Speeds as Seen from the Local Raisin

Raisin Distance Distance After

Number Before Baking Baking {1 hour later) Speed
1 lcm 3cm 2 cm/hr
2 2cm 6 cm 4 cm/hr
3 3cm 9cm 6 cm/hr

ve figure An expanding raisin cake offers an
e. Someone living in one of the
cake is expand-
away, with more

FIGURE 1.16 interacti
analogy to the expanding univers
raisins inside the cake could figure out that the
ing by noticing that all other raisins are moving
distant raisins moving away faster. In the same way,
we live inan expanding universe because all galaxies outside our
Local Group are rmoving away from us, with more distant ones

moving faster.

we know that

Earth rota i i
ates around its axis once each day, carrying people

in most part: a
parts of the world around the axis at more than 1000 km/hr.

o
Earth orbits the Sun once each year, 70”( at more than 100,000 kim/h
v /T

The Solar SS!E"I moves relative to nf.‘ai‘ stars, f)(fdi ata SpeE’/ of 70.000 km/hr
i3 KMy

The Milky Wa
ky Way Galaxy rotates, carryi
one 2 milli , carrying our S 7
,000 km/h:

i]:r g{’alaxy moves relative to others in the
A r.‘;n“ Graup,"vvs are traveling toward the
ndromeda Galaxy at about 300,000 ki/hr,

The universe expands. The
more distant an object, the
faster it moves away from us;
the most distant galaxies are
receding from us at speeds
close fo the speed of light.

1GU - g .
| S t the universe, alo g th the
F RE 1.17 S ure su arizes the basic otiol of Ea Wi i

associated speeds.

of the entire universe. Anyone living i
9 : . g in any galaxy i
m(})):irrllilr;%v :nl‘\:ve:':}sle sees ju.st what we see—yotgherX;,elll:tl)(;z:rs1
e the):,,ie ‘:7 : more dlstan.t ones moving away faster.
e rcc;rlrll ela?h point in the universe is about
i, claim to be more “central” than any
¢ ;
i et, s ‘;lesc; ;?fzgc[arﬁlto realize th.at, unlike the case with a raisin
“ it tu y see galaxies moving apart with time—
s o a(;o vast ff)r any motion to be noticeable on
e Spreadgmmhllfe. .Inste.ad, we measure the speeds
B 1n% .t eir hgl.lt into spectra and observing
O pler shifts [Section 5.4]. This illustrates how
omy depends both on careful observations and

on using current und i g
' erstar ld]ll Of ﬂ'le IaWS Of nature to explaill

Motion
jssio diSSC:SI:::gizry FIGURE 1.17 summarizes the motions
e .d s we l’lave seen, we are never truly sittin
e Whileun Earth’s axis at more than 1000 kilometer%
o our planet orbits the Sun at more than
o o elrs per hour. Our solar system moves amon
B ) ocal solar neighborhood at typical speed%
b Vil oy G:lrs per hour, while also orbiting the center of
e galaixy at a speed of about 800,000 kilometers
. y moves among the other galaxies of the
B tha,t ile all other galaxies move away from
grow greater with distance in our expandi;lgs

Universe. S |
: . Spaceship E ; 0
journey, p Earth is carrying us on a remarkable
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1.4 THE HUMAN ADV
OF ASTRONOMY "

In relatively few pages, we've laid out a fai
W pages, rly comple i
;)lfi:nbo(f;isll(rl;ssrclletnt%ﬁc ideas about the unive);se. Bit E)eu(;V;;leei‘z
R tooh sllmply for you to be able to recite these ideas
Rath a,nd . elp you understand the evidence that su; rt‘
the extraordinary story of how they developed e

How has the stud
of
affected human hgstor?;s?tmnomy

Astr i
ever;r)llcl)gl_y eliea;l }?lllman adventure in the sense that it affects
orenyone eren ose who have never looked at the sky—
pocause the thseodrzf olf astronomy has been so deeply inter--
astronomy have gozz c})lzrnn(;l::l ohfad(\i’ﬂizagon' e
. nd with t i i
scu:/r:/c;;r;i :}elc:hno_logy th.at have shaped m(tl;e;flvl(i);ztlons g
et Showedeu:et};lercussmn.s of the Copernican revolution,
bt rther Just o a; Earth 1s. r.10t the center of the universe
which we will di:cisasn:‘flr(;;befl?r% tél}el L
o . : i apter 3, began
o 11);1;16}[1}31 ril;blg:hei his idea of a Sun-centered so%ar S)Z?eii
ol Calilen=rfe Velfj flilrles——Tych.o Brahe, Johannes Kepler,
o TR ef he key evidence that eventually led
e of the Cop’ernican idea. The revolution
SE e it SéIi\éIlc Nev\’zton s uncovering of the laws of
i hg . ity. Newton’s work, in turn, became the foun-
physics that helped fuel the industrial revolution
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More recently, the development of space travel and the
computer revolution have helped fuel tremendous progress
in astronomy. We've sent probes to all the planets in our
solar system, and many of our most powerful observatories,
including the Hubble Space Telescope, reside in space. On
the ground, computer design and control have led to tremen-
dous growth in the size and power of telescopes.

Many of these efforts, and the achievements they spawned,
led to profound social change. The most famous example is the
fate of Galileo, whom the Vatican put under house arrest in 1633
for his claims that Earth orbits the Sun. Although the Church
soon recognized that Galileo was right, he was formally vindi-
cated only in 1992 with a statement by Pope John Paul II. In the
meantime, his case spurred great debate in religious circles and
profoundly influenced both theological and scientific thinking.

Putting Chapter 1 into Context

In this first chapter, we developed a broad overview of our

place in the universe. As we consider the universe in more

depth in the rest of the book, remember the following “big

picture” ideas:

= Earth is not the center of the universe but instead is a planet
orbiting a rather ordinary star in the Milky Way Galaxy. The
Milky Way Galaxy, in turn, is one of billions of galaxies in our
observable universe.

® Cosmic distances are literally astronomical, but we can put
them in perspective with the aid of scale models and other scal-
ing techniques. When you think about these enormous scales,
don't forget that every star is a sun and every planet is a unigque
world.

VIMARY UE K J |\
1.1 THE SCALE OF THE UNIVERSE

s What is our place in the universe? Earthisa planet orbit-
ing the Sun. Our Sun is one of
more than 100 billion stars in the
Milky Way Galaxy. Our galaxy
is one of about 40 galaxies in the
Local Group. The Local Group
is one small part of the Local
Supercluster, which is one small
part of the universe.

= How big is the universe? If we imagine our Sun as a large
. grapefruit, Earth is a ball point
that orbits 15 meters away; the
nearest stars are thousands of
kilometers away on the same
scale. Qur galaxy contains more
than 100 billion stars—so many
that it would take thousands of
years just to count them out loud.
The observable universe contains roughly 100 billion galaxies,
and the total number of stars is comparable to the number of
grains of dry sand on all the beaches on Earth.
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As you progress through this book and learn about astro-
nomical discovery, try to keep in mind the context of the
human adventure. You will then be learning not just about a
science, but also about one of the great forces that has shaped
our modern world.

These forces will continue to play a role in our future. What
will it mean to us when we learn the nature of dark matter
and dark energy? How will our view of Earth change when
we learn whether life is common or rare in the universe? Only
time may answer these questions, but the chapters ahead
will give you the foundation you need to understand how we
changed from a primitive people looking at patterns in the
night sky to a civilization capable of asking deep questions
about our existence.

® \We are “star stuff.” The atoms from which we are made began
as hydrogen and helium in the Big Bang and were later fused
into heavier elements by massive stars. Stellar deaths released
these atoms into space, where our galaxy recycled them into
new stars and planets. Our solar system formed from such recy-
cled matter some 4% billion years ago.

# We are latecomers on the scale of cosmic time. The universe
was already more than half its current age when our solar sys-
tem formed, and it took billions of years more before humans

arrived on the scene.

m Al of us are being carried through the cosmos on spaceship
Earth. Although we cannot feel this motion in our everyday lives,
the associated speeds are surprisingly high. Learning about the
motions of spaceship Earth gives us a new perspective on the
cosmos and helps us understand its nature and history.

1.2 THE HISTORY OF THE UNIVERSE _

= How did we come to be? The universe began in the Big
Bang and has been expanding
ever since, except in local-

ized regions where gravity has
caused matter to collapse into
galaxies and stars. The Big Bang
essentially produced only two
chemical elements: hydrogen
and helium. The rest have been
produced by stars and recycled
within galaxies from one generation of stars to the next, which

is why we are “star stuft”

s How do our lifetimes compare to the age of the
universe? On a cosmic calendar that compresses the history of
the universe into 1 year, human
civilization is just a few seconds
old, and a human lifetime lasts
only a fraction of a second.

1.3 SPACESHIP EARTH

= Howi i b -
is Earth moving through space? Earth rotates on its

A axis once each day and orbits

the Sun once each year. At

our Sun tam

?n random directions relative to other stars yee
in our local solar neighborhood, while the .
[

il

galaxy’s rotation carries us around the center
of the galaxy every 230 million years.

Ho_w do galaxies move within the
universe? Galaxies move essentially at
random within the Local Group, but all

U .

e the following questions to check your understandin
in astronomy. Answers are provided in 5
MasteringAstronom))g.

T ;
l e figure above shows the sizes of Earth and the Moon to scale:
earned about astronomical scale in this chapter, oy

you can calculate them using the data given above,

1.
If you wanted to show the distance between Earth and the Moon

on the same SCaIC, about h()W far apalt W()uld you need to place

a. 10 centimeters (about the width of your hand)
b. 1 meter (about the length of your arm)

®, 109 meters (about the length of a football field)
d. 1 kilometer (a little more than a half mile)

2. Suppose you wanted t
o show the Sun :
how big would it need to be? AR

Z. 255 cent'imeters in diameter (the size ofa golf ball)
- 2 centimeters in diameter (a little bigger than a basketball)

' .
ALH ANU PROBLEN o

r

JO-’ fHSHuC] f ! 1
0355

REVIEW QUESTIONS

Short- iestions E .
) BrF :nswer Questions Based on the Reading
- Briefly descri j
5 y .escrlbe the major levels of structure (such
axy) in the universe. 7 plenct se

2. Define astro 1
nomical unit and light-
3. Explain the statement Th o
; Surther back we look in tim
- What do we mean by

e farther away we look in distance, the
e.

the observable uni i
) universe? Is it the same thing

the same time, we move with
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galaxies beyond the Local Group are moving away from us

M 3 . .
) or'e distant galaxies are moving faster, which tells us that
1ve in an expanding universe. &

1.4 THE HUMAN ADV
ASTRONOMY ENALEROF

= l;;w hf,s th: study of astronomy affected human history?
roughout history, astronomy h.
. ' 3 y has developed hand in hand
:v1th hso‘:lal and technological development. Astronomy tir;reb
ouches all of us and is a human adventure that all can enjoy. 4

s o{; ;é@e of the many types of visual information used
; additional practice, try the Chapter 1 Visual Quiz at
iz a

Useful Data:

Earth-Sun distance = 150,000,000 km
Diameter of Sun = 1,400,000 km s
Earth-Moon distance = 384,000 km -
Diameter of Earth = 12,800 km

the Scale used islom= N whut uve
4000 km Sin
answer the 0”0”1’13 queStlD”S Hint I ou are unsure of the ans ers,

3. .;.5 n%eters in diameter (about 11-1/2 feet across)
- 3.5 kilometers in diameter (the size of a small town)

3. About how far away f;
g y from Earth would the Sun be located on

a. 3.75 meters (about 12 feet)
b. 37.5 meters (about the height of a 12-story building)

ccl. 375 m.eters (about the length of four football fields)
. 37.5 kilometers (the size of a large city)

4. Could you use the
same scale to represent the di
nearby stars? Why or why not? g e S

MasteringAstronomy® .

. Usi i i
sing techniques described in the chapter, put the following into

ers, ive: i
perspective: the size of our solar system; the distance to nearby

StaIS,’ the size and ]lumbel of stars in the I\/Illky ‘/Vay Galaxy, the
ﬂulnbel of stars in the ()bseI vabIe universe.

. What d
0 we mean when we say that the universe is expanding,

and hOW dOeS € i g g
Xpansion Iead to the idea of th j
) e Big Ban, and ou
current estimate of the age of the universe?

7.
In what sense are we “star stuff”?
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8. Use the cosmic calendar to describe how
the scale of time.
9. Briefly explain Earth’s daily rotation and
the terms ecliptic plane and axis tilt.
10. Briefly describe our solar system’s location a
Milky Way Galaxy.
11. Where does dark matter seem

the human race fits into

annual orbit, defining

nd motion within the

to reside in our galaxy? What

makes dark matter and dark energy so mysterious?

12. What key observations
expanding? Use the raisi

lead us to conclude that the universe is
1 cake model to explain how these obset-

vations imply expansion.

TEST YOUR UNDERSTANDlNG
Does It Make Sense?

Decide whether the statement
does not make sense (or is clear
these have definitive answers, so you

makes sense (or is clearly true) or
ly false). Explain clearly; not all of
r explanation is more impor-

tant than your chosen answer.

Example: 1 walked east fro

Solution: The statement does 1
no meaning at the North Pole—

m our base camp at the North Pole.

ot make sense because east has
all directions are south from the

North Pole.

13. Our solar system is bigger than some galaxies.
14. The universe is billions of light-years in age.

15. Tt will take me light-years to compl

16. Someday we may build spaceship
year in only a decade.

17. Astronomers recently discovered a mo

18. NASA plans soon to launch a spaces

ete this homework assignment!
s capable of traveling a light-

on that does not orbit a planet.
hip that will photograph our

Milky Way Galaxy from beyond its halo.

19. The observable universe is t
billion years ago.

20. Photographs of distant ga

they were much younger than they

At a nearby park, I bui

which T used a basketball to represent Earth.

22. Because nearly

21.

—

he same size today as it was 2 few

laxies show them as they were when
are today.
It a scale model of our solar system in

all galaxies are moving away from us, we must be

located at the center of the universe.

Quick Quiz

23. Which of the following correctly lists our “cosmic address’

24.

25.

26.

22

Choose the best answer to each of the following. Explain your

reasoning with one or more complete sentences.

” from small

to large? (a) Earth, solar system, Milky Way Galaxy, Local Group,
universe (b) Earth, solar system, Local Group,

Milky Way Galaxy, universe (c) Earth, Milky Way

Local Supercluster, universe.

et’s average distance from the

the Sun. (c) any large astro-

Local Supercluster,
Local Supercluster,
Galaxy, solar system, Local Group,
An astronomical unit is (a) any plan
Sun. (b) Earth’s average distance from
nomical distance.
The star Betelgeuse is about 600 light-years away. If it explodes
tonight, (a) we'll know because it will be brighter than the full
Moon in the sky. (b) well know because debris from the explo-
sion will rain down on us from space. (c) we won't know about it

until about 600 years from now.

If we represent the solar system on a sc
from the Sun to Pluto in a few minutes, then (a) the planets are
the size of basketballs and the nearest stars are a few miles away.

(b) the planets are marble-size or smaller and the nearest stars are

thousands of miles away. (¢) the planets are microscopic and the

stars are light-years away.

ale that allows us to walk
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he observable universe is roughly

97. 'The total number of stars in t
equivalent to (a) the number of grains of sand on all the beaches on

Earth. (b) the number of grains of sand on Miami Beach. (c) infinity.

28, When we say the universe is expanding, we mean that (a) everything
in the universe is growing in size. (b) the average distance between
galaxies is growing with time. (c) the universe is getting older.

29, If stars existed but galaxies did not, (a) we would probably
still exist anyway. (b) we would not exist because life on Earth
depends on the light of galaxies. (c) we would not exist because
we are made of material that was recycled in galaxies.

30. Could we see a galaxy that is 50 billion light-years away? (a) Yes,
if we had a big enough telescope. (b) No, because it would be
beyond the bounds of our observable universe. (¢) No, because 2
galaxy could not possibly be that far away.

31, The age of our solar system is about (a) one-third of the age of
the universe. (b) three-fourths of the age of the universe. (c) two

billion years less than the age of the universe.

32. The fact that nearly all galaxies are moving away from us, with
helped us to conclude that

more distant ones moving faster,
(2) the universe is expanding. (b) galaxies repel each other like

magnets. (¢) our galaxy lies near the center of the universe.

PROCESS OF SCIENCE

Examining How Science Works

33. Earth as a Planet. For most of human hist
Earth was the center of the universe. Today,
one star in a vast universe. How did science m

ory; scholars assumed
we know that our Sun
is just ake it possible

for us to learn these facts about Earth?

34, Thinking About Scale. One key to success in science is finding
simple ways to evaluate new ideas, and making a simple scale
model is often helpful. Suppose someone tells you that the reason

it is warmer during the day than at night is that the day side of
Farth is closer to the Sun than the night side. Evaluate this idea by
thinking about the size of Earth and its distance from the Sunina
scale model of the solar syster.

35. Looking for Evidence. In this first chapter, we have discussed the
scientific story of the universe but have not yet discussed most of

the evidence that backs it up. Choose one idea presented in this
chapter—such as the idea that there are billions of galaxies in the

or that the universe was born in the Big Bang, or that
the galaxy contains more dark matter than ordinary matter—and
briefly discuss the type of evidence you would want to se€ before
accepting the idea. (Hint: It’s okay to look ahead in the book to

see the evidence presented in later chapters.)

universe,

GROUP WORK EXERCISE

36. Counting the Milky Way’s Stars. In this
an estimate of the number of stars in the
some scientific thinking to your estimation method. Before you
begin, assign the following roles to the people in your group: Scribe
(takes notes on the group’s activities), Proposer {proposes expla-
nations to the group), Skeptic (points out weaknesses in proposed
explanations), and Moderator (leads group discussion and makes

sure everyone contributes).
a. Estimate the number of stars in the Milky Way as follows. First,
count the number of stars within 12 light-years of the Sun, which
are listed in Appendix E Assuming that the Milky Way's disk is
100,000 light-years across and 1000 light-years thick, its volume is
about 1 billion times the volume of the region of your star count.
You should therefore multiply your count by 1 billion to getan esti-

the Milky Way. b. Your estimate

mate of the total number of starsin

from part a is based on the number of stars near the Sun. Compare

xercise, you will first miake
Milky Way and then apply

it to th i i i
e te _value given in this chapter and determine whether your
" :sff is t;n uMnclilf;estlmate or an overestimate of the total nun};ber
in the Milky Way. Write down a li
A n a list of possible reason:
. s
your technique gave you an under/overestimate. ki

INVESTIGATE FURTHER

In-Depth Questions to Increase Your Understanding
Short-Answer/Essay Questions

37. Al

= ;iet:dil;ech;ology. Some people believe that Earth is regularl

e y aliens who travel here from other star systems. For thi}s,

o thl}lle, h;)W much more advanced than our own technology

e alien space travel technology h

N ; gy have to be? Write o

e(r)l ) :v?HPa:a%rapI: to give a sense of the technological diffenre
. (Hint: Use the scale model from this ch i

A is chapter to contrast the

ould have to travel easily wi i
we currently are capable of traveling.) e e

38. Raisi i
isin Cake Universe. Suppose that all the raisins in a cake are

1 centimeter apart b i
efore bakin, i
b, g and 4 centimeters apart after
a. D i
o ;aw.dlagrams to represent the cake before and after bakin
C.O tentlfy one raisin as the Local Raisin on your diagramg.
& : s.
o Sr1;ct a tafble showing the distances and speeds of other
s seen from the Local Raisin i
: - €. Briefly explain how
. . . O
expanding cake is similar to the expansion of the universe i

39. i
Scaling the Local Group of Galaxies. Both the Milky Way Galaxy

and th
= Oooelig}id;;):rqsed;h G(el\laxy (M31) have a diameter of about
I - . The distance bet es i
s i et etween the two galaxies is about
a. Usi i
yearsSIEg a scale on which 1 centimeter represents 100,000 light-
t}mn,tor:v‘;1 a sl;etch showing both galaxies and the distance between
e C e.. . How does the separation between galaxies compare
¢ separation between stars? Based on your answer, discussp thy
g e

hkethOd of gala:tlc COHISICHS n comparison to the llkellh[ od of

40. Th i i i
e Cosmic Perspective. Write a short essay describing how the

s p
deas prese ited y thi chapter aﬂect your pelspeCtlveS on your
own hfe a ld on ]luman ClVthatlon.

Quantitative Problems

Be sure to Sl’lOW a l ﬁ
fi l CﬂlCulailOTlS Cleﬂ?l and state your al answers
Ly Y I’l

Dista 1ces Z}/ ng i, ]uSt asa hght year 1is the dlstance that hght can

42.

43,

44,

: - )
tlrz::} fn i year, we define a light-second as the distance that light can
e ml.n tser:ozd, a light-minute as the distance that light can travel

inute, and so on. Calculate the dis i
f tan, i
mllels represented by each of the followingc'e -
a. 1 light-second. b. 1 li; i .
. b. 1 light-minute. c. 1 light- i

fil  lig] ight-hour. d. 1 light-

: }11)6 Zec;’aé‘t iommumcatzon. We use radio waves, whichlgtr;v‘ieli};t
. So‘; i<t)t 2i;(ght, to communicate with robotic spacecraft. How

e a message to travel from E :
B . arth to a spacecraft
farthzll;st a;t its céoselslt to Earth (about 56 million km)?pb M::s ;tits
. rom Earth (about 400 million km)? 5T

glstance from Earth (about 5.9 billion km))?' Tt
atuy i .

. Izof. the {\/Iz.lky Way. Photos of Saturn and photos of galaxies

o Obs'o similar th.at children often think the photos show

. Vjvecr:rtls. In .reahty, a galaxy is far larger than any planet

. T ;ny -nmes larger is the diameter of the Milky Wa :

s 2;10t030dz;neter of Saturn’s rings? (Data: Saturn’s ring}s,

; in di ] A .
éears i tameter; the Milky Way is 100,000 light-
alax i
Mﬂky);;:alg ?onmder the 1-t0-10" scale on which the disk of th
y Galaxy fits on a football field. On this scale, how far is ii

from the Sun to Al i
pha Centauri (real distance: 4.4 1
= ) : 4.4 light- ?
blglls the Sun itself on this scale? Compare the Sfr}:’s };ei:;izsf);lHtﬁW
- s;z .e to t}lles ac;ual size of a typical atom (about 1071° m in diamet 1)5
5 iversal Scale. Suppose we wanted t .
ake a scal
Local Group of galaxies, i i b .
. , in which the Milky W
size of a marble (about 1 cm in diameter) e
a. H i -
= a;;vbf:\r fro}zr'l the Milky Way Galaxy would the Andromeda
Saal on t. is scale? b, How far would the Sun be from Alph
o :;11;1 otrl'l1 this scale? c. How far would it be from the Milky Vlfla;
o the most distant ies i
S nt galaxies in the observable universe on
4. gy " .
f)rez:(zinngnps. Imagine that you could drive your car at a constant
(ﬁl N a? 10}(1) km/hr (62 mi/hr), even across oceans and in space
- ity, the law of gravity would make driving through spacf at .
; a: ant ;pged EH but impossible.) How long would it take to drivea
. around Earth’s equator? b. from the S
- Sun to Pluto? d. to Alpha Centauri? o A < SRR
aasI_tIer Tr;p. Suppose you wanted to reach Alpha Centauri in 100 ye
f;st 0“.7 ast would you have to go, in km/hr? b. How many erlr S.
; er is the speed you found in part a than the speeds of X
" Gas;est .current spacecraft (around 50,000 km/hr)? o
, frz nzictt}zlc Rotatzf)n Speed. We are located about 27;000 light-year.
N ; galactic center and we orbit the center about once eyver;
illion years. How fz i
- b4 ow fast are we traveling around the galaxy, in
49. E j
E:rrtt}}ll’Rotatzon §peed. Mathematical Insight 1.3 shows how to find
5 T etfltue:jtorlal rotation speed. To find the rotation speed at a
er latitude, you need the followi vy
A Cepy ! ing fact»The radial dist
; ;r:s lizrth sfos ;t any latitude is equal to'the equatorial rail?li:
e cosine of the latitude. Use this f
: : ! act to find the rotati
ifee)dfat the following latitudes. (Hint: When using ther oc:)l;lion
0s) function, be sure your calculator i P
T is set to re i i
degrie mode, not in radian or gradient mode.) e
a. 30°N b. 60°N c. your latitude.

Discussion Questions

50. Eli i
iot Quote. Think carefully about the chapter-opening quotation

£ .
rom T. S. Eliot. What do you think he means? Explain clearly.

51. 1
Infant Species. In the last few tenths of a second before midnight

on De i i

incred.c&mb.e{ :’al ?f the cosmic calendar, we have developed an

e i :1 civilization and learned a great deal about the univers
Wi ¥

deStme so have developed technology with which we could

s t')lfl ;)eu.rselves. 'I{Ihe midnight bell is striking, and the choice for

is ours. How far into the nex i ' g

fuic . t cosmic year do i

our civilization will survive? Defend your opinioz s

52. A Hum,
an Adventure. Astronomical discoveries clearly are impor-

tant to science, but ar e
> e they also importan
Defend your opinion. portant to our personal lives?

Web Projects

53. Astronor
nomy on the Web. The Web contains a vast amount of astro-

nomical inf Y n. Spe: t least ur €x Jgle ronomy
3.\1/\[ (¢) atlo:. P d a ast an ho pl() g astrono.
on the eb- Write two or thr ee parag} aphs summarizir 1g What you

learned from
your research. What .
vebei e why? was your favorite astronomical

54. issi isi
NASA Missions. Visit the NASA website to learn about upcoming

55.

CHAPTER 1

;(s):c;)r:l)ir:‘l rirsnsr:o?;.kWrite a' one-page summary of the mission
s O(f)s o L11 l.ely to give us new astronomical information
The Hubble UltmyD a;:[ A0 T gl

called the Hubble Uli?; Dl:id ghledpl;(')to s o AT
Space Telescope website. LeaIr)n Illeow. it lvr\::st'z.llie}r)lh:;ga(t)?t g}l:;gu‘)bl;
what we've learned from it. Write a short summa,ry of your ﬁn;,iz;s
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