


2 Chapter 1

4-1 To understand the universe, astronomers
use the laws of physics to construct testable

theories and models

at dates back to the myths and
the heavens were thought
oes, gods and goddesses.
d as the result of super-

Astronomy has a rich heritage th
legends of antiquity. Centuries ago,
to be populated with demons and her
Astronomical phenomena Were explaine

natural forces and divine intervention.
The course of civilization was greatly affected by a profound

realization: The universe is comprehensible. For example, ancient
Greek astronomers discovered that by observing the heavens
and carefully reasoning about what they saw, they could learn
something about how the universe operates. As we shall see in
Chapter 3, ancient Greek astronomers measured the size of Earth
and were able to understand and predict eclipses without appeal-
ing to supernatural forces. Modern science is a direct descendant
of astronomy, which had many contributors from the Middle East,
Africa, Asia, Central America, and, eventually, Greece.

The Scientific Method
E’,\OR'A‘{) Like art, music, Or any other human creative activity, sci-
&~ ence makes use of intuition and experience. But the
approach used by scientists to explore physical reality differs from
other forms of intellectual endeavor in that it is based fundamen-
tally on observation, logic, and skepticismn. This approach, called
the scientific method, requires that our ideas about the world
around us be consistent with what we actually observe.
The scientific method goes some-
thing like this: A scientist trying to Hypotheses, models,
understand some observed phenom- theories, and laws are
enon proposes a hypothesis, whichisa essential parts of the
collection of ideas that seems tO explain  scientific way of Knowing
what is observed. It is 1 developing —
hypotheses that scientists are at their most creative, imaginative,
and intuitive. But their hypotheses must always agree with existing
observations and experiments, because a discrepancy with what is
observed implies that the hypothesis is wrong. (The exception is if
the scientist thinks that the existing results are wrong and can give
compelling evidence to show that they are wrong.) The scientist

I out the implications of the hypothesis and to

then uses logic to wor
make predictions that can be tested. A hypothesis is on firm ground

only after it has accurately forecast the results of new experiments of
observations. (In practice, scientists typically go through these steps
in a less linear fashion than we have described.)

Scientists describe reality in terms of models, which are hypoth-
eses that have withstood observational or experimental tests. A
model tells us about the properties and behavior of some object or

phenomenon. A familiar example is a model of the atom, which
orbiting a central nucleus. Another

scientists picture as electrons
example, which we will encounter in Chapter 18, is a model that

tells us about physical conditions (for example, temperature,
pressure, and density) in the interior of the Sun (Figure 1-1). A
well-developed model uses mathematics—one of the most power
ful tools for logical thinking—to make detailed predictions. For
example, a successful model of the Sun’s interior should describe
what the values of temperature, pressute, and density are at each
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Our Star, the Sun The Sun is a typical sta
1.39 million kilometers (roughly & million miles),
about 5500°C (10,000°F). A detailed scientific model of t

FIGURE 1-1
r. ts diameter is about

and its surface temperature is
he Sun telis us that

it draws its energy from nuclear reactions oceurring at its center, where the
temperature is about 15 million degrees Celsius. (NSO/AURA/NSE)

depth within the Sun, as well as the relations between these quan-
tities. For this reason, mathematics is one of the most important
tools used by scientists.

A body of related hypotheses can be pieced together into &
self-consistent description of nature called a theory. An example
from Chapter 4 is the theory that the planets are held in theif
orbits around the Sun by the Sun’s gravitational force (Figure 1-2).
Without models and theories there is no understanding and no

science, only collections of facts.

In everyday language the word “theory”
often used to mean an idea that looks good on papers but
little to do with reality. In science, however, 2 good theory
one that explains reality very well and that can be applied’
explain new observations. An excellent example is the th
of gravitation (Chapter 4), which was devised by the Eng!

scientist Isaac Newton in the late 1600s to explain the otbt
hen astronomers @

the six planets known at that time. W _
centuries discovered the planets Uranus and Neptune am

dwarf planet Pluto, they found that these planets also M
accordance with Newton’s theory. The same theory desé
the motions of satellites around Earth as well as the of!

planets around other stars.
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Chapter 1

Jest app\icabihty can eventually be considered {aws of phys-
rs use these laws to interpret and anderstand their

rvations of the universe. The laws governing light and 1ts
i e, because the

jonship to matte
. information W€ can gather about distant stars and galaxies

 the light ¢that we receive
. describe how objects absorb an

ssured the temperarure of
1 is made of. By analyzing starlight in the same WaYys they have

covered that our own Sunisat dinary stat and that the
servable universe may contain 10 billion trillion stars just like

e Sun.

echnology in Scienceé
.n important part of science is the development of new tools for
tion. As an example, until

esearch and new techniques of observa
knew about the distant universe was

:oht, Astronomers would peet chrough telescopes

based on visible light.
to observe and analyze visible starlight. BY the end of the nine-
teenth centurys however, scientists had begun t0 discover forms ©

light invisible tO the human eye: X-rays, gamma rays, radio Waves,
and uleraviolet and infrared radiation.
6, in recent years 2stronomers have

pes that can detect such aonvisible forms of

views of the universe
¢ eyes can see. These new Views
¢ atmospheres of distant planets;
lent gas that surrounds our Sun,
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and near-infrared light coming fro

g atmosphere in the
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m distant stars
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Since the 1960s a series of anmanned spacecraft has
been sent tO explore cach of the planets (Figure 1-4). Using the
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rface, peered beneath Venus's poisonous cloud cover,
d extinct yolcanoes on Mars.
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6 Chapter 1

Hmm Astronomers often use piological terms
| such as “birth” and «death” to describe stages in the evolu-
| tion of inanimate obijects like stars. Keep in mind that such

| terms are used only as analogies, which help us visualize
\ these stages. They are not to be taken literally!

The rate at which stars emit energy in the form of light tells us

how rapidly they are consuming their nuclear “fuel” (hydrogen),

and hence how long they can continue t0 shine before reaching the
have more hydrogen,

end of their life spans. More massive stars

and thus, more nuclear “fuel,” but consume it at such a prodi-

gious rate that they live out their lives in just a few million years.
but their nuclear

Less massive stars have less material to consume,
reactions proceed so slowly that their life spans are measured in
billions of years. (Our own star, the Sun, is in early middle age:
It is 4.56 billion years old, with a lifetime of 12.5 billion years.)
While no astronomer cat watch a single star g0 through all of
its life stages, we have been able to piece together the life stories of
stars by observing many different stars at different points in their
life cycles. Important pieces of the puzzle have been discovered by

louds of interstellar gas, called nebulae (singular

studying huge ¢
nebula), which are found scattered across the sky. Within some

nebulae, such as the Orion Nebula shown in Figure 1-7, stars are
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FIGURE 1-7
This beautiful nebula is a stellar

“nursery” where stars are formed out of the nebula’s gas. intense ultraviolet

light from newborn stars excites the surrounding gas and causes it to glow.
Many of the stars embedded in this nebula are less than a million years

old, a brief interval in the lifetime of a typical star. The Orion Nebula is some
1500 light-years from Earth and is apbout 30 light-years across. (NASA, ESA,

M. Robberto/STSCl/ESA, and the Hubble Space Telescope Orion Treasury Project Team)

FIGURE 1-8
i W E When a dying

star exploded in a supemova, it left behind this elegant funeral shroud of
glowing gases plasted violently into space. A thousand years after the

explosion these gases are stift moving outward
second (roughly 4 milfion miles per hour). The Crab
from Earth and about 13 light-years across. (NASA, ES

Arizona State University)
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born from the material of the nebula

iself. Other nebulae reveal what hap- S:udqu the liff—; cycles

pens when nuclear reactions stop an of stars 1S c_ruclal for

a star dies. Some stars that are far um_‘a_rs’[a“dmg our own
origins

more massive than the Sun end their
lives with a spectacular detonation
called a supernova (plural supernovae)
The Crab Nebula (Figure 1-8) is a striking example of a remil
left behind by a supernova.

Dying stars can produce some of th
sky. Some dead stars become
of tens or hundreds of rotations pet second.
their lives as almost inconceivably dense objec
whose gravity is so power

e strangest objects in

tion, a number of black holes have been discovered beyon

solar system b
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During their death throes, stars return the gas
made to interstellar space.
expanding away from the site of a supernova explosion.)
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and helium—that were created during the star’s lifetime by ni
reactions in its interior. Interstellar space thus becomes et
with newly manufactured atoms and molecules. The Sun 25
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This means that the atoms of iron and nickel that ¥

ed by gas falling toward a black hole.

his
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ful that nothing—not even light—%
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v Farth-orbiting telescopes. This is done by detedt
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(Figure 1-8 shows hese expelled 82
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CONCEPTCHECK 1-2

If a star we! i
re twice as massi
ssive as our Su L.
longer or shorter span of time? Why? n, would it shine for a

Answer appears at the end of the chapter
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8 Chapter 1

ultimate fate of the universe. Such studies suggest that the expansion

of the universe will continue forever, and it is actually gaining speed.

ok
¥ The work of anraveling the deepest mysteries of the uni-
e requires specialized tools, including telescopes,
spacecraft, and computers. But for many purposes, the most useful
device for studying the universe is the human brain itself. Our goal
in this book is to help you use your brain to share in the excite-
ment of scientific discovery.

In the remainder of this chapter we introduce some of the key

concepts and mathematics that we will use in subsequent chapters.

Study these carefully, for you will use them over and over again
throughout your own study of astronomy.

3, ~
Zppa™ vers

4-5 Astronomers use angles to denote the
positions and apparent sizes of objects in

the sky

Whether they study planets, stars, galaxies, Of the very origins of
the universe, astronomers must know where to point their tele-
scopes. For this reason, an important part of astronomy 18 keep-
ing track of the positions of objects in the sky. A system for
measuring angles 1s an essential part of this aspect of astronomy
(Figure 1-11).

An angle measures the opening between two lines that meet
at a point. A basic unit to express angles is the degree, designated
by the symbol °. A full circle is divided into 360°, and a right
angle measures 90° (Figure 1-11a).

As Figure 1-11b shows, if you draw  Angles are a tool that we
lines from your eye to cach of the two il use throughout our
“pointer stars” in the Big Dipper, the  gtydy of astronomy
angle between these lines—that is, _

* Moon
.\'
The angular
diameter of

the full moon »
in the sky is ! L Horizontal
about 72° A e A

Complete cirele = 360"

(a) Measuring anglesin the sky

FIGURE 1-11

Measuring Angles (@) Angles are measured in degrees (©). There are
360° in a complete circle and 90° ina right angle. For example, the angle
petween the vertical direction (directly above you) and the horizontal direction
{toward the horizon) is 90°. The angular diameter of the full moon in the sky
is about ¥2°. (b) The seven pright stars that make up the Big Dipper can

(b) Angular distances inthe
northern hemisphere

the angular distance between these two stars—is about 3°. (In
Chapter 2 W€ will see that these two stars “point” to Polaris, the
North Star.) The angular distance between the stars that make up
the top and bottom of the Southern Cross, which is visible from
south of the equator, is about 6° (Figure 1-11c).

Astronomers also use angles to describe the apparent size of a
celestial object—that is, how wide the object appears in the sky.
For example, the angle covered by the diameter of the full moon is
about ¥ ° {Figure 1-11a). We therefore say that the angular diame-
ter (or angular size) of the Moon is 5°. Alternatively, astronomers
say that the Moon subtends, of extends over, an angle of 2°. Ten

full moons could fit side by side between the two pointer stars in

the Big Dipper.
The average adult human hand held at arm’s Jength provides

a means of estimating angles, as Figure 1-12 shows. For example,
a fist covers an angle of about 10°, whereas 2 fingertip is about
1° wide. You can use yarious segments of your index finger FIGURE 1-1
extended to arm’s length to estimate angles a few degrees across. Ectimati si= '

To talk about smaller angles, we subdivide the degree into " ing Angles with Your Hand The adult human hand
60 arcminutes (also called minutes of arc), which is commonly p kength can be used to estimate angular distances and an eXtehded to
abbreviated as 60 arcmin Of 60’. An arcminute is further subdi- Y el anguls Sizes in
vided into 60 arcseconds (or seconds of arc), usually written as

60 arcsec ot 60" Thus,
1° = 60 arcmin = 60
1! = 60 arcsec = 60"

For example, on January 1, 2007, the planet Saturn had an
angular diameter of 19.6 arcsec as viewed from Earth. That is 2
convenient, precise statement of how big the planet appeared i
Earth’s sky on that date. (Because this angular diameter is so smally
to the naked eye Saturn appears simply as a point of light. To see
any detail on Saturn, such as the planet’s rings, requires a telescope.

1f we know the angular size of an object as well as the distances
to that object, we can determine the actual linear size of the objedt

r
*  The Smali-Angle Formula

ou can estimate the ang i
j angular sizes of obj i
' : . ; 4 ect i
your hand and fingers (see Figure 1-1 ) Using ey e
sophisticated equipment '1srronb Tk Lo rather e
U 5 omers can measure
o iza}.‘rmn of an arcsecond. Keep in mind hovve\j1 ngﬁal’
i ‘;( |- not t|1t{ same as actual size. As an e’xam | eF’ft .
i your arm while looking at a full moon S com.
i oking ‘ ou -
g ,Persvi lee Moon with your thumb. "J."hat:sybecacl‘larl Eom
i mbtend[;u.rll\-e, your thumb has a larger angular size ?fh s
a P =
e {_a}:gcr ajngluj than the Moon. But the actual e lsf’
e h.l out 2 centimeters) is much less than th etua
m"rh of the Moon (more than 3000 kil ) the acmuat
Voo ometers).
e mlatlzldmnyng figure shows how the angular size of
- _a-_gi.vén = :ﬁl its .1mear size. Part (a) of the figure shovvsO thaaré
g r size, the more distant the object, the lar
" fuﬁ 5 crmt.xa;)nple[ vour fingertip held at a;m’s lengte;;
the fu n, but the Moon i
e is much farther away and
angular size dccré‘me* t|'E )f ShEWS et o1 e Thince
e ases the tarther away the object. This i
oy pllf: ::13[1::r and smaller as it drives away] fro.n;rhIS N
gxp,-cssgmue ﬁci?rlonships together into a single ni’ 2‘}11
1 called the small that
e -;mgle formula. Suppose th
e 7 : ::n\gle o, (thcl Greek letter alphag)znd 1ts ZE
i c)l.‘ilraervcr, as in part (c) of the figure. If th
» as is almost always the case for objects.' he
in the

width or linear si
1 slze . B
expression: ize (D) of the object is given by the fol-

¥ aﬂgle formula

The angular distance
B hetween the two pointer
l stars at the front of the
Big Dipper is about 5°%,

roughly

10 times

B the angular
diameter of
the Moon.

The angular
distance between
the stars at the

. top and bottom
IS of the Southern
__ Cross is about 67

(c) Angular distances in the
southern hemisphere

he angular distancé
0

be seen from anywhere in the northern hemisphere. T
Dipper is about 5

between the two “pointer stars” at the front of the Big
(c) The four pright stars that make up the Southern Cross can be seel
anywhere In the southern nemisphere. The angular distance petween the
stars at the top and bottom of the cross is about 6°.

B od
206,265
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(measured in kilom .
eters
how this is done. or miles, for example). Box 1-1 describes

CONCEPTCHECK 1-3

Is it possible for a b
Smaller? asketball to look bigger than the Moon?

Answer appears at the end of the chapter

1-
- :1 hPowers-of-ten notation is a useful
and system for writing numbers

Astronomy i j
o y is a sub;ect of extremes. |earni
onomers investigate the largest M B of-of-ten

structu i : . notati i

ing alres. in the universe, includ- W.::tmn will help you deal

. gh axies and clusters of galaxies. ith very large and very
ut they must also study atoms and e Umbers

atomic n uClel, amc )ng the Sm 3
allest Ob] ects 1in the universe, 1 or de]:
to ex plalIl h() W and W hy stars ShlIle. I he y aISO St lld 5’ COIldlthIlS

_BOX1-1 T
OOLS OF THE ASTRONOMER’S TRADE

A5

Angular size o

(a) Foragiven an i
gular size a, th i .
the greater its actual ﬂinear)esrizgre distant the object,

(b) For a given linear si
r size, th i .
the smaller its angular size emore distant the object,

(a) Two objects that
have the same angular si
o o . . gular size may have diffe i
o givene;/nare atl different distances from the observer. (b) Forr::t 'Ig?ar
ora e Obsiarl\: size, the angular size is smaller the farther the obje(?t 'JeCt
o Ghicct 1 s aer:g(j) Thle small-angle formula relates the linear size L;Sof
ar size o and its distance d
from the observer

D— wi . .
width or linear size of an object’
o = i
angular size of the object, in arcsec

d = distance to the object

The i a
the itsnurfnber 206,265 1S required in the formula so that
he un of o are in arcseconds. (206 265 1s the number of

>

(continued on the next page)
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Chapter 1

BOX 1-1 (continued)

arcseconds in a complete 360° circle divided by the number 27.)
As long as the same units are used for D and d, any units for
linear distance can be used (km, light-years, etc.).

The following examples show twWo different ways to us€ the
small-angle formula. In both examples we follow a four-step

process: Evaluate the situation given it the example, decide
which fools are needed to solve use those tools

the problem,
to find the answer t0 the problem, and review the result to see
what it tells you. Throughout this book, we’ll use these same
four steps in all examples that require the use of formulas. We
encourage you to follow this four-step process when solving
problems for homework or €xams. You can remember these
steps by their acronym: S.T.AR.

December 11, 2006, Jupiter was 944

Farth and had an angular diameter of
calculate the actual

EXAMPLE: On million

kilometers from
31.2 arcsec. From this information,

diameter of Jupiter in kilometers.

ical object in this example is Jupiter,
nce d and its angular size T (the
Qur goal is to find Jupiter’s

situation: The astronom
and we are given its dista
same as angular diameter).

31.2

—_ ———

~ 143,000 km

206,265
Because the distance d to Jupiter is given in kilometers, the diam-

eter D is also in kilometers.

Review: Does our answer make sense? From Appendix 2 at the

back of this book, the equatorial diameter of Jupiter measured by
spacecraft flybys is 142,984 kilometers, SO our calculated answer

is very close.

EXAMPLE: Under excellent conditions, 2 telescope on Farth
can see details with an angular size as small as 1 arcsec. What is
the greatest distance at which you could see details as small as

1.7 meters (the height of 2 typical person) under these conditions?

whose linear

Situation: Now the object question is a person,
d at which

size D we are given. Our goal is t0 find the distance
the person has an angular size & equal to 1 arcsec.

angle formula t0 relate d, o, and D.

Tools: Again we use the small-

a to solve for the distance d,

We first rewrite the formul
o = 1 arcsec:

Answer:
— 1.7 mand

then plug in the given values D

press a key labeled “EXP” or “EE,”
e r “EE,” then enter the
e gfl iﬁel;ziﬁaﬁfs care of the “x 10” part ofefc(lll)eo Eigzei—.
et o en appear on your calculator’s display as
St a,s K }?OEF; variation of this; typically the “x 10”
ottt hc . There are some variations from one kind
o oL o o e er, 0 you shc?uld spend a few minutes read-
g O o @ atc()ir s instruction manual to make sure
i he come gl(‘)(l)lce }H.re for Working with numbers in pow}eji')slf
B aétmno will be using this notation continually i
my, so this is time well spent. v

CAUTION! g :
AL nfusion can result fr
3 om th
(Cililsgf;)rzddlspially powers-of-ten notation. Sinc: ;sz :hitoga'l-
e 1)"5 ><218108...5 8h or “1.5 E 8,” it is not uncomr;lon to thi lli
e 1sl the same as 1.58. That is not correct, h n
Whi(;h : qual to 1.5 multiplied by itself 8 times ey,
" unls not even close to 150,000,000 = 1.5 x 108 (X 2563,
g inclcizrezimt(;na ml}slt.ake is to write 1.5 x 108 as 1.58 nI(;ther’
! o this, perhaps yo - - 1 you
multiol you are thinking th
procg:sytlii EY 10, then tack on the exponent gialteirlt X(r)lu ;laﬂ
. oes not work: 158 is equal to 15 mul.ti 1‘(21 lfr
N elsiec;fiiig62,890},l625, which again is nowhgrleenea}r,
' : over the ma
help you to avoid these common élrl;ilrsfor your caleulator will

Powers-of-
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102 =
0 3 1/10 x 1/10 = 1/10%? = 0.01 (one hundredth)
10~ =
1/10 x 1/10 x 1/10 = 1/10° = 0.001 (one thousandth)

10~ = 1/10 x 1/10
x 1/10 .
ren-thousandth] « 1/10 = 1/10* = 0.0001 (one

10 = 1/10 x 1/10
% 1/10 x 1/10 x 1/10
0.000001 (one millionth) LS

10712 =
1/110/;5 1/10 x 1/10 x 1/10 x 1/10 x 1/10 x 1/10
; ooooox 1/10 x 1/10 x 1/10 x 1/10 = 1/1012 =
. 0000001 (one trillionth) -

and so forth.

As these exam
ples show, negati
manv t PV gative exponent
e }1': Oin;ilz r;npﬁzt be multlp}llled together to give t}ietglelsi}r]:él how
: , one ten-thousandth .
as 107 (“ten to the mi » ot 0.0001, can be, i
minus four” A e written
W10 10— oooor because 107 = 1/10 x 1/10 x
A useful shortcut i
== in convertin deci
notat . g a decimal t
dec?mIZln pl(s)i;(i pogc(;:ovghere the decimal point is Fcz)rp:)girrls-l()f-tin
in 0.0001 is fo ' ple, the
R is —4, that is, 0.0001 il T the left of the “1,” so the
ou can also use pow .
ber lik _poy ers-of-ten notation to
0.00245 (iog i@s;%h(l)%}; is not a multiple of 110, For se;ag;ln-
= 2. . = 2.45 x 10*. (Agai T €,
powers-of- SN . (Again, th
o Slgf)tflflh'notatlor} is 'Fhat the first figure is a nufnsbt::llf1 f)ard o
.} This notation is particularly useful when dealin;twéiﬁ
wi

diameter D.
Tools: The equation to Us¢ s the small-angle formula, which 206.265D _ 206 265 X 1.7 m
_ 206,265D _ 200,205 2 2m— =3 0.000 m = 350 k You can us -of- ,
d = il 50,000 m = 350 km .o of-ten notation for numbers th
3 Y usmic” a minus sign in front of the ex . ar; less than very small numbers. A good |
exponent tells you to divide b ponent. A negative at eh i ) example is the dia
iy the appropriate numb om, which is much mo . meter of a hydrogen
er of tens re convenient to state in
. powers-of-ten

and D. Note that when using this

relates the quantities d, o,
be expressed in arcseconds.

formula, the angular size oo must

mula as given is an equation

Answer: The small-angle for
lues o = 31.2 arcsec and

for D. Plugging in the given va
d = 944 million kilometers,

om the incredibly hot and dense centers of stars to the
llar space. To describe such a wide
of both large

ranging fr
frigid near-vacuum of interste
range of phenomena, we need an equally wide range

and small numbers.

an the distance toO the Moon,
even the best telescope on
+ walking on the

Review: This value 1s much less th
which is 384,000 kilometers. Thus,
Earth could not be used to see an astronau

surface of the Moon.

10° = 1,000,000,000 (one billion)
1012 = 1,000,000,000,000 {one crillion)

and so forth. The exponent also tells y

be multiplied together to give the desire

s also called the power of ten. For example;

ou how many tens must

d number, which is Wh¥
el

For example, 1072 (“

; . ’ ten to the mi -

10 twi R inus two”) means to divi

o 0 - 1710 x 1/10 = 1/100 = 0.01 s 1o divide by
ow to interpret other negative powers of. ten‘IS same idea

10° = 1 (one)
o~ —
107! = 1/10 = 0.1 (one tenth)

notation (1.1 x 10719 met
(0.0000 er, or 1.1 x 1071 m) th ) .
Be ca?;os(g??il m) or a fraction (110 trilliontlis 0?2 ?;eiede):qmal
v ypasses all the awkward r
tion is 1 o ard zeros, po -of-
o bils ;Seallfm.r desc'rlbmg the size of objects az sv;f;lsl oftten nota:
. ngomtigj axies (Figure 1-13). Box 1-2 explains howalS Ay
that n also makes it easy to multiply and di .dPOWf:rs—of-
are very large or very small. ivide numbers

powers-of-Ten Notation: Large Numbers !
. _ o o the exponent 1
Astronomers avoid such confusing fetms as “a million billion thousand can be written as 10% (“ten tO the fourth” or “ten 0L
billion” by using a standard shorthand system called powers-oi- ¢he fourth power”) because 10% = 10 % 10 x 10 x 10 = 10,000
ten notation. All the cumbersome zeros that accompany 2 large In powers—of—ten notation, numbers ate written as a figuré
number are consolidated into one term consisting of 10 followed between 1 and 10 multiplied by the appropriate poWer of ten. 10 | 1
by an exponent, which is written as a superscript. The exponent approximate distance between Farth and the Sun, for exam T ! 102 107
indicates how many Zeros you would need to write out the long can be written as 1.5 x 108 kilometers (or 1.5 X 108 km, T T T T I IO
B -3
form of the number. Thus, short). Once you get used to it, this is more convenient that w o'E > “ g - T T T
. . « . " Dl oy
ing 150,000,000 kilometers” or “one hundred and fifty mil A & S g o g5 o g crwE Sb
bercouldalsobewrittena81 1 B gm E S50 gL 83 o3 22
-13 g = e B3 = ER AR L= - s
= [a a g« EIR-IR-=) PR I
5 ° 28 2 Y= = g [5) oy
b AS 8 8.2 N2
w Q A wm e

100 = 1 (one)

kilometers.” (The same num s
¢ the X

d form is always t© hav

u’ i owers- I-— I en I\l() “()n th zes of objects
- S-0 i g c S QT O
ta his scale gives i )

or 0.15 x 107, but the preferre

figure be between 1 and 10.)
about 60 -
meters tall and within reach of our unaided senses. On the right is

the planet E
1021 metersa(';tgbaO%Out. 107 meters in diameter. At the far right is a galax
R/ Got lmage’s S? |'9|2'Veal’s) in diameter. (Andrzej Wojcicki/Science Phcio
: Steve Gschmeissner/Scien ;
Thinkstock; . ce Photo Library/Getty; iSt
ck; NASA/JPL; 2004-2013 R. Jay GaBany, Cosmotography c)clmlw )OCkphOtO/

fanging from sutiatom q
B Tho pk:z:::ﬂ\lcppamcles at the left to the entire observable
of g ela;:rgﬂii neutrons in the illustration on the left form
8 oo < [Jr i géllorbs: arounfjl a hundred thousand times
o wall pf a single-celled aquatic organism
A millimeter) in size. At the center is the Taj Mahal

10! = 10 (ten)
102 = 100 (one hundred)

103 = 1000 (one thousand)
s use a shorthand for powerSTg

Most electronic calculator ]
er 1.5 x 108, you first enter K=

10* = 10,000 (ten thousand)
notation. To enter the numb

106 = 1,000,000 {(one million)
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BOX 1-2 ToOLS OF THE ASTHONDM

ith Powers-of-Ten Notation

Using powers—of-ten notation makes it easy to multiply
numbers. For example, suppose you want to multipty 100
by 1000. If you use ordinary notation, you have to write a lot

of zeros:
100 x 1000 = 100,000 (one hundred thousand)

Arithmetic W

By converting these numbers tO powers—of-ten notation, we

can write this same multiplication more compactly as
102 x 10° = 10°

d to the following
ed in terms of POWELS 0

Because 2 + 3 = 5, we are le general rule
for multiplying numbers express f ten:
Simply add the exponents.

EXAMPLE: 104 x 10° = 1043 = 107.
To divide pumbers ex
remember that 107 =
general rule for any expone

g 1l
10 10"

o terms of powers of tenm,
_ 1/100, and so on. The

pressed i
1/10, 1072
nt 7 18

is the same as multiplying

dividing by 10"
you first cransform it NtO

In other words,
ut a division,

by 107 To carry 0

1-7 Astronomica\ distances areé often

ER’S TRADE

multiplication b

EXAMPLE: We can
Box 1-lina straight

using units bas
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FIGURE 1-14

The i
" astronomek;: ;i)arsec, a unit of length commonly used
. , is equal to 3.26 ligh
oy seen . .26 light-years. The parsec i
Observer’s ;r.he dlstence at which 1 AU |oerper1dicni)lars’reC i
s line of sight subtends an angle of 1 aroseco e

y changing the sign of the exponent, and then

carry out the multiplication by adding the exponents.
. 0* C
MPLE: g = 10%% 10-6 = 104778 = 1046 = 1072 CELXRACTTH Keep in mind th i
10 year 1s a unit of di that deSplte its name. the li \
. e na Ce istance and #ot a unit of time. A > the light- Earth’s orbit
Usually a computation involves numbers fike 3.0 x 10, that ce of 4 znlt-aun’ the nearest star other than th sSan example,
is, an ordinary number multiplied by 2 factor of 10 with an 42 yearst. ight-years from Earth. This mean eh un, 15 a dis-
exponent. In such cases, t0 perform multiplication Of division, o travel to us from Proxima Centau s that light takes
you can treat the numbers separately from the factors of 10" 1.
Physicists of
. ten :
merical example from B e the speed ENCASUECS interstellar distances in li Distance:
peed of light is one of nature’s most i in light-years e
important num- (3.26 light-years)
- «_Angle:

redo the first nu

tforward manner bers. B
. But m
any astronomers prefer to use anoth
er unit of length
3 |

the parsec, b :
, bec .
measuring di ause its definition is closely related
ing distances to the stars y related to a method of

IInaglnE tflklng a ]OL[IIle) fat nto SFEl:e’ be) Ond the Orhlts Of

1 arcsec’=1

by using exponents:
|

944,000,000 km

At a distance of 1 parsec
b

312X

- 206,265
the outer planet
= 2_1_2_%6_02_;%_9 );_f_(;_;_l_of km Subtends,%r extse.néjss };(z,lzl‘IOOk ba(ﬁ( toward the Sun. Earth’s orbit
. , a4 Sm : 4
112 % 9,44 % oS }{0;1 Ijllrse f)rtomdthe Sun. As Figure i—lj sai'lr;)gvlves Irtlhthg. sky the farther a length of 1 AU subtends
v 944 X 1YV — _ ubtends . , the dista : a 1
= 5 .06265 km = 14.3 X 10* km Bled po): an angle of 1 arcsec is defined as 1 parzlecf (ztbvgf_zsh Degle ol e
1_
1pc:309><1013 T
: km = 3.26 1 e .
ey A4
Observer N

— 1.43 % 10° km

|

1.43 X 10 X 10* km

BOX 1-3
= TO
ple, we could express all sizes and distances in astronomy Uni OLS OF THE ASTRONOME
deed, we will use kilometers to give nits of Length, Time, and Mass R’S TRADE

ed on the meter. In
e Moon, as well as the Farth-Moon dis-

In princi

(&) LlIldCIStaIld aIld a[)pteClatC the uIllVeISe, we Ileed to A uS€fL11 set ()f conversions f()[ the Enghsh SySteIIl 18

measured in astronomical units, light-years
, ight-y ’ the diameters of Earth and th
tance. But, while a kilometer (roughly equal to three-fifths of 2 mile) - phenom
- uali ‘ ena not
for humans to visualize, a megameter (106 m) 18 but also on the SmeiCros(c)o;))ircﬂ}S]cZ? thfe lljlrge scales of galaxies
e of the atom. Astronom
. ers -
1in = 2.54 cm

or parsecs

e many of the same
at as do other
measure lengths
masses 1

Astronomers us
units of measureme
scientists. They often
in meters (abbreviated m),

ke), and time in seconds

kilograms
(s). (You can read more about these units of measureme

techniques for converting

Specialized units make
it easier to comprehend
immense cosmic distances

nt, as well as
between different sets of units, in Box 1-3.)

Like other scientists, astronomers often find it useful to com-

bine these units with powers of ten and create new units using pre-
ber 1000 (= 10%) is represented by

fixes. As an example, the num
the prefix «kilo,” and so @ distance of 1000 meters is the same as

1 kilometer (1 km). Here are some of the most common prefixes,
with examples of how they are nsed:

one-billionth metet = 102 m
nd =10°s

— 1 nanometer

=1 microsecond

one—mﬂlionth seco
one—thousandth arcsecond = 1073 arcsec = 1 milliarcsecond

one—hundredth mete — 1 centimeter

;=107 m

one thousand meters = 10° m — 1 kilometer
— 1 megaton

~ne million tons = 10¢ tons

is an easy distance
not.

-.g:_en‘erally use units that a i

U are best suited to th i

gjeherl)lig,}l tl_r}lftee:rs;ceilar distances are conven?e;(iﬁ:c ea; };and.dF(')r

i Comfortarb farsecs, whel.reas the diameters of Fh:ss'ig N
oo y If)resented in kilometers. pranee

p Imermﬁogr)llre1 eS:r to use a version of the metric §

h . eal IrlZstem ‘of Units, abbreviated SI (aftZitf}rln
e timeeenatlonal). In SI units, length is me;
. ar,n is measueed in seconds (s), and

ount of material in an object) i; measrllllfesj

llogram

s (kg). H

Ihieg 2 OwW are th . .

Neasures? ese basic units

! ! related to oth
er

measurement
between the

1ft =0.3048 m
1 mi = 1.609 km

astronomers have devised units of
that are more appropriate for the cremendous distances
planets and the far greatet distances between the stars.
When discussing distances across the solar systerm, astrono
omical unit (abbreviate@-

of length called the astron
distance between Earth and the Sun:

Tor this reasor,

mers use a unit
Each of th
ese equalities ¢
equ an also be wri .
qual to 1. For example, you can write written as a fraction

AU). This is the average
0.3048 m

l: ft

1 ft
03048 m

Ffac 101 . S ¢ useru \% g (l t ly l om
t S llke thl ‘ar
| or converting a qua
one set Of units to aIl()theI. For eXample, the Satufn L ()Cket
us.ed to Send astronauts to the IVIOOn Stands abOut 363 ft ta]l.
IIOW can we convert thlS helght to meters’ he trlck s t
l (0}

— 92.96 million miles
=1

1 AU = 1.496 X 108 km
1 and Jupiter €A% e

Thus, the average distance between the Su
conveniently stated as 5.2 AU

J Wh 1 n d
hen discussi j n
. )
g objects on a human scale, si d
, S1Zes a is-

.
& 104/1 To talk about distances tO the stars, astronomers uz 3 e
different unit ¢ length. The li ht- bbreviate Wl =S can also b e
e ight © er11sg in oneeyeir ,}T}?; i(saa urseeflul concél mand kilOme;;X(F:s)se% }in millimeters (mm), centimeter
M = 5 . b) S
= eter as follows: ese units of length are related to ;efféember that a quantity does not ch if
. Expressing the number 1 b ange if you multiply it b
y the fraction (0.3048 7
' m)/(1 ft),

¢he distance that light trave
we ' .
can write the height of the rocket as

because the speed of light in €
value, 3.00 %105 km/s (kilometers per second)
(miles per second). In terms of kilometers Or a$

one light-year 18 given by
1ly = 9.46 X 102 km

mpty space always has the 553-
or 1.86 % 107 18
1 upt

1 millimeter = 0.001 m = 1073
. = m
1 centimeter = 0.01 m = 102 m

1 kilometer = 1000 m = 103
- m

0.3048 m
1 ft

ft X m
ft

(continued on the next page)

363 ft X 1 =363 ft X -

tronomica
=111 =111 m

— 63,240 AU

This distance i roughly equal to 6 trillion miles.
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BOX 1-3 (continued)

EXAMPLE: The diameter of Mars is 6794 km. Let’s try

expressing this in miles.
uble if you are careless

¢ trick of taking the number whose units are
d and multiplying it by 1. For example, if W€
rby 1 expressed as (1.609 km)/(1 mi),

You can get into tro

in applying th
to be converte
multiply the diamete

we get
k 2
(794 km X 1 = 6794 km X 1.609 ki _ 10,930 =
1 mt mi
er Cannot

did not cancel, so this answ
be right. Furthermore, @ mile is larger than a kilometer, SO the
diameter expressed in miles should be 2 smaller number than
when expressed 10 kilometers.
The correct approach i

unwanted units wi
in kilometers, SO W€ must write

in the denominator ]

The unwanted units of km

1 with kilometers
(“downstalrs” Thus, we
express 1 as (1 mi)/(1.609 km):

1 mi
6794 km X 1= 6794 km X 7709 km

o L 4222 mi
km

s of km cancel as they should, an
in miles is @ smaller aumber than in kilometers (
When discussing Very small distances such as

he micrometer (pm) or

mers often use t
hese are related to the meter as follows:

= 4222 km

Now the unit

atom, astrono

meter (nm). T

1 micrometer = 1 Wm = 10° m

{ nanometer = 1 M = 107 m
Thus, 1 pm = 103 nm. (Note that the

the micron.)
The basic unit of time 18 the sec

units of time as {ollows:

ond (s). It is related to

h to Proxima Centauri

The distance from Eart
oose to use

1.3 pc or as 42 ly. Whether you ch

years is a matter of personal taste-
For even greater Jistances, astronomers commonly v

secs and megaparsecs (abbreviated kpc and Mpc
these prefixes simply mean “thousan
— 1 kpc—10
— 1,000,000 pc = 106 pc

1 kiloparsec 00 pc = 103 pc

1 megaparsec = 1 Mpc

per second (m/s).

d the distance
as it must be).
the size of an
the nano-

micrometer 1 often called

other \

can be stated as
parsecs Of light-

se kilopar-
). As we saw before,
47 and “million,” respectively:

1 minute (min) = 60 s
1 hour (h) = 3600 s
1 day (d) = 86,400 s
=3.156 % 107 s

measured in meters
ed is also

1 year (y)
m, speed 18 propetly
Quite commonly, however, SpPe
and mi/h:
1 km/s = 10% m/s
1 km/s = 2237 mi/h
1 mi/h = 0.447 m/s
1 mith = 1.47 ft/s

astronomers sometimes
masses (Mo)s where the
It is especially con-
the masses of stars
ther as follows:

In the SI syste

expressed 10 km/s

g kilograms,

In addition tO usin
and in solar

s in grams {g)
s the symbol denoting the Sun.
hen discussing

solar masses W
These units are related to each o

1 kg = 1000 g
1 Mg =199 X 10% kg

express mas
subscript ©
yenient to use€
and galaxies.

You may be wondering why we have not
een kilograms and pounds (1b). The

nversion betw
he same physical

at these units do not refer t0 ¢

is a unit of mass, whic
| in an object. BY contrast, 2 pound 18
lls you how strongly gravity pulls
who weighs

Consider a person
g to a mass of 50 kg.

on the Moon as itis

| given a €O
| reason is th
quantity! A kilogram
the amount of materia
| a unit of weight, which te
| on that obiject’s material.
| 110 pounds on Farth, correspondin:
\ Gravity 18 only about one-sixth as strong
on Earth, so o0 ¢he Moon this person wou

| sixth of 110 pounds, Of about 18 pounds. Bu
| mass of 50 kg is Moon; wherever you

the same on the
\ the universe, you ta

ke all of your materia
| We will explore the relationship between mass an
in Chapter 4.

h is a measure O

For example, the distance from Earth to the ce
Way Galaxy is about 8 kp¢ and the galaxy shown in
is about 11 Mpc away.

Some astronomers prefer to talk about thousand
of light-yeats rather than kiloparsecs and megaparsecs
again, the choice is a matter of personal taste. As a
astronomers use whatever measuring sticks seem best
the issue at hand and do not restrict themselv

of measurement. For example, an astronomer mig

1d weigh only one
¢ that person’s
go in
| along with you-
d weight

ater of our Milks
Figure

s of milliof

es to 0N L
ht say that =

supergiant star Antar

) es has a di

ters and is | . iameter of 860 milli .

Cosmic CO:;::;:-d ata distance of 185 parsegs fi?)lrlrlll%n S

these diff: ions figure on the followi arth. The
ifferent systems are useful ng page shows where

1-8 Astronomy is an
i
i y adventure of the human

An underlying theme of thi
. book is th i
A is | is that the behavior of i-
pOdge e Zh?ﬁg(ieéiﬁng'laws of nature. It is not at}biclilgelr-
Vi;e find strong evidence that aflljbrclii;g unplr Tdicmble I
. 1 ental laws of i ’
- Ifgtl;znxir:vterse and the behavior of e\?e};;,fbciilgqvem
e e e )f s enable us to explore realms far ® oved
- o perience. Thus, .
1 ist can do experiments in
ab(?ratory to determine the properti .
?}fehght or Fhe behavior of atorrFl)s ailej
B o of e wevere, Thocus
e Ol;ﬂéx;ir;le.h Through careful testing, the laws of
;hz urclliverse at the most distaill‘t’elcl))ceaf:tri1 founddt il tthUghOEt
. : ‘ ons and i i
b of’tﬁelb‘;]:rﬁllril:tilsn expressed tbe view tha'in“giz S’i::‘?lr;i i
The discovery of fCO(Iln prehensibility.” e
o hu;n a}mental laws of nature has had a
:_rzmmber o alr.uty: These laws have led to an im e
B mpdp ications that have fundamentall ItnenSe
.Q-Fher T (,)ur ehlcme, entert.ainment, transportatiZn fanz
‘Biven us instant contact Ve'sbln Part}CUIafa L ’ 2]1;1
munication satellites, p:Zt:tiseaIrll};\g v - througﬁyco;s
using signals fr i e Global I | -
e lcl)gltzh; sat}elhtes of the Global PZ)SIi)t(i):rllEnonS -
gFigu o eather forecasts {from meteorologifal 5;?:;1“
As important as the a licati i
S Enoo applications of science are i
o :igleaf;)ra 1t§ own seke is‘no less imp’otr};Zril.lr\;leltaOf
Bt asgcgll which this pursuit is in full ﬂowerre
e, thumfbus and Magellan discovered th'
Illzrrtlers of the twenty—firset Cg;‘;e;rl;h i SiIXteenth Centufie:
R are explori i
- 12:(5 lsspliléoa.ralle!ed in human hipstoT}III.gIg:esclll “;erse
e a;rgagned by such great science f’ict‘i:c)n
L e . G. Wells pale in compariso o
‘Moon, o rObO:\;Vp;l;:rt (fiecades, humans have warllketzz
Qre the satellites of Satclffnt etl?lddlg s
E gr\’ee; built to probe the lin;its of ltlksled e
! B - e i o e observable universe.
L e vealed in so short a time
L T (;g this book, you will learn ab(;ut th
E thesexplore the natural world, as well .
ey freotoolﬁ. 'But, most important, you w?lsl
e $ t 1 eir observations an understand-
E e live. It is this search for under-
e ore than merely a collection of d
e great adventures of the human miizia

Studying the universe
benefits our lives on
Earth
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Cuba

o Florida

iIHGU.RE 115 RIMU X G
urricane See
made on Septemberr] ;r(;': Space This image of Hurricane France
Environmental Satellite ’7 2 04, by GOES-12 (Geostationary Opera ﬂoi \/Nas
Earth’s equator every 24 :1 A geostationary satellite like GOES-12 ort?t
make a complete rotat ours, the same length of time it takes the : s around
on Earth, from which it Zn' Hence, this satellite remains ovér the samzanettto
L an monitor th s spo
hurricanes from orbi e weather contin
orb ) uously. B )
give early warning ol;[’tt? OE-S_12 makes it much easier for m;lteoiotlfc'kltng
- m\ore ol ese immense storms. The resulting savings i QI§ s to
‘ pay for the cost of the satellite. (NASA, NO gs in lives and
:  NOAR)

Itis an
adventur : ;
oo _C that will continue as long as there a :
ety an adventure we hope : re mysteries
and share. pe you will come to appreci

KEY wORDS

Terms
preceded by an asterisk (*) are discussed in the B
e Boxes.

angle, p. 8
angular diameter megaparsec (Mpc
SiZe), . g (al’lgula[ Eg;eolrite,;' 4 p )5 p- 14
el, p.

angular distance, p. 8
arcminute {/, minute of arc),

nebula (pluml nebulae), p. 6
Newtonian mechanics, ’p 3

p. 8
: ar
arpCSfécond (", second of arc), gov‘sfee:(r: b%ct)er? ' 1310
. > P
powers-of-ten notation, p. 10

pulsar, p. 6

quasar, p. 7

scientific method, p. 2

*SI units, p. 13 '

*small-angle for

solar systegm, p- 211113, b2

subtend (an angle), p. 8

supernova (plural
supernovae), p. 6

theory, p. 2

astronomical uni

Big Bang, p.l7unlt (AU, p- 12
black hole, p. 6

degree (°), p. 8

exponent, p. 10

galaxy, p. 7

hypothesis, p. 2

kiloparsec (kpc), p. 14

lgws of physics, p. 3
hght_year (IY):v p. 12
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. What is an exponent? How are exponents used in powers-
of-ten notation?
. What are the advantages of using powers-of-ten notation?

CcOSMIC CONﬁ?C!QN_ i T
Sizes in the Universe
provides a a convenient way to express the sizes

' ' es
This illustration suggests the lmmgnse dls’caﬂc| iRl
een the stars within our Milky Way Galaxy,

| KEY IDEAS NN

Astronomy, Science, and the Nature of the Universe: The universe
of astronomical objects is comprehensible. The scientific method is a procedure for for-
within our solar system, mulating hypotheses about the universe. Hypotheses are tested
smic by observation or experimentation in order to build consistent

models or theories that accurately describe phenomena in nature.

. Write the following numbers using powers-of-ten notation:
(a) ten million, (b) sixty thousand, (c) four one-thousandths,

rs-of-ten notation :
Powe (d) thirty-eight billion, (e) your age in months.

and distances in space. . . . ‘ .
. How is an astronomical unit (AU) defined? Give an example

the far greater distancesl betw
distances between galaxies.

e =

gun; diameter =
1.39 x 108 km

Earth: diameter =
1.28 x 10% km

(Galaxies are grouped
into clusters, which can
be up to 107 ly across.

The Sun, Earth, and other planets are
members of our solar system

Diameter of Neptune’s orbit: 60 AU

ta [= - B
1 AU (astronomical unity = 1.50 x 109 km
— average Earth-Sun distance

The Sunis a typical star.
Typical distances between

our neighboring stars =
1tob5ly

1ly = distance that light
travels in one year =

6.32 x 10* AU
1. - _;‘ J .
“.‘-._.-'_., - 5 ' oK ‘.‘.

ne of more than 10! stars

QOur Sun is ©
in the Milky Way Galaxy. |
enter of the Milky

g x 10% ly

Distance from the ¢
Way to the Sun = 2.

Observations of the heavens have helped scientists discover some
of the fundamental laws of physics. The laws of physics are in turn
used by astronomers to interpret their observations.

The Solar System: Exploration of the planets provides information
about the origin and evolution of the solar system, as well as about
the history and resources of Earth.

Stars and Nebulae: Studying the stars and nebulae helps us learn
about the origin and history of the Sun and the solar system.

Galaxies: Observations of galaxies tell us about the origin and
history of the universe.

Angles: Astronomers use angles to denote the positions and sizes
of objects in the sky. The size of an angle is measured in degrees,
arcminutes, and arcseconds.

Powers-of-Ten Notation is a convenient shorthand system for
writing numbers. It allows very large and very small numbers to
be expressed in a compact form.

Units of Distance: Astronomers use a variety of distance units.
These include the astronomical unit (the average distance from
Earth to the Sun), the light-year (the distance that light travels in
one year), and the parsec.

Review

. $",  What is the difference between a hypothesis and
7 T oa theory?
2. What is the difference between a theory and a law of
physics?
8. How are scientific theories tested?
s Describe the role that skepticism plays in science.
_5'. Describe one reason why it is useful to have telescopes in
. space.
B8 What caused the craters on the Moon?
s What are mereorites? Why are they important for under-
Standing the history of the solar system?
B What makes the Sun and stars shine?
42 Wha.zt role do nebulae like the Orion Nebula play in the life
B Stories of stars?
fi ;Wh_a'f 18 the difference between a solar system and a galaxy?
. What are degrees, arcminutes, and arcseconds used for?
What are the relationships among these units of measure?
@Wimany arcseconds equal 1°2

3 With the aid of a

of a situation in which this unit of measure would be conve-
nient to use.

. What is the advantage to the astronomer of using the light-
year as a unit of distance?

. What is a parsec? How is it related to a kiloparsec and to a
megaparsec?

. Give the word or phrase that corresponds to the following
standard abbreviations: (a) km, (b) cm, (c) s, (d) km/s, (e) mi/h,
(f) m, (g) m/s, (h) h, (i) y, () g (k) kg. Which of these are
units of speed? (Hint: You may have to refer to a dictionary.
All of these abbreviations should be part of your working
vocabulary.)

. In the original (1977) Star Wars movie, Han Solo praises the
speed of his spaceship by saying, “It’s the ship that made the
Kessel run in less than 12 parsecs!” Expl‘ain why this state-
ment is obvious misinformation. :

. A reporter once described a light-year as “the time it takes
light to reach us traveling at the speed of light.” How would
you correct this statement?

Questions preceded by an asterisk (*) are discussed in the Boxes.

The small-angle formula, given in Box 1-1, relates the size of ‘
an astronomical object to the angle it subtends. Box 1-3 illus-
trates how to convert from one unit of measure to another.
An object traveling at speed v for a time ¢ covers a distance d
given by d = vi; for example, a car traveling at 90 km/h (v) |
for 3 h (#) covers a distance d = (90 km/h)(3 h) = 270 km.
Similarly, the time # required to cover a given distance d
at speed v is ¢ = d/v; for example, if d = 270 km and v = ‘
90 kmv/h, then ¢ = (270 km)/(90 km/h) = 3 h.

23. What is the meaning of the letters R1V U X G that appear
with some of the figures in this chapter? Why in each case
is one of the letters highlighted? (Hinz: See the Preface that
precedes Chapter 1.)

. The diameter of the Sun is 1.4 x 10! cm, and the distance
to the nearest star, Proxima Centauri, is 4.2 ly. Suppose you
want to build an exact scale model of the Sun and Proxima
Centauri, and you are using a ball 30 cm in diameter to rep-
resent the Sun. In your scale model, how far away would
Proxima Centauri be from the Sun? Give your answer in ki-

s _ diagram, explain what it means to say that
= . the =

laxy. This is a tiny M€ Moon subrends an angle of 1 °.

the observable !

08 dots in this map

Each of the 1.6 x 1 lometers, using powers-of-ten notation.
sky represents a re
fraction of the num

)i universe.

latively nearby ga
ber of galaxies In
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B Chapter 1

ould it take, laid side by side, to reach
f.ten notation. (Hint: See the

25, How many Suns W
the nearest star? Use powers-0

preceding question.)
bout 5 x 107 em. The

26. A hydrogen atom has 2 radius of a
radius of the observable upiverse is about 14 billion light-

years. How many times larger than a hydrogen atom is the

observable universe? Use powers—of—ten notation.

27. The Sun’s mass is 1.99 % 10% kg, three-quarters of which is
hydrogen. The mass of a hydrogen atom is 1.67 %1077 kg.
How many hydrogen atoms does the Sun contain? Use pow-
ers-of-ten notation.

78. Theaverage distance fro
Express this distance (a) 1n light-years and (b) in

powers—of—ten notation. (¢) Are light-years OF parsecs useful

units for describing distances of this size? Explain.

29. The speed of light is 3.00 % 108 m/s. How long does it take
light to travel from the Sun to Earth? Give your answer in

seconds, using powers—of—ten notation. (Hint: See the preced-

ing question.)
30. When the Voyager 2 spacecraft sent back pictures of Neptune

during its flyby of that planet in 1989, the spacecraft’s radio

signals craveled for 4 hours at the speed of light to reach
Farth. How far away was the spacecraft? Give your answerf

in kilometers, using powers-of—ten notation. (Hint: See the

preceding question.)
31. Thestar Altair is 5.15 pc

o Earth to the Sun is 1.496 x 108 km.
parsecs. Use

¢rom Earth. (a) What is the distance

to Altair in kilometers? Use powers—of-ten notation. (b) How
jong does it cake for light emanating from Altair to reach
Earth? Give your answer in years. (Hint: You do not need to

know the value of the speed of light.)
32. The age of the universe is about 13.7 billion years. What is

this age in seconds? Use powers—of—ten notation.

+33, Explain where the number 206,265 in the small-angle for-

mula comes from.
+34. At what distance would a person have to hold a Furopean

2-euro coin (which has a diameter of about 2.6 cm) in order

for the coin tO subtend an angle of {a) 1°? by 1 arcmin?

() 1 arcsec? Give yout answers in meters.
%35, A person with good vision cant see details that subtend an
angle of as small as 1 arcminute. If tW0 dark lines on an €y¢€

chart are 2 millimeters apart, how far can such a person be

from the chart and still be able to tell that there are tWo dis-

tinct lines? Give your answer in meters.

%36, The average distance to the Moon is 384,000 km, and the
1% °, Use this information toO cal-

Moon subtends an angle of
culate the diameter of the Moon in kilometers.

%37, Suppose your telescope can give you 2 clear view of objects

and features that subtend angles of at least 2 arcsec. What is

the diameter in Kkilometers of the smallest crater you can see
on the Moon? (Hint: See the preceding question.)
38, On April 18, 2006, the planet Venus was a distance of
0.869 AU from Earth. The diametet of Venus is 12,104 km.
What was the angular size of Venus as seent from Earth on

r .1 19 20062 Give your answer in arcminutes.

40. Scientists assume that “r
means and the t
scientific knowledge 1

41. All
whether thisisa
42. How do astro
other sciences?

43. Use the links
Chapter 1, t0

Can the nebula be seen with

stand alone, Or 1S itpartofa
fial? What has been learned by examining

%39, (a) Use the information given in th
determine the angular size of the
answer in degrees. (b) How does t
Orion Nebula compare

hinking behind it.

weakness Of

nomical observations differ

given in the Universe Web site of eB
the Orion Nebula (Figure 1-7).
the naked eye? Does the nebula
larger cloud of interstellar mate-

learn about

with telescopes sensitive 1O infra

44. Usethe links givenint
1, to learn more about t

did observers
nebula? Does

ible light? What

45. On a dark, clear, moonless
from where you live? If s0,
not, what seems to

Milky Way?

on Farth see€ the

the nebula emit any ra
kind of object is at th

46. Look up at the sky on 2 clear,

in the sky? 1f 80

the fainter stars?
their observations ont nig

to schedule

not in the sky?

47. Look up at

positions of a few prom
markers as rooftops, telepho

the location from where you
return to that {ocation and again note

hours later,
tions of the

have their positions change

deduce the
moving?

48. Tf you have access t

ware, install it on your computer

to the use

can run through
clicking the Sky
then clicking the

of the Sky
able by ch

the sky on @ clear, cloud-free night a
inent stars relative tO suc
ne poles, and treetops. Also not&
make your observations.

same bright stars

general direc

of this software.

oosing the Student

eality 1s rational.” Discu

he Universe Web site or eBook, Chaptet
he Crab Nebula (Figure 1-8). When

night,
briefly describe its appearance.l
be interfering with your ability to see

does it interfere with your 2
Why do you suppose astronomers prefer.

d? From these changes, cab
tion in which the stars appear o

o the Starry Night™ planetarit™

the step-by-step basics of
Guide tab to the left of the
Starry Night basics hyperlink at the
Guide pane. A more comprehensive guide 19

e caption tO Figure 1-7 to

Orion Nebula. Give your
he angular diameter of the
to the angular diameter of the Moon?

ss what this

s inherently provisional. Discuss
a strength of the scientific method. |

from those of

ook,

he Orion Nebula
red light?

supernova chat created this
diation other than vis-
e center of the nebula?

can you se€ the Milky Way

the

cloud-free night. 1s the Moot
bility to se&

hts when the Moon 18

nd note the
h referenc®

A few
the post

that you observed earlier 8

There are severd

ntroductio
the progf®™
main scredt s

As an initial .

GH

Exercises hyperlink af ¢

il .Use the Stdf? y ] ™ rogram to
! Nl ht C
g p ‘)1, o measure angular SpaCing
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Tutorial hyperlink. A User” i
Tutorial b s Guide to this software is avail-
D det:; iII-ll;:lp ;nenu. As a start, you can use thisa‘;g-
B et when the.Moon is visible today from your
ot ewing locatllon in the Starry Nighi™ control
panel s por et :) <your locatpn, select Set Home Location
in she Hile me: Nf)r}l1 a Macintosh, this command is four;'ci
gnn dialoy blg t menu). Click the List tab in the Home
Location Cth%h osx; then select the name of your city or
i o e ziwe As Home Location button. Next, use
S explore the sky and search for the Moo;l b
A :ﬁ)l?mt ar'ound the sky. (Click and drag thz
RN is mot19n.) If the Moon is not easily seen
kgl Tlﬁetl]?:le’ click the Find tab at the top left of
e el v Sys.tem b.1nd pane that opens should contain a
o Lo topoo f]iites.Fl?Irllzure thaicfthere is no text in the
i i . pane. If the message “
i magE?fS;; lslnot .dlspl.ayed below this edit bongtheiecalzi
e dmpg_ joisvi 1;);1;1 t;llletedit box and select Search All
. Vi at appears. Click the
dOUblel_j;Cif (Elrlletii‘stmg for.Earth to display The h/;-of)};lmabr:)c:
B 012 ent;fy in the list in order to center the
o n. (If a message is displayed indicatin
oo Tflot currently visible from your location§
e 11}111e button to advance to a more suitabie
o hete It\I at the Moon can be seen in the daytime
indicating thatgtir.ne (1)st erfl}rll?:irtlze: o ljilow e oy
g e orward at the norm
S e o
< ) aches its full phase. Set the Ti
- (Ct)oDle;:;nqtes. (b? Fm.d the time of moonset itfrgi
e .nll\ilne which, if any, of the following planets
e gF in.d ercury, Ven'us, Mars, Jupiter, and Saturn
e pane and click on each planet in turn t(;
o :tns of these objects.) Feel free to experim
ures of Starry Night™. o

Dubhe? (b) What i
- t is the angular i
twee . spacing, or s€pa ]
G ;?;blhes(the pointer star at the end of thep Brizti;)'n’ be;
ole Star? (c) Approximatel ‘ppet
) y how i
spa(é?gi a;e there between Dubhe and the nljgiyslzm?ter-star
ic ) ar?
- ; e Play buttor.1 in the toolbar. Notice that the Pol
b itf)lpear tQ remain fixed in the sky as time progr o
it > Und;esT very close to the North Celestial Pole gsi:?ses
N [ime quw or File > Rcverf from the rr;enuetc t
Coloctial POlesl?ltlal view. Select View > Celestial Guide :
Nowth Celestial 11;2;2 the }rlnenu to indicate the position of ih:
) on the screen. Right-cli
(Ctrl-click . .Right-click on the P
o mCe N 1?rtloalclg/l':uzm';losh) and select Centre from t}?!edsr?;
nter the view on th
use th . e Pole Star. Z :
betwez jr;}glul;r separation tool to measure the angli)l(:ll: m a_nd
e lea ! ole Star. and the North Celestial Pole (;)P;;Lng
Celestial Pol )Separatlon between the Pole Star and .th .
el a : ole? (e) Select File > Revert from the me e North
Pole Sfal; ar (Sieparatlon tool to measure the angle b:ll e
berween ti‘? the horizon at Calgary. What is the rel::é 3 ;}-le
is angle and the latitude of Calgary (51°)? ionship

50. A scientifi ;
eryday uséco;ht;zry N dﬁindamentaﬂy different than the ev-
oA e V:;(f)r theor}./.” List and déscribe any three
additional three hl Yﬁur. choice and creatively imagine an
Bricfly describe W}L};(::tisesc.al thf‘:ories that are not scientific.
51 Zbolllt each of these theorizls.e.ntlflc and what is nonscientific
. Angles descri
Serin Frf)s;flvlz; ehrzw far apart two objects appear to an ob-
gular distance betwi:lou a}fe currently sitting, estimate the an-
of the room you are esI,ltt_ ¢ ﬂOOr and the ceiling at the front
the two people sitin 1lt1ng in, the angular distance between
clock or an exit si ng closest to you, and the angular size of a
each answer and fi;e Or-lbtrle wall. Draw sketches to illustrate
change if you were s::m; ho,w each of your answers would
52. Astronomers use standing in the very center of the room.
objects, List an Obp;:\ivers of ten to describe the distan;:es to
ot e follo ‘:] < 0:1 .place that is located at very roughly
10" m, 103 m, 107 m g1 Ollgtances from you: 1072 m, 10° m
’ » m, and 1020 m, ’

between stars i 5 :
. dir; ;:11 iil;}zk;';):}i)tlm Fz;\vmflrites > Explorations >
‘ar a latitude of _‘%]0 This vizi\:1 g from o gar Canada
-4 - s sho i ,
ﬁ"::f; F'ltj:csf;l'rs._ _nutlined and Iah;erzcsi Svfl‘i]:;aihaes'tensms, o
. stars in the Big Dipper asteri i b
5_0 e pf.ur asterism outline the shape
e or scooping water from a barrel. The
8o the handlc \%5 .lp.pﬂ on the opposite side of the sco
ﬁt brighten Sm; .i! CTL :J'nd Dubhe, can be seen to point('zg
. lw'l e Ii,!tr_Jrc Dipper, the Pole Star. The Pole
e ];Ut]r!r h (,clcs_nal Pole, the point in the sk
e :t[hleiﬂlt; of I]—'.n Ir*ch. It is thus a handy aig
i L emisphere observers b i
e her:ii :)::]:n.ﬂw, dr‘cc;i:_rn of true north. ijlil;z;(:
E.. e b:trvf o “pointer stars” in the Big Dipper
}'i'ter - Dubiw w ;.Ln the Pole Star and the closest of
B ciivacing ke . (Hint: These measurements are best
\ L e Oﬂclrllgula_r slcpzl ration tool from the cur-
. the left side of the toolbar.) (a) Wh
¢e between the pointer stars Merak ar?(;

ANSWERS

COHCCptCh - yl) a test l)le (]ea that
Ck 1 1.

(] W le a ] othesis 1S sta 1

seems to Cxplaln an ()bSe vation a])()ut Ilature, a SClentﬂlC theOIy
Ieptesents a set Of W ell'tested ar ld mnte llally consistent hy p()thCSCS

that are able
to successfull
i y and re .
experiments and observations peatedly predict the outcome of

COIICeptChCCk —ks ll() (4 (S [

1 2 S rter ll tfume. he latger star has twice as

InuCh mass as tlle Sun. IIO VVeVeI, 1t consumes 1its Iludear fuel IIluCh

more thall twice as fast SO tllat 1ts hfetlrne 1S ShOIteI than the Sull
) .

ConceptCheck 1-3

-3: Yes. The '

how wids i : apparent size of iect is oi

wide it appears (in other words, the an;lrel ?l?a]fcli 1sS gbl: endby
ubtends).

By moving a bask
etball .
very small. near and far, it can appear very large or



