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Astronomy Today
Chaisson 9e 2018

* Planet-by-planet
_ approach focusing on
ASTRONOMY “how we know what we

TODAY - know.”
B « Emphasizes Critical
ey Thinking and
ﬁ visualization

* Process of Science
Check Questions

» Big Picture Emphasis
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The Cosmic Perspective
Bennett 10e 2024

Engaging, current
introduction to Astronomy
. « New discussion of center of

S =P =TIVE Milky Way Galaxy and
R supermassive black holes.

* Insights from new

telescopes like James

Webb Space Telescope
« Features wide range of
scientific updates

« Lexile 1270
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The Cosmic
Perspective
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Astronomy Today -
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Topic Organization
Perspective — how we fit
into the Universe
Physics concepts in
Astronomy (motion, energy,
gravity, etc.)

Planetary systems,
asteroids, comets,
exoplanets, stars, galaxies
Dark matter, other life

Topic Organization
"How we know what we
know...”

History of Astronomy
Radiation, Spectroscop,
Planetary systems (plz
by planet)

Stars
Galaxy/Cosmology,
Life in the Univer




Significantly Revised to Reflect Cutting Edge
Scientific Content

Mars 10

A Near Miss
for Life?

This 3015 sl n” showa MASA's Canian iy rover
wiop s amul| hillin the flocr ofiGdwerstaron
Mare The ragionssa probably orce filledwith
s, raaking 1€ prime dangertfor Carferigy's
enboard chamistry lak. Wha took the phato-
raph? Tha rovers sampling arm comisired the
amara, whichw s e ovediven the pham
Thashits dust in tha foreground marks one of
swvaral holasrach in the Martian badrock by
Cunbuity'n ol A AR )

Y T

L et faMamarrgierznony Sy Are far
2 % " quizes, ariratzn videse, imeuctve figaee,
T T ———

Neutron Stars
22

. and Black Holes

radio [pink) irages

age. i dimtorted, an
1

Strange States
of Matter

This striking image, s compaatie of Indiv idusl
-rmy [bhun ard grow

i, Infrared ipaboa ), and
whosss W3, wviclent

anpamicy o wvank that marked the desth of o
mrsuive star in our Galey shout 1000yan

yraruairic shaps snduns-

F . ) i
hat 458 may actunll b & rarn marnpla of
by parncve—tha receterarpetic du ofatalar
smploulon krossr- i th a black hole st it canter.
Pafamiar Db wiory; MARA)

ronomy”

BN s amare ghroray Shudy Avea o

Guize, arimascn, videss, mteactive figaes,
and el guiced e




New Big Picture Emphasis

A Near Miss
for Life?

Discussion

MasteringAstronomy' For Instructor-assigned homework go to MasteringAstronomy.com.

Problems labeled  POS explore the process of sdence. VIS problems focus on reading and Interpreting visual Information.
ILO connects to the Introduction’s numbered Learning Outcomes.  BP bullds on concepts In the Big Picture.

1

LO1 Why is opposition the best time to see Mars from
Earth? Why are some Martian oppositions better than

9.

LO4 BP Is there water on Mars today, in any form?

The 2305 Sl e AT ok rove 10. Lo4a BP POS Why do some scientists think Mars once
wiop aamallhillin the flozr o Gale cramr on others forviewing Mars? had an extensive ocean? Where was it located?
Mara The ragioness probably crce Hleduith 2 o
e, nlﬁ':ltlpm--'ﬂw Careety's 2. LO1LO2 Imagine that youwill be visiting the southern 11. LOs BP Compare and contrast the evolution of the
enbzard chamistry lab. Whe took e pheto- hemisphere of Mars during its summer. Describe the atmospheres of Mars, Venus, and Earth
4 ' -
e e UL e atmospheric conditions you might face. . .
‘:-':".‘ .l'"":" ""-:::‘ . 12. Lo6 What do measurements of Martian magnetism tell us
smversl hlesruache i e Martian bedrack by 3. LO2 LO3 Describe the two Martian polar caps, their sea- about the planet’s interior?
Cuntaty's L ASATR) sonal and permanent composition, and the differences ¢ .
13. LOs BP POS What is the evidence that Mars never
between them.
K & melted as extensively as Earth?
4. LO3 Why is Mars red’ 14. LOs BP Since Mars has an atmosphere, and it is composed
5. LO3 Describe the major large-scale surface features of Mars. mostly of a green house gas, why isn't there a significant
6. LO3 Why were Martian volcanoes able to grow so large? greenhouse effect to warm its surface?
7. Loe BP Why couldn’t you breathe on Mars? Could you 15. LO7 How were the masses of Mars's moons measured,
have in the past? and what did these measurements tell us about their
8. LO4 POS BP What is the evidence that water once flowed origin?

on Mars? Is there liquid water on Mars today?

For well over a century, people have wondered, Is there life on Mars? After years of

The Big
Question

careful observation, this intriguing world has yielded no hint of living creatures,
intelligent or otherwise—not even bugs hiding beneath the dusty rocks. Perhaps
Mars has been reconnoitered by humans more than any other cosmic object beyond ] - - ] = = -
Bl i M, WSt el B SN future robots will find archeological evidence for life now extinct, or maybe they
the surface of Mars today is as dry as any desert on Earth, many scientists think it
was much wetter billions of years ago, when its atmasphere was thicker and the

i high en *list of likely sites for

The Big
Picture

will find no organisms at all—dead or alive. Either way, the consequences for our
place in the cosmos could be profound.

‘warmer. Ma
life in the solar system.
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LEARNING OUTCOMES

334 CHAFTER ¥ Solar System Dabris

Studying this chapter wil enclie you to

o Describe the orbital properties of the major groups of
asteroids.

e Summarize the compasition and physical propertes of a
typical asteroid.
Detail the compasition and structure of a typical comet, and
exphain the formation and appearance of its tail.

() Lt the ey characteristics of cometary arbits, and explain
what they tell us about the probable origin of comets.

14.1 Asteroids

Asteroidds are relatively small, predominantly rocky
objects that revolve around the Sun. Thelr name liter-
ally means “starlike™ but asseroids are definitely not stars.
They are too small even to be classified as planets. Astrono-
mers often refer to them as "minor planets” of, sometimes,
*planetoids.”

Asteroids differ from planets in both their omits and
thedr size. As illustrated in Figure 14.1, they generally mve

{€)) Describe the solar system beyond Neptune, and explain
why astronomers now consider Pluto 2 dwarf planet.

o Distinguish among the terms meteor, meteorold, and
meteaite and describe the frequency and effects of impacts
on Earth.

) summarize the orbital and physical properties of
meteoroids, and exphinwhat these properties ssggest
about the probable origin of meteoroids.

0f Somewhat eccentric tmjectories between Mars and Jupi-
ter, unlike the almost circular paths of the major planets.
Few asteroikls are [arger than 300 km in diameter, our cutoff
for a "midsize” moon, and mos: are far smaller—as small as
a tenth of a kilometer across. The largest known asteroid,
Ceres (Figure 14.10), is just 1710,000 the mass of Earth and
measures only 940 km across. Taken together, the known
asternids amount t0 less than the mass of the Moon, 50 they
do not contribuee significantly to the toeal mass of the solar
system.

A MARRATED FAIGURE 14.1 Imner Solar Systom (3] The main asteroid balt, aiongwith g orbits of Earth, Mars, and Jupiter jdrawn obliqualy, St ks,
» nigither face-on nor edge-on) Nota the Trojan asteroids at two locations In JupRers orbit. SomeApolio (Zarth-crossing) and Amor (Mars- cossing) orbits

B R e i e e - P B e

Toac

Tightened Learning
Outcomes




End-of chapter
material
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Tife aswe know it is the existence of iquidwater on (or under
a planet’s surface, ImMplyinga surface temperature toughly in
the 0-100° € fange. oo (320, 10.5) The planst’s temperatuse
depends both on s distance filom is parent star and on the
star’s intrinsic brightness. Figuse 15.13 illustraces how a kab-
itable zone (really, a thieedimensional shell) surrounds
any given star. Within that 2one, 1iquid Water can exist on
the planet, making it a possible abode for 1ife® Motke how,
for kow-mass, faint sass, the habitable zone 15 small and las
close to the star, while o more massive, brighter stass it Hes
mich fareher out and can be 1 AL o mose wide. Thiee weeres.
teial planets—Venss, Earth, and Mars—liein o neasthe Sun's
habitabie zone, As we saw 0 Chapeer 10, any or all of them
might have seen the development of lifs, given the tight cir-
CUMSATI0NS, o (320, 10.6)

'C\'rwrxt mr;a!mu e gramdly affect nurface canditlons. The
greenbowse mmmp mtmn’"ﬂmmﬂ glkmmmw the

SECTION 155  IsOurSolar Systern Unusual? 377

4 FIGURE 15.14 Whele New Worlds This
artkt's ustration depictstha varlaty of plansts
dutected by tha K epler spacocraft—some
mestly gaseous, others parhaps with rocky or
wat surfaces. Additional observations will be
nesded topin down the natura of these allan
workds. (C Pulllam and D, A gufar, CfA)

At the time of writing, mome
than 50 confrmed supes-Earths and
seven exo-Earths afe known to orbit
in or near the habitable 2ones of their
patent sags. They ate indicated as
Iabeled points on Figde 1513, A fow
ofthese planets with measured mdi
also have esimated massas, imply-
ing densities consistant with wocky/
metallic terfestrial composition. The
other planets in Figure 15.13 ate of
unknown density and hence oom-

positien, More of the planets in the

Agure orbit near the “hot” edge of the habitable zone than

o the “cool” side, but this 15 just another aspect ofthe obser-

vational bias described earlier—planets in close odbits ane

the mos lkely to be detected. Figue 15.14 places some of
the new findings int perspective, again witha consideratle
amount of astistc license,

Many planet hunters are confident that within the
next decade (of sooner), observational techniques will
feach the level of sophistication at which jovian and
even terfestrial planets similar to those in our solat sys-
tem showld be readily detectable—if they exist. Advances
during the next decade will either bring numerous detec-
tions of extrasolas planets in “solar system” orbits of allow
astonomers to conchide that systems 1ike our own teally
am a small minosty. Either way, the consequences age
paofound.

PROCESS OF SCIEMCE Checl

 plamet info an
dmfemo. S5 (Secs. 7 2,0.5 Our choloe af planets bu Flgure ls.ﬂ tnlula fake
Eiese effects befoaccound. ' adaifion, dhere ane waps In m
el at otk docations—undr dhe ) Jﬂ ofa Mlm lwn, prunnpu

the habttabie zone sl provides 2 b

Ake Earih woighf reshde. © (Socs. 11.5, 12, 5‘1

= How does the condensation theory accommodate the dis-
similarities betwaen the propertles of planets In our solar
system and those of the known extrasolar planets?

Tl B' People from all walks of life—not just astronomers—eagerly await the discovery
le lg of a true Earth-like planet orbiting another star. Whenwill Earth's twin be found,

QUQSTiOI'l and will it have solid surface, water oceans, and a hospitable atmosphere? Most
intriguing of all, will it be inhabited? We live at a remarkable time when we are




New to this Edition -

MasteringAstronomy




Interactive Pre-Lecture Videos

QUESTION

Suppose you see a planetary surface with only a few craters
visible. Which of the following is consistent with this
observation?

a) the planet has been geologically dead for a very long time
b) the planet has been recently geologically active

c) the density of the planet is very low

© Savvas Learning Company L



20 Additional Tutorials

MasteringAstronomy: The Surface of Mercury
The Terrestrial Planets: A Study . The Surface of Mercury X

m Type: Tutorial | Difficulty: 4 | Time: 4m | & Contactthe Publisher
PartA

Hint 1. What are the definitions of maria, scarps, intercrater plains, and craters?
Tnough Mercuy s 2 et g the Sun and the Moon s a nmuwl satlt oring Eath, ercuy and th Moon ave umeroussmiaries  opperance,

Match the words in the left-hand column to the appropriate blanks in the sentences on the right.
the surface feature terms according to whether they describe features|

Drag the appropriate items to their respective bins.

[ macta) are bowkshaped depressions on the surfac
colsion with nterplanetary debrs

Intercrater plains.

( Stalory J are features bellved 10 be the result ofcoo
scarps winkle onthe surface.

[ e ety drccooredand st g

elatively smooth,

[4 [ are regions on the surface of Mercury that

[“suumt JS———

Hint 2. Comparison of intercrater plains and maria

Both the ntercrater . M dark, smooth plins

found on the Moon. Their dark color contrasts sharply with Ihshgmmmmﬂ Iunar highlands. Mercury's

intercrater plains, on the other hand, have a simiar overall color o the more cratered regions of
rcury.

EEZIN tints MyAnswers Giveup Review Part

Incorrect; Try Again

You sorted 3 out of 4 items incorrect)

pointn the past. This cooling 10 be unique to Mercury, b recent discoveries with

the surface of the Moon as wel.

© Savvas Learning Company LLC




NEW! Virtual Astronomy Labs

Stellarium 0.15.0 Signed in as Elizabeth Ellsworth Bell, Instructor | Help | Close

Resources [

&% Contact the Publisher Manage this ltem:  Standard View ]
T MEWIMuowW. KEep e Winuow Oper.

December Leonis Minorids PartA

In the Dateltime window, click the small arrow above the day to move forward one day at a time. Press and hold on the
arrow to move quickly. (If you have a keyboard, you can select the day and then press and hold CTRL/Command-up arrow
to advance the days.)

Watch the motion of Mars as you move from 1/1/12 to 1/24/12. Which statement below best describes what you observe?

© Mars moves with the stars.
Relative to the stars, Mars appears to move west to east.
Relative to the stars, Mars appears to move east to west.

Mars and the stars stay in the same place.

m Hints My Answers GiveUp Review Part

Incorrect; Try Again

Is Mars next to the same stars all the time?

PartB

Continue to watch Mars move as you advance the day from 1/24/2012 to 4/14/2012. (You can press and hold the up-arrow
button for day in the Date/time window, or select the day and then press and hold CTRL/Command-up arrow on a
keyboard, for faster motion.)

Which statement below best describes the motion you observe?
Earth, Columbus (Ohio), 242m 23.7FPS

© Savvas Learning Company




NEW! eText 2.0

PEARSON

PEARSON

Chapter 7: The Jovian Planets > 7.6 Jovian Interiors

Chapter 5: Earth and Its Moon > 5.2 The Tides ‘ " 2 ”
Figure 7.19 Jupiter’s Interior

Figure 5.2 Lunar Tides
Jupiter's internal structure, as deduced from spacecraft measurements and theoretical modeling.

Pressure and temperature increase with depth, and the atmosphere gradually liquefies over the
outermost few thousand kilometers. Below 20,000 km, the hydrogen behaves like a liquid
metal. At the center of the planet lies a rocky core (red region), itself larger than any of the
terrestrial planets.

This exaggerated illustration shows how the Moon induces tides on both the near and far sides
of Earth. (a) The lunar gravitational force is greatest on the side nearest the Moon and smallest
on the opposite side. (b) The differences between the lunar forces experienced at the locations
shown in part (a) and the force exerted by the Moon on Earth'’s center. Closest to the Moon,
the oceans tend to be pulled away from Earth; on the far side, Earth tends to be pulled away
from the oceans. The result s a tidal bulge.

Molecular Depth 100 km
hydrogen Temperature 300 K
Pressure 10 atm

Depth 20,000 km
Temperature 11,000 K

Qcean Pressure 3 x 10° atm

Depth 60,000 km

Temperature 18,000 K
Pressure 4 x 10 atm

s Icy, rocky core
Metallic ¥ Depth 70,000 km
hydrogen Temperature 25,000 K

Moon
Pressure 6 X 107 atm

Internal Structure

As illustrated in Figure 7.195, both the temperature and the pressure of Jupiter's
atmosphere increase with depth. At a depth of a few thousand kilometers, the gas
makes a gradual transition into the liquid state. By a depth of about 20,000 km, the
pressure is about 3 million times greater than atmospheric pressure on Earth. Under

these conditions the hot liquid hydrogen is compressed so much that it undergoes

another transition, this time to a metallic state, with properties in many ways similar

A 4

© Savvas Learning Company LLC




Dynamic Study Modules:
Customizing Content through Adaptively

Dynamic Study Modules
help individual students
consolidate what they know,
and provide extra practice and
remediation opportunities
around items with which they
are struggling.

PEARSON

© Savvas Learning Company LLC




NEW! and Enhanced Interactive Figures

Hydrostatic Equilibrium

Part A

First, launch the video below. Then, close the video window and What is hydrostatic equilibrium in a star?
answer the questions at right. You can watch the video again at any

The balance between radiation from the s
The balance between the force of gravity ¢
The increase in the rate of fusion when thq
The expansion of the core when it is heate

[submit TR

PartB

Stars release huge amounts of radiation from th

Pressure
out

Gra
in

If the energy were not radiated away, the
Fusion in the core generates huge amoun
It isn’t necessary. It is just a fortunate chary
None of the above

[ Submit | My Answers Give Up

© Savvas Learning Company LLC




What else is available in Mastering?

Learning
Catalytics

Tech-Enhanced
Questions

Dynamic Study
Modules

© Savvas Learning Company LLC




Learning Catalytics in Action

19



Mastering Platform

Demo Account

mlm.pearson.com

User: Pearson.Science
sgword: TrySavvasNow?2

20



Why Pearson Astronomy?

Astronomy Today  [HEEEEEEEEE—_—
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Thinking & Evaluation
» Big Picture Emphasis
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