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Discover Activity

Key Concepts
«hat charscterstics dothe gos | HOW Big Are the Planets?

giants have in common? The table shows the diameters of the

« Wihat chaactristics istinguish | outer planets compared to Earth. For | carth
each of the outerplanets? example, Jupiter' diameter s about
1 times Earth'sdiameter. Jupier

Key Terms.

« gasgiant #ring 1. Measure the diameter of a quarter | Saturn

in millmeters. Trace the quarter to

@ Target Reading skill represent Earth. [uranes
Vabntitihg Mbih iibas 3Y0U || 3 If Earth were the size ot a quarter, | Neptune
read the Gas Gia's and Pluto calculate how large Jupiter would -
secton, wite the main idea—the | be, Now draw a crcle o represent
biggestor most important idea— | Jupiter
ino graphic oganizer ke the | 3. gepeat step 2 for each of the other planets in the table.

one below: Then wite three
supporting detaisthat futher
xplain the main idea.

Think It Over
Classifying Listthe outer planets in order from largest to
smallest. What s the largest outer planet?

Main tdes

The fourgas gants aresi

odal Dol el Imagine you are in a spaceship approaching Jupiter. You
quickly discoverthat Jupiteris very different from the errestr
planets. The most obvious differenceis Jupiter’ great sze. Jupi
teris so large that more than 1,300 Earths could it within it
As your spaceship enters Jupter' atm
sphere, you encounter thick, colorful band
of clouds. Next, you snk into a denser and
denser misture of hydrogen and helium g
Eventually, f the enormous pressure of 1
atmosphere does not crush your ship, youl
reach an incredibly deep “ocean’” of liquid
hydrogen and helium. But where exactly &
Jupiter's surface? Surprisingly, there isn't
solid surface. Like the other giant planets
Jupiter has no real surface,just a solid cor@
buried deep within the planet.

< Anillusration of the space probe
Galileo approaching the cloud-covered
atmosphere of Jupiter.
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Planetor  piameter Periodof | Average Distance period of
Duart | qoamst Rotation | From Sun. Revoluton
Planet (Earthday) | (dlometers) | (Earth years)

Jupiter 193000 oat O ST
satum 120500 oas 1434000000 £
Uranus 51120 2873000000 8
Neptune 9530 455,000,000 164
Pito 23 5870000000

“The Outer Planets and Pluto

Ficurs 16
The outer planets are much
Jupiter and the other planets farthest from the sun are called the | farther apart than the inner

Uranus, and Neptune—are much larger and more massive | be 2 dwarfplanet. ote hat
han Earh,and ey do o have solid sucfces Becanse thes | Sanet 5% nd dtances arnot
e prioets e a2 v, ey o el the RN | e e s s
o 16 provides inioemation sbow these phoes. It e
ks lto wich s o clamiie 2 e laet
Lo th s the g gt e compoeed mainly o hydrogen
B el Becaas they areso e
ik atmaspheres. Despite the mame “as it mach of he
ydrogen and bl & achullyin i form becmuse o the
siants are extremely cold because of their great distance from the Go @nline
Al the gas giants have many moons. In addition, each of | | Yt misqunti
G af small partices of ice and rock.

he gas giants exert a
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| pass over land. On Jupiter, there is no land to weaken the huge

| Jupiter's Moons Recall that Galilco discovered Jupiter's

Jupiter i the largest and most massive planet. Jupiter’s en
mous mass dwarfs the other planets.In fat,its mass is
2} times that of llthe other planets combined!

Jupiter's Atmosphere Like all of the gas giants, Jupier has
 thick atmosphere made up mainly of hydrogen and helium.
‘An especially interesting feature of Jupiter’s atmosphere is

Great Red Spot, a storm that islarger than Earth! The storms
swirling winds blow hundreds of kilometers per hour, similar
toa hurricane. But hurricanes on Earth weaken quickly as they

Storm. The Great Red Spot, which was first observed in the
mid-1600s, shows no signs of going away soon.

Jupiter's Structure Astronomers think that Jupiter, like the
‘other giant planets, probably has a dense core of rock and iron
at its center. As shown in Figure 17, a thick mantle of liquid
hydrogen and helium surrounds this core. Because of the
crushing weight of Jupiter’s atmosphere, the pressure at Jupi-
ter'score s estimated to be about 30 million times greater than
the pressure at Earth's surface.

Tour largest moons. These moons, which are highlighted in
Figure 18, are named Io (EYE oh), Europa, Ganymede, and
Callisto. All four are larger than Earth's own moon. However,
they are very different from one another. Since Galileo’ time,
astronomers have discovered dozens of additional moons
orbiting Jupiter. Many of these are small moons that have been
found in the last few years thanks to improved technology.

1 Whatis uptrs tmasphere omposed of?

Fioure 17
Jupiters Structure
Jupiter i composed mainly of the
elements hydrogen and helium.
‘Although Jupiter i often called a “gas
iant,” much of it s sctualy liuid.
How does.
the structure of Jupier iffer from that
of  terrstrial planet?
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Jupiter's Moons.

aphs Which

Callisto's surface s ey

and covered with craters. ¥ 5

A los surface s covered with
large, actve volcanoes. An
eruption of sulfur lava can
be seen near the

this photo. Sulfr
unusual colors.

Ganymede s thelargest
moon in the sola system.
Itis larger than either
Mercury or luto. ¥

= Astronomers suspect that Europa's
fcy crus covers an ocean of liquid
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Exploring Saturn
The Cassin probe i exploring
Saturnand s moors.
Why migh it be
hard tosee Saturn's ings when
their ecgesare facing Earth?

Sizeof Saturn
compared to Earth

2one!

Making Models
1.Use a plasic foam sphere
8am in diameter to
represent Saturn,
Use an overhead trans-
parency to represent
Saturs ings, Cut acircle
18 cmin dameter out of
the ransparency. Gt a
Tole .c in clameter out
ofthe center of the dice
Stick five oothpicks nto
Satur, spaced equally
around s equator. Pt the
ransparency on the
toothpicks and tape t to
them. Sprinkle baking
s0d on the transparency.
4. Usea peppercom to
represen Ttan.Pace the
peppercorn 72.am away
from Saturn on the same
plane s the ings.
What do th partices of
baking soda represent?

e

The second-largest planet in the solar system is Saturn. Thel
Voyage probes showed that Saturn, like Jupter, has a thidk
atmosphere made up mainly of hydrogen and helium. Satursi
atmosphere also contains clouds and storms, but they are lesl
dramatic than those on Jupiter Saturn i the only planet whose
average density isless than that of water.

Saturn's Rings When Galileo first looked at Saturn with &
telescope,he could sce something sticking out on thesides. But
e didn'tknow what it was. A few decadeslater, an astronomes
using a better telescope discovered that Saturn had rings
around . These rings are made of chunks of ice and rock, eacht
travelng in its own orbit around Saturn.

Saturn has the most spectacular rings of any planet. Fror
Earth, it looks as though Saturn has only a few rings and that
they are divided from each other by narrow, dark regions. The
Vopager spacccraft discovered that €ach of these obvious rngs
isdivided into many thinner rings. Saturn's rings are broad and
thin, ke a compact dis.

Saturn's Moons Saturn's argest moon, Titan,is larger thary
the planet Mercury. Titan was discovered in 1665 but was
known only as a point of ight untilthe Voyager probes flew by
The probes showed that Titan has an atmosphere o thick that
litdelight can pass through it. Four other moons of Saturn are
each over 1,000 kilometers in diameter.

What are Saturn'srings made of?
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Uranus

Although the gas giant Uranus (YOO uh nus) is about four
times the diameter of Earth it s stll much smaller than
Jupiter and Saturn. Uranus i twice as far from the sun as
Saturn, so it is much colder. Uranus looks blue-green
because of traces of methane in its atmosphere. Like the
other gas giants, Uranus is surrounded by a group of
thin, flat rng

although they are much darker than Sat

In 1781, Uranus became the
first new planet discovered since ancient times. Astrono
mer William Herschel, in England, found a fuzzy obje
in the sky that did not look like a star. At first he thought
it
beyond Saturn. The discovery made Herschel
started an era of active solar system study.

i be a comet, but it soon proved to be a planet
amous and

About 200 years after Herschel’s
discovery, Voyager 2 arrived at Uranus and sent back
close-up views of that planet. Images from Voyager 2
show only a few clouds on Uranus’s surface. But even
these few clouds allowed astronomers to calculate that
Uranus rotates in about 17 hours

Uranus's axis of rotation is tlted at an angle of
‘about 90 degrees from the vertical. Viewed from Earth
Uranus is rotating from top to bottom instead of f
side to side, the way most of the other planets d
Uranus's rings and moons rotate around this tilted axis
Astronomers think that billions of years ago Uranus w
hit by an object that knocked it on itsside.

Photographs from Voy
that Uranus's five largest moons have icy; cratered su
faces. The craters show that rocks from space have
the moons. Uranus’s moons also have lava flows on their
surfaces, suggesting that material has erupted fror
inside each moon. Voyager 2 images revealed 10 moons
that had never been seen before. Recently, astronomers
discovered several more moons, for a total of at least 2

) Who discovered Uranus?

Fiours 20
The false color image of Uranus
below was taken by the Hubble
Space Telescope. Unlike most other
planets, Uranus rotates from top to
bottom rather than side o side.
Inferring How must Uranuss
sessons be unusual?
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Neptune

The Great Dark Spot was 2 giant
storm in Neptune's atmosphere.
White dlouds, probably made of
methane ie crystas, can also be
seen n the photo

@

size of Neptune
compared o Earth

R

Circumference
To calculate the
circumference of acircl, use:
this formula:
c- e
Inthe formula, % ~ 3.14,
and ris the dircle'sradius,
which s the distance from
the center of the circl toits
edge. The same formula can
be used to calculate the
dircumference of planets,
which are nearly spherical.
Neptune's radius at s
equator s about 24800 k.
Calculate its circumference.
c=2mr
200 %314 % 24,800 km
= 156000 km

Practice Problem Saturrs
radius s 60,250 k. What is
its crcumference?

Neptune
Neptune is even farther from the sun than Uranus. In so
ways, Uranus and Neptune look like twins. They are similar
iz and color. Neptune i a cold, blue planet. Is atmosph
contains visible clouds. Scientists think that Neptune, sh
in Figure 21,is slowly shrinking, causing ts interior to heat
As this energy rises toward Neptune's surface, it produ
clouds and stormsin the planets atmosphere.

Discovery of Neptune Neptune was discovered as a res
of a mathematical prediction. Astronomers noted that Uran
was not quite following the orbit predicted for it. They hypot]
esized that the gravity of an unseen planet was affcting U
nus’s orbit. By 1846, mathematicians in England and Fran
had calculated the orbit of this unseen plan. Shortly ther
ter,an observer saw an unknown object in the predicted area!
the sky: It was the new planet, now called Neptune.

Exploring Neptune In 1989, Voyager 2 flew by Neptus
and photographed a Great Dark Spot about the size of Ea
Like the Great Red Spot on Jupiter the Great Dark Spot w
probably a giant storm. But the storm didrt last long. Imag
taken five years later showed that the Great Dark Spot w
gone. Other, smaller spots and regions of clouds on Neptu
also seem to come and go.

Neptune’s Moons Astronomers have discovered at le
13 moons orbiting Neptune. The largest moon is Triton, whit
has a thin atmosphere. The Voyager images show that t
region near Triton's south pole is covered by nitrogen ice.

) oty cuk o epne st odencs
D) Lot e ek ineds
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Pluto

Pluto is very different from the gas giants. Pluto has a solid
surface and is much smaller and denser than the outer
planets. In fact, Pluto i smaller than Earth's moon.

Pluto has three known moons. The largestof these, Charon,
is more than half of Pluto’s sze.

Pluto’s Orbit Pluto is so far from the sun that it revolves
around the sun only once every 248 Earth years. Pluto’s orbit is
very ellptical,bringing it closer to the sun than Neptune on pa
of ts orbt.

Dwart Planets Unil el Pt wasconsiderd o be the
e et ou sl s ity wa by Thought 10 be

mibing of an addball because of s small oge and unusal

s bepond Nepmans onbi. Som o hsewere iy silr. | P and charen

that is even larger and farther from the sun than Pluto, astrono- Jorar otatand s mOSS

B i oo tmvorinh i ot e e MR
o ot e, e iane, s roundand rostheu, But

e S s dvaefplnt as o cleard ot the neghbor:
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Rescing | How i Pluto now dasified?

i)
section (4 Assessment
) Target Reading Kill daniing Maindess 2.0, Desrbing Desrbe a imporant
Creout rephic ozt bt the structureof Gracericof achouerpanet that helps
e o s 10 hlp You anowr Queston | b Lo disinguih i from theathr ute plancts

b. Comparing and Contrasting How is Pluto
ifferent from the gas giants?

. Classifying Why did astronomers reclasify
Pluto asa dvarf planet?

Reviewing Key Concepts
1.5, Descrbing How ar th gas giants similr to
b.Explining Why doall of the g iants have
ik atmospheres?
e Listing Ls theoute plancts i order of sz
. Comparing and Contasting Compre the
Structure of  typcl trrsral Pnet with |3, Crumference Jupte’s adivs i about 71,490
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