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Saturn is the planet with rings: That’s something 
everyone knows today—even people who 
don’t know much about space science at all. 

(In fact, people today who do know something about 
space know that all four of the outer planets have 
ring systems. You’ll read more about that later in this 
lesson.) But there was a time when no one knew 
about Saturn’s rings. 

Galileo was the fi rst to observe them. When he looked 
at them through his 20-power telescope in 1610, he 
thought the rings were “handles” or maybe large moons 
on either side of the planet. “I have observed the highest 
planet [Saturn] to be tripled-bodied,” he said. “This is 
to say that to my very great amazement Saturn was seen 
to me to be not a single star, but three together, which 
almost touch each other.”

Two years later, he looked again for them, and they 
were gone. He was astounded. At that time, he wrote, 
“I do not know what to say in a case so surprising, 
so unlooked for, and so novel.” The rings hadn’t really 
disappeared, however. It’s just that as Saturn and 
Earth’s relative positions shifted, Galileo was seeing the 
ring edge-on, or from the side. With only a 20-power 
telescope, that meant he saw nothing at all. • Jupiter

• Saturn
• Uranus
• Neptune

Can you think of an 
experience in your own 
life, or in someone else’s, 
where something that 
you observed turned out 
to be very different from 
what you thought it was? 
What does that experience 
suggest about the mindset 
a scientist must have to 
deal with new data and 
observations?
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•  differential rotation
•  oblate
•  protoplanet
•  occultation

But a few years later, in 1616, he observed the rings as two 
half-ellipses. He wrote, “The two companions are no longer 
two small perfectly round globes … but are present much 
larger and no longer round … that is, two half ellipses with 
two little dark triangles in the middle of the fi gure and 
contiguous to the middle globe of Saturn, which is seen, 
as always, perfectly round.”

In 1655 the Dutch astronomer Christian Huygens advanced 
a better explanation for what astronomers had seen: 
He proposed that a solid ring, “a thin, fl at ring, nowhere 
touching, and inclined to the ecliptic,” surrounded Saturn. 
Then in 1659 he published a book in which he explained 
that every 14 to 15 years the Earth passes through the plane 
of Saturn’s ring. That is, most of the time Earth looks either 
up to Saturn’s rings from slightly beneath, or down on them 
from slightly above. The transition from one position to 
the other is known as a Saturn ring plane crossing. Galileo 
unintentionally became the fi rst person to see one.
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116 CHAPTER 3 The Sun and the Solar System

Jupiter 
You read in Lesson 1 that the outer, 
or Jovian planets, are different in 
many ways from the terrestrial planets. 
One of those differences is size. Jupiter, 
named for the most powerful ancient 
Roman god, is the Solar System’s 
largest planet. It’s the closest to the 
Sun of the Jovian planets. 

Even without a telescope, Copernicus 
fi gured out that Jupiter was larger 
than Venus. Venus at its brightest is 
brighter than Jupiter. But Copernicus 
knew that Jupiter was much farther 
away. And, since he knew Jupiter 
shines only by the Sun’s refl ected 
light, he concluded that Jupiter 
must be very large to appear as 
bright as it does. 

Jupiter as Seen From Earth and From Space 

Scientists have calculated Jupiter’s mass by observing its moon’s periods of 
revolution and the radii of their orbits. And they have concluded that Jupiter 
is big indeed. It has more than twice the combined mass of all the other planets, 
their moons, and the asteroids. Jupiter has 318 times the mass of Earth. 

Table 3.1 Distances of the Terrestrial and 
Jovian Planets From the Sun
Planet Distance

Mercury  0.4 AU
Venus  0.7 AU
Earth  1.0 AU
Mars  1.5 AU
Jupiter  5.0 AU
Saturn 10.0 AU
Uranus 19.0 AU
Neptune 30.0 AU
Note: 1 Astronomical Unit (AU) = 93 million miles (150 million km)
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LESSON 3 ■ The Outer Planets 117

Jupiter’s volume exceeds Earth’s by an even greater ratio. Jupiter’s diameter is about 
11 times that of Earth. And so its volume is 1,400 times that of Earth.

Jupiter isn’t quite the lumbering, slow-moving giant you might picture, though. 
True, it takes Jupiter nearly 12 Earth years to cycle around the Sun. But it spins 
around on its axis once every nine hours, 55 minutes. Fast rotations like this are 
the norm in this part of the Solar System.

The Pioneer and Voyager missions during the 1970s taught scientists a lot about 
Jupiter. Scientists not only got thousands of photographs out of the missions, 
but the spacecraft instruments picked up data on charged particles, radiation 
from the planet, and Jupiter’s magnetic fi eld. Between 1995 and 2003 another 
spacecraft dubbed Galileo orbited Jupiter and its moons and then fi nally plunged 
into the huge planet’s atmosphere. Before that, Galileo dropped a probe into 
Jupiter’s atmosphere that gathered information on the planet’s weather patterns.

Jupiter’s Rotation 

Jupiter’s rotation differs from Earth’s in more than just its speed. Even through 
a small telescope, you can see that Jupiter has light- and dark-colored bands parallel 
to its equator. These bands rotate at slightly different speeds. The bands near the 
equator move slightly faster than those around the poles, completing their circuit 
in nine hours, 50 minutes. Bands closest to the poles complete a rotation in nine 
hours, 56 minutes. 

The phenomenon of different parts of 
a planet having different periods of rotation 
is known as  differential rotation. It 
indicates that Jupiter’s visible surface 
isn’t solid. It must be at least partially 
fl uid. When you stir a pot of stew, the 
liquid moves easily, but the chunks 
of meat may not. Something similar 
takes place on Jupiter. 

Another thing to notice about 
the planet: It’s somewhat  oblate, or 
fl attened at the poles. This is an effect 
of Jupiter’s swift rotation. Mars and 
Earth are also oblate, but not to the 
same degree. Jupiter’s equatorial 
diameter is 6.5 percent greater than 
its diameter measured over the poles. 

89619_CH03_LS03_p114-131.indd   117 6/4/10   4:02 PM



118 CHAPTER 3 The Sun and the Solar System

The Composition of Jupiter’s Atmosphere 

The terrestrial planets are hard and rocky. But Jupiter and the other Jovian planets 
are different. They’re more like the Sun. The Galileo spacecraft found Jupiter’s 
atmosphere to be about 90 percent hydrogen and 10 percent helium, with small 
amounts of methane, ammonia, and water vapor. Scientists believe the original 
solar nebula had a similar makeup.

Galileo also found small amounts of certain heavier elements—carbon, nitrogen, 
and sulfur. These were present in Jupiter’s atmosphere at three times the level 
at which they are found in the Sun. That suggests that meteorites and other small 
objects have made the planet what it is. Galileo’s instruments came across few signs 
of complex organic compounds. Thus, scientists are unlikely to fi nd life on Jupiter 
as we know it on Earth.

But the Galileo probe did not detect the thick, dense clouds scientists expected. 
The probe instead revealed that Jupiter has the same helium content as the Sun’s 
outer layers, but only about one-tenth as much neon. The Sun’s outer layers lose 
helium. And so the Galileo fi ndings suggest that Jupiter has some mechanism that 
removes helium and neon from its upper atmosphere. Jupiter may have helium 
rain “showers” in its upper atmosphere, with neon dissolving in helium raindrops 
under certain conditions.

Galileo made yet another discovery, one that challenges current theory on planet 
formation. The spacecraft’s probe found that three so-called “noble” gases—argon, 
krypton, and xenon—are two to three times as prevalent on Jupiter as in the Sun. 
The only way for Jupiter to get such quantities of these gases would be to trap 
them by condensation or freezing. But that requires very cold temperatures, 
colder than Pluto, in fact.

As you read in Lesson 1, current theory holds that material from the original solar 
nebula were the building blocks for Jupiter and the other giants. Planetesimals 
clumped together into a protoplanet, according to this theory. A protoplanet  is 
a hypothetical whirling gaseous mass within a giant cloud of gas and dust that rotates 
around a sun and becomes a planet. After it got big enough, a protoplanet would 
start sweeping up gas directly from the nebula.

The new data, however, suggest that the material that makes up Jupiter must have 
come from a much colder place than Jupiter’s current location. This may indicate 
that the original solar nebula was much colder than we think. Or it may be that 
planetesimals began to form even before the solar nebula formed. Or Jupiter may 
have formed farther away from the Sun and drifted toward it over time. This last 
explanation is particularly interesting because scientists have recently discovered 
many planetary systems where large planets are very close to their stars. 
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LESSON 3 ■ The Outer Planets 119

Jupiter’s Weather and Its Great Red Spot 

Imagine a hurricane with wind speeds of up to 300 miles (500 km) per hour—
about twice the speed needed for classifi cation as a Category 5 storm. Imagine 
that this storm covers an area as big as the entire Earth. Then imagine that this 
storm lasts for centuries. 

Now you have a handle on Jupiter’s Great Red Spot. Humans have been 
studying it since about the middle of the seventeenth century—since the advent 
of the telescope. This Jupiter-size hurricane has continued to rage ever since—
rising and falling in intensity, but never going away. 

The Great Red Spot follows the same basic laws of physics as the much smaller 
storms your hometown weather forecaster tells you about. It’s a system of rising 
high-pressure gas whose cloud tops are colder and higher (about fi ve miles 
higher) than the surrounding regions. It’s in Jupiter’s southern hemisphere, and 
so it rotates counterclockwise, completing a circuit about once every six days.

Jupiter’s weather patterns may be larger scale than Earth’s. But they’re simpler, 
in part because they unfold far above whatever solid surface the planet may 
have. That’s probably why a hurricane can last for three centuries.

Besides the Great Red 
Spot, Jupiter’s most 
signifi cant visible features 
are the bands mentioned 
earlier. The light-colored 
bands are called zones
and the dark-colored bands 
are named belts. Both 
are made up of clouds. 
The Great Red Spot is in 
between a zone and a belt. 

Scientists expect to learn a 
lot about weather on Earth 
from studying Jupiter’s 
weather. The practice of 
studying a simple system to 
fi gure out the workings of a 
complicated one is common 
in the scientifi c world. 
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120 CHAPTER 3 The Sun and the Solar System

Jupiter’s Three Groups of Moons 

As of 2009 the family of Jupiter’s known moons numbers 63. Scientists put these 
moons into three groups. The fi rst four orbit very close to Jupiter. They are called 
fragmented moonlets. 

The second group is the four Galilean satellites: Io, Europa, Ganymede, and 
Callisto. They are about the same size as Earth’s Moon. Their orbits are nearly 
perfect circles. The smallest of the “big four” that Galileo discovered, Europa, 
is more massive than the largest of the non-Galilean moons by a factor of 7,000.

The Galilean moons present some amazing features. Io is covered with sulfur 
volcanoes and geysers that constantly renew its surface. Europa has an iron core 
covered by a frozen and liquid ocean of water 60 miles (100 km) deep. Its magnetic 
fi eld reverses every 51/2 hours. Ganymede is the largest moon in the Solar System—
bigger than Mercury. Photos show a surface of ice, but also craters. This indicates 
that its surface is less active than Europa’s. It appears to have a small iron or iron/
sulfur core surrounded by a rocky mantle and a shell of ice perhaps 497 miles 
(800 km) thick. Finally, Callisto has the most cratered surface and the largest impact 
crater of any observed object in the Solar System. This is typical of a very inactive 
surface. Callisto appears to have a relatively uniform mixture of ice (40 percent) 
and rock (60 percent), with an increasing percentage of rock toward the center. 

The third group consists of the remaining 55 moons. Many of these orbit clockwise, 
unlike most objects in the Solar System, and their orbits are fairly eccentric. 
Astronomers speculate that these moons are captured asteroids; that is, that they 
used to orbit the Sun but veered close enough to Jupiter to be captured by its 
gravity. Scientists also suggest that long ago, Jupiter had a more extensive atmosphere. 
This might have slowed down the asteroids so the planet could capture them. 
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LESSON 3 ■ The Outer Planets 121

Jupiter’s Rings 

One of the surprise 
discoveries of Voyager I
was that, like Saturn, 
Jupiter has rings. Not 
until the explorations 
of Galileo, though, 
did scientists get good 
images of Jupiter’s rings. The rings could only be seen looking back toward the 
Sun. The light that reached the camera from the rings was therefore scattered 
by the ring material. Because large chunks of matter cannot scatter light in this 
manner, scientists know that the rings are made up of tiny particles, as fi ne 
as cigarette smoke, and they orbit fairly close to the planet. Scientists calculate 
that the particles making up the rings have not been there since the Solar 
System’s beginning. Radiation pressure from the Sun, plus Jupiter’s own strong 
magnetic fi eld, would send particles either into Jupiter’s surface or off into space. 
So scientists think the rings are continually replenished, probably because of 
meteoroid impacts on nearby moonlets. 
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Christian Huygens (1629–1695) was 
a Dutch physicist and astronomer. 
He made major advances in the fi eld 
of optics and discovered Saturn’s moon 
Titan. The probe dropped onto Titan 
from the Cassini spacecraft was named 
for him.

Saturn
Like Jupiter, the planet Saturn has a Roman god for its namesake. In Roman 
mythology, the god Saturn was Jupiter’s father. The planet Saturn is probably the 
most impressive object visible with a small telescope. The astronomer Galileo fi rst 
observed Saturn in 1610. He didn’t know what to make of the “bumps” he saw 
on either side of Saturn. Some 50 years later the Dutch physicist and astronomer 
Christian Huygens recognized that the “ears” on Saturn were really rings.

Saturn’s Size, Mass, and Density 

Saturn is not much smaller in diameter than 
Jupiter. But it’s only half as dense. It has only 
0.7 the density of water. Saturn likely has a less 
dense core and less liquid metallic hydrogen than 
Jupiter does. Saturn’s atmosphere is like that of 
Jupiter and the Sun: about 96 percent hydrogen, 
3 percent helium, and 1 percent heavier materials. 
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Saturn’s Speed of Rotation and Solar Orbit 

Saturn takes 29.5 Earth years to orbit the Sun. Like Jupiter, it has a short “day”—
it rotates on its axis in 10 hours, 39 minutes. Also like Jupiter, Saturn experiences 
differential rotation. The fi gure just given for its day refers to its rate of rotation 
at the equator. Saturn is also oblate, more so than any other planet. This is because 
it doesn’t have enough gravitational force to keep a more-spherical shape.

At various points in its orbit, Saturn will appear very different to someone observing 
the planet from Earth. Saturn’s rings are in the plane of its equator, and the planet 
tilts 27 degrees with respect to its orbital plane. So as both Earth and Saturn orbit 
the Sun, earthlings will sometimes see the edge of Saturn’s rings, and at other points 
during Saturn’s orbit they will observe the rings’ “top” and “underside.” 
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Titan, Saturn’s Largest Moon

Titan, the largest of Saturn’s more than 60 moons, may turn out to be the most 
interesting moon in the Solar System. It’s the second largest, after Ganymede, 
Jupiter’s largest moon. It has an atmosphere that extends 10 times as far out into 
space as Earth’s does today. And scientists think Titan’s atmosphere is like Earth’s 
long ago. It is mostly nitrogen, plus some methane and argon, along with traces 
of ethane and carbon monoxide. As ultraviolet light from the Sun breaks down 
the methane in Titan’s atmosphere, it forms organic molecules that slowly drift 
down to the surface. It’s like smog over a big city.

That methane is still present on Titan suggests that the gas is probably locked with 
water ice in a crust above an ocean of ammonia and liquid water. Methane escapes 
into the atmosphere as part of what are known as “outgassing” events.

Titan is only slightly larger than Mercury, which has no appreciable atmosphere. 
Titan, however, does have an atmosphere—much denser and more massive than 
Earth’s, in fact. Titan’s low temperatures have let it hang on to its atmosphere. 
Surface temperatures of minus 180 degrees slow gas molecules down to prevent 
their escape. However, data from the Huygens probe suggest that at one point, 
Titan had an atmosphere fi ve times as dense as it is today. That implies that Titan 
is losing material from the top of its atmosphere into space.

The Particles That Form Saturn’s Rings 

Saturn’s rings are extremely thin. You might think of them as a compact disc. 
The rings are made up of chunks of water ice and smaller bits of rock and organic 
matter. There’s a lot of empty space between the chunks, too. Each individual rock 
or snowball making up the rings is, in a sense, a separate satellite of Saturn. 

As seen from Earth, Saturn has three rings, labeled (from outer to inner) A, B, and 
C. Photographs taken in space show that there are actually more than three rings, 
and that the spaces between rings have different causes. One cause of the spaces 
is gravitational tugs from small moons orbiting nearby. The moon Mimas, for 
example, tugs regularly at particles caught in the break between rings A and B 
and tends to pull them out of it. The Italian astronomer G. D. Cassini discovered 
this gap, now known as Cassini’s division. 

The Origin of Saturn’s Rings 

Scientists don’t know for sure what caused Saturn’s rings. The most likely scenario is 
that an icy moon once orbited near Saturn but then was struck by a passing asteroid 
or comet. The impact would have shattered the moon. Another theory is that an object 
came too close to Saturn and the planet’s gravity shattered it. In either case particles 
would have ultimately arranged themselves in fl at rings like those orbiting Saturn today.

ThThe O

89619_CH03_LS03_p114-131.indd   123 6/4/10   4:03 PM



124 CHAPTER 3 The Sun and the Solar System

Uranus 
The third planet of the Jovian quartet, Uranus, 
is visible to the naked eye—just barely. So the 
ancient Greeks surely saw it. They just didn’t 
recognize it as a planet. 

What Led Herschel to Discover 
the Planet Uranus 

By 1690, when telescopes had been in use 
for nearly a century, Uranus was showing up 
on star charts. But astronomers didn’t call it a 
planet because, with their still fairly rudimentary 
telescopes, Uranus appeared only as a speck of 
light, not as a disk. It took so long to orbit the 
Sun that astronomers found Uranus hard to track. 

Then in 1781 the English astronomer William 
Herschel, who had some of the best telescopes 
available at the time, noticed that this object did 
not appear as a point of light, as stars do. Rather, 

it appeared as a disk when magnifi ed. Over the period of a few nights, it moved. 
That suggested a different kind of celestial object, one evidently much closer 
to Earth than anyone had realized. 

Herschel, the Musician/Astronomer

Friederich Wilhelm Herschel (1738–1822) 
was a German-born astronomer known as 
William once he settled in England at age 19. 
He continued a tradition of early astronomers 
who excelled in more than one major fi eld. 
A musician by day, he spent his evenings 
observing the heavens. He built his own 
telescopes, too, and their quality was an 
immense advantage to him. He could see 
things others couldn’t. This meant, though, that 
others hesitated to welcome him into scientifi c 
circles. Eventually, though, his great discovery 
of Uranus won his critics over. King George III 
gave him a pension that allowed him to devote 
himself full time to astronomy.

HeHersch
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LESSON 3 ■ The Outer Planets 125

At fi rst Herschel thought it was a comet. But some calculations showed that the 
object’s orbit was nearly circular. Herschel realized he had discovered a new planet. 
It was the fi rst discovery of a new planet in recorded history.

The Motion of Uranus and the Tilt of Its Equatorial Plane 

Uranus takes 84 Earth years to orbit the Sun. No wonder the ancients didn’t 
recognize it as a planet!

Uranus has another claim to fame, too. All the planets you have read about so far 
rotate about axes that are tilted less than 30 degrees from their plane of revolution 
around the Sun. That’s true of Saturn, whose relatively sharp angle gives people on 
Earth such a widely varying view of the ringed planet over time. It’s true of Venus, 
too—even though Venus rotates clockwise, unlike the other planets. What’s unique 
about Uranus: Its axis is tilted nearly 90 degrees to its orbital plane (Figure 3.1). 
In other words, it spins on its side. Sometimes its north pole points right at the Sun; 
at other times, it points away. 

You might expect this to affect the weather 
on Uranus. After all, you know that the 
tilt of Earth’s axis of rotation creates the 
seasons here. Earth’s poles alternate with 
six months of sunlight and six of darkness. 
Because of its tilt, the poles on Uranus 
alternate between 42 years of sunlight 
and 42 years of darkness. But on Uranus 
temperatures are fairly uniform: uniformly 
cold, that is—about minus 319 degrees F 
(minus 195 degrees C) over the planet’s 
entire surface (Figure 3.2).

Scientists generally think Uranus’s odd tilt 
might have been the result of a glancing 
blow from another object. But the planet’s 
27 moons still orbit in its equatorial 
plane, which doesn’t quite square with the 
glancing-blow theory. A new hypothesis 
speculates that an impact may have 
occurred during a very early stage of the 
moons’ formation. Computer simulations 
show that Uranus’s tilt could have arisen 
naturally as a result of strong gravitational 
interactions among the bodies of the Solar 
System during its early years. 
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How Uranus’s Moons Act as Shepherds for the Particles of Its Rings 

It wasn’t until 1977—nearly two centuries after Hershel’s discovery of Uranus 
as a planet—that scientists made the fi rst reliable determination of its diameter. 
They used an occultation—the passing of one astronomical object in front of another—
to do this. They knew how fast Uranus travels and how far from the Sun its 
orbit was. They waited for Uranus to pass in front of a star. This way they could 
measure how long the planet blocked the star’s light and from that calculate 
Uranus’s diameter. (Occult has many meanings, but as a verb in astronomy, 
to occult means to hide, cover, or conceal.)

This occultation in 1977 not only helped measure Uranus. It revealed that the 
planet has fi ve rings. These rings are narrow, with well-defi ned edges. These 
discoveries soon prompted astronomers Peter Goldreich and Scott Tremaine to 
offer an explanation as to why the rings stay in these bands. Their hypothesis was 
that a narrow planetary ring will have a pair of “shepherd moons”—one orbiting 
just inside and the other orbiting just outside the ring.

According to Kepler’s law, the inner moon will orbit faster than the ring’s particles. 
As it passes individual particles—like one car overtaking another on the highway—
it pulls them along, giving them an energy boost. This tends to push them away 
from the planet, making them orbit it slightly farther away. Similarly, particles 
passing the outer moon are slowed somewhat while doing so. This tends to make 
them move closer to the planet.

Goldreich and Tremaine formed their hypothesis in response to discoveries about 
Uranus. They thought they would have to wait some time before spacecraft could 
provide photo confi rmation. But they got their answer sooner than expected. 
Voyager 2 photographed Saturn’s rings and found a pair of tiny moons on either 
side of the F ring. As predicted, they act as shepherds for the fl ock of particles 
in the ring.

Neptune 
If the story of Uranus was one of recognizing a planet that’s visible, the story 
of Neptune was one of astronomers knowing there had to be something there—
and looking until they found it. 

What Made Scientists Search for Neptune 

Once Herschel identifi ed Uranus as a planet in 1781, astronomers went back 
to earlier charts to track its orbit. (The data points in these older charts were 
still valid, even if scientists had misclassifi ed the object as a star.) Soon it became 
clear that Uranus wasn’t behaving quite the way Newton’s laws predicted. Most 
astronomers thought another planet was somehow disturbing Uranus’s orbit. 
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LESSON 3 ■ The Outer Planets 127

But an infl uential minority thought that maybe the law of gravity applied a little 
differently that far from the Sun.

A young British mathematician named John C. Adams set about calculating the 
position of the unknown planet he was sure was out there. When his work was 
fi nally complete, he could not interest Sir George Airy, the British Astronomer 
Royal, in his ideas or get permission to use telescope time to look for the new 
planet. Meanwhile, in France, the mathematician Urbain Le Verrier was making 
similar calculations—and likewise having trouble getting telescope time to search 
for the planet.

Finally Le Verrier wrote to Johann Galle at the Berlin 
Observatory to ask him for help. Galle convinced his 
boss of the worthiness of the request the day Le Verrier’s 
letter arrived. Galle located the planet that evening, 23 
September 1846—and almost exactly where Le Verrier 
said it would be. 

Neptune’s Wind Speeds and Differential Rotation 

Scientists have known of Neptune’s existence for well 
more than a century and a half. But most of what they 
really know about the planet has come from Voyager 2, 
which fl ew past Neptune in 1989. 
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Neptune’s discovery is especially 
interesting because it highlights some 
very human aspects of science: the 
challenge young scientists have in 
getting the attention of the scientifi c 
establishment; the competition for 
telescope time; and the controversies 
over who found what fi rst.
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Like the other Jovian 
planets, Neptune 
experiences differential 
rotation—to an extreme 
degree, in fact. Near 
the equator, it rotates 
in 18 hours, but near 
the poles, its rotation 
takes about 12 hours. 
This variation holds only 
at the top layer of the 
atmosphere, however. 
Neptune’s magnetic fi eld 
rotates every 16 hours, 
seven minutes, so 
scientists consider 
this period the basic 
“day” on Neptune. 

Neptune’s surface 
has parallel bands that 
change in brightness 

over time. Voyager 2 images revealed a Great Dark Spot on Neptune’s surface. 
Like Jupiter’s Great Red Spot, it was as big as Earth, was essentially a storm system, 
and had extremely high-speed winds. In fact, the Great Dark Spot’s winds reached 
up to 1,500 miles (2,400 kilometers ) an hour—nearly fi ve times the wind speed 
of Jupiter’s Great Red Spot. The Dark Spot had vanished when the Hubble Space 
Telescope viewed Neptune in 1994, but then another similar storm appeared. 

Neptune shows signs of much stronger 
weather patterns than Uranus. And, 
remarkably for a planet so far from the Sun, 
Hubble’s observations of strong winds and 
storm systems suggest that Neptune has an 
annual cycle of seasons. But like Uranus—
which doesn’t seem to have seasons—
Neptune has notably uniform temperatures 
at the poles and the equator. 
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By the late twentieth century, scientists 
believed that Neptune had rings—but 
incomplete ones that didn’t circle the 
entire planet. Voyager photos have since 
shown that Neptune’s rings are indeed 
complete—but they’re a bit “lumpy.” This 
may be because of undiscovered moons 
within them. In any case, scientists now 
know that each of the Jovian planets 
has a ring system.
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The Unusual Orbits of Neptune’s Two Major Moons 

Astronomers have long known Neptune has two moons—Triton and Nereid. 
Since Voyager visited, the tally is up to 13. But the two longest-known are the most 
interesting. Triton, the largest moon, and the seventh-largest in the Solar System, 
revolves clockwise around its planet. As you read earlier, some of Jupiter’s smaller 
moons revolve this way—but Triton is the only major moon to do so. 

Triton is as unusual as its orbit. The area around the south pole features very 
irregular terrain. The rest of the moon is much smoother. The surface consists 
primarily of water ice, with some nitrogen and methane frost. The surface is very 
young, and has active volcanoes that shoot nitrogen ice six miles (10 km) above 
the moon’s surface. Triton may give scientists a glimpse of what the surface of Pluto 
looks like, although important differences exist between the two. 

Nereid, the other major moon of Neptune, revolves in the “correct” direction—
counterclockwise. But it has the most eccentric orbit of any known moon in 
the Solar System. This means that its distance from Neptune varies widely over 
the course of its orbit. Its apogee—farthest point from Neptune—is fi ve times 
the distance of its perigee—its closest point. Nereid takes 360 days to orbit 
Neptune. Its “month” lasts nearly as long as an Earth year, in other words.
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Scientists speculate that both Triton and Nereid are objects that Neptune “captured” 
after the Solar System fi rst formed. Much remains to be learned, however, before 
this thesis can be completely accepted.

While the Sun, planets, and moons are the largest objects in the Solar System, there 
are many other things whirling around the Sun. Dwarf planets, asteroids, comets, 
and other objects are also members of the neighborhood. Scientists have known 
about some of these for hundreds of years. They learned about others only well 
into the twentieth century. The next lesson will take a look at some of what they 
have learned and what it reveals about the Solar System.
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Lesson 3 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. How big is Jupiter compared with the rest of the planets in the Solar System?

 2. What is Jupiter’s differential rotation and what does it indicate?

 3. What did Galileo fi nd out about Jupiter’s atmosphere?

 4. What do astronomers speculate about Jupiter’s 55 outermost moons?

 5. Saturn’s atmosphere is like those of which two other bodies in the 
Solar System? How so?

 6. Why does Saturn appear so different from Earth at different points 
in its orbit?

 7. Why do scientists believe that Titan is losing material from the top 
of its atmosphere into space?

 8. What makes up Saturn’s rings?

 9. The astronomer Herschel’s calculations of a celestial object he was studying 
in 1781 showed that its orbit was nearly circular. What was the signifi cance 
of that?

 10. What’s unique about Uranus’s rotation?

 11. What feature of Uranus did scientists discover in 1977 while measuring 
the planet? What are the key characteristics of this feature?

 12. What did most astronomers think when it became clear that Uranus wasn’t 
behaving quite the way Newton’s laws predicted?

 13. How was Neptune’s Great Dark Spot like Jupiter’s Great Red Spot?

 14. What is unusual about the orbit of Triton? Of Nereid?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 15. What does the discovery of noble gases on Jupiter tell you about current 
theories on the Solar System’s origins?
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