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Sir Edmund Halley did not discover the comet 
that bears his name. But he did something even 
more signifi cant: He demonstrated that comets, 

like planets, orbit the Sun. He realized that the comet he 
had observed in 1682 was the same comet that had also 
appeared in 1531 and 1607. He applied Kepler’s ideas 
about the elliptical paths of orbiting objects to comets 
as well as planets. By calculating the comet’s orbit, he 
provided a direct confi rmation of the work of his friend, 
Sir Isaac Newton.

In 1705 he predicted that the comet would return 
in 1758 or 1759. He knew he wouldn’t live to see it. 
But he expressed hope that “candid posterity will not 
refuse to acknowledge that this was fi rst discovered 
by an Englishman.” 

Comet Halley most recently passed near Earth in 1986. 
Several Soviet, Japanese, and European satellites passed 
by and photographed the comet.

Halley’s experience 
calculating the orbits of 
comets tells you something 
about the great timeframes 
astronomers must deal 
with. Describe an instance 
in which you or someone 
you know of had to think in 
terms of a long time frame—
perhaps by making plans 
well in advance, or starting 
in on a task without being 
sure what the outcome 
would be?

• Pluto 
• asteroids
• comets
• the Oort cloud and 

Kuiper Belt
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•  astronomical unit
•  asteroid belt
•  nucleus
•  coma
•  tail of a comet
•  Oort cloud
•  Kuiper Belt
•  meteor
•  fi reball

Star POINTSSSSSSSSSSSSSSSSSSSSSSSttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
After other astronomers 
confi rmed his discovery of 
Pluto, young Clyde Tombaugh 
set off for college, enrolling as 
a freshman at the University 
of Kansas.

Pluto 
As you read in the last lesson, Uranus was the planet that the 
ancient Greeks undoubtedly saw, but failed to recognize as a 
planet. Neptune was the planet that scientists concluded had 
to be there, somewhere in the heavens. They could tell that 
something was tugging on Uranus, affecting its motion in ways 
not explained by Newton’s laws or the presence of Jupiter and 
Saturn. But after the discovery of Neptune, astronomers found 
that it didn’t explain all of Uranus’s movements. They determined 
that something else was out there pulling on Uranus. So they 
went looking again. What they found was Pluto. 

The Discovery of Pluto 

Percival Lowell, a businessman and astronomer, predicted the existence of an 
additional planet in 1905. He searched for “Planet X” until his death in 1916, 
but with no success. On 1 April 1929, however, Clyde W. Tombaugh started 
a new search. Instead of scanning the skies for a small, faint disk, he looked 
for signs of planetary motion. 

Tombaugh used a device called a blink comparator. It allows an observer to 
look alternately at two different photographs of the sky. An astronomer could 
take two pictures of the same part of the sky a few days apart. If a moving object, 
such as a planet or a comet, is in that part of the sky, it will appear in different 
positions in the two pictures. The quick blink from one image to another makes 
a moving object appear to jump from one spot to another.

It was unbelievably tedious work, made even more diffi cult 
because the place in the sky that Lowell’s data pointed 
to was a region with many faint stars—a very crowded 
neighborhood in space. But on 18 February 1930, more 
than 10 months into his search, Tombaugh spotted the 
“jump” of a tiny dot on a photograph. After confi rming his 
discovery by comparing even more photos, he announced 
his discovery on 13 March 1930. It would have been 
Lowell’s 75th birthday. Tombaugh named his discovery, 
hailed at the time as the ninth planet, Pluto, for the Greek 
god of the underworld. The abbreviation for Pluto is PL—
Percival Lowell’s initials. 
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134 CHAPTER 3 The Sun and the Solar System

Pluto’s Orbit and Atmosphere

Pluto is a true eccentric in the Solar System. Its orbit is more eccentric than that 
of any of the eight planets. That is, all of them are more nearly circular in their 
orbits. This eccentricity means that Pluto varies widely in its distance from the Sun. 
It averages 40 astronomical units from the Sun, but it ranges from 30 units to 
50 units. An astronomical unit, or AU, is the mean distance between the Earth and 
Sun, about 93 million miles (150 million km). This means that it sometimes swings 
inside Neptune’s orbit, as it did from 1979 to 1999. Pluto’s orbit also tilts 17 degrees 
to the ecliptic. None of the planets’ orbits tilt more than 7 degrees.

Scientists have determined that Pluto has an atmosphere, but not year-round. 
When the planet is at perihelion—its closest distance from the Sun—it “warms 
up,” relatively speaking. At this point it has an atmosphere, including nitrogen and 
traces of methane and carbon monoxide. But when Pluto is at aphelion—the point 
of its greatest distance from the Sun—it receives so little solar energy that its surface 
is below the temperature at which methane freezes. This chilling causes the gas 
to condense on Pluto’s surface. 

Pluto may have lost some status when scientists 
downgraded it to a dwarf planet in 2006. But they are 
fi nding it a more complex system than they used to think. 
Pluto’s atmosphere is undergoing a global cooling, but 
its surface is getting warmer. Its surface temperatures, 
moreover, are not uniform. In 1956 scientists discovered 
that Pluto’s brightness changes slightly every 6.4 days. 
From this they have concluded that it has a dark area 
on its surface and that its period of rotation is 6.4 days. 

of its gr
iis below
tto cond

Star POINTSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
In August 2006 the 
International Astronomical 
Union decided to downgrade 
Pluto’s status to that of 
a “dwarf planet.”
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The Synchronous Orbit of Pluto’s Moons 

In 1978 James W. Christy of the US Naval Observatory noticed that Pluto seemed 
to have a bump on one side. Once continued observation showed that the bump 
moved from one side to another, scientists concluded that Pluto had a moon. They 
named it Charon, for the mythical boatman who ferried souls to the underworld, 
where Pluto reigned. Charon’s orbit tilts 61 degrees relative to Pluto’s orbit around 
the Sun (Figure 4.1). That’s an even greater angle than Pluto’s is to the ecliptic. 
Charon and Pluto are locked in synchronous orbit. Each keeps the same “face” 
to the other constantly, and the two bodies circle around their common center 
of mass once every 6.4 days—the same period as Pluto’s “day.” This arrangement 
means that each of these objects always hovers in the sky of the other. There is 
no moonrise or “planet-set,” unlike on Earth and its moon.

Since discovering Charon, scientists have learned a lot about Pluto, but there’s 
still plenty they don’t know. Between 1985 and 1990 Charon occulted (concealed 
from view) Pluto during each of its revolutions. By measuring the time each 
occultation took, scientists got a better idea of how big each object is. Still, they 
don’t know much about Pluto’s atmosphere, and that makes it hard to know just 
what its diameter is. 

Pluto’s mass is about eight 
times that of Charon, but only 
about one-fi fth of the mass 
of Earth’s Moon’s. Pluto’s 
density suggests an interior 
that’s probably 30 percent ice 
and 70 percent rock. Scientists 
actually know more about 
Charon’s diameter (about 
750 miles or 1,212 kilometers) 
and density. This density, 
slightly less than Pluto’s, 
suggests a composition of 
rock and ice, with a surface 
mostly of water ice. In 2005 
the Hubble Space Telescope 
discovered two more moons 
around Pluto, Nix and Hydra, 
each less than 100 miles 
(160 kilometers) in diameter.

Charon Charon’s
orbit

Pluto
Pluto’s
motion

(a) (b)
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136 CHAPTER 3 The Sun and the Solar System

Asteroids 
Besides planets and dwarf planets, such as Pluto, astronomers estimate there 
are millions, even billions of other objects fl oating around in the Solar System. 
On 1 January 1801, Father Giuseppe Piazzi discovered the fi rst asteroid, Ceres, 
and named it for the patron goddess of his native Sicily. Recall that asteroids are, 
at their most basic, rocks that range in size from about 1 mile (1.6 km) in diameter 
to several hundred miles wide and that travel through space.

Ceres is the Solar System’s largest asteroid, with a diameter of 580 miles (930 km). 
Scientists now classify Ceres as a dwarf planet. About 130 other asteroids also have 
impressive diameters, ranging between 60 miles and 310 miles (100 km to 500 km). 
Some millions of others are about two-thirds of a mile wide (about 1 km) or less. 

Most asteroids go nameless. 
Astronomers don’t bother 
naming them until they have 
calculated their orbits. And 
calculating an asteroid’s orbit 
can take a lot of work without 
yielding much astronomical 
knowledge. Scientists have 
two main ways of classifying 
asteroids: by position and 
by chemical composition. 

The Location of 
the Asteroid Belt 

The asteroid belt, as its name 
suggests, is the region between 
Mars and Jupiter where most 
asteroids orbit. Most asteroids 
orbit the Sun at distances from 
2.2 astronomical units (AU) 
to 3.3 AU. This corresponds, 
according to Kepler’s third law, 
to orbital periods (“years”) 
of 3.3 years to 6 years. Most 
asteroids have fairly circular 
orbits, but these orbits are still 
more elliptical than the planets.
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The Orbits of Asteroids Around the Sun 

About 100,000 asteroids are big enough to show up in photographs. This may 
suggest that the asteroid belt is a sort of rocky traffi c jam in orbit around the Sun. 
In fact, though, the asteroid belt is a mostly empty zone. Even if all the biggest 
100,000 asteroids were in exactly the same plane, spread evenly across the asteroid 
belt, there would be more than a million miles (2 million km) separating them. And 
there’s even more space than that because the asteroids aren’t all in the same plane. 

They aren’t spread evenly either. In Chapter 3, Lesson 3, you read about how the 
moons of the Jovian planets exert a gravitational pull on the rings of those planets 
to create gaps in them, such as the Cassini division. The same phenomenon occurs 
at a larger scale in the asteroid belt. Jupiter’s gravitational pull has created gaps 
in the asteroid belt at 2.50 AU and 3.28 AU. These gaps, fi rst explained by the 
American astronomer Daniel Kirkwood in 1866, aren’t completely empty. But they 
contain fewer asteroids than neighboring areas of the asteroid belt (Figure 4.2). 

The Origins of Asteroids

Astronomers once thought that asteroids were the remains of a planet that had 
exploded. Nowadays they’ve abandoned this theory for two compelling reasons. 
For one, scientists have no idea how a planet could explode. They don’t understand 
how that could be physically possible. The other problem is that the asteroids don’t 
really add up to much. That is, if all the asteroids were combined into one object, 
it would be much smaller than Earth’s Moon. Such a small object doesn’t fi t the 
pattern of planetary sizes.

SUN

EARTH

MARS

JUPITER
1/2

1/3
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138 CHAPTER 3 The Sun and the Solar System

The explanation that seems more plausible today is that asteroids are simply 
primordial material that never formed into a planet. The reason they didn’t seems 
to be Jupiter. Its gravity keeps pulling on objects in the asteroid belt and stirring 
them up. Without Jupiter, these objects would tend to pull together to form larger 

objects. But Jupiter’s gravity keeps 
that from happening.

And although there isn’t a model 
for a planet exploding, there 
is evidence that Jupiter causes 
collisions between asteroids 
that result in their fragmentation. 
Some asteroids that orbit outside 
the main belt may be the result 
of such collisions. 

Comets 
Also circling the Sun, but from much farther out than asteroids, are comets. 
A comet is one of the most spectacular astronomical sights available to the 
naked eye. But if you know comets only from photographs, you may expect 
them to be even more spectacular than they are. They don’t fl ash across the sky 
like Fourth of July fi reworks. Rather, they move across the sky like one of the 
planets, so that you could see their motion over a period of days. But many 
do have distinctive streaking tails.

Comets’ Predictable Orbits Around the Sun 

Sir Isaac Newton fi rst proposed that comets, too, orbited the Sun. It’s just that 
comets have very elongated orbits. 

His friend Edmund Halley used Newton’s methods, his own observations, 
and descriptions of previous comet sightings to calculate the orbits of several 
comets. Halley noted that the comets of 1531, 1607, and 1682 held very 
similar orbits, but the time between appearances wasn’t absolutely regular. 
Then he realized that one of the planets, especially Jupiter or Saturn, might 
affect the orbit of the comet through gravitational pull. 

pprimordia
too be Jup
ttheem up.

Star POINTSSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
In 2006, for the fi rst time, scientists linked a 
breakup event in the asteroid belt with a large 
quantity of interplanetary dust deposited on 
Earth. Samples of the Earth’s core taken from 
the ocean fl oor led them to conclude that 8.2 
million years ago, an asteroid named Veritas 
blew apart and dusted Earth with its remains. 
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With this in mind, he concluded that the three appearances were all of the same 
comet. In 1705 he boldly predicted the comet’s return in 1758. He didn’t live to 
see it, having died some 16 years before. But on Christmas night of 1758, Comet 
Halley, as it’s now known, appeared in the sky. Drawing on reports of comets 
in literature, scientists have traced Halley sightings back to 239 BC.

A Comet’s Three Main Parts 

A comet consists of a head and a tail. The head is in turn made up of a  nucleus—
the solid core of a comet, the rock at the heart of the snowball, so to speak—plus the 
coma (Figure 4.3). The coma is the part of a comet’s head made up of diffuse gas and 
dust. (This has nothing to do with “coma” as a medical term.) The tail of a comet 
is the gas and/or dust swept away from the comet’s head.

Harvard astronomer Fred L. Whipple proposed a model of a comet in 1950. 
With some modifi cations, that model remains the one scientists use to explain 
comets. As Whipple described it, a comet’s nucleus is essentially a dirty snowball 
that’s only a few miles in diameter. It’s made up of water ice, frozen carbon 
dioxide (“dry ice”) and some other frozen substances, plus some grains of “dirt.” 
Scientists now believe there’s a crusty layer on the surface of the nucleus, with 
the ices and the dirt inside. When the comet is far from the Sun, it is frozen solid, 
and the nucleus is all there is to it. Approaching the Sun, the comet warms. The 
ices inside melt and vaporize. These materials break through the crust and form 
the coma. 

Ion tail

Dust tail
Nucleus

Coma

Orbit

To
 S

un
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Pristine material

Water-ice material

Tarry crust

(b)
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140 CHAPTER 3 The Sun and the Solar System

The Oort Cloud and the Kuiper Belt
Comet Halley’s 76-year orbit means that, for most people, seeing it is a once-
in-a-lifetime experience. But by the standards of comets, Halley is a near and 
familiar neighbor. Comet Hale-Bopp was visible in 1997 but won’t return 
again for more than 2,300 years (Figure 4.4). In this section you will read 
about celestial objects on the very far fringes of the Solar System.

The Tails of Comets 

Comets usually have two tails, although one or both may be very small and 
they may change greatly as time passes. Solar wind—the stream of protons 
coming from the Sun—sweeps away one of the tails composed of ions, or 
charged molecules. These molecules move away from the comet at a high 
speed and form a straight tail pointing away from the Sun. 

Weak solar radiation pushes away grains of dust in the coma to form the 
second tail. This tail curves and points back along the orbit path, no matter 
what the motion of the nucleus. Comet tails can be as long as an astronomical 
unit—the distance from the Earth to the Sun. 

ThThThe Ta

C
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The Shell of Comets Surrounding the Solar System 

In 1950 the Dutch astronomer Jan Oort revived an idea that astronomers had 
considered before: that in a space far beyond Neptune’s orbit, a great number of 
comets orbit the Sun. This space is the Oort cloud. It is a theoretical sphere, between 
10,000 AU and 100,000 AU from the Sun, containing billions of comet nuclei.

Three observations prompted Oort’s hypothesis:

• No comet has ever been observed that was not gravitationally bound 
to the Sun

• The orbits of long-period comets (those greater than 200 years) tend 
to have aphelia—maximum distances from the Sun—around 50,000 AU

• Long-period comets seem to come into the inner Solar System from 
all over the sky. 

10,000 AU

100,000 AU

Orbit of
Neptune

30–1000 AU

Sun

Oort Cloud

Kuiper
Belt

Comet nuclei in
Oort comet cloud
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The Small Band of Comets That Makes Up the Kuiper Belt 

The Oort cloud does not explain all comets, however. In 1951, the year after Oort 
proposed his cloud, another Dutch astronomer, Gerard Kuiper, proposed a second, 
smaller band of comets within the Oort cloud. The Kuiper Belt  is a disk-shaped 
region beyond Neptune’s orbit, 30 AU to 1,000 AU from the Sun and the presumed source 
of short-period comets. Short-period comets have orbits that take less than 200 years.

The fi rst object in the Kuiper Belt was discovered in 1992. Since then, scientists 
have discovered about 1,000 objects. Most of these have been close to the ecliptic. 
They range from 60 miles to 600 miles (100 km to 1,000 km) in diameter. Their 
surfaces are mostly dust and ice. Scientists estimate that there are a billion short-
period comets in the Kuiper Belt, and about 100,000 icy little worlds with a diameter 
of at least 60 miles (100 kilometers). This compares with the 200 asteroids in the 
asteroid belt known to be that large. Scientists also estimate that all the Kuiper Belt 
objects put together would amount to about one-tenth of Earth’s mass.

In 2005 scientists at the California Institute of Technology discovered a Kuiper Belt 
object larger than Pluto. Informally known as Xena, and now formally named Eris 
or UB313, it is now the largest known dwarf planet and the largest object found 
in orbit around the Sun since 1846. Eris is three times more distant from the Sun 
than Pluto—some 10 billion miles.

Meteors vs. Meteorites 

Almost everyone has seen the fl ash of light in the sky often called a falling star 
or shooting star. Such “stars” are essentially rocks falling from the heavens and 
burning up as they pass through Earth’s atmosphere. Ancient writings of the 
Greeks, Romans, Hebrews, and Chinese refl ect an understanding of this concept, 
although some people found it hard to accept.

A better and more exact term for a shooting star is a  meteor—a streak of light 
in the sky caused when a rock particle falling to Earth is so heated by friction with the 
atmosphere that it emits light. Most meteors are very dim. A fi reball, however, is 
an extremely bright meteor. The object that causes the meteor is a meteoroid, which 
as you read in Chapter 2, Lesson 2, is an interplanetary chunk of matter smaller 
than an asteroid. Remember, too, that a meteorite is an interplanetary chunk 
of matter that has struck a planet or a moon.

Under ideal viewing conditions, a person can see an average of fi ve to eight meteors 
an hour. Scientists calculate that over the entire Earth, there must be some 25 
million meteors every day that are visible to the naked eye. Very small meteoroids—
ranging in size from a grain of sand to a marble—produce most of these meteors. 
But estimates are that 1,000 tons of meteoritic materials—rocks falling out of the 
sky, in other words—land on Earth every day.
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144 CHAPTER 3 The Sun and the Solar System

The Solar System is a collection of diverse objects. As space probes venture out 
to study it in more detail, astronomers are continually surprised by the diversity 
they fi nd. While great differences exist among planets, asteroids, comets, meteors, 
and moons, there are also signifi cant similarities.

Since the objects in the Solar System formed at about the same time, these 
similarities and differences can tell scientists much about the conditions that 
existed then. Scientists are just beginning to understand why these objects are 
different and why they are the same, but there’s much still to learn. That’s what 
makes studying the Solar System so exciting.

But the Solar System is only a minuscule part of its home galaxy—the Milky Way. 
The next lesson will venture out into the galaxy and explore it properties.
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Lesson 4 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. What was it about Percival Lowell’s data that made Clyde Tombaugh’s work 
with the blink comparator even more diffi cult?

 2. In 1956 scientists discovered that Pluto’s brightness changes slightly 
every 6.4 days. What conclusions did they draw from this?

 3. What does it mean for Charon and Pluto that they are locked in 
synchronous orbit?

 4. What orbital periods does Kepler’s third law predict for most asteroids?

 5. What effect does Jupiter’s gravitational pull have on the asteroid belt?

 6. What two compelling reasons led scientists to abandon the idea that 
an exploding planet created asteroids?

 7. What was Edmund Halley’s great achievement?

 8. What are the three main parts of a comet?

 9. What idea did Jan Oort revive in 1950?

 10. What idea did Gerard Kuiper propose in 1951?

 11. What is a better and more exact term for a shooting star?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 12. Why do comet tails always point away from the Sun instead of trailing 
behind the comet as it streaks through space?
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