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1. Meteors 

A meteor, sometimes called a "shooting 
star," can be the brightest object in the 
night sky, yet meteoroids are the smallest 
bodies in the solar system that can be 
observed by eye. Wandering through 
space, perhaps as debris left behind by a 
comet, meteoroids enter the earth's 
atmosphere, are heated by friction, and for 
a few seconds streak across the sky as a 
meteor with a glowing trail. A brilliant 
meteor, called a fireball, may weigh many 
kilograms, but even a meteor weighing 
less than a gram can produce a beautiful 
trail. Some of these visitors from space are 
large enough to survive (at least partially) 
their trip through the atmosphere and 
impact the ground as meteorites. Fireballs 
are sometimes followed by trails of light 
that persist for up to 30 minutes; some, 
called bolides, explode with a loud 
thunderous sound. How can a particle the 
size of a grain of sand produce such a spectacular sight? The answer is the speed at which 
the meteoroid enters the earth's atmosphere. Many meteoroids travel at 60-70 kilometers 
per second. As a comparison, the shuttle moves around the earth at about 8 kilometers per 
second.  

A meteoroid which reaches the ground is called a meteorite. A small number of 
meteorites have been found which scientists believe originated on the Moon or Mars. The 
composition of meteorites give us valuable information about the universe. Meteorites 
typically fall into one of three categories.  

Irons 
These meteorites are made of a crystalline iron-nickel alloy that resembles the outer core 
of the earth. Similar in structure to some asteroids (type M), 5.7% of meteorites are irons.  

Stony-Irons 
These meteorites are mixtures of iron-nickel alloy and non-metallic mineral matter. 
Scientists believe they are like the material which would be found where the Earth's core 
meets the mantle. 1.5% of meteorite falls are stony irons.  



Stony Meteorites 
There are three subclasses of stony meteorites: 

Chondrites: These meteorites are the most numerous, comprising 85.7% of all meteorites 
found. They are characterized by chondrules: small (average diameter of 1 millimeter) 
spheres of formerly melted minerals that have melded with other minerals to form a solid 
rock. Chondrites are believed to be among the oldest rocks in the solar system and are 
similar in composition to the mantles and crusts of earth and the other terrestrial planets.  

Carbonaceous Chondrites: These meteorites are very rare and contain elemental carbon, 
the basic building block for life on earth. 

Achondrites: Stony meteorites without chondrules, representing about 7.1% of 
meteorites. Scientists believe that some of these meteorites originate on the surface of the 
Moon or Mars.  

Craters are bowl shaped depressions made when a meteorite collides with a planet or 
moon.  Good examples of craters can be seen on the surface of the Moon. Early in the 
history of the solar system, after the formation of the planets and their moons, there were 
still a lot of smaller objects in inter-planetary space.  Over time many of these objects 
collided with the earth and moon. Because the moon has no atmosphere and is not 
geologically active, the craters are still visible.  On earth, however, the workings of the 
atmosphere, water, and continental movements have hidden most craters.  Over 150 
impacts have been studied on the earth, though the true number will never be known. 

 

 



2. Asteroids 

On the first day of January 1801, Giuseppe Piazzi discovered an object which he first 
thought was a new comet. But after its orbit was better determined it was clear that it was 
not a comet but more like a small planet. Piazzi named it Ceres, after the Sicilian goddess 
of grain. Three other small bodies were discovered in the next few years (Pallas, Vesta, 
and Juno). By the end of the 19th century there were several hundred.  

Several hundred thousand asteroids have been discovered and given provisional 
designations so far. Thousands more are discovered each year. There are undoubtedly 
hundreds of thousands more that are too small to be seen from the Earth. There are 26 
known asteroids larger than 200 km in diameter. Our census of the largest ones is now 
fairly complete: we probably know 99% of the asteroids larger than 100 km in diameter. 
Of those in the 10 to 100 km range we have cataloged about half. But we know very few 
of the smaller ones; there are probably considerably more than a million asteroids in the 1 
km range. The total mass of all the asteroids is less than that of the Moon.  

Asteroids are rocky and metallic objects that orbit the Sun but are too small to be 
considered planets. They are known as minor planets. Asteroids range in size from Ceres, 
which has a diameter of about 1000 km, down to the size of pebbles. Sixteen asteroids 
have a diameter of 240 km or greater. They have been found inside Earth's orbit to 
beyond Saturn's orbit. Most, however, are contained within a main belt that exists 
between the orbits of Mars and Jupiter. Some have orbits that cross Earth's path and some 
have even hit the Earth in times past. One of the best preserved examples is Barringer 
Meteor Crater near Winslow, Arizona.  
 
Asteroids are material left over 
from the formation of the solar 
system. One theory suggests that 
they are the remains of a planet that 
was destroyed in a massive 
collision long ago. More likely, 
asteroids are material that never 
coalesced into a planet. In fact, if 
the estimated total mass of all 
asteroids was gathered into a single 
object, the object would be less 
than 1,500 kilometers (932 miles) 
across -- less than half the diameter 
of our Moon.  

Because asteroids are material from 
the very early solar system, 
scientists are interested in their 
composition. Spacecraft that have 
flown through the asteroid belt have  



found that the belt is really quite empty and that asteroids are separated by very large 
distances. Before 1991 the only information obtained on asteroids was though Earth 
based observations. Then on October 1991 asteroid 951 Gaspra was visited by the Galileo 
spacecraft and became the first asteroid to have hi-resolution images taken of it. Again on 
August 1993 Galileo made a close encounter with asteroid 243 Ida. This was the second 
asteroid to be visited by spacecraft. Both Gaspra and Ida are asteroids composed of 
metal-rich silicates.  

3. Comets 

Comets are small, fragile, irregularly 
shaped bodies composed of a 
mixture of non-volatile grains and 
frozen gases. They have highly 
elliptical orbits that bring them very 
close to the Sun and swing them 
deeply into space, often beyond the 
orbit of Pluto.  

Comets are made of several distinct 
parts: nucleus, coma, dust tail, and 
ion tail. When the comet comes near 
the Sun, the nucleus heats up and becomes active, causing volatile gas to sublime. The 
released gas and dust form a cloud, or coma, and the dust element of the tail. 

Let's see in detail the different parts of a comet: 

·  The nucleus is the relatively solid and stable centrally located part, mostly formed 
of ice and gas with a small amount of dust and other solids like hydrocarbons. The 
sizes of nuclei are mostly unknown since measuring them is a difficult task, but 
the few reliable measurements that have been done, show diameters that range 
from a few to 20 km. About the interior structure not much is known: the 
dominant volatile is water, followed by CO and CO2. Other minor species are 
believed to be present in low percentage (<1%). The upper layers of the nucleus 
(the mantle) contain non-volatile dust, consisting of some silicate minerals and 
carbon rich grains.  

·  The coma is a dense atmosphere surrounding the nucleus, made of a cloud of 
water, carbon dioxide and other neutral gases as well as dust grains. It is formed 
when the nucleus is heated by the sun, making the gases sublimate, and is later 
swept into the elongated tails and a huge but very sparse hydrogen cloud (that can 
measure up to millions of km in diameter)  

·  The dust tail is the most prominent part of a comet: it can be up to 10 million km 
long, composed of smoke-sized dust particles driven off the nucleus by escaping 
gases;  



·  The ion tail is composed of plasma and laced with rays and streamers caused by 
interactions with the solar wind, which can be as much as several hundred million 
km long  

As comets approach the Sun they develop enormous tails of luminous material that 
extend for millions of kilometers from the head, away from the Sun. When far from the 
Sun, the nucleus is very cold and its material is frozen solid within the nucleus. In this 
state comets are sometimes referred to as a "dirty iceberg" or "dirty snowball," since over 
half of their material is ice. When a comet approaches within a few AU of the Sun, the 
surface of the nucleus begins to warm, and volatiles evaporate. The evaporated molecules 
boil off and carry small solid particles with them, forming the comet's coma of gas and 
dust.  

When the nucleus is frozen, it can be seen only by reflected sunlight. However, when a 
coma develops, dust reflects still more sunlight, and gas in the coma absorbs ultraviolet 
radiation and begins to fluoresce. At about 5 AU from the Sun, fluorescence usually 
becomes more intense than reflected light. As the comet absorbs ultraviolet light, 
chemical processes release hydrogen, which escapes the comet's gravity, and forms a 
hydrogen envelope. This envelope cannot be seen from Earth because its light is absorbed 
by our atmosphere, but it has been detected by spacecraft.  

The Sun's radiation pressure and solar wind accelerate materials away from the comet's 
head at differing velocities according to the size and mass of the materials. Thus, 
relatively massive dust tails are accelerated slowly and tend to be curved. The ion tail is 
much less massive, and is accelerated so greatly that it appears as a nearly straight line 
extending away from the comet opposite the Sun. The following view of Comet West 
shows two distinct tails. The thin blue plasma tail is made up of gases and the broad 
white tail is made up of microscopic dust particles. Each time a comet visits the Sun, it 
loses some of its volatiles. Eventually, it becomes just another rocky mass in the solar 
system. For this reason, comets are said to be short-lived, on a cosmological time scale. 
Many scientists believe that some asteroids are extinct comet nuclei, comets that have 
lost all of their volatiles.  

 

 

 

Comet Hale-Bopp. Ion tail 
(blue) and dust tail (yellow) 
are seen clearly. 

 


