Jesse Banks

Lesson Title: Crash Course: Asteroids and Meteoroids

Objectives:


Students will learn about the smaller bodies orbiting within our Solar System


Students will learn the difference between asteroids, meteoroids and comets


Students will observe the results of a meteoroid collision


Students will identify the materials that make-up asteroids, meteors and comets

Benchmarks:

Earth/space Science:

CCG: The Universe: 

         Describe natural objects, events, and processes outside the Earth, both past and present.

Physical Science

CCG: Force: 

         Understand fundamental forces, their forms, and their effects on motion.
SC.05.PS.04 Identify examples of magnetism and gravity exerting force on an object. (3 Resources )
SC.05.PS.04.02 Recognize that things on or near Earth are pulled toward it by Earth's gravity

Scientific Inquiry

CCG: Forming the Question/Hypothesis: 

         Formulate and express scientific questions or hypotheses to be investigated.
SC.05.SI.01 Make observations. Ask questions or form hypotheses based on those observations, which can be explored through scientific investigations. (3 Resources )
One time, initial start-up costs:

Aluminum pans (10, 1 for groups of 2 or 3)……………………………….$1.00x10

Mixing bowls (5, 1 per group of 4 or 5)……………………………………$1.00ea

Total, one-time, start-up cost……………………………………………….$11.00

Cost of consumable materials:

Plastic spoons……………………………………………………………$2.00

Salt……………………………………………………………………… $1.00x2

Flour……………………………………………………………………..$.60per lb.x4

Cocoa power…………………………………………………………….$ 3.50 

Aluminum Foil…………………………………………………………..$1.00 for 40 sq.ft. 

Glitter…………………………………………………………………....$4.00

Rice……………………………………………………………………..$1.00 per bag

Disposable cups…………………………………………………………$1.00x2

Estimated total each year……………………………………………….$16.70

Assessment:

What happens to an asteroid when it enters into Earth’s atmosphere?

What are the two main parts of a comet and what are they made of?

What happens to most meteor when the enter Earth’s atmosphere?

If you found the next asteroid, what would you name it?

According to the IAU, what can asteroids also be considered?

Where are the majority of asteroids found?

Asteroids make up an important part of our Solar System.  Although in proportion to the Sun and the planets asteroids are pretty small, there are many in orbit and large enough to take up noticeable space.  This lesson provides and introduction into asteroids and meteoroids, preferably as an addition or extension to a full Solar System curriculum.  

Background:

Asteroids:  The name asteroids, meaning "star-like", derives from the fact that, compared with comets, they are star-like in appearance because since they are rocky they do not emit the gases and dust that give comets their fuzzy appearance (http://csep10.phys.utk.edu/astr161/lect/asteroids/asteroids.html).  In some respects, asteroids can be considered small planets.  Actually, the first asteroid ever discovered, Ceres, was recently redefined as a dwarf planet (or “minor planet) (http://en.wikipedia.com/Asteroids) (See the IAU for further explanation).  
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http://nssdc.gsfc.nasa.gov/imgcat/html/object_page/nea_19970627_mos.html
 
Asteroids represent material left over from the formation of the solar system. Although is has been suggested that asteroids are the remains of a planet that was destroyed in a massive collision, it is more likely that they represent material that never coalesced into a planet. If the estimated total mass of all asteroids was gathered into a single object, the object would be less than half the diameter of the Moon.

This picture compares the relative size of asteroids 4 Vesta, 1 Ceres (about 1000 km) and the Moon, respectively.
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http://en.wikipedia.org/wiki/Image:4_Vesta_1_Ceres_Moon_at_20_km_per_px.png

By making a series of observations, it is possible to study the rotation of some asteroids. Most have simple rotations around a fixed axis, with periods typically between one hour and one day. It is believed that violent collisions are common for asteroids, and that many asteroids have in their past experienced complex rotations like Toutatis as a consequence of such collisions. However, internal friction has caused them to dampen into simple rotation in relatively brief amounts of time; thus, most asteroids are observed to have simple rotations. But Toutatis rotates so slowly that this dampening process would take much longer than the age of the Solar System. Thus, the rotation of Toutatis may be a relic of the collisional evolution of an asteroid.

One such Earth-crossing asteroid is Toutatis, which was discussed in the preceding section. Its eccentric, four-year orbit extends from just inside the Earth's orbit to the main asteroid belt, and the plane of Toutatis' orbit lies closer to the plane of the Earth's orbit than any other Earth-crossing asteroid presently known. On September 29, 2004, Toutatis will pass by the Earth at a distance of only 4 times the distance to the Moon---the closest approach to Earth of any known asteroid or comet between now and 2060. The asteroid's frequent close approaches to Earth render its orbit chaotic, so that its trajectory more than several centuries into the future cannot be predicted accurately (http://csep10.phys.utk.edu/astr161/lect/asteroids/asteroids.html).

Some asteroids have other bodies that orbit around them, similar to moons.  Here is a picture of one such relationship:
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http://csep10.phys.utk.edu/astr161/lect/asteroids/idadactyl_color.jpg
Thus far, 7000 asteroids have been identified.  When an asteroid is identified, it is assigned a number (in order in which it was discovered) with a name following. For example, Ceres is, Asteroid 1 Ceres  (Click here for a list of identified asteroids) Most of these asteroids orbit within asteroid belt, the largest area of asteroid concentration, between the orbit of Mars and Jupiter.  
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http://en.wikipedia.org/wiki/Image:InnerSolarSystem-en.png
Meteroids:  Small pieces of space debris (usually parts of comets or asteroids) that are on a collision course with the Earth are called meteoroids. When meteoroids enter the Earth's atmosphere they are called meteors. Most meteors burn up in the atmosphere, but if they survive the frictional heating and strike the surface of the Earth they are called meteorites.  Meteoroids are often 10 meters or less.   

Although the Earth has many marks of meteorite contact,  the occasions of collsions are few and far between.  The Earth’s atmosphere, as mentioned above, with likely burn up meteors before they ever come in contact with the Earth’s surface.  The most prominent craters likely produced by a meteorite collision happened thousands of years ago.

The following is a photo of the Barringer Crater in Arizona.  The impact is estimated to have happened about 49,000 years ago.  If you look carefully, you can spot a road leading to the crater’s edge, where a visitor center stands.     
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http://csep10.phys.utk.edu/astr161/lect/meteors/meteor.jpg
(Click here for a list of current asteroids near Earth’s orbit.)  

Comets:
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http://csep10.phys.utk.edu/astr161/lect/comets/comets.html
Comets are small bodies, similar to asteroids, but primarily comprised of dust and ice.  While several pass through the Earth’s region of the Solar System, only one comet every decade is visible by the naked eye from Earth, on the average (http://csep10.phys.utk.edu/astr161/lect/comets/comets.html).  Comets are most easily recognized because of their fuzzy appearance, which is more obvious the nearer they are to the Sun.  The body of the comet, called the nucleus, is made of ice and dust particles.  The “tail” that extends from a comet is made of gases, which are transported by Solar Winds going away from the Sun.  The nucleus of a comet is generally a couple kilometers wide.  However, the tails of comets can be several hundred kilometers wide, making comets appear to be come of the largest bodies in the Solar System.  The orbits of comets are influenced by the Sun, but have the additional force of the jetting gases, which interrupts the orbit.

Comet Lithograph from NASA 

Some additional helpful websites:

For extensive info on Asteroids and Meteroids…

 HYPERLINK "http://www.pbs.org/wgbh/nova/spacewatch/" 
Doomsday Asteroids
SpaceClass: videos for lower and upper elementary

Small Bodies
Asteroids on Wikipedia
Asteroids Deadly Impact
Nine Planets: Small Bodies
StarrySkies.com
Activity 

Part 1: Asteroid: BYOA- Build Your Own Asteroid!

Adapted from: Asteroid Activities
Asteroids are classified according to their chemical composition.  Those types include C-type or carbonaceous, S-type or silicaceous, and M-type or metallic.  Recently, scientists have classified asteroids into many sub-categories.  For the purpose and simplicity of the lesson, we will concentrate on the three main classifications.  

 C-type asteroids are usually made of carbon.  Other elements may include silicon, magnesium, iron, and sulfur.  S-type asteroids are usually made of silicates, or rocky material with a little iron mixed in.  The elements that make up S-type asteroids are magnesium and iron.  Sometimes they have olivine (MgSiO4) + (Fe2SiO4), and pyroxene (FeSiO3) + (MgSiO3) + (CaSiO3) a type of igneous rock.  M-type asteroids are mostly made of iron and nickel.  They are the most dense, but also the most rare. (http://spaceclass.org/labs/asteroids/resources/Edible%20Asteroids%20Part%20I%204-8.pdf)

We will make our own S-type asteroid and then experiment the effects of its impact on a planetary surface.   

Less that 20 percent of asteroids are S-type (http://www.enchantedlearning.com/subjects/astronomy/asteroids/composition.shtml).  The rock bodies of these asteroids are mixed with metallic-iron, iron-silicate and magnesium-silicate materials.  

Materials:

Table salt

Flour

Hot Water

Aluminum foil

Uncooked rice

Waxed Paper

Mixing bowls

Plastic spoons for mixing

Cups for dividing materials

Procedure:

Divide class into groups of four or five students.  Each group will be responsible for making one batch of salt dough using the following recipe:

4 cups flour, 1 cup salt, 1 ½ cups hot tap water.  Mix the flour and salt together in mixing bowl.  Mix the water in slowly. 

Have the students divide the salt dough among the group members.  The dough will be the rock portion of the asteroid body.  

Then have the students collect the following:

1 cup of aluminum foil, labeled “iron-silicate”

1 cup of rice, labeled “magnesium-silicate”

1 cup of glitter, labeled “metallic-iron”

Have the students combine some of each of the components to the salt dough.  Once, completed, let dry overnight to harden.  Now each student has his or her own asteroid to use for the following activity.

Part 2: SYAC- Send Your Asteroid Crashing!

Impact Craters activity from the PBS website 

If time allows, have students make their own comets!

