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‘The creation of these educational activities was made passible through
the education and public outreach support of NASAs Discavery Mission
Program and the Jet Propulsion Laboratory's STARDUST Mission.

For more information on STARDUST visit http: //stardust. jpl.nasa.gov

STARDUST™ Copyright 1997, Califernia Institute of Techriology. All Rights Reserved.
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The Challenger Center Team

Dear Eduu:ai:u.rs

Dear Classroom Educator,

At Challenger Center we believe that in every young mind there is a window on the
universe. Encourage that window to open and great things begin to happen. Young people
become explorers. We believe exploration is the essence of learning.

The key to opening that window and explormg new frontiers has to do with tapping a
young person’s natural curiosity. That curiosity is what powers the desire to ask questions:
and pursue answers.

To help teachers spark that curiosity, Challenger Center has assembled some of its most

popular classroom activities into a series called Learning Frontiers using the popular
space themes of Comets, Earth, Mars, and Moon. Studies have shown that space is one
of the most pepular and effective themes used to capture students’ interest.

students in this pursult and has been nanona]ly recogmzed for its innovative approaches
to inspiring young people to explore. Challenger Center believes that when all is said
and done, there are no tools, no programs, no techniques that will ever replace the direct
intervention of a great teacher in a student’s life.

That is why we hope you will find the Learning Frontiers activities: engaging, relevant,
and—most of all—fun. These scientifically sound, educationally rich activities were
developed to provide teachers with as much flexibility as pessfble when it comes to
classroom implementation. To facilitate classroom use, each activity is correlated to national
education standards and formatted to help teachers easily find objectives and key concepts.

‘We would also like to give a special thanks to the NASA Discovery Mission Program
and the Jet Propulsion Laboratory’s STARDUST Mission for making the creation of these
educational materials possible.

We hope these activities will help you open your students’ “windows” by using them
to create new “learning frontiers” in a way that is appropriate for your classroom. Inspiring.
Exploring. Learning, It's Our Mission.

Best Regards,




Challenger Genter's educational pedagogy promotes scientific literacy by encouraging
exploration and inquiry and exciting young people about knowledge and learning.
Challenger Center believes exploration is the essence of learning. Our goal is to give
teachers the tools to create a “learner-centered” environment and to provide materials
that are a framework for embedding subject content in a meaningful and motivational
context.

Using our interdisciplinary, inquiry-based approach that incorporates national educational

standards, Challenger Center strives to:

» Increase student interest in science, mathematics, and technology.

e Give abstract concepts concrete meaning,

* Help students develop realistic processes of cooperation, communication, critical

thinking, and problem solving.

* Increase student autonomy and responsibility for their own learning,
* Encourage students to develop positive perspectives about learning.

¢ Increase student commitment to learning.

e Help students pose questions and find pathways to answers,

Challenger Center programs are designed to reflect academic standards such as the National
Science Education Standards by the National Research Council and the Curriculum and
Evaluation Standards for School Mathematics by the National Council of Teachers of

Mathematics.

Activity Matrix for National Science Education Standards and Curriculum and Evaluation

Standards for School Mathematics (Grades 5-8)

Measurement
.
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Comet

omets, with their blurry heads and

luminous tails, are mysterious travelers
ongmatmg from the depths of our Solar
System. They appear somewhat suddenly
and orbit the Sun in a highly elhptlcal path,
a path unlike any other object in the sky.
Historically, comets were believed to be
omens for things ta come. The fuzzy 11ghts
with streaming tails would appear without
explanation of where they came from and
why, so secieties would create their own
explanations. A comet could be a sign of
war, famine, or even the death of a great
leader. Because events such as these
happened frequently enough, it was
inevitable that many prophecies happened
in accordance with a comet sighting.

Sir Edmund Halley took the mystique
out of the “prophecy-delivering” objects in
the sky. He contributed to our present day
understanding of comets in 1705 by
deducing that some comets return
periodically. He looked at past records of
comet sightings: and theorized that several
comets were in fact one comet that
appeared every 76 years. He correctly=
predicted this comet’s return in 1758, and
sixteen years after his death, his prediction
came true. Although he did not discover
the comet, it is still called Halley’s Gomet
in his honor.

Comets visible to the naked eye appear,
on average, once a decade. Some comets,
such as Hale-Bopp have such long bright
tails that they are easily spotted. A person

is lucky to see one or two such comets in

a lifetime. Astronomers both professional
and amateur have studied the skies for
centuries, investigating the passage of
comets in the heavens, and searching the

skies for new comets to bear the-

dlscoverer’s name, Mug

W \ 1L
115 I‘ I Tt

Comet Halley the last time it pasSed by
Earth in 1986, Many upcoming missions
to comets during the next ten years will
lead to mew insights and discoveries
about these cosmic travelers.

Many comets reside in an area past the
orbit of Neptune called the 'Kmper Belt
They are so far away and so small
that astronomers have a hard time detec tmg
them. Most comets, however, lie in the Oort
Cloud which begins past the orbit of Pluto
and continues halfway to the nearest star.
Unlike the Kuiper Belt, whose inhabitants
appear to orbit in an area shaped much like
a hula hoop, the Oort Cloud is believed to
be a spherical shell of cometary particles.
No one has been able see a comet while
it is in the Oort Cloud, but the orbits of
observed comets indicate that it is there
and contains about one trillion comets. On
oceasion, a- ':aVJtahonal disturbance causes
one of these bodies to begin a long
journey toward the inner Solar System.
When comets approach the Sun, their ices
begin to sublime, that is, change directly
from solid to gas. This forms a cloud of
gas and dust particles around the nucleus.
The solar wind and radiation pressure
pushes these particles away from the
nucleus, forming two tails—one of gas and
one of dust. When sunlight reflects off of
these particles, we can see the comet from
Earth much more easily, Some comets will
end up crashing into the Sun or will collide
with a planet, like comet Shoemaker-Levy
9 did with Jupiter in 1994. Some scientists
suspect that some comets ‘may get ﬂung
out of the Solar System entirely.

When a comet impacts a planet or
another body in the Solar System, it may
cause. ma]or changes in atmospheres and

| ¥ W
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has been hit by comets as well. One theory
for the extinction of the dinosaurs is that
the Earth was hit by a comet or asteroid
so large that it abruptly changed Earth’s
climate, wiping them and numerous other
species out.

Comets are the oldest, most primitive
objects in the Solar System. They are
remnants from the nebula that formed our
Solar System. These remnants may have
served as building blocks in the formation

of planets in our Solar System, They are
organicallyrich, providing molecules that
could have contributed to the formation
of life. The volatile elements (ices) comets
contain may play a role in forming
atmospheres and oceans. For these reasons
and many more, scientists want to study
particles from comets to gather information
that may shed light on the evolution of
Earth and the formation of the Solar
System.

Outer Solar System

275,000 AU
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Comet

The coma is the head of the comet. It contains the nucleus and a large halo of gases and
dust that sublimes off the icy nucleus as the Sun heats the comet.

The solar wind blows a gas tail off the coma, dmectly_ opposite from the Sun.

Dust particles are blown off the coma by pressure from sunlight. These particles form a second,
gently curving dust tail.

Comets are literally dirty, cosmic snowballs—small, irregularly shaped, chunks of rock, various
ices, and dust. The nucleus of a comet is usually only a few kilometers wide. When a
gravitational force disturbs a comet in the Kuiper Belt or the Oort Cloud, it may begin a
long, eccentric orbit that brings it close to the Sun.

Where do comets come from?
Short period (less than 200 year orbits) comets are believed to originate in. the Kuiper Belt,
located beyond Neptune’s orbit. -

Long period (more than 200 year orbits) comets are thought to originate in the Oort Cloud, which
scientists theorize is a spherical cloud of comets that stretches halfway to the nearest star.

Do all comets have tails?
No' Comets anly develop tails when they travel w1thm the inner Solar System [near or w1th1n

ices into gases and dust,

Why are comets important?

Comets are believed to be the oldest, most primitive bodies in the Solar System. They are
remnants preserved from the earliest days of star and planetary formation. From what we
know of their composition, comets may provide clues about the building blocks of life and
of our Solar System, In addition, the impact of a large comet could cause major changes in
the climate of a planet or a moon.

How frequently do “spectacular” comets become visible?

“Spectacular” comets come along only a few times in a llfetlme—mughly every 20 years or
so. This assumes that “spectacular” is as bnght or brighter than a crescent moon.

How does a comet get its name?

Comets are normally named for their discoverers. Singe amateur astronomers continually
discover comets, you could have a comet named after you!

A Japanese amateur astronomer named Yuji Hyakutake discovered his second comet with a pair

of 25 X 150 binoculars in January, 1996. The Central Bureau for Astronomical Telegrams designated
it Comet C/1996 B2 (Hyakutake):

_some of the mysteries surrounding thE«II\II‘ﬂI and evolution of the solar

C— Indicatesalong period comet
- 1996 — Indicates the year of dlscevery
B — Means that the comet was
material back to Eal'th LS i vl discoverodiin the second
These samples may provide.a wmdnw into the dlstant past that anravels half-month of January. Half

months are given as. letters,
w1th “A” covering J

LIRS
1l
| I{ ]
ST ) ST
o . 1\,," (L 1




PRE-ACTIVITY THINKING WEB

Investigating ‘a Comet

Objectives
Students will:
¢ (Create a thinking web

¢ Explain their knowledge of a comet

Overview

Brainstorm and create a Thinking Web that |

demonstrates students’ knowledge of comets,
This is an opening exercise to introduce comets
to students and to assess prior knowledge.

Key Questions
¢ Why study comets?
* What would one need to study comets?

Examples of Student Responses Discussion Points

A comet is a big rock.

. Procedures

1. Reproduce student worksheet and give each
student a copy.

2. Have students complete each question on
the map and encourage them to draw
illustrations to go with their answers.

3. You can use students’ answers as an
informal method to assess prior knowledge
by starting a class discussion. Students’
answers will vary. Below are some examples
of where to lead the discussion:

Review the parts and composition of a
comet.

A comet is like a small planet.

Cover the difference between comets
and planets.

We should study comets because one
might hit the Earth.

Discuss impact craters and the
extinction of dinosaurs.

Comets and asteroids have different
sIZes.

Cover the differences between comets
and asteroids.

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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S TUDENT WORKSHEET

.~ Investigating a Comet

A cometis, ..

A comet looks like . . .

O

We should study comets A comet is different from an
because . . . asteroid because . . .

------- CHALLENGEHR CENTER FOR SPACE SCIENCE EDUCATION



TEACHER'S

Famous

Background

to be trailed by an even more diffuse tail. Also

intervals. Before people really understood the
physical nature of comets, they often evoked
fear and superstition in those who observed
them. People developed their own creative
explanations for these lights in the sky,
considering them omens of war, famine, or even
precursors to the death of a ruler.

The physical appearance of comets also
conjured up some interesting descriptions.
Halley’s Comet, which approached Earth in the
year 66, was described as a sword that hung

comets suggested long, flowing hair.

Great strides were made in appreciating the
true nature of comets when in 1577 Tycho
Brahe showed that comets were independent
members of our Solar System. Prior to his time,
most people had believed that comets were a
phenomena of the Earth’s atmosphere. Brahe
used observations and a little bit of geometry
to explain how comets must be located very
far away from Earth—at least farther away than
the Moon.

Edmund Halley continued to change the
common understanding of comets when, in
1705, he published a paper entitled A Synopsis
of the Astronomy of Comets. In this paper he

gravity (as recently developed by Isaac Newton)
and data from historic observations of comets.
He had realized that the known orbital
characteristics of the comets of 1531, 1607, and
1682 were similar, and that the appearances
of each comet were separated by nearly

every 76 years. This theory was verified when,
according to his prediction, a comet appeared

G UIDE

E.limets

- near the end of 1758, sixteen years following
Comets, to be sure, are unique visitors to our -
skies. Unlike any other object in our Solar -
System, they appear as points of light -
surrounded by a fuzzy haze. Often they seem -

his death. In his honor, this comet is now
known as Halley’s Comet.

Today, comets are considered bad omens by
only a rare few. Instead, scientists look upon

them as relatively untapped sources of
unusual is their tendency to appear at irregular -

information about our Solar System. Comsts

. are believed to be remnants of the formation
. of the Sun and planets, putting them among
. the oldest objects in our Solar System. Because
. of this, there are many missions slated to
. investigate a sampling of comets in the next
. decade. If the predictions of astronomers are
. correct, by understanding more about comets,
. our understanding of the early years of the Solar
. System will increase dramatically.

. Topics
over Jerusalem. Others felt that the tails of
- history.

. As technology increases, scientists can

. better analyze and interpret phenomena,

Comets have always been a part of our

. Objectives
. Students will:

¢ Research comets that are historically,
scientifically, or otherwise significant.

¢ Write a creative narrative based on
their research.

- Overview

. In this lesson students research some of the
. more notable comets such as: Wild 2, Halley,
combined his knowledge of the laws of and Shoemaker-Levy 9. Using the Inte.met E[E‘ld
. other research materials students will write
. and report on their findings about a selected

. comet.

- Key Questions
 What roles have famous comets played in

* + . - L] ]
identical amounts of time. He postulated that - history?

the three comets were really one comet which -
approached the inner Solar System roughly - of phenomena?
- How can celestial phenomena affect our

- culture?

How can technology alter our interpretation

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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TEACHER'S G UIDE

Key Concepts

* Scientific understanding is not
constant. We are continually learning
about the universe we live in.

* Comets have played a significant role
in human history.

* Cycles and patterns; comets are either
short or long period.

¢ Many comets return on a regular,
periodic, and predictable basis.

Materials & Preparation

¢ Student worksheet for each team

¢ (Comet Fact Sheet for each student from
page viii

* Computers with access to the World
Wide Web for each team

1. Review comets using the Comet Fact Sheet,

Discuss the parts, location, orbital paths, and
composition of comets.

2, Discuss with students the history of cornets

and how the appearance of comets impacted
social life.

3. Assign students to cooperative groups to

study one of the following comets:
* Comet Hale-Bopp
» Comet Halley
* Comet West
* Comet Shoemaker-Levy 9
¢ Comet Tempel-Tuttle
¢ Comet Encke
* Comet Wild 2

. Make arrangements for each team to have
at least one hour of Internet access.

5. Have students answer the questions on the

student workshests using the internet,

6. Based on the information on the Comet Fact

Sheet or from what they gathered, have the
teams write a creative narrative about their
comet.

7. Have the team reporter share their story with

the rest of the class.

8. Conclude the entire lesson with Reflection

& Discussion questions.

L

. Management

- Allow students plenty of time to research their

- comet. If necessary, encourage them to work
on their project after-hours. Many libraries have
a wide range of books on comets as well as

. Internet access.

- Reflection & Discussion

1. What do comets have in common? How are
comets different?

2. Do you think that a comet may hit a planet
sometime in the future? Why or why not?

3. Does a comet’s tail ever point towards the
Sun? Why not?

4. Do you think that we see a lot of the Solar
System’s comets or only a few? Why can’t
we see the other ones?

5. If you were alive 1,000 years ago and you
saw a comet, how would you feel? Would
you be excited? Scared?

6. Do you think we will ever know all there
is to know about comets? Or will we always
be learning?

7. Did you think that some of the old ideas
about comets were strange? Why? Do you
think that people will someday think that
our ideas about comets are strange?

8. What effect does the Sun have on comets?

9. What was the most recent visible great comet?

10. What comets will appear in the night sky
over the next three years?

. Transfer/Extension

1. Explore how other astronomical objects such
as the Sun, Moon, planets, and stars were
interpreted by ancient cultures.

2, Research examples of artists’ noting comets
in paintings, literature, tapestries, and
photographs.

3. Invite amateur astronomers into the
classroom and ask them to talk about their
hobby.

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION



S TUDENT WORKSHEET

Famous Cdmets

Student Procedures

1. Decide which team member will perform each of the following roles:
Recorder: Records the results of the tearm’s research.

Computer Operator: Uses the computer to navigate the Internet and print out
any essential matenials.

Literary Supervisor: Records team’s input for the story.
Reporter: Presents the team’s story to the rest of the class.

2. Name of your team’s comet:

3. Using the Internet, answer as many of the following questions as possible. Have
the recorder write down what the team learns on a separate sheet of paper.
It may help to use the following websites:

Comets and Meteor Showers
http: / /medicine.wustl.edu/~kronkg/index.html

Comets and Asteroids at National Space Science Data Collection
http: / /nssdc.gsfc.nasa.gov/planetary/planets /asteroidpage. htrml

Comet Observation Home Page

http: / /encke.jpl.nasa.gov/

Challenger Center for Space Science Education Comet Links
http: / /www.challenger.org /cometl. html

STARDUST Home Page
http: //stardust.jpl.nasa.gov

+ When was the comet discovered?

+ Who discovered the comet? What country was the discovery from? Is the
discoverer a professional or amateur astronomer?

+ \What makes this comet unique?
» How long is this comet's period?
* How did you determine the comet’s period?

» Have any major events in history happened when the comet has appeared?
What were they?

» How did this comet change the way astronomers think about comets or the
Solar System? How did technology change the way we think about comets?

« Print out a picture of the comet. Label its coma, gas tail, dust tail, and
nucleus (if visible).

CHALLENGER CENTER FOR SPACE SCIENCE EOUCATION  sssessess



N S8 TUDENT WORKSHEET
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4. Use the following writing prompts to help your team write a two-page story about
your comet. Have the Literary Supervisor write the story as the rest of the team
provides ideas and suggestions. Base your story on actual facts and science
concepts.

* Imagine you are a reporter writing a headline story about sighting this
comet.

» Imagine that you belong to another culture in another century when your
comet appears. Describe what you see, what you think it is, and how you
feel.

+ Imagine you are an amateur astronomer watching the night sky when you
think you discover a comet. How do you feel? Who do you tell?

* Imagine you are the comet. Talk about where you would travel during your
entire orbit.

» Think of your own story!

S. If available, illustrate your story with the photo you printed of your comet. Make
sure that its parts are labeled.

Comet Halley, Image courtesy of NASA.

°°°°°°°°° CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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Cookin’ Up a Comet

Background
As long as the night sky is clear, we can see

planets depending on the timing. One of the

with a tail streaming behind.

what happens to them when they get close to
the heat of the Sun. We often hear of comets

described as “dirty snowballs,” a model that

Harvard astronomer Fred Whipple came up
with in 1950 that describes comets as being
made of rock and ice. Today, by studying the
light that comes from the comets, scientists can
determine the presence of specific substances:
frozen water, frozen carbon dioxide and other
frozen gases, dust and rock, and organic
{carbon-hased) substances.

The comet takes on its familiar shape as it -

nears the Sun. When a comet moves through
the Solar System, the Sun’s heat begins
subliming the ice and releasing gas and dust
from the core of the comet, called the nucleus.
As the ices turn to gas, they shoot away from
the nucleus in jets. This process is called out-
gassing. A fuzzy cloud of dust and gas forms
around the nucleus and is called the coma. The

solar wind and pressure from sunlight push .

the coma of the comet away from the Sun,
forming two tails, a yellowish dust tail and a
blue tail of gas particles.

Topics
Composition of comets
Physical features of comets

Objectives
Students will:
¢ Compare and identify the parts of the
comet model to the parts of a real
comet.
* Describe how comets change over time.

. Overview

- Students will learn the basic components of
that it is filled with twinkling stars. Other -
objects can be seen too, such as the Moon or -

a comet and demonstrate how the comet’s head
and tail form by building a comet model.

more exciting and rare things to see in the night Key Question

sky is a comet, which appears as a fuzzy light - What are the parts of a comet?

- Key Concepts

Why do comets look so undefined when .
other objects are clearer and unchanging? The .
answer lies in what comets are made of and

* We can use models to investigate
distant or large objects at a scale that
is easily used by humans.

¢ Comets are made of dust, rock, and ice,
which changes to a gas when it comes
close enough to the Sun.

. Materials & Preparation

* 5 Ibs (~ 2 kg) dry ice pellets or block

* 3 cups of water

* A few drops of ammonia

* A handful of sand

* A can of soda (cola)

+ A large wide mixing bowl

* A large wooden or plastic spoon for
stirring

* A hammer

¢ A large metal tub

* Heavy dishwashing gloves

* Protective eye goggles (1 pair per student)

* Cloth or paper towels

* Optional: Overhead projector, hair
dryer, and plastic wrap

- CAUTION! Dry ice is -79°C (-110°F). Any more
- than brief exposure will cause “burns.” Every-
- one handling dry ice should wear heavy rubber
- dishwashing gloves! Be sure to discuss safety
. precautions with students when working with

. dry ice.

1. Put on rubber gloves. Using a hammer,
crush the dry ice pellets or block in the
large metal tub to the consistency of snow.
Everyone should wear protective eye
goggles. DO NOT HANDLE THE DRY ICE
WITH-OUT PROTECTIVE GLOVES!!

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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bowl. Add a handful of sand, a little
ammonia, and the cola, mixing as you pour.

stirring carefully. Vapor will form: as you stir,
and the mixture will get slushy. Keep stirring
for a few seconds while it thickens.

from the sides of the bowl into the bottom.
Reach in and pack the slush into a ball. Keep
packing and forming until you have a ball
that forms a big lump. Too dry and the
mixture is not sticking, add water. Too wet
and slushy, add more dry ice.

WITH BARE HANDS!

. Observe the behavior of your miniature

comet nucleus.

. Cool Comet Viewing Tip: So the whole class

can watch the gas jetting out of the comet,
use an overhead projector. Be swre to
protect the overhead projector by covering
the glass with plastic wrap.CAUTION! Do
not leave the comet on the projector long;
the dry ice could damage it.

simulating a comet tail. Some teachers use

a hair dryer set on a low setting. Experiment
for yourself. Discuss the parts of a comet -

using the Comet Fact Sheet on page viii.

nucleus represent our current understanding
of some of the components found in actual
comets: frozen water, frozen carbon dioxide,

ammonia, dust and rock, and organic
(carbon-based) molecules.

Scientists have studied the spectrum of light
coming from real comets’ comas and tails
to determine the presence of these
substances. The research carried out in the

Comet Halley fly-by missions and the ICE
mission to Comet Giacobini-Zinner provided

further evidence of comet composition.

As the comet in this experiment melts, you

can see little jets of gas coming off the model

comet nucleus just like the observed “out-
gassing” of real comets, which can actually
affect the movement of the comet. After further -

melting of the experimental comet, the

. Pour 18 oz (2.5 cups) of water into the mixing -

. Add 2.5 cups of dry ice to the mixture, -

. Blowing hard on the comet gives a sense of

. The ingredients used to “build” a comet

GO UIDE

nucleus will begin to break apart just like real
cometary nuciei after many passes by the Sun.

12. Discuss the Reflection & Discussion questions
as a class.

Management

. 'THIS SHOULD ONLY BE DONE AS A TEACHER
. Use the mixing spoon to clean the slush away - DEMONSTRATION.

. Purchase dry ice from ice companies or ice cream
. parlors the day of or evening prior to the
. demonstration. If possible, get the pellet form
. of dry ice. Be sure to purchase five pounds of dry
. ice, although more will be needed if purchased
- the evening before. You will want to get enough

. DO NOT HANDLE DRY ICE MIXTURE extra for a test run at home the night before.

- Store the dry ice in an ice chest. Place an inch
- or so of newspaper between the dry ice and the
- container to prevent the container from cracking.

. Conduct this activity before using it in the
. classroom to get a feel for the correct amount
. of water to use.

. Reflection & Discussion

1. When you place the comet on the tray to ob-
serve, what part of the comet does it represent?

2. Describe changes, if any, in the comet after
five minutes have elapsed.

3. Use the hair dryer to represent the Sun. Set
the dryer on the low setting and blow air
on the comet. What part of the comet begins
to form? What happens when you move the
hair dryer closer to the comet?

4. What does the air from the hair dryer
represent?

5. What components of real comets are
represented by each of the ingredients in
your comet?

Transfer/Extension

1. Research the differences between this model
and a real comet. Experiment to see if you
can come up with a better model.

2. Investigate where comets are believed to have
spent the majority of their lives—either in
the Kuiper Belt or the Oort Cloud.

3. Choose some other object, system, or
phenomena, and ask your students to
model it. How do models help us understand
the world we live in?

CHALLENGER CENTER FOUR SFPACE SCIENCE EDUCATICON
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Cometary Orbits T,

Background

Johannes Kepler, who was born in 1571, was
an astronomer who struggled to find a
mathematical way to describe how the planets
moved around the Sun. For many years,

astronomers believed that the planets moved -

. Overview

This activity introduces the geometrical
- concept of an ellipse to students. It asks them
- to use mathematics to generate their own
- ellipses, and then use these ellipses as orbital
- models of planets and comets.

in perfect circles. However, Kepler eventually
realized that this wasn’t the case. In 1609 he
stated his first of three laws of planetary motion.
It said, “The orbit of each planet is an ellipse,
with the Sun located at one focus.”

An ellipse is a geomstrical shape that looks
much like a stretched out circle. To draw one,
it is easiest to drape a loop of string around
two tacks that are placed in a piece of paper.
With a pencil, draw a curve by pulling the string
taught and sweeping it around the paper. [See
diagram on p. 10] The place where the two
tacks are located are called the ellipse’s foci
(plural of focus}. The length of the long axis

the minor axis.
How stretched out an ellipse is, can be
quantified by a value called eccentricity. An

ellipse’s eccentricity is calculated by dividing -

the length between the ellipse’s foci by the length

of the major axis. I an ellipse has an eccentricity
- Materials & Preparation

Each student will need:

of zero, it is a perfect circle. If an ellipse has
an eccentricity close to one, it is very long and
narrow. Ellipses cannot have eccentricities
greater than or equal to one, or less than zero.

While Kepler’s First Law only mentions

planets, it is true that it also applies to any other

object that may orbit the Sun, including comets.
One of the distinctive features of the comets
we commonly see from Earth is that their orbits
are generally much more eccentric than the
orbits of the planets.

Topics
Orbits of objects in the Solar System
Geometry

Objectives
Students will:

CHALLEMGER CENTER
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Create ellipses and use them as models
of real orbits.

Apply mathematics to determine
properties of ellipses.

Compare the orbits of planets and comets.

. Key Questions

. How are the orbits of comets different than the
. orbits of the planets?

. How are the orbits of long period and short
. period comets different?

. Key Concepts

of the ellipse is called its major axis. The small
axis perpendicular to the major axis is called -

All objects in orbit around the Sun
travel in ellipses.

Eccentricity describes how “stretched
out” an ellipse is.

The eccentricity of the orbits of comets
are generally much different from the
eccentricity of the orbits of the planets.

A Student Worksheet entitled Cometary
Orbits

25 cm x 30 cm piece of cardboard
3 blank, white sheets of 8.5 x 11 paper
Pencil
20 cm long piece of string
2 push pins
Pencil
Ruler
Tape
Review the student procedures, as listed on
the Student Worksheet. :

Collect corrugated cardboard boxes and cut .
out pieces approximately 25 cm x 30 cm.
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3. Gather the materials listed above. . Reflection & Discussion
4. Make copies of the Student Worksheet. - 1.If the Sun is at one of the foci of an orbital

5. Before starting this lesson, students must

ellipse, is there anything at the other focus?

have a solid understanding of the properties © 2. What do you think an orbit with an

of ellipses and how they relate to comets.
Review the information in the Background

eccentricity of 0.95 would look like? Of 0.257

section with the students. Explain that all - Transfer/Extension
objects in the Solar System travel around the - 1. Kepler's Third Law says that the square of

Sun in an ellipse. If possible, show a diagram
of the orbits of planets, asteroids, and comets
as an example. _
6. Choose student helpers to assist you in
distributing the materials for the lesson.
7. Briefly demonstrate how to use the pencil,
string, and thumbtacks to draw an ellipse.

As a class, note the foci and major and minor . 2.

axes of the ellipse.

Management

Push pins are sharp. Be sure to keep track of -
them closely and make sure that they have not -
fallen onto the floor or into a chair before -
moving on to the next lesson.

the time it takes an object to orbit the Sun
in years is equal to the cube of half of the
length of the orbit’s major axis, if the length
of the axis is in astronomical AU. In other
words:

(Orbital Period in years) = (1/2 x Length of
Major Axis in AU}

Using this formula, calculate the periods of
the planet and comets in this activity.

. An ellipse is an example of a “conic

section.” Investigate what a conic section is,
and find examples of other conic sections.

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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Cometary Orbits

Student Procedures

1. Tie the ends of the string together so that they make a loop.

2. Fold the paper in half vertically and draw a vertical line on the fold to locate the
micHine of the paper.

3. Determine the midpoint of the vertical fold line. Mark the point with a pencil.
This point will be the center of the ellipse.

4. Tape the corners of the piece of paper to the cardboard.
5. Put the vyellow push pin into the cardboard at the midpoint.

Orhit of object  Distance hetween foci [cm)  Length of major axis (cm) Eccentricity

Orbit 1 1cm
Orbit 2 Gemn
Orbit 3 7cm

6. Place the white push pin in the cardboard 1 cm from the yellow push pin.
7. Loop the string around the push pins.
8. Using your pencil, draw around the string, as shown in the diagram on page 10.

9. According to Kepler’'s First Law, what object in the Solar System should one of
the foci represent? Label one of the foci this object.

10. Remove the white push pin and string from your diagram and label it "Orbit #1".

CHALLENGER CENTER FOR SPACE SCIENGE EDUCATION ssseseene
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11. Repeat steps 6-9 for the rest of the orbits. The second time place the white
push pin B cm from the yeliow push pin in a different direction then the first.
The third time place the white push pin 7 em from the yellow push pin in a
different direction than the first and the second.

12. When you are finished, measure the length of the major axes of each of the
three orbits, in centimeters. Record your answers in the table. To ensure that you
measure the full length of the major axis, line up your ruler along the ellipse’s foci.

13. The eccentricity of an ellipse is given by the following equation:

distance between foci
length of major axis

Use this equation to calculate the eccentricities of the three orbits. Record your
answers in the table above.

Eccentricity =

Questions & Conclusions

1. Which of the objects in the table are most likely comets?
2. Which might be something else? What could it be?

3. Look at the shapes of the different orbits you have drawn and examine their
relation to the Sun. How do you think Earth would be different if it had an eccentricity
like that of object two or three?

-- °°°°°°°° CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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lnvestigéting
Falling Particles

Background

when it is too dark to see it?
One problem posed to scientists a few years

ago was this: How can you collect fast-moving |
dust particles without causing changes in their |
physical structure when they hit the collection |
device? The solution to this problem is at the
heart of the STARDUST Mission, a spacecraft -
that will fly to a comet and collect particles -
from its coma, as well as capture interstellar

dust particles during its journey.

In order to develop an effective collection -
device, scientists must first have a good -
understanding of what the properties are of the -
material they are trying to collect, particularly -
those properties that could change when -
captured. Once these properties are known, :
they can proceed to design a collection device -
that will minimize or eliminate the possibilities -

of changes.

Topic
Impact of falling objects

Objectives
Students will:
* Investigate the characteristics of a clay ball.

¢ Examine what happens to a ball of clay
that is dropped from different heights.

* Measure the height, depth, and width
of a clay ball before and after a drop.

Overview

Students will measure a clay ball, and then
drop it from different heights to examine how
the impact changes the clay ball. Through class

- discussion, students will relate this to capturing
Often in their careers, scientists must find -

creative solutions in order to accomplish their - .
. . - Key Question
research. For instance, how might you measure -

the size of something that is too small to be . How might an impact of a fast-moving object

seen, like an atom, or extremely large, like the . Change the characteristics of the object?
Sun? How do you determine the composition - Kev Concent
of a planet that is too far away to be visited | oY Ly

by spacecraft? How will you learn about the .

sleeping habits of an animal that sleeps only !

comet particles.

* The impact of a falling object will change
the physical characteristics of that object.

. Materials & Preparation

* Paper towels or newspapers to cover
the floor

¢ A softball-size clay ball

¢ Student worksheets entitled Investi-
gating Falling Particles (1 per student)

* Meterstick

* 2 rulers

¢ 2 index cards

* Toothpick

1. Students will observe what happens to the
clay ball when it hits a hard surface at
different heights.

2. Use the last ten minutes of class to have each
team’s reporter share the results of their
experiments.

3. The students should conclude that clay is
malleable. It changes shape easily. The greater
the drop height the harder the clay hits the
ground, and the more the shape changes.

. Management

. This activity can be completed in one class
. period. Use caution when dropping the clay
. from three and four meters. This activity works
. best if you can drop the clay off the bleachers
. in the gym.

- Reflection & Discussion

1. Explain what happened to the clay ball when
it was dropped.

2. How did increasing the drop height change
the results of the experiment?

CHALLENGER CENTER FOR SFACE SCIENCE EDUCATION
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* X
* *
* 3. What do you think would happen if you = Transfer/Extension
threw the clay ball at the ground at different 1. Have students experiment with dropping
speeds? other sizes of clay particles to see if the size
4. What would be the problems with a moving changes the results.
spacecraft trying to capture moving comet 2. Have students drop clay with different
pacticles? hardnesses, if possible.
Encounter Configuration
Low Gain Antenna
Solar Arrave Medium Gain Antenna __— Deployed Asrogel
Y High Gain Antenna
\ S v
_.,-""—'j-d—-_r i,
T ] el T

h ‘ T Cometary & Interstellar
Dust Analyzer

Launch Vehicle Adapter

The STARDUST spacecraft will collect cometary particles in aerogel without changing the size or shape of
the particles. Photo courtesy of NASA/TPL.
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Falling Particles

Student Procedures

1. When you receive your clay be sure that it is as round as possible. If needed roll
it between your hands to round out the clay.

2. Use a toothpick to draw a T in the top of the clay ball and a B in the bottom.

3. Place the two index cards on the top and bottomn of the clay ball. Measure the
distance between the two cards in centimeters. Record this as the height in the
chart below.

4. Place the two index cards to the left and right of the clay ball. Measure the
distance between the two cards in centimeters. Record this as the width in the
chart below.

5. Place the clay ball between the two index cards [front to back). Measure the
distance between the two cards in centimeters. Record this as the depth in the
chart below.

6. Drop the clay ball from a height of 1 meter.

7. Using the index cards and the ruler, re-measure the height, width, and depth after
the fall. Record in the chart below.

8. Repeat steps 1-7, dropping the clay ball from a height of 2, 3, and 4 meters.
9. As a team, complete the Questions and Conclusions below.

Questions & Conclusions

1. Explain what happened to the clay ball when it was dropped.
2. How did increasing the drop height change the results of the experiment?

3. What do you think would happen if you threw the clay ball at the ground at different
speeds?

4. What would be the problems with a moving spacecraft trying to capture moving
comet particles?

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION

ooooooooo



S TUDENT WORKSHEET

™

Before Drop ’ After Drop  Before Drop After Drop
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Particle Euliectiun

Background
How could you capture particles from a comet?

collection medium.

Collecting materials from a comet’s comais |
no easy feat! The impact velocity of the particles
as they are captured can be up to 6 times the |
speed of a bullet fired from a rifle. These

particles are smaller than grains of sand. High-

speed capture could alter their shape and
chemical composition or vaporize them
entirely. Scientists needed something that -
would capture very tiny delicate particles -
without damaging their shape. The substance -
had to be strong to survive the launch into -
space, lightweight to keep liftoff costs low, and -
composed of materials that couldn’t melt or -

freeze in the extreme temperatures of space.

Also the substance needed to allow the -

scientists to find the particles easily.

Topic
Scientific Investigation

Objective
Students will:
* Test various mediums to collect falling
particles without changing the
characteristics of the falling particles.

Overview

Student teams examine mediums to capture -
a falling clay ball without changing it to -
simulate how Aerogel will capture particles - Management
during the STARDUST Mission. Teams test -

collection mediums and then share their -

findings with the class using visual aids.

- Key Question

- How do you capture a fast-moving object
Would a huge net work? Well, the particles are -
microscopic. How about sticky fly paper? The -
particles l:ravel so fast that they wol?.lld tear . Key Concepts
through the thin paper. How about buckets of -
syrup or water? Syrup or water would freeze -
in the vacuum of space or evaporate from the
heat of the Sun. The scientists really had -
a problem—a challenge—to find a good

without changing its characteristics?

¢ (Capturing cometary particles requires
development and testing of new
technology such as Aerogel.

* Unique challenges require unique solutions,

¢ Many issues must be taken into
account when designing an effective
scientific investigation.

* [t is important to test ideas before
putting them into use.

Materials & Preparation
* Assorted materials to use as collection
mediums (as determined by the students)
¢ 1 large diameter bucket
* Meterstick
* Clay ball about the size of a softball
1. Students will brainstorm what types of
collection medium should be used so that
the clay ball does not change shape when
dropped from a height of 3 meters.
2. Students need to consider the following:
* The substance has to be strong to
survive the launch into space.
* Lightweight to keep liftoff costs low.
* Will not melt or freeze in the extreme
temperatures of space.
* Relatively transparent so the particle
will be found easily.

3. Students will then test each material by
dropping the clay ball from 3 meters into a
bucket filled with the collection medium.

4. Students will then prepare and present a
report to the rest of the class.

This activity will take two to three class periods
to complete. During first class period students

. will brainstorm what types of material will

CHALLENGER CENTER FDR SPACE SCIENCE EDUGATION
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work as particle collection medium. After-

wards, the students will test the mediums. Use
care when dropping the clay from the different |

heights.

Reflection & Discussion

1. Did each of the collection mediums you

chose perform as expected? Why / Why not?

*

. Transfer/Extension

1. Try dropping the clay ball into the collection
medium from greater heights to see if the
medium will continue to perform as needed.

2. If you use a liquid as a medium, add Alka-
Seltzer to the clay ball and test to see if the
collection medium changes the chemical
composition of the clay ball in any way.

2. Why did you choose each of the collection

mediums?
3. How does your medium differ from Aerogel?

Image courtesy of NASA/JPL.
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Particle Collection °

Stucdent Procedures

1. What types of collection medium would you like to test? Your goal is to pick a
medium that does not change the shape of the clay ball when it is dropped from
a height of 3 meters.

2. Consider the following as you brainstorm:
» The substance needs to be strong to survive the launch into space.
Lightweight substances keep liftoff costs low.

The substance should not melt or freeze in the extreme temperatures of
space.

The medium should make it relatively easy to find the collected particles.
» Will the medium change the particles in any manner?

3. Based on your brainstorming, choose four or five items to test as collection mediums.

o

. Gather the materials you need for your test.

8. Test each material by dropping the clay ball from 3 meters into a bucket filled
with the collection medium.

6. Record your results in the chart below.

Questions & Conclusions

1. Of all the collection mediums you tested, which would be the best? Why?

2. What characteristics of the collection medium were the most important in preventing
the ball from changing shape?

3. Prepare a written conclusion and present your findings to the rest of the class.
Your report should include a summary of each test and clear reasons why you
chose each of the mediums for testing.
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Aerugél

Background

Aerogel, a silicon-based substance generated
by only a few scientists throughout the world,
has progressively been proving itself a very
useful substance to space scientists. One
thousand times less dense than glass, a figure
achieved by being made of 99 percent air, it is
the most lightweight solid known. Despite its
weight, Aerogel is particularly strong and is able

exposure to the extreme environment of space.

process make it simpler and safer to produce.
One of the useful properties of Aerogel is

Aerogel has the insulating power of six inches
of fiberglass. Aerogel has been utilized for this
during previous space missions, including the
Mars Pathfinder mission.

However, Aerogel has also proven itself as
an excellent collector of high-speed particles.

Although very tiny, the particles move so swiftly -
that they are very difficult to collect without -

damaging the particles or the collector itself.
Tests done in labs on Earth and on the Space
Shuttle show that, if engineered properly,
Aerogel virtually eliminates both of these
issues, When a particle hits Aerogel, it buries

itself in the material, creating a carrot-shaped .

track as it comes to a stop. Because Aerogel is
almost completely transparent, it is relatively
easy to find these tracks and locate the particle
at the tip of the “carrot.”

Because Aerogel has so many unique
properties, it is particularly difficult to find a
substance that models it accurately. In this
activity, “aerogel-lo” is used as an example,
although there are many differences between
the two. Among these are its high water content,

which would not allow it to travel intact in

the extreme environment of space, and its
relatively large weight.

Topics
Aerogel Technology

. Objective
- Students will:

* Compare and contrast aerogel-lo and
Aerogel.

. Overview

. This demonstration uses gelatin and steel
. pellets to show how STARDUST’s Aerogel
. collector will capture comet particles. Then use
to withstand the jostling of space travel and .
© aerogel-lo and Aerogel.

Continued improvements to the fabrication . .
P . Key Question
- How is Aerogel used to capture fast-moving

its superior insulation power. One inch of particles?

a Venn Diagram to compare and contrast

. Key Concept

* Technology helps scientists in research

. Materials & Preparation

¢ 1 packet unflavored gelatin
* Hot water
* 2 clear plastic cups (NOT the soft, opaque
plastic ones)
* A spoon
¢ A plastic straw
* A scrap of clean pantyhose and tape to
secure it
» Steel pellets (available at sporting goods
stores)
¢ Safety goggles for you and each student
1. For a successful demonstration, the gelatin
must have the right consistency.
2. Follow the directions on the gelatin packet
to achieve the proper consistency.

3. Pour the gelatin into two cups, one for class,
one for practice. Be sure to prepare the gelatin
before doing the activity in class. This does
two things; first it allows enough time for
the gelatin to set. Second, you have time to
test the gelatin and make another batch if
it does not have the right consistency.

4. To test the consistency, attach a clean scrap
of pantyhose over one end of the straw using
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tape. This precaution is to keep you from

inhaling a pellet by mistake.

. After putting on safety goggles, place a pellet .

in the straw.

. Tip the straw so the pellet slides to the
covered end. Pinch the straw, trapping the -

pellet at the top of the covered end.

. Blow the pellet into the aerogel-lo with a

quick, sharp blow.

. Gelatin has the right consistency if the pellet .
enters the gelatin easily, the gelatin stops the .
pellet, and the track from the pellet remains .
visible. If the pellet bounces off the bottom

. Management

Make another batch of gelatin using less | activity should be done as a teacher

water. If the pellet bounces off the surface | 4. snetration

of the gelatin or hardly penetrates it, add |
- Reflection & Discussion
1.
2.
3.

of the container, the gelatin is too watery.

more water to the next batch.

. CAUTION: This demonstration can be -
dangerous if not done correctly. Have your .

students wear safety goggles.

Put on safety goggles and take out the cup

of gelatin, straw, and pellets.

Place a pellet in the straw. Tip the straw so
. Transfer/Extension

1.

the it slides to the covered end. Pinch the

straw, trapping the pellet at the top of the -

covered end.

Hold the cup so students can see it or pass .

the cup around the room.

Take a big breath and at the same time, stop
pinching the straw and blow the pellet into -

14.

- 15,

. 186,

17,

2.

the aerogel-lo with a quick, sharp blow. Shoot
several pellets into the cup.

Have students observe track marks made by
the pellets.

If possible, show the image of the track from
the STARDUST website at: bttp://stardust.
jpl.nasa.gov/spacecraft/Aerogel. html.

Give students a copy of the Aerogel fact sheet
and discuss Aerogel with the students.
Using a Venn Diagram have students
compare and contrast the aerogel-lo to
Aerogel.

What makes Aerogel special?
How does Aerogel stop a comet particle?
What did scientists and engineers have to

consider when picking a material to capture
comet particles?

Research Aerogel and write a report about
its development and how it has been used
in past space missions.

Find a picture of the STARDUST spacecraft
then design and build a model of the
spacecraft.
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Aerogel Fact Sheet .

What is Aeraogel?

Aerogel is a lightweight, nearly transparent
substance that has many uses in space science.
At one-thousand times less dense than glass, a
result of being made of 99 percent air, it is the
lightest solid in existence. It has superior insulating
gualities (an inch of Aerogel insulates as well
as six inches of fiberglass!), and has proven
particularly useful for collecting smalt particles
traveling at high velocities.

How does Aerogel act as a
mechanism for capture?

Aerogel has proven itself as an excellent collector
of high-speed particles. Although very tiny, these
particles move so swiftly that they are very difficult
to collect without damaging the particles or the
collector itself. Tests done in labs on Earth and
on the Space Shuttle show that, if engineered
properly, Aerogel virtually eliminates both of these
issues. When a particle hits Aerogel, it buries itself

AEROGEL

Delicate as a flower,

yet durable enough to

withstand exireme environments.

s ‘ y

Image courtesy of Ernest Orlando Berkeley National Laboratory.

in the material, creating a carrot-shaped track as it comes to a stop. Because Aerogel
is almost completely transparent, it is relatively easy to find these tracks and locate

the particle at the tip of the “carrot.”

The limitations of the aerogel-lo model

Because Aerogel has so many unique properties, it is particularly difficult to find a
substance that models it accurately. In this activity, “aerogetio” is used as an example,
although there are many differences betwsen the two. Among these are its high
water content, which would not allow it to travel intact in the extreme environment

of space, and its relstively large weight.
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. Aerogel

Student Procedures

1. Observe track marks made by the pellet in the teacher demonstration.

2. If possible, view the image of the track from the STARDUST website at:
http: / /stardust.jpl.nasa.gov/spacecraft /Aerogel. html.

3. Read the Aerogel Fact Sheet and discuss Aerogel.
4. Using the Venn Diagram compare and contrast aerogelHo to Aerogel.

aerogel-lo Aerogel
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Extending
The Mission

Suggested Extensions
After you complete the activities in this book, there are many directions in which to
lead your students to learn more about comets. Below are guidelines for two extension

activities. The first is a discussion that can potentlally lead to a debate. The second is
a hands-on -activity for individuals or small groups.

Suggestion #1: Debate
Because comets are among the oldest objects in the Solar System, small bodies may
help us understand how the Solar System formed and evolved.
» Discuss with students the possible role of comets in the extinction of the dinosaurs.
e Discuss comet fact and ﬁCtLOIl based on recent comet movies.
* Could comets have contributed to the formation of the oceans and atmosphere
‘on Earth?

Suggestion #2: Press Kit

Have each student imagine that he or she is a team member of a mission to a comet.
This press kit will represent every aspect of the fictional mission from beginning to end.
The way it is presented should be up to the student, but below are some guidelines to
get started:

A p‘ress 'r‘e’lease announcing the m‘is‘sio’n'and it‘s‘ team members
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Glossary

Aerogel—A silicate dioxide material with the lowest known density of any solid, made
0f 99 percent air. Sometimes referred to as solid blue smoke, Aerogel is strong and bz °
msulatmg power than ﬁberglass The STARDUST spacecraft will use Aerogel to capture
microscopic, high-velocity particles from the coma of a comet and from interstellar dust.

Asteroid (also “planeteid”)—A rocky body orbiting the Sun, usually greater than
100 m in diameter. Most asteroids orbit between Mars and Jupiter, roughly 2-4 AU
from the Sun.

Astronomical unit (AU)—One AU is equal to the average distance between the Sun and
Earth, appmxnnately 150 million kilometers (93 million miles).

Circle—A geometric shape, where all points on a plane are the same distance from the
center. i ! ]

Coma—A cloud of tdus‘tand;{gss that forms around a comet's nucleus due to solar heat-ifn‘-_g_‘.

Comet—An object found in our Selar System (and possibly other systems] that is composed
of dust, rock, and ice and is generally only a few kilometers across. The comets we typically
observe from Earth have highly eccentric orbits and venture into the inner Solar System.
However, most are located far beyond the most distant planet and travel in more circular
paths. See long period and periodic comets.

Density—The mass of a substance for a given volume.

Eccentricity—A numerical value for the shape of an orbit - ranging from 0 (zero) which
equals a circular orbit to nearly 1 (one) which equals a long, flattened orbit. Planets
(except Pluto and Mercury), moons, asteroids, and short period comets have e entricity
values close to 0 (zero). L@ng period comets have eccentricity values of 0.5 or more.

Ellipse—A geometrical shape where all the points on a curve is the constant sum of the
distances from two fixed points, called focal points.

Ejecta—The debris that is ejected from the site of impact when a crater forms.
Gravity—Force of attraction between two objects that is propartmnal ta the mass of the

objects. Gravity holds us on Earth and keeps the planets orbiting around the Sun, Just
as Earth pulls on you, you pull on Earth with the exact same amount of force.
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Kuiper Belt—A belt-shaped region roughly 30 to 100 AU from the Sun (past the orbit
«of Neptune) containing many small icy bodies. It is believed to be the source of short
period comets.

:Long pemod comets—A comet w1th an erb1tal penod of more than 200 years Long penod
=yea1‘ orblt Comet Hyakutake more than a 65,000~ year orb1t

Mass—The measure of an object’s inertia, Mass is not the same as weight, which measures
the gravitational force on an object. Your mass is the same everywhere, whether you
are at home, on the Moon, or floating in interplanetary space.

inner solar system, its ices melt creatmg a muczh larger coma of dust and gas that surrounds
it. The nucleus of a comet [Halley) has only been seen once, by the spacecraft Giotto.

Qort Cloud—A huge spherical “cloud” of cometary particles that extends from beyond
the orbit of Neptune and Plite, half way out to the nearest star. It may contain a trillion
comets orbiting the Sun. This is thought to be the source of long period comets.

Orbit—The path a planetary body makes as it revolves around the Sun. The orbit of a
comet tends to be far more elliptical than planets.

Particle—A tiny quantity of a substance.
Perihelion—The point where an object orbiting the Sun is closest to the Sun.

Periodic comets (also short period comets)—A comet with an orbital period of less than
200 years. Shfort perlocl comets fade over time as more and more of their ices melt with
each passage of the Sun. Examples: Comet Halley, 76- -year orbit; Comet Encke, 3.3-year
orbit; Cemet Wild 2, 6.2-year orbit.

Short _penod comets—See p,euadm comets.

Spectrometer—An instrument used to obtain and record a spectrum of an astronomical
object. A spectrum is a series of colors that is produced when light'is spread out in order
of wavelength. Scientists use spectra to determine the chemical composition of an object.

Sublimation—The process of an ice turning from a solid state directly to a gas state,
without changing to a liquid first.

Tail—A long trail of dust and gas that extends out from the coma of a comet when it is
relatively close to the Sun. The tail of a comet always points away from the Sun. These
appendages come in a variety of shapes and lengths that can cover a significant portion

of the sky.
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Resources

This is a selected list of web sites, organizations, and magazines that teachers can consult
for more information about the STARDUST mission, comets, and other small bodies.
We encourage you to visit them, and hope they will inspire you to keep exploring.

Web Respurces
STARDUST Mission Homepage http://stardust.pl.nasa.gov/
Includes information on the mission, spacecraft, and comets, and educational materials

with terrific links to other sites. This collection of comet activities was made possible
through the support of JPL's STARDUST Mission.

Asteroid and Comet Page, NASA and National Space Science Data Collection
http:/nssde.gsfe.nasa. gov/p!anetary/planets/astemzdpage heml

Contains fact sheets, FAQ’s, photo galleries, and future mission information.

Comets and Meteor Showers http:/medicine.wustl. edw/~kronkg/index.html

You've probably seen a shootmg star” flash briefly across the sky on a clear summer
night. This site will help you learn about these and other cosmic interlopers. Plenty of
pictures and hints for observing are among the h1ghhghts here.

Comet Observation Homepage http:/encke.pl.nasa.gov/
Check thls site for the latest comet observations, finder charts, and background information

Comet Hale-BoPp Homepage http:/www.halebapp.com
Be sure to visit the official Comet Hale-Bopp page and find out just how Dr. Alan Hale
discovered this mysterious cosmic visitor! HINT: It wasn't from some huge observatory.

JPL Comet Hale-Bopp Page http:/www. pl.nasa.gov/camet/
Chronicles one of the brightest comets ever observed. Clear explanations and numerous
pictures let you keep tabs on this visitor from deep space.

JPL's Shoemaker-Levy 9 Homepage http:/www.jpl.nasa.gov/s|9/

Contains images of comet Shoemaker—Levy 9’s impact with Jupiter, mcludmg many from
spacecraft Galileo. This website was visited more during the week of the impact with
Jupiter than any homepage to date.

NASA Spacelink http; //spacehnk msfc.nasa.gov/home.index.html
Offers educational materials, software, and images on derospace topics. Special features
for teachers that sign up for accounts, Check for upcoming events for educators.

National Space Science Data Collechan (NSSDC) Homepage ht!;p//nssdc gsfc nasa, gav/planétary/
Offers latest news in planetary science, CD-ROM collections, and info
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Night of the Comet

NASA, SOFIA, and Internet in the Classroom %
hetp://www.comet.arc.nasa.gov/comet/

Chronicles amateur astronomers from around the world sharing information and
photographs of Comet Hyakutake.

Welcome to the Planets http:/pds.jpl.nasa.gov/planets/

‘This is a collection of the best images from NASA’s planetary exploration program.

Sky On Line Homepage http://www.skypub.com/
This is the Sky & Telescope magazine homepage. Offers news bulletin, Sky Publication
Catalogs, Comet Page, tips on backyard astronomy, star parties and events, links to Internet

‘telescopes, clubs, and observatories.

Space Image Libraries
NASA Aerospace Education Specialists Site
http://vww.okstate. edu/aesp/image.html

Offers latest pictures on rockets, probes, and spacecraft, and information about the Hubble

Telescope, NASA-related sites, Space Agencies, Astrophotography, special missions,
observatories, and events.

Non-Web Resources

Astronomical Society of the Pacific: ASP has a free quarterly educational newsletter
and catalog full of great educational items. Project ASTRO's Universe at Your Fingertips,
a comprehensive and ready-to-use collection of elassroom activities, teaching ideas, and

annotated resource lists, is a must-have resource for every school in the country! For

around $30, it is a bargain that cannot be passed up. Call (800) 335-2624 orwrite to the
Astronomical Soc1ety of the Pacific, 390 Ashton Avenue, San Francisco, CA 94112,

Lunar & Planetary Institute: This branch of the Center for Advanced Space Studies is.

part of the Universities Space Research Association (USRA) that offers specialized slide
sets for educators on a variety of Solar System topics. Contact LPI, Order Dept., 3600 Bay
Area Blvd,, Houston, TX 77058. Call (281) 486-2172.

NASA CORE: The Central Operation of Rescurces for Educators for NASA generated

materials. CORE, Lorain County JVS, 15181 Rt. 58 South, Oberlin, OH 44074. Call (216)

National Science Teachers’ Association: In addition to hosting wonderful conferences

and producing a variety of classroom resources, NSTA coordinates NASA's two primary
teacher training programs for elementary and secondary teachers—known as NEWEST &

NEWMAST—and the Space Science Student Involvement Program. NSTA, Space Science.

and Technology, 1840 Wilson Blvd., Atlington, VA 22201-3000. Call (703) 243-7100,

Nahonal Space Soclety' V\ﬁth membersh1p comes a subscnptmn to NSS’ Ad Astra magazme
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Challenger Center

Resources

Challenger Center for Space Science Education: Mixing a little adventure with education has proven
to be arecipe for success, Iesultmg ina v1brant growmg portfoho of Leammg EdVemuresTM programs

Gity Alpha (gmdes 5—8) and Marsw]]e A Cosrmc VzI]age [gradeq 5= 8) EdVentures in Szmulatzan A
Greal START to the 21st Centuzy isa professmnal development workshop sharing the secrets behind
Challenger Center's simulations based on more than 10 years of experience conducting successful simulation
programs. The Challenger Learning Center network reaches more than a quarter million students and teachers
each year with full immersion simulations at its 31 sites across North America. For more information
contact your local Challenger Learning Center or write Challenger Center for Space Science Education,
1029 North Royal Street, Suite 300, Alexandria, VA, 22314, Gall (703) 683-9740.

Challenger Learning Center at McWane Center
200 - 19th Street, North

Birmingham, AL 35203

205/714-8343; FAX 205/714-8400

ALBERTA, CANADA

Edmonton Space & Science Centre
11211 142 Street

Edmonton, Alberta

Canada T5M 4A1

403/452-9100; FAX 403/455-5882

CALIFORNIA

Castle Challenger Learning Center of the San
Joaquin Valley

PO. Box 449

Merced, CA 95341

209/726-0296; FAX 209/726-3491

Allied Signal Challenger Learning Center
at GSU, Dominguez Hills

1000 East Victaria Street

SAC III Building

Carson, CA 90747

310/243-2627; FAX 310/243-3858

Reuben H. Fleet Space Theater & Science Center
Nierman Challenger Learning Center

PO. Box 33303

San Diego, CA 92163

619/238-1233; FAX 619/231-8971

Challenger Learning Center at the
Discovery Museum
3615 Auburn Blvd.
Sacramento, CA 958;
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CONNECTICUT

Discovery Museum, Inc.

4450 Park Avenue

Bridgeport, CT 06604
203/372—3521 FAX 203/374-1929

DRISTRICT OF COLUMBIA
Challenger Learnmg Center of Greater
Washington
Jefferson Junior H1gh School
801 8th and H Streets, S. W,
Whe'hmgton, DC 20024

202/484-0652; FAX 202/484-0853

FLORIDA
Challenger Learning Center at Ku'by Smith
Middle School

2034 Hubbard Street

]acksonw]le, FL 32206-3798
904/630- 6601 FAX 904/630-6996

Museum of Science & Industry
4801 East Fowler

Tampa, FL 33617

813/987 6800 FAX 813/987 6310

GE'GJ’RGIA
Umverslty
703 Front Avenue
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INDIANA.

Brownsburg Community School Corp.

Harris Elementary School

725 South Green Street
Brownsburg, IN 46112
317/858-4106; FAX 317/858-4102

TOWA

Science Center of Towa

4500 Grand Avenue

‘Des Moines; IA 50312
515/274-6868; FAX 515/274-3404

LOUISIANA

Louisiana Arts & Science Center
P.O. Box 3373

Baton Rouge, LA 70821-3373
504/344-9478; FAX 504/344-9477

Howard B. Owens Science Center
9601 Greenbelt Road

Lanham MJ 20706

301/918 8750 FAX 301/918 87‘53

MASSACHUSETTS

F rammgham State College

100 State Street

Frammgham, MA 01701
508/626-4050; FAX 508/626-4059

MICHIGAN

Kalamazoo Valley Museum

P.O. Box 4070

Kalamazoo, MI 49003-4070
616/373-7990; FAX 616/373-7997

MISSOURL
Kansas City Museum
3218 Gladstone

NEW ]ERSEY

Buehler Challenger & Science Center
305 Route Seventeen South
Paramus, N] 07652

201/262- 0984 FAX 201/251-9049

NEW YORK
Ghallenger Leammg Center of Greater
Rochester

Rochester Museum & Science Genter
65 East Avenue

OHIO:

Kiser Middle:School

1401 Leo Street

Dayton, OH 45404
937/224-1753;: FAX 937/224-8945

ONTARIO, CANADA

‘Ontario Science Centre

770 Don Mills Road

Don Mills, Ontario

Canada M3C 173

416/429-4100; FAX 416/696-3197

SOUTH CAROLINA
Challenger Learmng Center
RESD1

'2600A Barhamyille Road
Columbia; SC 29204
803/929-3951; FAX 803/929-3959

TENNESSEE

Challenger Learning Center at University of

‘Tennessee at Chattanooga

615 MeCallie Avenue
Chattanooga, TN 37403-2598
423/755-4126; FAX 423/785-2190

TEXAS
Houston Museum of Natural Science
One Hermann Circle Drive
Houston, TX 77030
713/639-4600; FAX 713/639-4635

George Observatory

Brazos Bend State Park

21901 EM 762

NeedVLHe, TX 77461
409/553-3400; FAX 409/553-3331

VIRGINIA
Mathematics & Science Center
2401 Hartman Street

Richmon VA 7
804/34"3 65 ;

. FAX 804/343-6529

WASHINGTON

Museum of Flight

9404 East Margmal Way South
Seattle, Washington 98108
206/764 5700; FAX 206/764-5707

WEST VIRGINIA

Wheeling Jesuit University
NASA E€lassroom of the Future:
316 Washington Avenue
Wheelmg, West Virginia 26003-6295
il W)' TF or 304/243-2388;
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The creation of these educational |
activities was made possible hy support from
NASA’s Discovery Mission Program and the °
Jet Propulsion Laboratory’s STARDUST Project. :
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