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’)’ Field Trip to the Moon PROGRAM OVERVIEW

What is Field Trip to the Moon?

Field Trip to the Moon uses an inquiry-based learning approach that fosters team building and introduces
participants to careers in science and engineering. The program components include the Field Trip to
the Moon DVD, LRO/LCROSS Activities, and Lunar Base Activities. Together these materials can be

used to create your own workshop that introduces important concepts about the Earth and the Moon,
and motivates participants to use their cooperative learning skills. Working as a full group or in teams,
the participants can develop critical thinking skills, problem-solving techniques, and an understanding of
complex systems as they discuss solutions to the essential questions in this program.

—~ FIELD TRIP TO THE MOON DVD

The DVD presents a wide range of media to use in your workshop: an introduction; the Field Trip to the
Moon feature presentation; LRO/LCROSS animations and interviews; and additional media including

a visualization about the formation of the Moon, and Moon trivia questions. The feature presentation
introduces viewers to the challenges and excitement of launching from Earth’s surface and journeying
through space to land on the Moon. On the way, viewers will discover some of the differences between
Earth and the Moon, and what makes our planet unique and habitable.

m LRO/LCROSS ACTIVITIES

This set of activities introduce NASA’s Lunar Reconnaissance Orbiter (LRO) and the Lunar Crater
Observation and Sensing Satellite (LCROSS). This mission is collecting data that will help scientists and
engineers determine the best place to build a future lunar outpost. Each activity engages the participants

in important topics related to the mission, including lunar landforms, impact craters, geologic history,
spacecraft design, and the future of lunar exploration. Select two to three activities, depending on your time
frame and age level of the group.

LUNAR BASE ACTIVITIES

This set of activities engages participants in the exploration of the Moon’s habitability and sustainable
resources. Participants plan for the design and creation of a lunar station. Teams of participants investigate
six topics:

4 @ - a0 2

Ecosystem Geology Habitat Engineering Navigation Medical

Each team considers important topics related to future lunar missions, including technological,
environmental, and psychological factors. Throughout the investigation, teams share their results with each
other. When the teams finish their individual tasks, the group comes together to complete the lunar station.
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FIELD TRIP TO THE MOON DVD




FIELD TRIP TO THE MOON DVD OVERVIEW

N

About the DVD

The Field Trip to the Moon DVD presents a wide range of media created using NASA engineering models
and scientific data. The DVD was developed by the American Museum of Natural History in collaboration
with NASA Exploration Systems Mission Directorate (ESMD), and working closely with Marshall Space
Flight Center, Ames Research Center, and Goddard Space Flight Center.

The DVD includes the following media:

e Introduction (2:50)

A short historical introduction to human exploration of the Moon.

e Field Trip to the Moon Feature Presentation (20:42)
The complete journey: from launch, through Earth orbit, to Moon orbit and landing. Like NASA’s
astronauts, audience members will come face-to-face with the challenges and excitement
of launching from Earth’s surface and journeying through space to land on the Moon.
Along the way, they discover some of the differences between the Earth and the Moon
and what makes our planet unique and habitable.

Key segments include:

¢ Vehicle Assembly Building ¢ Earth’s Magnetosphere
¢ aunch Pad e Spacecraft Flyby
¢ [ aunch into Earth’s orbit ¢ Moon (approach, orbit, and landing)

Field Trip to the Moon Feature Presentation — no narration (20:42)
The main program is also available with music but no narration, allowing for alternate descriptions.

LRO/LCROSS Media (TK)

Short media segments that introduce NASA’'s LRO/LCROSS mission, including animation,
interviews with NASA scientists, and related mission details.

Our Moon (2:22)

A short annotated visualization about the formation of the Moon. Evidence suggests that the
Moon formed when a Mars-sized object collided with the young Earth, and detailed computer
models demonstrate that such an impact could form the Moon in just one month.

Q Lunar Trivia (5:05)

Multiple-choice questions about the Moon and lunar exploration to the key concepts.

Tech Specs

Use requires a DVD player (or computer) and a TV (or other monitor). The media is 16:9 resolution
(@anamorphic), so it will look best on widescreen TVs, but it is also formatted to display properly on
standard definition TVs, with the black bars along the top and bottom of the screen typical of this format.
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W LRO/LCROSS ACTIVITIES OVERVIEW

Time Frame
Up to two and a half hours, depending on which activities you select.

Preparation
Gather all materials for the activities you select. You will also need time to prepare the reproducibles.
Read the background article to learn about NASA’'s LRO/LCROSS mission.

1 Phase One: Media Presentation (20 minutes)

Share with participants that in late 2008 NASA will be sending a spacecraft to explore the Moon: the Lunar
Reconnaissance Orbiter (LRO) and the Lunar Crater Observation and Sensing Satellite (LCROSS).
This mission will collect data that will help scientists and engineers determine the best place to build a
future lunar outpost. View the LRO/LCROSS Media on the DVD.

2 Phase Two: LRO/LCROSS Activities

This set of activities engages participants in the exploration of important topics about the LRO/
LCROSS mission, including lunar landforms, impact craters, geologic history, spacecraft design,
and the future of lunar exploration. Select two to three of the activities, depending on your time
frame and age level of the group.

@ Lava Layers Age Level: 5-9 Time Frame: 40 minutes

In this activity, participants will learn about lunar stratigraphy created by lava flows from
multiple volcanic eruptions.

@ Build the Orbiter Age Level: 8-14 Time Frame: 60 minutes

In this activity, participants will build a model of NASA’s Lunar Reconnaissance Orbiter (LRO),
built from edible or non-edible materials. They will learn about the instruments the spacecraft
will carry and how these instruments will help us better understand the Moon and plan for a
future lunar outpost.

The Moon Tune Age Level: 7-12 Time Frame: 20 minutes

This song activity will introduce participants to how the Moon formed and changed through
time, NASA missions that will search for water and other resources on the Moon, and the
future of lunar outposts.

@ Impact Craters Age Level: 5-14 Time Frame: 45 minutes

In this activity, participants will explore what happens when a meteorite, asteroid, or other
object hits the Moon. They will explore what features the impacts create by dropping balls of
different sizes and weights from different heights.

@ Moon Landforms Age Level: 9-14 Time Frame: 40 minutes

In this activity, participants will identify landforms on the surface of the Moon using
photographs taken from the Apollo spacecraft.



"\ LRO/LCROSS ACTIVITIES

BACKGROUND

ABOUT THE LRO/LCROSS MISSION

A NASA spacecraft preparing for future human exploration of the Moon.

The United States has begun a program to extend
human presence in the solar system, beginning with a
return to the moon. Returning to the moon will allow
scientists to explore fundamental questions about the
history of Earth, the solar system and the universe—
and about our place in them. It will also allow us to test
technologies, systems, flight operations and exploration
techniques that will enable future missions to Mars and
beyond.

The first step in this endeavor will be to launch the
Lunar Reconnaissance Orbiter (LRO), an unmanned
satellite that will create a comprehensive map of the
moon’s features. It will also identify resources that will
aid in the design of a lunar outpost. LRO follows in the
footsteps of Ranger, Lunar Orbiter, and Surveyor. These
predecessors to the Apollo mission searched for the
best possible landing sites.

The goals of LRO go beyond the requirements of
these previous missions because building a lunar
outpost means spending extended periods on the
lunar surface. LRO will focus on the selection of safe
landing sites, and identification of lunar resources. It
will study how the lunar radiation environment will affect
humans. The satellite will spend at least one year in a
low polar orbit approximately 31 miles (50 km) above
the moon’s surface, collecting detailed information. The
LRO payload, comprised of six instruments and one
technology demonstration, will provide key data sets
to enable a safe and productive human return to the
moon.

The Lunar Crater Observation and Sensing Satellite
(LCROSS) is another component of the return to the
moon endeavor. The two main parts of the LCROSS
mission are the Shepherding Spacecraft (S-S/C) and
the Centaur rocket. Just like on Earth, water is a crucial
resource on the Moon and it is not practical to transport
the amount of water needed for human exploration.

The LCROSS mission will search for water on the moon.
It will do this by sending the Centaur rocket crashing
into the moon’s surface. The impact will produce a
crater and will eject tons of debris and potentially water
ice and vapor above the lunar surface.

The Lunar Reconnaissance Orbiter (LRO) in orbit around the Moon.

At the same time the scientific instruments aboard the
Shepherding Spacecraft will take pictures of the rocket’s
descent and impact on the moon. Four minutes later,
the Shepherding Spacecraft will follow almost the exact
same path as the rocket, descending down through the
big plume, analyzing it with special instruments. The
analysis will look specifically for water (ice and vapor),
hydrocarbons and hydrated materials. The Shepherding
Spacecraft will continually collect data and transmit it
back to Earth before it too crashes. The Centaur crash
will be so big that we on Earth may be able to view the
resulting plume of material it ejects with a good amateur
telescope.

The LRO mission and the LCROSS mission are
scheduled for launch on an Atlas V 401 rocket in
late 2008. LRO, the Shepherding Spacecraft and the
Centaur will be connected to each other for launch, but
then the LRO will separate one hour after launch.

NASA article adapted from:
http://Iro.gsfc.nasa.gov
http://Icross.arc.nasa.gov

10



W LRO/LCROSS ACTIVITIES LAVA LAYERS

Lava Layers

In this activity, participants will learn about lunar stratigraphy
created by lava flows from multiple volcanic eruptions.

Age Level
5-9

Time Frame
40 minutes

Materials
® Four 4 oz. paper cups/per group

® A screw-on bottle cap/per group

® Pie pan/per group

® (Clear plastic straws

* Teaspoon

® Baking soda

® Measuring cup

® White vinegar

® Food coloring (4 colors: red, blue, yellow, green)

® Play dough (either bought or homemade) in the same 4 colors as food coloring (see attached homemade play
dough recipe)

® Colored pencils

¢ Drawing paper

Preparation
For each group:

1. Secure the bottle cap to the center of the tin using a loop of tape. Put a teaspoon of baking soda in the cap.

2. Fill 4 tall paper cups each with 1/8 cup of vinegar. Make each cup a different color by adding 3 drops of food
coloring (red, blue, yellow, green).

3. Set aside small balls of clay, one of each color.

Adapted from NASA’s Lava Layering Activity:

http://lunar.arc.nasa.gov/education/activities/active7.htm

1



W LRO/LCROSS ACTIVITIES LAVA LAYERS

Lava Layers (continued)

Exploration

1.

Ask participants what they see when they look at the Moon (a face, light and dark areas). Tell them that the
dark areas are the lunar maria, or seas. Explain that they are not actual seas or oceans, but layers of lava that
have flooded low areas in the past. Tell them that in this activity they will create their own lava flows. They will
then take a core sample from the thickest part. Explain that geologists take core samples of earth and then
analyze the layers. The information they gather can tell them what happened in the past.

. Divide participants into groups of 3 to 4. Distribute pie tins, cups of colored vinegar and play dough to each

group. Tell groups that the bottle cap is their eruption source and the pie tin represents the original land
surface.

. Have groups pour the red-colored vinegar into the source cap and watch the eruption of “lava.” Have group

members use red play dough to cover the areas where red “lava” flowed.

. Have groups repeat step 3 for each color of vinegar and play dough. You may need to add fresh baking soda

to the source cap or spoon out excess vinegar as needed.

. Distribute clear straws, paper and colored pencils to each group. Have each participant push a straw through

an area of overlapping clay “lava” layers to get a “core sample.” Have them draw what they see in the vertical
section, color their drawings and add these labels: oldest flow, youngest flow.

Wrap-Up
When groups have finished, have participants present their findings. You may want to use the following questions to
build understanding.

After your four eruptions, can you still see the original land surface (pie tin)? Where?
Do you see lava flows covering or overlapping other flows? Describe it.

Where is the oldest flow?

Where is the youngest flow?

Did your lava flows always follow the same path? How were the lava paths different?
What do you think controls the direction of lava flows?

If you had not seen the eruptions, how would you know that there are many different layers of lava? Can you
give two reasons?

12



W LRO/LCROSS ACTIVITIES BUILD THE ORBITER

Build the Orbiter

In this activity, participants will build a model of NASA’s Lunar Reconnaissance Orbiter (LRO), built
from edible or non-edible materials. They will learn about the instruments the spacecraft will carry and
how these instruments will help us better understand the Moon, and plan for a future lunar outpost.

Age Level
8-14

Time Frame
60 minutes

Materials
® Picture of the LRO for each group or for individuals to share

¢ Building materials (choose one):

* Non-edible materials: medium size cardboard boxes, an assortment of smaller boxes (cereal boxes,
milk containers, round boxes, etc), tin cans, flat pieces of cardboard, straws, foil cupcake holders, tin
foil, glue, tape, silver electrician’s tape, film canisters, pipe cleaners, magic markers.

® Edible materials: candy, cookies, and crackers of varying shapes and sizes, including: pinwheel cookies
(module), cupcakes (module), graham crackers (solar panels), sugar wafers (solar panels), gumdrops,
candy corn, peppermints, after dinner mints, licorice sticks, hard candy, graham crackers, sugar
wafers, pirouette cookies, pretzels, oyster crackers, marshmallows, snack mix, cereal.

Exploration

1. Discuss with participants what kind of information the LRO will collect and how that information will be used.
Point out that different NASA groups will design, assemble, and test the instruments for the LRO spacecraft.
The NASA groups have to communicate with each other and with the technicians who will be putting the
spacecraft together. They have to ensure that the instruments are the right weight, fit correctly together in the
space available, and will collect measurements properly.

2. Display the pictures of the LRO spacecraft. Point out and name the various instruments. Tell participants that
they will work in teams to build their own model of the LRO and then present it to the entire group.

3. Have the participants work in small groups. Distribute a picture of the LRO spacecraft and an instrument
information sheet to each group.

4. Have groups look at the orbiter and identify and read about each instrument. Have them discuss how they
might go about building their LRO. Have them choose the materials they will need and work together to
construct the orbiter.

Wrap-Up
Have each group present their completed orbiter. Call on different members of the group to point out the various
instruments and to describe their functions.

Adapted from LPI’s Building an LRO Activity:

http://www.lpi.usra.edu/education/explore/moon/Iro.shtmi

13



W LRO/LCROSS ACTIVITIES BUILD THE ORBITER

Lunar Reconnaissance Orbiter

This diagram shows the LRO spacecraft that will orbit around the Moon.
There are six instruments on board, each with a specific job.

CRATER

Cosmic Ray Telescope for
the Effects of Radiation
This instrument
measures the radiation
levels on the Moon.

LROC

Lunar Reconnaissance
Orbiter Camera

This is a special camera
that takes close-up
pictures of the surface
of the Moon in order to
look for safe places that
future missions could
land. It is also looking
for places that sunlight
doesn’t reach or places
where the sun is almost
always shining.

LAMP

Lyman Orbiter Laser Altimeter
This camera looks for ultraviolet
light—a kind of light that our eyes
cannot see—in order to locate
places on the Moon that are
always in shadow. It is looking for
water-ice that might be hidden in
the darkness of these areas.

DLRE

Diviner Lunar Radiometer
Experiment

This instrument takes the
temperature of the lunar surface.

LOLA

/ Lunar Orbiter Laser Altimeter
This instrument will make
a detailed map of the
surface of the Moon that is
good enough to allow for
safe landings on the lunar
surface. It is also looking for
ice crystals on the surface
of the Moon that might be
hidden in dark shadows.

LEND

Lunar Exploration Neutron Detector

This instrument measures how many
neutrons, or tiny particles with no electric
charge, come from the Moon’s surface.
Neutrons are made when cosmic rays
from space hit the lunar surface.

14



W LRO/LCROSS ACTIVITIES THE MOON TUNE

The Moon Tune

This song activity will introduce participants to how the Moon formed and changed through time, NASA
missions that will search for water and other resources on the Moon, and the future of lunar outposts.

Age Level
7-12

Time Frame
20 minutes

Materials
® The Moon Tune lyrics

* Field Trip to the Moon DVD (this optional music track is located in the LRO/LCROSS menu)

Exploration
Note: The song is sung to the tune of “You are my Sunshine.” Older participants may want to make up their own tune
in different musical styles (such as hip-hop, country, jazz, etc).

1. Have participants divide into groups. Distribute “The Moon Tune.” Explain that each group will be called on to
sing several stanzas. Sing the first stanza of the song, pausing at the “/” symbol to make sure participants are
familiar with the tune.

2. Designate which stanzas each group will sing. Then, sing the song along with the groups! You may want to
use the optional music track on the DVD as accompaniment to your singing.

Adapted from LPI’s LRO Moon Tune Activity:

http://www.lpi.usra.edu/education/explore/moon/moon_tune.shtml

15



W LRO/LCROSS ACTIVITIES THE MOON TUNE

The Moon Tune (continued)

Wrap-Up
Conclude the activity by using the following questions to guide a discussion. Encourage participants to find answers
in the lyrics.

1. How did our Moon form?
(Answers will include: A large, planet-sized body struck Earth, vaporizing the impactor and hurtling pieces of
the impactor and Earth’s outer surface into orbit around Earth. Those pieces eventually clumped together —
accreted — to form our Moon.)

2. How do craters on the Moon form?
(Answers will include: Craters are formed when asteroids or comets strike the Moon. Most of the larger craters
formed early in the Moon’s history, until about 3.9 billion years ago; however the Moon and other planetary
bodies still are hit by asteroids and comets occasionally.)

3. What important resource may comets deliver to the Moon when they strike?
(Answers will include: Ice; comets contain water ice.)

4. Why would ice from comets not melt?
(Answers will include: If it is in the deep craters, or in polar regions, where the Sun’s heat does not reach it, it
could stay frozen.)

5. How did the Moon’s dark patches form?
(Answers will include: Some craters were later filled by lava that cooled to form smooth, dark areas on the
Moon. These dark areas are called mare, or seas, but they never contained water.)

6. What is the Lunar Reconnaissance Orbiter? How long will it orbit the Moon?
(Answers will include: The LRO is a NASA spacecraft that will orbit and study the Moon for about a year.)

7. What kinds of information will the LRO collect for scientists?
(Answers will include: Measurements of temperature and radiation from the Sun, maps of resources like types
of rocks and water ice, maps and pictures of the lunar surface and its features.)

8. Why does NASA want to collect more information about the Moon?
(Answers will include: NASA plans to send humans to the Moon for extended stays at lunar outposts around
2018. LRO will provide important information about where certain resources — like water ice and elements
in rocks — exist, where the surface is safe for landing and building, and where scientific questions about the
Moon’s formation and changes can best be studied. All of these activities will prepare future astronauts to
explore Mars and beyond.)

16



W LRO/LCROSS ACTIVITIES THE MOON TUNE

The Moon Tune

Note: The song is sung to the tune of “You are my Sunshine.”

The LRO is / NASA’s new mission

To orbit ‘round the Moon one year,

And take cool pictures / of all the craters
In search of water with hi-tech gear.

Some lunar craters / were made by comets,

Those balls of dirt and ice in space.

They hit the Moon and / they made some big holes,
That made the Moon have a crater face.

And if these craters / are deep enough holes
Some of their ice may still be there.

And when you melt ice / you will get water,
And it’s the water about which we care.

The Moon has many / other cool features.

It has some mountains, rocks, and seas,
Except the “seas” are / not filled with water,
They’re filled with hard lava rock, you see?

Now let me tell you / the cool true story

Of how our Moon first came to be.

It was part of Earth / then it got knocked off
By a planet-sized rock and set free.

It wasn’t knocked off / into just one piece,
But into lots of rocks in space.

Then they accreted / that’s stuck together,
To form our Moon that extraordinary place!

©2008 American Museum of Natural History

And with the data / that we collect there,

We will return again some year.

Two thousand eighteen / is what we hope for,
And on that day then all Earthlings will cheer!

In LRO the / “L” stands for “lunar,”

Which is another word for “Moon.”

“R” means “reconnaissance” / that is a big word
For getting info to get us there soon!

What does the “0” mean? / It stands for “orbiter”
Which means to circle ‘round and ‘round.

The LRO will / just stay in orbit

And, no, it never will ever touch down.

The type of data / it will collect there,
Will be about Moon temps and ice,
And radiation / and surface features.
To have this data will sure be nice!

There is one thing that / the Moon does not have,
And that’s an atmosphere with air.

But we’ll extract it / from rocks and water,
Which will help us build bases up there!

And all this data / will help us know how

To someday build a lunar base,

To launch some rockets / and other spacecraft,
To Mars and other cool places in space!

17



W LRO/LCROSS ACTIVITIES IMPACT CRATERS

Impact Craters

In this activity, participants will explore what happens when a meteorite, asteroid, or other object
hits the Moon. They will explore what features the impacts create by dropping balls of different
sizes and weights from different heights.

Age Level
5-14

Time Frame
45 minutes

Materials
* NASA photographs of craters on the Moon and Mars

® One large tub or box, such as a large dishpan

® Alarge bag of flour (enough to fill the box 1-2 inches deep)
¢ Fine cocoa powder or sand

* Sieve

* Two same-size balls of different weights, such as a marble, gumball, or mothball; two same-weight balls of
different sizes, such as a rubber ball and golf ball

® Yard stick

® Small rulers

* Tooth picks

¢ 3x5 index card to smooth the surface of the powder
* Newspaper

¢ Data chart for each participant

Preparation

1. Fill the pan with flour to a depth of 1-2 inches (2.5-5 centimeters). Tap the pan to settle the flour and
smooth the surface.

2. Using the sieve sprinkle a fine layer of cocoa or sand evenly and completely over the flour.
3. Sprinkle another layer of white flour on top of the cocoa or sand.

4. Spread newspaper on the floor and place the pan on top of the newspaper.

Adapted from NASA’s Make a Crater Activity:

http://lunar.arc.nasa.gov/education/activities/active15a.htm

18



W LRO/LCROSS ACTIVITIES IMPACT CRATERS

Impact Craters (continued)

Exploration
Note: You may want to simplify the activity according to the age and ability of your participants. As you conduct the
activity, use the questions in the Wrap-up section to guide their understanding.

1. Display the NASA photographs of craters on the Moon and Mars. Call on volunteers to identify the parts of
a crater (most craters have deep central depressions, raised rims, and a blanket of ejected material, ejecta,
surrounding them). Ask what factors might affect a crater’s appearance (the nature of the surface, and the
speed, size, and mass of the object making the impact). Tell participants they are going to explore how craters
are made.

2. Distribute a data sheet to each participant, and have them record data for each test. Have them gather around
the box, standing several feet away from it. Begin with the balls that are similar in size, but different weights.
Before a ball is dropped have a volunteer ready with the yardstick to measure each height. Have another
volunteer take one of the balls and drop it from three different heights. Call on other volunteers to measure
the diameter of each crater, its depth (using a toothpick), and the distance the ejecta traveled after the impact
(from the edge of the crater). Repeat the test using the other ball that is similar in size.

3. If necessary, smooth out the top layer and sprinkle more cocoa or sand and then flour. Then repeat the above
procedure with the balls that are similar in weight, but different sizes.

4. After testing, have participants analyze and discuss their data. You may want to use the following questions to
guide their understanding:

* How did crater size change when balls of different mass (i.e., weight) were dropped from the same
height?

* How would you state the general relationship between a ball’s mass and the crater size?
* How did the size of the balls affect the crater sizes?

* How would you state the general relationship between a ball’s size and the crater size?

* How did the different speeds of the balls affect the crater sizes?

* How would you state the general relationship between a ball’'s speed and the crater size?

Wrap-Up
Call on volunteers to share what conclusions they can draw from the analysis of their data. Encourage them to cover
these points:

® The higher the ball’s starting point, the greater its velocity at impact.

® The greater an object’s velocity, the larger its impact crater.
* When dropped from a given height, the greater the mass, the larger the crater.

* When dropped from a given height, the greater the volume, the larger the crater.

19



W LRO/LCROSS ACTIVITIES IMPACT CRATERS

Impact Craters Data Sheet

Record your findings in these charts.

but different weight of drop of crater of crater ejecta traveled
TEST1 Ball1
TEST2 Ball1
TEST3 Ball1
TEST 4 Ball 2
TESTS Ball 2

TEST6 Ball 2

but different size of drop of crater of crater ejecta traveled
TEST1 Ball1
TEST2 Ball1
TEST3 Ball1
TEST4 Ball 2
TEST5 Ball 2

TEST6 Ball 2

20



~\ LRO/LCROSS ACTIVITIES IMPACT CRATERS

Craters on the Moon




W LRO/LCROSS ACTIVITIES IMPACT CRATERS

Craters on Mars

22



W LRO/LCROSS ACTIVITIES MOON LANDFORMS

Moon Landforms

In this activity, participants will identify landforms on the surface of the Moon using photographs
taken from the Apollo spacecraft.

Age Level
9-14

Time Frame
40 minutes

Materials
¢ |andform Identification Answer Key

For each group:
¢ | andform Information Sheet

* NASA photographs of the lunar surface

¢ | andform Identification Sheet

Introduction

Share with participants that in late 2008 NASA will be sending a spacecraft — the Lunar Reconnaissance Orbiter (LRO)
— to orbit the Moon. This spacecraft will collect science information that will help scientists and engineers determine
the best place to build a future lunar outpost.

Exploration

1. Talk with participants about some of the common landforms they know. You can ask:

® |magine you were going on a trip to a place you’d never been before. Would you need to know what the
land looked like? Why?

¢ Now imagine you were going to the Moon. Why would you need to know what the surface of the Moon
is like?

2. Tell participants that they are going to use some NASA photographs to identify Moon landforms. Invite them to
describe what they see when they look at the Moon (light and dark areas). Call on volunteers to name the light
and dark areas. If necessary, explain that the light areas are the lunar highlands and that the darker plains are
called the lunar maria (which is Latin for “sea”).

3. Display a photograph of the Moon (or if you have a large group, distribute a few of the photographs for
participants to share). Have participants identify the highlands and the maria (numbered 1 and 2).

Adapted from NASA’s Lunar Landform Identification Activity:

http://lunar.arc.nasa.gov/education/activities/active13a.htm
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Moon Landforms (continued)

4. Distribute Landform Information Sheet and ask volunteers to read aloud how these regions formed. Direct
them to the lines called rays indicated by number 3. Have a volunteer read aloud the description of a ray. Have
participants identify other rays in the Moon photograph.

5. Divide participants into groups of 3-4. Distribute photographs and an Identification Sheet to each group. Tell
groups their task will be to identify the lunar landforms in the photos using the Landform Information Sheet.
They will then record their findings on the Identification Sheet. They can begin by filling in the identification
sheet for landforms 1, 2, and 3 that they previously identified on the first photograph. Have groups begin the
task. Point out that some landforms may appear in more than one photo. While groups are completing the
task, circulate among them and provide assistance, if necessary.

Wrap-Up
Give each group time to present their findings. If there are discrepancies in identification, call on groups to explain
how they arrived at their answers. Use discussion questions to wrap up the activity:

* Were some landforms easier to identify than others?

® Did shadows help make some landforms easier to see?

® |Imagine you were asked to choose a landing site for a lunar vehicle. Which landform would you choose
to land on or near? Why?
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Landform Information Sheet

central crater uplift
Mountain in the center of large (greater than 40 kilometer in diameter) impact craters.

cinder cone
A low, broad, dark, cone-shaped hill formed by an explosive volcanic eruption.

crater ejecta
Material thrown out from and deposited around an impact crater.

dome
A low, circular, rounded hill which is suspected to be a volcanic landform.

highlands

The highlands appear as bright areas of the Moon. The highlands are comprised of countless
overlapping craters (ranging from 1 meter to over 1000 meters) that formed when meteorites
crashed into the Moon.

impact crater
A roughly circular hole created when something, such as a meteorite, struck the Moon’s surface.

lava flow
A break out of magma from underground onto the surface.

maria
Areas that formed when lava flows filled in low places. The low places are mostly inside huge
basins which were formed by large meteor impacts. The maria cover 16% of the Moon’s surface.

multi-ringed basin
Huge impact crater surrounded by circular mountain chains.

ray
Bright streak of material blasted out from an impact crater.

rille
A channel in the lunar maria formed by an open lava channel or a collapsed lava tube.

terraced crater walls
Steep walls of an impact crater with “stair steps” created by slumping due to gravity and landslides.

wrinkle ridge
A long, narrow, wrinkly, hilly section in the maria.
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Landforms ldentification Sheet

Make a checkmark for each landform you identify in the photos.

oo | 1] 2| 3| a]s o] 7]s|ofwfuie|su]is|o|i|i]n]|2

central
crater uplift

cinder cone

crater ejecta

dome

highlands

impact
crater

lava flow

maria

multi-ringed
basin

ray

rille

terraced
crater walls

wrinkle
ridge

26



W LRO/LCROSS ACTIVITIES MOON LANDFORMS

Landforms ldentification Sheet
ANSWER KEY
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The Moon
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Orientale
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Apollo 15 Landing Site
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Tycho
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Mare Imbrium
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Oceans of Storms
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Copernicus
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LUNAR BASE ACTIVITIES OVERVIEW

Team Investigations

This set of activities engages participants in our exploration of the Earth’s Moon to assess its habitability
and potential for sustainable resources. Each team will have two tasks to complete, and each task will have
specific objectives. Some of the teams (Ecosystem, Habitat, Medical) have more steps to complete than
the other teams, so you may want to assign more participants to these teams.

Ecosystem Investigation http://corecatalog.nasa.gov/item.cfm?num=300.0-86D

This team will investigate ecosystems and food webs. Using the information they gather,
they will design a sustainable ecosystem for the lunar station.

Geology Investigation http:/corecatalog.nasa.gov/item.cfm?num=300.0-86A

This team will locate and analyze resources at the chosen landing site. They will then
determine the natural resources available and select a mining area.

Habitat Investigation http:/corecatalog.nasa.gov/item.cfm?num=300.0-86C

This team will identify the living, working, and recreational space needed for humans on
the Moon. They will then design a model of a sustainable habitat for humans.

This team will determine the energy resources available on the Moon and design a power
station for the lunar station.

Navigation Investigation http:/corecatalog.nasa.gov/item.cfm?num=300.0-86E

This team will choose one of two possible landing sites on the Moon. They will then pack
the rocket so that all the needed materials from each team will fit in the cargo bay.

* Engineering Investigation

+ Medical Investigation http:/corecatalog.nasa.gov/item.cfm?num=30