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were disproven in 1965 when tlie Mariner
Spacecraft flew by Mars and took pictures. The

*- to great

but ths-
liquid water .. disappeared. In June
2000, . ° " _ imaging data from
the Mars Global Sw.v., .. came upon a very
exciting discovery. They found areas on the
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Geologic features lead to more unanswered
questions. While Mars is one of the smaller
rocky planets—its diameter half the size of
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bv e and scientists will allow people,
instead of robots, to eventually live on and

explore Mars.



MARS, THE RED PLANET, has not always had its name. :

When the Babylonians wrote about Mars 3,600 years

. ago, it was referred to as one of the five “stars that
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PRE-ACTIVITY THINKING WEB

Mapping Out a Trip to Mars

Objectives

Students will:
¢ Create a thinking web

¢ Explain their knowledge of Mars

Overview

Brainstorm and create a Thinking Web that
demonstrates students’ knowledge of Mars and
space travel. This is an opening exercise to

introduce Mars to students and to assess prior

knowledge.

Key Questions
* Why visit Mars?
* What would one need to bring for a
long visit to Mars?

o Given the chance to visit Mars, what
would you study?

| would bring a portable headset
or computer game.

. 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 the 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:

Discuss the life of batteries and recharging
facilities.

| would pack a lot of pizza,
or other food products.

Discuss refrigeration, cooking, and
preservation of food.

| would take lots of clothes.

Discuss the environment and safety of a
spacesuit

| would look for Martians.

Discuss what is life and how you might
find it.

| would study the face on Mars.

Compare and contrast the difference
between real objects and photographs

[ would go and visit Sojourner.

Discuss past Mars missions and the use of
technology.

| would visit Mars because no one has ever
been there.

Discuss how curiosity about the unknown
leads to exploration.

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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Background

If you’ve ever played a sport in which you had
to throw a ball to someone who was a moving
target, then you can relate to the difficulties

of a rocket launch from Earth to Mars. You must

throw the ball at exactly the right speed and
assume where the catcher will be according
to his or her running speed. In the same way,
a launch from Earth to Mars must consider the
speed of the spacecraft and the speed of Mars
in its orbit around the Sun. To add to the
complication, Earth too is moving in orbit
around the Sun at a different speed. The Earth
completes its solar orbit every 365 days while
a Martian orbit takes 687 days. This happens
for two reasons, The Earth travels faster than
Mars and it orbits closer to the Sun, so it has
less distance to cover.

The launch must take place when the two
planets align with one another which happens
every two years. Another launch factor is the
rotation of Earth. The launch site must be facing
the right direction. Imagine spinning in circles
and having to throw the ball to the moving
catcher. The ball would need to leave your hand

to land in the right place.

While the launch date and time are crucial
to a mission’s success, survival is another
major consideration for a long-duration
human mission to Mars. The trip would take
six months each way. During this travel time,
the crew is exposed to weightlessness,
radiation, and other dangers inherent to space
travel. One answer to these hurdles may be

to make the trips faster. However, there is a

tradeoff. A faster trip would result in less
exposure to radiation and other dangers, but
would demand greater amounts of fuel. One
might think of a long journey in a car. Driving
faster will use more gas, but time will be saved.
Engineers must balance speed with fuel
requirements and choose the most efficient,
cost-effective plan.

CHALLENGER CENTER
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. Topic
Plotting Trajectory

. Objectives

Students will:

* Compare and contrast the location of
Earth and Mars as they orbit around
the Sun.

* Use data to plot the paths of spacecraft
leaving Earth in the year 2018 for Mars
and leaving Mars in 2020 for Earth.

. Overview

In this activity students work in pairs to plot
- the paths (trajectories) of a spacecraft traveling
. between Earth and Mars in the year 2018 and
. returning in 2020, These paths use the
. minimum amount of fuel, and take about six
- months to travel from one planet to the other.

. Key Question
. What factors need to be considered when
. planning a mission to and from Mars?

- Key Concepts

when you are facing a certain direction in order -

¢ Travel time, distances involved, and
location of planets.

© Materials & Preparation

* Student Procedure page Plotting the
Paths of Spacecraft

e Student Sheets, Earth to Mars and
Mars to Earth

¢ A drawing compass for each group
¢ Teachers Answer Key

1. Have students share familiar experiences that
require aiming at a moving target. Their
examples might be passing a football, catching
a fly ball, driving vehicles to avoid being hit,
or playing dodge ball. Lead students to discuss
the how and why of the movements.

2. Have students work in pairs. They may switch
jobs for each plotting exercise.

FOR SPACE SCIENCE EDUCATION
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. Hand out Student Procedure and Student

Sheets.

. Help students become familiar with the data. -
Check for understanding. It is essential that -

students understand that Earth and Mars are
moving and that the tick marks on-the Earth
orbit represent the first of each month.

. Help students plot the first date: June 1, 2018.

Note: When plotting the distance from the Sun,

the compass point is always put on the Sun; .

when plotting the distance from Earth, the
compass point is put in a different place each

time. The point should be put on the tick mark
. Transfer/Extension

that represents where the Earth will be located
on that date.

. Make answer keys available to students so they -
can check their work. If their orbits are not .

similar to the answer key, encourage them to
redo the procedures to find out why they are
different.

. Instruct students to apply the same procedures

to plot the return to Earth.

. Closing discussion should encourage students

to think about how a six-month flight affects
planning trips to Mars.

G Ul DE

Management

This activity can be completed in one class
- period. Reproduce student sheets and answer

keys for students.

. Reflection & Discussion

1. What are the orbital challenges of traveling
from one planet to another?

2. What could make a spacecraft get to Mars faster?

3. What are some of the problems considered
by engineers and scientists as they design trips
to Mars?

1. A minimum fuel round trip between Earth
and Mars would take about one year. How
would this affect planning a trip to Mars?
Because of this long time in space, what must
happen? What cannot happen? What might
happen? These are the questions that mission
planners must answer. What are other
questions that might be asked about planning
trips with minimum fuel orbits?

2. Research and discuss why the trajectory is
not a straight line.

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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Navigating a Spacecraft

Key Question

What factors need to be considered when navigating a spacecraft on a mission to
and from Mars?

Introduction

If you wish to travel from one planet in orbit around the Sun to another, you cannot
go in a straight line. This activity shows how we can find the actual path travelled
by the spacecraft on its way to and from Mars

Student Procedures

1. Locate the following on the Earth to Mars Student Sheet:
¢ Earth and Mars orbital paths

e The Sun
Earth and Mars positions on launch date

e The scale in millions of kilometers (km)

Earth and Mars positions on landing date
The location of Earth on the first day of each month

2. Perform the following steps for each date in turn:

( Read from the table the distance of the spacecraft from the Sun
[
C Use the scale to set your compass to that distance )
[
Place the compass point on the Sun and draw an arc in the space between the orbits
of Earth and Mars
l
( Read from the table the distance of the spacecraft from Earth on the same date )
A T
( Use the scale to set your compass at that distance )

Place the compass point on the earth position for the month and draw an arc to
cross the other arc to show where the spacecraft would be found

3. Draw a smooth curve through the points to show the spacecraft trajectory.

4. Apply the same method to plot the trajectory for the return journey using the
data about the return trip from Mars to Earth.

CHALLENGER CENTER FOR SPACE SCIENCE EDUGCATION = ceesoenos
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*
* Earth To M
N a o ars
Mars at
Launch
[=]
3 —
_ 11/27/18
o —
o —i
N —
° —
e E :
— ': Date Distance from Sun Distance from Earth
_10 (million km) (million km)
S j s May 11, 2018 (Leunch from Earth) 150 0
- _| June 1 163 18
] July 1 167 28
] August 1 175 40
8 — September 1 182 53
] Octoher 1 191 70
—] November 1 207 a2
o — November 27 (Landing on Mars) 216 143
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Mars to Earth *

to
' /”th

OI-bi

Earth at Landing
16/12/20

Mars at
Landing

Launch o
30/5/20 —

— 3

=8
Date Distance from Sun Distance from Earth g: B
(million km) (million km) 3

May 30, 2020 (Launch from Mars) 206 155 5- -

July 1 198 117 L ©
August 1 193 92 [

September 1 192 73 — N

October 1 191 52 — 8
November 1 182 40 -
December 1 158 15 [

December 16 [Landing on Earth) 147 0 [ 3

©
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Answer Key

Earth to Mars

11/27/18

150 200 250
Lecrb g bbb

100

50

Million km

Mars to Earth

5/30/20
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Mars at Landing
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Spacesuit Design

Background

When traveling to a land of warmer or colder
climates, one considers what clothes to pack
for these environmental conditions. If the
destination happens to be the top of Mt. Everest
or the bottom of the ocean floor, the change
in conditions must be accounted for. At the
top of Mt. Everest, climbers bring oxygen to
breathe, dress for extreme weather, and take
weeks to acclimate to higher elevations. In the
same way deep-sea divers must consider
changes in environmental conditions as well.
But what happens when a human leaves the
Earth? What environmental needs must be
brought along?

Space travelers wear a spacesuit in order
to bring along elements of Earth’s environment
needed for survival: oxygen, appropriate
air pressure, moderate temperatures, and
protection against the Sun’s rays. On Earth, our
atmosphere absorbs much of the Sun’s harmful
rays. In space and on planets with thin
atmospheres there is little protection from the
Sun’s harmful rays. The spacesuit provides this
protection for astronauts, keeping them safe
from radiation. Harmful radiation can result
in skin damage, hair loss, vomiting, cataracts,
infertility, cancers, birth defects, and death.

The vacuum of space is another harsh
environmental condition. An unprotected
body that is exposed to the vacuum of space
quickly perishes. Fluids in the body quickly
begin to boil from the lack of air pressure.
Bubbles would form in the bloodstream and
tissues. Capillaries and other fragile tissues
would rupture, and newly formed gases
would begin to diffuse out of the body into
space. Skin and tissue would retain gases for
a time, resulting in a condition that looks like
swelling. As the gases exit the body it becomes
“freeze-dried.” The lack of oxygen would
render the unfortunate individual unconscious
in 15 seconds. Permanent brain damage would
occur in as little as 4 minutes, and death would
follow shortly thereafter.

CHALLENGER CENTER

Also the temperatures in space are extreme.
At low temperatures, the human body suffers
from hypothermia. In very warm environments,
the body suffers heat exhaustion or heat stroke.
Physical and mental abilities become impaired.
Within the shade of a planet or a space
structure, temperatures can drop below
-100° C. On the sunlit side of objects in space
(at Earth’s distance) temperatures can climb to
over 120° C. Debris from other space missions,
as well as meteroids, travel at high enough
speeds to damage spacesuits and spacecraft.

Topics

Spacesuit Design

Mars Environment

How spacesuits must be adapted depending
on the planetary characteristics

Obijectives
Students will:
¢ Research the environment of Mars.
* Identify necessary spacesuit features for
Mars.
* Analyze necessary spacesuit features
for Mars.
¢ Make decisions about necessary
spacesuit features for Mars.
* Conceptualize necessary spacesuit
features for Mars.
* Design a blueprint of a Martian spacesuit.
® Use criteria to determine whether a

spacesuit offers enough protection on
Mars.

Overview

Teams will analyze conditions on Mars to
evaluate and establish criteria for designing
spacesuit features and then draw and label a
spacesuit design.

Key Question

What functions does a spacesuit need to have
for a mission to Mars?

FOR SPACE SCIENCE EDUCATION
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Key Concepts

® Space is a hostile environment that
cannot support human life.

e Humans must have oxygen, air
pressure, moderate temperatures, and
protection from space debris and
harmful radiation in space to survive.

» The spacesuit must also provide features
to handle body functions and communi-
cate with the crew on board the spaceship.

® Spacesuits function to bring part of Earth’s
atmosphere to space with the astronaut.
They allow humans to survive in environ-
ments that have little or no air, extreme
temperatures, little or no atmospheric :
pressure, harmful solar rays, and space C 7
debris. (See background for details.) .

Materials & Preparation
¢ Student Sheets
e Assorted drawing materials

1. Use a thinking web for students to discuss
harsh environments on Earth (e.g., the desert,
at the top of Mt. Everest, the deep sea,
Antarctica, etc.). Describe what makes each
place inhospitable to humans, adding lines
to the appropriate circles for each place. How .
do humans adapt to live in these harsh | 8.
environments? )

2. Use a thinking web to describe the harsh
environment of space.

3. Compare and contrast harsh environments on
Earth to those of space using a Venn diagram.

4. How does the Space Shuttle spacesuit allow
astronauts to adapt to the harsh conditions
of space? Discuss the Spacesuit Fact Sheet.

5. Conditions on Mars: Use the Mars Sheet at
the beginning of the book to identify
inhospitable conditions on the Red Planet.
Students need to identify these conditions on
Mars so they can plan spacesuit features to
counteract these conditions. Use the Conditions
on Mars chart on the Student Worksheet.

6. Pick a Mission: Students are now ready to
design a team spacesuit to function on Mars.
Organize students into teams. Tell them that
each team needs to pick a mission where
astronauts will perform specific tasks. Have

G Ul DE

them define the types of tasks they will need

to do on their mission. Here are some

suggested missions, but students can research
and come up with their own:

¢ Climbing and rappelling in the canyen
Valles Marineris to do geological surveys.

¢ Flying to the top of the giant volcano
Olympus Mons to study the caldera.

e Examining rocks and digging for fossils
on what appears to be a dry river
channel.

¢ Going to the poles to cut ice and melt
it for water.

¢ Tinkering with Mars Sojourner or one of
the Viking landers to get it to run again.

. Spacesuit Design Criteria: Based on the

mission each team chooses, they should
design a spacesuit that will function safely
on Mars and perform specific tasks.
Spacesuits need to:

¢ Function on Mars.

* Have features needed to accommodate
human body functions.

¢ Take into account Mission Control needs.

¢ Allow astronauts to perform mission
tasks.

Body Functions: Have students focus on body
functions that the spacesuit needs to
accommodate using a thinking web to
brainstorm. Then have them identify the most
important spacesuit features needed to meet
each body function using the" Spacesuit
Features for Body Functions chart.

. Mission Control: Mission Control plays a

critical role in keeping astronauts safe and
helping them complete tasks during extra-
vehicular activities (EVA’s), or spacewalks.
Spacesuits need to have special features so
that Mission Control can be sure the suits
are functioning well. They also need to
communicate with and identify the
astronauts. Note that if the astronauts are far
away (e.g. Mars), there will be a substantial
time delay between when communications
are transmitted and when they are received.
Depending on where Mars is in its orbit, the
delay could be between 5 and 20 minutes.
Have students make a thinking web of

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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interactions Mission Control must have with
the astronauts and the conditions they need
to monitor. Again, pick the most important
features in the Spacesuit Features for Mission
Control chart.

10. Have students go through the two charts for

Body Functions and Mission Control. Circle.
the top ten functions their spacesuit d831gns

need to accommodate. List the spacesuit

features that will address them in the Master .

Spacesuit Parts chart. Do the items on the
list address the inhospitable conditions on
Mars completed in the first chart?

11. Now teams are ready to design their
spacesuits. Have each team draw a blueprint
of their spacesuit and label the parts.

12. Have the class discuss the appropriateness
of each suit, giving positive feedback and
suggesting any improvements needed.
Compare and contrast their suits with the Space
Shuttle spacesuits using a Venn diagram.

Management

This lesson can be done over two to five class
periods, depending on how involved you want
your students to be in the spacesuit design.
Students should complete the spacesuit
features for Mars in the first class and features
for the body and Mission Control in the second.
Use one to two classes to work on blueprint
designs. The last session should have students
share their designs and make comparisons to
the Space Shuttle spacesuit.

Reflection & Discussion
1. Why do humans need to wear spacesuits on

Mars? Humans must have air, atmospheric .
pressure, moderate temperatures, and

protection from Martian dust.

2. How is movement in space different from
movement on Earth? It depends where you
are in space. On the Space Shuttle, which feels

like a gravity-free environment, everything -
seems to float, so you have to change the way -

you do things.

CHALLENGER CENTER
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3. What does a spacesuit have to include?
Spacesuits must have systems for breathing,
air pressure, temperature control, walking,
identification, and food storage, among others.

4. How can a spacesuit make work harder to
complete? Spacesuits are bulky because of
the many systems they carry. The pressure
inside the suit can make the suit stiff and hard
to bend.

5. Why don'’t astronauts have to wear spacesuits
inside of a spacecraft? The spacecraft provides
the necessary oxygen, temperature, and air
pressure while astronauts travel inside it.

6. How does a spacesuit worn in space differ
from those needed for Mars? Spacesuits for
Mars must function in temperatures that do
not rise above freezing. Fine dust particles
could affect visibility and leak into suit joints.
Mars has some atmosphere, but the suit will
still need to supply oxygen.

Transfer/Extension

1. Design spacesuits to accomplish specific
activities on Mars: taking soil samples,
climbing canyons, operating a Martian rover,
and assembling habitats.

2. Spacesuits have similar features to the suits
worn by deep-sea divers. Have students
compare and contrast the components of deep-
sea diving suits and spacesuits.

3. Take students to a local museum to see a real
spacesuit, or surf the Internet for pictures of
real spacesuits. See the websites listed at the
end of the activity guide.

4. Have students research the history of the
spacesuit and compare and contrast the first
spacesuit to those worn by astronauts today.

5. Conduct spacesuit activities from “Suited for
Spacewalking,” by NASA, 8 from NASA
Spacelink at: http://spacelink.nasa.gov.

6. Compare and contrast the differences between
Russian and American spacesuit designs.

FOR SPACE SCIENCE EDUCATION
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S TUDENT FACT S HEET

: * . Space Shuttle Spacesuit
Helmet

e has a hard shell to protect against space debris.

e has lamps for light to see in the dark.

e has special glass to keep out harmful solar rays.

e has a microphone and listening piece for communication.

Food Bar & Drink Bag
e are built in to the side of the helmet in case astronauts
get hungry or thirsty. The food is wrapped in edible paper.

Gloves

e have layers to protect against space debris and keep
astronaut warm or cold.

e are flexible for working.

Space Boots

e are airproof and insulated to protect feet.

e have special soles depending on where
astronauts will walk.

Pressure Control Garment
e looks like long underwear.
e inflates to create pressure.

Temperature Control Garment

e looks like long underwear.

e has many layers for warmth.

e has tubes of flowing water to take away extra heat.

Hard Outer Torso

e has a top and bottom that connect to be airproof.

e is made of many layers to keep astronaut warm and safe
from space debris.

Display and Control Module
e has buttons for power and to monitor all spacesuit functions.

Life Support System

e has oxygen tanks and power battery.

e can fasten to a mobility unit that lets astronauts
move around.

-- """"""" CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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Martian Spacesuit

Student Procedures

WORKSHEET

1. Research the conditions on Mars and complete the chart below.

Condition
Whrite a phrase to describe the conditions on Mars.

Problem
Describe what the condition does to the human body.

Atmosphere?

Space debris?

Temperature?

Pressure of Atmosphere?

2. Brainstorm and create a thinking web for body functions that will need special

spacesuit features.

3. List the body functions and spacesuit features in the chart Spacesuit Features

for Body Functions.

Body Function
Use an -ing word (For example: Seeing).

Spacesuit Part
List the spacesuit part to take care of the function.

4. Brainstorm and create a thinking web for Mission Control spacesuit needs.

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION




List conditions Mission Control needs to monitor.

S TUDENT WORKSHEET

5. List the Mission Control needs and the spacesuit features on the Spacesuit Features

for Mission Control chart.

Mission Control Issue

List a spacesuit part to take care of the function.

Spacesuit Part

List at least ten spacesuit parts you will draw.

6. Look at all three charts. Go through each chart and put an “x” by each spacesuit
feature that you list more then once. Complete the Master Spacesuit Parts chart.

Spacesuit Part

Part Features

Describe the features and function of each part.

7. Draw a diagram of your spacesuit design. Be sure to label all the parts and
explain their function. Attach a page with the name of your team members and

the date. Describe your mission to Mars.

CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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Mars Geologic Mapping

Background

What does the top of your desk look like? Are
there random piles of papers or is everything
precisely filed away in a tidy fashion? How
far back in your history can you go by just
looking at the top of the desk? In a way, we
can tell a lot about a person’s personality and
habits and even history by looking at the top
of his or her desk. In the same way, we can
tell a lot about a planet, such as Mars, by
mapping out its surface.

Studying “superposition” allows scientists
to study the layers on the surface of Mars to

order and which areas are older than others.
Most of the time younger geologic features are
on top of older geologic features. Scientists

called photogeologists study surface images of

planets to find out the age and geologic history
of a planet.

By studying other planets, we can learn more
about our own planet. Each world is unique
with its own weather patterns, atmosphere, and

nature. Since all of the planets were formed
at the same time, studying their characteristics

is like looking at a scrap book of the family of -

planets to which Earth belongs.

Topics
Geologic History of Mars

Feature Mapping
Comparative Planetary Geology

Objectives
Students will:

¢ Interpret photographic details of a
Martian surface image.

* Design and create a simple features
map.

¢ Interpret the geologic history of a part
of Mars’ surface.

¢ Analyze and discuss the sequencing of
Mars’ geologic history.

CHALLENGER CENTER

- Overview

Students will approach studying the surface

of Mars in the same way as photogeologists.
- After drawing a simple features map, they will
- have the tools to state the general geologic
- history of a part of Mars’ surface. Students focus
. on the evidence showing river channels that
. once flowed and caused erosion.

Key Question

. How can we determine the geologic history of
. Mars?

- Key Concepts

help determine which events occurred in what

¢ By studying features in relation o one
another, the relative geologic age can be
inferred.

* Comparing features on Earth to similar
features on Mars, we can infer the origins
of the feature and the geologic history of
the area.

. Materials & Preparation
surface conditions, yet all the different :

characteristics arise from the same laws of -

* Photo of Mars’ surface showing outflow
channels emptying into northern plains
of Chryse Planitia. Photo also available
on the World Wide Web at:
http://cass.jsc.nasa.gov/expmars/
channels.htm! (provide enough photos
for each pair of students)

* Transparencies, one per group

* Clear tape

* Map of Mississippi River Delta or a
local river delta

¢ Color overhead markers (red, green, and
blue needed for each group)

- Procedures

1. Secure a transparency to the top of the Mars
photo with transparent tape.

2. Tell students that this is a spacecraft
photograph of an area on Mars around 20 N
latitude and 55 W longitude, at the northern
edge of Chryse Planitia. The image shows

FOR SPACE SCIENCE EDUCATION
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impact craters and river channels. The area
is about 200 kilometers across.

. Show students an example of a crater with a

continuous, sharp-edged, unbroken rim. Note
that they should draw the rim and not the fairly
flat interior. See drawing on student sheet.

. Have students carefully outline the rims of

all sharp-edged craters with the red marker.

. Show students an example of a crater with an

uneven, eroded, broken rim. See student sheet.

. Have students carefully outline the rims of -

all eroded craters with the green marker.

7. Show students an example of a river channel.
8. Have students color (not outline) all channels

blue. They may try to show both sides of the
channel. Have them put a single line in the
middle of the channel.

. Have students lift the transparencies and examine

them. Ask the student what they have made.

Management

e Attach transparencies to the top of each
map before class using transparent tape

* Become familiar with the important
features in the Mars photo.

¢ This activity can be modified for
individuals, pairs, or large groups. This
activity should take one class period.

Reflection & Discussion
1. Which are older: river channels or green

craters? How do you know?

Green craters are older. When a river channel -

met a green crater'the water broke through

the rim, entered the crater, broke out -

somewhere else, and kept going.

. Which are older: river channels or red

craters? How do you know?

River channels are older. When an impact

formed a red crater on top of a river channel

the crater covered the channel, but the crater

was not eroded.

CHALLENGER CENTER
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. 3. Classify the features by their age (oldest,

medium age, youngest).

Green craters are oldest, river channels are of
medium age, and red craters are youngest.
Based on the data from questions 1 and 2, the
green craters were there before the channels,
and the channels were there before the red craters.

. What caused the difference in size between

the young craters and the older craters?

Most of the big meteorites hit a long time ago.
Later, mostly smaller meteorites were left. The
earlier meteorites were very large pieces of
planetary material that were still being
pulled together through the process of Solar
System accretion (gathering of material into
planetary bodies). As time passed, the
impacts were caused by the smaller pieces
of material left over from the accretion process,
thus making smaller craters.

. Does the land slope? If so, explain why and

in which direction.

The land slopes downwards from the west to
the east. River channels combine as you go
downhill. A map of the Mississippi River or
some other terrestrial river basin may be used
as a comparison. These Mars channels do not
show a delta formation as some may suggest.

6. How does the surface of Mars compare to the

surface of Earth?
Students answers will vary.

. Transfer/Extensions
1. Have students find other images of Mars’

surface on the World Wide Web. Create
feature maps for these areas and determine
their geologic history.

2. Have students find images of Vallies Marenaris

and the Grand Canyon on the World Wide
Web and compare them.

FOR SPACE SCIENCE EDUCATION
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Mars Geologic Mapping

The area in the image of Mars is about 200 kilometers across and shows impact craters
and river channels. Mark each feature on the photograph using the examples below.

e Craters with continuous, sharp-edged, unbroken rims. Outline the rims of
each one with a red marker.

e Craters with uneven, eroded, broken rims. Carefully outline the rims of all
such craters with a green marker.

¢ River channels. Color {do not outline) all channels with a blue marker.

line in red line in green line in blue
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Chryse Planitia
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Background

We may take for granted our daily intake of

food. To many of us here in the United States,
food is easy to come by, easy to transport, and
easy to prepare. But what if a person is traveling
to the Moon or to Mars. What is taken into
consideration for a long car ride? Packing food
that will not go bad, that will be nutritious,
and will taste good is important. Providing food
for astronauts on space travel offers some
unique challenges. All of the food would need
to be planned for in advance; there needs to
be little or no preparation. Astronauts have an
extremely limited amount of space, and
weight must be taken into account as well; the
food must be light-weight. The food for space
travel is prepared to meet these demands. Dehy-
drating food is one way to meet these criteria.
Another advantage is that most of the vitamins
stay intact, which is imperative for the
nutritional needs of an astronaut.

Each day the human body requires a
balanced diet of a variety of foods to ensure

of nutrients: 6 to 11 servings of carbohydrates,
2 to 4 servings of fruit, 3 to 5 servings of
vegetables, 2 to 3 servings of proteins, 2 to 3
servings of dairy products (or other source of
calcium), and a minimal amount of fats, oils,

and sweets. Meeting the daily needs of . Key Question

. Why is dehydration used to prepare some foods
. for space travel?

nutrition for the human body while keeping
food light-weight and tasting good are all
challenges in planning meals for astronauts
who will spend a long period of time in space.
To meet the challenge of planning mission

meals, NASA prepares food in five different

ways. They are:
1. Rehydratable (all water has been removed),
for example, scrambled eggs.

2. Thermostabilized (heat processed or cooked
at moderate temperature and sealed in cans),
for example, peanut butter.

3. Irradiated (preserved by exposure to
ionizing radiation), for example, breads,
rolls, meat.

CHALLENGER CENTER
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. 4. Intermediate moisture (process where part of

the water has been removed), for example,
dried fruit.

5. Natural food (packaged without any additional
processing by NASA), for example, nuts
and cookies.

. Topics
- Food preservation
- Menu planning

Objectives

Students will:
e Calculate the percent of water found in
a fruit/vegetable slice.
¢ Plan a well-balanced mission meal of
space food using the Food Pyramid
and the existing Shuttle Foods List.

. Overview

Students will plan meals needed for a voyage
- to Mars. They will decide what types of foods
health. This balanced diet includes a variety ;‘ip{laf:.lt;x(lige};:tsbﬁﬂg;f)lgtgtzjmﬁg h?)ewl;yarfg
. why food is preserved. Using the Food
. Pyramid and the Shuttle Foods List, students
- will prepare a five-day mission menu for a

- balanced diet.

- Key Concepts

¢ By removing water from some foods,
they take up less room for space travel,
and are preserved for longer missions.

e Each day humans need a variety of foods
for a balanced diet.

* The suggested servings needed to make a
balanced diet are supplied by the
USDA’s Food Pyramid.
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Materials & Preparation

e Various fruits and vegetables (apples
work best)

» Several .5 meter pieces of string and/or
wax paper

e A paring knife

¢ Small paper clips

e Paper towels

¢ Balances

¢ Student Sheets

¢ Food Pyramid

¢ Shuttle Food List

e Space Shuttle menu

Part 1: Rehydratable Food

1. Begin the discussion by asking the class to
describe the kinds of food they typically eat.

Compare the kinds of food they eat for lunch 2. Students are to use the Food Pyramid and the

with the kinds of food the astronauts eat.

Astronauts generally eat foods such as trail
mix, dehydrated potatoes, and dehydrated -
meats. Why does food that is eaten in space -

need to be different than the food we eat on - Management

. Ask students to bring in various fruits and

2. Explain that about one-third of the food eaten vegetables that can easily be dehydrated.

on the Space Shuttle is rehydratable. When
food is dehydrated, the water is removed. Ask -

students why astronauts use food prepared Reflection & Discussion

. 1. How do foods lose water when they are dried?
- 2. From our results, which food lost the most water?

3. Since the human body is more than 2/3 water,
some dehydrated foods that are rehydrated -

before they are eaten (beans, pasta, powdered

Earth?

in this way and other ways such as thermo-
stabilized, irradiated, and intermediate
moisture. Before rehydratable food is eaten,
the water is replaced. Have students name

drinks).
3. Peel and cut large slices of fruits and
vegetables brought in by students.

4. Each group should have three slices of each .

fruit or vegetable for the experiment. Measure
the weight of each slice and record.

5. Give students the Mission Meals Part 1
Student Data Table.

G UI DE

. 6. Students need to predict which food will lose

the most weight over the period of one week
and record their predictions on the student
data table.

7. Food slices should be spread out on a piece
of wax paper and placed under a lamp. Use
a dehydrator if available, in which case it’s
all right to eat the food. Otherwise be sure
not to eat the food.

- 8. Over the course of one week, measure the

weight of each food slice and record.

9. Use the following formula to calculate the per-

cent water content of each fruit/vegetable slice.
Total Mass Loss X 100/Original Mass

Part 2: Menu Planning

1. Give each group a copy of the Food Pyramid

and a copy of the Shuttle Foods List.

Shuttle Foods List to create a balanced menu
for one week.

Activity can be completed in two 30-minute
periods, one week apart.

how do we replace water we lose through
sweating, etc.? How will this affect our bodies
during long flights in space?

4. What is the benefit of using rehydratable food?

Transfer/Extension

1. Design a balanced menu using the Shuttle

Foods List for a long duration mission of one
month.
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Mission Meals Part 1 o

1

2.

3.

Fruit Original | Predicted | Weight | Weight Weight | Weight Total Percent
or Weight End Rfter After After After Weight Water
Vegetahle Weight Day 2 Day 3 Day 4 Day 5 Loss (Total Mass
(Original Weight Loss x 100/
—Day 5 Weight) Original Mass)
Questions & a
> KEY

Conclusion

. How do foods lose water

when they are dried?

From our results, which
food lost the most water?

Since the human body is
more than 2/3 water,
how do we replace water
we lose through sweating,
etc.? How will this affect
our bodies during long
flights in space?

CHALLENGER CENTER

Fats, Oils, and Sweets

Use Sparingly

Y

Milk, Yogurt, and

Cheese Group
2-3 Servings

—_—

Vegetable
Group
3-5 Servings

W Fat (Naturally occuring and added)

@ Sugars (added)

These symbols show fat and added
sugars in foods.

Meat, Poultry, Fish, Dry Beans,
Eggs. and Nuts Group
2-3 Servings

A

Fruit Group
2-4 Servings

Bread, Cereal,
Rice,and
Pasta Group
6-11 Servings
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*
*
* - -
*
L . Mission Meals Part 2
Design a week of mission meals for yourself using the Shuttle Foods List and
Food Pyramid. Be sure that your meals meet the Recommended Daily Allowance for
each day. Follow the steps listed below:
Student Procedures
1. Convert your weight into kilograms (your weight in pounds multiplied by .45 equals
your weight in kilograms) and your height into centimeters (your height in inches
multiplied by 2.54 equals your height in centimeters).
2. Figure your Basal Energy Expenditure (BEE). It is an estimate of your daily energy
or calorie needs based on your height, weight, age, and sex:
For men, the B.E.E. = [6B.5 + (13.8x W) + (5.0 x H) - (B:8 x Al
For women, the B.E.E. = [655.1 + (3.6 x W) + (1.8 x H) - (4.7 x Al]
W = weight in kg, H = height in cm, A = age in years
3. Make a menu for 1 week so that the total daily caloric intake is 1.7 times the
BEE for men and 1.8 times the BEE for women. Plan carefully so that you do
not exceed the recommended number of servings for each food group.
Breakfast
Lunch
Dinner
Snacks
Total

-- °°°°°°°°° CHALLENGER CENTER FOR SPACE SCIENCE EDUCATION
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WORKSHETET

- List

Food (single serving) Fat (g) Protein (g) Carbohydrate (j)  Weight (g) Calories
Almonds 24.70 11.70 1.830 45.00 276.0
Apple cider 0.000 0.000 31.40 28.70 113.0
Apple jelly 0.000 0.000 18.10 14.20 37.60
Asparagus 0.120 2.810 2.640 8.400 22.90
Banana pudding 4.370 2.670 30.70 142.0 173.0
Beef goulash 5.660 29.60 19.30 255.0 247.0
Beef patties 12.30 17.20 2.350 34.00 189.0
Beef stroganoff 11.70 8.120 13.80 34.00 186.0
Beef tips w/mushrooms 4.230 36.10 7.220 255.0 212.0
Beef w/ spicy sauce 12.50 22.00 15.60 227.0 263.0
Blueberry yogurt 1.720 4.300 31.00 135.0 156.0
Bran flakes 0.465 6.670 28.20 43.50 144.0
Breakfast rall 16.60 5.620 50.90 100.0 375.0
Broceoli au gratin 8.010 6.950 8.710 30.00 135.0
Brownie 10.90 2.620 37.80 57.00 260.0
Butter cookies 7.780 2.290 25.80 37.00 182.0
Candy-coated chocolate 5.850 1.940 21.20 30.00 146.0
Cashews 22.10 9.850 8.800 45.00 273.0
Cheese spread 13.90 4,370 1.080 36.00 147.0
Cherry drink w/a/s 0.000 0.000 0.960 1.200 4.430
Chicken cacciatore 1.890 36.50 .600 255.0 194.0
Chicken consume 0.306 0.435 1.760 5.000 11.60
Chicken salad spread 28.30 22.90 17.00 212.0 416.0
Chicken a I& king 15.60 28.70 11.40 227.0 300.0
Chocolate pudding 4,300 3.860 31.70 142.0 181.0
Cocoa 0.960 2.800 44.60 50.50 198.0
Cornflakes 0.024 4.460 32.90 40.00 150.00
Creamed spinach 3.140 3.290 7.500 18.00 71.50
Diced peaches 0.000 0.770 23.50 128.0 97.30
Diced pears 0.000 0.240 26.40 128.0 106.0
Dried apricots 0.000 2.470 29.90 62.00 130.0
Dried beef 0.620 10.50 1.340 30.00 53.10
Dried peaches 0.000 2.690 35.00 62.00 151.00
Dried pears 0.000 1.020 38.50 62.00 158.0
Frankfurter 25.60 15.80 1.810 122.0 300.0
Fruit cocktail 0.000 0.435 25.20 128.0 102.0
Graham crackers 3.220 2.370 22.50 32.00 128.0
Granola 9.610 12.40 50.90 80.00 339.0
Granola bar 5.790 2.010 22.90 35.00 152.0
Granola w/raisins 9.030 11.50 52.30 80.00 336.0
Grape drink 0.000 0.000 29.90 30.00 119.0
Grape jelly 0.000 0.026 10.00 14.20 40.20
Grapefruit drink 0.000 0.020 31.70 32.20 127.0
Grits 0.267 2.530 26.20 34.50 117.0
Ham 8.280 27.80 3.860 142.0 202.0
Ham salad spread 11.80 18.40 20.90 212.0 269.0
In-suit fruit bar 0.000 0.576 38.40 50.00 156.0
Italian vegetables 5.700 3.140 13.00 30.00 116.0
Ketchup 0.000 0.234 2.320 9.000 10.20
Lemonade 0.000 0.000 20.90 21.00 83.40
Lemonade w/a/s 0.000 0.000 1.690 1.900 7.110
Lemon-lime drink 0.000 0.000 20.60 21.50 82.30
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Food (single serving) Fat (g) Protein (j) Carhohydrate ()  Weight (g) Calories
Macadamia nuts 29.50 4.230 2.790 45.00 294.0
Macaroni & cheese 7.520 9.700 18.20 40.00 179.0
Mayonnaise 10.20 0.138 0.000 12.10 92.30
Meatballs (spicy) 17.30 22.40 34.40 227.0 384.0
Mexican scrambled eggs 14.20 12.90 5.780 36.00 202.0
Mushroom soup 10.50 3.330 9.340 27.00 145.0
Mustard 0.094 0.113 0.133 2.400 1.820
Noodles & chicken 5.150 5.190 15.45 28.00 129.0
Oatmeal w/ brown sugar 1.390 5.710 32.50 48.10 166.0
Oatmeal w/ raisins 1.370 6.340 32.60 47.20 168.0
Orange juice 0.000 1.310 21.60 24.00 91.70
Orange mango drink 0.000 0.000 33.30 33.60 133.0
Orange/grapefruit drink 0.000 0.026 30.20 30.60 121.0
Orange drink 0.000 0.030 27.80 28.10 111.0
Peach drink + 0.000 0.084 33.20 33.60 133.0
Peach yogurt 1.910 4.860 28.30 135.0 150.0
Peaches lite 0.000 0.560 16.50 128.0 67.80
Peanuts 21.80 12.90 8.190 45.00 280.0
Pineapple drink 0.080 0.000 33.20 33.60 133.0
Pineapples 0.000 0.380 17.30 128.0 70.90
Potato pattie 5.980 1.760 16.20 27.00 126.0
Potatoes au gratin 5.250 4.410 16.30 30.00 130.0
Raspberry yogurt 1.670 4.510 29.90 135.0 152.0
Rice and chicken 5.290 3.650 22.80 34.00 154.0
Rice crispies 0.040 4670 32.70 40.00 150.0
Rice pilaf 2.420 2.120 18.70 25.00 105.0
Salmon 10.10 22.30 0.000 112.0 180.0
Sausage pattie 14.40 14.30 2.860 34.00 198.0
Scrambled eggs 14.10 12.80 5.160 34.50 198.0
Seasoned scrambled eggs 12.50 13.10 6.240 35.00 190.0
Shortbread cookies 7.010 2.100 19.10 30.00 148.0
Shrimp cocktail 0.986 14.50 15.80 35.00 130.0
Spaghetti w/meat sauce 2.900 7.130 17.10 30.00 115.0
Strawberries 0.026 0.785 19.80 23.80 82.60
Strawberry yogurt 1.740 4.630 29.80 135.0 154.0
Sweet '’ sour chicken 3.100 21.20 10.20 36.00 153.0
Tabasco sauce 0.000 0.019 0.043 2.600 0.260
Taco sauce 0.000 0.150 1.320 10.80 5.940
Tapioca pudding 4.360 3.440 33.30 142.0 186.0
Tea 0.000 0.000 0.743 1.000 3.100
Tea w/sugar 0.000 0.000 13.30 13.50 53.10
Teriyaki chicken 3.080 22.70 6.780 36.00 145.0
Tortilla flour 2.330 2.420 15.40 30.00 92.10
Trail mix 14.10 4140 24.20 50.00 240.0
Tropical punch 0.000 0.000 24.90 25.00 99.80
Tuna 0.770 23.00 0.000 96.00 98.90
Tuna salad spread 27.10 21.20 18.80 212.0 403.0
Turkey & gravy 15.50 31.40 8.510 227.0 300.0
Turkey tetrazzini 4.190 7.070 13.10 27.00 119.0
Vanilla instant breakfast 1.700 9.360 41.10 56.00 219.0
Vanilla pudding 3.820 2.800 34.10 142.0 182.0
Whole wheat bread 1.220 2.690 12.70 28.00 68.60

Source: Shuttle Food Lab, Johnson Space Genter
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Background

Look in your refrigerator at the amount of food
needed for just one week. Consider that when
humans go to Mars the trip will take more than
a year. Packing a year’s supply of food could
easily tax the spacecraft’s available space and
weight requirements It would be practical for
the crew to grow their own food along the way.
One form of farming that is being considered
for long duration missions is hydroponics, the
science of growing plants in a solution of water
and nutrients instead of soil. Growing plants
in water has two main advantages. One is the
availability of water, as water is a by product
of a spacecraft’s fuel cells. Secondly plants
grown in a hydroponic manner can be grown
closer together, requiring less room then
plants grown in soil beds.

Although hydroponics offers many advan-
tages for long duration missions, other methods
of growing plants are being tested. Growing
plants in gel packs is one new method that is
currently being researched. Particular crops are
being tested to determine how much oxygen
they give off, and how much food they can
provide. Wheat has been established as a main
crop choice for future space travel.

Topic
Hydroponic Gardening

Objectives

Students will:
* Investigate the necessary conditions to
grow food for a long duration mission.

* Design and construct a controlled
environment to grow plants without
the use of soil.

Overview

Providing food for long duration missions is
a major concern of many scientists. The safe
growth of food is imperative. In this activity
students will grow plants without soil in a
nutrient rich solution.

G U1 DE
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- Key Question
- Why are scientists experimenting with hydro-
- ponics to grow plants for long duration missions?

Key Concepts

* Hydroponics is the science of growing
plants using a solution of water and
nutrients instead of soil.

* Because of the amount of space, weight
limitations, and time involved in long
duration missions, alternatives will have
to be developed for growing food crops.

. Materials & Preparation

* Gallon milk containers (2 per garden)
* Gravel (enough to fill each garden)

* 1 plastic hose per garden (1 meter long)
* Epoxy glue

¢ Commercial nutrient solution mix

(enough to make about 1 gallon per
garden)

¢ Lettuce seeds

¢ Hydroponic growing cubes (available
in most gardening stores, 4 per garden)

¢ Plant light with timer

* Scissors

1. Cut the top off of two 1 gallon milk containers.

2. Connect the two containers using one piece
of hose. To do this, put a hole in the side of
the containers, about an inch above the
bottom.

2. Insert one end of the hose into each hole and
seal the edges with epoxy glue.

. 4. Label one container “Garden” and the other

“Nutrient Solution.”

5. Fill the container labeled “ Garden” 3/4 full

with gravel.

6. Place one seed in each growing cube and place

them in the container labeled “Garden.” Space
the cubes evenly throughout the container and
make sure they are nestled securely in the
gravel.
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Fill the nutrient solution container 3/4 of the
way with nutrient solution.

Place the gardens under the light and set the
light timer for 16 hours every day so that the
plants receive a consistent amount of light
every day.

Feed the plants twice a day once in the
morning and once in the evening. To do this,
raise the solution container above the
garden so that the nutrient solution flows into
the garden. Let the solution remain in the

garden for fifteen minutes and then lower

the solution container below the garden so
that the solution drains out of the garden.

Have students keep a two week journal.
Students should observe their plants daily,
recording changes in root development,
measuring and recording plant size,
describing the overall condition of the plant,
recording any changes in growing conditions
(if the light goes out or a student forgets to
feed the plant, this should be recorded)

Students should also include a daily -

drawing of the plant.

At the end of the two weeks have students
answer the reflection and discussion
questions as their final journal entry.

G UIDE

. Management

Students will observe all safety procedures and

. policies including, but not limited to, personal
. safety and safe handling of materials. This
. activity will take one to two classes to assemble.
. Students will then make observations for two
. weeks. To simplify this activity, hydroponics
. kits can be ordered from a science catalog.

- Reflection & Discussion
1.

Did all plants grow at the same rate by the end
of the observation period? Why or why not?

. Why do you think lettuce seeds were chosen

for this experiment?

. Other than providing food, what important

elements do plants provide for a long duration
mission?

- Transfer/Extensions
1.

Challenge: Design and construct a hydroponic
garden containing all the necessary vegetables
you think are needed for the journey to Mars.

. Calculate how much food you would need

according to your age and weight. This
information can be obtained by looking at a
nutrition chart.

. What foods have you chosen to take and why?

Garden

Nutrient
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Materials to make your own hydroponic garden

2 large clear plastic tubs or 2 liter soda bottles
gravel (enough to fill one container)

1 meter of plastic hose

epoxy glue

2 liter soda bottles

1 gallon of nutrient solution

lettuce seeds

hydroponic growing cubes

Scissors

Student Procedures

o0 sw

N

. Cut the top off of two soda bottles.

Connect the two containers using one piece of hose. To do this, put a hole in the
side of the containers, about an inch above the bottom.

Insert one end of the hose into each hole and seal the edges with epoxy glue.
Label one container “Garden” and the other “Nutrient Solution.”
Fill the container labeled “Garden” 3/4 full with gravel.

Place one seed in each growing cube and place them in the container labeled
“Garden.” Space the cubes evenly throughout the container and make sure they
are nestled securely in the gravel.

Fill the nutrient solution container 3/4 of the way with nutrient solution.

Place the gardens under the light and set the light timer for 16 hours every day
so that the plants receive a consistent amount of light every day.

Feed the plants twice a day, once in the morning and once in the evening. To do
this, raise the solution container above the garden so that the nutrient solution
flows into the garden. Let the solution remain in the garden for fifteen minutes
and then lower the solution container below the garden so that the solution drains
out of the garden.
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10. Keep a two week journal. You should observe the plants daily, record changes
in root development, measure and record plant size, describe the overall condition
of the plant, record any changes in growing conditions (if the light goes out or
you forget to feed-the plant, this should be recorded) You should also include a
daily drawing of the plant.

11. At the end of the two weeks answer the reflection and discussion questions as
the final journal entry.

Reflection & Discussion

1. Did all plants grow at the same rate by the end of the observation period? Why
or why not?

2. Why do you think lettuce seeds were chosen for this experiment?

3. Other than providing food, what important elements do plants provide for a long
duration mission?
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for Signs of Life : *

Background

One question we all ponder is whether or not

we are alone in the Universe. Mars is one of -

many places where we might find an answer.

Being the most similar to Earth, Mars has water -

vapor and permafrost on the surface. At one
time, Mars had an abundance of flowing water.
It is these places where there is or was water
that the possibility of life exists.

When scientists go in search of life it is not
necessarily a quest for large human-like beings
or even life that can be seen with the naked
eye. Most scientists expect that we are much
more likely to find microscopic evidence, such
as bacteria, or fossilized bacteria. The most
recent prospect for life on Mars is centered
around the Martian meteorite, ALH84001. The
meteorite, found in Antarctica, dates back to
an early period on Mars when the conditions
were much wetter and more suitable for life.
Formations in the rock suggest that it may
contain a fossilized form of bacteria.

Scientists would like to study rock samples
from areas that appear to be dried riverbeds.
Collecting rock samples is one goal of future Mars
missions. In the past, however, we have looked
for life in the soil on Mars. When Viking 1 and
2 landed on Mars in 1976, the landers analyzed
the Martian soil in search of carbon based life.
Analysis of some soil samples seemed to indicate
lifelike characteristics. However, scientists did
not find evidence of organic matter. They found
unusual geochemistry which had some lifelike
characteristics, but they did not find life.

Topic
Soil Analysis

Objectives
Students will:
¢ Conduct a simulated experiment with

soil samples similar to the experiments
on the Mars Viking Lander.

CHALLENGER CENTER

¢ Identify relationships between the soil
samples using an operational definition
of life.

* Make an inference about the possibility
of life on Mars based on data obtained.

. Overview

Students will analyze soil samples. They will

. use the given definition of life to determine
. whether there are any signs of life in three

different soil samples. Teams will make
observations, draw pictures as they collect data

. from the samples, and draw conclusions.

- Key Question
. What characteristics must be present to

determine if life exists?

- Key Concepts

¢ The fundamental criteria for indicating
life is: metabolic processes, exchange
of gases, reproduction, and continued
reaction to stimuli.

- Materials & Preparation

¢ Dictionaries and encyclopedias

* Sand or sandy soil

e Three baby food jars or beakers per
group

* 5 ml of sugar (sugar water will be
added to all soil samples)

¢ Instant active dry yeast
e Alka-seltzer® tablets, crushed

* Hot water—enough to cover the top of
the soil in all jars

* Goggles—1 per student

* Cups for distributing the water—1 per
group

* Magnifying lens—1 per group or
individual

¢ Student sheets—1 per student
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TEACHER’'S

Advanced Preparation

1.

Label all jars: label 1/3 “A,” label 1/3 “B,” label
1/3 “C.” '

2. Fill all jars 1/4 full of soil (3 jars per team).

3 Mix one half pack of instant active dry yeast .

into the soil in jars labeled “B.”

Mix one powdered Alka-seltzer® into jars
labeled “C.”

. Give each group a set of three jats, magnifying

lens, and the chart from previous activity.

Part 1

1.

2.

3.

Divide students into cooperative groups
before beginning the lesson.

Explain to students that their job is to come up
with fundamental criteria for indicating life.
Have students conduct research on the
characteristics of living and non-living

organisms. Allow the students use of

dictionaries, books, encyclopedias, and the
Internet. Use the examples below to
encourage the students, but not to limit them.

Examples: Consider a bear and a chair—they
both have legs, but one can move on its own
and the other would need a motor made by
humans; therefore, independent movement |

might be one characteristic that indicates life.
Not every living organism needs legs or roots,
but they have a mode of locomotion or a way
to get nutrients. Also, the bear breathes and
the chair does not, another indication of life.

Or consider a tree and a light pole. We know

that a light pole cannot reproduce it is made
by humans, and we know that the tree makes
seeds that may produce more trees. The tree
also absorb nutrients, gives off gasses, and

grows. The light uses electricity and gives off

light through a strict energy exchange; there
is no growth and there are no metabolic
processes.

. Have students share their research in their

cooperative groups, then have the class

come to a consensus about how to identify -

living things.

. Discuss the indications of life, ask students

for examples from a diverse sampling of living
things. Then paraphrase and write each groups’
criteria on the board, overhead, or chart. This

G U1l DE

can be used to guide the students to
summarize the groupings and to reflect the
fundamental criteria for life.

. If students have difficulty developing criteria,

the following will be used for this activity:

* Metabolic processes that show
chemical exchanges that may be
detected in some sort of respiration

¢ Exchange of gases or solid materials
e Reproduction, replication, or cell division
* Continued reaction to stimuli

fPartE

(Information for teacher only—do not share all

1.

the information with students!)

Students will take three different soil samples
and look for signs of life based on the criteria
from Part 1.

. Explain to the students that each team has a

set of simulated Martian soil samples. No one
knows if there is anything alive in them. The
assignment is to make careful observations
and check for indications of living material
in them—based on their criteria.

. Ask students to observe all three samples.

They can smell and touch the samples but
not taste them. Encourage students to put a
few grains on a flat white surface and observe
them with a hand lens.

. Students should then record their data in the

Data Log.

. Give each group a cup of hot sugar water,

which can be used by living organisms as
nutrient solution. (Use warm tap water,
approximately ~50 C so as not to kill the yeast.)

. Have students “feed” (add stimulus to) each

soil sample by pouring the sugar water so that
each soil sample is covered.

. Students should look for and record in the Data

Log differences caused by adding sugar water.

. After recording the first observations have

students go back after 10 minutes and
observe again. (After about ten minutes
Sample B will show even more activity.)

. Now have students “feed” (add stimulus to)

each soil sample again after 10 minutes by
adding 5 ml of sugar water to each soil sample.
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10.

11.

12.

13.

14.

15.

16.

17.

TEACHER'’S

Have students observe and record the
reaction to the second feeding.

Discuss with students which samples
showed activity after the first “feeding”
(adding of stimulus)B and C.

Discuss with students which samples
showed activity after the second “feeding”
(adding of stimulus) C.

Does that activity mean there is life in both
B and C and no life in A?

Did the reaction start again after the second

feeding?

Are there other explanations for the activity

in either B or C?

¢ Sample A shows no reaction.

* Both B and C are chemical reactions.

» Sample C chemical reaction stops and
does not react to the second “feeding”
because the first “feeding” used up all
reactants in the sample.

¢ Sample B sustains long term activity

and reacted again to the second
“feeding” indicating life is present i.e.
when life is present, more food means
more biological activity.

Students should realize that there could be

other tests that would detect life in Sample B.

Have students determine which sample(s)
should be studied further by applying the
fundamental criteria for indicating life
developed in Part 1.

G UI DE

18. Tell students that Sample B contained yeast

and Sample C contained Alka-seltzer®.
Discuss how you might tell the difference
between a non-living chemical change (Alka
Seltzer®) and a life process (yeast).

Management

. Students will observe all safety procedures and
. policies including, but not limited to, personal
. safety protection and safe materials handling.
. This activity should take two to three class
. periods to complete.

. Reflection & Discussion
1.

When adding water, what differences did you
see in the grains?

. How can geologists use this procedure to

identify possible life on Mars?

. What other tests could be run on the soil

samples?

- Transfer/Extension
1.

Research the Mars meteorite. Have students
form teams and debate the presence of
fossilized life.

. Find out about the search for life under the

ice in Antarctica that NASA is conducting.
Write a news article about your findings.

. Does life require sunlight and oxygen?

Research the life in underground caves and
on the bottom of the ocean at hydrothermal
vents and design a bulletin board or poster.
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WORKSHEET

*
* - - -
L9 for Signs of Life

Record Observation Draw Observation

No water added No water added
Sample A
Sample B
Sample C

Record Observation Draw Observation

Water added Water added

Sample A
Sample B
Sample C
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