Pre-Mission
Activities




Job Application

Objective: To effectively assign students to their individual station

Materials:

assignments for the mission and to give students practice in
determining and promoting their strengths in support of a goal or

objectve.

Pencils, copies of the job application form, descriptions of the
individual stations, a blank crew manifest, letters of

congtatulations for student notification of assignments

Activity Duration: 30 minutes to an hour, depending on degree of complexity

Teacher Background Information:

For the best possible mission experience, it is essential that significant thought

go into the placement of students to their respective station assignments. The

job application is designed to allow students to determine and promote their

strengths and to choose their top three station choices from a list of all station

assignments.

This information, coupled with
teacher knowledge of students skills
and abilides, will provide the

framework for student placement.




Procedure:
1. Go over the eight station assignments with each student, either as a

group ot by handing out the Team Descriptions page to each student.

2. Hand out the job application activity to each student and ask them to
completely fill out the form. Some teachers have chosen to follow up the
written application with an individual interview for their staton with the

principal or some other adult in the school, but this is putely OPTTIONAL.

3. After you have collected all the forms, use the “Preparation Tips” page
in coordination with the student applications to fill out your Crew Manifest
form. REMINDER: Bring the Crew Manifest form to the Challenget

Learning Center the day of your class visit.

4. When you have completed the Crew Manifest form, you may wish to use

a letter like the one attached to notify each student of their station assignment.



Job Application

Please review the available positions and list your top three choices:
1% Choice:
2*? Choice:
3" Choice:

Personal Data:
Name: Date:

School: Grade:

‘Teachet’s Name:

Skills and Experience:

What makes you best qualified for this position?

What experiences and skills make you the best candidate for this position?

List memberships in any organizations or community clubs. (Boy Scouts, Girl

Scouts, 4-H, sports teams, etc.)

List any honors, awards, publications, or personal achievements.

List any other relevant information you would like us to consider.
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Team Descriptions

COMMUNICATIONS TEAM (2 students)

Students will wear headsets with microphones

to handle all verbal communication between
Mission Control and the Space Station.

Skills: Clear speech, proficiency in reading
and oral communications, ability to prioritize,
high frustration tolerance

DATA TEAM (2 students)
Students will be responsible for data entry,

* delivery of data to team members, and the

video link between Mission Control and the
Space Station.

Skills: Keyboarding skills, proficiency in
reading, high frustration tolerance,
organization

NAVIGATION TEAM (2-4 students)

Students will send and receive messages to
locate the position of the comet, guide the
space station to the comet, and determine
angle measurements for launch coordinates
for the probe.

Skills: Strong math skills, proficiency in
reading, data entry skills



MEDICAL TEAM (2-4 students)

Students will perform medical tests on Space
Station personnel, monitoring and analyzing
auditory and visual response time, respiration rate,
skin temperature, and heart rate.

Skills: Data entry skills, a strong interest in
biological sciences, math skills

PROBE TEAM (2-4 students)
Students will be responsible for assembly,

deployment, and monitoring of a space
probe.

Skills: Strong mechanical skills,
proficiency in math and reading,
analytical problem solving,
deduction skills, self motivation

REMOTE TEAM (2-4 students)

Students will use a glovebox and robotic
arms to collect and analyze mass, and
volume.

Skills: Strong mechanical and
observation skills, proficiency in reading




ISOLATION TEAM (2-6 students)
Students will operate the robotic arm to

collect and analyze mass, volume, meteor
damage and radioactivity data.

Skills: Strong mechanical and observation
skills, eye-hand coordination; reasoning,
patience, use of measurement devices

LIFE SUPPORT TEAM (2-6 students)

Students will check environmental
conditions, perform water supply
tests, analyze data from pH tests
and read solar panels.

Skills: Strong problem solving
skills, interest in environmental/
biological sciences

PRESS TEAM (1-2 students)

Students will be collecting information
about the mission from other team members
to be able to hold a press conference post-
mission.

Skills: Strong organizational skills,

| proficiency in reading and self-motivation



Challenger

Leaming
Center
FOR SOENCE B TECHNOLDEY
Dear ,
Congratulations!
You have been selected to serve as part of the Team

in the Rendezvous with a Comet mission at the Challenger Learning
Center for Science & Technology.

Your unique skills and abilities make you the perfect choice for this
team. We are counting on you to perform your duties to the best of
your ability.

Your mission will depart on . Please make
certain that you are prepared and willing to meet the challenge.

Best wishes! We know you are the best person for the job. Good luck
on your mission.

Sincerely,



Certer

FOR SOENCE AND TECHNOLOGY

CREW MANIFEST

Mission: Rendezvous with a Comet
School:

Date:

Teacher:

Teams Mission Control Crew Space Station Crew
Communications
2 members 1 2
Data
2 members 3 4
Navigation
2-4 members 5 6
19 20
Medical
2-4 members 15 16
27 28
Probe
2-4 members 7 8
17 18
Remote
2-4 members 13 14
25 26
Life Support
2-6 members 9 10
21 22
3 32
Isolation
2-6 members 11 12
*Must have even number in Space | 23 24
Station and Mission Control
29 30
Press Team (optional)
33 34




Preparation Tips

The following preparation tips are designed to assist you in assigning stations:

Place a good reader with a student who might need help with written directions.
Place a student with descriptive writing skills with a weak writer.

The Isolation Station supports students with special needs very well. Since it uses
the joystick controlled robots, it is very engaging and hands-on, but not essential to
the overall mission success. It works very well for low functioning students, weak
readers, and students with a language barrier to English.

Consider if you want to challenge a student to participate on a team that emphasizes
individual strengths or that works on weaknesses.

The Isolation Team must have the same number of students in Mission Control as
in the Space Station. All other stations can have an unequal number of students in
Mission Control and the Space Station.

In filling out your crew manifest, you can use the following as a guide (though
certainly not a rule), as to how to fill the stations:

o Students 1-16 One student at each station in Mission Control
and the Space Station

o Students 17-20 Add to Navigation Team & Probe Team

o Students 21-22 Add to Life Support Team

o Students 23-24 Add to the Isolation Team

o Students 25-26 Add to the Remote Team

o Students 27-28 Add to the Medical Team

o Students 29-30 Add to the Isolation Team

o Students 31-32 Add 1o the Life Support Team (up to six)

o  Students 33-34 Add to the Press Team



Directions Activity

Objective: To teach students the painful truth of the importance of following

directions.

Materials: Pens, blank paper, copies of the attached test for each student

Activity Duration: 10 minutes

Teacher Background Information:

During the space mission simulation at the Challenger Learning Center for
Science & Technology, students will be divided into eight different stations,
each with their own unique responsibilities. Fach station is vital to the success
of the overall mission, and thus it is important that students perform well at

their station.
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To understand how to perform their station tasks the students will rely upon
the Task Cards present at each station. Failure to accurately follow these Task
Cards will jeopardize their success at their station and the overall success of the
mission. To reinforce the importance of following directions and not moving
forward as soon as you get the “general idea” of the directions, the following
activity teaches a lesson based on the assumption that many students will not

follow the following directions.

Procedure:

1. Pass out a copy of the attached test and a blank piece of paper to each
student. Place the test FACE-DOWN on their desk.

2. Tell your students that this is a timed test to determine how accurately
they follow ditections. To make it more interesting, offer a candy prize

to the first student to correctly finish the test.

3. When you are ready, tell the students to turn over their page and begin.

Then, sit back and enjoy!

4. Make sure that you use pens for this activity so that they cannot go back

and change their answers.
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10.

You have 10 minutes to complete this test.

Name:

Read all directions before you begin.

Draw a large circle on your blank piece of paper.

Label this circle as the head of the comet by writing the word
"head” inside the circle.

Draw twelve lines leaving the right-hand side of the circle to
represent the tail of the comet.

Label the tail of the comet by writing the word "tail” with a line
drawn toward the tail of the comet.

Write the hame Comet Halley directly above the comet.

This comet will come by the Earth again in the year 2062.
Determine how old you will be when it comes, and write your

answer in the blank.

What are the major component(s) of comets? Circle all that
apply:

A. Ice B. Gas C. Dust  D. All of these
If Comet Halley comes by the Earth every 76 years, use the
information from #7 to determine the next two years Comet
Halley will pass Earth.
Write your name in the top left corner of this page and do not
follow any of the other instructions on this page. Remain quiet

until the test is complete.

36



Mission Patch

Objective: To offer students the opportunity to identify attributes of mission
patches, as well as design and describe attributes of their own
mission patch using team-building skills.

Materials: Mission patch desctiptions, drawing supplies

Activity Duration: 45 minutes on two separate days

Teacher Background Information:

While in training, the crew of every Space Transport System (STS) designs a

patch that identifies its unique mission. Since the first mission in April 1981,

more than 300 astronauts have participated in more than eighty missions. Most

Shuttle crews consist of the commander, a pilot, mission specialists and payload

specialists. Each member of the crew contributes to the patch design. The team

uses color, shape, images and text to represent different aspects of their
misston. Here is one example:

STS 51-1. Crew Insignia

This mission patch symbolized the mission of shuttle flight 51-L, to fly and to
teach. The shutte, being launched from the United States of America, encircles
the planet to signify its U.S. presence in space to explote new frontiers. The
shuttle in flight with open cargo doors represents the 51-L mission to launch a
communication satellite (TDRSS), to collect data from Comet Halley, and to
conduct scientific experiments. The apple next to the teacher’s name signifies
the educational mission of the crew to touch the future through the lessons
taught in space. The scene is encircled by the surnames of the crew members.
The astronauts were Francis R. (Dick) Scobee, commander; Michael J. Smith,
pilot; Ron McNair, Ellison Onizuka and Judy Resnik, all mission specialists;

Greg Jarvis, payload specialist; and Christa McAuliffe, teacher.
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Procedure:

1. Divide students into teams of fout.

2. Using a Thinking Web have students brainstorm ideas for their mission
patch.

3. Once students have developed some ideas, they need to come to 2
consensus on how to design the patch. Note: Because this is a team-
building activity, it is important to let students come to a consensus
rather than vote on the design.

4. Once consensus has been reached, students will begin designing their
patch.

5. Once students have completed their patch design, have the students
assemble a gallery of designs on the wall,

6. Once all of the designs are on the wall, have students do a gallery walk.

7. Have students look at each design and write down their interpretation of
the design.

8. Have students compare their interpretations of each design to the
original design description.

Extensions:

Discussion qutestions for students concerning the activity:

o

If you will all be flying the same mission, why are each of the patches
different?

What was difficult about reaching a consensus?

What kind of consideration went into planning your class patchr

How can visual images inspire tcamwork and group missions?
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Mission Patch Description

51-L Mission Patch

This patch symbolizes the mission of shuttle flight 51-L: to fly and to teach.
The shuttle, being launched from the United States of America, encircles the
planet to signify its U.S. presence in space to explore new frontiers. The
shuttle in flight with open cargo doors represents the 51-L mission to launch
a communication satellite (TDRSS), to collect data from Comet Halley, and
to conduct scientific experiments. The apple next to the teacher’s name
signifies the educational mission of the crew to touch the future through the
lessons taught in space. The scene is encircled by the surname of the crew
members. They were astronauts Francis R. (Dick) Scobee, commander;
Michael J. Smith, pilot; Ron McNair, Ellison Onizuka and Judy Resnik, all
mission specialists; Greg Jarvis, payload specialist; and Christa McAuliffe,
teacher.
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Mission Patch Description

STS-81 Mission Patch

The crew patch for STS-81, the fifth Shuttle-Mir docking mission, 1s shaped
to represent the Roman numeral V. The Space Shuttle Atlantis, OV-104, 1s
launching toward a rendezvous with Russia’s Mir Space Station silhouetted
in the background. Atlantis and the STS-81 crew spent several days docked
to Mir during which time astronaut Jerry M. Linenger (NASA-Mir 4)
replaced astronaut John E. Blaha (NASA-Mir 3) as the United States crew
member on board Mir. Scientific experiments and logistics were also
transferred between Atlantis and Mir. The United States and Russian flags
are depicted along with the names of the Shuttle crew members: Michael A.
Baker, commander; Brent W. Jett, pilot; Peter J. K. (Jeff) Wisoff, mission
specialist 1; John W. Grunsfeld, mission specialist 2; Marsha S. Ivins,
mission specialist 3; Linenger; mission specialist 4; and Blaha, mission
specialist 5.
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Mission Survival Activity

Objective: To teach students the importance of being able to prioritize items
based on importance, and to demonstrate to students that more
accurate results can be achieved when students work together in

one group instead of individually.
Materials: Pens, copies of the Lost on the Moon worksheet
Activity Duration: 10 minutes for individual; 10 minutes to work as a group,
and 10-15 minutes to score individual and group results

Teacher Background Information:

This activity is designed to illustrate the prnciple that a group of people
working together, on the average, will come to a more accurate set of
conclusions given a challenge than will any individual member of the group

taken alone.
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Procedure:

Pass out a copy of the Lost on the Moon wotksheet to each student.

Place the paper FACE-DOWN on their desk.

Ask the students to turn over their sheet and read with them the two
paragraphs at the top of the sheet. Make sure you explain that they will
use the numbers 1-15 only once, and that each item must have a number

next to it.

Upon completion of the individual task, use a dry-erase board or other
large paper visible to every student and guide them through a votng
process to determine one set of agreed upon results for the entire class.
You may wish to use a point system by asking how many students gave
this a one, 2 two, etc. and choose the most given answet. However, you

can let them argue it out and try to reach a consensus.

After you have the group and individual results, refer to the attached
explanations given by NASA to this challenge. For each result, have the
students determine the difference between the number they assigned and
the number NASA gave. Write this number out to the side, and add all

the numbers up when you are done to determine a raw score.

Hopefully, the group raw score will be lower than any individual score.
In this case, the lower the number, the closer to NASA’s values you

were.
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Explanations:

D

2)

4)

5)

6)

8)

OXYGEN- As oxygen is the source of life, the tanks of oxygen are by
far the most important item. The 100 pound weight of each of the tanks
should not influence your decision, since they will only weigh about 1/6
of that amount on the moon (17 pounds).

WATER- After oxygen, water is definitely the next key to survival. The
5 gallons should be plenty to make the 200 mile journey to the mother
ship. '

PARACHUTE SILK- Although it seems a bit strange at first, the
parachute silk provides an essential protection against the harmful rays
coming from the sun. The temperatute on the moon is much greater
than on Farth, and so protection from the sun is vital.

STELLAR MAP- Knowing not only the exact location of where the
mother ship is, but also the contours of the moon surface itself will be
invaluable in making the 200 mile journey. Avoiding large craters will be
essential in navigating to the mother ship.

FIFTY FEET OF NYLON ROPE- Nylon rope has many various
uses, mostly that of tying people together as in mountain climbing. This
would save someone from falling into a cratet, or from floating off into
space.

TWO .45 CALIBER PISTOLS- The pistols also seem 2 weird chotce,
but the bullets contain oxygen and will fire in space. They can be used
for propulsion in space to cover larger distances.

SELF INFLATING LIFE RAFT- The life raft will inflate in space,
since it uses an enclosed carbon dioxide cartridge. This could be used to
transport an injured persomn, ot to use in association with the pistols to
propel the raft as a form of transportation.

FOOD CONCENTRATE- Food is a luxury for a 200 mile trip. Itis
nice to have, but not the necessity that oxygen and water are. The
human body can go much longer without food than water, making it a
more expendable item.
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9

10)

11)

12)

13)

14)

15)

SIGNAL FLARES- Signal flares do not light in space the way they
would on Earth. They could also be used for propulsion, but are not
very useful.

FIRST AID KIT WITH INJECTION NEEDLES- The first aid kit
has some uses, such as wrappings, bandages, and alcohol swabs.
However, the injection needles are useless since they rely upon air to
push the liquid through the needle. The vacuum of space does not
provide the necessary resistance.

DEHYDRATED MILK- You would have to waste water to utilize as
a liquid, so the milk does not count as a consumable liquid. However, if
there was a child in the group, it might prove useful as a calcium source.

MAGNETIC COMPASS- Since the moon does not have poles as the
Earth does, the compass would be completely useless on the moon.

SOLAR-POWERED HEATING UNIT- Although this item would
certainly work on the moon, it would be completely useless for the trp.
With the extreme temperatutes of heat on the light side of the moon,
there would be no reason to have a heating unit.

FM RECEIVER- This item would have no practical purpose on the
moon. The concept that drives an FM receiver would not drive it on the
moon, since the FM waves would not have any satellite linkage or other
method of transmission to another receiver.

BOX OF MATCHES- By far the most useless of the items, the
matches would not ignite on the moon since there is no oxygen to spark
ot supportt the fire.
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'Lo's’r onh ’rhe M’oon

Your spaceship has just crash-landed on the moon. You were scheduled
to rendezvous with 2 mother ship 200 miles away on the lighted surface of the
moon, but the tough landing has rutned your ship and destroyed all the
equipment on board, except for the 15 items listed below.

Your crews’ survival depends on reaching the mother ship, so you must
choose the most critical items available for the 200 mile trip. Your task is to
rank the 15 items by importance for survival. Place number one by the most
important item, and so on through number fifteen, the least important. You

cannot place the same number next to two different items.

Box of matches

Food concentrate

Fifty feet of nylon rope

Parachute silk

Solar powered portable heating unit
Two .45 caliber pistols

One case of dehydrated milk

Two 100 pound tanks of oxygen
Stellar map (of the moon’s constellation)
Self Inflating life raft

Magnetic compass

Five gallons of water

Signal flares

First- aid kit containing injection needles

Solar-powered FM receiver- transmitter
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Mission Journal

Objective: To allow students to record journal entries regarding the mission
preparation and expedence as they go through the pre-mission

activities, and return from the mission for post-mission activities.

Materials: Pencils, copies of the journal entry assignments for each student,

crayons

Activity Duration: 15-30 minutes for each journal entry
Teacher Background Information:

The following journal entries are designed to get students thinking about
several topics regarding an actual space mission...
e What items would be most important to you in space; and pdoritizing
the most important of these items
o NASA astronauts work only begins when they return from a space
mission because they also serve as advertisements to the community
about space
» Reflecting about their experiences, successes, and challenges on the

space mission

Procedure:

As you go through the pre-mission activities with your students, the journal
entries can be used throughout the entire process. Journal entries #1-4 can be
used one per week leading up to the mission. Journal entry #5 can be done the
week of the mission, and Journal entry #6 can be done upon returning from

the mission.
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Journal Entry #1:

Today is Countdown T-1 for Rendezvous with a Comet. You are preparing for
the journey into space. Do the following activities in your journal.

1. There is enough room aboard the Space Station for each astronaut to
take 10 things with them from planet Earth. List those 10 things that you will
take with you.

e R T A

10.

Oops! There has been an error in the weight calculation. You may take only 3
items. Which ones will you take and why did you choose them?

1.

Reason:

2.

Reason:

3.

Reason:
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Journal Entry #2:

You have just been given your assighment for the mission. Your assignment 1s
to work at the station. You have been waiting for your
assignment so that you could notify your family and friends. Design and write
2 postcards; one for your family and friends, and one to your teacher.

Directions: Design a picture in the first box. Write your message in the second
box.
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Journal Entry #3

Since you are the first student astronaut to go into space and rendezvous with a

comet, you have been requested to prepate a statement when you arrive in

space and to leave behind one item.

Statement:

Item Left in Space:

1 have chosen to leave this item in space because
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Journal Entry #4

The Challenger Learning Center has requested that your team design an
advertisement for the newspaper to get other students interested in going on a
mission at the Challenger Learning Center.

Step 1: Make a rough draft of your ideas for the advertisement.

Step 2: Share your ideas with one other team member and take the
best ideas from both of you.

Step 3 Share all your ideas and use the best ideas from everyone
and then design the advertisement.

Your rough draft:
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Journal Entry #5:

Press Conference: When you refurn from your space mission, Rendezvous
with 2 Comet, you will be part of a press conference debriefing. The problem
is that the reporters have never asked “student astronauts” questions. They are
stumped. They have asked for your help. Design 7 questions that you would
ask returning “student astronauts”. Remember the Who, What, Where, When,

Why, and How.
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Journal Entry #6 (To be completed after the mission)

Please complete the following sentences to describe your cxperience during the
Challenger Learning Center mission.

I learned that

I didn’t know that

1 was surprised that

I am glad that

I wonder if

I hope that

If 1 could go on another mission, I would

* To prepare for your debriefing, return to the seven questions you

prepared in Journal Entry 5 and answer the questions.
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Halley’s Comet Timeline

Objective: To allow students to use a timeline to determine research and
discover significant events occurring in previous years when

Halley’s Comet passed the Earth.

Materials: Pens, copies of the attached test for each student
Activity Duration: 10 minutes
Teacher Background Information:

The origin of the word comet comes from the Greek word for hair. Our
ancestors thought comets were new stars with what looked like long, flowing
hair trailing behind them. The “hatry” star suddenly appeared and moved
across the night sky only to disappear again a few months later. Neatly every

culture considered the appearance of a comet to be a bad omen.

As of 1995 some 184 of over 878 identified comets were calculated to have
otrbits of less than 200 years. Comet Halley is an excellent example of such a
comet because its orbit is 76 years long. Getting to see Halley’s Comet is often

a once-in-a-lifetime experence.

Edmund Halley of England studied past appearances of comets and developed
a theoty that the comets sighted in 1531, 1607, and 1682 were one and the
same. He was the first to successfully predict the next appearance of the

comet, but he died 16 years before its recurrence.
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Hundreds of telescopes were trained on Halley’s Comet in 1986 at the most

recent flyby. Scientists were able to gather up-close data from this rare event

that will take years to analyze. Futute plans for investigating the comet are

underway for its return in the year 2001.

Procedure:

1.
2.
3.

Assign students to groups of 4 and assign cooperative roles.

Discuss the orbit of Halley’s Comet and its recurrence every 76 yeats.
The last sighting of Halley’s Comet occurred in 1986. Use the timeline
below to organize the years during which the comet was observed.
Remember, Halley’s Comet reappears every 76 years.

After organizing your dates, use the meter stick, paper, markers, and
masking tape to create and display a timeline of the years of Halley’s
Comet’s appearances.

Use the research materials to locate the events happening or names of
famous individuals living during the years when Halley’s Comet
appeared.

Write these events or individuals on index cards and place them under
the dates on your timeline. Draw an illustration of your findings. The

figure below is an example of how the timeline might look.

1531 1986

Discussion Questions:

Q How old will you be when Halley’s Comet comes for its next Farth

visit?
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@ What would you like to be doing when you are this old?

Extensions:

0 In association with the CLCST Cockpit Flight Simulator, this activity
can also be done corresponding to the significant events in the
history of flight and tied to the Centennial Celebration of Flight.
Some ideas for the timeline include: the invention of the hot-air

balloon, the first flight, the first jet flight, flight around the world, etc.
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Electromagnetic Spectrum

Obijective: To give students the opportunities to use a diffraction grating to
separate light into a color spectrum as well as compare and
contrast light sources.

Materials: Diffraction grating (enough for one 2.5 by 2.5 cm square per
student), paper towel tubes (one per student), aluminum foil (one
small piece per student), pins (enough for students to share), small
index cards (one per student), clear tape, scissors, rubber bands
(one per student), Four light sources including: bright sunlight, an
overhead projector (incandescent), fluorescent hight, neon light or
halogen

Activity Duration: 90 minutes

Teacher Background Information:

Galaxies, stars and most of the planets in the Solar System are too far away for

humans to visit. So astronomers, engineers and other types of space scientists

have to be clever to learn more about these celestial objects. Scientists have

done just his by studying the light, or radiation, that comes from these objects.

Although we cannot see them, visible light comes in tiny waves, similar to
waves of water. The hills and valleys are called crests and troughs. The distance
between two crests is called the wavelength. Visible light waves ate millions of
times shorter than water waves. Not all waves are the same stze; some are
shorter and some are longer. We see these different wave lengths as colors.
Sunlight may appear to be colotless white light, but it really is 2 mixture of
many colors, or wavelengths of light. You can see some of these colors when a

rainbow appears in the sky after rain. Sunlight passes through the raindrops and
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is bent, or refracted, depending on the wavelength of the light. The colors in a
rainbow range from long to short wavelengths in the following order: red,
orange, yellow, green, blue and violet, with violet having the shostest

wavelength and red the longest.

Wavelengths longer than red cannot be seen at all, but they can be felt as heat.
These are called infrared or heat waves. Other wavelengths that are longer than
the visible spectrum include microwaves and radio waves. The wavelengths that
are shorter than the visible spectrum include ultraviolet, X-ray and gamma rays.
The shorter the wavelength, the more energy the wave has. All of these
wavelengths are part of the electromagnetic spectrum; however, only a small

portion of the spectrum is visible.

When you look at sunlight through a diffraction grating, the resulting spectrum
of light is a signature unique to sunlight. Different types of light like neon and
fluorescent light result in different signatures because of the gases present in
the light. Likewise galaxies and stars are composed of different elements so

their signatures reflect the types of gases present.

Procedure:

1. Order diffraction grating from a science catalog,

2. Cut the grating into 2.5 by 2.5 cm squares.

3. Start collecting paper towel tubes several weeks in advance of the class in
order to accumulate enough for each student.

4. Collect the light sources from home or from hardware/specialty stores.

5. Be sure to make a pinhole tube at home and try out the activity before
doing it with students so you know how the diffraction grating works

and what he spectrum looks like for each one.
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Extensions:
Discussion questions for students concerning the activity:

o Why do you think different types of light have different spectra?

o How can scientists use spectra to learn about stars and galaxies?
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o

Electromagnetic Spectrum

Procedures:

1.

Take the index card. Mark a square 2 cm in length at the center of the
card. Cut the square out folding the card in half if you need help
starting.

Carefully tape the piece of diffraction grating to the card.

Attach the card to one end of the paper towel tube, centering the
grating in the middle of the hole. Tape two sides of the card in place.
Carefully cut straight lines into the card so that it will bend to fit
around the tube. Tape the rest of the card firmly in place.

Carefully cover the other end of the paper towel tube with the
aluminum foil, stretching the foil tightly across the tube hole. Use the
rubber band to hold the foil in place.

. Take the pin and gently poke a small hole in the center of the foil. Be

careful not to rip the foil.

. Your teacher will direct you to point the tube toward four light

sources and look through the diffraction grating. Do NOT look
directly at the sun. This can lead to permanent eye damage!
Record what you see on the worksheet as accurately as possible.

Why do you think the spectra are different?
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Electromagnetic Spectrum

Rotate the diffraction grating until you see color on the left and right of the
light source. Draw the colors in the order you see them on both sides of the
light source with crayons. Allow the colors to touch the top edge and bottom

edge of the guidelines. The small circle in the center represents the light

source.

Light Source 1: Light Source 2:
@] O

Light Source 3: Light Source 4:
@] Q

60



X & Y Coordinates

Objective: 'To offer students the opportunity to identify and plot points using
an X & Y Coordinate Grid.

Materials: Grid Sheet (one per student), pencils, papets, red marker, A book
or other object to setve as a shield

Activity Duration: XX minutes

Teacher Background Information:

One piece of information that is essential to us on a daily basis is our location.

We may not realize how often we use this type of information, but a little

reflection on your conversations and actions over the past 24 hours will reveal

a great dependency on being able to accurately state your location. For

example, if you speak to a friend on the phone, he or she may ask from where

you are calling. This can be as simple as saying, “T'm at Susan’s house now, but

I’m leaving for home in half an hour.” Or you might say, “T am at 334 West 3

Street in Hometown, Iowa, USA.” To be more explicit you might add, “In the

Western emisphere of planct Earth, the thitd planet from a star called the

Sun in the Milky Way Galaxy.”

Another way to specify a location is by using a coordinate system. Probably the
most-used system is the rectangular, or Cartesian coordinate system. In this
system, a grid divides a surface into four quadrants. (See image below.)
Locations are given by stating a pair of numbers or coordinates. The first
number represents a horizontal value, X. This value can be either positive or
negative. The second number represents a vertical value, Y, and it too can be
either positive or negative. By finding where the horizontal and vertical values

intersect, you can determine any location on the grid.
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Procedure:

1. Make copies of the grid sheets.

2. Divide students into teams of two.

3. Discuss coordinates systems with students.

4. Draw a grid on the chatkboard like the diagram above. Draw points and
practice identifying points with students. For example (X1, Y2) means
finding whete the X1 line and Y2 line intetsect.

5. Before the class period ends, conclude the lesson with discussion
questons.

Extensions:

Discussion guestions for students concerning the activity:

o In a coordinate pair, which number represents the X coordinater Y

coordinate?

Look at each quadrant. Which quadrants have positive X values?
Negative Y values? Positive X, positive Y? Negative X, positive Y?

How would locating the spacecraft on paper be different if you didn'’t
have a coordinate system?

Can you think of a situation when the X-Y coordinate system might not
be easy to use?

Can you think of any real-life examples of coordinate systems?
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*X & Y Coordinatesx

Procedures:

I.

This particular activity is done in pairs. Sit on the opposite side of a table or desk from
your partner.

Place a book or other shield device in the center of the desk. Make sure you cannot see
your partner’s grid.

Draw a spacecraft in each of the four quadrants. Your partner will do likewise. The
spacecraft must be the size of four squares on the grid. The object of the game is to be the
first person to find all of the missing spacecraft.
Decide which person will go first. (Flip a coin

or choose some other method.)

Whoever goes first will call out two numbers (the
X and Y coordinates), representing a point on the
partner’s grid. For the sake of example, pretend | " (

that your partner 1s going first. .

Locate the coordinate on your grid. If this point corresponds fo the location of any part of
a spacecraft, tell your partner that they have found a spacecraft.

Keep track of the coordinates you have called so as not to repeat a number pair in a game.

When the game has been completed, try again with new grid sheets.
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Find the Missing Spacecraft

(-X, ¥) Y x,y)

("Xa 'Y) -Y (Xs"y)
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Latitude and Longitude

Objective: To offer students the opportunity to construct a model
demonstrating the longitude and latitude lines on earth, as well as
using the lines to find locations on their model.

Materials: 30 cm diameter round balloon {(one per student), kite or package
string, flexible measuting tape or meter stick, felt tip markers (red,
black, green, blue), transparent tape, scissors

Activity Duration: 90 minutes

Teacher Background Information:

The importance of identifying a specific location on Farth has long been a

concern to travelers and explorers. This information was vital in planning for

adequate supplies during voyages and for charting courses. Great effort was
used by early mapmakers to show relationships between locations on
Earth. Improvements in technology used for measuring

distances led to increasingly more accurate maps.

Astronomerts and geographers use coordinate systems

for designating positions. You may be familiar with the
system of longitude and latitude used by geographers. The
i system is regularly used to define positions on the Farth’s
wemm—— o r{acc. [atiinde lines circle the planet parallel to the equator.
Therefore, when stating a latitude, you must specify north or south of the
equator. For example, 40 degrees Nozth latitude relates to an Harth location on
a line with New York in the United States, Madrid, Spain, in Europe; and

Beijing, China, in the Far Fast. Looking to the other side of the equator, 23
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degrees South latitude refers to a location near Rio de Janeiro, Brazil, in South
America, and Alice Springs in Austraha.

Longétude lines on the Earth run notth to south, separating the east and west.
Zero degrees longitude is defined as the line that runs through Greenwich,
England, near London. The longitude for locations in Nortth and South
America is called west longitude. New Yotk City is located at 74 degrees West
longitude. Longitude for locations in most of Turope, Asia and Africa are

designated east longitude. Tokyo, Japan, is at 139 degrees East longitude.

By naming both the latitude and longitude, a very precise position on Earth can
be specified. For example, New York City can be said to be located at a point
where the 40-degree North latitude line crosses the 74-degree West longitude
line. To be very specific, we would need to divide the latitude and longitude

numbers into smaller increments called minutes and seconds.

Procedure:
1. Assign cooperative roles.
2. Review background information, particularly reasons for having a system

of determining locations on Earth.

3. Review the student procedure, creating a sample model if time permits.
Extensions:

Discussion questions Jfor students concerning the acttvity:

g What is the difference between longitude and latitude?
a In the coordinates 40° N, 120° W, which is longitude and which 1s
latitude?

o Find the coordinates of a big city closest to where you live.
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How does the balloon model differ from the real Earth?
How do you explain where something is when it doesn’t directly lic on a
line of latitude or longituder

Why is it important to have coordinate systems?
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LATITUDE &LONGITUDE

Procedures:

1.

2.

Get with your partner and gather the materials that you will nced for
the activity.

Blow up the balloon and tie it closed with string. The balloon
represents the Earth with the balloon’s opening marking the South
Pole of the Earth.

. Using tape measure, find the distance around the balloon from the

North Pole through the South Pole and back to the North Pole. This is
the circumference of the balloon. Record this length

here: cm.

Cut 6 pieces of kite string this length. Fold each in half again and
mark the halfway point with a black marker. Fold each in half again
and mark the fold with a red marker. Again fold each in half and mark
with the green marker.

Wrap each piece of string from the South Pole to the North Pole,
around to the South Pole again and tape into place. Space the strings
equally distant from each other, overlapping them at the North and
South Poles. Chose one to be the prime meridian (zero longitude) and
use the marker to color this string blue.

Wrap a piece of string around the center (the equator) of the balloon,
lining it up with the red marks on the longitude string. Cut it exactly
the right length to fit once around the balloon’s center and measure
the total length of the string. Divide this number by 6 and make a
mark with the black marker at each 1/6 point along the equator.

Tape the equator line into place. Adjust the longitude lines to intersect
the equator at the marks at right angles.

Place a piece of string around the “Earth” above and below the
equator to line up with the green marks on the longitude lines. These
represent 45° north and south latitude. Cut the correct length and tape
into place.

Estimate a point halfway above and halfway below each of these new
latitude lines. Cut and place strings to mark these latitude lines so that
they circle the balloon.
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10. Label each of line of latitude, as they would appear on a globe of
Earth. Be sure to designate whether or not the lines are north or south
of the equator.

11. Similarly, label the longitude lines, remembering to record which
lines are east and west of your prime meridian.

12. Draw six small shapes (use something simple, such as a triangle, star,
circle or square) on the balloon with a marker. Make each shape
different. At least three of your marks cannot lie at the intersection of
two strings.

13. Write down the shapes and their coordinates here:

Shape Latitude Longitude

14. Turn to your partner and have each of you call out one of the shapes
and the coordinate it is located at. (For instance: “I have a star at 33
degrees N and 127 degrees W.””) On your own balloon, locate the
position that your partner gave you. When you find it, draw in the
shape your partner indicated.

15. Repeat step 14 until all 6 coordinates have been located.

Questions:

1. Do the shapes drawn on your balloon match those of your partner? If
there are differences, go back to steps 12 & 13 to see where there was
an error. Once it is fixed, describe what went wrong the first time.

2. Are all latitude lines of equal length? Are all longitude lines
of equal length? When are longitude and latitude lines
equal in length to each other?

3. Observe the angles made by the intersection of the latitude and
longitude lines. Where on your globe are the angles right angles?
What do you think causes the angles of intersection to change?

4. How did you find the coordinates of the shapes that were not located
at an intersection of the string? Is this way of determining the
coordinates very accurate? How could you modify the balloon to
make it more accurate?




Measuring Angles

Objective: 'To learn to use a protractor to determine the angle of elevation of
different objects.

Materials: For each group of students, a protractot, piece of cardboatd,
straw, string, washer or other weight, copies of the chart

Activity Duration: 45 minutes to an hour

Teacher Background Information:

Measuring angles is one of the oldest ways of expressing a relationship between
two objects. We say that a circle has 360 degtees from start to finish. If you
start at zero and go 360 degrees in any ditection, you will end up where you
started. If a person turns around and moves in the opposite direction, they
have turned 180 degrees, and are often said to “Do a 180.”

We can also use angles to determine the elevation of an object (also known as
the angle of elevation). To do this, we use a tool called a protractor. In the
following activity, we will use a protractot to measure angles of elevation.

Procedure:

1. Tie the washer to the _
end of the piece tring. S S e e
d piece of string : NRRIRTRRIRIDER

2. Place the protractor on the
piece of cardboard so you Straw
can cleatly see the angle
measurements, with the straight
side above the curved side as
shown in the picture to the right.

3. Tape the protractor to the cardboard
of poster board piece.
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Carefully make a small hole for the string directly above the center line
on the straight edge of the protractor. Use a paper clip to secure the
string to the back side of the cardboard piece.

The string should hang along the 90 degree matk on the protractor.

Tape the straw to the cardboard above the protractor as shown on the
pictute.

Fither in the classroom or outside, choose an object for which to
determine the angle of elevation.

Hold the measuring device so that you can look through the straw and
see the object. When you see the object through the straw, ask your
partner to see the angle that the string is pointing to. This is the angle of
elevation for the object.

Take turns measuring the angles of elevations of different objects,
allowing each team member to use the measuring device. Record your
angles on the chart provided.
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Angles of Elevation Chart

Object Name

Angle of Elevation
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Get Your Probe in Shape Activity

Objective: To give students experience in distinguishing between different
shaped geomettic solids

Materials: Pens, copies of the student worksheet for each student

Activity Duration: 25-30 minutes

Teacher Background Information:

In order to successfully construct the probe for launch into a comet, the
student astronauts in Mission Control must give accurate instructions to their
tearmmates in the Space Station. The probe components are a combination of
rectangular and cylindrical solids. The only way to differentiate between one
piece and another is to give the students an accurate description of the visual

appearance and shape of the part.

In order to accurately describe the piece, it is essential that the students

understand the charactersistics of 2 geometric solid: Rectangular
Solid
Cyhnd.ncal diagonal \
Solid -
height
£ radius
Procedure: '\{/
[ tength |
1. Divide the students into pairs, and give one student a Space Station
sheet and the other student a Mission Control sheet. Make sure they do not
look at the other student’s sheet.
2. Follow the instructions at the top of each student worksheet.
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Get Your Probe in Shapel!
Space Station Sheet

The figures below represent eight parts that you will use to
construct a fully functioning probe. As you can see, each part is
similar to at least one other part, but also different. Your
partner has a sheet with the same eight figures, but with
numbers assigned to each of the eight parts. Your job is Yo
determine the number of each part using your
partner's description. Write the number in each
part as you go. Good luckl!!
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Get Your Probe in Shape!

Mission Control Sheet

The following numbered figures below represent eight parts that
you will use to construct a fully functioning probe. As you can
see, each part is similar o at least one other part, but also
different. Your partner has a sheet with the same eight figures,
but does not have them numbered as you do. Your job is o
describe each part to your partner, so that they will be able to
determine which number part it is. Good luck!!

e
~__
<>
1 2 3

-
7
N/

6
) ° R
N~
N ’
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Reading Equipment with Scales

Obijective: To apply the metric system to reading various forms k.
of measuring devices; to calculate volume, area, and density; to
use a meter stick to find the length, width, and height of several

objects.

Materials: Five different objects for students to weigh and measure, triple
beam balance, meter stick, graduated cylinders and/or beakers of

different sizes, thermometer, barometer

Activity Duration: 45 minutes to an hour

Teacher Background Information:
In an effort to fully understand our universe and to better prepare for future

missions, scientists examine a wide range of measurement about our Solar

System and beyond.

'The International System of Measurement is the metric system. In the mettic
system, a unit of measure (such as the liter for volume) is used for each type of
measurement, and prefixes are added to make describing different amounts

easier. The following prefixes are used to show fractional parts of the liter. ..

Milliliter 1/1000™ of a liter
Centiliter 1/100" of a liter
Deciliter 1/10% of a liter
Liter 1 hter

Decaliter 10 liters
Hectoliter 100 liters
Kiloliter 1000 hiters
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The following chart shows the most common metric units used for different

types of measurements. ..

Measurement Unit Measured With
Linear Distance Meter (Kilometer) Meter Stick
Liquid Liter (milhliter) Graduated Cylinder
Weight Gram Scale
Temperature Degrees Celsius Thermometer
Barometric Pressure Millimeters of mercury | Barometer
Procedure:

1. Fill all three graduated cylinders with different amounts

of water.
2. Assign students to teams of two or three.
3. Discuss the metric system with your students.
4. Review with your students the formulas for

volume, area, and density.

5. Have the students move from one station to

anothet, experimenting with measuring the

different objects chosen. The students should

determine the following:

¢ the dimension of solid objects (height, length, and width)

e the volume of liquid in the different graduated cylinders

o the temperature in Fahrenheit and Celsius off a thermometer

¢ the pressure in mm of Hg using a barometet.
*Note: It is not essential that you have every measuring device. If you want to

add or subtract, you should feel free to do so.
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Discussion Questions:

1. How can the use of measuting devices assist us in everyday life?

2. How can we create new measuring unites / devices?

3. Why is it important to use the metric system?

4. What is the bigger unit of measure: the milliliter, centiliter, or deciliter?

Think of times it would be appropriate to use each.

Extension:

O Have the students research and report on the National Bureau of

Standards.
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Acids and Bases

Objective: 'To offer students the opportunity to analyze everyday materials to
determine whether they are acids, bases or neutrals.

Materials: Each of the following solutions: water, bleach, ammonia, vinegar,
milk, lemon juice, tea and liquid soap; small plastc cups (20 ml),
Eyedroppers (one per group); Large plastic cups (250 ml); test
tubes; safety goggles; aprons; a head of red cabbage; graduated
cylinder (for teacher); water; pH color chart

Activity Duration: 60 minutes

Teacher Background Information:

Scientists use many skills to assist them in their research. Among many things,

they need to be able to conduct tests and analyze and classify the data. For

example, scientists use the pH scale to identify and classify compounds. The

pH scale is 2 measure of how acidic or basic a sample is.

Acids are nonmetallic chemical compounds that react with some metals to
produce hydrogen gas. They have a pH less than 7. An acid will neutralize 2
base. Bases are metallic chemical compounds that react with water and have a
pH greater than 7. A base will neutralize an acid. A substance that is neither an
acid nor a base is considered neutral, and has a pH of 7. Water is an example of

a neutral substance.

An indicator is used to test a solution for its pH. Tt may be in the form of a
liquid or paper that has been soaked in an indicator liquid. For example, one

easily prepared indicator is the Cabbage Juice Indicator.
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Procedure:

1.
2.

10.
11.
12.
13.

14.

15.
16.

Gather matetials and assign students to cooperative groups.

Prepare the red cabbage indicator: Cut a red cabbage into eight parts.
Place the cabbage in a non-aluminum pan, cover with water, and boil for
10-15 minutes. (You may wish to use bottled water to ensure neutral
pH)

Pour the pan contents through a strainer and discard the cabbage leaves.
Cool the juice and store covered in the reftigerator. Freeze the juice in
ice cube trays for extended use.

Prepare the bleach, ammonia, soap and vinegar solutions by mixing 1
teaspoon of each liquid with 250 ml of water.

Have students look at the list of houschold products on the following
chart. For each solution, have students predict and record if they think it
is an acid, base or neutral.

Label the small cups 1-9.

Label one large cup water and the other indicator.

Fill the nine small cups half full of each solution.

Fill one latge cup half full of water.

Fill one large cup half full of the cabbage juice indicator.

Label the test tubes 1-9.

Students will use an eyedropper to put 10 drops of indicator into the test
tube labeled 1. Place this eyedropper back into the cup of indicator.
Students will use the other eyedropper to put 10 drops of soludon “17
into the test tube labeled 1.

Students will gently shake the test tube to mix the solutions.

Students will observe the color and record theit observations on the

following chart, indicating if the solution is an acid, base or neutral.

80



17.  Students will clean their solution eyedropper in the water cup and repeat
steps 13-16 for each of the solutions.

18.  Afterwards, have the students clean up test tubes and area.

19.  Discuss the results.

Extensions:

Discussion questions for students concerning the activity:

]

What types of solutions tended to be acidic? What characteristics do they
have in common?

What types of solutions tended to be basic? What characteristics do they
have in common?

What types of solutions tended to be neutral?

Were you surprised by any of your findings? If so, how?

Hypothesize what other liquids you would expect to be bases, acids and
neutrals.

What other ways are there to test for acids and bases?

Why is it important to know if items are acids or basesr
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Acids & Bases

Procedures:

1. Look at the list of household products on the chart below. For each solution,
record your prediction of whether you think it is an acid, base or neutral.

2. Use an eyedropper to put 10 drops of indicator into the test tube labeled 1. Place
this eyedropper back into the cup of indicator.

3. Use another eyedropper to put 10 drops of solution “1” (lemon juice) into the test
tube labeled 1.

4. Gently swirl the test tube to mix the solutions.

5. Observe the color and record your observations on the chart below. Indicate
whether the solution is an acid, base or neutral. The chart lists which colors
correspond to an acid, base or neutral.

6. Clean your solution eyedropper in the water cup and repeat steps 2-5 for each of
the solutions.

7. Test your own ideas for numbers 10 and 11.

Data Log for Classification of $olutions

Solution Name Prediction Color Acid, Base or Neutral

. lemon juice

. bleach water

. ‘water

. tomato juice

. milk

. ammonia water

. tea

. vinegar water

|l osel 1| e U e W] b e

. soap




Rock Classification

Objective: To offer students the opportunity to test different types of rocks,
learn the types of rocks, and observe the individual rock type

characteristics.

Materials: (For each group of students) rock samples, magnet, plastic cup,
vinegar, nail, penny, tile samples or scraps

Activity Duration: 40 minutes

Teacher Background Information:

Rocks can be classified into types by testing for certain characteristics. These

tests include hardness, streak or color, acid and magnetism.

Three types of rocks:
1. Igneons- Hard rocks formed from cooled molten material.
Often appear to have crystals and are never in layers.
2. Sedimentary- Rocks formed from sediments or something that has
been deposited by water.  Have a layered

appearance, feel gritty, and break casily.

3. Metamorphic-  An igneous or sedimentary rock that has been
changed by pressure, heat , water, or contact with
hot lava. Very hatd, more crystals than igneous.
Crystals of each mineral are lined up in bands or
layers.

The label “rock” is often used rather loosely to mean cither rock or mineral.
Actually, rocks are made of minerals. The following tests are used by experts

to classify rocks:
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Hardness Test- Minerals are scaled in range from 1-10, with 1 being softest
and 10 hardest. The method of determining hardness is the scratch test.
Fingernails have a hardness of 2.5, penny 3.0, nail 5.5, quartz 7. Test the rock

by seeing if it will scratch or be scratched by any of the above materials.

Color Streak Test- different rocks will make distinctive color marks on

porcelain tile, or paper. Tale, anthracite, and gypsum will make color streaks on

papet.

Acd Test: Used to identify rocks that contain calcium carbonate.

Limestone, marble, calcite, and chalk will fizz in the presence of vinegar.

Magnetism Test: rocks which contain iron such as galena or lodestone

(magnetite will respond to a magnet).
Procedure:

A geologist, ot person who studies rocks, uses several types of tests to classify a
rock sample. You will become a geologist as you practice four of these tests on

your rock samples.

Test One: Hardness

Rocks are scaled in hardness in 2 range from 1 to 10, with 1 being the softest
and 10 the hardest. Hardness can be tested by trying to scratch a rock with a
substance or another rock.

1. Select two rocks from the collection,

2. Try to scratch one with the other. The harder one will scratch the other.
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3. Keep the harder rock. Choose another rock from the collection and do
the scratch test between the two rocks. Keep testing until you find the
hardest rock in your collection.

4. Continue the scratch test until you have all your rocks lined up from
hardest to softest.

5. Test the rocks with other objects.

Fingernail= 2.5  Penny= 3.0 Nail=50
6. Complete your data chart by numbering your samples from softest to
hardest.
(Softest being #1 and hardest #6)

Test Two: Color Streak Test

Some rocks make a streak of color when rubbed against a piece of tile or paper.
Others do not. The color of the streak is usually different than the color of the
rock.

1. Try to make a streak on the tile or paper with the rock.

2. Record the color of the streak on your DATA LOG.

Test Three: Acid Test

Some rocks contain calcium. These rocks will fizz in the presence of acid. You
will use vinegar as the acid for this test.
1. Fill your plastic cup half full of vinegar.

2. Put the rock sample in the cup.
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3. Obsetve the rock for fizzing or bubbles. Record the results on your
DATA LOG.

Test Four: Magnetism Test

Some rocks contain metals that will attract a magnet.
1. Select one of the rocks and touch it with the magnet.
2. Is the rock attracted by the magnet? Record your results on your

DATA LOG.

Use your data chart information and rock keys or books to classify each of your

rocks.
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