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Introduction

Vision Statement

Many students know that the Wright brothers were curious science investigators who explored
flight. Like other early pioneers of aviation, Orville and Wilbur overcame many obstacles to
master modern flight. Few students, however, know the role that model aircraft have played

in addressing aviation challenges. Throughout aviation history and to the present day, model
airplanes have been and continue to be used as proof-of-concept vehicles in full-scale aircraft
design. Modeling is essential to math, science, and engineering—in fact, to all creative thinking.
The model is a metaphor—a way of understanding cause and effect, a context, and an outcome.
Through the NASA Curious Scientific Investigators (CSI): Flight Adventures project, SpaceQuest®
Planetarium multimedia show, and accompanying unit of study, students will learn that aircraft
models are tools we use to explore the science of flight. Flight once was an unattainable dream.
Through the CSI Flight Adventures experiences students will become aviators by building, testing,
modifying, repairing, and flying model aircraft.

Enduring Idea

Models are tools we use to explore the science of flight.

Students will learn that

@ science, technology, engineering, and math
help us understand how flight works;

@ early pioneers of flight used models to
advance aviation;

@ free-flight models are tools used to test
ideas and solve problems to improve flight
performance;

@ NASA uses models to test new ideas and
solve existing problems, improving flight
technology, safety, and performance;

® NASA employs a variety of staff with
diverse skills; and

@ aviators make, test, repair, and fly model
aircraft.

Wright Brothers First Flight

On December 17, 1903, two brothers from Dayton, Ohio, named Wilbur and Orville Wright, were
successful in flying an airplane they built. Their powered aircraft flew for 12 seconds above the
sand dunes of Kitty Hawk, North Carolina, making them the first men to pilot a heavier-than-air
machine that took off on its own power, remained under control, and sustained flight.

PHOTO COURTESY OF NASA

Overview

Through this unit of study, students will be

introduced to three main project concepts:

@ how models have been used in the history
of aviation to solve problems;

@ how NASA uses models to test new ideas
and solve existing problems, improving
flight technology, safety, and performance;
and

® how models can demonstrate the
properties of flight to children and families.

Academic Standards

Lessons in this unit of study are aligned to state
and national academic standards in science,
language arts, and mathematics. Each lesson
features one aspect of how models are used

in flight. The experiences focus on background
information about flight and hands-on science
experiences using models. Students will be
introduced to the ways model aircraft have
been used to solve past, present, and future
challenges in aviation. Students will discuss the
history of aviation and the role that models have
played in NASA aerospace research. They will
learn about specific NASA aeronautic careers
and opportunities. Students will design, build,
test, fly, and revise model aircraft to explore
ideas about flight.
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Introduction

About NASA’s Education Program

S nasa.gov/offices/education/about/index.html

NASA’s journeys into air and space have deepened humanity’s understanding of the universe,
catalyzed technology breakthroughs, enhanced air travel safety and security, and expanded the
frontiers of scientific research. These accomplishments share a common genesis: education. As
the United States begins its second century of flight, the nation must maintain its commitment

to excellence in science, technology, engineering, and mathematics education to ensure that the
next generation of Americans can accept the full measure of their roles and responsibilities in
shaping the future. NASA will continue the agency’s tradition of investing in the nation’s education
programs and supporting the country’s educators, who play a key role in preparing, inspiring,
exciting, encouraging, and nurturing young people today who will be the workforce of tomorrow.

NASA will continue to pursue three major education goals:

@ Strengthening NASA and the nation’s future workforce

@ Attracting and retaining students in science, technology, engineering, and mathematics
(STEM) disciplines

@ Engaging Americans in NASA’s mission

The X-48B Blended Wing Body research aircraft
banks smartly during its Block 2 flight phase.

NASA PHOTO / CARLA THOMAS

Students from Ferebee-Hope Elementary School in Washington, D.C., take turns trying on a glove
from a space suit on Tuesday, Feb. 8, 2011. Ferebee-Hope Elementary School, in collaboration with
Reading Is Fundamental, hosted this event in honor of Black History Month, and to highlight the
importance of reading. NASA Associate Administrator for Education and STS-129 astronaut Leland
Melvin read to first- and third-grade students at the school from the book The Moon Over Star
during the event.

IMAGE CREDIT: NASA/CARLA CIOFFI

NASA Aeronautics Education

Fostering new generations of highly skilled
scientists and engineers is critically important
to the aeronautics community. The Aeronautics
Research Mission Directorate (ARMD), as

part of its commitment to mastering the

core competencies of aeronautics in all

flight regimes, is restructuring its education
program, including focusing investments in
undergraduate and graduate education.
aeronautics.nasa.gov/education.html

NASA Aeronautics

NASA’s Aeronautics Research Mission
Directorate (ARMD) works to address the
challenges that still exist in our nation’s air
transportation system. NASA Aeronautics has
made decades of contributions to aviation.
Nearly every aircraft today has a NASA-
supported technology on board that helps
the vehicle fly more safely and efficiently.
Aeronautics research takes place at four NASA
Centers: NASA Ames Research Center, NASA
Dryden Flight Research Center, NASA Glenn
Research Center, and NASA Langley
Research Center. nasa.gov/topics/
aeronautics/index.html

NASA Aeronautics E-Books

Many of the biggest achievements in
aeronautics research are chronicled in books
rich with detail, personal stories, and surprising
twists of fate and revolutionary discoveries
that have influenced the experience of flight for
millions of people. aeronautics
.nasa.gov/ebooks/index.html
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Introduction

What’s Ahead

Students will construct and use models in the following lessons and
experiences to investigate the science of flight.

Q Lesson 1: Weight and Lift
Students will learn that air is made of matter. Using a model, students investigate various
factors, including weight and surface area, that affect how objects move through air.
Students learn how moving air causes a Kite to fly.

Lesson 2: Thrust and Drag
Students construct a rocket using paper, pencil, and tape, and use it to investigate thrust
and drag.

Lesson 3: Control

Students build and fly an FPG-9 (Foam Plate Glider 9-inch) model to investigate how to
control a model plane in flight by manipulating various control surfaces. Using the FPG-9
model, students observe the three dynamics of flight (ways a plane can move): pitch, roll,
and yaw.

C; Culminating Experience and Assessment: Design, Build, Test,
and Fly a Model
Students apply what they have learned to select a Flight Challenge and design, build, and
test their model to accomplish it. The model should demonstrate concepts learned in the
unit of study and be connected to a NASA project.

Extending the Experience: Jetstream Tethered Model
Teachers construct a rubber-band-powered model to demonstrate how weight and drag
affect flight.

Online Support

The Children’s Museum of Indianapolis CSI
Flight Adventures:
childrensmuseum.org/flightadventures

CSI-Flight Videos include:

a. Introduction; Paper Ball Demonstration;
Building and Flying the Leonardo da
Vinci Parachute

This unit of study has an online video b. Building and Flying a Paper Box Kite

component suitable both for teacher ¢. Building and Launching Paper Rockets

background information and viewing by d. Building, Flying, and Controlling the
students. The lessons are designed to be FPG-9 Glider, Culminating Activity
complete as written. However, it is highly e. AeroLab - Total Control, AMA
recommended that teachers preview the f. Jetstream — Teacher Demonstration
video segments before class and then use
them in the presentation of each lesson.

NASA Online Resources

Teachers and students can access
extraordinary online resources at the NASA
website. Specific web pages are identified for
each lesson in the unit of study. The resources
are presented for students and educators.
More resources are located on pages 61-62.

NASA for Students

nasa.gov/audience/forstudents/index.html

NASA for Educators

nasa.gov/audience/foreducators/index.html

NASA Central Operation of
Resources for Educators (CORE)
http://core.nasa.gov

The Central Operation of Resources for
Educators, established in cooperation with
Lorain County Joint Vocational School, serves
as the worldwide distribution center for NASA-
produced multimedia materials. For a minimal
charge, CORE will provide a valuable service
to educators unable to visit one of the NASA
Educator Resource Centers by making NASA
educational materials available through its
mail-order service.

NASA Beginner’s Guide to
Aeronautics
www.grc.nasa.gov/WWW/K-12/airplane/
index.html
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Introduction

The No. 2 X-29 technology demonstrator aircraft is seen here during a 1990 test flight.
At this angle, the aircraft's unique forward-swept wing design is clearly visible.

PHOTO COURTESY OF NASA DRYDEN FLIGHT RESEARCH CENTER (NASA-DFRC)

What Will Students Learn?

CSI: Flight Adventure Lesson Lesson Lesson

Unit of Study Target Content 3
Experience | 1 2 1 1

Target Ideas

Air is matter. It takes up space and has mass. Y | % Y ) ¢

Aforce pushes or pulls on an object. * | % ) ¢ ) ¢

Earth’s gravity is the force that pulls an object toward the Earth. ) ¢

Weight is the force an object has due to gravity. ) ¢

Drag is the force that opposes the motion of an object. Y | %

Thrust is a force that propels an object in a specific direction.

Lift is a force that directly opposes the weight of a moving object and holds it up. An object *
in flight is lifted when air moves past it.

Pushing or pulling forces can change the position and motion of objects. The amount of * *
change in the motion of an object is related to the strength of the push or pull acting on it.

* | % F Dt ¢
* | % 6 ¢ %

Models are tools used for learning and communicating ideas about flight. * | % ) ¢ ) ¢

* Students will understand the entire idea from information presented in the experience. * Students will be introduced to part of the idea or will apply the idea.

Curious Scientific Investigators: Flight)adventures ® A Unit of Study for Grades 3-5 7
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ROBERT “HOOT” GIBSON: Ambassador—Academy of Model Aeronautics, NASA Space Shuttle
Commander, Astronaut Hall of Fame Member, Naval Aviator

© ALL RIGHTS RESERVED BY THE ACADEMY OF MODEL AERONAUTICS

Getting Started: Teacher Tips

Challenges of Flight: Investigation with Models

In each experience students will construct and fly a model to investigate flight challenges and the
concepts that have contributed to the science of flight. Early aviation pioneers investigated and
overcame challenges to flight. Through guided experiences students and teachers will investigate
the same challenges. The American Association for the Advancement of Science (AAAS) project
2061 defines models as the following:

® Model: A representation of an object, system, or event in the real world; a model contains
certain essential characteristics, but not every feature of that which is being depicted.
Therefore, it is important to keep in mind how a model is different from its real world
counterpart. A model may be a physical or symbolic representation.

In the assessment activity students will apply what they have learned to build, test, and fly free-
flight models that demonstrate an understanding of the forces and challenges of flight.

Challenges of Flight

Challenge 1 | Build, test, and fly a model through air.

Challenge 2 A Change the speed of a model moving through air.

Challenge 3 | Control a model moving through air.

Challenge 4 | Design, test, and fly a model through air.

You may want to make use of video cameras (flip, phone, or others) to encourage the class to
record the flights of the various models they test. Students can then watch the flights in slow
motion to observe movement that is not easy to see in real time.

Forces in Flight

Physical science forces will be investigated in
this unit of study so that students and teachers
can understand and apply the concepts to
model aircraft: push (lift and thrust) versus
pull (gravity and drag). Understanding force

is crucial to understanding flight. A push force
creates thrust that moves an aircraft forward,
and drag opposes it, slowing the forward
motion. A push force creates lift that opposes
the pull weight of an aircraft so that it can rise
through the air for flight.

Moving Through Air

Aeronautics is the scientific study of flight
within the Earth’s atmosphere. Air is made
of matter. All matter takes up space and has
mass. Therefore, air takes up space and has
mass. Flight is possible because it occurs in
air. Without air, aircraft flight is not possible.
At the most basic level, forces in flight are the
interaction of aircraft (matter in a solid form)
and air (matter in a gas form). Types of flight
not in air, such as rockets in interplanetary
space (astronautics), are not part of
aeronautics.

Key Terms Development

Teachers may want to include vocabulary-
building tools, such as word walls, student
illustrated examples, and games, to introduce
new words. Science concepts and principles
are included at the end of this unit. NASA
websites are included in each lesson to help
build vocabulary. See the Glossary on page 63.

Classroom Management

The experiences in this unit of study require
students to build and construct models.
Students may have little or no experience
doing this. Therefore, time needed for each
lesson may vary. Each lesson contains a
Stopping Point where the lesson can be
split. You should view the videos described on
page 6 on your own and practice constructing
the models before starting the lessons with
your class. The videos show step-by-step
construction of the various models used.

8 THE CHILDREN’S MUSEUM OF INDIANAPOLIS © 2011
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Literature Connection

Many wonderful books can be used with
this unit of study. One book or reading
selection has been identified for each
lesson. You may want to assign and have
available the books listed as suggested
reading for those students who finish
activities early. Integrating the literature
will strengthen students’ understanding of
the ideas.

CSlI Flight Adventure Journals
Enhance learning by allowing students to
create CSI Flight Adventure science journals.
Encourage students to write new vocabulary
words, record observations, and make
drawings of new designs. (See page 57.)
The journal templates are also found at
childrensmuseum.org/flightadventures

NASA Websites

NASA websites are listed for each lesson.
Educational websites are included for
teachers and students. In addition, several
NASA sites are noted that include news and
mission information.

NASA Careers in Aeronautics
Many exciting discoveries are being made
today by the people who work at NASA. In
the future, today’s students will discover
new technologies for passenger airplanes
and fighter jets. Tomorrow’s engineers

and technicians will continue making
improvements and modifications to existing
aircraft for safer, cheaper, and more
environmentally friendly flights. They also will
create new types of air and space vehicles.
Many different people from many different
fields work together on the design process
of making an aircraft. Students can meet
engineers and technicians at the following
websites:

NASA Quest Challenges
quest.nasa.gov/index.html

NASA Career Information
nasa.gov/audience/forstudents/
careers-index.html

Selected NASA Dryden Flight Research Center
staff are featured in career videos on this site.

Curious Science Investigators:
Flight Adventures!
childrensmuseum.org/flightadventures

Teacher Support

childrensmuseum.org/flightadventures

This unit is designed to be a stand alone

guide for teachers in Grades 3-5. However,

additional materials and resources are

available for teachers, including:

@ Online module with step-by-step
directions, videos, and resources

@ Visits to The Children’s Museum of
Indianapolis for interactive multimedia
planetarium shows, first-person
interpretations, and SciencePort activities

@ Professional development activities
(workshops and summer institutes)
Public television flight documentary
(online access)

@ Local and national Academy of Model
Aeronautics clubs and workshops

@ Public television flight documentary
(online access)

Academy of Model Aeronautics
modelaircraft.org/education

The Academy encourages educators to
contact a local AMA club to ask for a

modeler to arrange a classroom presentation
and possibly an indoor or outdoor flying
demonstration for the whole school. To find a
club in your area, click on “Find A Club” (at the
bottom right) and fill in your school’s ZIP code.

d
——\——

AMA

ACADEMY OF MODEL AERONAUTICS

While NASA Dryden’s Jim Ross outlined his job
as an aerial photographer, sixth-grade student
Leo Banuelos learned firsthand about the gear
Ross wears in the cockpit.

NASA PHOTO / TOM TSCHIDA

LGil
The Teacher Community
of Inquiry:
Share your experiences using this unit of
study with your colleagues through the
museum’s online community dedicated
exclusively to educators at tcmteachers
.org. View student work and learn how
to share your students’ work with others.
Learn about upcoming opportunities for
teachers and students at the museum.
Share ideas and learn what other
teachers have done to enhance their
students’ experience at the museum.
Visit tcmteachers.org to become a part of
the museum’s teacher community today.

Curious Scientific Investigators: Flight)udventures ® A Unit of Study for Grades 3-5




Lesson One

Lesson 1: Moving Through the Air: Weight and Lift

Connecting to Standards

The lessons in this unit of study relate to the
following Indiana Academic Standards, National
Science Education Standards (NRC, 1996),

and National Common Core State Standards in
Language Arts and Mathematics.

Indiana Academic Standards

Science: 3.4.1;4.4.1,4.4.3,4.4.4;54.2

Math: 3.1.1,3.2.7,3.5.1,3.5.2; 4.5.1,4.7.4;
5.6.1,5.6.2

English/Language Arts: 3.2.7, 3.4.3,3.5.8, 3.7,
3.75,3.7.6,3.7.7,3.7.8,3.7.11,3.7.12,
3.7.16;4.2.7,4.45,44.6,4.4.7,47,47.2,
47.4,4.75,47.9,4711,4.4.16;5.2.1,
5.2.6,5.5.3,5.6,5.7

National Science Education Standards
Grades K-12

Content Standards: Unifying Concepts and
Process

@ Evidence, models, and explanations

Grades K-5

Content Standard A: Science as Inquiry

@ Abilities necessary to do scientific inquiry
@ Understanding about scientific inquiry

Content Standard B: Physical Science
@ Positions and motion of objects
@ Motions and Forces (Grade 5 only)

Content Standard E: Science and Technology
@ Abilities of technological design
@ Understanding about science and technology

The X-38 prototype of the Crew Return Vehicle for the International Space Station is suspended
under its giant 7,500-square-foot parafoil during its eighth free flight on Thursday, Dec. 13, 2001. Content Standard G: History and Nature of
A portion of the descent was flown by remote control by a NASA astronaut from a ground vehicle Science

configured like the CRV’s interior before the X-38 made an autonomous landing on Rogers Dry Lake. | @ Science as a human endeavor

NASA PHOTO / TONY LANDIS . . .
National Research Council (NRC). National

Science Education Standards. Washington, D.C.:
National Academies Press, 1996.

Overview

In this lesson students learn that air is matter and discover how moving air causes a kite to fly.
Using a model, students investigate how various factors, specifically weight and surface area,
affect how objects move through air. Flight is possible because it occurs in air; without air, flight is
not possible. Students ask questions, collect data, test ideas, record results, and draw conclusions
about how objects move through air.

National Common Core State Standards

@ National Common Core State Standards
in Language Arts and Mathematics
(See pages 65-67).
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) Experience 1

Experience 1: Leonardo da Vinci Parachute Model

Objectives

Data Collection:

Students will:

@ observe that a balloon inflated with air

takes up more space and has more mass
than an identical balloon that is not inflated
with air.

observe that two objects made of the
same type and amount of material move
differently through air depending on their
shape.

observe that the time it takes a flat piece
of paper to travel a given distance is
greater than the time it takes the same
mass of crumpled paper to travel the same
distance.

build and launch a model parachute and
observe that the more paper clips they add
to their parachute, the faster the parachute
travels the same distance through air.

Sense-Making:
Students will:
@ explain that air is matter that pushes

against objects as they move through

it. The greater the amount of surface of

an object that comes in contact with air,

the more the “push” of the air resists the

motion of the object as it moves through
the air.

recall that weight is a measure of the force

an object exerts due to gravity.

begin to develop the idea that pushing or

pulling can change the position and motion

of objects and the size of the change is
related to the strength of the push or pull.
begin to develop the idea that when an
object is being pushed and pulled at the
same time,

@ the pushes and pulls will be equal in
strength and the object’s motion will be
constant or

@ one force will be greater than the other
and cause a change in the speed or
direction of the object’s motion.

explain that models are tools used for

communicating ideas about objects, events,

and processes, including flight. Models do
some things well but have limitations.

You Will Need

@ Student Handouts

® Test Flight Research Card Paper Drop

® Leonardo da Vinci Parachute
Directions

@ Leonardo da Vinci Parachute Flight
Research Card

® NASA Mission: Spacewedge

® NASA Career: Life Support Technician

@ 2 balloons (teacher demonstration)

@ 2 pencils (teacher demonstration)

@ Paper

@ Thread or string — 18" per student

@ Kite string or thread — 20' per student
@ Paper clips

® Tape

@ Pencil or marker

@ Website: childrensmuseum.org/

flightadventures
@ CSI Flight Adventure journals

Time: 90 minutes

Literature Connection

Cole, Joanna. The Magic School Bus Taking
Flight. New York: Scholastic, 1997. Ms.
Frizzle and her class find out about how
things fly.

canopy parachute
gravity pyramid
matter shroud lines
mass surface area
model weight

Background

This lesson has an online video component
suitable both for teacher background
information and viewing by students. The
lessons are designed to be complete as
written. However, it is highly recommended
that teachers preview the video segments
before class and then use them in the
presentation of each lesson.

View the following CSI Flight Adventure videos:

@ |Introduction to CSI Flight Adventures

® Paper Ball Demonstration

® Building and Launching the Leonardo da
Vinci Parachute

NASA Website for Students: What Is
Aerodynamics?
nasa.gov/audience/forstudents/k-4/stories/
what-is-aerodynamics-k4.html

A beginner’s guide to the science of flight.

NASA Website for Teachers:
Aeronautics
nasa.gov/topics/aeronautics/index.html
News and features about NASA research.

NASA Website for Teachers: Flexible
Wing Design Used for Hang Gliders
nasa.gov/audience/foreducators/topnav/
materials/listbytype/NASA_at_50_1961.html
Video, audio, and teachers guide for hang
gliders.

NASA Website for Teachers: Key Terms
nasa.gov/audience/foreducators/nasaeclips/
toolbox/vocabulary.html

NASA Website for Students: Key
Terms- Picture Dictionary
nasa.gov/audience/forstudents/k-4/
dictionary/index.html

Teacher Tip: Parachute Flight Problems and Solutions

Flight Path Correction

Flies straight, glides smoothly Do not make any changes
Wobbles back and forth Make sure object is centered
Falls fast Reduce the weight of the object
Falls fast Make sure canopy is airtight

Curious Scientific Investigators: Flight)udventures ® A Unit of Study for Grades 3-5 11




) Lesson One

Challenge 1

Build, test, and fly a model through air.

Challenge 2

Change the speed of a model moving through air.

Focus Question:

How can we demonstrate and
observe that air is matter?

Procedures

Ai
1.

r is Matter
Matter: Help students develop the idea
that air is something (matter), using two
balloons. Hold up the two balloons (not
inflated) and show that they are the same
size, shape, and material. (You may pass
them around so students can observe
this for themselves.) Point out to the class
that they are made of rubber. Rubber,
like all objects, is made of particles that
cannot be seen, called matter.

Air: Ask students: What is air made

of? Is it something or nothing? Record
students’ ideas on the board or on a flip
chart. Tell students that all matter has
two characteristics: it takes up space and
has mass. Write the following sentence
on the board:

5.

What Inflates a Balloon? Inflate and

tie the end of one balloon. Then ask the
class to compare how the inflated balloon
is alike and different from the one that is
not inflated. Students should understand
that the balloons are still made of the
same material and that the only change
is that air has been added to one balloon.

What is Mass? Next, balance a pencil
across the balloon that is not inflated,
and balance another on top of the inflated
balloon. Ask students to describe what is
holding the pencil on the inflated balloon
higher. Guide students to understand
that adding air to the balloon has added
more mass and changed the amount of
space it takes up. Therefore, air is matter.
It is easy to observe that the air takes up
space. Write the following on the board:

Leonardo’s Parachute Design
Leonardo da Vinci dreamed of flying. He
studied birds and made hundreds of sketches
trying to unlock the secret of flight. Drawings
of bird wings and plans for flying machines
filled his science journals. He was never able
to build machines that actually flew because
he did not understand the physics of flight.

WIKIPEDIA

WIKIPEDIA
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Student Activity: The Paper Drop Test

Focus Question:

Does the shape of paper affect
how it moves through the air?

1. Drop the Ball: Pass out copies of the five

student handouts found on pages 16-20 of

this unit. Direct students to cut the Paper
Drop Test handout into two parts along
the dotted line. (You may want to point
out that this was a physical change, not

a chemical change to the paper. The two
pieces are still paper, and of equal size
and shape.) The top half of the paper is
the Flight Research Card. Ask students to
crumple the bottom half of the paper into
a ball. Direct them to lift the balls of paper
above their heads. Ask students to predict
what will happen when they let go of the
paper balls. What happened? Record their
observations on the board.

2. Shape Up: Next, tell students to use the top
half of the paper, the Flight Research Card.
Direct students to fold up the edges along
the dotted line. Demonstrate how to pinch
the corners to make a lid shape. (See the
drawing on this page.) When finished, they
should have made a model that looks like a
shoebox lid. Point out that both objects—the
lid and the ball—are made from the same
paper and started as the same size paper.
Ask students to predict what will occur when
this piece of paper shaped like a shoebox
lid is dropped. Will it fall faster, slower, or
at the same speed as the crumpled paper?
Ask students to drop the lids with the edges
facing down and observe what occurs.
Discuss what happened.

3. On the Surface: Direct the class to follow
your lead in this next demonstration. Take
the crumpled paper ball and wave it like a
fan in front of your face. Ask the students to
do the same. Do they feel any air moving?
Repeat this procedure with the folded
paper lid. Ask students if they can feel air
moving. Which paper moved more air—the

crumpled ball or the folded paper? Why?
They should understand that even though
both objects are the same material and the
same weight, one has a different shape.
The folded paper has more surface area.

. Fair Trial: Introduce the concept of a “fair

trial” to your students. Explain that they will
drop both objects—the crumpled paper ball
and the folded paper lid—at the same time
from the same height. Stress to your students
that when they do this science investigation,
every drop must be a “fair trial” and re-
dropped if it is not. Ask students to predict
what will occur. Then let them drop both
papers in a fair trial. The folded lid will fall
more slowly than the crumpled ball. Students
should observe that although both objects are
made of the same type of material and have
the same mass, the shapes of the objects are
different: one is small and rounded and the
other is large and flat.

. Paper Drop Test: Explain to students that

every NASA test pilot has a flight data card
to record research on every flight. Show
them how to note if the crumpled paper

ball landed first or last compared to the flat
paper lid. Emphasize why each object used
should be the same size and mass. Students
will complete five drops and record the data
on their Flight Research Card.

Follow-up questions:

@ How did the shape of the paper
affect how it moved through the air?

® What is surface area?

® Why did the flat piece of paper travel
more slowly than the crumpled piece
of paper?

Solicit student responses and guide them
to understand that air, which they now
understand is matter, was pushing up
on both pieces of paper. The paper ball,
because it has less surface area, came
into contact with less air than the flat
lid shape. Students should understand
that the more of an object that comes in
contact with air, the more the “push” of
the air resists the motion of the object
moving through it. The flat lid has more
surface area than the crumpled paper
ball. The paper ball moves through the
air faster because less air is pushing
against it.

Stopping Point.

You can split the lesson here.
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Student Activity: Leonardo da Vinci Parachute Model

Focus Question:

How does the shape of an
object help to slow it down as
it falls through air?

—

Pass out the materials and student
handout. Share the story of the scientist
Leonardo da Vinci and his parachute.
Leonardo da Vinci had an idea for a
pyramid-shape parachute. Read to
students what he wrote on his sketch of
it: “If a man have a tent made from linen

of which the apertures [openings] have all
been stopped up, and it be twelve braccia
[about 23 feet] across and twelve in depth,

he will be able to throw himself down
from any great height without suffering
any injury.” Have students make scale
drawings in their CSI Flight Adventure
Journals of the device that Leonardo
was describing. Tell the students that
parachutes are used today by NASA and
in many other aviation and non-aviation
settings. Drag racers use them to slow
down, pilots use them for safety, and
the space shuttle and other spacecraft
use them on landing. Tell students that
Leonardo never made his parachute, but
they will be following his plans to make
and test his design.

2. Building the Leonardo da Vinci
Parachute: Instruct students to follow the
steps on the student handout to build the
parachute:

Cut out the template of the parachute
by cutting along the solid lines.

. Tell students to put their name on the

parachute and label it the “Leonardo
da Vinci Parachute.”

. Fold the paper along the dotted lines.

Make sure students know to cut and
fold carefully to make a centered and
balanced model.

. Carefully tape the TAB to the canopy

side to make a four-sided pyramid
shape. It will have one point at the top
and four corners at the bottom.

. Cut the 18" string in half to make two

shroud lines. Tape the two ends of
one piece of string to two corners of
the parachute. Tape the ends of the
other piece of string to the other two
corners where a star (%) is placed.
When finished, there will be two loops
hanging down.

Teacher Note: Teachers may want to

increase the number of paper clips
from 3 to 5 to make the parachute fall
more quickly.

3. Launching and Testing the Parachute:

The parachute is complete and ready to
fly. Place students in pairs to complete
the investigation and collect data on
how weight affects a falling object.

One student drops both parachutes at
the same time from the same height,
while the other student judges which
one landed first. Then have students add
one paper clip to one parachute and five
paper clips to the other. Students should
conduct five drop trials and record their
answers on the Flight Research Card.

Follow-up questions:

What is weight?

How does the weight of an object
affect how it moves through air?

How was the parachute different from
the crumpled paper ball and the flat
lid?

How did the model you made help you
understand how things fly?

What else do you want to know about
flight that the model can’t show you?

14
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One of the Spacewedge remotely piloted research vehicles in flight under a steerable parafoil
during 1995 research flights conducted by NASA’s Dryden Flight Research Center.

PHOTO COURTESY OF NASA

With drag chute unfurled, space shuttle Atlantis lands on Runway 33 at the Shuttle Landing Facility
at NASA’s Kennedy Space Center in Florida after 11 days in space, completing the 4.5-million mile
STS-129 mission.

NASA/KIM SHIFLETT NOV. 27, 2009

Experience Assessment
Ask students to answer the following
application question:

NASA engineers developed a 120-pound
spacecraft called the Spacewedge that was
designed to re-enter Earth’s atmosphere and
land safely with a built-in parachute. Using
what you have learned in your investigations,
explain how the Spacewedge parachute
lowers the craft to Earth without crashing.

NASA Aeronautics Student Reports

Aircraft models have been tested in wind
tunnel facilities at NASA Langley, NASA Ames,
and NASA Glenn research centers, and at
NASA Dryden Flight Research Center. Wind
tunnels at NASA Marshall Space Flight Center
have been and continue to be used to develop
launch vehicles. Teachers may want to assign
a student report about one of the following
topics to research and prepare a report on.

Parawing Utility Vehicle

Drogue Parachutes

Ejection Seat

NASA Langley Research Center
NASA Dryden Flight Research Center
NASA Ames Research Center

NASA Glenn Research Center

NASA Marshall Space Flight Center
NASA Career: Life Support Technician
NASA Fact Sheet: Spacewedge

Information can be found at nasa.gov
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) Lesson One — Experience 1 STUDENT HANDOUT

Curious Scientific Investigators
Flight Research Card ¢ The Paper Drop Test ¢ CSI Flight Adventure

Name: Date:

Cut this student handout into two equ