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Grade Level:  4-9
Focus Question:  How does an airplane fly and remain in control?
Instructional Objectives:

· Students will demonstrate knowledge of the four forces of flight.

· Students will predict, observe, and report how the flight control surfaces affect flight.

· Students will list similarities and differences between flight control surfaces used by the Wright Brother’s and those on modern aircraft.

Sequence of Events: 

Pre-Conference Requirements:  (one to two class periods)

1. Online Assessment

2. Lesson Plan:  Cuderia Flyer

Using a pattern, students construct a glider and conduct a series of flight tests to explore how flight control surfaces affect flight.  The students’ results will be reported and discussed during the videoconference.

 
Videoconference:  (45-60 minutes)
The Wright brothers’ first powered flight at Kitty Hawk, North Carolina, on December 17, 2003, was the culmination of years of hard work, experimentation, and research.  The Wright brothers developed a system modeled after the flight of birds called wing warping to solve their greatest hurdle—controlling the aircraft once it was airborne.  Learn how airplanes fly and how the Wright brothers’ innovations paved the way for modern aircraft surface control systems of today. 


Post-Conference Requirements:  (one to two class periods)
1. Lesson Plan:  Aerolympics – Fly the Dream
Applying knowledge gained during the pre-conference activity and the videoconference, students become engineers and test pilots as they enter and fly events in the Aerolympics.  The events allow students to determine a variety of things, such as:  which plane will travel the longest distance, perform the most loops, or accomplish the most precise landing.  

2. Online Assessment 

NASA Education Evaluation Information System (NEEIS) Feedback Forms:  (4-5 minutes)

Teacher and student feedback forms are available online for all DLN events.
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Science 
Physical Science - Content Standard B:
As a result of their activities in grades 5-8, all students should develop an understanding of Motions and Forces.  If more than one force acts on an object along a straight line, the forces will reinforce or cancel one another, depending on their direction and magnitude.  Unbalanced forces will cause changes in the speed or direction of an object’s motion.
Science as Inquiry - Content Standard A:
As a result of activities in grades 5-8, all students should develop:
· Abilities necessary to do scientific inquiry. 

· Understandings about scientific inquiry. 

Educational Technology
Prior to completion of Grade 8 students will collaborate with peers, experts, and others using telecommunications and collaborative tools to investigate curriculum-related problems, issues, and information, and to develop solutions or products for audiences inside and outside the classroom.
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1. Online Assessment
During the week before the event, students should complete the online pre-conference assessment.  This short assessment will allow us to determine students’ understanding of the topic prior to the NASA event.
Questions:
1. Explain how an airplane flies.
2. Name the forces experienced by an airplane in flight.
3. In level flight, which force is greatest?

4. Which control surface(s) make an airplane turn?

a. Rudder

b. Ailerons

c. Both A and B 

5. Compare the Wright brothers’ aircraft control mechanism with the flight control systems of modern aircraft.
6. Which flight control surface(s) control an airplane’s roll to the left or right?

a. Ailerons

b. Elevator

c. Rudder

7. How are the Wright brothers’ airplane and NASA’s Shuttle Orbiter similar?

8. Name the forces that affect all things that fly.
9. Name or describe a NASA aerospace career.
Answers:
1. Explain how an airplane flies.
An airplane uses the shape of the wing to produce lift and uses flight control surfaces to make changes in the direction of flight.

2. Name the forces experienced by an airplane in flight.
Lift, drag, thrust, and weight (gravity) are forces experienced by an airplane in flight.

3. In level flight, which force is greatest?

In level flight, all forces are balanced.

4. Which control surface(s) make an airplane turn?

a. Rudder

b. Ailerons

c. Both A and B 

Answer: c. Both A and B
5. Compare the Wright brothers’ aircraft control mechanism with the flight control systems of modern aircraft.
The Wright brothers used ”wing warping” in the same manner that modern airplanes use ailerons.

6. Which flight control surface(s) control an airplane’s roll to the left or right?

a. Ailerons

b. Elevator

c. Rudder

Answer: a.  Ailerons
7. How are the Wright brothers’ airplane and NASA’s Shuttle Orbiter similar?

They both have the ability to glide.

8. Name the forces that affect all things that fly.
Lift, drag, thrust and weight (gravity) affect all things that fly.

9. Name or describe a NASA aerospace career.
	· Pilot
	· Astronaut

	· Safety Inspector
	· Security Officer

	· Mechanic
	· Engineer

	· Meteorologist
	· Geologist


For more information on careers go to http://www.nasajobs.nasa.gov/.
2. Lesson Plan: 
The Cuderia Flyer
Materials:

· Semi Rigid Foam Plate or Meat Tray – one per student 

· Ballpoint Pen

· Scissors

· Weight for nose of flyer

· ¾ inch Binder Clip  - one per student (preferred option because legs of clip serve as landing gear and protect the flyer)  OR
· [image: image38.jpg]P



penny – one per student

· Cellophane tape for repairs

· Recording sheet – one per student
· Cuderia Flyer pattern (template shown on Page 10)
Focus Question:  How does an airplane fly and remain in control?

Introduction:  
1. Begin a KWL chart with the students.

	What I Know
	What I Want to Know
	What I Learned

	Ask and record what the students know about airplanes.


	Ask and record what the students want to learn about airplanes.
	


2. Introduce the focus question and the Cuderia Flyer activity as a way to answer the focus question.
Body:

A. Directions for Building the Cuderia Flyer  
Tape the pattern of the Cuderia Flyer to the foam plate/tray. (template shown on Page 10)
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1) Using a ballpoint pen, trace over all dark lines.

2) Score any dotted lines.  Be careful not to cut all the way through the foam plate/tray.

3) Carefully remove the paper pattern from the foam plate/tray. You should see an outline of the Cuderia Flyer on the tray.

4) Carefully use the scissors to cut on all solid lines, including the two solid lines on the fuselage.

5) Use the ballpoint pen to apply any personal and finishing touches to the fuselage (such as name, canopy, aircraft number, etc.).
6) Assemble the glider by inserting the wing and horizontal stabilizer into the proper slots in the fuselage.  Friction will hold them in place.  

7) Attach a binder clip or tape a penny to the fuselage of the plane.  A binder clip is preferred because it becomes the landing gear, which prevents extensive damage to the glider as it lands.
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B. Directions to Test the Cuderia Flyer

1) Provide each student a copy of the Recording Sheet shown on Page 9.  

2) Instruct the students to fly the Cuderia Flyer without adjusting any flight control surfaces and describe how the plane flew.

3) Show the students the location of the rudder on the plane.  Ask the students to predict what will happen to the plane when the rudder is moved to the right.  Have the students bend the rudders, test their hypotheses, and record their answers.
4) Have the students straighten the rudder.  Show the students where the ailerons are.  Have the students move the right aileron up and the left aileron down.  Have the students predict what will happen when the plane flies.  Have the students fly their planes and record the results.
5) Collect the students’ planes and Recording Sheets and save them for the videoconference.

Closure:  Complete the KWL chart with the students and save them for the videoconference.  At that time, students may ask any of the NASA participants the questions listed in the “What I Want to Know” column.  Students should also be prepared to tell the NASA participants what they have learned about flight control surfaces.

	What I Know
	What I Want to Know
	What I Learned

	Ask and record what the students know about airplanes.


	Ask and record what the students want to learn about airplanes.
	Have the students discuss what they learned about airplanes from using the Cuderia Flyer. 

Teacher Helpful Hints

Ailerons control the roll of the plane.
The rudder controls yaw.


Lesson adapted to middle grades level from the Sky School Teacher Activity Book 

Designer: Pat Biggs
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Name ______________________________
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Forces In Flight Recording Sheet


A. Fly your plane without adjusting any flight control surfaces.

	Describe how your plane flew.




B. Bend the rudder to the right.  

	Write or draw a prediction that describes how your plane will fly.

 


C. Fly your plane.  Then try moving the rudder to the left and fly your plane again.

	How does the rudder help a pilot maintain control over the plane?




D. Bend the rudder so that it is straight and lined up with the main body of the plane.  Move the right aileron up and the left aileron down.

	Write or draw a prediction that describes how your plane will fly.

 


E. Fly your plane.  Then try moving the left aileron up and the right aileron down and fly your plane again.

	What do the ailerons do?  How would this help a pilot maintain control?




Cuderia Flyer Template
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· Review Forces of Flight

· History of Control Surfaces and Forces (the Wright brothers’ invention)

· Students Report Pre-Conference Activity Findings

· Modern Control Surfaces and Forces

· Spacecraft Control Surfaces and Forces

· Questions and Answers

· Careers
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1. Lesson Plan:  Aerolympics – Fly The Dream!
Materials:

· Foam Food Tray, approximately 28 cm x 23 cm

· X-Glider Template

· Cellophane tape

· Paperclips

· Binder clips

· Ballpoint pens
· Scissors

· Emery boards or sandpaper

Focus Question:  How does an airplane fly and remain in control?
Introduction:  

1. Using the Cuderia Flyer, have the students review flight control surfaces and how they affect a plane’s flight. 

2. Discuss how engineers design and test new aircraft in wind tunnels and how test pilots fly the newly designed airplanes. 

3. Explain that in the Aerolympics students will become engineers and test pilots. They will apply everything they have learned about flight control surfaces to compete in the Aerolympics.

Body:

A.  Getting Ready for the Aerolympics

1. Explain to the students that they will be building a glider to compete in the Aerolympics flight events.  As a class, have the students brainstorm a list of events that could be part of the Aerolympics.

2. Have the students work together to narrow the list to 4 events.  Examples may include:

· Fly the longest distance – Measure the distance and record it.
· Stay aloft the longest time. – Using a stopwatch or a watch with a second hand, clock the time and record it.
· Fly the most loops in the air. – Attach a long piece of videotape or audiotape to the back of the glider.  Students hold the loose end of the tape in their hands while flying the glider.  Students then count the number of twists in the tape and record it.
· Precision landing on a target – How close to the bull’s eye can you land the glider?

· Bank and Turn – Can you fly your glider left or right through a hula-hoop or doorway?
· Air Limbo – Can you fly your glider under a meter stick?
· Boomerang Flight – Can you fly your glider in one complete circle, returning to the starting line?

3. Discuss and develop a scoring system for each event.  An example is given below.
Allow students three attempts for each event and score the best attempt:
a. 3 points for successfully completing the event.

b. 2 points for a good attempt.

c. 1 point for a poor attempt.

d. 0 points for no attempt.

4. Randomly divide the students into squadrons (4 per squadron) and have the students name each squadron. Suggested names using the International Phonetic Alphabet are given below:
	Alpha Squadron
	Echo Squadron

	Bravo Squadron
	Foxtrot Squadron

	Charlie Squadron
	Golf Squadron

	Delta Squadron
	Hotel Squadron


5. All students will participate in the Aerolympics by building a glider using their knowledge of flight control surfaces.  Each student will represent their squadron in at least one event.  

B.  Building the Gliders

(Note:  Set a time limit for the completion of all designs and testing.)

1. Distribute the foam trays, cellophane tape, paperclips, binder clips, ballpoint pens, scissors, and emery boards or sandpaper to each squadron.

2. Have the students decide which member of their squadron will compete in each event.  Based on the event, the students must then decide which wing would work best on their glider.

3. Distribute the copies of the  X-Glider Template (shown on Pages 15 and 16) and have the students tape the template to the foam tray.

4. Students should use a ballpoint pen to trace the parts of the glider on the templates, then cut out the body and wing(s) of the glider.

5. If there are any rough edges, the students can smooth them using sandpaper or an emery board.

6. Carefully cut the slots in the body of the plane.  Slide the other parts into the slots to finish the glider.

7. An airplane’s weight must be properly balanced for it to fly safely.  The same principle applies to models.  The students can determine the proper weight and balance by attaching a paper clip or a binder clip to the body of the plane.  


8. Students should add ailerons, rudder, and an elevator to their glider.

9. Students should test and modify their designs for the upcoming competition.

C.  Aerolympics 

The students are now ready for the Aerolympics, where squadrons will use their unique designs to compete using your class’ predetermined scoring procedure.
Closure: 

1. Have the students discuss their planes’ unique designs for each event.  Which design features worked well, and which did not?  Which flight control surfaces were incorporated into the design? 

2. At the conclusion of the Aerolympics, provide certificates of participation for each student.  (A template is provided on Page 17.)

Lesson expanded and adapted to middle grades level from NASA’s Educational Brief

 X-Gliders: Exploring Flight Research with Experimental Gliders 
EB-1999-03-002-DFRC

http://spacelink.nasa.gov/Instructional.Materials/
NASA.Educational.Products/X.Gliders/X-Gliders.pdf
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2. Online Post-assessment
After completion of the Post-conference activity, have students complete the online post-conference assessment.  (These questions are the same questions used in the pre-assessment.)   The short assessment will help us measure student learning and identify any changes that need to be made in the Forces in Flight educational module.

[image: image21.wmf]NASA Education Evaluation Information System (NEEIS)
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Please complete an online evaluation form to provide feedback on the Forces in Flight NASA educational module.  Teachers (need to set link)
Feedback from several of your students (randomly selected) would also be appreciated. Students  (need to set link)
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Aerodynamic – having a shape that allows for smooth airflow and lift

Aeronautics – the science or art of ascending and sailing in the air
Ailerons – moveable aircraft control surfaces located near the end of the wing that are used to make an aircraft bank or roll

Air flow – the motion of air molecules as they flow around an object

Airfoil – an object with a special shape (wing) that is designed to produce lift efficiently when it is moved through the air

Angle of Attack – describes the angle of an aircraft’s body and wings relative to its actual flight path

Control Surfaces – moveable parts of the aircraft’s wing and tail that are use to make an aircraft climb, descend, or turn

Drag – a force that pushes against an object and slows it down

Elevator – a moveable horizontal airfoil used to control pitch that is usually attached to the horizontal stabilizer on the tail.  The elevator usually changes the altitude of the nose, moving it up and down.  

Gravity – the force that attracts bodies towards the center of the Earth or other planetary objects.
Lift – the aerodynamic force that counteracts gravity to hold an airplane in the air

Newton’s Laws of Motion –

First Law - An object in motion will stay in motion and an object at rest will stay at rest unless acted on by an unbalanced force.

Second Law - the force of an object is equal to its mass times its acceleration.  Force = Mass X Acceleration

Third Law - The motion of the rocket can be explained by Newton's third law, which states that for every action, there is an equal and opposite reaction.

Pitch – the angle between the nose of the aircraft and the horizon.  The nose pitches “up” and “down” in relation to level flight.
Roll – to tilt an aircraft up or downy and to the left or right during forward flight

Rudder – the moveable vertical portion of the tail that is used to control the yawing movement of an aircraft

Shuttle Orbiter –the manned spacecraft element of the Space Shuttle system. It can transport up to 56,000 pounds of cargo into near earth orbit (100 to 600 nautical miles; 115 to 690 statute miles).

Thrust – a force that counteracts drag and propels an aircraft forward

Weight – the force generated by the gravitational attraction of the Earth

Wing Warping – a means to control aircraft roll by twisting (warping) the aircraft’s wingtips

Yaw – the flight condition of an aircraft in which the aircraft rotates to the side
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Coming in for a Landing (Grades 5-8 Article)

NASAexplores: Express Lessons and Online Resources

Is landing a jet as easy as . . .  landing the Space Shuttle?  How are these two types of crafts similar and how are they different when touching down on the runway? 

http://nasaexplores.com
Beginner’s Guide to Aeronautics (Grades 6-12)
How do airplanes work?  Why does a wing change shape on takeoff and landing? This outstanding, online resource contains the principles of aeronautics, lesson plans, activities, information on careers in aeronautics, and much more.  It is an excellent starting point for your journey into aerodynamics.
http://www.grc.nasa.gov/WWW/K-12/airplane/index.html
Speed Brake (Grades 5-8)

NASAexplores: Express Lessons and Online Resources

Students design a speed brake to increase drag, and calculate the speed and drag of a Shuttle glider.

http://nasaexplores.com
Which Force is it? (Grades 5-8)

NASAexplores: Express Lessons and Online Resources
Students identify the four forces of flight through experimentation.

http://nasaexplores.com
The Centennial of Flight Special Edition:  The “Wright” Math (Grades 6-8)

NASA CONNECT
Students investigate the basic principles of kite flight and gain an understanding of stability and control.  Students construct and test three kites based on kite sail area and aspect ratio.

http://connect.larc.nasa.gov/programs/wright_math/guide.html
Aerospace Technology Engineering Challenge (Grades 5-8)

NASA Student Involvement Program

In this competition, students construct and test a structure that can withstand the forces of launch.  By designing, building, testing, and redesigning their own models, students gain firsthand knowledge of the challenges faced by NASA engineers as they work on the next generation of aerospace vehicles.

http://www.nsip.net/competitions/atec/index.cfm
Appendices
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	             VIDEO (VISUAL)
	            AUDIO (CONTENT)

	PP#1 Forces In Flight Slate and Word Scramble


	Pre-Event Slate and Word Scramble

DLN site controlling the bridge

Call in number: (add Number here)


	                                                     3:00

Video open DLN Video 

TRT : 30 VOT 
To Presenter DLN 1 = Host Center

CG:  Host name: (Insert name)

CG:  SME name: (Insert name)

PP#2 – Slides showing connection locations

             Slide 1 – Location 1

             Slide 2 – Location 2

             Slide 3 – Location 3

             Slide 4 – School Locations

To Presenter DLN 2

CG:  Host name: (Insert name)
CG:  SME name: (Insert name)
To Presenter DLN 3

CG: Host name: (Insert name)
CG: SME name: (Insert name)
To Student Location 
	Welcome

Intro with DLN Video Open

NOTE: Each site should introduce themselves for about 30 seconds for voice activation switching, or split screen can be used to show all sites at once.

DLN 1 Host:

· Give host and Center Name
· Welcome everyone
· Introduce Host site participants

· National Locations on Map - Run through PowerPoint locating VC connections across USA.

· Send to DLN site 2
· DLN Site 2 summarizes their section
· DLN Site 3 summarizes their section
· Student sites say: “Hello from School Name, City, and State. Good morning.” 



	                                                       5:00

Back to Presenter DLN Host Site

PP#3 – Four Forces of Flight PP

            Slide 1 - Weight
            Slide 2 - Lift

            Slide 3 - Drag

            Slide 4 - Thrust

            Slide 5 - All Forces

Slide 6 – Yaw

Slide 7 – Pitch

Slide 8 - Roll
	Four Forces of Flight DLN Host Site

· Remind teachers to select a student to answer any posed questions.

· Query students for the forces of flight: Weight, lift, thrust, drag

· Review yaw, pitch, and roll



	                                          : 30 
Back to Presenter DLN Host Site 
CG: Host name: (Insert name)

CG: SME name: (Insert name)

PP#4 - Controlling the Forces of Flight 

	Transition to Wilbur Wright at DLN Host site

· Query students on inventors of flight.

· When students reach the Wright brothers, ask them to call out the names of the Wright brothers (Orville and Wilbur). One or both appear.



	                                                     10:00

To Presenter DLN Host Site

PROPS: Wright glider model

PROPS: Wing Warping Box

PP#5 - Wright flyer Forces


	Wilbur Wright at DLN Host Site 

· The control surfaces the Wrights invented:  Rudder, Elevator, Wing Warping, which introduces Pitch, Yaw, and Roll

· Problems to Solve and Solutions

· Why were the Wright brothers successful when so many others failed?

· Q & A w/ students - Reviewing the Forces of Flight



	                                                      : 30

To Presenter DLN Site 2

Transition statement from DLN Host Site


	Transition from DLN Host Site to DLN Site 2

· Tells Wilbur that he has a big surprise for him. He then asks DLN Site 2 to show Mr. Wright modern airplane and its control surfaces.

	                                                   10:00

To Presenter DLN 2

CG:  Host name: (Insert name)
CG:  SME name: (Insert name)
Props:

F-18 Model from Model Shop

Various airplane models


	Flight Today at DLN Site 2
Students present data to Site #2 SME

Site 2 Host: 

· Did you build the Cuderia Flyer?

· How did your planes fly when you did not do anything to the flight control surfaces?

· When you flew the Cuderia Flyer you made predictions on how the ailerons and the rudder help a plane to remain in control.  Were you able to test your planes to see if your predictions were true?
· Now you’ll have the opportunity to report your results to (Insert SME name). 

Site 2 SME

· Hi students.  I am a pilot and have experience flying ____ aircraft.

· I would love to hear the results from your experiment.

· Can you point to where the rudder is on your Cuderia Flyers?

· What happened when you turned the rudder to the left?

· What does a rudder do? (Make a connection to a rudder on boat.)

· Use the model of the F18 to show where the rudder is and how it works on modern aircraft.

Site 2 Host:

· On the Cuderia Flyer, the students also tested ailerons. (Point to the ailerons.)

Site 2 SME:

· How did your plane fly when you moved the left aileron up and the right aileron down?

· Let’s look again at the model of the F18.  (Show where ailerons are and what they do.)

Site 2 Host:

· Besides the ailerons and the rudder, are there any other flight control surfaces that modern aircraft use?

Site 2 SME:

· There are others. But I would like to talk about just one more – the elevator.

· What does an elevator in a building 

do?

· An elevator on a plane causes the plane to go up and down.  This is called Pitch.

· Show on the model of the F18.

Site 2 Host:

· How is flying a Wright flyer similar to a modern aircraft?

Site 2 SME:

· Both use a rudder and an elevator.

· Forces of flight are the same.

Site 2 Host:

· How are the flight control surfaces different on the Wright flyer compared to a modern aircraft like this F18?

Site 2 SME:

· Wright flyers do not have ailerons - they use wing warping instead.
· Wright flyers have an elevator in the front. On the F18 and most modern aircraft, the elevator is on the back.



	                                                       :30

DLN site 2 transition to DLN site 3


· From DLN site 2 to DLN site 3

	
Transition to DLN site 3

· Hey, Wilbur, these can even be used in        space.



	                                                   10:00

To Presenters DLN Site 3

CG: DLN Site 3 Host name: (Insert name)

CG: DLN Site 3 SME name: (Insert name)

PROP:  Plastic Shuttle Stack Model

MPEG: Shuttle launch 

TRT:  :40  MOS

Back to Presenter DLN Site 3

PP# 1   Shuttle in Space
PP# 2     Shuttle nosecone
PP# 3    Aft Maneuvering jets

Back to Both Presenters DLN Site 3
PROP:  Cardboard Shuttle model

PRPO:  Cardboard shuttle model

MPEG:  Shuttle Landing Sequence

TRT:  :40  MOS

MPEG:  Shuttle Landing Sequence

TRT:  1:48  MOS

To Presenter DLN Site 3 


	NASA’s Space Shuttle at DLN Site 3

Introduce Site 3 Host and/or SME Guest

The Shuttle’s three flight criteria

Site 3 Host:  What are the three ways the shuttle must “FLY”?

A: Rocket, Spacecraft, Glider

Shuttle as rocket

Site 3 SME-Host:

· Use Shuttle launch MPEG

· Where is the thrust at launch?

· Where is the drag at launch?

Site 3 Host:  If there is no air in space.  How does the Shuttle maneuver or “fly” in space?

Shuttle as spacecraft

Site 3 SME-Host:

· Yaw, Pitch and Roll in space

· Maneuvering jets at nosecone

· Aft maneuvering jets

· Use cardboard shuttle to demo

When  the shuttle re-enters the atmosphere and begins to fly like a glider, which
control surfaces do you think the shuttle now uses to control its flight?

Shuttle as glider

Site 3 Host:  Where are the control surfaces on the Shuttle? Use Prop shuttle.
· Rudder-Yaw, on shuttle and as air brake during decent and landing.

· Ailerons-Roll, on shuttle.

· Elevators-Pitch, on shuttle.  Elevons on trailing edge of wing.
Approach and Landing Sequence

Site 3 SME-Host:

· 17,500 mph to 220 mph landing

· Puffs of smoke = use of maneuvering jets on shuttle to control flight.

· Airflow on shuttle allows Elevons and Rudder to control flight.

· Rudder and Body Flap used as airbrake to slow down.

· Series of “S” turns to reduce speed

· Landing speed 220 mph.

· 2 mile runway at KSC.

· Drag Chute to slow down, use brakes

· Only one chance to land, no engine

Site 3 Host: How are your Cuderia planes, the Wright flyer, and the Shuttle similar? 

     A: All can glide

     A: All have control surfaces for flight

     A: All are affected by the Forces of Flight

That’s how we’ve adapted and expanded on Wilbur and Orville’s discovery of controlled flight with NASA’s Shuttle. 

It’s a rocket, a spacecraft, and a gliding machine!



	                                                        :30

To  Site 1 - DLN Host Presenter
	Transition to Site #1

· Site 1 Host and Wilbur talk briefly about the vast changes made in flight.

· Then transition to questions from the students.



	                                                     10:00

Site 1 - DLN Host will act as moderator
	Student Question and Answer

· Site 1 Host will act as moderator

· All three NASA sites participate – use a split screen so all can be seen at once.
· Prompt students for answers

· Q & A w/students



	                                                      3:00

To  DLN Site 2

PP #      Slide showing engineer at work

PP#       Slide showing pilots at work


	NASA Careers – Site 2 (Time permitting)

Site 2 SME – Ask students to name several aeronautical careers. 

· Let’s highlight a couple of aeronautical careers that can be found at NASA.

· Explain what engineers do

· Explain what pilots do



	                                                       2:00

To Presenter Host Site 1
PP#    NASA Meatball

PP#   DLN with Goodbye

MPEG: Morphing Video

TRT  2:06  VOT


	Goodbye and Closing

· Find something you love to do.
· Become passionate about it.
· Discover the possibilities. 

· Show Website for further exploration.
· Goodbye and thank you.


TRT = Total Run Time

MOS = German term meaning no sound

VOT = Voice on Tape

NAT = Natural background sounds

2:00, 10:00 etc = estimated allowable time for each section.  Total time 60 mins.

Bold Blue for MPEGs

Bold Green for Video

Bold Purple for Props

Back to Presenter = used to indicate when to come back to presenter

CG = Computer Graphics for word-terms or names of hosts

Talking points for Host, Talent, Guest

PP# = listing order of PowerPoint slides and brief description
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1. Audience Guidelines

Teachers, please review the following points with your students prior to the event:

· Videoconferencing is a two-way event.  Students and NASA presenters can see and hear one another.

· Students are sometimes initially shy about responding to questions during a videoconference.  Explain to the students that this is an interactive medium and that we encourage questions.

· Students should speak in a loud, clear voice.  If a microphone is placed in a central location, instruct the students to walk up and speak into the microphone.

· Teacher(s) should moderate students’ questions and answers.

· Students should remain quiet while others are talking.  The microphones pick up background noise, and this can be very distracting.

· Students are representing their school; they should be on their best behavior.

· Students should be prepared to give brief presentations (depending upon module selected), ask questions, and respond to NASA presenters.

2. Teacher Event Checklist

	Date Completed
	Pre – Conference Requirements



	
	1. Print a copy of the module.



	
	2. Have the students complete the online pre-assessment.



	
	3. Complete pre-conference lesson.



	
	4. Email questions for the presenter.  This will help focus the presentation on the group’s specific needs.



	
	5. Review the Audience Guidelines.


	
	Day of the Conference Requirements



	
	1. The students will be asked to share the results from their pre-conference lesson with the NASA presenters.



	
	2. Bring any materials to help support the student presentations.



	
	Post –Conference Requirements



	
	1. Complete the post -conference lesson.



	
	2. Have the students complete the online post-assessment to measure their knowledge of the subject.



	
	3. Complete the event feedback forms.
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1. Information on Wright Brothers’ Invention Process

(1899 - 1902) - Researched How Things Fly
The first step in any new program or project is research. The Wright brothers first performed a literature search to find out the state of aeronautical knowledge at their time. They wrote to the Smithsonian and obtained technical papers regarding aerodynamics. They read about the works of Cayley and Langley and the hang-gliding flights of Otto Lilienthal. 

They corresponded with Octave Chanute concerning some of their ideas. They studied the problems that had been encountered by previous flyers, and they talked about possible solutions to the problems. They looked for answers to the problems of flight by observing large gliding birds. They decided that control of the flying aircraft would be the most crucial and hardest problem to solve; and they had some ideas for solving that problem. 

(1900 - 1902) – Developed Flight Control Systems
The Wright brothers' ideas for flight control were tested on a series of unpowered aircraft between 1900 and 1902. 

These aircraft were all flown as kites to obtain aerodynamic performance. The Wright brothers were kite enthusiasts and they used the kite flights in the same way that modern engineers use wind tunnels and flight-testing to try out their ideas on flight control. Kitty Hawk, North Carolina, was chosen for their early flight experiments because the consistent high winds off the ocean are perfect for kite flying. The brothers correctly reasoned that a free-flying object had to be controlled about all three primary axes: roll, pitch, and yaw. Their aircraft were built with movable surfaces on the wing, elevator, and rudder. Control of the surface shape was in the hands of the pilot. They extensively tested these ideas by glider flights of the aircraft.

(1900 - 1905) - Developed Test Pilot Skills
Besides being airplane designers and test engineers, the Wright brothers were the first pilots of a heavier-than-air, powered aircraft. 

They developed their piloting skills by making over 1000 flights on a series of gliders at Kitty Hawk between 1900 and 1902. At the time of their first powered flight, the brothers were the most experienced pilots in the world. From 1903 to 1905, they continued to perfect their piloting skills on a series of powered aircraft.

(1903 - 1920's) - Developed Propulsion Systems
The Wright brothers were the first to fly a self-propelled, heavier-than-air machine. This required the development of two other pieces of technology: a lightweight motor and the propellers to push the aircraft through the air. 

The brothers based their engine design on an early internal combustion engine for an automobile. The thin, high-speed propellers that they designed were based on wind tunnel tests and were unlike any other propellers being used at that time. While the design of the airframe of the Wright aircraft remained nearly the same for years, the brothers continually improved and upgraded their engine design. Between 1903 and 1913 the engine power increased from 12 horsepower to nearly 75 horsepower.


(December 17, 1903) - The First Flight 
The Wright brothers were the first to fly a controllable, self-propelled, heavier-than-air machine on December 17, 1903. A variety of activities and broadcasts celebrated this historic event.
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2. Information About Modern Aircraft Control Surfaces

Control is the ability of a pilot to change the airplane's flight conditions. It is brought about by the use of devices that alter the lift force on the surface to which the device is attached. Familiar controls include the elevator to provide longitudal control (in pitch), the ailerons to provide lateral control (in roll), and the rudder to provide directional control (in yaw).  (U.S. Centennial of Flight Commission, http://www.centennialofflight.gov)

Ailerons

Ailerons can be used to generate a rolling motion for an aircraft. Ailerons are small, hinged sections on the outboard portion of a wing and usually work in opposition. As the right aileron is deflected upward, the left is deflected downward, and vice versa. 

Ailerons are used to bank the aircraft—to cause one wing tip to move up and the other wing tip to move down. Banking creates an unbalanced side force component of the large wing lift force, which causes the aircraft's flight path to curve. (Airplanes turn because of banking created by the ailerons, not because of rudder input.) 

Ailerons work by changing the effective shape of the airfoil of the outer portion of the wing. Changing the angle of deflection at the rear of an airfoil changes the amount of lift generated by the foil. With greater downward deflection, lift increases in the upward direction. 
Right Aileron
Elevator
 








Rudder
Elevator
Left Aileron

Rudder
At the rear of the fuselage of most aircraft are a vertical stabilizer and a rudder. The stabilizer is a fixed wing section that provides stability for the aircraft, to keep it flying straight. The vertical stabilizer prevents side-to-side, or yawing, motion of the aircraft nose. The rudder is the small moving section at the rear of the stabilizer that is attached to the fixed sections by hinges. Because the rudder moves, it varies the amount of force generated by the tail surface and is used to generate and control the yawing motion of the aircraft. 

The rudder is used to control the position of the nose of the aircraft. Interestingly, it is NOT used to turn the aircraft in flight. Aircraft turns are caused by banking the aircraft to one side using either ailerons or spoilers. The banking creates an unbalanced side force component of the large wing lift force, which causes the aircraft's flight path to curve. The rudder input ensures that the aircraft is properly aligned to the curved flight path during the maneuver. Otherwise, the aircraft would encounter additional drag or even a possible adverse yaw condition in which, due to increased drag from the control surfaces, the nose would move farther off the flight path. 

The rudder works by changing the effective shape of the airfoil of the vertical stabilizer. Changing the angle of deflection at the rear of an airfoil changes the amount of lift generated by the foil. With increased deflection, lift increases in the opposite direction. The rudder and vertical stabilizer are mounted so that they produce forces from side to side, not up and down. 

Elevator

At the rear of the fuselage of most aircraft are a horizontal stabilizer and an elevator. The stabilizer is a fixed wing section that provides stability for the aircraft to keep it flying straight. The horizontal stabilizer prevents up-and-down, or pitching, motion of the aircraft nose. The elevator is the small moving section at the rear of the stabilizer that is attached to the fixed sections by hinges. Because the elevator moves, it varies the amount of force generated by the tail surface and is used to generate and control the pitching motion of the aircraft. There is an elevator attached to each side of the fuselage. The elevators work in pairs. When the right elevator goes up, the left elevator also goes up. 

The elevator is used to control the position of the nose of the aircraft and the angle of attack of the wing. Changing the inclination of the wing to the local flight path changes the amount of lift that the wing generates. This, in turn, causes the aircraft to climb or dive. During takeoff the elevators are used to bring the nose of the aircraft up to begin the climb out. During a banked turn, elevator inputs can increase lift and cause a tighter turn. That is why elevator performance is so important for fighter aircraft. 

The elevators work by changing the effective shape of the airfoil of the horizontal stabilizer. Changing the angle of deflection at the rear of an airfoil changes the amount of lift generated by the foil. With greater downward deflection of the trailing edge, lift increases. With greater upward deflection of the trailing edge, lift decreases and can even become negative.
Information from the Beginner’s Guide to Aeronautics
Author:  Tom Benson, NASA Glenn Research Center

http://www.grc.nasa.gov/WWW/K-12/airplane/index.html

3. Information on Space Shuttle Flight Characteristics  

Shuttle Statistics:

Wingspan:


78.06 feet

Shuttle Length:

122.2 feet

Shuttle Launch Wt.:

4.5 million pounds

Payload Weight:

38,000 – 56,3000 pounds

Payload Area:

60 feet x 15 feet

Number of Parts:

2.5 million

Max. Altitude:

690 miles

Orbital Velocity:

17,500 miles per hour in just over 8 minutes

Landing Speed:

220 miles per hour


The Orbiter (Shuttle) carries the crew and payload to and from space.  Like a conventional aircraft, the shuttle’s fuselage is constructed in three major sections:  The forward fuselage, the mid-fuselage, and the aft-fuselage.

Forward fuselage:

Shuttle crewmembers occupy the forward fuselage

Flight Deck – flight control, payload manipulation control, and maneuvering thrusters

Mid Deck – Crew working and living quarters

Mid-fuselage:

Payload bay – about 60 feet long by 15 feet wide

Remote manipulator system’s Canadarm

Aft-fuselage:

Units for orbital propulsion and aerodynamic flight control

Shuttle main propulsion system engines

Orbital maneuvering system engines

Aft reaction control system engines

The vertical stabilizer is attached to the topside of the aft-fuselage.  The vertical stabilizer’s attached rudder is sectioned so that it can be “spread” and serve as a speed brake in atmospheric flight.

The body flap is attached to the bottom side of the aft fuselage.  The body flap also serves as a speed brake during the return flight to Earth.

The wing’s function does not begin until the upper atmosphere is encountered upon reentry at about 62 miles above the Earth.  The wings first serve as a brake and energy dissipater to slow the craft to aerodynamic flight speed.  To provide the shuttle a means of aerodynamic control, the wings are fitted with elevons (a combination of elevators and ailerons).  These elevons are located along the wings’ trailing edges and function as either elevators or ailerons, according to how they are moved.
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For more information go to:


http://wright.nasa.gov/overview.htm
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