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PATHWAY:  
Flight Operations
COURSE:  

Fundamentals of Aviation
UNIT 1: 

ACCT_FA_1How an Airplane Flies
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Annotation: 
This unit emphasizes the forces acting on an aircraft in flight as well as the control surfaces and axes of rotation or an aircraft.

Grade(s):  

	
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  
4 Hours
Author: 
Debi Huffman
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided appropriately. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation. Many students (both with and without disabilities) who struggle with reading may benefit from the use of text reading software or other technological aids to provide access to printed materials. Many of these are available at little or no cost on the internet.
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GPS Focus Standards: 
ACT-FA-1.  Students will develop an understanding of scientific inquiry by using technology and           mathematics to analyze explanations and models as applied to aerospace.

a. Design and conduct scientific investigations that explore factors that affect flight. 

b. Recognize and analyze alternative explanations and models used in 

designing aircraft. 

c. Understand the essential nature of mathematical tools and models used in 

the aerospace industry. 

d. Understand the influence of historical and current scientific knowledge on 

the development of new aerospace technologies..   
ACT-FA-2. Students will develop an understanding of the structure and properties of matter; will understand laws of motion, force and universal gravitation as they apply to flight; and will understand conservation of energy and interactions of energy and matter.     
a. Conduct scientific investigations that show forces acting on an airplane. 

b. Apply Newton’s Laws of Motion to flight. 

GPS Academic Standards:
SCSh4.   Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.  

SCSh5.   Students will demonstrate the computation and estimation skills necessary for analyzing data and developing reasonable scientific explanations
SPS8. 
Students will determine relationships among force, mass, and motion.
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Enduring Understandings: 
Students will have an understanding of some of the basic scientific principles that enable airplanes to fly.
Essential Questions: 
· How does an airplane fly?
· What factors affect the flight of an aircraft?
Knowledge from this Unit:  
Students will:
· Differentiate the relationship between Bernoulli’s Principle and Newton’s laws of motion and how they work together to enable an aircraft to fly.

· Explain the mathematics used to calculate lift of a wing.
· Describe ways to increase lift on an airplane.

· Interpret the four forces acting on an airplane in flight.
· Recall the three axes of rotation of an airplane.

· Relate the controls of an airplane to the axes of rotation.
Skills from this Unit:  
Students will be able to:
· Use models to demonstrate Bernoulli’s Principle and Newton’s laws of motion.

· Demonstrate the lift formula to calculate the lift on a wing.

· Apply use of a simulation program to explore ways of increasing lift on a wing.

· Critique the four forces acting on an airplane using common examples.

· Construct a model that illustrates the three axes of rotation of an airplane.

· Prepare a simulator to demonstrate the flight controls of an airplane.
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Assessment Method Type: 

	X
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	_X_ Quizzes/Tests

__ Unit test

	
	Group project

	
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

_X_ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

_X_ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences
_X_ Partner and small group discussions

_X_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

_X_ Application of skills to real-life situations/scenarios

	X
	Post-test
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•
LESSON 1:  HOW AN AIRPLANE FLIES. WHO WAS CORRECT, BERNOULLI OR NEWTON?

1.
ACT-FA-1.  Students will develop an understanding of scientific inquiry by using technology and           mathematics to analyze explanations and models as applied to aerospace.

a. Design and conduct scientific investigations that explore factors that affect flight. 

b. Recognize and analyze alternative explanations and models used in designing aircraft. 
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2.
Review Essential Question(s). Post Essential Questions in the classroom. 

· How does an airplane fly?
· What factors affect the flight of an aircraft?
3.
Identify and review the unit vocabulary. Terms may be posted on word wall. 
	Acceleration
	Center of Gravity
	Inertia
	Longitudinal Axis
	Pitch
	Roll
	Vertical Axis

	Angle of Attack
	Drag
	Gravity
	Lift
	Pressure
	Thrust
	Weight

	Angle of Incidence
	Force
	Lateral Axis
	Mass
	Relative Wind
	Velocity
	Yaw


4.
Interest approach – Mental set (Interest grabber-get students involved.)
Glide a paper airplane across the room and ask the students, “Did you ever wonder what makes an airplane fly?”
5. (Continue with as many steps as necessary to teach this lesson. Make sure each step is clear. Add as much detail as necessary. You are speaking directly to teachers, many of them beginners. Be sure to explain exactly what to do in each step.) 
Begin discussion by asking what is required to make something move? Force is required to move an object, including airplanes. What is a force? (push or pull) Use NASA PPT or Podcast to explain four forces acting on an airplane in flight, lift, weight, thrust and drag. Focus on lift. 
Show the students a “wing on a string” and select volunteers to try to make it lift. Have students blow air across the top of a strip of paper to demonstrate Bernoulli’s Principle. Ask the students if the same properties are causing lift in these examples. What is similar/different about them?

Explain Bernoulli’s Principle and Newton’s Third Law of Motion to the students. Then ask what enables the “wing on the string” to lift. 

Go over Newton’s Laws of Motion. You may use videos or PowerPoint presentations from the resource list. Flight Testing Newton’s Laws is especially good. Investigate theories of lift using http://www.grc.nasa.gov/WWW/K-12/airplane/right2.html . Students can complete interactive sessions demonstrating each of the theories. 


6.
Summary: This lesson was designed to introduce students to the forces of flight and theories of lift.
Review the vocabulary relative to Newton’s Laws of Motion, forces of flight, and Bernoulli’s Principle. Have students answer the related questions from the online activities comparing theories of lift.

•
LESSON 2:  Aircraft Control 

1.
Review Essential Questions. Post Essential Questions in the classroom. 

How do airplane control surfaces work?
2.    Review vocabulary relevant to flight controls.
3.    Begin with the short video clip, “Kites to Capsules” of “Aeronautical Oddities.” These show early attempts at building flying machines, some of which flew, and some that did not. Ask what was different about the Wright Flyer that earned it patents as the first true “flying machine?” Control is the difference! 
How do control surfaces work? Use the animated explanations of the control surfaces found in the BGA site, http://www.grc.nasa.gov/WWW/K-12/airplane/short.htm 
Students make paper airplanes and adjust them so that they fly straight and level. Add control surfaces to make them roll, pitch and yaw. Culminate with a contest to determine the longest flight, straightest flight. For a variation, give students a sugar packet as cargo that must be delivered safely from takeoff to landing. No additional materials will be allowed for the construction of the plane.

Use the simulators to fly a Cessna 172 using the controls roll, pitch and yaw. Fly a pattern at a local airport.


4. 
Summary of lesson. After completing the animations and paper airplane flights, the students should have a clear understanding of how the control surfaces of an airplane work.
•
ATTACHMENTS FOR LESSON PLANS

•
NOTES & REFLECTION: 

The materials used in this unit are easily accessible on websites without additional cost to the program. Be sure to go over flight controls for the simulator so that students understand how to use the yoke and rudder pedals.
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Culminating Unit Performance Task Title: 
First Flight with the Simulator
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 

A successful flight in the simulator will demonstrate an understanding of the use of aircraft controls.
Attachments for Culminating Performance Task: 
•
NONE
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Web Resources:
•
http://www.grc.nasa.gov/WWW/K-12/airplane/short.htm
· http://www.grc.nasa.gov/WWW/K-12/airplane/right2.html 
Materials & Equipment: 
· Computers with internet access
· Projection Equipment
•
Flight simulators installed in classroom.
21st Century Technology Used: 
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
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