

	Course code and course title 

	SPH3U
Grade 11 University-bound Physics

	Name of learning activity
	Glider Design Challenge

	Brief description 
	The design project begins with conducting an inquiry into factors affecting maximum range of a projectile.  Student build on this knowledge to analyze other factors involved in the flight of a glider.  The activity culminates in the design and construction of a glider to meet the challenge of achieving maximum range.

	Duration
	Nine 60-minute blocks of student-driven investigation partitioned as follows:
Brainstorming, identifying variables, investigating, analyzing, designing, constructing, competition day, writing final report.


	Overall expectations


	Strand:  Kinematics
B2. investigate, in qualitative and quantitative terms, uniform and non-uniform linear motion, and solve related problems;
B3. demonstrate an understanding of uniform and non-uniform linear motion, in one and two dimensions.

Strand:  Dynamics
C1. analyse and propose improvements to technologies that apply concepts related to dynamics and Newton’s laws, and assess the technologies’ social and environmental impact


	Specific expectations

	Strand:  Kinematics
B2.7 solve problems involving uniform and non-uniform linear motion in one and two dimensions, using graphical analysis and algebraic equations [AI, C]

B2.8 use kinematic equations to solve problems related to the horizontal and vertical components of the motion of a projectile (e.g., a cannon ball shot horizontally off a cliff, a ball rolling off a table, a golf ball launched at a 45º angle to the horizontal) [AI, C]

B2.9 conduct an inquiry into the projectile motion of an object, and analyse, in qualitative and quantitative terms, the relationship between the horizontal and vertical components (e.g., airborne time, range, maximum height, horizontal velocity, vertical velocity) [PR, AI]

B3.3 describe the characteristics and give examples of a projectile’s motion in vertical and horizontal planes

Strand:  Dynamics
C1.1 analyse, with reference to Newton’s laws, a technology that applies these laws (e.g., extremely low friction bearings, near frictionless carbon, different types of athletic shoes, roller coasters), and propose ways to improve its performance [AI, C]


	[bookmark: _GoBack]Contributors
	This glider project has been adapted from a contextualized learning activity for aerospace dynamics that I had worked on in collaboration with Martha Heckman, a former physics colleague who worked at my school during the 2010-2011 academic year.












Instructional/Assessment Strategies

	
Teacher’s notes 
Introduce this project after projectile motion, Newton’s laws of motion and analysis of forces acting on bodies in one-dimension using free-body diagrams have already been taught to students.  It is recommended that either the teacher delivers a one-hour lesson on fluid friction and Bernoulli’s principle or students research these concepts as required prior to conducting the learning activity.

Since students have been taught how to solve problems involving projectile motion in two-dimensions and analyze forces acting on bodies moving in one-dimension, they can extend their knowledge to analyzing forces acting on a glider in two-dimensions as part of their learning activity.

After brainstorming and applet activities, discuss types of drag (e.g. parasite versus induced drag) and ways to minimize drag (e.g. shape, size, texture, interference or points of intersection) and introduce the following constraints of challenge to the students:
· controlled variables:  thrust force (drag is directly proportional to the square of launch speed) and therefore initial velocity, height of point of release (range increases as height of horizontal release point increases if speed is kept constant), horizontal launch (0º angle of attack minimizes drag)

Purpose of challenge:  to design wings so as to maximize range by taking all forces acting on glider in all three dimensions (e.g. weight, lift, drag) into consideration.  Ideally, students want to optimally balance lift and weight as much as is possible.


	Context 
Students will come to understand the science, design, and function behind flight with respect to a gliding space craft.


	Strategies 

1. Brainstorming factors affecting maximum range and formulating a hypothesis to test out on a launched ball.  Students investigate factors affecting the range for a basic projectile using the applet http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/ProjectileMotion/jarapplet.html. Students then complete a worksheet that outlines independent and dependent variables they have considered.  

2. Lesson: Brief power point investigation on factors affecting flight.

3. Online investigation using applet: Students will investigate factors of flight through the use of a Java applet program found online at http://www.grc.nasa.gov/WWW/k-12/airplane/foil3.html. Students will complete a worksheet that helps them discover the effect of wing shape on lift, drag, and airspeed. This will help them in determining the design of their own glider.

4. Analyzing forces acting on a glider by drawing a free-body diagram, leading towards the initial stage of design construction. Students will practice drawing FBD’s in worksheet C, and then extend it to the FBD for a glider, and for an airplane. In class, students will discuss the differences between the different forces present in basic projectiles, gliders, and airplanes.

5. Design construction

6. In-class formative assessment that entails conferencing with students in conjunction with a checklist to ensure validity of design.  Supply students with materials so they can begin the construction phase of their design.

7. Construction of design: may require 1-2 hours of out-of-class building and testing

8. Challenge day (students compete to see which glider design allows for maximum range to be achieved)

9. Writing final report



  


Assessment and Evaluation of Student Achievement

	Strategies/Tasks 

	Purpose 
Assessment for Learning (diagnostic, formative)
Assessment of Learning (summative, evaluation)

	1. Brainstorming projectile activity, investigation worksheet A   
	Diagnostic marks based on a marking scheme

	2. Using a physics applet to investigate other factors affecting flight (e.g. lift and drag, shapes of objects), followed by completing worksheet B:  marks based on knowledge
	Summative

	3. FBD worksheet: worksheet C
	Formative

	4. Conducting a force analysis on a glider by drawing a free-body diagram (FBD); FBD rubric included in final report. Start design construction – drawing
	Formative (submission of rough draft of report): 
· checklist
· conferencing with student to provide 
             feedback
Summative – rubric (final report)

	5. Continue design construction: design rubric as part of final report assessment 
	Formative (submission of rough draft of report): 
· checklist
· conferencing with student to provide 
             feedback
Summative – rubric (final report)

	6.  Final Report
	Summative – culminating task rubric covering all
Categories of assessment

	Assessment tools
· Preliminary diagnostic assessment using a checklist that embodies accuracy of the FBD and design, procedure and materials section of rough draft of lab report.  Initial assessment is intended to verify all necessary sections of final report are included and to pinpoint any modifications that may be required
· Final Lab Report – includes modifications made to rough draft, as outlined above, observations (students construct their own data table), analysis of success and pitfalls of their design (comparing results of all groups’ designs against their own design may help in their analysis), evaluation of their design (discussing sources of experimental error and suggesting improvements to their experimental design).  
· Worksheets A, B and C
· Group work evaluation
· Self-evaluation






Accommodations
	
For students with an IEP, or who need more scaffolding, here are some possible accommodations:
· Prepare worksheets/templates for the students to fill in for each step on the ‘Checklist for Glider Design Project’.
· Provide more than one Teacher-Student conference session
· Prepare and provide template for the final report.





Worksheet A


Investigation: Factors Affecting Range of a Projectile

Before you investigate using the online applet http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/ProjectileMotion/jarapplet.html
and clicking on Projectile Motion - Physics 581 Physics for High School Teachers 

... predict how the various variables will affect the range of flight:

Hypotheses: [4 marks Com]

How will initial velocity affect the range of a projectile? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________

How will launch angle affect the range of a projectile?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________

How will mass affect the range of a projectile?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________

How will air resistance affect the range of a projectile?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
After the Online Investigation: Discussion

Now that you have investigated these factors using the applet, discuss whether your hypotheses were correct, and state the effect of these four variables on the range of the projectile. [8 marks Com]
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Describe how you will use the results of this investigation to help design your glider. [4 marks TI]
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Worksheet B

                      Wing Shape Worksheet
An airfoil is the shape of a wing or blade (of propeller, rotor or turbine) or sail as seen in cross-section. 
FoilSim is a computer program that lets you investigate how an aircraft wing produces lift by changing the values of different factors that affect lift. Here are some exercises using FoilSim that will help you understand airfoils better. 
Start the FoilSim program from http://www.grc.nasa.gov/WWW/k-12/airplane/foil3.html.
1. Camber, in aerospace engineering, is the asymmetry between the top and the bottom curves of an airfoil in cross-section. 
Click the Reset button in FoilSim. Then set: 
Angle-deg ( Angle of attack ) to 0.0 
Camber-%c to 0.0
Notice how Lift is zero. Increase the angle of attack to some positive value. Is there lift now? This proves you don’t need the wing to be curved to make lift! 
 

2. Now set the thickness ( Thick-%crd) to 0.0. Do you get positive lift? A flat plate makes lift ! 


 
3. Does making a curved airfoil help increase the lift? What do real wings on planes look like? 







4. Click the Reset button again. From the Input menu select Flight Test. Increase the speed from 100 mph to 200 mph. Does the lift double? What does it do? 





 
5. Leave the speed at 200 mph. Increase the Altitude slowly. What happens to the lift? Let’s say the plane needs 2000 lbs of lift to stay aloft. At what altitude will the airfoil not be generating enough lift to keep the plane aloft? This is the flight ceiling. It is the highest altitude you can fly with this wing. 




 
6. Click the Reset button again. Adjust the thickness of the airfoil (Thick-%crd). What happens to the lift? Does changing the thickness have a big effect on the lift? 



 
7. Click the Reset button again. If you make the camber negative what happens to the lift? Can you think of a situation where it would be good to have negative lift? 
 
 
 
 


[bookmark: p3]Free Body Diagram PracticeWorksheet C

Apply the methods described in class to construct free-body diagrams for the various situations described below. Students will be selected to draw their answers on the board.
1. A book is at rest on a tabletop. Diagram the forces acting on the book.

2. A girl is suspended motionless from the ceiling by two ropes. Diagram the forces acting on the combination of girl and bar.

3. An egg is free-falling from a nest in a tree. Neglect air resistance. Diagram the forces acting on the egg as it is falling.

4. A flying squirrel is gliding (no wing flaps) from a tree to the ground at constant velocity. Consider air resistance. Diagram the forces acting on the squirrel.

5. A rightward force is applied to a book in order to move it across a desk with a rightward acceleration. Consider frictional forces. Neglect air resistance. Diagram the forces acting on the book.

6. A rightward force is applied to a book in order to move it across a desk at constant velocity. Consider frictional forces. Neglect air resistance. Diagram the forces acting on the book.

7. A college student rests a backpack upon his shoulder. The pack is suspended motionless by one strap from one shoulder. Diagram the vertical forces acting on the backpack.

8. A skydiver is descending with a constant velocity. Consider air resistance. Diagram the forces acting upon the skydiver.

9. A force is applied to the right to drag a sled across loosely packed snow with a rightward acceleration. Diagram the forces acting upon the sled.

10. A football is moving upwards towards its peak after having been booted by the punter. Diagram the forces acting upon the football as it rises upward towards its peak.

11. A car is coasting to the right and slowing down. Diagram the forces acting upon the car.


Free Body Diagram Solutions
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Checklist for Glider Design Project
Diagnostic Assessment

Instructions: use this checklist as a guide to ensure that you and your team have completed all the required expectations for the glider design project on time. All of the following components must be included in your final report.

The Student Design Team has completed …

· An accurate free body diagram of their glider, showing all forces acting on the glider							due: _______________

· A preliminary design schematic for their glider, with accompanying description of measurements, materials, and construction instructions (pre-build)
								due: _______________

· A final design schematic, materials and procedure section for the glider, post build. This rough draft report makes note of changes that students made to their preliminary design based on problems or situations that arose during the building phase, and justifies the design based on how it allowed them to maximize range.
due: _______________

· A Flight Test Log. This report includes the results from each test, observations of each test, and any accommodations/adjustments made to the design and design variables as a result of the tests.			due: _______________

· A Challenge Day Analysis. This rough draft report is submitted after the glider challenge. It includes the results of all the competing gliders, observations made during the challenge, and an analysis of the success of your glider, sources of error, and suggestions for improvements to the design.
due: _______________

· A Student-Teacher conference. The design team has conferenced one-on-one with the teacher, to discuss all of the required components of the formal report.
due: _______________
 
· Final Report. All of the preceding information is incorporated into the final formal report, following the Inquiry and Design Report Rubric.
due: _______________







Self-Evaluation RubricSelf-Assessment 


Reflect back on the Glider Design Project and evaluate yourself based on the following criteria:
	Name of Evaluator:
	Date:

	**ratings: 3 = absolutely, 2 = mostly, 1 = not much, 0 = not at all

	

	Criteria:
	Completed tasks
	Worked well with others
	Helpful
	Used Time Well
	Stayed on Task
	Total Score

	Score:
	
	
	
	
	
	



Group Work Evaluation Rubric
Reflect back on the Glider Design Project and evaluate how well your group members worked together based on the following criteria:
	Name of Evaluator:
	Date:

	**ratings: 3 = absolutely, 2 = mostly, 1 = not much, 0 = not at all

	

	Criteria:
	Completed tasks
	Worked well with others
	Helpful
	Used Time Well
	Stayed on Task
	Respected all team-mates
	Total Score

	Team Members
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




	Category
	Requirements
	Level 4
	Level 3
	Level 2
	Level 1
	R/I

	Knowledge/
Understanding
	1. Velocity 
1. Acceleration
1. Linear Motion
1. Projectile Motion
1. Forces



	Demonstrates excellent conceptual understanding of the physics principles behind a glider
	Demonstrates good conceptual understanding of the physics principles behind a glider
	Demonstrates minimal conceptual understanding of the physics principles behind a glider
	Demonstrates poor conceptual understanding of the physics principles behind a glider
	

	Application 
	Class Position:




	Neat construction and assembly.  Excellent attention to detail 
	Good construction and assembly
	Glider
 stays together but looks fragile
	Poor construction.  Looks like a last minute project
	

	
	
	Launch the glider greater than 5 meters
	Launch the glider between 4.5  – 5 meters 
	Launch the glider between 4 – 4.5 meters 
	Launch the glider less than 4 meters  
	

	
	
	Accurate to within a 6 inch radius of the target
	Accurate to between 6 inch and 12 inch radius of the target
	Accurate to between 12 inch and  18 inch radius of the target
	Accurate to between 18 inch and 24 inch radius of the target
	

	Thinking/Inquiry
	Evidence of problem solving
	Thorough evidence of problem solving is applied.  
	Considerable evidence of problem solving is applied 
	Some evidence of problem solving is applied
	Limited evidence of problem solving is applied
	

	
	Glider Sketches
	Scale diagrams are drawn that accurately represent the vehicle.  
	Sketches (no scale) are drawn that represent the vehicle closely.  A ruler and various drawing tools have been used.  
	Sketches (no scale) are drawn that represent the vehicle closely.  No drawing tools are used.  
	Sketches (no scale) are drawn that vaguely represent the vehicle.  Sketches are difficult to read and look last minute.  
	

	
	Experimental design
1. Background Knowledge (physics principles of flight)
1. Purpose/Hypothesis
1. Materials/Procedure
1. Data collection 
1. Analysis/Evaluation
1. Conclusion 

	Experiment is thought through and well-constructed.  All areas are included and completed with a high degree of proficiency
	Experiment is adequate to test the question.  All areas are included and completed with a considerable degree of proficiency
	Experiment is relevant to the question but is not a full test.  All areas are included and completed with a some degree of proficiency
	Experiment is not relevant to test the question.  All areas are included and completed with limited  proficiency
	

	Communication 
	1. Sequence

	Logically sequenced with all relevant categories present 
*Proper formatting is used*
	Logically sequenced with few omissions
	Logically sequenced with some omissions
	No order for the required items 
*Proper formatting is not used*
	

	
	1. Clarity

	Report sections clearly distinct from each other; grammatically correct English; figures/graphs correctly titled & labelled.

	Sections clearly labelled but not separated; English generally correct; figures/graphs correctly labelled but not titled.

	Sections labelled but not separated; frequent errors in grammar; figures/graphs labelled but contain errors in units, axes or headings.

	Sections not labelled nor separated; English poor; figures/graphs not titled nor labelled.
	

	
	1. References 

	Several reputable background sources were used and cited correctly. Material is translated into student's own words.
	A few reputable background sources are used and cited correctly. Material is translated into student's own words.
	A few background sources are used and cited correctly, but some are not reputable sources. Material is translated into student's own words.
	Material is directly copied rather than put into students own words and/or background sources are cited incorrectly.
	


FORMAL INQUIRY AND DESIGN REPORT RUBRIC		NAME:  _____________________________________
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