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	Watch those monkeys, dorothy!

	Subject(s)
Physics, Algebra II
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Rigor/Relevance

Framework



	Grade Level 9-12
	

	Instructional

Focus


	Basic Concepts and Knowledge: Students develop an understanding of scientific concepts using facts, theories, principles, and models.
Unifying Concepts and Processes: Students recognize patterns and processes, making connections in terms of systems and subsystems that explain the interrelationships of the natural and designed world.
Science as Inquiry: Students demonstrate knowledge and skills necessary to perform scientific inquiry.
Habits of Mind: Students develop habits of mind including curiosity, open-mindedness and persistence.
Communication: Students communicate and apply scientific concepts.
Number Operation and Concepts: Students use number, number sense, and number relationships in a problem-solving situation.  Students communicate the reasoning used in solving these problems.
Measurement: Students use a variety of tools and techniques of measurement in a problem-solving situation. Students communicate the reasoning used in solving these problems.
Algebraic Concepts and Relationships: Students use algebraic methods to investigate, model, and interpret patterns and functions involving numbers, shapes, data, and graphs in a problem-solving situation. Students evaluate and communicate the reasoning used in solving these problems.
Tools and Technology: Students use appropriate tools and technologies to model, measure, and apply the results in a problem-solving situation. Students communicate the reasoning used in solving these problems. 
Problem-Solving and Mathematical Reasoning: Students apply a variety of problem-solving strategies to investigate and solve problems from across the curriculum as well as from practical applications.
Writing: Students write for a variety of purposes and audiences with sophistication and complexity appropriate to the grade level.

Listening: Students listen for a variety of purposes appropriate to the grade level.
Speaking: Students speak for a variety of purposes and audiences with sophistication and complexity appropriate to the grade level.

	Student

Learning


	· Students will work cooperatively in small groups.

· Students will select appropriate mathematical formulas to model the flight of a projectile.

· Students will be able to explain the concepts of force, acceleration and velocity.
· Students will predict the flight path of the projectile under various controlled conditions.

· Students will compare the actual flight path to the predicted path.

· Students will demonstrate appropriate skills for collecting, recording and graphing data accurately.

· Students will use video recorders to document the flight of the projectiles.

· Students will complete lab activity worksheets and answer all questions in writing. 

· Students will create an oral presentation to summarize their findings to the rest of the class.

	Performance

Task

Performance

Task

(con’t)


	Overview

Physics and Algebra students will work cooperatively in groups of four to predict the theoretical flight path of a projectile (a “Flying Monkey”) and compare the actual flight path to the predicted pattern. The flights will be video recorded against a background grid to aid in recording launch angle and elastic stretch length. The students will develop an oral presentation to compare the predicted and experimental outcomes, and explain similarities and differences.  

Description - Physics Student
In earlier laboratory exercises students will have determined approximate elasticity constants, initial velocities for given stretches and forces exerted by the elastic bands for each “flying monkey” (the arms of the monkey are elastic bands).  Physics students, along with their Algebra student partners, will be given a “flying monkey” to use in the activity.  A background grid will be supplied and the flight of the monkey will be recorded for several flights.  The physics student will be required to complete the tasks below and record all information on the laboratory worksheets provided.

1) Use motion equations and the elasticity constants to develop a theoretical equation that will relate the vertical position to the horizontal location for given angles of inclination and stretch lengths.  

2) Arrange the launch station so that Algebra students can launch the monkey with proper angle and stretch.

3) Determine the theoretical path the monkey is expected to follow.  (Algebra students will do this also.)

4) Predict the maximum height reached and the horizontal distance at that point.

5) Predict the horizontal distance the monkey should travel.

6) Compare the actual flight pattern to the predicted pattern.  Discuss in writing possible reasons for the differences in the predicted and actual flight patterns.

7) In conjunction with the Algebra partners, design a presentation to communicate the project with emphasis on the results and conclusions.  Specifically, the physics student will be responsible for explaining the development of the theoretical position relationship, discussing the differences between the actual and theoretical flight paths, and explaining the concepts of force, acceleration and velocity.

8) Present the project to panel of judges.

Description - Algebra Student
Prior to this activity, algebra students will have graphed quadratic functions in standard form, vertex form, and intercept form.  Students will also have used graphing calculators to find minimum and maximum values algebraically as well as plot points and find curves of best fit.

Algebra students will partner up with physics students to launch “flying monkeys.”  A background grid will be supplied, and the flight of the monkey will be recorded for several flights.  The algebra students will be required to complete the tasks listed below and record all information on the laboratory worksheets provided. 

1) Using the standard form of the equation, explain the real-life meaning of the relationship between the coefficient of the squared term and the coefficient of the linear term. 

2) Use the concept of discriminant to explain why there will always be two real roots to the equations used to represent the flights of the flying monkeys.  Determine these real roots for all theoretical and experimental equations, and explain what these real roots represent.  

3) Transform the equations from standard form to vertex form and intercept form and explain the real-life significance of the algebraic expressions in each of these forms.

4) Determine the theoretical path the monkey is expected to follow.  (Physics students will do this also.)

5) Compare the actual flight pattern to the predicted pattern.  Discuss possible reasons for the differences in the predicted and actual flight patterns.

6) Calculate the theoretical distance traveled and maximum vertical height the monkey should attain during its flight and compare it to the actual distance and height.

7) Use the pause feature on the video equipment to record at least seven sample points from the actual path and then plot those in the graphing calculator and determine a curve of best fit.

8) In conjunction with the Physics partners, design a presentation to communicate the project with emphasis on the results and conclusions.  Specifically, the Algebra II students will be responsible for showing how the algebraic equations represent different aspects of the flight.

9) Present the project to panel of judges.

	Essential

Skills


	S1 
Know and apply the principles of scientific inquiry for generating knowledge, including prediction, estimation, developing hypotheses, drawing conclusions, evaluation, and following ethical principles and professional procedures. 
S3 
Use the Scientific Method to collect data and draw conclusions. Understand that all scientific conclusions and theories are subject to modification as new data are collected and reviewed publicly by peers and that all scientific ideas must satisfy common criteria including the ability to be tested. 
S4 
Make observations and accurate and precise measurements using senses, tools, and technology. 
S12 
Explain, interpret, and classify observations and data in a logical way. Present information using scientific vocabulary, mathematical relationships, and technology. 
S13 
Measure or estimate physical properties using dimensional quantities (e.g., time, length, mass, pressure, volume, acceleration, temperature) and use significant figures correctly when estimating, measuring, and calculating these quantities.
S6 
Understand the concepts of force and motion as they apply to simple machines (e.g., levers and pulleys). 

S61 
Understand and apply kinematics (i.e., the mathematical methods of describing motion, including velocity, acceleration, and displacement, without regard to the forces that produce it) to solve problems. 
S15 
Plan and apply real or hypothetical models and constructions to facilitate short- and long-term investigation, learning, and solutions to practical problems, including experimental design that incorporates variables and a method for collecting fair and adequate data. 
M10 
Understand and apply a systematic methodology or procedure (e.g., direct or indirect measurement, direct or indirect proof, inductive or deductive reasoning) to model and solve problems. 
M11 
Apply variables in expressions and equations to solve problems (i.e., write mathematical equations for given situation, create a mathematical model to understand the relationships between variables, or make connections between the structures of mathematically abstract concepts and the real world). 
M21 Evaluate and employ accurate and appropriate procedures for statistical data collection, organization, analysis, and display including making estimates and predictions, critiquing data, and drawing inferences (e.g., using the normal curve and z-scores, line of best fit). 
E6 
Collect and focus thoughts about the writing activity (brainstorming, listing, drafting, etc.).

E8 
Prepare and deliver individual speeches that address the needs of the target audience by gathering information, rehearsing, making eye contact, speaking loudly enough, and delivering information in a well-organized fashion. 

	Assessment
	See attached rubrics (3) for presentation, and algebra and physics performance tasks

	Attachments/

Resources 
	· Algebra Performance Tasks

· Physics Performance Tasks

· Algebra Handout

· Physics Handout

· Data Analysis Open-Ended Assessment

· Assessment Rubrics


Submitted by: Jeff Vogus, Suzi Bender, sbender@muasd.org, jvogus@muasd.org, Mount Union Area High School
Attachments/Resources
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Performance Task Description… Physics Version
In earlier laboratory exercises students will have determined approximate elasticity constants, initial velocities for given stretches and forces exerted by the elastic bands for each “flying monkey.”  

Physics students will be given a “flying monkey” and a group of Algebra students as partners.  A background grid will be supplied and the flight of the monkey will be recorded for several flights.  The physics student will be required to do the following:

1. Use motion equations and the elasticity constants to develop a theoretical equation that will relate the vertical position to the horizontal location for given angles of inclination and stretch lengths.  

2. Arrange the launch station so that Algebra students can launch the monkey with proper angle and stretch.

3. Determine the theoretical path the monkey is expected to follow.  (Algebra students will do this also.)

4. Predict the maximum height reached and the horizontal distance at that point.

5. Predict the horizontal distance the monkey should travel.

6. Compare the actual flight pattern to the predicted pattern.  Discuss possible reasons for the differences in the predicted and actual flight patterns.

7. In conjunction with the Algebra partners, design a presentation to communicate the project with emphasis on the results and conclusions.  Specifically, the physics student will be responsible for explaining the development of the theoretical position relationship, discussing the differences between the actual and theoretical flight paths, and explaining the concepts of force, acceleration and velocity.

8. Present the project to panel of judges.

[image: image3.png]Watch those monkeys, Dorothy!




The goal of this exercise is to compare the real-life path of flight for “your” flying monkey to the predicted path derived from formulas and earlier experimental evidence.  You’ll be asked to (A) derive two X-Y relationships for the monkey’s position, (B) launch your monkey and record the motion, (C) plot your predicted formulas and the actual motion, and (D) compare the plots with discussion of the similarities and differences.  



(A) Derivation of the X-Y formulas:



- Use the angle for launch assigned to your group and 



1) the initial velocity determined from the vertical flight experiment to 



    determine a formula for Y position in terms of X,



2) the initial velocity determined from the Hooke’s Law experiment to 



    Determine a formula for Y position in terms of X.

· You will end with two equations of the form:  Y = aX2 + bX 

(B) Collection of “real-life” data:


- Position the monkey so it is oriented at the correct angle above the horizontal 


  with the correct stretch length.  Launch the monkey and record the flight.  (3X)

(C) Plotting of data:


- Use Excel spreadsheet to produce data for the two formulas derived in Part (A)


- Graph the data for these formulas.


- Use the video of the “real-life” flight to collect data points.  Graph this data.


- Use the “real-life” data points to generate a formula representing the flight.

(D) Comparison of data:


- What similarities exist between the three plots?


- Of the two theoretical data sets which most closely compares to the “real-life” 


   Plots?


- How does the “real-life” graph differ from the theoretical plots?


- What physical factors might cause the theoretical formulas to produce data that 

   differs from the “real-life” ?

- What changes or corrections might be made to give a theoretical formula that 

   better represents the “real-life” results?
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Performance Task Description…Algebra Version
Prior to this activity, algebra students will have graphed quadratic functions in standard form, vertex form, and intercept form.  Students will also have used graphing calculators to find minimum and maximum values algebraically as well as plot points and find curves of best fit.

Algebra students will partner up with physics students to launch “flying monkeys.”  A background grid will be supplied, and the flight of the monkey will be recorded for several flights.  The algebra students will be required to do the following:

1. Using the standard form of the equation, explain the real-life meaning of the relationship between the coefficient of the squared term and the coefficient of the linear term. 

2. Use the concept of discriminant to explain why there will always be two real roots to the equations used to represent the flights of the flying monkeys.  Determine these real roots for all theoretical and experimental equations, and explain what these real roots represent.  

3. Transform the equations from standard form to vertex form and intercept form and explain the real-life significance of the algebraic expressions in each of these forms.

4. Determine the theoretical path the monkey is expected to follow.  (Physics students will do this also.)

5. Compare the actual flight pattern to the predicted pattern.  Discuss possible reasons for the differences in the predicted and actual flight patterns.

6. Calculate the theoretical distance traveled and maximum vertical height the monkey should attain during its flight and compare it to the actual distance and height.

7. Use the pause feature on the video equipment to record five to seven sample points from the actual flight path and then plot those in the graphing calculator and determine a curve of best fit.

8. In conjunction with the Physics partners, design a presentation to communicate the project with emphasis on the results and conclusions.  Specifically, the Algebra II students will be responsible for showing how the algebraic equations represent different aspects of the flight.

9. Present the project to panel of judges.
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The goal of this exercise is to analyze and compare the real-life path of flight for your flying monkey to the predicted path.  You’ll be asked to (1) transform and analyze the prediction equations, (2) launch your monkey and record the motion, (3) plot your predicted formulas and the actual motion, and (4) compare and analyze the plots.  

(1) Transforming and Analyzing the Formulas


What are the theoretical quadratic equations for the monkey’s predicted path (get from Physics students in your group)?  

Using function notation, write the quadratic equation in standard form.  

Using function notation, write the quadratic equation in vertex form.

Using function notation, write the quadratic equation in intercept form.

Use the model to predict the maximum height of the monkey.  Explain your reasoning.  Use the back if more room is needed.

Use the model to predict the total horizontal distance the monkey will fly.  Explain your reasoning.  Use the back if more room is needed.

What kind of roots does this equation have?  How do you know?

(2) Collecting of “Real-Life” Data
Position the monkey so it is oriented at the correct angle above the horizontal 

with the correct stretch length (Physics students will tell you correct angle and stretch length).  

Launch the monkey and tape-record at least three successful flights.  

(3) Plotting the Data
Use a graphing calculator to store the two theoretical functions (predicted equations from (1) above) in the [image: image6.png]


 menu and record them below:
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Use the video of the “real-life” flights to collect at least seven data points for each flight.  Record the data points in the table below and then plot them (one data set at a time) on the graphing calculator.  For each set of data points, use the graphing calculator to create an equation for a curve of best fit.  Record each flight’s equation of best fit in the [image: image9.png]


 menu.

	Flight 1 (Y3)
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	Y
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	Flight 2 (Y4)

	X
	Y

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





	Flight 3 (Y5)

	X
	Y

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


(4) Analyzing and Comparing the Data

What similarities exist between the plots of the three real-life flights?  

Of the two theoretical functions, which most closely represents the real-life, plots?

How do the real-life graphs differ from the theoretical plots?

What physical factors might cause the theoretical formulas to produce data that differs from the real-life data?

How far off the ground is the monkey one-quarter of the way through the flight?  One-third of the way?  Explain your reasoning.

List the domain and range of each function analyzed (Y1, Y2, Y3, Y4, and Y5).
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Data Analysis

To complete this assessment, the group should analyze and discuss the comparisons and contrasts between the theoretical and real-life flights.  Each individual should submit an individual response.

Compare the monkey’s actual flight pattern to the predicted pattern.  Discuss possible reasons for the differences in the predicted and actual flight patterns.  Include answers/comments to address the following:

1) What similarities exist between predicted and actual flights?

2) How does the real-life flight differ from the predicted flight?

3) What physical factors cause the real-life flight to differ from the predicted?

4) If you were to conduct this experiment again (and had amazing tools available) what changes might you make to the design to allow the real-life flight to better match the predicted flight?

5) What does this experiment show about laws of motion and real-life?  

Scoring Guide

Presentation Rubric

4 = surpasses expectations; 3 = high quality performance; 2 = satisfactory performance; 1 = minimum quality performance; 
0 = does not meet expectations
	Introduction
	Points
	Comments

	Introduces group members
	0  1
	 

 

	Provides topic overview
	0  1  2  3  4
	 

 

	States major result clearly
	0  1  2  3  4 
	 

 

	Conclusion
	Points
	Comments

	Reviews significant results
	0  1  2   3  4
	 

 


Group Members:

_____________________

_____________________

_____________________

_____________________

_____________________

	Presentation
	Points
	Comments

	Communicates with correct mathematical reasoning
	0  1  2  3  4   
	 

 

	Correct use of required vocabulary terms
	0  1  2  3  4   
	

	Presents support for conclusions
	0  1  2  3  4  
	 

 

	All group members participate equally
	0  1  2  3  4
	

	Quality of visuals
	0  1  2  3  4
	 

 

	Apparent preparation (rehearsal), timing
	0  1  2  3  4
	 

 

	Clarity of communication, eye contact
	0  1  2  3  4
	 

 

	BONUS:  Creativity, appropriate humor
	0  1  2
	


Total Score:  _________ out of ___  point


Performance Task Rubric…Physics Version
4 = surpasses expectations; 3 = high quality performance; 2 = satisfactory performance; 1 = minimum quality performance; 0 = does not meet expectations
OR

8 = surpasses expectations; 6 = high quality performance; 4 = satisfactory performance; 2 = minimum quality performance; 0 = does not meet expectations
	
	Points
	Comments

	Correctly generate two flight functions from initial velocity data and predict maximum height and range
	0  1  2  3  4
	 

 

	Position monkey for proper launch and record 3 flights
	0  1  2  3  4
	 

 

	Use Excel spreadsheet to produce and plot theoretical data
	0  1  2  3  4
	 

 

	Collect and plot real-life data
	0  1  2   3  4
	 

 

	Complete individual open-ended data analysis
	0  1  2  3  4  5  6  7  8 
	


Name:  _______________________________________
Score:  _______ 


Performance Task Rubric…Algebra Version
4 = surpasses expectations; 3 = high quality performance; 2 = satisfactory performance; 1 = minimum quality performance; 0 = does not meet expectations
OR

8 = surpasses expectations; 6 = high quality performance; 4 = satisfactory performance; 2 = minimum quality performance; 0 = does not meet expectations
	
	Points
	Comments

	Transform equations to show function in standard form, vertex form, and intercept form and predict maximum height and distance flown
	0  1  2  3  4
	 

 

	Position monkey for proper launch and record 3 flights
	0  1  2  3  4
	 

 

	Use graphing calculator to plot theoretical function and determine maximum height and range of flight
	0  1  2  3  4
	 

 

	Use graphing calculator to plot points and determine best-fit curve of real-life data
	0  1  2   3  4
	 

 

	Complete individual open-ended data analysis
	0  1  2  3  4  5  6  7  8  
	


Name:  _______________________________________
Score:  _______ 
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