Unit Title: Parabolic Tunnelvision

Topics: Quadratic Functions and Equations

Summary: Students will study quadratic functions and equations, culminating in open-ended problems applying the skills and concepts that they have learned in a new situation.  

----------------------------------------------

Stage 1:

----------------------------------------------

Understandings:

- Students will understand that numerical information can be organized in a number of pictorial ways; pictures, graphs, charts, and tables.

- Students will understand that properties  transfer.

- Students will understand that graphs can help you Identify and Interpret information.

Questions:

- What patterns can be generalized from the graphs of various functions? 

- How can graphs be used to model and solve problems?

- What information is necessary to draw a graph?

Knowledge and Skills:

- Be able to identify quadratic equations and functions.

- Find domain and range.

- Be able to find all critical points: 

----Zeros, Vertex and Y-intercept

- Translations & Stretches:

- Understand the application of the vertex, namely that it is always the maximum or the minimum of the function.

- Understand properties of a, b, and c if quadratic function is expressed in standard form.

- Solve quadratic inequalities.

- Recognize a situation that can be modeled as quadratic. 

Key Evidence:

1.  Explain how a, h, and k influence the position of the graph.

2.  Given the graph of y = g(x), explain how to plot the graph of y = g(x) + 5; y = g(x + 5).  (Note to teacher:  The graph of g(x) should not be a parabola.  Pick another function they will encounter later.)

3.  Given the graph of a parabolic function, interpret the signs of the coefficients (a, b, and c).

4.  Below is a graph of f(x)= |x|.  Explain how g(x) is related to f(x) if g(x) = r|x - s| + q.

1.  Teddy has 100 feet of fencing to build a dog pen.  She decides to build a rectangular dog pen with one side being the house.  Find the dimensions so the area will be a maximum.  teddy's dog needs at least 1000 sq.ft.to run around.  What are all the possible widths?  Can teddy build an enclosed dog pen without using the house?  Why or why not.

2.  Teddy wants to build a box to hold all of her dog's squeaky toys.  She has decided to build a rectangular prism but does not know if she will build a top.  Find the maximum volume for two rectangular prisms (one with a tip and one without) if Teddy has 20 sq. ft.

3.  Nina drops a rock off of a 100 foot cliff.  How long will it take to reach the ground?  How long will it take to travel half-way?  How far will it travel after half of the total time has elapsed?

4.  DeAndre throws a sphere up from a cliff whose height is 50 m.  How much time has elapsed when the sphere is at a height of 60 m.  How long will it take for the sphere to return to 50 m?  How long will it take for the sphere to hit the ground?  What is the height of the sphere after half the total time has elapsed?  Find the time it takes for the sphere to travel half the total distance.  
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Stage 2:

----------------------------------------------

Task: Tunnel vision

Summary: Students will apply their knowledge of quadratics to solve a real-world problem.  Modeling, graphing, equation writing, analyzing and reasoning skills will be used to build a tunnel for the New Jersey Turnpike Association.  

Notes:

The blue books are for students to keep all of their work for this problem.  This is important because we want to assess the process as well as the solution.  The students will also submit a presentation of their tunnel which will be clear and neat.  

Student Directions:

This summer you will be working as an intern for the NJ Turnpike association.  They need to design a new two-lane parabolic tunnel that can accommodate any two vehicles passing each other safely.  It is your job to design a model for a working tunnel. You will be given blue books to act as your "design" notebook.  Please do all of your work in this notebook.  Once you have designed what you consider the "final product," you need to turn in both the blue book and a written presentation including the following:<br><br>1. A drawing of the graph that represents your tunnel on graph paper.<br>2. A defined function that represents the model of the graph.<br>3. A written argument about why your tunnel works.<br><br>Your tunnel must meet the following design specifications:<br>1.  It must be parabolic in shape.<br>2.  Due to high construction costs, the sum of the height and width must be less than or equal to 90 feet.<br>3.  It must be safe for any and all vehicles depicted in the table below.<br>(W = width; H= height)<br>Vehicle
     Min. W
Max. W
Min. H
Max. H Motorcycle   1.5 ft.
2.5 ft.
4 ft.
5 ft.<br>Car
     4 ft.
7 ft.
3 ft.
5 ft.<br>Bus
     7 ft. 
9 ft.
10 ft.
15 ft.<br>Truck
     4 ft.
10 ft.
6 ft.
13 ft.

ATTACHED RUBRIC(S)

Rubric for Parabolic Tunnelvision

Summary:

This rubric is specific to the task and should not be given to students in this format.  The descriptions lead you to the solution.  You may want to inform your students of the categories in which they will be graded.  

Categories included are:

25%  Modeling

25%  Writing equation

10%  Presentation Organization

25%  Presentation Content

15%  Graph

Trait: Rubric for Parabolic Tunnelvision

Modeling Pictorially

Excellent: 

-Parabola has a maximum.

-Is either centered on y-axis, or has (0,0) on graph.

-Y=0 is ground level.

Good:

-Y=0 is ground level.

-Parabola has a maximum.

Fair:

-Parabola has a maximum.

Poor:

-Parabola does not have a maximum.

-or Not a parabola.

*************************************

Writing Equation

Excellent:

-Start with standard, vertex, or factored form of parabola.

-Uses points from the model to help define equation.

-Sound method for using points to find equation.

-Good computation.

-(W + H) < or = 90

Good:

-Start with standard, vertex, or factored form of parabola.

-Uses points from the model to help define equation.

-Sound method for using points to find equation.

-Considered this constraint: (W + H) < or = 90

Fair: 

-Start with standard, vertex, or factored form of parabola.

-Uses points from the model to help define equation.

-No sound method for writing equation used; more random in nature.

Poor:

-Does not use standard, vertex, or factored form of parabola.

Presentation Organization

Good:

-Presentation is easy to follow.

-Presentation is visually appealing.

Fair:

-Presentation is not easy to follow.

-Presentation is not visually appealing.

Presentation Content

Excellent:

-Solution satisfies restraints.

-Written argument is logical and clear.

-Tunnel is safe for both a bus and a truck, and this is clearly explained.

Good:

-Solution satisfies restraints, if not the reason is clear.

-Solution must be either safe or have a written argument that is logical.

Fair:

-Solution does not satisfy constraints.

-Some logical writing given.

Poor:

-Solution does not satisfy constraints.

-No logical writing given.

Graphing

Excellent:

-The graph describes the exact function given.

-Axes appropriately labeled with either x and y or width and height.

-Good use of scale.

-Scale is approriately labeled.

-Support coordinates are identified: the truck and bus positions are identified on graph.

Good:

Has four out of five of the following.

-The graph describes the exact function given.

-Axes appropriately labeled with either x and y or width and height.

-Good use of scale.

-Scale is approriately labeled.

-Support coordinates are identified: the truck and bus positions are identified on graph.

Fair:

-The graph describes the function given.

Poor:

-The graph shows no understanding of graphing parabolic functions.

Other assessment evidence to be collected: 

Selected Response/Short-answer test/quiz

1.  Explain how a, h, and k influence the position of the graph.

2.  Given the graph of y = g(x), explain how to plot the graph of y = g(x) + 5; y = g(x + 5).  (Note to teacher:  The graph of g(x) should not be a parabola.  Pick another function they will encounter later.)

3.  Given the graph of a parabolic function, interpret the signs of the coefficients (a, b, and c).

4.  Below is a graph of f(x)= |x|.  Explain how g(x) is related to f(x) if g(x) = r|x - s| + q.

Selected Response/Short-answer test/quiz

1.  Teddy has 100 feet of fencing to build a dog pen.  She decides to build a rectangular dog pen with one side being the house.  Find the dimensions so the area will be a maximum.  teddy's dog needs at least 1000 sq.ft.to run around.  What are all the possible widths?  Can teddy build an enclosed dog pen without using the house?  Why or why not.

2.  Teddy wants to build a box to hold all of her dog's squeaky toys.  She has decided to build a rectangular prism but does not know if she will build a top.  Find the maximum volume for two rectangular prisms (one with a tip and one without) if Teddy has 20 sq. ft.

3.  Nina drops a rock off of a 100 foot cliff.  How long will it take to reach the ground?  How long will it take to travel half-way?  How far will it travel after half of the total time has elapsed?

4.  DeAndre throws a sphere up from a cliff whose height is 50 m.  How much time has elapsed when the sphere is at a height of 60 m.  How long will it take for the sphere to return to 50 m?  How long will it take for the sphere to hit the ground?  What is the height of the sphere after half the total time has elapsed?  Find the time it takes for the sphere to travel half the total distance.  
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Learning Activities:

*Students will begin with a lesson on projectile motion.  This lesson will be an exploration done with their calculator.  Specific tools to aid them in solving these problems will initially be given by teacher.

*Students will explore patterns within the vertex formula of a parabola using either a calculator, or computer graphing software.  Students will hopefully draw conclusions on their own, in line with a constructivist approach to learning.

*The next step will be to introduce students to the vocabulary associated with quadratics, namely what a quadratic actually is, the vertex, axis of symmetry, zeros of a function, roots of a function, max and min.

*Students will be introduced to the various forms in which a quadratic may be written.

*Students will learn variuos ways to solve a quadratic equation, leading up to the quadratic formula.  These methods would include factoring, completing the square, and graphing methods.

*Students will derive quadratic formula.

*Students will have group discussions over what a parabola must look like if the equation has imaginary roots.

*Students will apply this knowledge in a variety of applications.  They will solve these problems in groups, and their progress will be assessed regularly, and in a variety of ways.  Specifically, students will be called to the board to explain methods of solution; students will solve problems in groups, and students will take short quizzes to keep tabs on their progress.

*Final activity will be the tunnelvision PBA.

