Unit Title: Applications of the Derivative (Optimization)

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

Stage 1:

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

National Standard: the College Board

Description:1. Students will apply the concept of derivatives, and process of differentiation, to predict the behavior of a function and determine optimal conditions for a given situation in economics, engineering, etc.

2. Students will represent processes and functions graphically, numerically, algebraically, and verbally ("Rule of Four")

Notes: Any Calculus textbook can provide a basis for discrete problems

O = overarching, for the entire course

T = Topical, focused on this unit/topic

Understandings:

(O) Mathematical functions over a specified interval can be used to model the behavior of actual situations

(T) If a situation implies, however subtly, a rate of change, the process of differentiation can be applied to the solution

(T)  Derivatives can be used to precisely locate "ideal" points (max, min, inflection) or confirm a conjecture regarding them.

Questions:

(O) Is this enough, too much, or too little information for a precise solution?

(O) How do these topics connect to one another and the real world? How does it all fit together?

(T) What's a derivative "for"?

(T) What does a situaation "look like" when it needs a derivative for its solution?

Knowledge and Skills:

Students will know:

-mathematical definitions and tests for intervals of in(de)crease, concavity

-how to construct a model for a given real situation

-how to apply current technology to "messy" problems

Students will be able to:

-find absolute and local extremes for a function given in graphic or algebraic form.

-explain the significance of "increase", "point of inflection' etc. with respect to a mathematical function or a real situation.

-find optimum conditions for a given application problem.

-predict or confirm functional global behavior through differentiation
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Stage 2:

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

Assessment Summary:

Summative performance task: What is the longest tractor trailer truck that can turn a right angle corner between two roads "x" and "y" feet wide?  Does the length of the cab matter? Does it make a difference if it is a right or left turn? Can you generalize the situation to any width road?

Unit exam: a sample AP exam

Other evidence:

1. Letter to bottling companies regarding discrepancies in the optimal soda can size predicted by calculus and the actual measurement.

2. "Be the teacher" demonstrations of selected text exercises

3. 2 quizzes: Given a function identify intervals of increase/decrease, concavity, critical points, horizontal tangents, max/min, inflection

4. "Small" and "obvious" optimization situations (Do you know how to create the model and apply the derivative?)

5. Journal entries/self-assessment: "How does this connect to the last two units?" "Where do I stand?" 

Task: Applications of the Derivative – the truck problem

You are a truck-driver instructor and supervisor for the ABC Truck/freight Company and you need to develop theoretical and practical guidelines for truckers to make turns in tight spots. Develop a chart: What is the longest tractor trailer truck that can turn a right angle corner between two roads "x" and "y" feet wide?  Does the length of the cab matter? Does it make a difference if it is a right or left turn? Can you generalize the situation to any width road? Write up your findings in simple to understand brochure text.

Note: A summative performance task that can be addressed throughout the unit, this rich problem allows students to apply the behavior of a function that they must create, based on a situation given involving a truck turning a right angle corner.  Students will have prior access to the rubrics by which they will be scored, and will have self and peer assessed prior to the summative scoring.  There are potential multiple perspectives within the problem, leading to various "correct" solutions.  All of these, however, require an appropriate application of the calculus. There are also lots of "incorrect" responses. The best responses will lead to a correct analysis and solution, logically organized and elegantly stated, showing multiple representations of the situations, correct in math content of a sophisticated nature (a la calculus)
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Learning Activities:

1)Post Essential questions for unit next to essential questions for course

2)Hand out performance task rubrics early, unpack any new facets:students will peer and self assess throughout unit with these

3)Diagnostic assessment to reveal state of student understanding of "increase", "most change", "max" when given a graph, data, or algebraic representation

4)HOOK for unit:  Sam Walton, owner of Wal-Mart and Sam's Club, was the richest man in America for many years.  He was not formally educated beyond high school, where he was an average student(I'll have to reconfirm these facts).  When his tactics were analyzed, business experts said that his success was due to an intuitive and innate genius not for recognizing highs and lows, but for recognizing points of inflection"

5)Summative performance task will be handed out early in the unit for students to consider throughout the instruction and with any luck provide a basis for inquiry

6)Early activity to promote inquiry:(Groups) 20 paper clips are chained together. Using the edge of your desk as one side of a rectangle, investigate the various rectangles that can be formed by the paper clips, and find the dimensions of the one with max area? Does the rigid nature of the paper clip distort the result?

Confirm graphically.

7) Students attempt to create an optimization problem to explore the difficulty in their understanding as described in essential questions.

8)Students will twice reflect in their journals on the initial Sam Walton story and their current understanding of the statement

9) Students will practice using the task rubircs to self and peer assess smaller tasks, as given on homework or in-class exercises(Note: in a few years, students will unpack rubric through samples of student work previously collected)

