Functions and Modeling

Handout

Step 2: Inquiry-Based Lesson Design in Science

Demonstration Lesson: “Dissolved Oxygen in Water”


Exploration: The Roller Coaster

An established company, the Acme Roller Coaster Company, has asked your group to help design a roller coaster track.
The Acme Company wants to build a roller coaster subject to a set of constraints. You are told that the company has several engineers who could design a blueprint and build the track if only they knew the functions whose graphs would define the desired curve of the track. According to a company spokesperson, her people can easily "fit" a curve to a set of points; however, the resulting curve does not necessarily satisfy constraints involving slopes, concavity, extrema values, smoothness, updateability, etc. Furthermore the companies engineers must first build a scaled down test model, and thus they need the function description for the scale model. Hence your task is to define a piecewise function over the interval [0,15] whose graph satisfies the following constraints for the roller coaster track (each unit represents 10 meters).
1. The entrance onto the track is at the point (0,10) and the exit is at (15,0). There are just two local extrema, a minimum at (4,2) and a maximum at (8,8). (You do not have to consider designing the stairs leading to the entrance.)


2. The slope of the curve at the entrance and exit points must be zero in order to facilitate getting on and off the roller coaster car.


3. IMPORTANT: The curve must be "smooth" meaning that the piecewise function must be differentiable over its entire domain. 


4. For continued customer interest, maintenance, and future customization YOU MUST build the roller coaster track out of pieces. Based on the given constraints, you must also decide how many functions that you will ‘sew together’ to build the track.

The Acme Company is skeptical of work that has not been refined, stating that whenever, safety, cost, or time is involved they will not accept the plans of a single person. Therefore, you are to work in a group of three or four people.
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Sample Partial View: Roller Coaster
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