Deriving Parabolic Equations from Cart on Ramp Behavior using the CBR2 
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Course Title: Math (Algebra 1, Algebra II, Pre-Calculus, Physics, Engineering)
Unit: Quadratics and their Real World Applications
Topic: Deriving parabola equations from real cart on ramp behavior
Grade Level: 8-12
 
Rationale:
This lesson’s purpose is to show the students that equation use and its derivation are very useful in structural engineering design to improve the safety and reliability of roller coasters. 

Instructional Goal(s): 
The student will be able to understand the importance of deriving mathematical equations of moving objects to make safe and reliable judgment as engineers/designers. 

Performance Objective:
The students will answer questions during the presentation and after the presentation. Students will also participate in equation derivation and checking its validity to the real data collected with TI hardware and software. 

Lesson Content:
Students will:
· Answer questions during power point presentation
· Participate in recording y-intercept and x-intercepts
· Use the recorded values to calculate coefficients that make up a parabola equation.
· Compare resulting equation to the real behavior of a car on a ramp to check for consistency

Instructional procedures:
a. Focusing event –Students will be asked about parabolas. 

b. Bridge/ Connections – Students will be asked if they were ever on a roller coaster.

c. Teaching procedures – After the first half of the presentation, the teacher will emulate the behavior of a roller coaster using a cart on a ramp. The cart will be pushed up the ramp with the right amount of force so that the cart goes up, reaches its maximum peak and then come down during which distance data will be collected by a CBR2 motion sensor. The collected data should resemble a parabola. After data is collected, students will be asked to participate in parabola coefficient calculation that makes up the parabola equation. Their result will be checked across the classroom for consistency and then be plugged back into the TI-Nspire CX handheld used with the CBR2 sensors to see if the derived equation relates to the graph acquired by motion sensors. 

d. Formative check – The teacher will be observing for independence of the student to perform the calculations. In addition, the teacher will question students while they are doing the calculation if they have a good understanding of what is being asked of them. For instance, asking them how to solve for the unknowns.

e. Student participation- The students will be working individually to derive the equations but in groups to collect the data.

f. Interdisciplinary connections – This activity integrates technology with science. The students will learn to appreciate the ease of data collection. 

g. Closure- After lab activity, there will be a discussion of the lab results and questions. The teacher brings up the question on importance of roller coaster equation derivation. And ask a couple “what if” questions.

Evaluation Procedure:
[bookmark: _GoBack]The student evaluations will be done based on in class discussions and correctness of their answers. If a majority of the class lacks the understanding of the concepts, the teacher needs to spend more time explaining the topic and slowly re-demonstrating the experiment and its importance. 

Materials and Aids:
Ramps (at least 4)
Vehicles (this is a good opportunity to work with your physics teachers to design the vehicles)
CBR2 motion sensors (at least 4)
TI Nspire CX handhelds (TI 84 calculators can be used also)
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