
SPIRIT 2.0 Lesson: 

Off-Roading Area Under a Curve
============================Lesson Header ============================

[image: image9.wmf]Lesson Title: Off-Roading Area Under a Curve

Draft Date: June 22, 2009
1st Author (Writer): Betsy Rall

Calculus Topic: Finding the Area Under the Curve

Grade Level: High School - Calculus 

Outline of Lesson 

The group of learners will be able to find the area under a curve using Geometrical formulas, Riemann Sums and Integral Calculus by using the Robot to help find measurements of a curve that have been created by the learners or the teacher.  

Content (what is taught): 

· Review of Geometric area formulas

· Review of Riemann Sums including left, right and midpoint sums, the Trapezoidal Rule and Simpson’s Rule 

· The Fundamental Theorem of Calculus

Activity Description:

The following will be the sequence of the project:

(1) Creation of a curve for the CEENBoT to measure. This curve should be 2-dimensional and will hang from a table. If a more challenging project is desired, the students can make a 3-dimensional hill of constant depth that is wide enough for the CEENBoT to traverse.  The hill will be placed on top of the table. 
(2) Attached to the table will be a measuring tape reading from left to right.  Attached to the CEENBoT will be a hanging measuring tape (or stick).  This will make it possible to find (x, y) measurements by driving the CEENBoT across the top of the table (or hill). 

(3) The students will be asked to approximate the area bounded by their curve and the top of the table. They must use three different methods, which may include, but not be limited to, using formulas from geometry, left/right/midpoint Riemann Sums, Trapezoidal Rule and Simpson’s Rule. Students may use the CEENBoT to aid in measurements for the area calculations.   

(4)  The teacher will give the students instruction on the Fundamental Theorem of Calculus. 

(5) Even if the students have driven the CEENBoT across the top of the table (or hill) and have taken measurements, they will be asked to do so again. This time the focus will be to take measurements again in order to use the calculator to find the best fit equation for the data.   

(6) The students will use the graphing calculator to find a best-fit equation to represent their data.

(7) The student will make an estimation of the area bounded by the curve and the table by using the Fundamental Theorem of Calculus.

(8) The students will submit a written report of their findings.

Standards: 

Technology: TD2, TD3, TD4

Engineering: EA2, EA3, ED3

Mathematics: MC1, MC2, MD1, MD2

Materials List: 

	Poster board and Tape
	Recording Notebook
	Measuring tape

	Classroom Robot
	Yardstick or vertical measuring stick (rigid)

	materials to build the 3-D Curve: cardboard, wood, sandpaper, corrugated paper, tape, glue


Asking Questions:  Off-Roading Area Under a Curve
Summary: After creating the scale model of the area under the curve, students will decide which three methods to use in order to approximate the area under a curve.  These methods can include, but are not limited to, breaking the area into Geometric shapes, using Riemann Sums (left, right and midpoint), using the Trapezoidal Rule and using Simpson’s Rule. 
Outline: 

· Students will decide which three methods to use to approximate the area under the curve.
· Students will decide what information is needed to get this data.
· Students will decide on the best method to collect this data.
Activity:  Ask the following questions:

	Questions
	Answers

	What methods can you use to find area?
	Geometric area formulas, Riemann sums (left, right and midpoint), Simpson’s Rule

	What information do you need in order to be able use these methods?
	Measurements

	How will you collect this data?
	Measure and record
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Online Resources:  Several resources can be found online by typing ‘area under a curve’ at www.google.com.  In addition, an applet can be found at http://xanadu.math.utah.edu/java/ApproxArea.html for finding the area under a curve.
Exploring Concepts:  Off-Roading Area Under a Curve
Summary: Students will use the robot as an aid (manipulative) and record measurements of the hill. These measurements will then be used in the three chosen methods to approximate the area under the curve.
Outline: 

· Students will prepare to measure by setting up an axis on their curve.  
· Students will drive the robot across the table (or over the hill) stopping it often and recording their measurements.
· Students will decide how to section the bounded area in order to calculate the area.
Activity: In preparing to measure, students will need to adapt the CEENBoT to carry a vertical measuring device.  A rod can be attached to the top of the CEENBoT and a measuring stick hung from it (see the figure below). A measuring tape should be attached to the top edge of the table to act as the x-axis.  Working with the robot, the students will drive the robot across the top of the table (or over the hill) stopping to record measurements.  The measurements must be taken frequently in order to provide a good approximation of the area. Students shall record their measurements in their notebooks. 
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Instructing Concepts:  Off-Roading Area Under a Curve
First Fundamental Theorem of Calculus

Putting “First Fundamental Theorem of Calculus” in Recognizable terms: The First Fundamental Theorem of Calculus shows that the process of definite integration will work for all antiderivatives of a function.  The definite integral 
[image: image3.wmf] is defined as the area bounded by the graph of the function f(x), the x-axis, and the vertical lines x = a and x = b. The First Fundamental Theorem of Calculus connects the algebraic indefinite integral defined in terms of the antiderivative with the geometric definite integral associated with the Riemann sum.
Putting “First Fundamental Theorem of Calculus” in Conceptual terms: The First Fundamental Theorem of Calculus shows the relationship between derivatives and antiderivatives.  Remember that applying this theorem is just the process of integration to find the antiderivatives.  Then you simply plug in the values that bound the region on the right and left.  You plug in the right bound first into the antiderivative and then subtract the left bound plugged into the antiderivative.

Putting “First Fundamental Theorem of Calculus” in Mathematical terms: The First Fundamental Theorem of Calculus states 
[image: image4.wmf] where F(x) is the antiderivative of f(x).  This theorem shows that it does not matter which antiderivative is used for f because if F is any antiderivative of f over [a,b] then all others will have the form F(x) + C.  Thus 
[image: image5.wmf].  Since C will cancel out we can disregard the constant from indefinite integration.  This greatly simplifies the process of definite integration.

Putting “First Fundamental Theorem of Calculus” in Process terms:  Thus by insuring that any antiderivative will work, the First Fundamental Theorem of Calculus makes finding the area under the curve much easier than the other possible methods.  Be sure to clarify the rules for integration of functions since these are required for the integration process.

Putting “First Fundamental Theorem of Calculus” in Applicable terms:  The First Fundamental Theorem of Calculus applies anywhere that you need to calculate the area under a curve.  If you want to know the area of a flowerbed that is not rectangular the First Fundamental Theorem of Calculus can find it.  Basically, any situation where you want to know the area of a non-rectangular region the First Fundamental Theorem of Calculus can be applied.

Organizing Learning:  Off-Roading Area under a Curve
Summary: Students will use their notebooks to sketch areas and show calculations for the initial three area approximations.  Students may need to take additional measurements in order to apply the Fundamental Theorem of Calculus.  Students will use the graphing calculator to find a best fit equation for their data. Students will record this equation (using four decimal places for constants and coefficients) in their notebooks.  

Outline: 
· Record (x,y) measurements in notebooks.
· Enter data in the graphing calculator and find best fit equation.
· Use the Fundamental Theorem of Calculus to find the area under the curve.
Activity:  First, students should calculate the area under the curve in three different ways using measurements taken using the robot.  The possible methods are, but not limited to: using formulas from geometry, left/right/midpoint Riemann Sums, Trapezoidal Rule and Simpson’s Rule.  These methods should have been previously learned and will serve as a comparison for finding the area using the fundamental theorem of calculus.  Next, the data for the curve ((x,y) coordinates) should be entered into a graphing utility to find a best-fit equation for the curve.  Finally, students should find the area under the curve using the best-fit equation found by the graphing utility and applying the fundamental theorem of calculus.  The data collected and the best-fit equation should be recorded in their notebooks.  The work for the Fundamental Theorem should also be included.

Worksheet:  M035_Area_Under_Curve_OWS.doc


Understanding Learning (Off-Roading Area Under the Curve)

Summary: Students will submit a portfolio of their work from this project including: 

(1) A table of their measurements and data points for each area approximation.

(2) The work and a sketch for the three methods chosen to approximate the area.

(3) The work for the area approximation found through the Fundamental Theorem of Calculus. This should include the measured data points, the best fit equation, and the work for the Fundamental Theorem.

(4) A report that compares and contrasts the approximations and then gives an argument supporting what the student feels is the most accurate approximation.
Outline: 

(1)  Formative assessment of the Fundamental Theorem of Calculus
(2)  Summative assessment of the Fundamental Theorem of Calculus
Activity: 

Formative Assessment

As students are engaged in the lesson ask these or similar questions:

(1)  Are students able to explain what the answer to a Fundamental Theorem problem represents?

(2)  Are the students able to explain how to set up a Fundamental Theorem problem?

(3)  Are the students able to explain each part of the Fundamental Theorem?

Summative Assessment

First, students will be asked to submit their portfolio including: 

(1) A table of their measurements and data points for each area approximation.

(2) The work and a sketch for the three methods chosen to approximate the area.

(3) The work for the area approximation found through the Fundamental Theorem of Calculus. This should include the measured data points, the best fit equation and the work for the Fundamental Theorem.

(4) A report that compares and contrasts the approximations and then gives an argument supporting what the student feels is the most accurate approximation.
Next, students will answer these quiz questions:

Use the Fundamental Theorem of Calculus to solve:

1.  
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2.  
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3.  Find the area bounded by the graph of 
[image: image8.wmf], the x-axis and the vertical lines

     x = 0 and x = 2.
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