
Project:  Equation of the trajectory of a catapult

 [All catapults are designed the same way, writing quadratic equations using vertex form]

Hook/Opener for Catapult Project:


· YouTube video: http://www.youtube.com/watch?v=SAW2LxJRLqM
· YouTube video: http://www.youtube.com/watch?v=zlmdVXGoxSU


Materials: Catapults (glue, clothespin, popsicle sticks, small piece of cardboard/wood, plastic pop/water bottle top), m&m’s, tape measure, yard stick, student handout.

Resources : Algebra textbook, Notes, Teacher, Peers.

Objective :  Make connections of quadratic equations to real-life applications. Students will collect data and write a quadratic equation of a catapult’s trajectory. 

Anticipatory Set:
1. Students must have their catapults previously constructed.
2. Have each group review their notes and write the standard form of the parabola equation. Let the students have a discussion of the different coefficients of the vertex form of a quadratic equation and how the group could possibly collect data using the catapult to write an equation. 

Procedures:
1. Students will need to determine the vertex of the parabola as well as an additional point on the parabola (the endpoint) to determine the equation of the trajectory.
2. Ask students:  “how could you determine the exact point of the vertex?”
3. Students brainstorm ideas in their groups. They should recognize that the vertex is the middle of the parabola. 
4. Have students record the ending points on the worksheet and take the average. You can now determine the x value of your vertex by dividing the ending point in half.
5. To determine your y value of the vertex, first find the location (x coordinate) of where you will measure the height of the trajectory. After they have located the place to record the measurement, have students shoot the ball once more as a trial run to get an idea of how high the yardstick must be attached to the wall (or be held by a student) to make a reading. Once set, have the group launch the trajectory and have one student stand back and read the height on the yardstick. Make sure to make at least three readings for accuracy.
6. Now each group has the exact location of the vertex (both h and k values) and can place these values into their equation.
7. To determine the value of “a “(should the final value of a be negative or positive for this problem?), use two known points that lies on your trajectory (both your starting and ending points) and determine the value of a for both. How do the values of a compare? Should they be exactly the same? Which value is more accurate? (the starting point is slightly above the ground so it’s x value is an estimate)
Extension/Just for fun

1. Once students calculate the equation of their catapult, set up a bucket either inside or outside your classroom.
2. Task: Each group will get 15 minutes to determine the placement of their catapult in the vicinity of the bucket. 
3. Let each group mark their location with tape prior to beginning the contest (if one group hits the bucket, subsequent groups would just copy the place of the successful group). Allow them only one or two trial shots when placing their tape to make sure they THINK about the placement of the catapult.
4. Each group gets 4 shots. Record the number of times each group hits the bucket. 
5.   Winning team wins bragging rights.



Some HINTS:
· Make sure that all measurements are taken in the same units.
· Have everyone in the group doing something to help save time. Designate a person for each of these tasks:
· launch the object
· measure the highest point of the parabola and the distance of this point from the launch point
· measure the distance from the starting point to the place where the object lands
· record data
· Hold a measuring tape or meter stick near the middle of the parabola so you can measure the highest point of the arc and the distance of this point from the launch point when the object is launched.
· Mark the spot where the object lands with masking tape and measure the distance from the launch point.  
· The person launching the object should give a count down to help their partners get ready.
· Be very careful while measuring and recording your data. Accurate data will help you hit targets with your catapult in the post-lab 






Data Collection for trajectory of the catapult
Use Vertex Equation y=a (x-h)2 +k


Range 
	Reading 1
	Reading 2
	Reading 3
	Reading 4
	Range average
	h value
(1/2 of range)

	
	
	
	
	

	




Height 
	Reading 1
	Reading 2
	Reading 3
	Reading 4
	k value average
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Fill in the AVERAGE measurements for X2, Y2, and X3.
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Equation Calculation

	
	x  Coordinate
	y Coordinate
	Equation Substitution
y=a (x-h)2 +k
	Solve for a

	
Origin


	
	
	
	

	
Ending Point


	
	
	
	






Which value of a is more reasonable?  The origin (starting) or the ending point?  Why?



Using the Vertex form y=a(x-h)2 + k,  plug in the vertex (h,k) and the value of a.  Rewrite in Quadratic standard form (ax2 +bx + c)









Final Equation for Catapult Trajectory: _________________________




 

Recall that  y = ax2 + bx + c  is a quadratic equation in standard form.  You will use the data collected to create a quadratic equation like the one above.  Use the Calculator Procedure to graph your data and find the quadratic equation that matches your data.



Fill in the table with data from your three points you listed on your parabola picture
	Point 1
	X1 = 
	Y1= 

	Point 2
	X2 = 
	Y2= 

	Point 3
	X3 = 
	Y3= 





Follow the Calculator Procedures to find the quadratic equation and plot the graph.
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Calculator Procedure

First, use the calculator program described below to create a graph of the projectile motion. If needed, press y= and clear any previous data.

1. Choose the STAT button on you calculator.
2. In the EDIT menu choose item 1: Edit.
3. If there are already numbers in the L1 and L2 lists, you can clear the whole list by using the arrow to highlight L1 or L2 at the top of the column, then press CLEAR and ENTER.
4. Enter all three points: X coordinates in L1 column, Y coordinates in L2 column. 
5. Choose the 2ND and then the Y= button.  That will take you to the STAT PLOT menu.
6. With 1: highlighted, press ENTER.
7. Make the following selections: 
-- On
-- the first plot type
-- Xlist: L1
-- Ylist: L2
8. Choose whichever Mark you would like to appear on the graph. The little square works well.
9. Press the GRAPH button. The graph will show the three points you entered, but points that fall on an axis may not be visible. Press the WINDOW button and adjust the x and y axis ranges if needed to make sure all three points are within the range of the display.
10. Plot the three points on the appropriate graph on your worksheet.

The next steps are to create the quadratic expression and graph the parabola.  Going back to your calculator:

1. Chose the STAT button again.
2. In the CALC menu choose item 5: QuadReg and press ENTER twice.
3. Copy down a, b, and c in the correct blanks on your worksheet.  This is your quadratic expression.
4. Choose the Y= button.  Copy the quadratic formula using a, b, and c. 
5. Choose the GRAPH button and a curve should be drawn along the points. Copy that curve onto your graph.  
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