Modeling Projectile Motion

Name _____________

Date   ________

Introduction


A program RCKT will be linked to the TI-83/84 which will be utilized to model and simulate projectile motion.

Utilizing the RCKT program


Access the program RCKT, ENTER, the following window will appear:                    
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ENTER, data will be stored in L1 and L2, STAT, Edit  to verify that data has been stored.  Set up the STAT PLOT and the WINDOW, GRAPH:
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Modeling Method 1: Vertex Form of a Quadratic, y= a(x-h)2 + k


Use the trace key to locate the vertex of the parabolic flight pattern, observe the data symmetry as you proceed.  Enter the vertex form in y =, substituting in the coordinates, (3,150), for the vertex: y= a(x-3)2 + 150. Begin by storing “1” in A, 1(A, graph, then use other values stored in A until correct fit is obtained.   Verify in L3, by highlighting L3, and typing in modeling equation and ENTER.
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1. Model equation obtained in modeling method 1: ____________________

2. What is the significance of the “a” value you obtained? ___________________________________________________________

Algebraic Method of finding “a”:

You also could have obtained “a” by selecting another point on the parabolic curve and solved for “a: algebraically.  Show your work:

Modeling Method 2:  Standard Form of a Quadratic, y = ax² +bx + c

                 Turn off y= a(x-3)² +150, GRAPH, use the trace key to select three points on the parabolic flight pattern. Use the three points to form three equations in three unknowns.  Record the points and equations below:

(__, __)  →  a(___)² + b(___)  +  1c  = _____

(__, __)  →  a(___)² + b(___)  +  1c  = _____

(__, __)  →  a(___)² + b(___)  +  1c  = _____

Matrices will be used to solve the system of equations. 

 2nd,MATRIX,EDIT,3 X 3, enter the coefficients of a,b,and c in rows 1 through 3 (Matrix A will be the “coefficient” matrix); 2nd MATRIX, Edit, 2, 3 X 1, enter the constants in Matrix B.

Sample shows the matrices for points: (2,134),(3,150),and ( 4.5,114)
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[A] -1 [B] results in the values a,b,and c.  Store this resulting matrice in Matrix C by pressing STO(, 2nd MATRIX, 3.  Store values in A, B, and C as follows:

[C] (1,1)( Alpha,A; [C] (2,1)( Alpha, B; [C] (3,1)( Alpha, C.
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Enter the equation  y= Ax² + Bx + C in y2, and graph to visually see the fit.  Verify numerically using list 4 as you did in model 1.

3. Model equation obtained in modeling method 2: __________________

4. Explain the meaning of “a” ___________________________________

“b” ? ____________________________________________________

“c” ? ____________________________________________________

Modeling Method  3 :  Intercept Form of a Quadratic, y = a(x-p)(x-q)

5. Model equation: _____________________________

Modeling Method 4:  Quadratic Regression in STAT, CALC

           STAT, CALC, 5.QuadReg L1, L2, Y3 (Y3 is accessed VARS, Y-VARS,

ENTER, 3)

6. Equation: ___________________________

7. The quadratic regression model is the same as which model above? ___ 

Modeling Method 5:   Transfrm APP

          APPS, ALPHA T, Transfrm, ENTER, y = AX² + BX  + C, (Note that A, B,C may have values stored from last model, store random values in A, B, and C, GRAPH

Change values of A, B, and C to create a model that fits the data.

Simulating Projectile Motion With Parametric Mode

Simulation Method 1: Visualizing the Vertical Launch

 Set the mode as shown, MODE    Set the Window:        Enter the equations:     [image: image13.bmp]              [image: image14.bmp]        [image: image15.bmp]
                                           Ymax = 180

                                                            Yscl   =   10

Trace, using arrow keys, to visualize the vertical motion of the projectile.

Explain the results of your investigation: _______________________________

_______________________________________________________________

Simulation Method 2: Visualizing parabolic flight pattern using a quadratic model.

Turn off X1T , the mode and window remain the same.  Enter the equations as shown.  Trace, using the arrow keys to visualize the height of the projectile at a given time.  Verify the maximum height of 150 feet in 3 seconds.
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An interesting investigation is to turn both functions on, set the graph style to animation and graph both the vertical and parabolic flights, note they both reach the maximum height of 150 ft. in 3 sec.
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Simulation Method 3:   Visualizing the parabolic flight in terms of the horizontal and vertical components.  

The mode remains the same. 

 Change the x-window:                            Enter the equations:                                 
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V represents the initial velocity and Ə represents the angle the projectile was launched at.  Different values can be stored in V and Ə to investigate different flight patterns.  For example, if 96 is stored in V and 45 is stored in Ə, the graph would be:
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An interesting investigation is to view three different angles on the same screen.  Enter the following equations :  X1T = 96T cos({30,45,60})

                                                  Y1T = 96T  sin({30,45,60}) -16T²
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The TI-83/84 becomes an invaluable tool to analyze the actual launch data for the four outdoor activities.              

