Modeling Falling Object Activity
The purpose of this activity is to model and analyze the behavior of a free-falling object.

Introduction

When a falling object is subjected to the force of gravity, its vertical distance from the ground, h, at any time, t, can be modeled with the equation
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where g is the magnitude of the acceleration due to gravity, v0 is the initial vertical velocity of the object, and h​0 is the initial height of the object.  Note that this model equation neglects other forces such as air resistance.
The Data

For a physics experiment, a student stood on top of an observation tower and tossed an object up into the air.  The motion of the object was recorded by another student on the ground, 50 meters below.  The object’s height from the ground, measured in meters, was then recorded in the table below for several half-second intervals.
	height
(meters)
	50
	54
	55
	54
	50
	44
	36
	25
	12

	time
(seconds)
	0.0
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0


1.
Using a calculator or computer, create a scatter plot of the height and time data from the table.  Attach the graph to this activity.
2.
Use the scatter plot to describe the behavior of the object’s motion.
3.
For this application, describe the domain and range for the height of the falling object.
Modeling the Data

4.
As described in the Introduction, free-falling objects can be modeled with quadratic functions.  If that is the case, the second row of finite differences of the height data should be fairly constant (telling us the data is indeed quadratic).

Use the method of finite differences to show that the data can be modeled using a quadratic function.  Show your calculations and explain your findings.

5.
If the data is indeed quadratic, the height data can be modeled with a parabola.  Use the heights at t = 0, 2, and 4 to set up a system of equations that can be solved for the coefficients of a quadratic equation in the form h(t) = at 2 + bt + c.  Solve the system and state the “algebraic” model equation.

6.
Perform a quadratic regression on the data to find another model equation to represent the height data.  Using appropriate variables, state the “regression” model equation as a function of time.
Analysis and Predictions

7.
Graph both the algebraic and regression model equations in Steps 5 and 6 along with the scatter plot in Step 1.  Which of the models seems to be a better fit?  Explain your reasoning.
8.
According to the information in the Introduction, the linear coefficient is the initial velocity of the object.  Use the algebraic model equation to approximate the initial velocity.  Be sure to state the units.
9.
The quadratic coefficient can be used to find the magnitude of acceleration due to gravity.  Use the regression model equation to approximate the acceleration.  Be sure to state the units.
10.
Use the algebraic model equation to determine when the object attains its maximum height.  State this maximum height from the ground.
11.
Use the regression model equation to determine how long the object is in the air before it hits the ground, 50 meters below the observation tower.
Extension 1
The velocity of a falling object can be approximated from the height data based on the fact
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If the difference in the height and the difference in time were calculated for each point in time, these average velocities would provide a reasonable representation of the falling object’s velocity at any time t.
The best average comes from using data from either side of desired t-value.  For example, use h(1.0) = 55 and h(0.0) = 50 for the average velocity at t = 0.5.  This technique excludes the endpoints, however.
12.
Use the data in the table to find the average velocities of the falling object.
	height

(meters)
	50
	54
	55
	54
	50
	44
	36
	25
	12

	time

(seconds)
	0.0
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0

	average velocity
	X
	
	
	
	
	
	
	
	X


13.
Using a calculator or computer, create a scatter plot of the average velocity and time data from the table.  Attach the graph to this activity.

14.
Use the scatter plot to describe the object’s velocity.

Extension 1 (continued)
15.
Perform a regression on the data to find a model equation to represent the velocity data.  Using appropriate variables, state the “regression” model equation as a function of time.

16.
A formula from physics suggests that the velocity of a free falling object can be modeled by the equation v(t) = gt + v0.  Assuming g = (9.8 and v0 is the value from Step 8, what would be the “physics” equation that models the velocity based on this formula?

17.
Use the regression model equation to approximate the initial velocity.  Be sure to state the units.

18.
How did the value for the initial velocity in Step 17 compare to the one found in Step 8?

19.
Use the regression model equation to approximate the velocity when the object attains its maximum height (use the information from Step 10).

20.
Use the physics model equation to approximate the velocity when the object hits the ground (use the information from Step 11).
_1264674606.unknown

_1264744805.unknown

