          Measuring the Acceleration of a Freely-Falling Object
 
Introduction 
The equation of motion for a body starting from rest and undergoing constant acceleration can be expressed as:

where d  is the distance the object has traveled from its starting point, a is the acceleration, and t is the time elapsed since the motion began. 

In order to measure the acceleration caused by gravity, several questions must be answered: 
•Is the acceleration constant? If it is, then the distance an object falls will be proportional to the square of the elapsed time, as in the above equation. 
•If the acceleration is constant, what is the value of the acceleration? Is it the same for all objects or does it vary with mass or size of the object, or with some other quality of the object? If it is not constant, how does it vary with time? 
In this experiment you will answer these questions by carefully timing the fall of a steel ball from various heights. 
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Procedure 
1. Set up the Free Fall Timer as instructed by the Lab Instructor. Use the 25 mm diameter steel ball. 
2. Set d, the height from which the ball drops, to approximately 0.90  meters. Measure the distance from the bottom of the ball to the impact surface as directed by the Lab Instructor, and record the exact value as d in Table 1. Measure the distance as accurately as possible ( uncertainty ±0.5 mm). Follow the instructions for the Drop Timer application as directed by the Lab Instructor. Release the ball with the push-button release control, and record the measured fall time as t1 in Table 1. Repeat the measurement at least four more times and record these values as t2 through  t5. Calculate the average of your five measured times and record this value as tavg . Now, square these values and record in the next column as tavg2 .
3. Set d to approximately 0.80, 0.70, 0.60, 0.50, 0.40 and 0.30 m, repeating step 2 for each value of d. (The actual value of d need not correspond exactly to the listed values, but be sure you measure it carefully.) 
4. Repeat steps 2 and 3 using the 16 mm steel ball. 
	 
	
	
	Table 1:  Data and Calculations – 25 mm diam ball
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	Table 2:  Data and Calculations- 16 mm diam ball
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Analysis
 
For each ball, plot a graph of d versus tavg2 with d as the dependent value (y-axis), using the Graphical Analysis software application on the lab computers, following the instructions given in lab. Within the limits of your experimental accuracy, do your data points define a straight line for each ball? Was the acceleration constant for each ball? If the data seem to be arrayed linearly, fit the data to a linear regression best fit line, and display the regression statistics, along with the standard deviations for the slope and intercept of the best fit line, according to the instructions given by the lab instructor.
Compare the slopes of each graph (the measured acceleration g) to the known value of g in Austin ,Texas of value 9.79 m/s2. 
Was the acceleration the same for each ball?
Include the graphs with your experiment report, with each graph titled descriptively, with axes labeled, with units noted on each axis.
Conclusion
Describe your laboratory experiment and discuss your results. consider the following questions: 
1. Is the acceleration caused by gravity constant ?
2. Is the acceleration caused by gravity the same for all objects? Discuss the conditions under which you believe your results to be true. Include a discussion of the errors in your experiment and how they affect your conclusions. Do not use the phrase or blame anything on “human error”. How linear was your graph? How might you alter your technique, or the experiment, in order to reduce experimental errors?
