
Acceleration Down an Incline
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There is an often told story that Galileo dropped two objects of different 
weights from the Leaning Tower of Pisa in order to show that all objects 
accelerate toward the Earth at the same rate, regardless of their weight 
as long as air resistance is negligible.  Historians, however, are quite 
certain that Galileo never performed such an experiment (read about it at http://www.endex.com/gf/buildings/ltpisa/ltpnews/physnews1.htm and many 

other sites). 
Galileo’s actual experiments with acceleration involved rolling cannon balls 
down an inclined plane.  He did this out of necessity because of his inability 
to make precise measurements of the short time intervals needed for measuring 
the acceleration of objects in free fall.  The inclined plane’s angle could be 
adjusted until the time for the ball to roll to the end was long enough for even 
the crude time-measuring devices of his day to produce useful results.

In this exercise, you will examine acceleration by measuring the time needed for an object to roll various distances down an inclined plane – much like Galileo did around 400 years ago.

Purpose:
1. Examine the acceleration of an object rolling down an inclined plane.
2. Determine the shape of a “Distance vs Time” graph for an accelerating object.
3. Determine the mathematical relationship between the distance and time an object travels while it is accelerating. 
Materials:

inclined plane, “Hot Wheels” or “Matchbox” car, track, stopwatch, meter stick or measuring tape

(Note: marbles and wood trim may be used if toys cars and track are unavailable)

Procedure:

1. Measure and mark from one end of the inclined plane the distances indicated in the data table.  Do NOT write on the track.
2. Place your inclined plane on something (a book?) so that one end is slightly elevated.  Be sure to support the track so that it does not bow.
3. Use the stopwatches to determine how much time is needed for the car (marble) to roll each indicated distance down the incline.  Record these times in the data table.
4. Use two stopwatches and perform two time trials for each distance and average the four values, rounding to the nearest hundredths of a second.
5. Make a graph of “Distance vs Time.”  Be sure to label the graph appropriately.

6. Answer the questions at the end of this activity.
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	Distance, meters
	Time, seconds
	Average Time, seconds

	
	Trial 1
	Trial 2
	

	0.10
	
	
	
	
	

	0.20
	
	
	
	
	

	0.30
	
	
	
	
	

	0.40
	
	
	
	
	

	0.50
	
	
	
	
	

	0.60
	
	
	
	
	

	0.70
	
	
	
	
	

	0.80
	
	
	
	
	

	0.90
	
	
	
	
	

	1.00
	
	
	
	
	

	1.20
	
	
	
	
	


Questions:

1. How can you quickly tell by looking at a “Distance vs Time” graph whether or not the object has constant or changing speed?

2. What does the shape of your graph tell us about the mathematical relationship between distance and time for a uniformly accelerating object?

3. When looking at his data, Galileo discovered that an object would travel 4 times as far (22) in twice the time, 9 times as far (32) in triple the time, 16 times as far in (42) in quadruple the time, etc...  See if your results agree with Galileo’s discovery.
According to my graph (not the data table), the car traveled _________ m in 1.00 sec.  If my results confirm Galileo’s discovery, then the car should have traveled four times as far in _____ sec.  How far did it travel in ______ sec? ______ m.  Is this value 4 times as much as the earlier distance?  
Do the same for these other times.

	a.
	distance traveled in 0.2 sec ___
	distance traveled in 0.4 sec ___
	distance ratio = ___

	b.
	distance traveled in 0.4 sec ___
	distance traveled in 0.8 sec ___
	distance ratio = ___

	c.
	distance traveled in 0.6 sec ___
	distance traveled in 1.2 sec ___
	distance ratio = ___

	d.
	distance traveled in 0.8 sec ___
	distance traveled in 1.8 sec ___
	distance ratio = ___


4. Do you think Galileo would have made his discovery if he had used your data? _____ Why/Why not?

5. What could you do in order to experimentally test whether or not all objects accelerate at the same rate, regardless of their weight?

6. How do you think the angle of incline affects this experiment?

7. What should happen to the distance values in your data table if the incline is made steeper?

8. What should happen to the distance ratios in question #3 if the incline is made steeper?

9. List possible sources of error in the data collection portion of this lab.
10. In addition to the source(s) of uncertainty in the data collection portion of this lab that you listed in #9, what other factor(s) limit the certainty of the information you listed in #3? 
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