Lab: Down the Ramp We Go

When an object is released from rest and undergoes uniform acceleration, how is the distance it travels related to time? Today we will collect data and determine the answer by creating four different graphs:

1. Position vs. Time

2. Position vs. Time Squared

3. Position vs. Time Cubed

4. Position vs. Square Root of Time

If one of these graphs yields a best-fit line that is straight and goes through the origin (or nearly so), then we will have determined a very important fact about this data. We will have found that the y-axis variable is directly proportional to the x-axis variable.  In other words, position is directly related to time raised to some power – (1, 2, 3, or 1/2).  

DISCUSSION: Correlation Coefficient

MATERIALS: Ball, stopwatches, tape measure, chalk, graphing calculator

PROCEDURE:

1. Go to the ramp and starting about 50 cm from the top draw the 'zero' line.  Starting at this line mark off distances of 2, 4, 6, 8 meters. 

2. Position students at the 2, 4, 6, and 8 m marks with stopwatches. 

3. Release the ball at the 'zero' mark and start the stopwatches at the same time. Do not give the ball any initial velocity. Students at each of the marks should stop their watch when the ball goes by them. Record the times for each distance. Include a zero time for the zero distance.
4. Repeat for two more trials.  Complete the data table below.
	Distance (m)
	Trial 1
	Time (s)

Trial 2
	Trial 3
	Average Time (s)

	0
	
	
	
	

	2
	
	
	
	

	4
	
	
	
	

	6
	
	
	
	

	8
	
	
	
	


5. Using your graphing calculator, press STAT then EDIT.  Enter the average times in L1 and the distances in L2.  Now press STAT then CALC then LinReg then ENTER.  You should see the value of the slope, the y-intercept, and the correlation coefficient, r2 on your screen.  (If the r2 value does not appear, go to CATALOG and scroll down until you get to DiagnosticOn and select that.)

6. Record the equation and the value of r2 in the data table on the back of the page.

7. In order to find the relationship between position and time squared, you must first square the values of time.  Do this by typing L12 STO L3.  (This stores the squared values in a new list, L3.)  Again, press STAT then CALC then LinReg but this time add (L3, L2) after LinReg.  (We didn’t have to do this in step 5 because it defaults to (L1, L2) which is what we wanted then.)

8. Again, record the equation and the value of r2 in the data table below.

9. Repeat steps 7 and 8 for Time Cubed and Square Root of Time.

	Relationship
	Equation
	Correlation Coefficient, r2

	  x vs t
	
	

	  x vs. t2
	
	

	  x vs. t3
	
	

	  x vs. t1/2
	
	


INTERPRETATION QUESTIONS:

1. Which best-fit line produced the highest correlation coefficient?  What is the equation of that line?  (Remember – y-intercept should be zero – if it’s close, call it that.)

2. Using your equation from above, predict the displacement of the object at 6.5 s. 

3. Predict the time when the object will be at 4.25 m. 

4. How would your best-fit equation change if the ball were rolled down a steeper ramp?


