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The purpose of this activity is to analyze data measurements from a steel ball rolling down a slope and its implications.
A long board was elevated 8 cm and a steel ball was rolled down its 160 cm length.  Masking tape marked every 40 cm and three timekeepers measured the time from each location to the end:  40 cm, 80 cm, 120 cm and 160 cm.  The average of time of rolls from each mark to the zero point was recorded.

	dist (in cm)
	avgtime  (in seconds)

	0
	0

	40
	2 

	80
	2.56 

	120
	3.06 

	160
	3.25 

	
	

	List I: plotted on y-axis
	List II: plotted on x-axis


How will this look on a graph?
Step 1:  We will enter the data into a list.
Home

New Document (click)

Use the down arrow on the navpad to Add Lists and Spreadsheet

Click

Use the navpad to move to the A cell in the top left corner

Type dist in the A cell

Hit tab to go to the B cell

Type avgtime
Use navpad to go to cell 1 under dist to enter the data in that list from the table above.  Push down on navpad after each entry.
Use navpad to go to cell 1 under avgtime and enter data in that list from the table above.  Push down on navpad after each entry.

Step 2:  Plotting the data on graphs.

Home

Data and Statistics

Click

Notice plot of data

At the bottom of the view box, use your arrow to click on the click to add variable box, use your navpad to select avgtime and use the click button in the center of the navpad to click on avgtime.  We have just defined the X-axis.

At the left side of the view box, use your arrow to click on the click to add variable box, use your navpad to select dist and use the click button in the center of the navpad to click on dist.  We have just defined the Y-axis.

Is this graph linear (straight)?

What does this indicate about the ball as it moves down the plane?

Hint:  If your screensaver blacks out your view box, touch the on button once.

Menu

Plot type

Click

Select XY line plot by clicking the button in the middle of the navpad.
Interesting.  The data is now connected.
Step 3:  Analysis and Conclusion
Menu

Analyze

Click

Add movable line

Click middle button on navpad.

Move the arrow until you are near the top of the movable line and a cycle sign appears.  Hold control and click on the line to grab it.  Use the navpad to move the top of the line until it is parallel with the segment between the first two data points.  You may have to grab and alternate between ends to accomplish this task, pressing escape to let go and move to a new location.

If m in the y = mx + b equation indicates slope, look in the equation by the line and tell me the speed in cm/s when the line is parallel to the segment between data points 1 and 2:  _________ if we divide this number by 2 we have the average velocity for this segment.  What is the average velocity?  ________
You may also move the entire line by placing the arrow near the middle of the line and an x/y axis will appear. Control and clicking on this will allow movement of the line in this manner.

Next, move the arrow until you are near the top of the movable line and a cycle sign appears.  Hold control and click on the line to grab it (or drag it if you already have it).  Use the navpad to move the line until it is parallel with the segment between the last two data points (4 and 5).  You may have to grab, escape and alternate between ends to accomplish this task.

If m in the y = mx + b equation indicates slope, look in the equation by the line and tell me the speed in cm/s when the line is parallel to the segment between data points 4 and 5:  _________  If we divide this number by 2 we have the average velocity for this segment.  What is the average velocity?  ________
What has happened to the ball from the beginning to the end of the slope?

Step 4:  Further analysis-Fitting parabolic data with an equation

Home

Data and Statistics

Click

Notice plot of data

At the bottom of the view box, use your arrow to click on the click to add variable box, use your navpad to select avgtime and use the click button in the center of the navpad to click on avgtime.  We have just defined the X-axis.

At the left side of the view box, use your arrow to click on the click to add variable box, use your navpad to select dist and use the click button in the center of the navpad to click on dist.  We have just defined the Y-axis.

Menu

Analyze

Click

Regression

Click

Show linear (mx + b)

Click

What is the slope of the line in the equation y = mx +b where m is slope?  _____

What does this represent?

Next, we will try getting an equation of the parabolic data by superimposing a curve on the data and then measuring the slope on a “driver” point.

The basic equation for a parabola is y = x + x2
We will work with this first in a data screen then on a graph.

Home

Data and Statistics

Click

Notice plot of data

At the bottom of the view box, use your arrow to click on the click to add variable box, use your navpad to select avgtime and use the click button in the center of the navpad to click on avgtime.  We have just defined the X-axis.

At the left side of the view box, use your arrow to click on the click to add variable box, use your navpad to select dist and use the click button in the center of the navpad to click on dist.  We have just defined the Y-axis.

Menu

Analyze

Click

Plot function

Click

First type in x + x2 
(You will type x + x x2 button) enter

Does this parabola match the curve of the data?

Menu

Analyze

Click

Plot function

Click

Next, let’s try x +3 x2
Enter

Does this parabola match the curve of the data?

Keep trying the number in front of the x2 until you get a parabolic curve that roughly matches the data.

Use the arrow and click on the curve and write down the 

formula that is the closest fit:____________________________
Home

Graphs and Geometry

Click

Use tab to go to the double up arrow at the bottom of the view screen.  Use the navpad and press upward to find the formula which fits the data on the previous page.  When you find the best fit formula, press enter and the curve will appear.
Escape

Click on the << to remove the formula, if needed.
Next, let’s use control and left navpad to go back to the previous screen to determine the x and y values of the axes.  Use control and right navpad to go back to the current screen.  Our beginning max dist data (y) was 160 and our beginning max avgtime (x) was 3.25 seconds.
Go back to the last screen of the document using control and right navpad.
Use the navpad to move your arrow to the +y value (at the top) and click twice on it.  Type 160 and hit enter.  Next, move the arrow to the +x value (at the right) and click twice on it.  Change this value to 3.25.  Let’s change the –x (on the left) to -1 so that we can still see the vertical y axis.
Lastly, let’s place a movable dot on the slope, place a tangent on the line and measure it.

Move the arrow to a point in the middle of the slope.

Menu

Points and lines

Point on

Click

Click twice

Escape

Keep open hand on dot.

Control and menu

Attributes

Note for the instructor on the emulator:  for Attributes right click on the mouse.

Click

Right navpad selects open dot, the convention for the “driver”.

Click

Escape (leave hand on point)
Menu

Points and lines

Click

Tangent

Click

Click twice

Escape (leave hand on point)
Menu

Measurement

Click

Slope

Click (move your arrow near the end of the tangent until or while it has a pointing finger)

Click twice (while line is showing)
Escape

Control and Click (grab the driver and move it around)

Move the driver to the middle of the curve and escape.

Move arrow to the slope measurement number, Control and click on it to grab it.  Move it to the big empty space.
Escape

Next, grab the driver dot and move it along the slope.  

At about t = 1 second, how fast does the rolling ball move (guesstimate, please)?________
At about t = 2 seconds, about how fast does the rolling ball move?________

At about t = 3 seconds, about how fast does the rolling ball move?________

What does this mean?

Can you make a statement about objects moving downward based on this lab?
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