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 2006

Introduction to Graphing (Round Things)

Purpose:  To determine the relationship between diameter and circumference of circular objects.  You will also investigate different aspects of graphing.
	Equipment/Materials:  
	

	GLX 
	String

	PVC disk sections
	Printer

	Metric Ruler(Optional: Garment Tape Measure)
	Graph Paper (If preferable to Computer/GLX)


Background:  One of the most difficult challenges most physics students face is learning to think of science in terms of mathematics. At this point in your science courses you will have learned to take measurements to the proper number of significant digits, basically estimating one digit beyond the markings on your equipment.  In some instances, you may even have been required to plot that information as a graph.  Have you ever considered why science teachers love to have you make graphs?  It turns out that there is more to graphing than just making a picture of your data.  These pictures often illustrate a relationship between the measured quantity that is often placed on the y-axis and the controlled variable most often placed on the x-axis.  This relationship might be hidden if the data was left in a table instead of being turned into an image on a graph.  Sometimes the data points take on a distinct shape or relationship that makes you want to draw a line or curve through them.  In its simplest form, the line looks straight.  Now here is the Ah Hah! moment! In your algebra class, you were given all of the tools needed to transform this picture-line into a math equation.  That equation precisely defines the relationship between the measured or dependent variable placed on the y-axis and the controlled or independent variable on the x-axis.  Again, in its simplest form, that relationship might look like a line and so mathematically, the equation would be 

y = m x + b.  Where y is the thing you measured and x is the thing you controlled in steps in order to make “y” change.  

In other words, you have already learned in parts how to do the following scientific processes: collect data in a table, convert the table into a graph, and finally to convert the graph into a mathematical equation.  Throughout your physics course, you will need to put these processes together.  The following activity will help you practice.  At the end of the activity, you will have derived a familiar equation that you have been using since your first geometry class and you will have discovered a constant that has fascinated man since the ancient Greeks
Procedure:

Part A: You will be given a variety of PVC disks or circular disks.

1. Beginning with the smallest disk, use a metric ruler to measure the diameter of the disk to the nearest 0.01 cm.  Record the diameter in the data table.

2. Next measure and record the circumference of the disk to the nearest 0.01 cm (Hint:  since a ruler will not wrap around the disk, use a piece of string or measuring tape to wrap around the disk one time.  The disk circumference measurement can then be found by placing the string against a metric ruler.).  If a garment tape measure is available, measure directly.

3. Repeat these steps for each disk.  

4. For each disk, calculate the ratio of circumference divided by diameter.
5. Once the entire class is finished, you will also collect the class average measurements from all groups in the Data Summary columns.  You will also divide the value for the average diameter into the average circumference.  Record this value in the last column and find the overall, class average value by averaging down the column.

Part B:  Data Entry
1. Turn on the GLX using the power button at the lower right corner.

2. Once the Home Screen appears, open Data Files by pressing the check/select button.

3. Use the arrow keys to navigate up and over to the Flash drive. Navigate down to the file Intro to Graphing and press F1(open).   Note that the screen flashes and shows that the file is now open.

4. Press the Home key to return to the main menu.

5. Press F2 (Table) to view the data table for Intro to Graphing.  The table shows one column for diameter in cm and another for circumference in cm.

6. Press F2 (Edit Cell) to enter your measurements into the table.

7. With each data point, make sure you press the check (select) button to enter the last data point before continuing.

· Note: to correct a typo while entering data in a cell use the back/edit key found below the Home key.  If you need to navigate to a previously entered cell, press the ESC key.  A dashed text box will appear.  Use the arrow keys to navigate to the desired cell.  Click F2 (Edit Cell) to edit content or F3 (Edit) to delete the cell.

Part C: Graphing and the Curve Fit:
1. Once your data is entered, press the Home key to return to the main menu.

2. From the Home screen, press F1 (Graph) to view the graph of your data. The graph should now display Circumference vs Diameter.

3. Press Auto Scale (F1) to center the data in the graph display.

4. From the graph window, select Tools (F3).

5. Select Linear fit from the menu.  The Slope and Y intercept will be displayed below the graph and a line will also be placed in the display.

6. From the graph display, select F2 (Scale/Move) to change the scale of your graph to extend the x-axis so that a minimum of 12 cm is displayed.  After pressing F2, press the left or right arrow key once to change the x-axis scale to include 12cm.  This will help you answer the follow up questions at the end of the lab.

Save (Delete) the file as directed by your teacher
1. If your teacher directs you to save your file, return to the Home screen.

2. From the Home screen, Press Data Files.

3. From the Data Files menu, make sure the Intro to Graphing file is highlighted in the display and press the check/select key to change the name of the file.

4. Re-name the file using the key pad.  Use a name you will later recognize, so that you can delete the file before turning off the GLX at the end of the lab.

5. Press the check key to enter the new name.

6. Press Save to save the file to RAM.

7. After Printing or when you are finished, you should Delete the file from the Data Files menu using the Delete option.

Print your Graph or Table as directed by your teacher

1. Make sure you save your file before you disconnect your GLX power cord. See directions above for saving.

2. Connect your GLX to a printer using the USB cable.  Be careful to align the connector with the GLX.

3. From the Graph window, choose F4 (Graphs) and select Print.

4. To print your data table, return to the Home page and select Tables.

5. From the Tables window, press F4 and select print.

(Paper and Pencil Graphing Option)  If the GLX or computer is not available to help graph the data, you can use graph paper.  Plot circumference (y axis) as a function of diameter (x axis).  Be sure to label the axes and include a title.  Draw a best-fit, straight line through the points.  Find the slope of the line.  To do this, pick 2 “x” and 2 corresponding “y” values from your graph (always choose 2 points that fall on the best-fit line).  Find the slope using the following equation:



 = slope
Include the value for the slope on the graph.
Name:
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Introduction to Graphing

Summary Data and Calculation Table:
	Disk
	Diameter (cm)
	Circumference (cm)
	Circumference/Diameter
	*Caliper diameter (if requested)(cm)

	
	My Group
	Class Ave
	My Group
	Class Ave
	My Group
	Class Ave
	

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	

	My Group Overall Average for Circumference/Diameter =
	

	Class Overall Average for Circumference/Diameter =
	

	The slope from the curve fit for the Student Data =
	

	The slope from the curve fit for the Class Average Data =
	


Questions:
1. By looking at your graph, express in your own words, the relationship between the circumference and the diameter of these objects.
2. Explain in detail (no equations should be used) how you could use your graph to predict the circumference of an object with a diameter between two of your measured objects.  Include a sample estimate for an object whose diameter is 7 cm.  If you were able to print out your graph, draw your estimate for 7 cm directly on your graph.
3. Explain in detail (no equations should be used) how you could use your graph to predict the diameter of an object with a circumference greater than any of your measured objects.  Include a sample estimate for an object whose circumference is 37 cm.  If you were able to print out your graph, draw your estimate directly on your graph.  
4. Look at the curve fit equation used to fit your data.  Use this equation to verify each of your estimates from questions 2 and 3.
5. What is the value of the slope of the best fit line used to describe your data?  What does this slope represent in describing your objects? (Hint: think slope=ratio) How does this number compare to your average in the paper data table?
6. Looking back to geometry, do you recall the equation for finding the circumference of a circle in terms of its diameter?  If not, ask a neighbor.  Write the equation.  Now compare this equation to the curve fit equation you got from your graph.  What symbol is used to represent the slope of the best fit line found in question three?  What is the accepted value for this symbol?  
Measurement:  Introduction to Graphing
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