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Introduction to Graphical Analysis PreLab

Instructions: Prepare for this lab experience by answering the following questions. Note that this is a PreLab, and that PreLabs must be turned in at the start of the lab period. Time will not be given in lab to perform PreLab activities; after the start of lab activities, PreLabs will not be accepted. In the Student Lab Handbook (see http://www.phy.ilstu.edu/slh/), read the following sections and then answer the questions below. Restrict your responses only to the space provided; think carefully before you write.
· Common Graph Forms in Physics 

· Quick Reference Graphical Analysis
· Physical Interpretations and Graphical Analysis
· Percent Difference and Percent Error

	The minimum mathematical competency required to enter the University is assumed in this course. It is therefore to be expected that students know how to construct and interpret graphs. If you don’t know how to do this, seek an appropriate reference or obtain assistance to answer the following questions. 

Consider the graph to the right of this paragraph. Imagine that on the y-axis distance is plotted in meters, m. Further, imagine that on the x-axis time is plotted in seconds, s. Recall that slope is represented by change in y divided by a corresponding change in x. In this particular case the slope represents the change in distance divided by a corresponding change in time. 
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The slope of this graph represent a physical quantity. What is it? (Hint: look at the units of the slope)

What are the value and units of the slope?

What is the value and units of the y-intercept?

What is the physical interpretation of the y-intercept?

What are the relationship between d, do, t, and the slope in the above graph?

What is the value of d when t = 2s? (using the above relationship)
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Introduction to Graphical Analysis Guidelines

Goal: This lab will prepare you more adequately to use Graphical Analysis, a graphing program that will be available to you on computers in the laboratory. You will learn the basics of the program as you plot and analyze data. This lab will introduce you to or reinforce your graph interpreting skills. As a result of this laboratory experience, it is expected that you will have demonstrated the ability to properly:

· create, analyze, and print graphs with data sets.

· interpret slopes and y-intercepts.

· conduct regression analysis through linearization of data.

· perform non-linear curve fitting for non-proportional variables.

· develop a physical interpretation in the measurement of 
Task 1 – Complete Graphical Analysis Tutorials

a. Working with a lab partner, begin this lab by completing all seven Graphical Analysis (GA) tutorials found on your lab computer. Open the GA file folder, and then open the Tutorials folder. You will find seven GA Tutorial files located therein. Start by double-clicking on the file labeled “1 Basic Operations.ga3.” Proceed through the remaining files in sequence taking your time and doing a thorough job. Don’t just go through the actions; attempt to learn from the experience. Do not skip over any section or activity. Your lab instructor will not answer questions about things you should have learned in the tutorial. If you do not understand something (as opposed to not knowing because you skipped one or more parts of the tutorial), ask your lab instructor. These tutorials are the starting point for all your future work with Graphical Analysis. Really getting to know Graphical Analysis now will help you save time when you are asked to complete more complex tasks. The following time allotments should get you through the basic tutorials in a total of about 40 minutes. You may go through more advanced tutorials as needed later. (Alternative: Your UTA might be able to provide you with a shorter orientation.)

	1. Basic Operations (10 - 15 minutes)

2. Customization (5 - 10 minutes)
	3. Viewing Graphs (5 - 10 minutes)

4. Stats, Tangents, Integrals (10 - 15 minutes)


Task 2 – Using a Physical Interpretation for Determining the Value of 
a. Using a meter stick, measure the diameter of each of the six aluminum disks provided you. These measurements should be made to the nearest 1 mm. (Please note: It is customary to take five or six readings and average them when making physical observations during introductory lab activities. However, in this experiment, we are emphasizing the handling of the results of physical observations only. For this reason you are asked to take only one reading of each quantity at this time; hence, make your single observations as accurately as possible. Carefully roll each disk along the meter stick without slipping, starting with the index mark on the disk at some convenient point on the meter stick such as the 10 cm mark. Roll the disk through one revolution to obtain the circumference. Determine the diameter and circumference for each disk. 

b. Record these values in data tables using Graphical Analysis. (Plot Circ on the y-axis and diam on the x-axis for ease of interpretation.) Be certain to put proper headings and units on every data set prior to entering data. Determine the best-fit equation for your data using the linear fit tool. Be certain to turn off the point-to-point connection between the data points. If necessary, double-click on the graph. When the Graph Options window appears, deselect the Connect Points switch and click Done. Do NOT print the graph or data set.
c. If you plotted circumference C on the y-axis and diameter d on the x-axis, you probably ended up with a relationship similar to the following: 
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This represents an algebraic model, and it is not the best representation of a physical situation that is a direct proportionality. Do you see why? We are seeking a physical interpretation of the algebraic model (e.g., a physical interpretation). So, when d = 0, then C must also equal zero. That is not the case with the above relationship. In a physical interpretation of the data, the regression line must pass through the origin. (Merely adding the data point 0,0 will not force the line through the origin.) The data must be fit using a proportional fit in this case (y = mx with b = 0). Go back and refit your data using a physical interpretation of the data.

Q1.
What equations did you get using both the algebraic and physical interpretations? 

Q2.
What value did you get for the slope of your regression line using a physical interpretation? (e.g., n.nn)

Q3. 
What are the units on the slope in both of your models?

Q4.
What are the value and the unit of the y-intercept in the physical model?

Q5. 
Given the fact that  can be derived theoretically to very high precision ( = 3.14159…), determine the % error of your determination of the value of . Include the defining equation for % error and show your calculations.

c. Print one graph per student of the physical interpretation with its data set using landscape view (See “Page Setup…” under “File”). Label this printout Graph 1. Click on “File” on the toolbar and then click on “Print.” This will print both your data table and your graph. Be certain to include your name in the correct place on the “Print Options” window so that you can tell your work apart from others using the same printer. Do not close out of Graphical Analysis at this time. 
Task 3 – Find a Formula for the “Temperature Cricket”

a. Do you know that you can tell air temperature quite accurately by listening to certain crickets? Years ago an enterprising astronomer at Yerkes Observatory at Williams Bay, Wisconsin, discovered that this is the case. He noted that those big black crickets we see all over the place in late summer and early autumn tended to chirp more rapidly when it was warm and more slowly when it was cool. This astronomer made a habit of recording the rate of cricket chirping and the temperature. He found the rate of chirping by counting the number of chirps occurring in 15-second intervals; he found the temperature by looking at a Fahrenheit thermometer. After accumulating several days worth of data, he made a graph. From this graph he found that there is a very simple relationship between the rate of chirping and the air temperature. The data that the astronomer collected was similar to this:

	
	Day #
	Chirps/15s
	Temp (oF)
	
	Day #
	Chirps/15s
	Temp (oF)

	
	1
	23
	62
	
	6
	15
	55

	
	2
	29
	70
	
	7
	9
	50

	
	3
	38
	78
	
	8
	36
	76

	
	4
	26
	65
	
	9
	33
	74

	
	5
	12
	52
	
	
	
	


Use Graphical Analysis to plot the above data. Plot Temp on the y-axis and Chirps/15s on the x-axis. You will need a new table and graph. Under “File” on the toolbar, choose “New.“ Unless you have failed to print out your last table and graph from Task 2, click “Do Not Save.” If you did not print the required graph and data table for your physical interpretation, click “Cancel” and print the graph and table at this time. Label this second printout Graph 2.

Q6. 
State the algebraic relationship (using appropriate variables, not x and y) you found for the above data. Include all units as appropriate in your relationship.

Q7.
What is the physical interpretation of the value of the y-intercept in the above relationship?

Q8. 
You have a 5th grade acquaintance who wants to know how to use your finding to determine the temperature. Describe in words understandable to a 5th grader how one could use the chirps of the “temperature cricket” to find the air temperature.

Task 4 – Determine the Relationship Among a Set of Rectangles

a. Not all relationships are linear. You have been provided with six rectangles, each with a common characteristic. Using the techniques of graphical analysis and your knowledge of geometry, determine the relationship among these rectangles. Start by making a graph of length versus width. Using the data represented on your graph, determine the nature of the relationship. Linearize your data to obtain a linear relationship.

Q9.
Give the nature of the physical relationship using the variables L (length) and W (width), including units on any variable. Hint: You will be looking at an inversely-proportional relationship. Use Column Formula to calculate 1/L or 1/W, change what is plotted on one of the axes, and do another curve fit to get a linear relationship.

Q10. What is the physical meaning of the constant in the above relationship?

Q11. How are all the measured rectangles related?

Task 5 – Determine Relationships Among Variables

a. Below is a data set for the fall of a ball. The time represents the start of the clock some point after release. The distance represents approximately how far the ball has fallen since the time of release. Make a graph of the data plotting time on the x-axis, and velocity on the y-axis. Perform a regression analysis. Print your graph along with your table. Label this printout Graph 3. Answer the following questions.

	
	
	Time (s)
	Velocity (m/s)
	
	

	
	
	0.0
	3.3
	
	

	
	
	1.0
	13.1
	
	

	
	
	2.0
	22.9
	
	

	
	
	3.0
	32.7
	
	

	
	
	4.0
	42.5
	
	

	
	
	5.0
	52.3
	
	


Q12. What is the physical relationship between the time and velocity? State that relationship using time and velocity, and give constants (slope, y-intercept) with units.

Q13. What is the physical meaning of the slope?

Q14. What is the physical meaning of the y-intercept?

Q15. What distance does the ball fall from t = 1s to t = 4s? (Hint: The answer is represented by an area on your graph. Recall the total distance is a sum of incremental products of speed and time.)

b. Assemble your answer sheets and three graphs. Staple them together with the answer sheet on top and the three required graphs organized sequentially behind it. Turn in to your lab instructor before leaving lab. Make certain that your name is on the Answer Sheet. 
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