Physics 513							Name _____________________

Vaughan							Partner ____________________
Proportionality Lab

Purpose: To understand the role of graphical analysis in physics and experimentation
	To familiarize yourself with the Graphical Analysis program

Introduction:
	In many experiments, scientists try to find the connection between two variables to see if a mathematical relationship exists. One of the easiest ways to do this is by plotting the two variables on a graph. In general, all experimental variables fall into two categories: independent and dependent.

1) Give a practical definition for an independent variable. On which axis is this variable 

usually plotted? ______________________________________________________

___________________________________________________________________

___________________________________________________________________

2) Give a practical definition for a dependent variable. On which axis is this variable 

usually plotted? _____________________________________________________

___________________________________________________________________

___________________________________________________________________

Introduction:
	Rather than run an experiment, we will engage in a thought experiment to determine our data. Let’s imagine that an experiment was run to determine if there was a mathematical formula that could be applied to the amount of time required to empty a container of water.
	A container was designed to have a removable bottom. Each bottom had a circular hole in it of varying diameters. Water was poured into the container up to a certain height and the time it took for the water to drain out was recorded. This same height was used for EACH of the opening sizes. The experiment was run again but this time the water height was varied with the opening size remaining constant. On the following page is the data that was recorded.



Data Table 1 - Heights Across top row, Diameters down first column, All other data are 			time records.
	Height (cm) =>

	30 cm
	10 cm
	4 cm
	1 cm

	Diameter (cm)
	
	
	
	

	1.5 cm
	73.0 sec
	43.5 sec
	26.7 sec
	13.5 sec

	2.0 cm
	41.2 sec
	23.7 sec
	15.0 sec
	7.2 sec

	3.0 cm
	18.4 sec
	10.5 sec
	6.8 sec
	3.7 sec

	5.0 cm
	6.8 sec
	3.9 sec
	2.2 sec
	1.5 sec



Analysis :
	YIKES!!! Three types of data on one table! How in the world are we ever going to find out these relationships?!? The answer may not be immediately obvious but what we will do is plot two variables at a time while holding the third constant since that is how the experiment was performed. To start with, we must identify the independent and dependent variable(s).

3) List the independent variable(s).________________________________________

4) List the dependent variable(s).__________________________________________

Naming a graph: There is a simple convention used in science. If I said, “This is a 		graph of C versus T” I would be implying that C was on the vertical and T was on 	the horizontal. The variable plotted on the vertical should be a function the   
variable on the horizontal (i.e. vertical variable changes due to the fact that you, as the experimenter, changed the value of the variable plotted on the horizontal axis)

5) What are the names of the two graphs necessary to fully analyze your data?
	a) Time vs. Diameter                                (I’ll give you a free-be)
	
b) ______________________________

I will walk you through the general process of the first graph of time versus diameter. 

Procedure 1: Time vs. Diameter
1) First decide which value of height you will choose to remain constant…choose the value that you think would probably have the LEAST error for the data recorded at that height.
2) Think to yourself, “Should (0,0) be a point on this graph?” If this makes physical sense, add it to the data, if not, do not. In this case, ask yourself “If Diameter is zero, how much time, theoretically would it take to drain?”
	3) When you have graphical analysis program open, begin entering your data. 		4) Rename the columns (be sure to include units).
	5) Fix the graph (if necessary) to make sure that time is on the vertical axis and		diameter is on the horizontal axis. Fix any scaling issues as well.
[bookmark: _GoBack]	6) Rename the graph “Time vs. Diameter at a constant height of __________”
7) If the scatter of points seems to describe a linear relationship, skip to step 10. If not, we must do what is called “straightening the curve.” Refer to class notes about this.
8) Attempt various relationships by changing your INDEPENDANT data. This can be done by calculating a new column. For example, if this scatter of points looked like an inverse relationship. You would make the program create a new column of 1/”diameter" with units of 1/cm. Then have the program plot time vs. “1/diameter” as well. If this scatter of points seems linear, you have discovered that time is proportional to the inverse of the diameter. If it is NOT linear, try new relationships by changing the x data again until it is linear.
	9) Find the relationship for this graph.
	10) Once you have a seemingly linear scatter of points, use the regression 		function to draw a “best-fit line.” Rename the graph so that it accurately reflects 
what is on the vertical and horizontal axes
a) A best fit line is always straight and DOES NOT NECESSARILY PASS THROUGH ANY OF THE DATA POINTS. Special consideration must be	made whether or not 0,0 should be included as a data point. 
b) Only include best fit lines on linear relationships
	11) Write your name and the type of relationship in the text box and print the 		graph.

Procedure 2: The other graph
	1) Open a new file.
	2) Create the other graph. Be sure to label the axes and the graph. (HINT: 		Should you include 0,0 as a data point???)
	3) Fit the curve to find the relationship between these variables and make sure 		to include a best fit line.
	4) Write your name and the relationship in the text box and print the graph.

Conclusion Questions 
6) Write a sentence that states the relationship between time and diameter. 
7) Write the proportionality that expresses this relationship. Use t for time and d for diameter.
8) What is the numerical value for the constant of proportionality for these two variables? (Include units)
9) Write a sentence that states the relationship between time and height. 
10) Write the proportionality that expresses this relationship. Use t for time and h for height.
11) What is the numerical value for the constant of proportionality for these two variables? (Include units)
12) Write an overall equation (use A as the constant of proportionality) for the relationship between time, height and diameter.
13) What are the value and units of A? Do this by plugging in 5 sets of ordered triplets into the equation generated in step 12 and averaging the results. Show all calculations and include units.
14) Did you include 0,0 as a point for the relationship between time and diameter? Why or why not?
15) Did you include 0,0 as a point for the relationship between time and height? Why or why not?
16) Why did we not plot height versus diameter?
17) Which value of height did you hold constant? Why would this value most likely yield the least error?

So what gets handed in for this lab?
1) Typed abstract (the error statement should be about the experiment I performed since your analysis is computer based and therefore not prone to error)
2) Typed conclusion questions (note that 7,10,12, and 13 need not be typed as they are math questions)
3) 2 graphs (the final relationships)
4) Packet with questions 1 – 5 answered in packet.
