Name  _______________________________________________ Period ________ Date ____________________


Experiment 
Graphical Analysis - The Water Drop Torture

Discussion 

The results of an experiment are given below in the table of values.  The experiment consisted of measuring the time it takes water to drain from cylinders through holes drilled in the bottom.  
[image: image1.wmf]1.0 cm

4.0 cm

10.0 cm

30.0 cm

1.0 cm

4.0 cm

10.0 cm

30.0 cm

1.0 cm

4.0 cm

10.0 cm

30.0 cm

1.0 cm

4.0 cm

10.0 cm

30.0 cm

1.5 cm

2.0 cm

3.0 cm

5.0 cm


As you would expect, the time to drain the water depends on the size of the hole and the amount of water in the cylinder.

The figure above shows the four cylinders that represent what was used in the experiment.  Each cylinder has a different diameter (d)  hole drilled into the bottom.  Each of the cylinders was also filled to four different heights (h).  Thus, sixteen values for the time (t) needed to drain the cylinders were obtained.  Each time obtained was the average value of three trials.

The goal of this lab is to find a relationship between these three variables (d, h, and t), and turn it into a mathematical relationship or an equation.
Data Table #1

	
	Time To Drain, t (s)

	Water Heights, h (cm)
	30.0
	10.0
	4.00
	1.00

	Hole Diameter

d, (cm)
	1.50
	73.0
	43.5
	26.7
	13.5

	
	2.00
	41.2
	23.7
	15.0
	7.2

	
	3.00
	18.4
	10.5
	6.8
	3.7

	
	5.00
	6.80
	3.90
	2.20
	1.50


Procedure

When there are more than two variables it is best to see how two of them effect each other.  This is done by holding all other variables constant.  

In the first investigation we will find the relationship between t (y variable) and d (x variable).  In the second investigation we will find the relationship between t (y variable) and h (x variable).  Then we will find the combined relationship between t (y variable) and the f(d & h) by multiplying f(d) times f(h) and using that as our new x variable.  

As you work through the investigations and make the graphs, fill in the answers to the questions on the question worksheet at the end of the lab.
I 
An investigation to find  how time, t Varies with hole diameter, d

A. Using Excel, plot an “XY scatter” graph of t versus d for a constant height of 30 cm.

Use the trendline function to do a “best fit curve/line”.

Set up the trend line so that you can extrapolate data for the hole diameter up to 8 cm.

Find and show the equation for the trendline. 

(MAKE THE APPROPRIATE VARIABLE SUBSTITUTIONS INTO THE EQUATION)

GRAPH 1 QUESTIONS
1) What type of relationship does the curve represent? (The equation of the line should offer the best clue)

2) Interpolate the time it would take to drain if the diameter of the opening was 4.0 cm.

3) Extrapolate the time it would take to drain if the diameter of the opening was 8.0 cm.

4) Which of the above values would you expect to be more accurate?

5) WHY?

B. From you graph of t versus d it can be seen that t decreases rather rapidly with an increase in d.  To find the relationship between t and d that would give us a direct proportionality we might try plotting a graph of t versus 1/d.  However, MS Excel has shown us (with the equation for the line) that t is almost proportional to 1/d2.

We should consider that water flows through the entire AREA of the hole, and not just the diameter.  Since the AREA of a circle is directly related to the square of the diameter, it should logically follow that area next graph be t versus 1/ d2 rather than t versus 1/d.

Add a column to the data table, and add the values for 1/ d2 into this column.

     EXCEL TIP: The square root of a number can be taken by using the “sqrt( )” function or by raising  

     that number to the ½ power.  Example:  5^.5  is the same as 
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C.  Using Excel, plot an “XY scatter” graph of t versus 1/d2 for all the heights. (4 Lines) 

Use the trend line function to do a “best fit curve/line” for each line.

Show the equations for each trendline. 

      (MAKE THE APPROPRIATE VARIABLE SUBSTITUTIONS INTO THE EQUATION)
GRAPH 2 QUESTIONS

1) What is the proportionality between t and d indicated by the curves and equations.  Write this as a mathematical statement.  (HINT: 
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 is the mathematical symbol for proportional to )

2) Do each of the curves show the same proportionality between t and d?  

3) What part of the equation for the line shows you the constant of  proportionality between t and d?
II 
An investigation to find  how time, t varies with water height, h

It should be obvious from the last graph that the time to drain the cylinders is dependent on the height of the water.  Why? Because each height had a different constant of proportionality (or equation).

A. Using Excel, plot an “XY scatter” graph of t versus h for a constant diameter of 1.5 cm.

Use the trend line function to do a “best fit curve/line”.

Set up the trend line so that can extrapolate data for the height up to 50 cm.

Show the equation for the trendline. 

     (MAKE THE APPROPRIATE VARIABLE SUBSTITUTIONS INTO THE EQUATION)

GRAPH 3 QUESTIONS

1) What type of relationship does the curve represent? (The equation of the line should offer the best clue)

2) Interpolate the time it would take to drain if the height of the water was 20.0 cm.

3) Extrapolate the time it would take to drain if the height of the water was 50.0 cm.

4) Which of the above values would you expect to be more accurate?

5) WHY?

B. To obtain a linear relationship, consider the following thoughts.  Since the h values increase more rapidly than the t values, a plot of t versus h did not result in a straight line.  You can decrease the rate of increase of the h values by taking the square root of them. Add a row to the above data table, calculate the square root of all of the h values, and place them in this row.

C. Using Excel, plot an XY scatter graph of t versus
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 for each of the diameters. (4 Lines)

Use the trend line function to do a “best fit curve/line” for each line.

Show the equations for each trend line. 

     (MAKE THE APPROPRIATE VARIABLE SUBSTITUTIONS INTO THE EQUATION)
GRAPH 4 QUESTIONS
1) What is the proportionality between t and h indicated by the curves and equations?  Write it as a mathematical statement.
2)  Do each of the curves show the same proportionality between t and h?  

3) How do you know that each of the curves has the same proportionality between t and h?
III 
Combining the relationships from the investigations  I and II
1) Your work in part I has yielded a proportionality between t and d. Write down this as a mathematical statement.  (HINT: 
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 is the mathematical symbol for proportional to )

2) Your work in part II has yielded a proportionality between t and h.  Write this down as a mathematical statement.

3) Combine these two statements into one proportionality keeping t alone on the left, and the f(d) and f(h) multiplied together on the right. 
4) This final statement combines all three variables.  These relationships were found by using graphs, and now you use this final statement to plot a final graph of t versus the right side of your final proportion with the variables d and h.  Logically, if t verses1/d2 yielded a linear graph, and t versus 
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 yielded a linear graph then it should follow that the combinations of these two proportions should also yield a linear graph.

5) To obtain data for your final graph select eight different values for t form your table. (Try to avoid the maximum and minimum values for t.) Note the d and h values that correspond to each value for t.  Put the d and h values into the right side of the proportionality you derived in question # 4 above.  The values obtained through this calculation will be the independent data for you final graph.

6) Using Excel, plot an XY scatter graph of t versus “your final proportion” 

Use the trend line function to do a “best fit curve/line” for the line.

Show the equation for the trend line. 

     (MAKE THE APPROPRIATE VARIABLE SUBSTITUTIONS INTO THE EQUATION)
GRAPH 5 QUESTIONS

1) Was a straight line obtained when you graphed t versus f(h & d)?
2) Using the equation of the line do the following:
· In part IA you interpolated and extrapolated values to t when h = 30 cm.  Use the equation to calculate a new value for the two numbers you guessed at in questions 2 & 3 from part IA.

· In part IIA you interpolated and extrapolated values to t when d  = 1.5 cm Use the equation to calculate a new value for the two numbers you guessed at in questions 2 & 3 from part IIA.

Show your interpolations and extrapolations next to the calculated values.    Compare the interpolated values and extrapolated values with the calculated values using % error.
3) Which were more accurate, the interpolations of the extrapolations?

4) Explain why an equation is better than either interpolation or extrapolation when ascertaining values.

IV 
Water Torture Lab Answer Sheet

GRAPH 1 QUESTIONS
1. _______________ 

2. _______________

3. _______________

4. _______________

5. _______________
GRAPH 2 QUESTIONS
1. _______________ 

2. _______________

3. _______________

GRAPH 3 QUESTIONS
1. _______________ 

2. _______________

3. _______________

4. _______________

5. _______________
GRAPH 4 QUESTIONS
1. _______________ 

2. _______________

3. _______________
See Other Side

GRAPH 5 QUESTIONS
1. _______________ 

2. _______________
Part IA



Interpolation


Extrapolation



From Graph    __________


__________



Calculated
__________


__________



% Error
__________


__________



Show the interpolation calculation using the final equation:

Part IIA


Interpolation


Extrapolation



From Graph    __________


__________



Calculated
__________


__________



% Error
__________


__________



Show one sample % error calculation:

3. ______________

4. ______________
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