Logs—The Mathematical Ironing Board

This lab activity explores data regressions and curve fitting while we answer a question you’ve probably never asked:  how strong is spaghetti, anyway?

Materials:
6-8 strands of spaghetti

1 load cup (Dixie cup with floss loop)

Scotch tape

Ruler or meter stick

30 pennies
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Tie one end of the dental floss to the toothpick with a secure knot.  (A slipknot or bowline will do.)  Tie a small loop in the other end and tape it to the end of one strand of spaghetti with a small piece of tape.  Lay the spaghetti on edge of the table so that the load cup hangs down and the distance between the edge of the tape and the edge of the table is precisely 3 cm.  Weight the other end of the spaghetti with a book positioned so that it holds down the spaghetti precisely at the edge of the table.

Add the pennies to the cup one by one.  SUPPORT THE CUP as you add each penny, and wait a second or two for it to stabilize before you add the next one.  Vibrations and oscillations will severely decrease the load capacity of your spaghetti, so it pays to be careful.

When the strand breaks, write the total number of pennies (including the one that broke the strand) in the table below.  Then repeat the experiment with a new length.  If you’re careful, you can slip the tape and floss off the spaghetti fragment and put it onto the new piece of spaghetti.  Also, you can reuse the remainder of each strand.  Increase the length by 1 cm each time at first, but feel free to change the increment as you go through the experiment.

	Length
	
	
	
	
	
	
	
	
	
	
	

	Pennies
	
	
	
	
	
	
	
	
	
	
	


Analysis:
1.  Make a new collection and enter the data into two columns.  Make a scatterplot of your data.

2.  Since the graph isn’t linear, we’ll have to make a log-log graph to identify the proper exponent.  So we have to make new columns with the logs of the old data in them:

Make two new columns called llength and lpennies.  Right-click on each, choose Edit Formula, and enter the formulas ln(length) and ln(pennies) respectively.

( Is the new graph approximately linear?  Is the slope positive or negative?

3.  Computing the regression.

Add a least-squares line and write its equation below.

( 
ln (P) = ______ ( ln (L) + _________

4. We can simplify the equation first by rewriting the coefficient as an exponent.
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Now solve for P and write the result below:
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5.  Graph the model you found in #4 against the original data (c1 and c2).  How well does it fit?

Reflection:
R1.  Complete the sentence below:


If y= k ( xr, then if you graph ln y versus ln x, the graph is a line with slope ________ and y-intercept _______.

Explain why or why not.

R2.  If y = P( ax, would the graph of ln y versus ln x be a straight line?  Explain why or why not.

R3.  If we had used log10 instead of ln, would the values of the slope and y-intercept have changed?  (Try it—just type log instead of ln!)  Explain your result…

R4.  Investigating the relationship between the intensity of sound and its distance from the source, you find the following data.  Graph log I versus log D and find a formula for the relationship between I and D.
	Distance (m)
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0

	Intensity (w/m2)
	23.8
	6.3
	2.8
	1.5
	1.0
	0.6
	0.5
	0.4
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