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Hot Cricket Pie – Yum!

(Mathematical Relationships from Graphs)

Graphs are powerful tools created by physicist Rene' Descartes (1596 - 1650) to represent information pictorially. Later work by mathematicians made it possible to quantify information exactly. In this exercise you will discover the power of the graph to find relationships between two quantities.

Part A – Temperature Conversion

Different scientists developed different temperature scales (Fahrenheit, Celsius, Kelvin, Rankin, etc.) in different times and places. Scientists today often need to convert between these temperature scales. We are most familiar with Fahrenheit and Celsius (sometimes incorrectly called centigrade), so we will find the relationship between these two scales using graphical analysis. Consider the following equivalent temperatures in these two systems:

	Phenomenon
	Fahrenheit
	Celsius

	Coldest temperature in USA
	-40o
	-40o

	Freezing point of water
	32o
	0o

	Room temperature
	68o
	20o

	Normal body temperature
	98.6o
	37o

	Boiling point of water
	212o
	100o


ANALYSIS: Using graph paper (or the computer program Graphical Analysis if you have access to it), make a graph of temperature 1 (degrees F) versus temperature 2 (degrees C). Put the temperature 1 on the y-axis and temperature 2 on the x-axis. Determine the slope of the line. Determine the value of the y-intercept. Remember that the equation of the line will have the following form:

y = mx + b

where y corresponds to degrees F, x to degrees C, m is the slope of the line, and b is the value of the y-intercept. Write your equation in the box below:

	
	
	


Part B -- The "Temperature" Cricket

Do you know that you can tell air temperature quite accurately by listening to crickets? An enterprising astronomer at Yerkes Observatory in Wisconsin discovered few years ago that this is the case. He noted that those big black crickets we see crawling all over the place in late summer and early autumn tended to chirp at a more rapid rate when it was hot and at a slower rate when it was cool. 

DATA COLLECTION: This astronomer made a habit or recording the rate of cricket chirping and the temperature. The rate of chirping he found by counting the number of chirps occurring in 15-second intervals. The temperature he found 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 #
	Rate
	Temp (F)
	
	Day #
	Rate
	Temp (F)

	1
	23
	62
	
	5
	15
	55

	2
	29
	70
	
	6
	9
	50

	3
	38
	78
	
	7
	36
	76

	4
	26
	65
	
	8
	33
	74


ANALYSIS: Using graph paper, make a graph of temperature (degrees F) versus rate (chirps/15s). Put the temperatures on the y-axis and the rates on the x-axis. Determine the slope of the line. Determine the value of the y-intercept. Remember that the equation of the line will have the following form:

y = mx + b

where y corresponds to T, x to rate, m is the slope of the line, and b is the value of the y-intercept. Write your equation in the box provided:

	
	
	


How would you tell a friend in words to find the air temperature using the "temperature cricket"? Write your answer below:

If crickets chirp at a rate of 20 chirps per 15-second interval, what is the air temperature?

	
	
	
	
	


Part C – Relationship between Circumference and Diameter.

The early Greek geometers worked long and hard to determine the relationship between the circumference of a circle and its diameter. Today, because we can use graphing techniques, we can find this relationship with relative ease. In Part A we will determine the relationship between the circumference and the diameter of a circle. 

(Please note: It is customary to take several readings and average them when making physical observations. 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.)

DATA COLLECTION: Using a meter stick, measure the diameter of each of the aluminum disks provided and record these values on your data sheet. These measurements should be made to the nearest 1/10 cm (1 mm). 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. Record these values in the data table on the next page. Determine the diameter and circumference for each disk. 
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Role disk from left to right along the meter stick being careful not to allow any slippage. Role for one revolution. Note index mark on disk.

	
	diameter

	circumference



	Disk
	Left Reading
	Right Reading
	d (cm)
	Start Reading
	End Reading
	C (cm)

	A


	
	
	
	
	
	

	B


	
	
	
	
	
	

	C


	
	
	
	
	
	

	D


	
	
	
	
	
	

	E


	
	
	
	
	
	

	F


	
	
	
	
	
	


ANALYSIS: Plot a graph of circumference versus diameter using the above data (C and d). Circumference should be plotted on the y-axis and diameter on the x-axis. Draw a continuous straight line through the center of all the points. Using your standard equation for a straight line (y = mx + b), find the relationship between circumference and diameter for the circle.

First, find the slope: m = (y2 - y1)/(x2 - x1) = 



Second, note that y corresponds to (circle):


C
d

Third, note that x corresponds to (circle):


C
d

Fourth, note that the y-intercept, 

 b = 



State the final form of the relationship below:

	
	
	


Does the slope have any units associated with it?
 Yes No

If yes, what are the units on the slope?





What is the significance of the slope?






