Relating the Fahrenheit and Celsius scales
A POGIL Laboratory and Workshop Activity 

Why?
If you are traveling to Latin America, Europe, or nearly anywhere else in the world, you will encounter a different set of units than we use in the United States.  Bananas are sold by the kilogram, not the pound, and a can of coke contains not 12 fluid ounces but 300 milliliters.  

Imagine the problems you would have if you were told it was going to be 30 degrees tomorrow in Mexico City, dressing warmly and being surprised to find that it was actually hot outside.  This is because most countries in the world use the Celsius (sometimes called Centigrade) scale of temperature rather than the traditional Fahrenheit scale we use in the U.S.   On the Celsius scale, 30 degrees is about 86 degrees Fahrenheit, or a warm spring day in Texas.
Celsius is also used exclusively in science.  In this activity we will begin to see why, and we will relate the Celsius and Fahrenheit scales to one another.  We will also examine some of the problems that arise when actually doing the measurements in the lab setting.
By the end of this activity, you should understand:

· How to use a linear graph to determine the relationship between two temperature scales

By the end of this activity, you should be able to:

· Use the TI-83 calculator to graph and analyze a linear relationship

· Convert between one temperature scale and another

Materials provided:

1 Styrofoam coffee cup
1 hot plate
1 thermometer marked in degrees Celsius
1 thermometer marked in degrees Fahrenheit
Ice

All the water you want! (within reason)
Instructions

Using both the Celsius and the Fahrenheit thermometers, measure the temperature of 4-5 beakers of water at different temperatures.  You can achieve higher that room temperature with the hot plate and lower than room temperature with the ice.
Activity
We will use the TI-83 calculators to graph our values from the lab.  Celsius values should be graphed on the x-axis, Fahrenheit on the y-axis.  


Calculator Instructions
To Enter Data:

Hit stat, then edit.  In the L1 column enter your Celsius data.  In the L2 enter column enter your Fahrenheit data.  Hit enter or the scroll down button after you type in each data point. 
To Graph Data

Hit stat plot (2nd + Y=).  Hit enter to open Plot 1.  Turn on Plot 1 by hitting enter while the cursor is flashing on it.  

Make sure you have selected a scatter plot (the first type of graph).  Make sure that 

Xlist is L1 



Ylist is L2

To see the Data

Hit graph.  Then to zoom in on the data, hit zoom type of scroll down to 9 for zoom-stat.  You should be able to see your data points. 

Line of Best Fit

Hit stat, then scroll over to calc.  Scroll down to LinReg (ax +b) and hit enter.  Once you are back on the main screen you must hit enter again.  
Write down your line of best fit at this time in the form 





y = ax + b

Do not just write down the values of a and b.    Write it as an equation!!
Graphing line of best fit
Hit Y=, then type in your line of best fit.  Hit graph to view how well the line passes through your data.  

Alternative:  You can copy and paste directly by hitting vars, then scrolling to 5. Statistics, EQ, RegEq)

(LinReg is short for Linear regression which is engineer-speak for the line of best fit.)  

Activities
We can examine any point on the graph using the trace button.  You can first move along your points, then hit the up arrow to move along the line of best fit.  At the bottom of the window the values of both x and y will be displayed.
Remember that: 
x = temperature in oC

y = temperature in oF 

1. The freezing point of water is 32 oF.  Trace to this point on your line of best fit and determine the freezing point of water in the Celsius scale.

2. The boiling point of water is 212 oF.  Trace to this point on your line of best fit and determine the boiling point of water in the Celsius scale.
3. Verify your results using the equation for the line of best fit.  Plug in 32oF and solve for the value of the temperature in oC.  Repeat for 212 oF.

4. Using the same two methods, find the value of 25 oC in Fahrenheit.

Using the equation
The accepted equation for the line of best fit is:





F = 1.8·C + 32

1. How does this compare to your value for the line of best fit?  Be specific!  

2. Use this form of the equation to fill in the following table.

	Fahrenheit
	Celsius
	Example

	
	0
	Freezing point of water

	
	100
	Boiling point of water

	92
	
	Hot summer day

	40
	
	Cold winter day

	
	37
	Normal body temperature


Understanding the equation of the line of best fit (Optional)
5. How many degrees Fahrenheit do you have to increase the temperature of water to go from the freezing to the boiling point?

6. How many degrees Celsius do you have to increase the temperature of water to go from the freezing to the boiling point?

7. What is the ratio between degrees Fahrenheit and degrees Celsius between the freezing and boiling point of water?  

8. How is the ratio you found in Question 6 related to your line of best fit?  Explain why this relationship is true.

9. What is the y-intercept of your graph?  What is the significance of this point?

Critical Thinking Questions
1. What are the advantages of the Celsius scale of temperature?
2. A new scale for temperature is proposed called the Satwalekar (S).  Water freezes at 10oS and boils at 30oS.  Find the equation that relates the Satwalekar and Celsius scales.  (Think about how to find the equation of a line from Algebra.  Here you are given two points…)
Based on an original POGIL activity by David Hanson “Temperature Relationships: Different Temperature Scales” in Foundations of Chemistry.  Laboratory and high school adaptation by Stephen Prilliman


