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Some Like it HOT!
	Concepts

· Slope

· Equation of Line

· Proportionality

Materials

· TI-84 Plus

· Student sheet: unlabeled thermometer

· Student sheet: lattice-point graph paper
	Overview

In this activity, you will determine a conversion equation using a list of ordered pairs.
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Data Collection Procedure


The temperature scales used today are Celsius, Fahrenheit, and Kelvin. Where and by whom are they most often used?


What is the freezing temperature of water at standard pressure – both in Celsius and Fahrenheit degrees?


Write the measurement for freezing in degrees Celsius on the left side of the thermometer and in degrees Fahrenheit on the right side at the labeled position on your handout (Figure 1).


Be sure to indicate °C on the left side for Celsius and °F on the right for Fahrenheit.


Write the measurement for the boiling point of water in degrees Celsius on the left side of the thermometer and in degrees Fahrenheit on the right side at the labeled position on your handout.


Determine the number of degrees (Celsius and Fahrenheit) that should be placed to the left/right of the thermometer mark which is halfway between the freezing point and boiling point of water.


Write the measurements in degrees Celsius and Fahrenheit on the left/right sides


Discuss the different strategies for finding these values.


Which best describes this temperature value? 


a hot summer day in Dallas, Texas or 


a scorching day in the Sahara desert


Write the description in the blank provided on the figure to the right and on the handout.


What is the temperature difference between the boiling point of water and the point midway between its freezing and boiling point?


This temperature change is represented on the thermometer shown in Figure 2. 


Complete the blanks for both degrees Celsius and degrees Fahrenheit. 


What is the ratio of these two temperature differences?


Express the ratio as Celsius to Fahrenheit and then as Fahrenheit to Celsius.


Determine the number of degrees (Celsius and Fahrenheit) that should be placed to the left/right of the segments drawn at the remaining tick marks. 


Record all of the temperature measurements from your thermometer in the table below.�


Degrees Celsius�
Degrees Fahrenheit�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



How many degrees are there between each tick mark on the Celsius side? How many degrees are there between the tick marks on the Fahrenheit side? 


What is the ratio of Celsius degrees Fahrenheit degrees between any two thermometer tick marks?


What is the ratio of Fahrenheit degrees to Celsius degrees?


Graphing and Analysis Procedure


On lattice-point graph paper (included in this activity), make a scatterplot of the data with degrees Celsius (the independent variable) on the input-axis (the horizontal axis) and degrees Fahrenheit (the dependent variable) on the output-axis (the vertical axis).


Make sure to label each axis with its variable name and to specify the scale of each axis. 


Does this data appear linear to you?


Enter the data into L1 and L2 on your calculator, create a scatterplot, and set an appropriate window.


Instead of using L1 and L2, you may choose to name lists CEL for degrees Celsius and FAHR for degrees Fahrenheit.


Notice the similarities/differences in looking at the graphs you made on the lattice-point grid paper and on the calculator. Both scatterplots represent a discrete set of linear data with the graphs as parts of discrete lines.


Press (, and enter various linear equations to manually fit an equation to the scatterplot.


The line that is graphed is a continuous function that models the discrete data.


Select two of the points graphed from your table, and find the slope of the line that passes through these two points using the following formula:


� EMBED Equation.3  ���


Observe that if you select different points to determine the slope, the calculated slopes are all the same.


Find the equation of the line that passes through these two points. Write the equation of the line in the slope-intercept form:


output = slope*input + “output-intercept”�OR y = mx + b


Using variable names that correspond with the variables in the problem, write the equation in terms of degrees Celsius (C) and degrees Fahrenheit (F). 


What is the real world meaning of the slope in the context of the situation? (Don’t say “rise over run.”)


What is the real world meaning of the output-intercept (or F-axis intercept) in the context of the situation?


Use your calculator to generate a linear regression model on the Celsius/Fahrenheit data to determine a line of best fit for the data.


Write this equation in the slope-intercept form. 


Does it differ from the equation of the line that was found analytically above in number 16? Why or why not?





Extension – Celsius & Fahrenheit Conversions


As Cassie is preparing for a Study Abroad during the spring semester at the University of Leicester in England, she listens to the morning weather report. It’s 18 degrees Celsius. 


What is the approximate temperature in degrees Fahrenheit?


Estimate the temperature using information in three ways:


(1) the Celsius/Fahrenheit table,


(2) the scatterplot made on the lattice-point grid paper, and


(3) from the scatterplot/best-fit line on the graphing calculator.


Linda is attending the T^3 Algebra Institute using TI- Navigator™ in St. Louis in July and is impressed with the wonderful weather. The meteorologist indicates a high of 85 degrees Fahrenheit.


What is the approximate high temperature in degrees Celsius?


Set up your calculator to display the following in the same window: 


As before, display a scatterplot with temperature in degrees Celsius on the input axis and degrees Fahrenheit on the output axis, along with the graph of the equation that models this data.


Create a second scatterplot with the variables reversed, i.e., degrees Fahrenheit on the input axis and degrees Celsius on the output axis.


Note:	On the TI-84 Plus, press ( 9:ZoomStat to find a window. 


Write the equation of the line, in point-slope form, that passes through these points without using regression features.


What is the value of the slope?


What is the value the input-intercept (or F-axis intercept)?


Observe that you have the slope and a point on the graph. Using variable names that correspond with the variables in the problem, write the equation of the line in terms of degrees Celsius (C) and degrees Fahrenheit (F).


Type this equation into your graphing calculator to check that it passes through the data points.


“Square” up the graph (using ( 5:ZSquare on the TI-84 Plus) to give a true geometric perspective, and graph y = x to show the line of symmetry.


An electronic sign on a bank displays the current temperature in °F and °C. Suppose one day they were the same value. What would this temperature be?


Use graphs and equations to explain your reasoning. Extend your viewing window as needed.





Extension – Some Like it Cold!


The Delisle scale is a temperature scale invented by the French astronomer Joseph-Nicolas Delisle (1688–1768). He had been invited to Russia by Peter the Great in 1732, where he built a thermometer that remained in use for nearly 100 years in Russia. This temperature scale was unusual in that the freezing point of water measured 150º Delisle and its boiling point measured 0º Delisle. (Maybe it made the Russian winter seem warmer?)


Repeat the activity using these values for the freezing and boiling points of water: 


Write measurements in °Delisle to the left of your Celsius readings on your thermometer. 


Make a third column in your table with corresponding values in degrees Delisle. 


Find the temperature difference between the boiling point of water and the point midway between its freezing and boiling point.


Compute the ratio of these temperature differences in degrees Delisle over degrees Celsius and degrees Celsius over degrees Delisle.


Is this ratio a positive or negative number?


Enter the Delisle temperature data into a new list on your calculator.


Create a scatterplot with degrees Delisle on the input axis and degrees Celsius on the output axis, and set an appropriate window.


Develop an equation that models the data, and graph it along with your scatterplot. 


Using variable names that correspond with the variables in the problem, write the equation in terms of degrees Delisle (D). and degrees Celsius (C).


Report and interpret the real world meaning of the slope in the context of the situation (don’t say “rise over run”).


Report and interpret the real world meaning of the output-intercept (or C-axis intercept) in the context of the situation.


Find and interpret the real world meaning of the input-intercept (or D-axis intercept) in the context of the situation.


Find an equation which relates F in terms of D by substituting the equation which expresses C in terms of D (from the previous step) into your equation which expresses F in terms of C. Use algebra to simplify.


You can check that your formula is correct if it passes through the points of a scatterplot with input values of Delisle and output values of Fahrenheit.


Report and interpret the real world meaning of the slope in the context of the situation (don’t say “rise over run”).


Report and interpret the real world meaning of the output-intercept (or C-axis intercept) in the context of the situation.


Find and interpret the real world meaning of the input-intercept (or D-axis intercept) in the context of the situation.


A winter day in St. Petersburg, Russia is recorded as 200 ºDelisle. What is this temperature in degrees Fahrenheit?


A cake recipe calls for the oven temperature to be 350 ºF. Give this temperature in degrees Delisle.





Extension using the CBL 2™:


Set up a CBL 2™ (Calculator Based Laboratory 2) and two temperature probes so that one probe records temperature in degrees Celsius and the other reads temperature in degrees Fahrenheit.


Choose a time graph, and collect data for 60 seconds with an interval of one second between each sample.


Place both probes in a cup of hot water, and start collecting data.


After about 20 seconds, move both probes to a cup of ice water.


After about 20 more seconds, move the probes back to the hot water.


You can graph the temperature data in degrees Celsius or degrees Fahrenheit versus time, but the more interesting selection is a graph of degrees Fahrenheit versus degrees Celsius.


Fit a mathematical model to these data. The equation should be similar to number 13 in this activity.























Teacher Notes


This activity is designed to help students develop the algebraic relationship between degrees Celsius and degrees Fahrenheit. Students work with ratios, decimals, arithmetic means, and a linear equation.


Converting from Celsius to Fahrenheit is not, of course, “doing science,” but the relationship is linear and can easily be investigated. Hopefully, this activity will help students remember the relationship between Celsius and Fahrenheit degree readings and make sense of that relationship through the ratio work. Too often, they obviously memorize formulas with little or no understanding.


Note:	Students often record an incorrect value for the middle degree reading on the Fahrenheit side. This is a good time to discuss various strategies for finding the number halfway between 32 and 212 degrees Fahrenheit.


In one extension, students produce graphs of Fahrenheit vs. Celsius and Celsius vs. Fahrenheit in the same viewing window. At some point, ask them which line has slope � EMBED Equation.DSMT4  ��� and which has slope � EMBED Equation.DSMT4  ���.


Since they know 0 (C = 32 (F , ask them which line represents F as the output and C as the input by examining intercepts of each graph. Ask if this formula contains the factor � EMBED Equation.DSMT4  ��� or � EMBED Equation.DSMT4  ���?


Another connection: because the Fahrenheit thermometer in the handout climbs in steps of 18 and the Celsius thermometer climbs in steps of 10, students may associate the 9 (or change in output) with Fahrenheit and the 5 (or change in input) with Celsius – so the factor � EMBED Equation.DSMT4  ��� belongs in the formula in which F is the output and C is the input.


The Delisle scale offers another way to measure temperature. When students find the slope of the line relating degrees Celsius to degrees Delisle, they must be careful to associate the ratio of temperature differences with the slope (instead of the ratio of the distances between corresponding tick marks)—otherwise they will not get a negative slope.


As Celsius temperatures increase, Delisle temperatures actually decrease.�Another extension may be for students to investigate additional conversions – and write formulas for those conversions – among other temperature scales that have been used at some time in the past several hundred years: Celsius, Fahrenheit, Kelvin, Réaumur, and Rankine.


Note that the TI-73 Explorer™ has a CONVERT menu that allows conversions among Celsius, Fahrenheit, and Kelvin. However, students should be reminded that temperature on the Kelvin scale is NOT reported in degrees Kelvin—it is reported in kelvins.








Cut Black Line Master of thermometers on last page in half and give one half sheet to each group or each student.
























































Answers to Selected Questions:


50( Celsius to 90( Fahrenheit (� EMBED Equation.DSMT4  ���); 90( Fahrenheit 50( Celsius (� EMBED Equation.DSMT4  ���)


Halfway between the boiling point and freezing point of water is the temperature of 50( C = 122(F, which is too hot for even a summer in Dallas. It is a scorching day in the Sahara desert.


The temperature difference is 50( Celsius or 90( Fahrenheit.


� EMBED Equation.DSMT4  ��� ; � EMBED Equation.DSMT4  ���.


 


Degrees Celsius�
Degrees Fahrenheit�
�
0�
32�
�
10�
50�
�
20�
68�
�
30�
86�
�
40�
104�
�
50�
122�
�
60�
140�
�
70�
158�
�
80�
176�
�
90�
194�
�
100�
212�
�
10( Celsius and 18( Fahrenheit; � EMBED Equation.3  ��� and � EMBED Equation.DSMT4  ��� 


� EMBED Equation.DSMT4  ��� or in terms of F and C: � EMBED Equation.DSMT4  ����Interpretation of slope can be expressed either as “An increase in temperature of 1 degree Celsius is equivalent to an increase in temperature of � EMBED Equation.3  ��� degrees Fahrenheit” or as “An increase in temperature of 9 degrees Fahrenheit is equivalent to an increase in temperature of 5 degrees Celsius.” 





Interpretation of the output-intercept can be expressed as “A temperature of 0( Celsius is equivalent to a temperature of 32( Fahrenheit.”


15.	18( Celsius = 64.4( Fahrenheit.


16.	85( Fahrenheit is approximately 29.4( Celsius


17.	The slope is 5/9. The F-intercept or input intercept is (32, 0). The equation is � EMBED Equation.DSMT4  ���.�Since F = C and � EMBED Equation.DSMT4  ��� and � EMBED Equation.DSMT4  ���, set � EMBED Equation.DSMT4  ��� and solve. � – 40°F = – 40°C. Also look at the graphs and the viewing window to find their intersection point. 


18.	The ratio is negative: � EMBED Equation.3  ��� or � EMBED Equation.3  ���. since the change in degrees Delisle is negative.�� EMBED Equation.DSMT4  ��� The slope is � EMBED Equation.DSMT4  ���.�Interpretation: “An increase of 2 degrees Celsius corresponds to a decrease of 3 degrees Delisle.�The output or C-axis intercept is (0, 100). �Interpretation: “A temperature of 0( Delisle is equivalent to a temperature of 100( Celsius.”�The input or D-axis intercept is (150, 0). �Interpretation: “A temperature of 150( Delisle is equivalent to a temperature of 0( Celsius.” �	� EMBED Equation.DSMT4  ���.


		� EMBED Equation.DSMT4  ��� �200( Delisle = � EMBED Equation.DSMT4  ���28( F. e. 350( F = � EMBED Equation.DSMT4  ���115 (Delisle.

















Some History of Temperature Scales and other Suggestions


Students, especially those who pursue the sciences, should become conversant with some Celsius temperatures that affect them personally: comfortable room temperature is about 22°C (71.6°F), and normal human body temperature is about 37°C (98.6°F).


They might talk about what the Celsius temperature would be on a “very hot day” or a “very cold day” (these opinions will differ depending on the part of the country they live in). They might talk about a preferred temperature for a Starbucks Café Mocha, a bowl of hot oatmeal, or a tall glass of sweet iced tea.


The Celsius scale was devised by Swedish Astronomer Andres Celsius (1701-1744) for scientific purposes. It has 100 degrees between the freezing point (0 degrees) and the boiling point (100 degrees) of pure water at sea-level air pressure, 29.92 inches of mercury – often called an atmosphere or standard pressure.


Originally, the scale was called “Centigrade” but the term “Celsius” was adopted in 1948 by an international conference on weights and measures. The Celsius scale is the most widely used of the temperature scales.


The Fahrenheit scale is used primarily in the United States. It puts the freezing point of water at 32 degrees and the boiling point at 212 degrees while measured at standard pressure. Using a mixture of ice and salt, zero degrees Fahrenheit was the coldest temperature that the German born scientist Gabriel Daniel Fahrenheit could create.


He is credited with the invention of the mercury thermometer and introduced it and his scale in 1714 in Holland. Fahrenheit based his thermometer on the papers by Galileo for a temperature-and-pressure measuring device.


A third scale commonly used by scientists is called the absolute or Kelvin scale, invented by William Thomson (later known as Lord Kelvin), a British scientist who made important discoveries about heat in the 1800's.





In theory, the coldest possible temperature is negative 273.15 degrees Celsius, referred to as absolute zero. At this temperature scientists believe that molecular motion would stop (that is, substances would have no thermal energy). The Kelvin scale uses this number as zero.


To convert other temperatures to Kelvin, you add 273.16 degrees to the Celsius temperature. The word degree is NOT used with the Kelvin scale – readings are given in kelvins. The kelvin is the base unit of temperature in the International System (SI).





Some Internet Resources:


The History Behind the Thermometer: � HYPERLINK "http://inventors.about.com/library/inventors/blthermometer.htm" ��http://inventors.about.com/library/inventors/blthermometer.htm�


Marilyn was Wrong! Fahrenheit and Celsius: � HYPERLINK "http://www.wiskit.com/marilyn/fahrenheit.html" ��http://www.wiskit.com/marilyn/fahrenheit.html�


Converter among five temperature scales: Fahrenheit (°F), Celsius (°C), Kelvin (K) – note the unit of measure is not in degrees, Réaumur (°R), and Rankine (°r): � HYPERLINK "http://www.brannan.co.uk/thermometers/convert.html" ��http://www.brannan.co.uk/thermometers/convert.html�


Base Units of the International System: � HYPERLINK "http://www.unc.edu/~rowlett/units/sifundam.html" ��http://www.unc.edu/~rowlett/units/sifundam.html���The Delisle Temperature Scale: � HYPERLINK "http://en.wikipedia.org/wiki/Delisle_scale" ��http://en.wikipedia.org/wiki/Delisle_scale�














Figure 1





_______





Figure 2





_______





 ______________





Boiling point of water:





Freezing point of water:
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