<\ oNS Objectives

> ¢ To graphically represent and analyze climate data
OQ ¢ To use linear regressions to understand the
~/ relationship between temperatures as measured in
Q A ct i Vv i t y 1 3 the Fahrenheit and Celsius scale

x ¢ To use linear regressions to understand conversion

Lik factors
¢ To use technology to find a linear regression

Do You Have the Materials
Temperature? ¢ TI-73 graphing device

¢ (CBL2™ data collection device (optional)
¢  Climate data for different ecosystems
¢ Cold cup with ice water
¢ Hot cup with boiling water
¢ Rubber band
¢  Watch with a second hand
¢ Celsius thermometer and Fahrenheit thermometer
¢ Two temperature probes (per CBL 2) (optional)

Introduction

A man was recently listening to the radio in his New York apartment. The radio
announcer was giving the temperatures of cities in other countries. The
announcer said, “The temperature in London is 68 degrees.” At that same
moment, another man was sitting in his London apartment listening to the
weather report. The radio announcer said, “The temperature in London is 20
degrees.” Both announcers were right! How could this happen?

Problem

There are different units of temperature: Celsius and Fahrenheit. How can you
mathematically show the relationship between these two units of temperature?

Collecting the data — Part /

You will need twelve temperature readings using both Celsius and Fahrenheit
thermometers. These readings will be obtained in one of three ways.

1. Collect the readings during class.

a. Take a Celsius and a Fahrenheit thermometer and rubber band them
together so that the bulbs are next to each other.
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180 Activities for Algebra with the TI-73

b. Place the thermometers in a cup with boiling water and allow the
temperature to stabilize. You and your student partner will each read
one of the two thermometers. Record the temperature on the Data
Collection and Analysis page.

¢. Place the thermometers in a cup with ice water and start timing. Take a
reading every ten seconds, recording the values on the Data Collection
and Analysis page. You and your student partner will each read one of
the two thermometers.

2. Use two temperature sensors connected to a CBL 2™ (Calculator Based
Laboratory-2). Set the temperature sensor in CH1 to take readings in Celsius
and set the temperature sensor in CH2 to take readings in Farenheit. Set the
CBL 2 to take a reading every 5 seconds for 12 samples. Follow step 1b, as
directed. For step 1¢, move the sensors into the cold water. Press 2: START and
stir the water with the sensors during data collection.

Record the values in L2 in the Temperature (°C) section and the values in L3
in the Temperature (°F) section on the Data Collection and Analysis page.

3. Use the 12 average monthly Celsius and Fahrenheit temperatures provided by
the teacher.

Setting up the T1-73

Before starting your data collection, make sure that the TI-73 has the STAT PLOTS
turned OFF, Y= functions turned OFF or cleared, the MODE and FORMAT set to
their defaults, and the lists cleared. See the Appendix for a detailed description
of the general setup steps.

Entering the data in the TI-73

1. Press [LIST). L1 Lz Lz 1
[ | I N
Litia=
2. Enter the Celsius temperatures in L1. L1 Lz L= E:
. . 7 Yy |
3. Enter the Fahrenheit temperatures in L2. 8.8 4498
(Make sure that the pairs of Celsius and ﬁ:i EE:E
Fahrenheit temperatures match in each g2t | 538
column.) ¥z.i | BR.B
Lxiy =
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Activity 13: Do You Have the Temperature? 181

Setting up the window

1. Press to set up the proper scale for I I HOI
the axes. ﬁmégfgﬁ
2. Set the Xmin value by identifying the §H=i§%9145935 1.
minimum value in L1. Choose a number 'T'ﬁci.l"l;q-a
that is less than the minimum. Vmax=95
MeCl=5

3. Set the Xmax value by identifying the maximum value in each list. Choose a
number which is greater than the maximum. Do Not Change the AX value. Set
the Xscl to 5.

4. Set the Ymin value by identifying the minimum value in L2. Choose a number
that is less than the minimum.

5. Set the Ymax value by identifying the maximum value in L2. Choose a number
which is greater than the maximum. Set the Yscl to 10.

Graphing the data: Setting up a scatter plot

In order to analyze the data, you will need to set up a scatter plot and model the
data by graphing a line of best fit.

1. Press [PLOT]. Select 1:Plot1 by pressing 1 m
or [ENTER]. lotl.. ¥

L= LA
4lPlots0ff
2. Set up the plot as shown by pressing Flot.l 0f
[ENTER) () [ENTER] (5] (2nd) [STAT] 1:L1 5] [2nd) [STAT] TaFe: o iu% %EJ_]_
2:12 <) [ENTER). wlistilis
“Ylistilz
Mark: B -

3. Press to see the plot.

What is the appropriate regression for the plot? Does the slope change or
appear constant?
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182 Activities for Algebra with the TI-73

Analyzing the data: Finding a linear regression

1. Press [STAT] [«] to move the cursor to the

CALC menu.

2. Select 5:LinReg(ax+b) by pressing 5.

3. Press [STAT] 1:L1 ] [STAT] 2:L2 (1].

4. Press [VARS].

5. Select 2:Y-Vars by pressing 2.

6. Select 1:Y1 by pressing 1 or [ENTER].

L= OPS MATH
1-Var Stats
s 2=War Stats
JiManual-Fit
4 Med-Med
S:LinRegl ax+ha
B HuadRea
¥ iExFrRe9

LinEegdax+k> N

LinkRegiax+b> L1,
Lz-N

?ﬁndnw...
s=Vars...

Yy

Statistics..
tPicture..
T .
F

LinkegCax+b? L1
Lz-%101
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Activity 13: Do You Have the Temperature? 183

7. Press to calculate the linear LinRe9a
regression. The function is pasted in Y1. :f?}igg

8. Press [GRAPH] to see the linear regression.

Answer Part | questions 1 through 6 on the Data Collection and Analysis page.

Collecting the data — Part Il

Thus far, you have used the data to verify an equation for converting degrees
Celsius to degrees Fahrenheit. What if you needed an equation for the opposite
conversion, degrees Fahrenheit to degrees Celsius? Simply reversing the data in a
STAT PLOT and then determining the linear regression for the data could produce
this equation.

Setting up the window
1. Press to set up the proper scale for I I HOIOL
the axes. Amin= gk
AMEx=30
2. Set both the Xmin and Ymin values to -50. ar=1.242333191..
necl=14
3. Set the Xmax and Ymax values by Ymin= -~
. ip . . : Ya==95
identifying the maximum value in both —
) Yscl=160
lists. Choose a number greater than the
maximum.

4. Set both the Xscl and Yscl values to 10. Do Not Change the AX Value.

Graphing the data: Setting up a scatter plot

1. Press [PLOT]. Select 2:Plot2 by pressing 2. PlotZ On
ToFe: B4 Iglii%
g iy HOH R
mlistily
Ylistilz
Mark: B -+
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184 Activities for Algebra with the TI-73

2. Set up the plot as shown by pressing
] -] [STAT] 2:L2 ] [STAT] 1:L1
(~J [] [ENTER].

Note: This is similar to Plot1, except that L2 is now
the Xlist and L1 is now the Ylist.

Analyzing the data: Finding a linear regression

1. Press [STAT] (<] to move the cursor to the

CALC menu.

2. Select 5:LinReg(ax+b) by pressing 5.

3. Press [STAT] 2:L2 [5] [STAT] 1:L1[5].

4. Press [VARS].

5. Select 2:Y-Vars by pressing 2.

L= OPS MATH [eg]Mw
1-Yar Stats
s 2-Var Stats
SiManual-Fit
i Med-Med
SiLinkegdax+h2
& HuadRea
¥ iExFrReg9

Linkegiax+b> L1,
Lza%1
Oone

LinkReglax+hba

LinRegacax+khy L1
Lza%1
Oone

Linkegiax+b? Lz
Li-N

?ﬁndnw...
s=Vars...

totatistics..
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6. Select 2:Y2 by pressing 2.

7. Press [ENTER] to calculate the linear
regression and paste the function in Y2.

8. Press [GRAPH] to see the linear regressions.

LinRegacax+khy L1
Lza%1
Oone

Linkegiax+b? Lz
Li.%:z0

T\\

Answer Part Il question 1 on the Data Collection and Analysis page.

Observe the following statements about the point of intersection of equations

Y1 and Y2:

¢ The x and y value of the point of intersection must satisfy both equations.

¢ Since one function (Y2) was obtained by switching the x and y values of the
other function (Y1), x must equal y at the point of intersection.

Identify the point of intersection.

9. Press [TBLSET]. Type [©)] 45. Press =] 1 to
set the AThl value.

The table will allow you to examine
increasing x values, starting at -45 degrees
and the corresponding y values for both
linear models that you plotted.

10. Press [TABLE]. If necessary, use [«] and 7]
to scroll the table.

Examine the table carefully. Note that
when rounding off to the nearsest whole
number, there is one value that is the same
for X, Y1 and Y2. For this example, the
coordinates of that point are (-40,-40).

THELE SETUP
ThlStart=-45
albhl=1
Indrnt.:

Derend:

# Y Yz
| -49.07 | -4z.7y
-l -47.z7 | -uz.i8
43 4o y? | -uiGzs
-4z 43 g7 | -uin?
41 -41.87 | -4iEz
-4i) -yip.n7 | -39.05
-z0 -xB.z6 | -3041

=45

To verify the coordinates graphically, you will plot a vertical line (x=-40) and a

horizontal line (y=-40).
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186 Activities for Algebra with the TI-73

11. Press [DRAW]. Select 3:Horizontal by pressing
3. Type the x value from Step 10, then press
[ENTER]. (For this example, the value is

-40.) A

\

Y
|

-?'
12. Press [QuIT] DRAW]. Select 4:Vertical by
pressing 4. Type the Y1 or Y2 value from
Step 10, then press [ENTER]. (For this
example, the value is -40.) | rz"'r o _‘_,.;r"'"‘#
Note: In both linear models, the horizontal line (y=- -"ﬂdﬁ
40), and the vertical line (x=-40) all meet at the =
same point (-40, -40).
Add a graph of the function, y=x, to the
graph.
13. Press [Y=). Press [+] to move the cursor to Y3. ﬁl %l P]..IIEEE-ESE:
Press [x] so that the equation is Y3 = X. > .
quation 31x+31. 951061050
~eE.55513417239
232E+ -17V. VoSe669
14534
~WzExl
14. Press to see the plot. ""uf

Answer Part Il questions 2 - 5 on the Data Collection and Analysis page.

Collecting the data — Part Ill

You have learned about the relationship between the two units of temperature
measurement. You will now explore how graphical analysis of climate data can
be used to compare different ecosystems. You will compare rainfall and
temperature in three locations, the tundra (Fairbanks, Alaska), the desert (Las
Vegas, Nevada), and the tropical rain forest (San Jose, Costa Rica). Climate data
for the three ecosystems is provided.

Setting up the T1-73

Before starting your data collection, make sure that the TI-73 has the STAT PLOTS
turned OFF, Y= functions turned OFF or cleared, the MODE and FORMAT set to
their defaults, and the lists cleared. See the Appendix for a detailed description
of the general setup steps.
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Activity 13: Do You Have the Temperature? 187

Entering the data in the TI-73

1. Press [LIST]. L1 Lz Lz i
| [ R
Liii=
2. Enter the climate data in lists L1 through Lé L1 Lz L= i
according to the chart that follows. A - iE.4
16.5 9.9 i3
iz 1= 10.z
cs i8.1 ]
.k 2.2 16.5
y.rs ch.B 4y g
10z el EC.h
Lui=11.1
Desert Tundra Tropical Rain Forest
Month Rainfall Temperature Rainfall Temperature Rainfall Temperature
(mm) (°C) (mm) (°C) (mm) (°C)
L1 L2 L3 L4 L5 L6
Jan 111 7.0 15.4 -21.1 6.9 27.2
Feb 16.5 9.9 12.9 -18.1 2.7 27.9
Mar 12.0 13.3 10.3 -10.4 6.1 28.5
Apr 5.7 18.1 7.3 -1.0 32.8 28.7
May 2.5 23.2 16.5 8.5 199.2 27.9
Jun 4.7 28.6 449 14.6 240.0 27.2
Jul 10.2 32.1 55.6 16.1 183.0 26.9
Aug 13.3 30.9 52.9 13.2 243.1 26.9
Sep 10.6 26.6 32.3 7.0 308.7 26.5
Oct 6.3 19.6 21.8 -4.0 253.0 26.6
Nov 6.2 11.9 18.7 -15.3 118.7 26.6
Dec 14.2 7.5 21.1 -19.7 32.7 26.8
Source: Reprinted with permission from WorldClimate ( www.worldclimate.com ).
3. Move the cursor to the top of Lé to LE La ..
highlight it. Press [»] to move to the top of 6.9 er.g
. .7 cr.g
the seventh, unnamed, data list. 6.1 ZB.C
zc.A ch.?
188z cr.g
e [ er.g
18z ch.9
MHame=
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Activities for Algebra with the TI-73

Name the list MONTH by pressing [TEXT],
moving the cursor to each letter of the
name MONTH, and pressing [ENTER].

Use the cursor keys to move the cursor to
Done. Press [ENTER] to exit the Text menu.

Press [ENTER] to save the list name.

Press [~] to move the cursor down in the
data cell and enter the numbers
1 through 12 for each of the 12 months.

Press [PLOT]. Select 1:Plot1 by pressing 1
or [ENTER].

Set up the plot as shown by pressing [ENTER
(~] 0] [ENTER] (7] [STAT] 7:MONTH 7]
[STAT] 2:L2 [~] [ENTER].

Note: The list, MONTH, may not be in position 7 on

the TI-73. Use (<] and [] to move the cursor to the
desired list, and press to select that list.

RECDEFGG[HI M
ELEMDODFOERSET
UyHeYy2Lrn _
=Fr =4 Zand o

Oone

MOMTH

Le Ls . -
6.9 Z7.z
.7 Zr.g
6.1 ZB.E
zE.8 ZB.7
ighz | Z7m
i .t
1@z Z6.0

Hame=MONTH#

Lc L& nnTHIE
6.9 R
7 Z0.0
B.1 ZB.E
EFR: | ZB.7
igaz | Z7m
i g
183 Z6.9
HONTH =
Le L& HONTH 7

GLPlots0ff

Plot.l [ Off

TaFpe: |- B % 0ol
gy HIH HH-

wlist iMOMTH

Y1istilz

Mark: B +
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Activity 13: Do You Have the Temperature? 189

10. Press (Z0OM). Select 7:ZoomStat by pressing 7
to see a graph of monthly average
temperatures for the desert.

Answer Part Ill questions 1 and 2 on the Data Collection and Analysis page.

Graphing the data: Setting up a box-and-whisker plot

The type of analysis that you did with the desert temperature data could also be
done with the other data from the table. Another way to analyze the data is by
examining a box-and-whisker plot.

1. Press [PLOT]. Select 1:Plot1 by pressing 1 m'ﬁ]l-e%!]ag
or [ENTER]. otl. N

4¢P1Dt5DFF

2. Set up the plot as shown by pressing Floti OF T
& 0] B 0] () BJ B [ENTER] (] (nd] [STAT] 2:L2 (1) Tupe:lé_l-' 2% ol
1

dhn ita HR-
slistilz
Freq:1l

3. Press [PLOT]. Select 2:Plot2 by pressing 2. ?_[EII.EFF
. o RSy

4¢P1DLSDFF

4. Set up the plot as shown by pressing FPlot2 af
O30 0G0 ETER & Ed [T 445 Toped oo Lo 2% Wl
1. —

wlistaly
Freg:i
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190 Activities for Algebra with the TI-73

5. Press [PLOT]. Select 3:Plot3 by pressing 3.

6. Set up the plot as shown by pressing
(<] 0 0J 0J 0] 0 O] [ENTER] (=] [2nd] [STAT] 6:L6 )
1

7. Press and set the window values as
shown. Do Not Change the AX Value.

8. Press to compare the three
box-and-whisker plots.

g

HH Lz 1
2iPlot?2. .0n
E?LES 5rr
E|_ Li  Ln
4.lPlots0fF

Plots o+

Tape: | %% 0ol
i dhy ank He

wlist:ils

Freq:l

W THOO
Amin=-38
Amax=4a
an=. r4deS8685106..
necl=]
Yrmin=Q
Ymax=35
Yecl=1

111
4 0 F

Answer Part Il questions 3 through 5 on the Data Collection and Analysis page.

9. Repeat Steps 1-8 using the rainfall data for the desert (L1) for Plot1, the
Tundra (L3) for Plot2, and the Tropical Rain Forest (Ls) for Plot3.

Answer Part Ill questions 6 and 7 on the Data Collection and Analysis page.
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Activity 13: Do You Have the Temperature? 191

Extension

A useful tool to investigate ecosystems is a climagraph. A climagraph is a plot of
Temperature (on the y-axis) versus Rainfall (on the x-axis). Each point on the plot
represents the average rainfall and temperature for a given month.

Construct climagraphs for the desert (L1, L2), the tundra (L3, L4), and the rain
forest (Ls, Le). Since climagraphs are cyclical, repeat (re-enter) the first value of
each list as the 13" element of the same list. (The first and 13" values of each list
will be identical.)

What information does a climagraph give you that you cannot obtain
from looking at the temperature or rainfall data in isolation?
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Data Collection and Analysis Name

Date

Activity 13: Do You Have a Temperature?

Collecting the data

Temperature

Q)

Temperature

(°F)

Analyzing the data — Part |

1.

What is the equation for the linear regression in Y1? (You can see the
equation by pressing [Y=].)

What does y represent in this equation? What does x represent in this
equation?

How might this equation be used to convert the temperature in one scale to
the temperature in another scale?

How does this conversion equation compare to that in a math or science
textbook?

What is the slope of this function?

What does the slope tell you? (Use the words degrees Fahrenheit and
degrees Celsius to answer this question.)
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Activity 13: Do You Have the Temperature? 193

Analyzing the data — Part Il

1.

Examine the general appearance of the two functions (Y1 and Y2) and
answer the following questions:

a. In which quadrant do the Y1 and Y2 functions intersect?

b. Describe the symmetry of the two functions.

¢. What function serves as a line of symmetry for the two functions?
(Provide an equation with your answer.)

Rounding off to the nearest whole number, what is the point of intersection
of functions Y1 and Y2?

How do the x and y values compare at the point of intersection?

Press [Y=] to see the equations in Y1 and Y2. Show that the point of
intersection is correct for these two equations by substituting the x and y
values. Show your work.

Based on the appearance of the three functions, confirm your answers to
questions 1b and 1c. Explain.

© 2002 TEXAS INSTRUMENTS INCORPORATED



194 Activities for Algebra with the TI-73

Analyzing the data — Part Ill

1. Describe the temperature pattern for the desert over a one-year period.

2. How would the graph of the average monthly temperature in the desert
change from year-to-year? Explain.

3. Which ecosystem is most stable according to temperature? How does the
box-and-whisker plot show this?

4. Which ecosystem has the lowest median temperature value during the
course of the year?

5. Which ecosystem has the highest median temperature value during the
course of the year?

6. Which ecosystem has the highest median rainfall amount during the course
of the year?

7. Which ecosystem has the lowest median rainfall amount during the course
of the year?
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Teacher Notes Objectives

o

' ¢ To graphically represent and analyze climate
data

¢ To use linear regressions to understand the

Activit y 13 relationship between temperatures as

measured in the Fahrenheit and Celsius scale

¢ To use linear regressions to understand

DO You Have a conversion factors
Temperature7 ¢ To use technology to find a linear regression
Materials

¢ TI-73 graphing device

¢ (BL2™ data collection device (optional)
¢  Climate data for different ecosystems

¢ Cold cup with ice water

¢ Hot cup with boiling water

¢ Rubber band

¢ Watch with a second hand

¢ Celsius thermometer and Fahrenheit
thermometer

¢ Two temperature probes (per CBL 2)
(optional)

Preparation

¢ This activity shows that conversions between scientific units of measurement are
linear. Similar conversions could be done with centimeters to inches and pounds
to kilograms. Since the y-intercept for the above conversions is 0, the slope is the
conversion factor. In the examples used in this activity, the conversion equations
are:

F=18C+32and C=0.56 F-17.8

Graphs of these equations form mirror images on both sides of the Y = X line.
They intersect at the one temperature where degrees C = degrees F ( -40
degrees).

¢ If you do not want to collect temperature data, use the monthly average
temperature provided for Las Vegas, Nevada, or look up similar data for your
location.

© 2002 TEXAS INSTRUMENTS INCORPORATED



196 Activities for Algebra with the TI-73

Answers to Data Collection and Analysis

Collecting the data
Sample data — Las Vegas, Nevada:
Month J F M A M J J A S (0] N D
Temperature 70 | 99 | 133 | 181 | 23.2 | 286 | 32.1 | 309 | 266 | 19.6 | 11.9 | 7.5
(°Q)
Temperature | 44.6 | 49.8 | 559 | 64.6 | 73.8 | 835 | 89.8 | 87.6 | 79.9 | 67.3 | 53.4 | 455
(°A

Source: Reprinted with permission from WorldClimate (www.worldclimate.com ).

¢ If the students collect their own data using thermometers, do not expect the
equation to fit as perfectly as using the Las Vegas, Nevada, data in the table.

There are several reasons for this:

¢ The thermometer bulbs are not in the same place.
¢ Slight errors in reading the thermometers may occur.

¢ Convection currents within the container result in slight temperature
differences.

¢ Students may not take the reading at the same time.

There are benefits to discussing the discrepancies that occur when using real
world data.

¢ The web page mentioned above is an excellent source of data for cities all over

the world. You may want to make this a web-based activity.

Analyzing the data — Part |

1.

What is the equation for the linear regression in Y1? (You can see the
equation by pressing [Y=].)

For the Las Vegas data, Y = 1.801X + 31.981.

What does y represent in this equation? What does x represent in this
equation?

The y represents the temperature in degrees Fahrenheit. X represents the
temperature in degrees Celsius.

How might this equation be used to convert the temperature in one scale to
the temperature in another scale?

If you know the temperature in degrees Celsius, substitute the value for x
and simplify to get the temperature in degrees Fahrenheit.
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Activity 13: Do You Have the Temperature? 197

How does this conversion equation compare to that in a math or science
textbook?

F=1.8 C+ 32 (Textbook Equation).
What is the slope of this function?
1.8

What does the slope tell you? (Use the words degrees Fahrenheit and
degrees Celsius to answer this question.)

The slope tells you that for each increase in a Celsius degree, the Fahrenheit
temperature rises 1.8 degrees.

Analyzing the data — Part /]

1.

Examine the general appearance of the two functions (Y1 and Y2) and
answer the following questions:

a. In which quadrant do the Y1 and Y2 functions intersect?
The Y1 and Y2 functions intersect in the third quadrant.
b. Describe the symmetry of the two functions.
The two functions are inverses of each other.

¢. What function serves as a line of symmetry for the two functions?
(Provide an equation with your answer.)

They are symmetrical with respect to the line, Y = X.

Rounding off to the nearest whole number, what is the point of intersection
of functions Y1 and Y2?

(-40, -40)
How do the x and y values compare at the point of intersection?
The x and y values are the same at the point of intersection.

Press [Y5] to see the equations in Y1 and Y2. Show that the point of
intersection is correct for these two equations by substituting the x and y
values. Show your work.

By substituting - 40 for the x and y values of the two equations, and
simplifying, the equality will be shown.

Based on the appearance of the three functions, confirm your answers to
questions 1b and 1c. Explain.

The equations all intersect at (-40, -40).
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Activities for Algebra with the TI-73

Analyzing the data — Part Ill

1.

Describe the temperature pattern for the desert over a one-year period.
The temperature pattern starts low, rises, and then falls to the same level.

How would the graph of the average monthly temperature in the desert
change from year-to-year? Explain.

The graphs would be approximately the same although slight variations may
occur. This is because average temperatures do not vary a great deal.

Which ecosystem is most stable according to temperature? How does the
box-and-whisker plot show this?

The Tropical Rain Forest is the most stable according to temperature. The
plot is the most narrow.

Which ecosystem has the lowest median temperature value during the
course of the year?

The Tundra has the lowest median temperature value during the course of
the year.

Which ecosystem has the highest median temperature value during the
course of the year?

The Tropical Rain Forest has the highest median temperature value during
the course of the year.

Which ecosystem has the highest median rainfall amount during the course
of the year?

The Tropical Rain Forest has the highest median rainfall amount during the
course of the year.

Which ecosystem has the lowest median rainfall amount during the course
of the year? (This is hard to see from the graph.)

The Desert has the lowest median rainfall amount during the course of the
year, but the Tundra is a close second.
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