E: Dueling Probes: On the Rocks           


Student Section

Data Collection

.

You will start with a luke warm glass of water and add ice cubes to cool down the water to a refreshingly cold temperature. Two temperature probes will be used to take measurements in degrees Celsius and degrees Fahrenheit.

Place the two temperature probes in Channel 1 and Channel 2 of the CBL2™.  Use a twist tie or tape to attach the two probes. You will need to keep the two probes close together so they are measuring as close to the same part of the liquid as possible. Place the two probes in the luke warm water.  Use the link cable to hook up the CBL2™ to the graphing calculator.

Run the DATAMATE program.  See Getting Started with the CBL2™ if needed.  Once you are in the program, you will have several options.  CBL2™ will recognize the two temperature probes in Channels 1 and 2.  Select 1:SETUP. Scroll down using ( to CH 2 and change to Fahrenheit by pressing (, choose 1: TEMPERATURE, 5: TI TEMP ( F).  
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Scroll down using ( to MODE and press ( to view the mode menu.  Select 5: SELECTED EVENTS and 1: OK.  You are now ready to Start. Press 2:START.  A screen similar to this will appear.
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Follow the directions on the screen by pressing ( to collect the two different units of measurement.  Your goal will to collect about 10 data points of varying temperatures. Add a cube of ice and wait a few seconds (about 10) and watch the temperatures fall. Continue this process as the Celsius temperature approaches freezing. You may need to allow more than 10 seconds between samples to allow the water to get close to 0 degrees Celsius.  

Press ( to stop collecting data and 1:MAIN SCREEN to continue with next step in the investigation.

Analysis

Select 3:GRAPH. You will now view all 3 graphs one at a time by using the  ( and ( button to select. Answer question 1 on the Student Data Reporting Sheet.
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Choose 1:MAIN SCREEN to continue.  Select 4: ANALYZE and perform a 2: CURVE FIT on the 3rd graph (TEMP C vs. TEMP F).  Select  6: Linear (CH 2 vs CH 1) to calculate a linear model of this physical relationship.  Answer question 2. 

Return to the Main Screen and select 6:QUIT. Sample numbers are in L1, Celsius temperatures are in L2 and Fahrenheit temperatures are in L3 as shown in screen shot below.
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You will need to set up this scatterplot of F vs. C to answer the rest of the questions.  Don’t forget to ((.
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Going Further
· Use List 4 and perform the C to F formula to create a new list of the “truth”.  In List 5 find the absolute value of the difference of the measured and calculated Fahrenheit temperatures. In List 6 find the percent of error for each measurement by dividing List 5 by List 4 and multiplying by 100.  On the home screen find the mean average of these percents.

· Set up an inverse scatterplot where your x List is List 3 and y List is List 2. Derive the other formula for converting from F to C. Find the Celsius temperature when Fahrenheit is 0 degrees.

· Graph both formulas on the graphing calculator and trace the Celsius line to find the Fahrenheit temperature at –40 degrees Celscius.

· Other  2 probe combinations could be investigated to develop conversion equations such as pressure, light, or force. Two CBRs could be with the LabPro™.

Student Data Reporting Sheet

1. Compare the 3 graphs of TEMP(C) vs. SAMPLE,  TEMP (F) vs SAMPLE and TEMP(C)vs TEMP (F). Sketch the graphs on the axes below.  Make sure you label the axes. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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2.  Give the linear regression equation and identify the slope and y-intercept. Round A and B to the nearest thousandth.

Equation:________________________

Slope (A) = ___________

Y-Intercept (B) = __________


3.  Choose 2 different points that appear to be on the path of the line and that are not real close together by tracing( ( and use () your scatterplot of F vs C. Record the values in table.

Celsius (X)
Fahrenheit (Y)

X1=
Y1=

X2=
Y2=

4. Calculate another estimate of the Slope (A) by using the formula

A = (Y2 – Y1)/(X2 – X1)


A = ______________

5.  Use substitution and values from questions 3 and 4 to derive another approximate mathematical model in the linear function:

Y= AX + B



Y=_____________________

6.  It is known that C=0 when F=32  and C=100 when F=212.  Use this information to derive a third linear function that will be known as “the truth”.

Celsius (X)
Fahrenheit (Y)

X1=
Y1=

X1=
Y2=

A=______________


B= ____________________

Y = AX + B    

 Y= ______________

7. Press ( and in Y1 enter the linear regression from question 2, in Y2 enter your calculated linear model from question 5, and in Y3  enter “the truth” from question 6. Graph the functions one at a time and then simultaneously. Write about the similarities and differences in the graphs. 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

  

Teacher Section

Concepts

Mathematics

· Real-life linear equation

· Collecting and analyzing temperature data

· Graphing and interpreting graphs

Science

· Measurement and conversions

· Data Collection

· Physical science- temperature

Materials

CBL2™

TI Graphing Calculator

Data Link Cable

2 TI Temperature Probes

cup of luke warm water

cup of ice

Set-up

The two temperature probes should be attached about 5 cm from the tips. The ice is added to create a greater change in temperature.   

Theory

The conversion from Celsius to Fahrenheit is described in the linear function 

F = 1.8 C + 32 that is developed in this activity.

Answers

1. Answers will vary. The general shape of the first 2 plots will be similar.  The third plot of  F vs. C will be linear. Sample data.
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2. Answers will vary. Sample data. A=1.704 B=39.414 and 

Y=1.704X + 39.414
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3. Answers will vary. Sample answers.

Celsius (X)
Fahrenheit (Y)

X1=9
Y1=55.22

X2=41.9
Y2=113.4

4. Answers will vary.   A=1.768
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5. Answers will vary. Sample data. 

B=39.288 so Y = 1.768X + 39.288

6.

Celsius (X)
Fahrenheit (Y)

X1=0
Y1=32

X2=100
Y2=212

A= 1.8 or 9/5


B= 32

Y = AX + B    

 Y= 1.8X + 32

7.  Answers will vary.  All 3 graphs should be similar but due to error in measurement they will not match up exactly.  Y1 and Y2 will probably be the closest match.

Going Further

· Use List 4 and perform the C to F formula to create a new list of the “truth”.  In List 5 find the absolute value of the difference of the measured and calculated Fahrenheit temperatures. In List 6 find the percent of error for each measurement by dividing List 5 by List 4 and multiplying by 100.  On the home screen find the mean average of these percents.
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· Set up an inverse scatterplot where your x List is List 3 and y List is List 2. Derive the other formula for converting from F to C. Find the Celsius temperature when Fahrenheit is 0 degrees.

· Graph both formulas on the graphing calculator and trace the Celsius line to find the Fahrenheit temperature at –40 degrees Celscius.

· Other 2 probe combinations could be investigated to develop conversion equations such as pressure probes, light sensors, or force probes. Two CBRs could be with the LabPro™.
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