Temperature Lab Data Analysis

Background
In the temperature lab, we collected data about how objects heat up and cool down.  Later, in class, we learned about Newton’s Law of Cooling, which says that the rate of change of temperature is proportional to the difference between the temperature of the object and the surrounding temperature.  In symbols, we wrote
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where T is temperature, t is time, k is the proportionality constant, and C is the ambient temperature (called “room temperature” in the murder mystery).

We learned that solutions to the differential equation above have the form
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Did your temperature probe data really follow an equation like this?  It’s time to find out.

The Project
You will model your data using a function of the form 
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During your temperature collection lab, you collected four sets of data.   Choose one of them to model now.  
Step 1:  Finding the ambient temperature.

Open the appropriate data file (for example, ColdH20Cooling), and find your very last temperature reading.  This will be your value for C.  (Why?)  Record this here:

Step 2: Choosing the data.  

We want to use data from the first ten seconds of heating or cooling, so determine when your probe was placed in or removed from the water; you will use this data point, plus the next nine.  For example, if your probe was placed in or removed from the water at time 4, then your data points will have time values 4, 5, 6, …, 13.  Record these data below.  (Comment:  If ten seconds is not a sufficient amount of time to allow your data to approach the ambient temperature, you may need to pick 10 points that are more spread out in time.)
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Step 3: Entering the data in Mathcad.

Open a blank worksheet in Mathcad, and enter your data.  Call the time variable Timei and the temperature variable Tempi.  Remember to first tell Mathcad about the values of i.
Also define the constant C to be the value recorded in Step 1.
Step 4: Adjusting the data.  

The function T is not exponential, but the function 
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Therefore we will analyze 
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 instead of T.  So, insert a graph below your data, and put t on the horizontal axis and 
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Step 5: Analyzing the data.

A. Follow these directions if you selected cooling data.  If you have heating data, skip to part B.

Use Mathcad to determine whether or not the graphed data is (roughly) exponential.  Record your conclusion in text in Mathcad.  Skip to Step 6A.
B.   Follow these directions if you selected heating data.  

Notice that your graph of 
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 lies below the horizontal axis.  This of course means that 
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 is negative.  Since our usual method of determining whether our graphed data is (roughly) exponential requires our outputs to be positive values (why?), we need to make one more adjustment.    We will correct this by instead using 
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So, insert a second graph with 
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 on the vertical axis.  Now use Mathcad to determine whether this graphed data is exponential.  Record your conclusion in text in Mathcad.

Step 6: Modeling the data.

A. Cooling Data – Create a model for the data.  Your inputs are values of t and your outputs are values of 
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This means you should find values for k and A as we usually do when modeling exponential functions.  Of course, we really want a model for the original data, so once you have found these values, write your model in the form
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Skip to Step 7.
B. Heating Data - Create a model for the data.  Your inputs are values of t and your outputs are values of
[image: image15.wmf]i

Temp

C

-

, so your model will have the form
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Recall that this means you should find values for k and –A as we usually do when modeling exponential functions.    Of course, we really want a model for the original data, so once you have found these values, write your model in the form
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Step 7: Displaying the model with the data.

How good is your model?  To check, graph your model with the original data.  Comment on your model.  Are you happy with it?  Does it fit as well as you would like?  If not, you might want to change the points you used to find A and k.  If your model still doesn’t fit well, suggest some reasons why the data might differ from the model.  Include your comments in your Mathcad file.
Step 8:  Clean up your Mathcad file so that your work is clear.  Hand in your Mathcad file by dropping it in the Digital Dropbox.
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