Newton's Law of Cooling

Purpose: To verify Newton's Law of Cooling, which predicts that the difference in temperature between a cooling object and its surroundings is an exponential function of time.
Equipment: MBL unit, a temperature probe, MBL Explorer, one piece of aluminum foil, Bunsen burner,  and a calorimeter.

Theory: Newton's Law of Cooling  states that the change in temperature T(t) of a cooling object is proportional to the difference between the ambient temperature Ta and the temperature of the object. This can be stated in terms of the differential equation 

 (If this is foreign to you, then ignore it for now.) If the initial temperature of the body is given by 

 then the solution of this equation is easily found to be 

                                                                    

.                                                           (1)

The constant k is called the decay constant and it's inverse 

is called the time constant. It is equation (1) which we will verify.

We note that subtracting the ambient temperature from both sides of equation (1), we obtain                                                         

                                                                     

                                                          (2)

This shows that the difference in temperature between the cooling object and its surroundings is an exponential function of time. So, by plotting 

 as a function of time, we can determine k. Note: In this lab the ambient temperature is more than just the room temperature. One also has to account for evaporation effects. So, we will see that the temperature 
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is really an asymptotic temperature in our experiment and will be determined during the plotting.

 Instructions: 

1.  Press the Go button to start the experiment. Hold the probe by the cable in the air, away from your breath, drafts and other objects that might affect the reading of the ambient room temperature. After a couple of seconds, grasp the body of the probe firmly and steadily with your hand.

2.  Observe the Temperature vs. Time curve on the monitor. When the curve begins to level off (about 15 seconds), release the probe and hold it again by the cable.

For the second part of the lab you will do a similar experiment except that you will heat the probe in hot water.

3.  Pour about a half liter of water in the calorimeter cup and bring it to a boil over the Bunsen burner.

4.  In the meantime, cut a piece of aluminum foil and fold it two or three times. Wrap the foil tightly around the thermistor probe. Adjust the temperature parameter to a range between 20 oC and 100 oC.

5.  Start the experiment as before. After 3 to 4 seconds, dip the probe with the foil in the boiling water.

6.  After the temperature curve begins to level off, remove the probe from the water and move it slowly and steadily to a place far away from the water vapors. Start sampling. The idea is to obtain a curve with a minimum number of wiggles. Se the plot on the next page.

7.  Cut and paste the data to Excel and save your file.

Data Analysis:      

Perform the following for your data set:



1.  We are interested in the part of the data representing the cooling of the probe. Delete all other irrelevant data.

2.  Subtract a constant from the time-axis variable, so that the first data point at the maximum height of the curve corresponds to 

 

3.  Estimate the asymptotic temperature Ta from your graph. Subtract this temperature from the temperature values T(t). The graph of T(t)-Ta vs. t should resemble a decaying exponential. Fit the graph of your data to an exponential function and determine the decay constant k.


The columns in your worksheet should look like that below. The second row is a sample of what should be typed for the formulae based upon the first data row as row 2. The original data is in the first two columns. The adjusted data is obtained using the formulae shown in the third and forth columns. This assumes  that the initial time is in cell A2 and the asymptotic temperature is 32. Copy and paste these formulae downward in the third and fourth columns. You can adjust you asymptotic value easily now to get the best exponential fit.

Original Time
Temperature
Adjusted Time
T(t)-Ta
Ta

A2
B2
=A2-A$2
=B2-E$2
32

Decay Constant  ___________
Asymptotic Temperature  ___________
Only turn in your graph with your lab sheet. Do not print out the data!
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