Lab 4

Newton’s Law of Heating and Cooling
Overview

Newton’s Law of Cooling states that the rate of temperature change of an object is proportional to the temperature difference between the object and its surroundings.  To express this mathematically, we let T be the temperature of the object in question, R the ambient temperature (the room temperature), and t time.  Then, Newton’s Law of Cooling can be expressed as dT/dt = -k(T-R) where k is some constant.

It is important to note that both T and R are functions of time.  In other words, both T and R are changing over time.  If we assume that R is actually a constant, then this differential equation is separable and can be solved using our methods.  In fact, you will be asked to solve this differential equation as part of this lab (the actual solution is given below as well).

In this lab, you will heat a metal temperature probe using a cup of hot water (heating the probe using your body temperature would work too, but the hot water will heat the probe to a much higher temperature).  We will then collect temperature data as the probe cools.  We will use this data to check the accuracy of Newton’s Law of Cooling.

After performing this experiment with a hot probe, we will cool the temperature probe with a cup of cold water and collect data as the probe warms.  We will use this data to again check the accuracy of Newton’s Law of Cooling.

Materials

· Computer

· Lab Pro interface equipped with two temperature probes

· Erlenmayer Flask

· Hot water

· Cold Water

· Paper towels 

· Tape

Procedure

Prepare the equipment
· Connect one temperature probe to Channel 1 of the Lab Pro and the other temperature probe to Channel 2 (if this has not already been done for you).

· Start LoggerPro.  Remember you might have to cycle the power on the LabPro for LoggerPro to recognize the hardware.

· At the bottom right-hand corner of the monitor there are should be two boxes labeled “Temperature-Live.”  You can read the actual temperature of your probes in these boxes.

· You will use the temperature probe connected to Channel 2 of the Lab Pro to measure ambient temperature.  Tape the handle of this probe to the desktop so the probe itself is not touching anything.

· Open the experiment file for this lab, “lab4.”
Cooling 

· Fill the Erlenmayer flask with between 150ml and 200ml of hot water.  Exercise some caution – the water is very hot!

· Place the temperature probe connected to Channel 1 of the Lab Pro in the flask of hot water and hold it there until the temperature appears to have leveled off.  Your goal is to heat up the temperature probe.

· When the temperature appears to have leveled off, remove the probe from the water and dry it quickly and completely with a paper towel.  (This is to make sure heat loss is due only to radiation and not to evaporation.) 

· After drying, tape the probe on the desktop next to the Probe 2.

· Click “Collect.”  LoggerPro will collect data for five minutes. 

· While the data is being collected, return the hot water to the hot water tank and do Problem 1 on the Lab Report.

· After the data is collected, do Problem 2 on the Lab Report.

Hopefully the temperature of the lab room was fairly steady, in which case “Temperature 2” should have been nearly constant.  If we assume that R is constant then, as you should have already done, we can solve the differential equation dT/dt = -k(T-R).  Unfortunately, if R is not constant, then our methods will not solve this differential equation.  We will be assuming that R is constant, so we first need an estimate for R.  As our estimate for R, we will use the average of the values collected as Temperature 2.

· Click on the “Statistics” button (or “Analyze” -> “Statistics”).

· Choose the Temperature 2 column and click OK.

This will give you the mean for your Temperature 2 data.  Record this on your lab report as your estimate for R.

Assuming that R is constant, the solution to our differential equation is T=Ae-kt+R.  We are going to fit our data to this model:

· Click on the “Automatic Curve Fit” button (or “Analyze” -> “Automatic Curve Fit”).  

· Select the “Natural Exponent” equation: A*exp(-C*x)+B.

· Enter your value for R in the “B Value box” (the average that you computed).

· For “Perform Fit On”, select “Temperature 1.”

· Click “Try Fit” and then “OK.”

Answer Problem 3 on the Lab Report.

Heating

We are now going to take a cold probe (cooled using ice water) and watch it warm up.  Perform the same data collection and analysis that you performed with the warm water (you can look back at those steps for the details if you don’t remember).

First we don’t want to lose the data already collected, so select on “Data” -> “Store Latest Run.”  This will store the cooling data in memory and will allow you to run another experiment and even compare the two experiments.  You can select “Data” -> “Hide Run” -> “Run 1” to hide the graph of one of the runs and “Data” -> “Show Run” -> “Run 1” to show the graph and access the data from “Run 1” again.  After you have selected “Store Latest Run,” your cooling experiment that you just performed is now labeled “Run 1” and the data you are about to collect will be labeled “Latest.”

· Get the cold water and cool the Probe 1.

· Dry the probe and collect data.

· Return the cold water to the cold water tank.

· Determine an average room temperature value to use for R.  (After pressing the “Statistics” button, make sure you choose “Temperature 2 – Latest.”)

· Fit the heating data to an exponential curve A*exp(-C*x)+B where you let LoggerPro chose the value for B (you do this by leaving the “B Value” box empty).  Make sure you choose to perform the fit on “Temperature 1 – Latest.”  (The reason for not filling in the box is what looks to be a bug in the LoggerPro software.  Try filling in something for B and see what happens.)

· Answer Problems 4-6 on the Lab Report.

More Thoughts

Answer Problems 7-9 on the Lab Report.

