Math 114                                    Calculus I: Experienced                                  Fall 2005
Lab 1

Euler’s Method and Newton’s Law of Cooling

Names of the participants in your group:

Introduction
In class, we have used Newton’s Law of Cooling to set up an initial value problem (a rate equation and an initial condition) that describes the behavior of the temperature of cooling water as time progresses.  In this lab, you will explore more cooling examples using Euler’s Method.

1. Review of Euler’s Method

Use Euler’s method, with 
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2.  Euler in Excel

It is useful to be able to do Euler’s method with a large number of steps, rather than just the four steps of the previous example.  (Why is this useful?)  After a few steps, the computations become tedious to perform by hand.  In this section, you will learn to use Excel to do Euler’s method.  We’ll start by reworking the previous example.  

(1)  Open Excel.  Label cells A1 through D1 with t, y, y’, and delta-y.  Don’t bother trying to get the 
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 symbol; just type “delta-y”.

(2)  In the second row, type the values from the t=0 row in the previous example.  This is the only row you have to type in by hand.  Excel will compute the rest of the rows of the table.  The first row has to be done specially, because it uses the initial condition, instead of the formulas that all other rows use.  

(3)  In the third row, you want to enter general formulas for doing the computations that Excel can use to compute all subsequent rows.  Click on the cell A3.  To construct a formula for this cell, click in the space to the right of the equals sign (or to the right of the 
[image: image11.wmf]x

f

; depends on the version of Excel), and type an equals sign.  Your delta-t is 0.5, so this cell should contain (previous value of t)+0.5.  After you’ve typed the equals sign, click on cell A2, then type +0.5, then hit Enter.  The number 0.5 should appear in cell A3, but when you click on A3, the line after the equals sign should read, “=A2+0.5”.

(4)  Now enter formulas for the cells B3, C3, and D3.  B3 should be B2+D2.  C3 should be 

B3-3*A3.  If you understand where these formulas came from, you should be able to figure out the formula for D3 yourselves!

(5)  Now the third row of your Excel worksheet should be identical to the t=0.5 row from part (A), and all of these numbers should have been produced by formulas that Excel can extend.  Highlight the entire third row, by clicking on A3 and dragging across to D3 (or by clicking on A3 and then shift-clicking on D3).  A small black square should appear in the bottom right corner of the highlighted region.  Position the cursor so that a crosshair appears over this square.  Click on it, and drag down three more rows.  This copies the four formulas into the rest of the rows, and computes the results.  Excel assumes that it should increment the row numbers in the formulas, and that is indeed what you want.  For example, click on B5, and verify that its formula is correct.

(6)  So, now you’re done with this Euler’s method!  Have Excel graph the resulting approximation to the IVP solution.  Click on the Chart Wizard – one of the icons along the top that looks like a bar graph.  You want a “scatter” graph, so select that.  For chart subtype, select the bottom-left choice, “scatter with data points connected by lines.”  Click next. You want to graph only the t and y values – those are your data points.  So highlight that block of ten cells and make sure the button is marked to select data in columns.  Click Finish.  There’s your Euler approximation!

3.  Newton’s Law of Cooling…

says that the rate at which an object cools is directly proportional to the difference between the object’s temperature and the surrounding temperature (sound familiar?).  A cup of coffee, which is 84.98 degrees C, is placed in a refrigerator whose temperature is 3.84 degrees C.  Let H(t) be the temperature of the coffee, t seconds later.

(1)  Write down an IVP for this situation.  Check with me before continuing.

(2)  After 5 seconds, the temperature was measured, and found to be 81.03.  Use this, and the initial condition, to estimate H’(0), the initial rate of change of the termperature.

(3)  Solve your differential equation in (1) for your constant of proportionality, k.  After you find k, write down your new, improved IVP.

(4)  Sketch what you think the solution to this IVP ought to look like.  Think only about cooling coffee – how should the graph of its temperature look?

(5)  Use Excel to do Euler’s method, with delta-t=5 seconds, on your IVP from (3).  Stop when you get to 800 seconds (this corresponds to the coffee cooling for 13 minutes and 20 seconds).  What is your final coffee temperature?

(6)  Make Excel graph your approximate solution.  Does this graph match your expectation from  (4)?

LAB REPORT

(1) Short Response Question: Write a single paragraph discussing the results you obtained with excel in part 3.  Did your expectation of the graph match the results?  If not, explain what you think is going on in the model that accounts for the differences.  Discuss the features of the resulting graph.  When does the cooling rate of the coffee slow down?  How long do you think it would take for the coffee to reach the refrigerator temperature?  Is this in line with your expectations? 
(2) Essay Response Question:  Now you will use your Excel expertise to answer the following question, that has plagued a certain mathematician, Dr. Needska Feen for years:  If this professor wants to start drinking her cup of coffee five minutes after pouring it, she wants it to have cooled as much as possible by then, so that it will not scald her mouth, because she hates that.  Should she add the cream immediately after pouring the coffee, or at the end of the five minutes?
In order to answer this question, you will need to proceed as follows.

(A) Make an assumption about what effect the creamer will have on the coffee temperature.  There is not a “right” assumption, but you should be able to provide reasonable justification for the assumption.  Being as explicit a possible will help you.

(B) Modify the Newton’s Law of Cooling model to reflect the current situation.  You want to have a new IVP with parameter values that correspond to your modifications.  This means you need a rate equation with all variables and constants/parameters defined.  (This includes defining all the constants and choosing a value for k that is reasonable).  

(C) Pick a reasonable time step and a reasonable amount of time to consider the cooling process.  Be able to justify these choices.

(D) Using your modified model, use Excel to assist you in determining whether the coffee will be most cool if you add the creamer initially and let it cool for five minutes, or if you let the coffee cool for 5 minutes and then add the creamer.

**Write this portion of the response as a letter to Dr. Needska Feen.  She should understand how you arrived at your answer as well as WHY she should believe it.  

DUE DATE:  1 week from today’s lab (either September 19 for Monday’s lab, or September 20 for Tuesday’s lab).  Your report should be at least 2 pages; attach a title page to the front of the report that is signed by each of the group members.  Attach one complete  copy of the lab handout and the work done on it as well as a printout of the graph you produced in part 3 of the lab.  Each group only turns in a single copy of the report; the grade will be assigned to all members of the group. 
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