MATH 1333 Day 27.  Wednesday, April 23, 2008             Modeling with Power Functions and Logarithms

1. Go over Quiz problems.
Topic U.  Modeling, Part IV.  Power Functions and Logarithmic Graphs
2. Notice that the first part of Topic U is about making a workbook to use a power function to model data.   We have already made such a worksheet when we were practicing making modeling worksheets from a blank worksheet.   In this section, learn about typical types of situations that are modeled using power functions and the shape of these graphs.  Read section 1 to find 

a. the typical shapes,
b. the typical uses,

c. how to select reasonable parameter values.  

3. Do you know about radioactive decay?  That’s when we start with 1000 grams of the radioactive substance, then after a certain period of time (called the “half-life”) where there is only 500 grams of the original substance left (and the rest has turned into some non-radioactive substance,) and after that same period of time again, only 250 grams is left, etc.  An important question is “When is there only … of the substance left?”
a. Suppose we have a situation like that, and the “safe” level of the substance to have around is 2 grams.   We want to graph the data in a way that makes it easy to see, from the graph, when the amount of the substance has decreased to 2 grams.

b. In the spreadsheet beside today’s handout is the data, showing the days since the beginning and the amount of the substance at the end of each day.    Make a graph of this, with the amount as the output variable.  Just from the graph alone can you see when the amount drops below 2 grams?   No.   (We’ll do this in class.) 
c. Now obviously you can look at the numerical values and estimate the answer pretty well – it’s going to be between 70 and 75 days.  To give a more precise answer, you’d need to do give it some more thought.

d. Problems like these come up in lots of different applications.  They are so important that people have developed a new way of looking at numbers and at graphing to handle these.   The point is that we need to be able to have a graph that includes very large values, but then it also needs to have more detail about the small values than is realistic when you make your scale good to include the large values.

e. So the solution people have devised is to use “logarithms”  or to do what is called a “semi-log” graph.    

f. A semi-log graph changes the scale on the vertical axis to make the small values take up much of the axis and then the large values take up the rest.    In class, I’ll demonstrate how to change the vertical axis to a logarithmic scale.  (See Topic U, end of page 6 for instructions.)   Notice that the vertical axis no longer shows the zero line.   That’s an important thing to know.  And so the labels of values on the horizontal axis are near the line y = 1 instead of the usual y = 0.  
g. Now, you use Excel to make a semi-log graph of this data.
h. What could we do to make this graph more useful to find what x value will give y = 2.00?  Answer.  When we make the original graph, connect the points, and show both major and minor gridlines on both axes.    When we do this, we can use the graph to, quite precisely, find that x = 72 gives y = 2.00.  
i. What does “semi-log” mean? What does “log-log” mean?   We’ll discuss.  See Topic U, pages 7 and 8.  
j. Now you make a semi-log graph of these data, so that you can we see more easily when the amount falls to 2 grams.    
k. Use your semi-log graph to estimate the day when the amount left is 2 grams.  Then use it to estimate when the amount falls to 0.6 grams.    Again, notice that the vertical axis doesn’t show the zero line.
4. The radioactive decay problem is data that fit an exponential formula, so a semi-log graph of the data shows a straight line.   If the data is best modeled by a power formula, then to get a straight line, we’d have to use a log-log graph. Topic U, pages 7-9.  Choose Example 8, dataset A.  Copy the data into a blank spreadsheet 
a. Graph the data.

b. Change the output axis to a log scale.   Does that give a straight line?  No.

c. Change the input axis to a log scale, so that now both axes are on log scale.  Does that give a straight line?  Yes.    So that tells us that the data is best modeled by a power formula.  We could then use our modeling techniques to find the best power formula for these data.  We won’t take time to do that today.

5. What does “logarithm” mean?   We’ll briefly read through Section 2, pages 5 and 6.  In College Algebra and in some science courses, you would learn to find logarithms of numbers and use those to solve equations.   Here we won’t go that far.  The main reason for introducing logarithms is to help you understand the meaning of semi-log graphs and log-log graphs and why we use them. 
6. Investigate logarithms:  Go back to the radioactive data worksheet for today.  Make a new third column which is the logarithm, base 10, of the output values, that is, the amount of the substance.   Then copy two columns of the data to a new sheet – the input values for days, and the output value now as the logarithms of the amounts.   Graph that data.   Notice that it is a straight line.    It is actually the same straight line as we obtained in the semi-log graph of the original data, BUT the output axis is labeled in the logarithms of the numbers now, so it’s a little harder to read the amounts.  We have to take one of those y values on this graph, think of it as a logarithm, and convert it back to an amount by making it the exponent on 10. Here’s how we’d solve our original problem:

a. We want to know when the amount is 2.00.  So that means the log (amount) = log (2.00) = 0.301

b. So, I go to the y-axis of my graph here and find where y = 0.301.  In order to do this, I had to graph it again and show all the major and minor gridlines, and then print the graph so that I could run my finger across and find it.  That graph is given below. You produce the graph yourself, and then (because our printer may not be working) you can use the one I am giving you here to answer the question: “At what x-value (days) is the amount equal to 2.00?”
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c. Did you get the same answer for x here that you did when you used the semi-log graph to answer the question “When will the amount be equal to 2.00 grams?”   You should get the same answer.    Keep asking until you can do this.

7. Review the objectives for this lesson.   Notice that the objectives DO NOT include much about computing logarithms and nothing about solving equations with logarithms.  The main point of this lesson is to understand semi-log and log-log graphs and we are learning enough about logarithms to understand those.  
Homework:  Topic U. 9, 11, 13, 15, 17, 19, 21, 23
Quiz for next time:  

1. Topic V.   Exercise 12, which is 2.4, problem 46 about the airplane.  
2. Topic V.   exercise 22, which is 7.3, problem 52 about the distance between factories
3. Topic U. 14

4. Topic U. 16
5. Topic U. 26

