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Why Learn This
In this chapter we will explore the ways that graphs and diagrams are used to help analyze, understand, and validate data. Graphical analysis is used in a variety of fields (Psychology, Economics, Sciences, Engineering, to name a few ). Graphs are used to help visualize relationships and behavior of functions and models. Data sets become much more valuable when we draw the best conclusions possible. 

Orientation
This chapter uses mathematical concepts and includes many applications. Throughout the chapter, the computer and software are heavily used as part of our toolkit. In the first activity, some basic functions are introduced that appear in many important situations. In the second activity, you will learn how to set up graphs and how graphs help you solve real world problems. In the later activities you will learn techniques for using graphs to make predictions from collected data. The last activity demonstrates a macro function that does numerical integration; we use it together with earlier techniques to solve a problem involving an irregular area.

Here is a list of the activities in Chapter Six together with the major theme that each emphasizes:

Activity 6.1: Common Functions
Theme: Mathematical Thinking

Activity 6.2: Functional Graphing
Theme: Assessment

Activity 6.3: Graphing Table Data
Theme: Communication

Activity 6.4: Linear Regression
Theme: Teamwork

Activity 6.5: Polynomial Curve Fitting
Theme: Mathematical Thinking

Activity 6.6: A Numerical Integration Tool
Theme: Problem Solving

Learning Objectives
1.
To understand how several mathematical functions are widely used in different disciplines.

2.
To produce graphs that help visualize problems and their solutions.

3.
To set up an appropriate model and graph for a given set of data so that an appropriate prediction can be made.

4. To read and interpret graphs effectively.

5. To produce effective graphs to communicate the meaning of a set of data.

Performance Criteria
1.
Your success in understanding, manipulating, and using the functions appropriately.

2.
Your ability to set up the best graph for a given problem and to use it to make useful predictions.

Prerequisites
You should have completed at least the spreadsheet activities in Chapter Four, and preferably also some of Chapter Five.

Activity 6.1:
Common Functionstc \l2 "Activity 6.1:Common Functions

Theme: Mathematical Thinking
Why Learn This
There are five basic types of Mathematical functions that occur frequently in many different fields of study. Being able to recognize and use these basic function types will help you analyze a great variety of common problems.

Learning Objectives
1.
To be able to set up an appropriate set of numbers as domain for a given function.

2.
To be able to recognize the identity and behavior of a Linear function, a Quadratic function, a Rational function, an Exponential function and a Logarithmic function. 

3.
To be able to use these functions in applications.

Performance Criteria
1.
The ability to find a domain for each kind of function and set up a variable to represent it.

2.
The ability to apply an appropriate domain to a function.

3.
The ability to identify what is essential to make a function Linear or Quadratic or Rational or Exponential or Logarithmic. 

4.
The ability to apply an appropriate function to an application problem.

Class Preparation
Study the Vocabulary words in the Glossary and Models in this activity carefully.

Information
A linear function is used to show the relationship between Fahrenheit and Celsius temperatures; a quadratic function can be used to describe how a ball travels when it is thrown up; and in the financial world, an exponential function is used to find the value of a given amount of money after being invested at an interest rate for some period of time.

Plan
1.
Read this activity.

2.
Study the Glossary very carefully.

3.
Study the four Models and the six graphs in Figure 6.1.

4.
Answer the Critical Thinking Questions.

5.
Do the assigned Exercises.

Figure 6.1  Graphs of some representative functions:

A linear function, [image: image1.wmf]:

[image: image10.png]



A quadratic function, [image: image2.wmf]:

[image: image11.png]



A polynomial of degree 3, [image: image3.wmf]:
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A rational function, [image: image4.wmf]:
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An exponential function, [image: image5.wmf]:
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A logarithmic function, [image: image6.wmf]:


Vocabulary
In the Problem Solving Glossary study the terms: Function, Independent Variable, Domain, Dependent Variable, Range, Slope, Y_intercept, Linear Function, Quadratic Function, Polynomial Function, Rational Function, Exponential Function, Logarithmic function.
Models
Model 1
For each function below, determine the type and all the essential characteristics( slope, y_intercept, coefficients, etc. ) that make it unique, and find the Domain. Give your reasons for choosing the set of numbers to be the Domain. Look at the answers below after you have studied each function.

1.
Y  = 7*X  -9
2.
Y  =  -5*X^2 + X - 8
3.
Y  =  3*X^5 - 2*X^4 + 7*X^2 + 2*X - 13
4.
Y  =  (- 2*X^4 + 7*X^2 + 2*X )/(X - 5)
5.
Y  =  ( -5*X^2 + X - 8 )/(2 + X)
6.
Y  =  e^(2*X + 7)
7.
Y  =  
ln(X - 2)
Answers:
1.
Y  = 7*X  -9
A Linear function with slope =7 and y_intercept = -9.

Domain = Set of all real numbers.

Reason: The variable X can be replaced by any real number in order to produce a value for Y. 

2.
Y  =  -5*X^2 + X - 8
A quadratic equation with a = -5 ; b = 1 ; c = -8.

Domain = Set of all real numbers.

Reason: The variable X can be replaced by any real number in order to produce a value for Y.

3.
Y  =  3*X^5 - 2*X^4 + 7*X^2 + 2*X - 13
A polynomial degree 5 with 

c0 = -13 ; c1 = 2 ; c2 = 7 ; c3 = 0 ; c4 = -2 ; c5  = 3. 

Domain = Set of all real numbers.  

Reason: The variable X can be replaced by any real number in order to produce a value for Y.

4.
Y =  (- 2*X^4 + 7*X^2 + 2*X )/(X - 5)
A Rational function.

Domain = Set of all real numbers except 5. 

Reason: The number 5 makes the denominator equal to 0. The variable X can be replaced by any real number 

except 5 in order to produce a value for Y.

5.
Y  =  ( -5*X^2 + X - 8 )/(2 + X)
A Rational function.

Domain = Set of all real numbers except -2. 

Reason: The number -2 makes the denominator equal to 0. Therefore the variable X can be replaced by any real 

number except -2 in order to produce a value for Y.

6.
Y  =  e^(2*X + 7)
Domain = Set of all real numbers.

Reason: The variable X can be replaced by any real number in order to produce a value for Y.

7.
Y  =  
ln(X - 2)
Domain = Set of all positive real numbers greater than 2.

Reason: The numbers less than or equal to 2 make (X-2) less than or equal to 0.Therefore the variable X can only be replaced by any positive real numbers greater than 2 in order to produce a value for Y.

Model 2
The length of a rectangle is 4 yards less than twice the width of the rectangle.

1.
What is the area of the rectangle?

2.
What type of function is this area function?

3.
What is the area when the width is 10 yards?

Let X represent the width of the rectangle.

1.
Area = width * length

Area
= X( 2*X - 4 )
= 2*X^2 - 4*X 
2.
This a quadratic function with a = 2 ; b = -4 ; c = 0.

3.
Area
= 2*10^2 - 4*10
= 160
square yards.

Model 3
You want to drive from Peach Town to Riverside. If you can travel 25 mph faster on a freeway than a on the scenic route, find the ratio of how fast you could travel between these two cities.


1.
Set up a function for the ratio of the speed limit on the freeway to the speed limit on the scenic route.

2.
What type of function is this?

3.
How fast could you go on the freeway compared with the scenic route if the speed limit on the freeway is 65 mph?

 
Let X represent the speed limit on the freeway.

1.
Ratio = X/(X - 25)

2.
This is a rational function; X cannot be equal to 25.

3.
Ratio
= 65/(65 -25) 
= 65/40
or
13/8

or
1.625 times.

Model 4
In business, the compound interest formula is A = P*( 1 + I/M)^(T*M), where P is the principal (present value or the original value of the investment), I is the annual interest rate, M is the number of times the interest is computed per year, T is the number of years, and A is the value of the investment after T years.

1.
What type of function is this?

2.
What is the value of your investment after 2 years if you deposit $2,000 in an account that earns a 6.5% annual rate compounded quarterly?

3.
How many years would it take if you want the value of your investment to be at least $3,000?

1.
This is an Exponential function with (1+I/M) as base, and (T*M) as exponent.

2.
A
= 2000*(1 +.065/4)^(2*4)

= $2,275.28

3.
3000
=  2000*(1 +.065/4)^(T*4)

1.5

=  (1.01625)^(T*4)

LN(1.5)
=  LN( (1.01625)^(T*4) )

=  (T*4)*LN(1.01625)


[ Using a property of the logarithm function: 
LN(X^R) = R*LN(X) ]

T
=  LN(1.5)/( 4*LN(1.01625) )

=  0.41/(4*0.02)

=  5.12
----->  5 years and 3 months.

Critical Thinking Questions
1.
What arithmetic operations can you use with functions?

2.
What type is the function Y = ( ln(x))^2 ? Explain.

3.
What is the domain of the function Y = ln(X-2) + e^(2*X + 7)? Explain.

4.
 What type is the function Y = ( -5*X^2 + X - 8 )/(2 + X) + X^3 ?
5.
What are the differences and similarities between the Linear, Quadratic, and Polynomial functions? Explain.

6.
From Model #4, what interest rate are you looking for if you want your investment value to be $3,000 within 4 years? Show your reasoning.

Exercises
1.
For each function below, determine the type and all the essential characteristics (slope, y_intercept, coefficients, etc.) that make it unique, and find the Domain. Give your reasons for choosing the set of numbers to be the Domain.

(a)
Y  = -23*X  -20
(b)
Y  =  -3*X^2 - 8
(c)
Y  =  -9*X^6 - *X^4 + 3*X^3 + 2*X^2 - 13*X
(d)
Y  =  (- X^4 + 9*X^2 + 2 )/(4 - X)
(e)
Y  =  ( 3*X^2 + 2*X - 8 )/(X + 5 )
(f)
Y  =  e^(2*X^3 + 7*X)
(g)
Y  =  
ln(X/2) 
(h)
Y  =  3*ln(5 - X) 
(i)
Y  =  
ln(X/2) + e^(2*X^3 + 7*X)
(j)
Y  =  (-9*X^6 - *X^4 + 3*X^3 + 2*X^2 - 13*X)/(3*ln(5 - X) )
2.
A weekly rental of a compact car is $100, plus $.10 per mile or part of a mile. What is the total cost if you want to rent a car to go on a two week trip and plan to cover X number of miles?

(a)
Set up the function for the total cost.

(b)
What type of function is this?

(c)
What would be the total cost if you drove 2,000 miles on the trip?

3.
(a)
Set up a function to represent the sum of the squares of three consecutive even integers.

(b)
What type of function is this?

(c)
What is the sum if the smallest of the three numbers is 20?

(d)
What are the three integers if the sum is 200?

[ Hint: The Quadratic formula might help. ]

4.
The length of a rectangular swimming pool is 10 feet more than twice the width.

(a)
What is the surface area of the swimming pool?

(b)
What type of function is this ?

(c)
What is the area if the width is 30 feet?

5.
From a statistic, an NBA star can make eight out of every ten free throws attempted. 

(a)
Set up a function for the ratio of the shots made to the shots attempted.

(b)
What type of function is this?

(c)
How many shots would this player be expected to make if he attempted an average of 450 free throws per season?

6.
How much money will you have in 4 years if you invest $5,000 at 7.5% interest compounded monthly?

7.
From Exercise 6, how many years should you leave your money in the account if you want to double your investment?

Activity 6.2:
Functional Graphingtc \l2 "Activity 6.2:Functional Graphing

Theme: Assessment

Why Learn This
After your study of types of mathematical functions in the previous activity, this activity will help you visualize how a function behaves relative to its domain. Graphing is also a tool that can help you understand the relationship between variables. For example, in business, a graph of a COST function and a REVENUE function drawn on the same chart (relative to the number of items produced) shows the break-even point (where there is no loss and no profit occurs) and where the loss and profit occur.

Learning Objectives
1.
To produce a graph to show the relationship between the variable that represents the domain and the variable that represents the function.

2.
To graph two or more functions on the same chart in order to show relationship between the functions.

Performance Criteria
1.
A correct set of numbers used as domain.

2.
Your success in producing a graph that shows the relationship between the function and the domain.

3.
Your success in producing multiple graphs on the same chart, using the same domain.

Class Preparation
Review Activity 6.1 on Common Functions and study this activity carefully.

Plan
1.
As a team, read and analyze the Learning Objectives and the Performance Criteria, and make sure you understand the goals and the criteria for your performance of this activity.

2.
Study Example 1, in the Model, very carefully.

3.
Study Examples 2, 3 and 4. Observe what happens after you type in each command. To the right of each semicolon (;) explain in your own words what each command in the flow chart does and what result it produces. Be as specific and as clear as possible.

4.
Answer the Critical Thinking Questions.

5.
Do the assigned exercises.

Model
Example 1

Graph the function
y = 2 + 3x,
over the interval [1,6].

Answer:
Step1.
In a spreadsheet, enter the label X in cell A3 and the number 1 right below it, and 1.2 below that. Highlight cells A4 and A5 and drag the lower right corner down to extend this list through cell A29. This column will form the domain of the function.

Step2.
Put the label Y into cell B3, and in cell B4 insert the formula    “[image: image7.wmf]”. Drag to copy that formula into cells B5 through B29. This list forms the range of our function.

Step3.
Select the “chart wizard” (in Excel) or whatever graphing tool your software has and follow the directions to produce a line graph, using cells A4 through A29 as domain (or “category”, in Excel).

Example 2

Given the functions:

Y
=
1/(2X-1)


Z
=
10(2X^2-1)/(X-1)

W
=
40X^2 - 13

V
=
10LN(x)

S
=
10EXP(X) 
over the interval [-2,2], graph the above functions separately (one graph on each chart) and then all together (all the graphs on one chart).

Example 3

The amount you have to pay for a credit card balance of $P, that is M months over due at I% annual interest rate, can be calculated using the formula

A
=
P*(1+I/12)^M,

when the interest is calculated monthly. Assuming, there is no penalty and you pay interest on the interest from the previous months.

(a).
How much will you have to pay after each month in the  first year if the balance is $748 and the annual interest rate is 19%?

(b).
Use a line graph to show how your balance grows in the first year. Should you leave the balance for the second year?

Example 4

You want to start a gourmet cookie business while you are going to school. From research, you have learned that equipment rental (including utilities) is $240 and ingredients cost $3 per tin. You could sell them for $10 a tin. Your cookies are so popular and in such great demand that you can sell all you can make. As a full time student who wants to retain a 3.8 GPA, you have time to make up to 300 tins a month.

(a).
Find the COST function.

(b).
Find the REVENUE function.

(c).
Graph the COST and REVENUE functions on the same chart.

(d).
Find the break-even point ( the point where cost meets revenue ---- no profit no loss).

(e).
Find the maximum profit each month.

Critical Thinking Questions
1.
What is the minimum information your software needs to graph a function?

2.
Name the type of each function in Example 2.

5. In Example 2, what value is computed for function Y when X = 0.5, and for function Z when X = 1? What is the significance of this? How should you interpret the graphs at these points?

4. In Example 2, what is the meaning of the values computed for function V when X is less than or equal to 0?

5.
What is the difference between using 5, 25, and 100 subintervals when graphing these functions?

6.
Would you recommend to a friend to keep a credit card balance for a long period of time? Explain. (You can use the information from Example 3.)

7.
How many tins of cookies, in Example 4, do you have to bake in order to assure a profit of $1, 200 each month?

Exercises
1.
Use your software to produce a line graph for each the following functions, using the assigned interval.

(a).
Y = 2 + 3*X^2 - 4*X^3
,

[-3,3]

(b).
Y = EXP(3/X)

,

[1,4]

(c).
Z = X^2/(3-X)

,

[4,9]

(d).
Y = LN(X)

,

[1,4]

(e).
Z = -2/X + 5

,

[1,4]

2.
Use your software to produce line graphs on the same chart using the functions from Exercises 1(a), (b), (d), and (e).

3.
Your factory can produce between one and 25 widgets each month. You sell each one for $40. Materials cost $10 per widget, and overhead for the part of the factory making widgets is $50 each month regardless of how many are made. Let X represent the number of widgets made each month. 

(a).
Find the COST function.

(b).
Find the REVENUE function.

(c).
Graph the COST and REVENUE functions on the same chart.

(d).
Find the break-even point ( the point where cost meets revenue – no profit and no loss).

(e).
Find the maximum profit each month.

4.
You inherited $10,000 from your grandparent and would like to invest in a savings account that pays an annual interest rate of 6%. The interest is calculated monthly and is automatically added to the principal. How much money would you have in the bank four years from now? Show the graph of how your investment grows.

Activity 6.3:
Graphing Table Datatc \l2 "Activity 6.3:Graphing Table Data

Theme: Communication

Why Learn This
“A picture is worth a thousand words.” In data tables often a graph or chart can help analyze or represent the data more effectively and visibly. This activity adds to your skills in data manipulation and analysis, and familiarizes you with representing data in graphs.

Learning Objectives
1.
To create graphs and charts from table data.

2.
To add titles and axes labels to graphs.

 Performance Criteria
1.
Your success in accessing and using the graphing capability of your software.

2.
The quality of your answers to Critical Thinking Questions.

Class Preparation
Read this activity. Review the previous activities in this chapter. You should already be familiar with data tables from the previous chapter.

Resources
1.
A personal computer for each team with spreadsheet software installed.

Plan
1.
Devise your own plan to complete the activity.

Model
1. Start your spreadsheet software, open a new workbook, and create a table called BUDGET:

	 BUDGET
	 AMOUNT

	   Rent
	500

	   Heat
	180

	   Light
	35

	   Food
	250

	   Fun
	100


Highlight the entire data area (from BUDGET through 100), and start the “chart wizard” (or start the graph-building tool). Display several of the types of graph that are available for BUDGET. You should be able to create a Line chart, a Bar chart, a Pie chart, and a scatter chart. Which graph displays the information most meaningfully?

2. Create another table called MILLTOWN.

	   MILLTOWN
	POPULATION

	   1988
	938

	   1989
	1017

	   1990
	935

	   1991
	987

	   1992
	1015

	   1993
	962

	   1994
	1018

	   1995
	1225

	   1996
	1188

	   1997
	1459


Try making several types of graphs for MILLTOWN. Experiment with headings and axis labels. Again, which type of graph appears most meaningful? Save the workspace on your team’s diskette, using the name Graphs.

3. Now load the People workspace from the previous chapter. Using the data in that table, create a graph in which the domain is Age, and the range is Income. Then create one in which the domain is Age and the range is GPA.

4. Next, see if you can make a combined graph showing both Income and GPA, using Age as domain. Can you find a way to scale Income but not GPA so that it is easier to compare them on the same chart?

5. Save the workspace on the team diskette.

Critical Thinking Questions
1.
Which graph type did you choose for the Budget table? Why?

2.
If you were to use a Pie Chart for either the Budget table or the Milltown table, for which table is it more appropriate? Why?

3.
How do you combine two graphs into one?

4.
What kind of information is displayed more clearly in a Line chart than in a Pie chart?

5. What characteristics of data tables are seen more easily in a graph than they are by simply inspecting the raw data?

Exercise
Access workspaces given to you by your instructor, and apply these graphing commands and skills to provide some meaningful presentation graphs.

Activity 6.4:
Linear Regressiontc \l2 "Activity 6.4:Linear Regression

Theme: Teamwork

Why Learn This
In many applications, the collected data are scattered, and there is no line or curve that goes through all points. We want to find a formula that can represent the data so that we can read the meaning of the data and make a prediction (within the data range or outside). The simplest formula is a linear function which can be expressed as a straight line. In this Activity, we will try to find the best straight line possible to represent a given set of data.

Learning Objectives
1.
To be able to find the best straight line to fit a given set of data.

2.
To be able to set up a linear function to represent such a straight line.

3.
To be able to use a linear function to make predictions.

Performance Criteria
1.
The ability to set up the best linear function for a given data.

2.
The ability to make predictions using a linear function.

Class Preparation
Review previous activities in this chapter and read this activity. Look up the meaning of “Linear Regression”.

Vocabulary
In the Problem Solving Glossary study the term Linear Regression.

Resources
1.
Previous Chapters of this book.

2.
This Chapter.

3.
You software’s  Help System.

Model
A manufacturer is considering switching to a new advertising firm, unless the manufacturer is convinced that there has been a significant relationship between their advertising costs and their income over the past seven years. This information is summarized below.

Advertising




Income

($10,000's)




($100,000's)

   12





   

31

   14





   

38

   16





   

47

   15





   

42

   13





   

37

   19





   

51

   14





   

39

Use the above information to predict the Income when Advertising is $210,000.

Procedure. We will describe the procedure in Excel 5.0. If you are using different software, you should be able to find analogous techniques for accomplishing similar results.

1. Create a table of the given data, with headings.

2. Create a scatter plot of the data, with Advertising as domain (“category”) and Income as range (“value”).

3. Double-click the chart to select it, and then click on a data point on the graph.

4. Now select “Trendline” from the “Insert” menu.

5. Choose “Linear regression”.

6. From “Options”, choose to “Forecast Forward” 2 units, and mark the box to “Display Equation on Chart.”

Critical Thinking Questions
1. What is the predicted Income if Advertising is $210,000?

2. Does the Income tend to increase with increased expenditure on Advertising, as one might hope?

3. Why is it useful to create a scatter plot as part of linear regression?

4. What type of function is displayed on your chart? (See the first activity in this chapter).

5. Are the advertising and income data significantly correlated? (Hint: find a function that will tell you.)

6. Based on the graph and the computed values of the linear regression line and the correlation coefficient, would you recommend to the manufacturer that a new advertising  agency should be found? On what basis do you justify your recommendation?

Exercises
1. 
The tensile strength of a sample of copper wire needs to be tested. As weights are added to the hanging wire samples, they are stretched. A summary of the loads (in Newtons) and the increase in length (in centimeters) is indicated below:

Load:         0      10     20     30     40     50    60 

Strength:    0   0.03  0.07  0.09  0.13  0.17  0.24

Use linear regression to predict the amount of strength if a load of 65 Newtons is added to the wire.

2.
A medical researcher needs to determine the appropriate dosage (in milligrams) of an experimental drug used to control the pulse rate (in beats per minute) of coronary patients. Her findings are given below:

Dose:  0.100   0.125   0.150   0.200   0.250   0.300   0.400

Pulse:      94        92       89        86        81        79        75

Summarize these results. Predict the necessary dosage to lower the pulse rate to 72 beats per minute.

Activity 6.5:
Polynomial Curve Fittingtc \l2 "Activity 6.5:Polynomial Curve Fitting

Theme: Problem Solving

Why Learn This
A curve is used to represent the graph of a set of data when it is able to provide a better estimate than a straight line. There are many different curves (of different patterns) which are represented by polynomials of different degrees. For each degree chosen, your software will give you the best curve possible. The higher degree you choose, the more work is required for you and your computer (such as computer time and memory), and maybe a better result. You have to weigh the quality versus the cost (or trouble) you may have to face, and then make a decision. In this Activity, we will try to find a few different curves to represent our data, and then choose the best one.

Learning Objectives
1.
To be able to set up polynomials of different degrees to represent a given data set, and then choose the one you think fits your data best.

2.
To be able to use the best fit polynomial to make predictions.

Performance Criteria
1.
The ability to set up the best polynomial for a given data.

2.
The ability to make predictions using a polynomial.

Class Preparation
Review Activities 6.1 and 6.4 and read this activity. Look up TRENDLINE in the Excel Help system, or Regression, Trend, or Curve Fitting in other software’s Help system.

Resources
1.
Some knowledge of Linear Regression.

2.
Information in this Activity.

3.
The Help System of your software.

Plan
1.
Read this Activity.

2.
Study the Model.

3.
Answer the Critical Thinking Questions.

Model
In observing the motion of a particle, the following data have been collected:

Time(seconds)
           Distance(feet)

0.42




21.45

0.48




21.49

1.14




19.70

1.26




19.04

1.56




17.09



Time(seconds)
           Distance(feet)

1.98




13.96

2.04




13.50

2.58




9.63

2.82




8.27

3.00




7.48

The distances represent the positions of the object relative to a given reference point.

Predict the position of the above object at 3.5 seconds.

We will use regression, as we did in the previous activity, but this time we will look for coefficients of a polynomial of a given degree.

Procedure
5. Create a table with the given data, and create a scatter chart. Then copy the scatter chart to two additional locations in your worksheet.

5. Select the first chart and create a Linear Regression line and equation. In Options, also check the box to display the R2-value (this is an estimate of how good a fit you have, a perfect fit being 1.)

Critical Thinking Questions
1.
Looking at the three charts, which looks as if it gives the best fit? Does that agree with the R2 values?

2.
What considerations would make you prefer a Linear regression line to a 2nd-degree Polynomial?

3.
How do you know when you have found an appropriate fit for the data?  How do you know that you do not need to try a higher degree polynomial?

4.
How can you compare graphs of polynomials with different degrees ?

5. Describe two situations in which a linear equation would give the best fit.

5. Describe one situation in which a second-degree polynomial (i.e., quadratic) equation would give the best fit.

Exercises
1.
A carton has been tossed upward from the roof of a 120-foot-tall building, and its path has been recorded by direct observation. The following summary shows the distance the carton was above ground (in feet) at various times (in seconds):

Second   :   0   0.5   1.0    1.5    2.0   2.5   3.0   3.5   3.9

Feet    :  120   130   135  132   120    98    74    35     0

Find an equation which describes the distance of the carton above the ground as a function of time.

Use polynomials of degrees 1, 2 and 3. Compare the graphs and then pick the one that is the best fit.

2.
Use the data below to predict the value of yy when xx equals 3.4.

xx   :    1.56    1.98    2.04  2.58   2.82   3.00

yy   :  17.09  13.96  13.50  9.63   8.27   7.48

Use polynomials of degrees 1, 2 and 3. Compare the graphs and then pick the one that is the best fit.
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Theme: Problem Solving

Why Learn This
In this activity we will introduce you to a tool that lets you find the area between the curve and the X-axis, between a pair of given values of X. The technique used here, a form of Numerical Integration, properly belonging to the Calculus, illustrates both a further use of polynomial curve fitting as well as the possibility of designing your own custom-built functions if they aren’t already included in your software. We will use this tool, together with the polynomial curve fitting technique of the previous activity to solve a practical problem.

Learning Objectives
1.
To be able to use the Numerical Integration macro tool to find the area under a curve between two values of X.

2.
To see an example of a custom-built function in Excel.

5. To see how to use this function to solve a problem.

Performance Criteria
1.
The ability to set up the parameters to use the Numerical Integration macro tool.

2.
Some understanding of the power that macro functions provide.

Class Preparation
You should be well familiar with the previous activity on polynomial curve fitting. Read this activity.

Resources
1.
Excel software.

2.
The NumInt.xls worksheet (for Excel 5) or the NumInt95.xls worksheet (for Excel 95) on your diskette.

Information
The NumInt function, which is defined on the Module 1 sheet of the NumInt.xls workbook, approximates the area under a curve (the definite integral) by dividing the base of the desired area into a large number of tiny segments and computing the area of a rectangle on each, that runs from the X-axis up to the given curve, and then adding all of those areas. This function could easily be modified to use the “trapezoidal rule”, using trapezoids instead of rectangles for slightly better accuracy with the same number of computations. You can experiment with the NumInt function, changing the polynomial, the lower and upper limits, as well as the number of rectangles computed.

Plan
1.
Design your own plan.

Model
Melissa has been hired to paint a large wall on an unusual building with a large, curved roof. The wall is 120 feet long, 20 feet high at one end and at the 90-foot point , and 32 feet high at the 30-foot point and at the far end (120 feet). The upper edge of the wall is in the shape of a 3rd-degree polynomial. The paint she will use covers 400 square feet per gallon. How many gallons of paint does she need to cover the wall?

Procedure
5. From the diskette, load the Excel workbook called NumInt.xls. Click on Sheet 2 to get a clear sheet to work on.

5. Label two columns Distance and Height, and enter the given data (0, 30, 90, 120; and 20, 32, 20, 32).

5. Create a scatter chart of this data.

5. Insert a trendline of type polynomial, degree = 3, and under “Options”, click “Display Equation on Chart”.

5. Note carefully the coefficients of the polynomial. Then click on Module 1, which shows the code (program  instructions) for the Numerical Integration macro. Enter the polynomial equation carefully in place of the indicated one (in the line below the line which reads “Line below contains the formula to be integrated.”)

5. Click on Sheet 1. Then enter the integration limits (beginning and ending distances: 0 and 120) into cells A14 and B14. Press the F9 key and wait for a few seconds for the program to compute the area of 10000 tiny rectangles that approximate the area of the wall below the polynomial curve!

5. Divide the resulting area by 400 to get the number of gallons of paint needed (when rounded up to the nearest whole number, you should get 7.)

Critical Thinking Questions
1.
What is the area of the wall, to the nearest square foot?

2.
Why do we need to produce a graph before obtaining a Trendline polynomial from our data?

6. How does the number of intervals affect the accuracy of the NumInt computation?

4.
Think of three other situations in which it could be useful to find the area beneath a polynomial curve.

5.
Think of three other capabilities that Excel does not have built-in functions for, that you feel could be useful in some situations.

Exercises
1.
Find the area beneath the curve    [image: image8.wmf]    between x = 3 and x = 7.

2.
A window is shaped as follows. It is 4 feet wide, and each side goes up straight for 6 feet. The top of the window is in the shape of a parabola, and the highest point is 9 feet above the bottom of the window. What is the area of the window in square feet, to two decimal places?
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