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PREFACE

Our purpose in Applied Finite Mathematics is to introduce the mathematical
tools most needed by students of business, economics, biology, and social
science. We have tried to demonstrate the use of these tools to increase
students’” motivation. The material in this book is more than sufficient to
provide a one-semester course in applied finite mathematics.

The book is intended for students who have had between one and two
vears of high school algebra. We have begun the book with two chapters of
primarily review material. Depending upon the preparation of the students
in the class, the instructor may include both of these chapters or refer to
them as needed.

Important features of the book are as follows:

Modeling Approach A modecling approach is used throughout the book.
This teaches students to think about how to attack a problem, rather than
simply “plunging in.” As a result, the modeling approach provides a better
way to understand the mathematics in the book.

Writing Style The book is written so that students can read it. Through
the use of a conversational, casual stvle, we neither talk down to students
nor do we bore them.

Examples All examples in the book are completely worked out. Thus we
cnsure that students will not miss the purpose of an example because they
can’t supply a missing algebraic (or arithmetic) manipulation. Moreover,
cach chapter contains many examples.

Practice Problems Most examples are followed by a practice problem (and
answer) to reinforce the concept demonstrated by the cxample.
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Problem From Life Each chapter begins with a “Problem From Life” to
help answer the questions “What good is this stuff?”” and “Why do I need
mathematics?” Each of these problems is worked as an example in the
chapter.

Chapter Reviews Each chapter ends with a review and a set of review
problems. The chapter review provides a summary, in alphabetical order,
of the important terms and procedures the student should know. This
provides an excellent starting point for study and a ready reference for
review.

Exercise Sets Each chapter contains several exercise sets with numerous
problems. Problems range in difficulty from basic drill to more-advanced
exercises that are designed to test basic comprehension. Answers to the odd-
numbered problems are provided in the back of the book.

Calculator The use of a calculator is integrated into the book, with examples
that demonstrate explicitly the steps required to use a calculator.
Supplements An instructor’s manual, which includes detailed answers to
the even-numbered problems, is available. In addition, a student solutions
manual, which provides detailed answers to the odd-numbered problems in
the book, is also available.

Acknowledgments
We are extremely grateful for the excellent suggestions provided by the
reviewers of the manuscript:

Wilson P. Banks, Illinois State University

Ron Barnes, University of Houston/Downtown

Raymond Coughlin, Temple University

Sam Councilman, California State University, Long Beach
Duane E. Deal, Ball State University

Frank Deane, Berkshire Community College

Murray Eisenberg, University of Massachusetts, Amherst
Curtis C. McKnight, University of Oklahoma

Tom Rodgers, Tyler Junior College

Peter Tannenbaum, California State University, Fresno
Carrol G. Wells, Western Kentucky University

Any errors that remain are solely our responsibility.

We also wish to thank Beverly Bowlas for typing the problem-solutions
and the staff at Addison-Wesley who transformed a rather messy manuscript
into this book. We especially wish to thank Pat Mallion, Director of Devel-
opment, for her faith in us and Jeff Pepper, Mathematics Editor, for his
understanding, suggestions, encouragement, and great patience.

Richmond, Virginia RJ.C.
PM.U.



CONTENTS

’H |

NUMBERS, CALCULATORS, AND
SETS 2

1.1 Problem Solving and Modeling 4
1.2 The Real Number System 6

1.3 Calculators 13

1.4 Sets 19

1.5

Chapter Review 32

2
L e
ALGEBRA 36
2.1 Basics of Algebra 38 :
2.2 Polynomials and Algebraic Expressions 48
2.3 Rational Expressions 62
2.4 Chapter Review 70

3

b -
SOLVING EQUATIONS 74

3.1 Modeling Equations 76

3.2 Linear Equations and Inequalities in One
Variable 80



viii CONTENTS

3.3 Quadratic Equations and Inequalities

3.4 Linear Equations and Inequalities in Two

Variables 104
3.5 Chapter Review 123

4

FUNCTIONS AND GRAPHS
4.1 Functions 128

4.2 Graphing Functions and Relations 137

4.3 Variation 160
4.4 Sequences and Series 167
4.5 Chapter Review 180

5

VECTORS, MATRICES, AND
RELATED OPERATIONS
5.1 Vectors and Vector Operations 188

5.2 Matrices and Matrix Operations 197
5.3 Chapter Review 217

6

“

SOLVING SYSTEMS OF LINEAR

EQUATIONS
6.1 Systems of Linear Equations 222
6.2 Solution by Substitution 226
6.3 Solution by Gauss—Jordan Elimination
6.4 Solution by Matrix Inversion 254
6.5 Application: Input-Output Analysis 266
6.6 Chapter Review 271

7

LINEAR PROGRAMMING:

GEOMETRIC APPROACH

7.1 Definition of Linear Programming 276

7.2 A Geometric Interpretation of Linear
Programming 284
7.3 Chapter Review 298

92

126

186

220

237

274



CONTENTS ix

8
LINEAR PROGRAMMING BY THE
SIMPLEX METHOD 302
8.1 Maximization with < Constraints 304
8.2 Maximization with = and = Constraints 320
8.3 Minimization 329
8.4 Duality 336
8.5 Chapter Review 345
9
L~ ]
EXPONENTIAL AND
LOGARITHMIC FUNCTIONS 348
9.1 Exponential Functions 350
9.2 Logarithms 357
9.3 Chapter Review 370
10

b ]
THE MATHEMATICS OF

FINANCE 372
10.1 Simple Interest 374
10.2 Compound Interest 385
10.3 Ordinary Annuities 396
10.4 Annuity Due 407
10.5 Deferred Annuities 413
10.6 Chapter Review 418

11

L .
PROBABILITY 422
11.1 Basics 424
11.2  Probabilities of Unions and of Complementary
Events 436
11.3  Conditional Probability and the Probability of
Intersections 441
11.4 Bayes’ Theorem 450
11.5 Counting: Permutations and Combinations 457
11.6 Markov Chains 471
11.7 Chapter Review 478



12

CONTENTS

STATISTICS
12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8

13

Portraying Data 484

Measures of Central Tendency 491
Measures of Dispersion 497

The Binomial Distribution 504
The Poisson Distribution 509

The Normal Distribution 515

The Exponential Distribution 527
Chapter Review 530

DECISION THEORY AND GAME

THEORY
13.1
13.2
13.3
13.4
13.5

Expected Values 538
Decision Making 546
Decision Trees 554
Game Theory 564
Chapter Review 577

L ]

APPENDICES

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E

Common Logarithms 584
Natural Logarithms 586
Binomial Distribution 587
Poisson Distribution 592
Normal Distribution 593

ANSWERS TO ODD-NUMBERED PROBLEMS

INDEX

482

536

583

595
623



APPLIED
FINITE
MATHEMATICS



NUMBERS,
CALCULATORS,
AND SETS




Gary and Georgia Vanning ate dinner with another couple, the Coopers.
The Vannings paid $14.50 for the drinks in the bar before dinner. The
bill for dinner (including sales tax of 5%) was $107.50. The Coopers
and the Vannings decide to split the entire cost fifty—fifty (each couple
will pay one half the total). The tip should be 15% of the cost of the
dinner without tax. How much should each couple pay? How much
more do the Vannings need to pay? (To be solved in Example 1, Section
1.1.)

PROBLEM
FROM
LIFE




1.1

CHAP.1 NUMBERS, CALCULATORS, AND SETS

]
PROBLEM SOLVING AND MODELING

o ————
EXAMPLE 1

As you go through this book, we not only want you to learn a set of
skills, but we also want you to develop the ability to use these skills
to solve problems. Here’s a simple description of a quantitative
approach to problem solving.

A Quantitative Approach to Solving Problems

1. Define the problem. This requires you to wade through the
detail and determine what needs to be done.

2. Build a mathematical model of the problem. A model is an
abstraction of the real world. Thus a mathematical model is a
set of symbols and relationships that gives a reasonable portrayal
of the real problem.

3. Analyze the model and determine the solution.

4. Implement the solution in the real world. This requires you to
translate your paper solution into something that is meaningful
in actual practice.

Most people believe that step 3, analyzing the model (performing
the calculations), is the hardest part of problem solving. Actually,
it’s one of the easier parts. Steps 1 and 2, defining the problem and
then converting it into symbols, are more difficult. As you work your
way through the book, try to learn not only how to solve a problem,
but how to recognize it and how to model it. We'll help you achieve
this by providing practice in modeling and problem recognition.

You should have noticed the Problem from Life that began the
chapter. We'll begin every chapter with one, which we’ll analyze
after you've learned the necessary skills. Now, let’s take a look at the
dinner problem presented to the Vannings and the Coopers. Although
we won't solve it now, we do want to take you through the first two
steps of our problem-solving approach.

Problem from Life Garry and Georgia Vanning ate dinner with
another couple, the Coopers. The Vannings paid $14.50 for the drinks
in the bar before dinner. The bill for dinner (including sales tax of
5%) was $107.50. The Coopers and the Vannings decide to split the
entire cost fifty-fifty (each couple will pay one half the total). The tip
should be 15% of the cost of the dinner withour tax. How much
should each couple pay? How much more should the Vannings pay?
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SOLUTION

How can we solve this problem? It certainly doesn’t appear to require
any advanced mathematics. In fact, it is quite easy to solve once you
devote some thought to it. The first step of our four-step approach is
to define the problem. In this case it means that you should begin
by reading the problem completely and carefully. Determine what
value(s) you must know in order to solve the problem. Make note of
the facts you do know.

Let’s try that. The next-to-last sentence tells us that we want to
determine how much each couple should pay. This means that we
need to compute the total cost of the dinner (including drinks),
because each couple should pay one half the total. Once we know
the total cost of the dinner, it will be easy to compute how much
more the Vannings owe. We know the following facts;

1. The cost of the drinks before dinner was $14.50 (paid by the
Vannings). .

2. The cost of the dinner including tax was $107.50.

3. The tax on the meal is 5%.

4. The tip should be 15% of the cost of the meal (not including tax).

The second step in the four-step approach is to develop a
mathematical model. A good way to begin is to develop a simple
verbal description of how to combine the different values to arrive
at the solution. Once you have done this, you can decide which facts
are relevant and which values are missing. It will then be much
casier to develop the mathematical model. Don’t be discouraged if
your first model turns out to be incorrect. Sometimes you have to
try several models. If a model does turn out to be incorrect (or
inadequate), think about what's wrong with it before you revise it.
In this case, we might develop the model shown in Fig. 1.1. Study it
for a moment. Is it correct?

Figure 1.1 First model, Vanning-Cooper dinner (Example 1).
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Figure 1.2 Second model,
Vanning-Cooper dinner
(Example 1).
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Congratulate yourself if you said no. In Fig. 1.1 the tip is computed
with the tax included. The correct method is to determine the tax,
subtract it from the given cost, and then compute the tip. (See Fig.
1.2)

For this example, there is no need to introduce a formal model
with symbols and mathematical notation. You could proceed to
calculate the answer directly from the model shown in Fig. 1.2 (step
3). (We'll do so in Section 1.3 of this chapter when we discuss
calculators.) Moreover, because the situation described is so simple,
there would be no difficulty in deciding how to arrive at a practical
solution based on your mathematical model. [

e e
THE REAL NUMBER SYSTEM

Numbers are a very important part of the language of mathematics.
In order to be able to use numbers properly in both modeling and
solving problems, you must be familiar with the “grammar’ of
numbers: what is allowed and what isn’t allowed. You've seen various
types of numbers such as 2, —3, ¢ 1.85, V2, and « (pi). Let’s see
which ones we need and how they relate to one another.

Types of Numbers and the Number Line: Rounding Off

As children, we all learned to count with the numbers 1 2L B o
This group of numbers is called the natural numbers. We also learned
that the natural numbers can’t give us answers to certain questions.
For instance,

1. Suppose your checking account has $100 in it and you write a
check for $150. How much does it have in it now?

2. How can you divide two apples evenly among three friends?




WARNING

Figure 1.3 The number line.

Figure 1.4 Decimal numbers
are equivalent to rational
numbers.

1.2 THE REAL NUMBER SYSTEM 7

To answer the first question we must expand the natural numbers
to include the number 0 and the negative numbers such as -1, —2,
—3. ... This expanded group is called the integers. Integers can be
positive (the natural numbers), 0, or negative. To answer the sccond
question, we must introduce numbers such as . The rational numbers
are ratios {quotients) of the form m/n, where both m and n are
integers and 1 # 0 (n is not equal to 0). Thus numbers such as 3, 3,
—% and —10/-3 are all rational numbers. We cannot divide by zero.
Quotients of the form m/0 are often called undefined.

BE CAREFUL OF QUOTIENTS THAT INCLUDE O

=0 whenever 1 # 0,

— is undetfined (1o 1).

We will find it very useful to represent numbers on a line called
the number line. As Fig. 1.3 shows, we can associate cach of the types
of numbers we discussed with a point on the number line. The
natural numbers lie to the right of 0. The inclusion of 0 and the
negative integers extends the line to the left. The rational numbers
arc represented by points in between the integers. Do you think cach
of the points on the number line corresponds to one of the numbers
we've discussed? Are there any “gaps’ in the number line?

_3 , 2 5
] L o | ol -
-3 -2 -1 0 ) 2 3

In many cases we convert noninteger rational numbers to their
decimal equivalent. This conversion is done by simply dividing the
denominator (bottom) of the ratio into the numerator (top). Because
a decimal number is just another way of expressing a rational
number, it is graphed on the number line in the same place as its
rational equivalent. (See Fig. 1.4.)

Some decimal numbers can be written with only one or two
places to the right of the decimal point: For example, i is 0.25, and

3 = 2 o 3
-3=-15 3 = 0.666 3 =25
i | . | ‘ L¢ 1 Py |
-3 ) -1 0 | 2 3



(b)
Figure 1.5 [Irrational numbers

can occur in simple
geometrical figures.
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&% is 0.375. Other rational numbers require an infinite number of
places to the right of the decimal place to be represented properly:
For example, 3 = 0.333, where the underscore indicates that the digit
3 repeats endlessly. Sometimes a group of digits will repeat endlessly:
For example, 4 = 0.142857142857, where the group of digits 142857
repeats endlessly. Is it possible to have a decimal number that
requires an endless number of places to the right of the decimal
point and yet does not repeat? The answer to this question is yes. It
is indeed possible for a decimal number with an endless number of
places not to be repeating. Such numbers are called irrational because
they cannot be expressed as the ratio of two integers. Moreover, the
irrational numbers are needed to complete the number line because
without them there would be gaps between the rational numbers.

You are probably familiar with several irrational numbers. Both
V2 and 7 are irrational numbers that arise quite naturally from
simple geometry. For example, suppose we construct a right triangle
with both legs of length 1. By the Pythagorean theorem, the length
of the hypotenuse (the side opposite the right angle) is the square
root of the sum of the squares of the lengths of the other two sides.
Thus we have a hypotenuse with length V1 +1 = V2. (See Fig.
1.5a.) As another example, consider a circle with a diameter of 1.
The circumference of a circle is always 7 times the diameter, so our
circle has a circumference of . (See Fig. 1.5b.)

All the different groups of numbers we've discussed are referred
to collectively as the real numbers. A representation of the real
number system is shown in Fig. 1.6. The group of all decimal numbers
is exactly the real number system if we include whole numbers
(integers), decimal numbers that terminate or repeat endlessly (ra-

Real numbers

Irrational numbers

Rational numbers

Figure 1.6 The real number system and its members.



