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PREFACE

Applied Finite Mathematics, Fourth Edition is directed toward students in the
managerial, life, and social sciences. The only prerequisite for understanding
this book, which treats the standard topics in finite mathematics, is a year of
high school algebra. The objective of Applied Finite Mathematics is twofold:
(1) to provide students with background in the quantitative techniques necessary
to better understand and appreciate the courses normally taken in undergraduate
training and (2) to lay the foundation for more advanced courses, such as
statistics and operations research. We hope to accomplish this by striking a
careful balance between theory and applications. This edition incorporates many
valuable comments and suggestions by users of the third edition and reviewers
of the fourth edition.

Features
The following list includes some of the many important features of the book:

m Coverage of Topics Since the book contains more than ample material
for a one-semester or two-quarter course, the instructor may be flexible in
choosing the topics most suitable for his or her course. The following chart
on chapter dependency is provided to help the instructor design a course
that is most suitable for the intended audience.

1
Straight Lines
and
Linear Functions

ix




Preface

B Approach The problem-solving approach is stressed throughout the book.
Numerous- examples and solved problems are used to amplify each new
concept or result in order to facilitate students’ comprehension of the material.
Figures are used extensively to help students visualize the concepts and ideas
being presented.

® Level of Presentation  Our approach is intuitive and we state the results
informally. However, we have taken special care to ensure that this approach
does not compromise the mathematical content and accuracy.

® Applications The text is application oriented. Many interesting, relevant,
and up-to-date applications are drawn from the fields of business, economics.
social and behavioral sciences, life sciences, physical sciences, and other
fields of general interest. Some of these applications have their source in
newspapers, weekly periodicals, and other magazines. Applications are found
in the illustrative examples in the main body of the text as well as in the
exercise sets.

B Exercises Each section of the text is accompanied by an extensive set of
exercises containing an ample set of problems of a routine, computational
nature that will help students master new techniques. The routine problems
are followed by an extensive set of application-oriented problems that test
students” mastery of the topics. Each chapter of the text also contains a set
of review exercises. Answers to all odd-numbered exercises appear in the
back of the book.

® Portfolios These interviews are designed to convey to the student the real-
world experiences of professionals who have a background in mathematics
and use it in their professions.

Changes in the Fourth Edition

B Chapter 2 has been reorganized and certain parts have been rewritten. The
Gauss-Jordan method is now introduced with a 2 X 2 system of equations
followed by an example with a 3 X 3 system (Section 2.2). Unit columns
and pivoting are now introduced in this chapter. Systems of equations with
infinitely many solutions and those having no solution are considered sepa-
rately in Section 2.3.

B A new section on solving nonstandard problems by the simplex method
(Section 4.3) has been added.

® Computer/graphics calculator exercises have been added. Textual examples
that make use of graphing utilities are marked with a computer/graphics
calculator margin icon, and end-of-section exercises meant to be solved with
the use of a computer or graphics calculator are identified by a small boxed
“C” in the margin.

® In many sections, easier examples have been added to illustrate a new concept
or the use of a new technique when the concept or technique is first intro-
duced. More explanatory side remarks have also been included to help the
student. Many new problems have been added, including practice problems
at the beginning of the exercise sets to help students gain confidence and
computational skill before they move on to the more difficult problems and
applications.
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Preface Xi

8 Chapter overviews with photographs relating to the applications to be covered
have been added.

@ Exercise sets have been restructured. Exercises are now paired (even and
odd ) where appropriate. The review exercises for each chapter have also
been expanded.

® Common errors and pitfalls have been highlighted by the caution svmbol.

Supplements

B Student’s Solutions Manual, available to both students and instructors,
includes the solutions to odd-numbered exercises.

B [nstructor’s Solutions Manual includes solutions to all exercises.

B Test Bank with Chapter Tests, free to adopters of the book, contains sample
tests for each chapter.

B EXPTest and KxamBuilder With these computerized testing systems for
IBM PCs and Macintosh, respectively, instructors can select or modify ques-
tions from prepared test banks or add their own test items to create any
number of tests. These tests can be viewed on screen and printed with typeset-
quality mathematical symbols, notation, graphs, and diagrams.

8 Graphing Calculator Supplement, written by Robert E. Seaver of Lorain
County Community College, available to both students and instructors, fur-
ther develops selected examples and exercises from the text as well as
including additional problems for reinforcement. It is specifically geared for
use with the TI-line of programmable graphics calculators.

B Derive and Theorist Notebooks, from The PWS Notebook Series™. which
are packaged with the text at additional nominal cost to students, provide
more than 1000 book-specific and manipulatable electronic problems to be
used in conjunction with popularly used and distributed computer algebra
systems.
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APPLICATIONS

In Applied Finite Mathematics we attempt to solve a
wide variety of problems arising from many diverse
fields of study. A small sample of the types of practical
problems we will consider follows.

ALLOCATION OF FUNDS Madison Finance has a
total of $20 million earmarked for homeowner and
auto loans. On the average, homeowner loans will have
a 10 percent annual rate of return, whereas auto loans
will yield a 12 percent annual rate of return. Manage-
ment has also stipulated that the total amount of home-
owner loans should be greater than or equal to four
times the total amount of automobile loans. Determine
the total amount of loans of each type Madison should
extend to each category in order to maximize its
returns.

AUTOMOBILE SAFETY In an experiment conducted
to study the effectiveness of an eye-level third brake
light in the prevention of rear-end collisions, 250 of a
state’s 500 highway patrol cars were equipped with
such lights. At the end of a one-year trial period, the
record revealed that of the cars equipped with a third
brake light, 14 were involved in rear-end collisions.
There were 22 such incidents involving cars not
equipped with the accessory. Based on these data, what
is the probability that a highway patrol car equipped
with a third brake light will be rear-ended within a
one-year period?

SERUM CHOLESTEROL LEVELS The serum choles-
terol levels in mg/dl in a current Mediterranean popula-
tion are found to be normally distributed with a mean
of 160 and a standard deviation of 50. Scientists at the
National Heart, Lung, and Blood Institute consider this
pattern ideal for a minimal risk of heart attacks. Find
the percentage of the population having blood choles-
terol levels between 160 and 180 mg/dl.

xiii
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Applications

URBAN-SUBURBAN POPULATION FLOW Be-
cause of the continued successful implementation of
an urban renewal program, it is expected that each year
3 percent of the population currently residing in the
city will move to the suburbs, and 6 percent of the
population currently residing in the suburbs will move
to the city. At present, 65 percent of the total population
of the metropolitan area live in the city itself, whereas
the remaining 35 percent live in the suburbs. If we
assume that the total population of the metropolitan
area remains constant, what will the distribution of the
population be like one year from now?

POLITICAL POLLS Six months before an election.
the Morris Polling Group conducted a poll in a state
in which a Democrat and a Republican were running
for governor and found that 60 percent of the voters
intended to vote for the Democrat and 40 percent
intended to vote for the Republican. A poll conducted
three months later found that 70 percent of those who
had earlier stated a preference for the Democratic can-
didate still maintained that preference, whereas 30 per-
cent of these voters now preferred the Republican
candidate. Of those who had earlier stated a preference
for the Republican, 80 percent still maintained that
preference, whereas 20 percent now preferred the Dem-
ocratic candidate. If the election were held at this time,
who would win?

In developing the tools for solving these and many
other problems, we will delve into many areas of math-
ematics, including linear algebra, linear program-
ming, probability, statistics, and logic.
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L2 The Carteslan Coordinate System

i Straight Lines

1.3 Linear Functions and Mathematical Models
1.4 Intersection of Straight Lines

1.5 The Method of Least Squares (Optional)

Which process should the com-
pany use? The Robertson Con-
trols Company must decide
between two manufacturing
processes for its Model C elec-
tronic thermostats. In Example 4,
page 38, you will see how to
determine which process will be

more profitable.




Straight Lines and
Linear Functions

T his chapter introduces the Cartesian coordinate system, a system
that allows us to represent points in the plane in terms of ordered pairs
of real numbers. This, in turn, enables us to compute the distance
between two points algebraically. We will also study straight lines. Linear
functions, whose graphs are straight lines, can be used to describe many
relationships between two quantities. These relationships can be found
in fields of study as diverse as business, economics, the social sciences,
physics, and medicine. We will also see how some practical problems
can be solved by finding the point(s) of intersection of two straight lines.
Finally, we will learn how to find an algebraic representation of the
straight line that “best” fits a set of data points that are scattered about

a straight line.
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FIGURE 1.1
The real number line

FIGURE 1.2
The Cartesian coordinate
system
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Straight Lines and Linear Functions

The Cartesian Coordinate System

The Cartesian Coordinate System

The real number system is made up of the set of real numbers together with
the usual operations of addition, subtraction, multiplication, and division. We
will assume that you are familiar with the rules governing these algebraic
operations (see Appendix B).

Real numbers may be represented geometrically by points on a line. Such
a line is called the real number, or coordinate. line. We can construct the
real number line as follows: Arbitrarily select a point on a straight line to
represent the number zero. This point is called the origin. If the line is hori-
zontal, then choose a point at a convenient distance to the right of the origin
to represent the number 1. This determines the scale for the number line. Each
positive real number x lies x units to the right of zero, and each negative real
number — x lies x units to the left of zero.

In this manner, a one-to-one correspondence is set up between the set of
real numbers and the set of points on the number line, with all the positive
numbers lying to the right of the origin and all the negative numbers lying to
the left of the origin (Figure 1.1).

Origin

Negative direction l Positive direction

!_~+ _iv{ 1.1 T .r ,tll T l—T_i_—!:?__': ey

V2 3 T

In a similar manner, we can represent points in a plane (a two-dimensional
space) by using the Cartesian coordinate system, which we construct as
follows: Take two perpendicular lines, one of which is normally chosen to be
horizontal. These lines intersect at a point O, called the origin (Figure 1.2).
The horizontal line is called the x-axis, and the vertical line is called the

y-axis. A number scale is set up along the x-axis with the positive numbers

lying to the right of the origin and the negative numbers lying to the left of it.
Similarly, a number scale is set up along the y-axis with the positive numbers
lying above the origin and the negative numbers lying below it.

REMARK  The number scales on the two axes need not be the same. Indeed, in
many applications different quantities are represented by x and y. For example, x
may represent the number of typewriters sold and y the total revenue resulting
from the sales. In such cases it is often desirable to choose different number
scales to represent the different quantities. Note, however, that the zeros of
both number scales coincide at the origin of the two-dimensional coordinate

system. -

We can represent a point in the plane uniquely in this coordinate system
by an ordered pair of numbers; that is, a pair (x, y) where x is the first number
and y the second. To see this, let P be any point in the plane (Figure 1.3).
Draw perpendiculars from P to the x-axis and y-axis, respectively. Then the




1.1 The Cartesian Coordinate System 5

FIGURE 1.3 number x is precisely the number that corresponds to the point on the x-axis
An ordered pair in the at which the perpendicular through P hits the x-axis. Similarly. y is the number
coordinate plane that corresponds to the point on the y-axis at which the perpendicular through

P crosses the y-axis.

Conversely, given an ordered pair (x, y) with x as the first number and v

the second, a point P in the plane is uniquely determined as follows: Locate
the point on the x-axis represented by the number x and draw a line through
that point parallel to the y-axis. Next, locate the point on the y-axis represented
by the number y and draw a line through that point parallel to the x-axis. The
point of intersection of these two lines is the point P (Figure 1.3).
0 In the ordered pair (x, v), x is called the abscissa. or x-coordinate. v is
called the ordinate. or y-coordinate, and x and y together are referred to as
the coordinates of the point P. The point P with x-coordinate equal to a and
y-coordinate equal to b is often written P(a, b).

The points A2, 3), B(—2, 3), C(—2, —3), D(2, —3), £(3, 2), F(4. 0). and
G(0, —5) are plotted in Figure 1.4.

¥
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REMARK In general, (x, y) # (y, x). This is illustrated by the points A and
E in Figure 1.4. -

FIGURE 1.5 The axes divide the plane into four quadrants. Quadrant I consists of the
The four guadrants in the points P with coordinates x and y, denoted by P(x, y), satisfying x > 0 and
coordinate plane y > 0; Quadrant II, the points P(x, y) where x < 0 and y > 0; Quadrant III.
the points P(x, y) where x < 0 and y < 0; and Quadrant IV, the points P(x. v)
? where x > 0 and y < 0 (Figure 1.5).
The Distance Formula
Quadrant IT Quadrant [
=+ (+.+) One immediate benefit that arises from using the Cartesian coordinate system
is that the distance between any two points in the plane may be expressed
§) * solely in terms of the coordinates of the points. Suppose, for example. that
(x1, ¥1) and (x;, y,) are any two points in the plane (Figure 1.6). Then the
Quezdran)t i Qua(dran)t v distance d between these two points is, by the Pythagorean Theorem,
— +, —

d= Vi —x)®+ (y, — y)*

For a proof of this result see Exercise 35, page 9.




