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Preface

College Mathematics, Second Edition treats the standard topics in finite mathemat-
ics and calculus that are usually covered in a two-semester course for students
in the managerial, life, and social sciences. The only prerequisite for under-
standing this book is a year of high school algebra. The objective of College
Mathematics is two-fold: (1) to provide students with the background in the
quantitative techniques necessary to better understand and appreciate their
undergraduate courses and (2) to lay the foundation for more advanced courses,
such as statistics and operations research. We hope that the careful balance of
theory and applications accomplishes this.

Our approach is intuitive and we state the results informally. However, we
took special care to ensure that this does not compromise the mathematical
content and accuracy. The applications are drawn from many fields, and we
made every effort to make them interesting, relevant, and up to date. Numerous
examples and solved problems are used to amplify each new concept or result
in order to facilitate students’ comprehension of the new material. Each section
is accompanied by an extensive set of exercises, which contains ample problems
of a routine computational nature to help students master new techniques, fol-
lowed by an extensive set of applications-oriented problems to test students’
mastery of the topics. Each chapter of the text also ends with a set of review
exercises. Answers to odd-numbered exercises appear in the back of the book.

Since the book contains more than enough material for the usual two-
semester or three-quarter course, the instructor may be flexible in choosing the
topics most suitable for his or her course. The following chart on chapter depen-
dency is provided to help the instructor design a course that is most suitable for
the intended audience.
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Changes in the Second Edition

This edition contains an improved treatment of many of the topics in the pre-
vious edition, as well as a few additions and changes:

* Self-Check Exercises have been added at the end of each section. These
exercises, with completely worked-out solutions appearing at the end of
each exercise set, give students a chance to test themselves on their un-
derstanding of the material.

* Many more examples and exercises have been included. The examples,
drawn from the fields of business, economics, social and behavioral sci-
ences, life and physical sciences, and other fields of general interest, pro-
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vide further illustrations of the concepts. The exercises are of varied
degrees of difficulty ranging from rote to more challenging problems.

* Chapter 2 has been rewritten. A more traditional approach has been
adopted with systems of linear equations appearing before matrices.

* Linear programming is covered in two chapters to allow for greater flexi-
bility in planning one’s syllabus.

* Sets and the algebra of sets have been moved foerward to Chapter 6.

* Chapter 5, Mathematics of Finance, has been moved forward. Also, the
section on arithmetic and geometric progression has been relegated to the
end of the chapter and is now optional.

* A precalculus review has been added in Chapter 9. A special feature of
this review is the inclusion of fully worked-out examples illustrating how
algebraic techniques are used to simplify the more complicated expres-
sions that occur later in the calculus portion of the text. These examples
are indicated by the symbol ®). Many of the exercises in Chapter 9 have
also been selected from the related calculus exercises.

* The introduction to limits has been rewritten and a real-world example
has been included to motivate the concept.

* The chapter on the exponential and logarithmic functions is now covered
after the student has mastered the differentiation of algebraic functions.

* Problems requiring the use of a calculator have been labeled [c]

* Added topics in the second edition include: (1) differentials, (2) applica-
tions to probability, (3) numerical integration, and (4) the method of least
squares.

Acknowledgments

I wish to express my personal appreciation to each of the following reviewers
whose many suggestions have helped make a much improved second edition:
Wayne Andrepont, University of Southwestern Louisiana; Ralph Bravaco,
Stonehill College; Lee Corbin, College of the Canyons; Robert Eicken, Illinois
Central College; and Raymond Young, Embry-Riddle Aeronautical University. I
also wish to thank Reverend Robert J. Kruse, Academic Dean of Stonehill Col-
lege, for his enthusiastic support of this project. My thanks also go to the
editorial and production staffs of PWS-KENT Publishing Company: Tom Stone
and Elise Kaiser, for their assistance and cooperation in the development and
production of this book. Finally, I wish to thank Nancy Sjoberg of Del Mar
Associates and Andrea Olshevsky for doing an excellent job ensuring the accu-
racy and readability of this second edition.

S. T Tan



Contents

CHAPTER P Straight Lines and Linear Functions 2
ONE 1.1 The Cartesian Coordinate System 4
1.2 Straight Lines 13
1.3 Linear Functions and Their Applications 32
1.4 Intersection of Straight Lines 47
Chapter 1 Review Exercises 57
CHAPTER » Systems of Linear Equations and Matrices 60
TWO

2.1 Systems of Linear Equations—Introduction 62

2.2 Solving Systems of Linear Equations—The Gauss-Jordan
Method 71

2.3 Matrices 90

2.4 Multiplication of Matrices 100

2.5 Inverse of a Square Matrix 114

2.6 Leontief Input-Output Model (Optional) 127
Chapter 2 Review Exercises 136



xil

Contents

CHAPTER » Linear Programming: A Geometric Approach 138
THREE 3.1 Graphing Systems of Liniear Inequalities in Two Variables 140
3.2 Linear Programming Problems 149
3.3 Graphical Solution of Linear Programming Problems 160
Chapter 3 Review Exercises 174
CHAPTER P Linear Programming: An Algebraic Approach 176
FOUR 4.1 The Simplex Method: Standard Problems and Maximization 178
4.2 The Simplex Method: Nonstandard Problems and
Minimization 202
Chapter 4 Review Exercises 215
CHAPTER > Mathematics of Finance 218
FIVE 5.1 Compound Interest 220
5.2 Annuities 231
5.3 Amortization and Sinking Funds 241
5.4 Arithmetic and Geometric Progressions (Optional) 250
Chapter 5 Review Exercises 261
CHAPTER » Sets and Counting 264
SIX 6.1 Sets and Set Operations 266
6.2 The Number of Elements in a Finite Set 283
6.3 The Multiplication Principle 292
6.4 Permutations and Combinations 299
Chapter 6 Review Exercises 313
CHAPTER » Probabllity 316
SEVEN

7.1 Experiments, Sample Spaces, and Events 318
7.2 Definition of Probability 329
7.3 Rules of Probability 341



xili

Contents

7.4 Use of Counting Techniques in Probability 353
7.5 Conditional Probability and Independent Events 362
7.6 Bayes’ Theorem 381
7.7 Markov Chains (Optional) 394
Chapter 7 Review Exercises 414

CHAPTER » Probabllity Distributions and Statistics 416

EIGHT 8.1 Distributions of Random Variables 418
8.2 Expected Value 431
8.3 Variance and Standard Deviation 444
8.4 The Binomial Distribution 456
8.5 The Normal Distribution 470
8.6 Applications of the Normal Distribution 481
Chapter 8 Review Exercises 493

CHAPTER » Precalculus Review 496

NINE 9.1 Exponents and Radicals 498
9.2 Operations with Algebraic Expressions 504
9.3 Operations with Algebraic Fractions 512
9.4 Logarithms 523
9.5 Nonlinear Inequalities 529
9.6 Functions and Their Graphs 536
9.7 Some Important Functions 552
Chapter 9 Review Exercises 563

CHAPTER » The Derivative 568
TEN

10.1 Introduction to Calculus 570
10.2 Limits 571
10.3 Continuity 592
10.4 Rates of Change and Tangent Lines 603
10.5 The Derivative
Chapter 10 Review Exercises 626



xlv

Contents

CHAPTER » Differentiation 630
ELEVEN 11.1 Basic Rules of Differentiation 632
11.2 The Product and Quotient Rules 642
11.3 The Chain Rule 652
11.4 Marginal Functions in Economics 665
11.5 Higher-Order Derivatives 680
11.6 Differentials (Optional) 687
Chapter 11 Review Exercises 694
CHAPTER » Applications of the Derivative 696
TWELVE 12.1 Increasing and Decreasing Functions 698
12.2 Relative Maxima and Relative Minima 709
12.3 Concavity and Points of Inflection 718
12.4 The Second-Derivative Test 732
12.5 Curve Sketching 737
12.6 Absolute Maxima and Absolute Minima 755
12.7 Optimization Problems 763
Chapter 12 Review Exercises 783
CHAPTER » Exponential and Logarithmic Functions 786
THIRTEEN 13.1 The Exponential and Logarithmic Functions 788
13.2 Differentiation of the Exponential Function 800
13.3 Differentiation of Logarithmic Functions 812
13.4 Exponential Functions as Mathematical Models 823
Chapter 13 Review Exercises 838
CHAPTER » The Integral 840
FOURTEEN

14.1 Antiderivatives 842
14.2 Rules of Integration 848



Contents

CHAPTER

14.3 Integration by Substitution 860

14.4 Integration by Parts 874

14.5 The Definite Integral 882

14.6 Area Under a Curve 894

14.7 Areas of Planar Regions 901
Chapter 14 Review Exercises 915

» Additional Topics in Integration 920

FIFTEE

CHAPTER

N

15.1 Riemann Sums 922

15.2 Applications to Economics 935

15.3 Improper Integrals 952

15.4 Applications to Probability 964

15.5 Numerical Integration 975
Chapter 15 Review Exercises 989

P Calculus of Several Variables 992

SIXTEEN

APPENDIX

16.1 Functions of Several Variables 994

16.2 Partial Derivatives 1006

16.3 Maxima and Minima of Functions of Several Variables 1021
16.4 The Method of Least Squares 1035

16.5 Constrained Maxima and Minima and the Method of Lagrange
Muiltipliers 1047

Chapter 16 Review Exercises 1060

» The System of Real Numbers A-1

APPENDIX

A

» Tables A-4

Table 1 Compound Amount and Annuity A-5
Table 2 Binomial Probabilities A-21



xvi

Table 3 The Standard Normal Distribution A-24
Table 4 Exponential Functions A-26

Table 5 Common Logarithms A-27

Table 6 Natural Logarithms A-29

» Answers to Odd Numbered Exercises A-30

Contents

» Index A-79




College

Mathematics




Straight Lines

> 1.1
» 1.2
» 1.3
> 14
> 15

and Linear

Functions

The Cartesian Coordinate System
Straight Lines

Linear Functions and Their Applications
Intersection of Straight Lines

The Method of Least Squares (Optional)



Which road to take? Two
towns are connected by two
different routes: one runs
along the coast and the other
includes a stretch of moun-
tain highway. The coastal
route is faster but longer
than the inland route. In Ex-
ample 2, page 8, we will
solve the problem of getting
from one town to the other
in the shortest time.
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Straight Lines and Linear Functions
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The Cartesian Coordinate System

The Cartesian Coordinate System
The Distance Formula
Application

» The Cartesian Coordinate System

Figure 1.1

The system of real numbers plays a fundamental role throughout this book. This
system is made up of the set of real numbers together with the usual opera-
tions of addition, subtraction, multiplication, and division. We will assume
that you are familiar with the rules governing these algebraic operations (see
Appendix A).

It is convenient and fruitful to have a geometrical representation of the set
of real numbers. Such a representation is called a number line and is con-
structed 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 horizontal, then a
point at a convenient distance to the right of the origin is chosen to represent
the number one. 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 (see Figure 1.1).

Origin
} +——+ 4+ - x
-3 -24-1 0w%n1 12 3
-V2 V3

The real number line
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The Cartesian Coordinate System

Figure 1.2

Figure 1.3

A similar representation for points in a plane (a two-dimensional space) is
realized through the Cartesian coordinate system, which is constructed as fol-
lows: Take two perpendicular lines, one of which is normally chosen to be
horizontal. These lines intersect at a point O, called the origin (see Figure 1.2).
The horizontal line is called the axis of abscissas, or more simply, the x-axis.
The vertical line is called the axis of ordinates, or 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 the origin. 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 the origin.

Y

Origin

R

The Cartesian coordinate system

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.

A point in the plane can now be represented 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 (see Figure
1.3). Draw perpendiculars from P to the x-axis and y-axis, respectively. Then the
number x is precisely the number corresponding to the point on the x-axis at
which the perpendicular through P hits the x-axis. Similarly, y is the number




