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Preface

WELCOME TO THE 6TH EDITION

In the sixth edition of Precalculus, we continue our ongoing commitment to pro-
viding the best possible text to help instructors teach and students succeed. In this 
edition, we have remained true to the pedagogical style of the past while staying 
focused on the needs of today’s students. Support for all classroom types (traditional, 
hybrid, and online) may be found in this classic text and its supplements backed by 
the power of Pearson’s MyMathLab.

In this edition, we have drawn upon the extensive teaching experience of the Lial 
team, with special consideration given to reviewer suggestions. General updates include 
enhanced readability with improved layout of examples, better use of color in displays, 
and language written with students in mind. All calculator screenshots have been updated 
and now provide color displays to enhance students’ conceptual understanding. Each 
homework section now begins with a group of Concept Preview exercises, assignable in 
MyMathLab, which may be used to ensure students’ understanding of vocabulary and 
basic concepts prior to beginning the regular homework exercises.

Further enhancements include numerous current data examples and exercises 
that have been updated to reflect current information. Additional real-life exercises 
have been included to pique student interest; answers to writing exercises have been 
provided; better consistency has been achieved between the directions that introduce 
examples and those that introduce the corresponding exercises; and better guidance 
for rounding of answers has been provided in the exercise sets.

The Lial team believes this to be our best Precalculus edition yet, and we sin-
cerely hope that you enjoy using it as much as we have enjoyed writing it. Additional 
textbooks in this series are

College Algebra, Twelfth Edition
Trigonometry, Eleventh Edition
College Algebra & Trigonometry, Sixth Edition.

HIGHLIGHTS OF NEW CONTENT
 ■ In Chapter R, more detail has been added to set-builder notation, illustra-

tions of the rules for exponents have been provided, and many exercises have 
been updated to better match section examples.

 ■ Several new and updated application exercises have been inserted into the 
Chapter 1 exercise sets. New objectives have been added to Section 1.4 out-
lining the four methods for solving a quadratic equation, along with guidance 
suggesting when each method may be used efficiently.

 ■ Chapters 2 and 3 contain numerous new and updated application exercises,  
along with many updated calculator screenshots that are now provided in 
color. In response to reviewer suggestions, the discussion on increasing,  
decreasing, and constant functions in Section 2.3 has been written to apply 
to open intervals of the domain. Also as a response to reviewers, intercepts of 
graphs are now defined in terms of coordinates rather than a single number. 
This notation continues throughout the text.

 ■ In Chapter 4, greater emphasis is given to the concept of exponential and loga-
rithmic functions as inverses, there is a new table providing descriptions of the 
additional properties of exponents, and additional exercises requiring graphing 
logarithmic functions with translations have been included. There are also many 
new and updated real-life applications of exponential and logarithmic functions.
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 ■ In Chapter 5, we now include historical material for students to see how 
trigonometry developed as a means to solve applied problems involving right 
triangles. In this chapter and the others that cover trigonometry, we have reorga-
nized exercise sets to correspond to the flow of the examples when necessary.

 ■ Chapter 6 continues to focus on the periodic nature of the circular functions.
To illustrate, we have added exercises that involve data of average monthly 
temperatures of regions that lie below the equator, as well as data that describe 
the fractional part of the moon illuminated for each day of a particular month. 
A new example (and corresponding exercises) for analyzing damped oscilla-
tory motion has been included in Section 6.7.

 ■ Chapter 7 now includes a derivation of the product-to-sum identity for the 
product sin A cos B, as well as new figures illustrating periodic functions  
associated with music tones and frequencies.

 ■ In Chapter 8, we have reorganized the two sections dealing with vectors. 
The material covered has not changed, but we have rewritten the sections so 
that Section 8.3 first covers geometrically defined vectors and applications, 
while Section 8.4 then introduces algebraically defined vectors and the dot 
product.

 ■ In Chapter 9, special attention has been given to finding partial fraction  
decompositions in Section 9.4 and to linear programing in Section 9.6.  
Examples have been rewritten to promote student understanding of these very  
difficult topics.

 ■ In Chapter 10, greater emphasis is given to analyzing the specific aspects 
of conic sections, such as finding the equation of the axis of symmetry of a 
parabola, finding the coordinates of the foci of ellipses and hyperbolas, and 
finding the equations of the asymptotes of hyperbolas.

 ■ Throughout Chapter 11, examples have been carefully updated to ensure 
that students are able to understand each step of the solutions. Special con-
sideration was given to mathematical induction in Section 11.5 by providing 
numerous additional side comments for the steps in the solution of examples 
in this difficult section.

 ■ For visual learners, numbered Figure and Example references within the text 
are set using the same typeface as the figure number itself and bold print for 
the example. This makes it easier for the students to identify and connect 
them. We also have increased our use of a “drop down” style, when appropri-
ate, to distinguish between simplifying expressions and solving equations, 
and we have added many more explanatory side comments. Guided Visual-
izations, with accompanying exercises and explorations, are now available 
and assignable in MyMathLab.

 ■ Precalculus is widely recognized for the quality of its exercises. In the sixth 
edition, nearly 1500 are new or modified, and hundreds present updated 
real-life data. Furthermore, the MyMathLab course has expanded coverage 
of all exercise types appearing in the exercise sets, as well as the mid-chapter 
Quizzes and Summary Exercises.

FEATURES OF THIS TEXT
SUPPORT FOR LEARNING CONCEPTS
We provide a variety of features to support students’ learning of the essential topics 
of precalculus. Explanations that are written in understandable terms, figures and 
graphs that illustrate examples and concepts, graphing technology that supports and 
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enhances algebraic manipulations, and real-life applications that enrich the topics 
with meaning all provide opportunities for students to deepen their understanding 
of mathematics. These features help students make mathematical connections and 
expand their own knowledge base.

 ■ Examples Numbered examples that illustrate the techniques for working 
exercises are found in every section. We use traditional explanations, side 
comments, and pointers to describe the steps taken—and to warn students 
about common pitfalls. Some examples provide additional graphing calcula-
tor solutions, although these can be omitted if desired.

 ■ Now Try Exercises Following each numbered example, the student is 
directed to try a corresponding odd-numbered exercise (or exercises). This 
feature allows for quick feedback to determine whether the student has under-
stood the principles illustrated in the example.

 ■ Real-Life Applications We have included hundreds of real-life appli-
cations, many with data updated from the previous edition. They come from 
fields such as business, entertainment, sports, biology, astronomy, geology, 
music, highway design, and environmental studies.

 ■ Function Boxes Beginning in Chapter 2, functions provide a unifying 
theme throughout the text. Special function boxes offer a comprehensive,  
visual introduction to each type of function and also serve as an excellent  
resource for reference and review. Each function box includes a table of values,  
traditional and calculator-generated graphs, the domain, the range, and 
other special information about the function. These boxes are assignable in  
MyMathLab.

 ■ Figures and Photos Today’s students are more visually oriented than 
ever before, and we have updated the figures and photos in this edition to 
promote visual appeal. Guided Visualizations with accompanying exercises 
and explorations are now available and assignable in MyMathLab.

 ■ Use of Graphing Technology We have integrated the use of graphing  
calculators where appropriate, although this technology is completely  
optional and can be omitted without loss of continuity. We continue to stress 
that graphing calculators support understanding but that students must first 
master the underlying mathematical concepts. Exercises that require the use 
of a graphing calculator are marked with the icon  .

 ■ Cautions and Notes Text that is marked CAUTION warns students of 
common errors, and NOTE comments point out explanations that should 
receive particular attention.

 ■ Looking Ahead to Calculus These margin notes offer glimpses of how 
the topics currently being studied are used in calculus.

SUPPORT FOR PRACTICING CONCEPTS
This text offers a wide variety of exercises to help students master precalculus. 
The extensive exercise sets provide ample opportunity for practice, and the exercise 
problems increase in difficulty so that students at every level of understanding are 
challenged. The variety of exercise types promotes understanding of the concepts 
and reduces the need for rote memorization.
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 ■ NEW Concept Preview Each exercise set now begins with a group of 
CONCEPT PREVIEW exercises designed to promote understanding of vocabu-
lary and basic concepts of each section. These new exercises are assignable 
in MyMathLab and will provide support especially for hybrid, online, and 
flipped courses.

 ■ Exercise Sets In addition to traditional drill exercises, this text includes 
writing exercises, optional graphing calculator problems  , and multiple- 
choice, matching, true/false, and completion exercises. Those marked Concept 
Check focus on conceptual thinking. Connecting Graphs with Equations  
exercises challenge students to write equations that correspond to given 
graphs.

 ■ Relating Concepts Exercises Appearing at the end of selected exer-
cise sets, these groups of exercises are designed so that students who work 
them in numerical order will follow a line of reasoning that leads to an  
understanding of how various topics and concepts are related. All answers 
to these exercises appear in the student answer section, and these exercises  
are assignable in MyMathLab.

 ■ Complete Solutions to Selected Exercises Exercise numbers marked  
  indicate that a full worked-out solution appears in the eText. These are 

often exercises that extend the skills and concepts presented in the numbered 
examples.

SUPPORT FOR REVIEW AND TEST PREP
Ample opportunities for review are found within the chapters and at the ends of 
chapters. Quizzes that are interspersed within chapters provide a quick assessment 
of students’ understanding of the material presented up to that point in the chapter. 
Chapter “Test Preps” provide comprehensive study aids to help students prepare for 
tests.

 ■ Quizzes Students can periodically check their progress with in-chapter 
quizzes that appear in all chapters, beginning with Chapter 1. All answers, 
with corresponding section references, appear in the student answer section. 
These quizzes are assignable in MyMathLab.

 ■ Summary Exercises These sets of in-chapter exercises give students 
the all-important opportunity to work mixed review exercises, requiring them 
to synthesize concepts and select appropriate solution methods. The summary 
exercises are assignable in MyMathLab.

 ■ End-of-Chapter Test Prep Following the final numbered section 
in each chapter, the Test Prep provides a list of Key Terms, a list of New  
Symbols (if applicable), and a two-column Quick Review that includes a 
section-by-section summary of concepts and examples. This feature con-
cludes with a comprehensive set of Review Exercises and a Chapter Test.  
The Test Prep, Review Exercises, and Chapter Test are assignable in  
MyMathLab.
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 R.1 Sets

Basic Definitions  A set is a collection of objects. The objects that belong 
to a set are its elements, or members. In algebra, the elements of a set are usually 
numbers. Sets are commonly written using set braces, 5 6.

51, 2, 3, 46  The set containing the elements 1, 2, 3, and 4

The order in which the elements are listed is not important. As a result, this 
same set can also be written as 54, 3, 2, 16 or with any other arrangement of the 
four numbers.

To show that 4 is an element of the set 51, 2, 3, 46, we use the symbol ∈.

4 ∈ 51, 2, 3, 46
Since 5 is not an element of this set, we place a slash through the symbol ∈.

5 ∉ 51, 2, 3, 46
It is customary to name sets with capital letters.

S = 51, 2, 3, 46  S is used to name the set.

Set S was written above by listing its elements. Set S might also be described as

“the set containing the first four counting numbers.”

The set F, consisting of all fractions between 0 and 1, is an example of an 
infinite set—one that has an unending list of distinct elements. A finite set is 
one that has a limited number of elements. The process of counting its elements 
comes to an end.

Some infinite sets can be described by listing. For example, the set of 
numbers N used for counting, which are the natural numbers or the counting  
numbers, can be written as follows.

N = 51, 2, 3, 4, N6   Natural (counting) numbers

The three dots (ellipsis points) show that the list of elements of the set continues 
according to the established pattern.

Sets are often written in set-builder notation, which uses a variable, such 
as x, to describe the elements of the set. The following set-builder notation rep-
resents the set 53, 4, 5, 66 and is read “the set of all elements x such that x is a 
natural number between 2 and 7.” The numbers 2 and 7 are not between 2 and 7.

5x ͉ x is a natural number between 2 and 76 = 53, 4, 5, 66  Set-builder notation

■ Basic Definitions

■ Operations on Sets

The set of all  

elements x
such  

that

x is a natural number  

between 2 and 7

EXAMPLE 1 Using Set Notation and Terminology

Identify each set as finite or infinite. Then determine whether 10 is an element 
of the set.

(a) 57, 8, 9,c , 146 (b) E1, 
1
4 , 

1
16 , 

1
64 ,cF

(c) 5x ͉ x is a fraction between 1 and 26
(d) 5x ͉ x is a natural number between 9 and 116
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SOLUTION

(a) The set is finite, because the process of counting its elements 7, 8, 9, 10, 11, 
12, 13, and 14 comes to an end. The number 10 belongs to the set.

10 ∈ 57, 8, 9,c , 146
(b) The set is infinite, because the ellipsis points indicate that the pattern continues 

indefinitely. In this case,

10 ∉ E1, 
1
4 , 

1
16 , 

1
64 ,cF.

(c) Between any two distinct natural numbers there are infinitely many frac-
tions, so this set is infinite. The number 10 is not an element.

(d) There is only one natural number between 9 and 11, namely 10. So the set is 
finite, and 10 is an element.

■✔ Now Try Exercises 11, 13, 15, and 17.

EXAMPLE 2 Listing the Elements of a Set

Use set notation, and list all the elements of each set.

(a) 5x ͉ x is a natural number less than 56
(b) 5x ͉ x is a natural number greater than 7 and less than 146
SOLUTION

(a) The natural numbers less than 5 form the set 51, 2, 3, 46.
(b) This is the set 58, 9, 10, 11, 12, 136. ■✔ Now Try Exercise 25.

When we are discussing a particular situation or problem, the universal set 
(whether expressed or implied) contains all the elements included in the discus-
sion. The letter U is used to represent the universal set. The null set, or empty 
set, is the set containing no elements. We write the null set by either using the 
special symbol ∅, or else writing set braces enclosing no elements, 5 6.

CAUTION Do not combine these symbols. 5∅6  is not the null set. It is 
the set containing the symbol ∅.

Every element of the set S = 51, 2, 3, 46 is a natural number. S is an exam-
ple of a subset of the set N of natural numbers. This relationship is written using 
the symbol ⊆.

S ⊆ N

By definition, set A is a subset of set B if every element of set A is also an ele-
ment of set B. For example, if A = 52, 5, 96 and B = 52, 3, 5, 6, 9, 106, then 
A ⊆ B. However, there are some elements of B that are not in A, so B is not a 
subset of A. This relationship is written using the symbol h .

Bs A

Every set is a subset of itself. Also, ∅ is a subset of every set.

If A is any set, then A# A and ∅ # A.
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Figure 1 shows a set A that is a subset of set B. The rectangle in the drawing 
represents the universal set U. Such a diagram is a Venn diagram.

Two sets A and B are equal whenever A ⊆ B and B ⊆ A. Equivalently, 
A = B if the two sets contain exactly the same elements. For example,

 51, 2, 36 = 53, 1, 26
is true because both sets contain exactly the same elements. However,

 51, 2, 36 ≠ 50, 1, 2, 36
because the set 50, 1, 2, 36 contains the element 0, which is not an element of 51, 2, 36.

Figure 1 

U

B
A

A � B

 

 

 

 

 

EXAMPLE 3 Examining Subset Relationships

Let  U = 51, 3, 5, 7, 9, 11, 136,  A = 51, 3, 5, 7, 9, 116,  B = 51, 3, 7, 96, 
C = 53, 9, 116, and D = 51, 96. Determine whether each statement is true 

or false.

(a) D ⊆ B   (b) B ⊆ D   (c) Cs A   (d) U = A

SOLUTION

(a) All elements of D, namely 1 and 9, are also elements of B, so D is a subset 
of B, and D ⊆ B is true.

(b) There is at least one element of B (for example, 3) that is not an element of 
D, so B is not a subset of D. Thus, B ⊆ D is false.

(c) C is a subset of A, because every element of C is also an element of A. Thus, 
C ⊆ A is true, and as a result, Cs A is false.

(d) U contains the element 13, but A does not. Therefore, U = A is false.

■✔ Now Try Exercises 53, 55, 63, and 65.

Operations on Sets  Given a set A and a universal set U, the set of all ele-
ments of U that do not belong to set A is the complement of set A. For example, 
if set A is the set of all students in a class 30 years old or older, and set U is the 
set of all students in the class, then the complement of A would be the set of all 
students in the class younger than age 30. 

The complement of set A is written A′ (read “A-prime”). The Venn dia-
gram in Figure 2 shows a set A. Its complement, A′, is in color. Using set-
builder notation, the complement of set A is described as follows.

A′ = 5x∣ x { U, x o A6
Figure 2 

A

A�

A�

EXAMPLE 4 Finding Complements of Sets

Let U = 51, 2, 3, 4, 5, 6, 76, A = 51, 3, 5, 76, and B = 53, 4, 66. Find each set.

(a) A′   (b) B′   (c) ∅′   (d) U′

SOLUTION

(a) Set A′ contains the elements of U that are not in A. Thus, A′ = 52, 4, 66.
(b) B′ = 51, 2, 5, 76   (c) ∅′ = U   (d) U′ = ∅

■✔ Now Try Exercise 89.



5 R.1 Sets

Given two sets A and B, the set of all elements belonging both to set A 
and to set B is the intersection of the two sets, written A ¨ B. For example, if 
A = 51, 2, 4, 5, 76 and B = 52, 4, 5, 7, 9, 116, then we have the following.

A ¨ B = 51, 2, 4, 5, 76 ¨ 52, 4, 5, 7, 9, 116 = 52, 4, 5, 76
The Venn diagram in Figure 3 shows two sets A and B. Their intersection, 
A ¨ B, is in color. Using set-builder notation, the intersection of sets A and B is 
described as follows.

A ∩ B = 5x∣ x { A and x { B6
Two sets that have no elements in common are disjoint sets. If A and B are 

any two disjoint sets, then A ¨ B = ∅. For example, there are no elements com-
mon to both 550, 51, 546 and 552, 53, 55, 566, so these two sets are disjoint.

550, 51, 546 ¨ 552, 53, 55, 566 = ∅

Figure 3 

A B

A � B

EXAMPLE 5 Finding Intersections of Two Sets

Find each of the following. Identify any disjoint sets.

(a) 59, 15, 25, 366 ¨ 515, 20, 25, 30, 356
(b) 52, 3, 4, 5, 66 ¨ 51, 2, 3, 46
(c) 51, 3, 56 ¨ 52, 4, 66
SOLUTION

(a) 59, 15, 25, 366 ¨ 515, 20, 25, 30, 356 = 515, 256
 The elements 15 and 25 are the only ones belonging to both sets.

(b) 52, 3, 4, 5, 66 ¨ 51, 2, 3, 46 = 52, 3, 46
(c) 51, 3, 56 ¨ 52, 4, 66 = ∅   Disjoint sets

■✔ Now Try Exercises 69, 75, and 85.

The set of all elements belonging to set A or to set B (or to both) is the 
union of the two sets, written A ´ B. For example, if A = 51, 3, 56 and 
B = 53, 5, 7, 96, then we have the following.

A ´ B = 51, 3, 56 ´ 53, 5, 7, 96 = 51, 3, 5, 7, 96
The Venn diagram in Figure 4 shows two sets A and B. Their union, A ´ B, is 
in color.

Figure 4 

A B

A � B

Using set-builder notation, the union of sets A and B is described as follows.

A ∪ B = 5x∣ x { A or x { B6
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EXAMPLE 6 Finding Unions of Two Sets

Find each of the following.

(a) 51, 2, 5, 9, 146 ´ 51, 3, 4, 86
(b) 51, 3, 5, 76 ´ 52, 4, 66
(c) 51, 3, 5, 7,c6 ´ 52, 4, 6,c6
SOLUTION

(a) Begin by listing the elements of the first set, 51, 2, 5, 9, 146. Then include 
any elements from the second set that are not already listed.

51, 2, 5, 9, 146 ´ 51, 3, 4, 86 = 51, 2, 3, 4, 5, 8, 9, 146
(b) 51, 3, 5, 76 ´ 52, 4, 66 = 51, 2, 3, 4, 5, 6, 76
(c) 51, 3, 5, 7,c6 ´ 52, 4, 6,c6 = N  Natural numbers

■✔ Now Try Exercises 71 and 83.

Set Operations

Let A and B define sets, with universal set U.

The complement of set A is the set A′ of all elements in the universal set 
that do not belong to set A.

A′ = 5x∣ x { U, xo A6
The intersection of sets A and B, written A ¨ B, is made up of all the ele-
ments belonging to both set A and set B.

A ∩ B = 5x∣ x { A and x { B6
The union of sets A and B, written A ∪ B, is made up of all the elements 
belonging to set A or set B.

A ∪ B = 5x∣ x { A or x { B6

CONCEPT PREVIEW Fill in the blank to correctly complete each sentence.

 1. The elements of the set of natural numbers are .

 2. Set A is a(n)  of set B if every element of set A is also an element of set B.

 3. The set of all elements of the universal set U that do not belong to set A is the 

 of set A.

 4. The  of sets A and B is made up of all the elements belonging to both set A 
and set B.

 5. The  of sets A and B is made up of all the elements belonging to set A or  

set B (or both).

 R.1 Exercises

The set operations are summarized below.
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CONCEPT PREVIEW Work each problem.

 6. Identify the set E 1, 
1
3 , 

1
9 , 

1
27 ,cF as finite or infinite.

 7. Use set notation and write the elements belonging to the set 5x ͉ x is a natural num-

ber less than 66.
 8. Let U = 51, 2, 3, 4, 56 and A = 51, 2, 36. Find A′.

 9. Find 516, 18, 21, 506 ¨ 515, 16, 17, 186.
 10. Find 516, 18, 21, 506 ´ 515, 16, 17, 186.
Identify each set as finite or infinite. Then determine whether 10 is an element of the set. 
See Example 1.

11. 54, 5, 6,c , 156 12. 51, 2, 3, 4, 5,c , 756
13.  E 1, 

1
2 , 

1
4 , 

1
8 ,cF 14. 54, 5, 6,c6

15. 5x ͉ x is a natural number greater than 116
16. 5x ͉ x is a natural number greater than or equal to 106
17. 5x ͉ x is a fraction between 1 and 26
18. 5x ͉ x is an even natural number6
Use set notation, and list all the elements of each set. See Example 2.

19. 512, 13, 14,c , 206 20. 58, 9, 10,c , 176
21.  E 1, 

1
2 , 

1
4 ,c , 

1
32 F 22. 53, 9, 27,c , 7296

23. 517, 22, 27,c , 476 24. 574, 68, 62,c , 386
25. 5x ͉ x is a natural number greater than 8 and less than 156
26. 5x ͉ x is a natural number not greater than 46
Insert ∈ or ∉ in each blank to make the resulting statement true. See Examples 1  
and  2.

27. 6  53, 4, 5, 66 28. 9  52, 3, 5, 9, 86
29. 5  54, 6, 8, 106 30. 13  53, 5, 12, 146
31. 0  50, 2, 3, 46 32. 0  50, 5, 6, 7, 8, 106
33. 536  52, 3, 4, 56 34. 556  53, 4, 5, 6, 76
35. 506  50, 1, 2, 56 36. 526  52, 4, 6, 86
37. 0  ∅ 38. ∅  ∅

Determine whether each statement is true or false. See Examples 1–3.

39. 3 ∈ 52, 5, 6, 86 40. 6 ∈ 52, 5, 8, 96
41. 1 ∈ 511, 5, 4, 3, 16 42. 12 ∈ 518, 17, 15, 13, 126
43. 9 ∉ 58, 5, 2, 16 44. 3 ∉ 57, 6, 5, 46
45. 52, 5, 8, 96 = 52, 5, 9, 86 46. 53, 0, 9, 6, 26 = 52, 9, 0, 3, 66
47. 55, 8, 96 = 55, 8, 9, 06 48. 53, 7, 12, 146 = 53, 7, 12, 14, 06
49. 5x ͉ x is a natural number less than 36 = 51, 26
50. 5x ͉ x is a natural number greater than 106 = 511, 12, 13,c6




