
For the Managerial, Life, 
and Social Sciences 

35 2s 

ef S. 

© zo 



e com 

CENGAGEbralin 

Choice (pick your format) 

Value (get free stuff’) 

Savings (eBooks up to 65% off print) 

Visit CengageBrain.com to find... 

Print ¢ Rentals ¢ eBooks ¢ eChapters 

Best Buy Packages ¢ Study Tools 

Your First Study Break _ Wwww.cengagebrain.com 



at 

— ——x 6 
z se 





1
2
0
0
 

0
g
 

_
&
 

12
00

 
0
g
”
 

! 

e
d
 2
 

D
o
 

O
v
e
r
 

K
n
o
w
 

Po
st

-i
t®

 
Fl

ag
s.

 
“P

os
t-

it
” 

is
 

a 
re
gi
st
er
ed
 

tr
ad

em
ar

k 
of

 
3M

. 

Tab it. Do it. Ace it. 

Bo
Lo

kw
n 

MC
h 

ks
cm
 

| Do 
Over 

@ 
Do 

Over 
| 
]
 



Tab it. Do it. Ace it. 

Do Over 

Do you need to review something? Try again? Work it out on your own after class? 

Got a question for office hours? Do you need to review an example on your own to 

get a full understanding? Do you need to look something up before moving on? Tab it. 

co 
Do you need to see the video? Check out an online source? Complete your online 

homework? Tab it. 

Need 2 
Know 

Is this going to be on the test? Need to mark a key formula? Do you need to 

memorize these steps? Tab it. 

Do you have your own study system? Do you need to make a note? Do you want 

to express yourself? Tab it. 

Tab it. Do itt. Ace it. 

ISBN 13: 978-0-495-55855-2 

ISBN 10: 0-4955-5855-9 



SUN APPLIED CALCULUS 

STONEHILL COLLEGE 

oe BROOKS/COLE 
a CENGAGE Learning 

Australia * Brazil « Japan * Korea * Mexico + Singapore + Spain United Kingdom + United States 



BROOKS/COLE 
CENGAGE Learning’ 

Applied Calculus for the Managerial, Life, 

and Social Sciences, Ninth Edition 

Soo T. Tan 

Publisher: Richard Stratton 

Senior Development Editor: Laura Wheel 

Media Editor: Andrew Coppola 

Brand Manager: Gordon Lee 

Associate Market Development Manager: 

Ryan Ahern 

Content Project Manager: Cheryll Linthicum 

Senior Art Director: Vernon Boes 

Manufacturing Planner: Becky Cross 

Rights Acquisitions Specialist: 

Dean Dauphinais 

Production Service: Martha Emry 

Photo Researcher: Bill Smith Group 

Copy Editor: Barbara Willette 

Illustrator: Matrix Art Services/Graphic 

World, Inc. 

Text Designer: Diane Beasley 

Cover Designer: Irene Morris 

Cover Image: Crowd: Veer/Corbis; Treasury 

check: Rubberball/Getty Images; 

Surgeons: Indeed/Getty Images 

Compositor: Graphic World, Inc. 

Printed in China 

SOM as OOM Sal ale 

© 2014, 2011 Brooks/Cole, Cengage Learning 

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 

may be reproduced, transmitted, stored, or used in any form or by any means 

graphic, electronic, or mechanical, including but not limited to photocopying, 

recording, scanning, digitizing, taping, Web distribution, information networks, 

or information storage and retrieval systems, except as permitted under Section 

107 or 108 of the 1976 United States Copyright Act, without the prior written 

permission of the publisher. 

For product information and technology assistance, contact us at 

Cengage Learning Customer & Sales Support, 1-800-354-9706. 

For permission to use material from this text or product, 

submit all requests online at www.cengage.com/permissions. 

Further permissions questions can be e-mailed to 

permissionrequest@cengage.com. 

Library of Congress Control Number: 2012946935 

ISBN-13: 978-1-133-60771-7 

ISBN-10: 1-133-60771-3 

Brooks/Cole 

20 Davis Drive 

Belmont, CA 94002-3098 

USA 

Cengage Learning is a leading provider of customized learning solutions with 
office locations around the globe, including Singapore, the United Kingdom, 
Australia, Mexico, Brazil, and Japan. Locate your local office at 

www.cengage.com/global. : 

Cengage Learning products are represented in Canada by Nelson Education, Ltd. 

To learn more about Brooks/Cole, visit www.cengage.com/brookscole. 

Purchase any of our products at your local college store or at our preferred 
online store www.cengagebrain.com. 



_iae pe TO PAT, BILL, AND MICHAEL 



CONTENTS 

Preface xi 

Sa a a an 

1 Preliminaries 1 

Tol Precalculus Review! 3 

12 Precalculus Review Il 15 

1.3 The Cartesian Coordinate System 25 

1.4 Straight Lines 33 

Chapter I Summary of Principal Formulas and Terms 46 

Chapter I Concept Review Questions 46 

Chapter I Review Exercises 47 

Chapter I Before Moving On 48 

Functions, Limits, and the Derivative 49 

Za Functions and Their Graphs 50 

Using Technology: Graphing a Function 63 

22 The Algebra of Functions 67 

23 Functions and Mathematical Models 75 

PORTFOLIO: Todd Kodet 82 

Using Technology: Finding the Points of Intersection of Two Graphs and Modeling 92 

2.4 Limits 97 

Using Technology: Finding the Limit of a Function 115 

PLS) One-Sided Limits and Continuity 117 

Using Technology: Finding the Points of Discontinuity of a Function 131 

2.6 The Derivative 133 

Using Technology. Graphing a Function and Its Tangent Line 149 

Chapter 2 Summary of Principal Formulas and Terms 152 

Chapter 2 Concept Review Questions 152 

Chapter 2 Review Exercises 153 

Chapter 2 Before Moving On 156 

Differentiation 157 

Si Basic Rules of Differentiation 158 

Using Technology: Finding the Rate of Change of a Function 169 

52 The Product and Quotient Rules 171 

Using Technology: The Product and Quotient Rules 181 

3.3 The Chain Rule 182 

Using Technology: Finding the Derivative of a Composite Function 193 

3.4 Marginal Functions in Economics 195 

3.5 Higher-Order Derivatives 209 

Using Technology: Finding the Second Derivative of a Function at a Given Point 215 

SEES VRE SSIS SEES SS IE ST EAE ST EE SIPS DES EEE EEE EEE LEG LOE LOLS LEED IDI ISLES TLE ELLE EDIE NITE LEAL R DD 



vi CONTENTS 

3.6 Implicit Differentiation and Related Rates 216 

ali Differentials 229 

Using Technology. Finding the Differential of a Function 238 

Chapter 3 Summary of Principal Formulas and Terms 239 

Chapter 3 Concept Review Questions 240 

Chapter 3 Review Exercises 241 

Chapter 3 Before Moving On 244 

245 

SE ATES IEEE LE DEE IIE LY I eee ES 

Applications of the Derivative 

4.1 Applications of the First Derivative 246 

Using Technology: Using the First Derivative to Analyze a Function 263 

4.2 Applications of the Second Derivative 266 

4.3 Curve Sketching 284 

Using Technology: Analyzing the Properties of a Function 296 

4.4 Optimization! 298 

Using Technology: Finding the Absolute Extrema of a Function 311 

4.5 Optimization I] 312 

Chapter 4 Summary of Principal Terms 323 

Chapter 4 Concept Review Questions 324 

Chapter 4 Review Exercises 324 

Chapter 4 Before Moving On 327 

Exponential and Lo 

Dal Exponential Functions 330 

Using Technology 336 

5.2 Logarithmic Functions 338 

5.3 Compound Interest 346 

Using Technology: Finding the Accumulated Amount of an Investment, the Effective Rate 
of Interest, and the Present Value of an Investment 358 

5.4 Differentiation of Exponential Functions 360 

Using Technology 370 

55 Differentiation of Logarithmic Functions 371 

5.6 Exponential Functions as Mathematical Models 380 

PORTFOLIO: Carol A. Reeb, Ph.D. 381 

Using Technology: Analyzing Mathematical Models 391 

Chapter 5 Summary of Principal Formulas and Terms 394 

Chapter 5 Concept Review Questions 394 

Chapter 5 Review Exercises 395 

Chapter 5 Before Moving On 396 

27, 

a TSS ETS ISI ESET ES 

Integration 5 

6.1 Antiderivatives and the Rules of Integration 398 

6.2 Integration by Substitution 411 

6.3 Area and the Definite Integral 421 



GMa) =—=—«Additional Topics in Integration 

CONTENTS vii 

6.4 The Fundamental Theorem of Calculus 430 

PORTFOLIO: Molly H. Fisher, David C. Royster, and Diandra Leslie-Pelecky 431 

Using Technology: Evaluating Definite Integrals 441 

6.5 Evaluating Definite Integrals 442 

Using Technology: Evaluating Definite Integrals for Piecewise-Defined Functions 453 

6.6 Area Between Two Curves 454 

Using Technology. Finding the Area Between Two Curves 465 

6.7 Applications of the Definite Integral to Business and Economics 466 

Using Technology: Business and Economic Applications/Technology Exercises 478 

Chapter 6 Summary of Principal Formulas and Terms 479 

Chapter 6 Concept Review Questions 480 

Chapter 6 Review Exercises 48] 

Chapter 6 Before Moving On 484 

485 

Te Integration by Parts 486 

UP Integration Using Tables of Integrals 493 

Hees Numerical Integration 499 

74 Improper Integrals 513 

7h Volumes of Solids of Revolution 522 

Chapter 7 Summary of Principal Formulas and Terms 529 

Chapter 7 Concept Review Questions 530 

Chapter 7 Review Exercises 531 

Chapter 7 Before Moving On 532 

Calculus of Several Variables 533 

CHAPTER 9 

8.1 Functions of Several Variables 534 

8.2 Partial Derivatives 545 

PORTFOLIO: Karthik Ramachandran 546 

Using Technology: Finding Partial Derivatives at a Given Point 558 

8.3 Maxima and Minima of Functions of Several Variables 559 

8.4 The Method of Least Squares 570 

Using Technology. Finding an Equation of a Least-Squares Line 579 

8.5 Constrained Maxima and Minima and the Method of Lagrange Multipliers 581 

8.6 Total Differentials 591 

8.7 Double Integrals 598 

8.8 Applications of Double Integrals 605 

Chapter 8 Summary of Principal Terms 613 

Chapter 8 Concept Review Questions 613 

Chapter 8 Review Exercises 614 

Chapter 8 Before Moving On 616 

Differential Equations 617 

9.1 Differential Equations 618 

9.2 Separation of Variables 625 

9.3 Applications of Separable Differential Equations 631 



viii CONTENTS 

9.4 Approximate Solutions of Differential Equations 642 

Chapter 9 Summary of Principal Terms 645 

Chapter 9 Concept Review Questions 648 

Chapter 9 Review Exercises 649 

Chapter 9 Before Moving On 650 

CHAPTER 1 Probability and Calculus 651 

10.1 Probability Distributions of Random Variables 652 

Using Technology: Graphing a Histogram 664 

10.2 Expected Value and Standard Deviation 665 

PORTFOLIO: Gary Li 668 

Using Technology. Finding the Mean and Standard Deviation 679 

10.3. Normal Distributions 681 

Chapter 10 Summary of Principal Formulas and Terms 692 

Chapter 10 Concept Review Questions 692 

Chapter 10 Review Exercises 693 

Chapter 10 Before Moving On 694 

Naish) =—«STaylor Polynomials and Infinite Series 695 
11.1. Taylor Polynomials 696 

11.2 Infinite Sequences 706 

11.3. Infinite Series 713 

11.4 Series with Positive Terms 725 

11.5. Power Series and Taylor Series 734 

11.6 Moreon Taylor Series 743 

11.7. Newton’s Method 750 

Using Technology: Newton’s Method 759 

Chapter 11 Summary of Principal Formulas and Terms 760 

Chapter 11 Concept Review Questions 760 

Chapter 11 Review Exercises 761 

Chapter 11 Before Moving On 762 

MTL TSO uN = 

Trigonometric Functions 763 | 

2a Measurement of Angles 764 

12.2. The Trigonometric Functions 769 

12.3. Differentiation of Trigonometric Functions 777 

Using Technology: Analyzing Trigonometric Functions 788 

12.4 Integration of Trigonometric Functions 790 

Using Technology: Evaluating Integrals of Trigonometric Functions 796 

Chapter 12 Summary of Principal Formulas and Terms 797 

Chapter 12 Concept Review Questions 798 

Chapter 12 Review Exercises 798 

Chapter 12 Before Moving On 799 



CONTENTS ix 

APPENDIX A = “pat destin | | 

A. The Inverse of aFunction 802 

A.2 The Graphs of Inverse Functions 804 

A.3 Functions That Have Inverses 804 

AA Finding the Inverse of aFunction 805 

APPENDIX B | 

B.1 Indeterminate Forms 807 

B.2 The Indeterminate Forms 0/0 and ~/< and I’Hépital’s Rule 807 

APPENDIX C_ 

(Ei The Standard Normal Distribution 812 

Answers 815 

Index 861 



Aen) Pe Peele oe 

hatiai a 6 =e ieee AF 

ee ae 
‘WOE “nes Ae att LA 
"to hah rca LA 
OR soins ron pied = aA 

Se ean anes — 7 ——— as: | 

Nia ban! te a 
® 

a ; a ——a a” ee WXIGMAIIA 

se P als) Geert hon tiirriniay ps : 
TOR shall aditgeer wie | hin AO SN EenaetiMT cp 

=e an ms 

a 
A =< Tt; gid in peeps Da “ve 

0, -qRinadigs ena ducbnasd add 19 
Tha ° > AD 

Tei Ap, = Pt Arr ~ a 

ele alawenaA 

(88. ¥abiral 
ins 

Foe ONT Tls C29 tvfinde Setues 6S 

_ -_ 

7 5 > 
‘——— 

= sos = © i] 

ie — 7 
Ss 

"ve _ moe Oi oe 

é oe ) ve rat - 
a ~~ 

— - 

—<—— 7 ==>) 7 ata 

7 and —— 

2 (ASR oe - - ~ 

a 4 § 

o = —_— = ee es, ee 

Ferane Tee PUnctiownw Jai 

2 = —_ rl aig = 
_ "epee | 

ris | tone. 4) \G@pacageee ¢ ae fhe _ 
VON |e SP eenet hes Se 2c te een Ob ite (Cui ws in 



PREFACE 

Applied Calculus for the Managerial, Life, and Social Sciences is intended for use 

in a two-semester or three-quarter introductory calculus course for students in the 

managerial, life, and social sciences. In preparing the Ninth Edition, I have kept in 

mind two longstanding goals: (1) to write an applied text that motivates students and 

(2) to make the book a useful teaching tool for instructors. Underlying this is my 

belief that math is an integral part of everyone’s daily life. One of the most impor- 

tant lessons I have learned from many years of teaching undergraduate mathematics 

courses is that most students—mathematics majors and non-mathematics majors 

alike—respond well when introduced to mathematical concepts and results using 

real-life illustrations. 

I also learned from my experience teaching courses in the managerial, life, and 

social sciences that many students come to these courses with some degree of appre- 

hension. This awareness led to the intuitive approach I have adopted in all of my texts. 

As you will see, I try to introduce each abstract mathematical concept through an 

example drawn from a common real-life experience. Once the idea has been con- 

veyed, I then proceed to make it precise, thereby assuring that no mathematical rigor 

is lost in this intuitive treatment of the subject. 

Another lesson I learned from my students is that they have a much greater appre- 

ciation of the material if the applications are drawn from their fields of interest and 

from situations that occur in the real world. This is one reason you will see so many 

exercises in my texts that are modeled on data gathered from newspapers, magazines, 

journals, and other media. Whether it be the market for cholesterol-reducing drugs, 

financing a home, bidding for cable rights, broadband Internet households, or Star- 

bucks’ annual sales, I weave topics of current interest into my examples and exercises 

to keep the book relevant to all of my readers. 

THE APPROACH 
Level of Presentation 

My approach is intuitive, and I state the results informally. However, I have taken spe- 

cial care to ensure that this approach does not compromise the mathematical content 

and accuracy. 

Problem-Solving Approach 
A problem-solving approach is stressed throughout the book. Numerous examples and 

applications illustrate each new concept and result. Special emphasis is placed on 

helping students formulate, solve, and interpret the results of the problems involving 

applications. Because students often have difficulty setting up and solving word prob- 

lems, I have taken extra care to help students master these skills: 

= Very early on in the text, students are given practice in setting up word problems 

(see Section 2.3). 

= Guidelines are given to help formulate and solve related-rates problems in Sec- 

tion 3.6. 

xi 
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» In Chapter 4, optimization problems are covered in two sections. First, the tech- 

niques of calculus are used to solve problems in which the function to be optimized 

is given (Section 4.4); second, optimization problems that require the additional 

step of formulating the problem are treated (Section 4.5). 

» In Chapter 9, “Differential Equations,” students are once again encouraged to set 

up problems involving applications (see Section 9.1) before being exposed to the 

methods of solution for these problems in Sections 9.2—9.4. 

Intuitive Introduction to Concepts 

Mathematical concepts are introduced with concrete, real-life examples wherever 

appropriate. Following are some of the topics introduced in this manner: 

« Limits: The Motion of a Maglev 

« The algebra of functions: The U.S. Budget Deficit 

« The Chain Rule: The Population of Americans Aged 55 Years and Older 

e Differentials: Calculating Mortgage Payments 

« Increasing and decreasing functions: The Fuel Economy of a Car 

« Concavity: U.S. and World Population Growth 

« Inflection points: The Point of Diminishing Returns 

« Curve sketching: The Dow Jones Industrial Average on “Black Monday” 

« Exponential functions: Income Distribution of American Families 

« Area between two curves: Petroleum Saved with Conservation Measures 

« Approximating definite integrals: The Cardiac Output of a Heart 

Connections 

One example (the maglev) is used as a common thread throughout the development of 

calculus—from limits through integration. The goal here is to show students the con- 

nections between the concepts presented: limits, continuity, rates of change, the deriv- 

ative, the definite integral, and so on. 

Motivation 

Illustrating the practical value of mathematics in applied areas is an objective of my 

approach. Many of the applications are based on mathematical models (functions) that I 

have constructed using data drawn from various sources, including current newspapers, 

magazines, and the Internet. Sources are given in the text for these applied problems. 

Modeling 

I believe that one of the important skills that a student should acquire is the ability to 

translate a real problem into a mathematical model that can provide insight into the 

problem. In Section 2.3, the modeling process is discussed, and students are asked to 

use models (functions) constructed from real-life data to answer questions. Students 

get hands-on experience constructing these models in the Using Technology sections. 
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NEW TO THIS EDITION 

Motivating Real-World . APPLIED EXAMPLE 2 Global Warming The increase in carbon dioxide 
Applications Poll (CO3;) in the atmosphere is a major cause of global warming. The 

Keeling curve, named after Charles David Keeling, a professor at Scripps Institu- 

tion of Oceanography, gives the average amount of CO,, measured in parts per 

million volume (ppmy), in the atmosphere from 1958 through 2010. Even though 

Among the many new and updated applied 

examples and exercises are problems 
involving global warming, the solvency of data were available for every year in this time interval, we’ll construct the curve 

the U.S. Social Security trust fund. the based only on the following randomly selected data points. 

Case-Shill er Home Price Index, smartphone Year 1958-1970 1974. 1978 19851991 1998 2003 20072010 
sales, bounced-check charges, solar panel : : S ae ; : 

: Migs : : 1 ws Amount 315 825 330 335 345 355 365 375 380 390 
production, Mexico’s hedging tactic, the Gini 

Index, Facebook users, e-book audience, the The scatter plot associated with these data is shown in Figure 18a. A mathemati- 

growth of credit unions, the waiting time for cal model giving the approximate amount of CO, in the atmosphere during this 

a “Fountains of Bellagio” show, and mobile Ce 
phone users in China. A(t) = 0.0123132? + 0.7545t + 313.9 (i= i==255)) 

Modeling with Data 
92. Ace at First Marriace According to a study conducted by 

As in the previous edition, Modeling with Rutgers University, the median age of women in the U.S. 

Data exercises are found in many of the at first marriage is approximated by the function 

Using Technology sections throughout the f(t) = —0.083r + 0.6f + 0.18¢ + 20.1 (ORS i= s)) 

text. Here, students can actually see how where 1 is measured in d ot Ay ee an _ 
i . % : ‘ ea Gee mi Or OG) 12. Mobetinc With Data The following data gives the median 

some of the functions found in the exercises si eters age of women in the United States at first marriage from 
a. What was the median 

are constructed. Many of these applications ie beemningsor 196 1960 tarough-2000. 

have been updated, and some new exercises ' cage : Decade 1960 1970 1980 1990 2000 

have been added. (See Age at First Marriage, z Natasa a Median Age 20.1 Min Meo es 
changing most rapidly 

Exercise 92, page 281, and the correspond- sideration? 
a. Use CubicReg to find a third-degree polynomial regres- 

ing exercise in which the model is derived in Source: The National Marriag sion model for these data. Let f be measured in decades, 

Exercise 2. page 265.) with ¢ = 0 corresponding to 1960. 

b. Plot the graph of the polynomial function f found in part 

(a) using the viewing window [0,4] X [18, 28]. 

c. Where is f increasing? What does this tell us? 

d. Verify the result of part (c) analytically. 

Source: The National Marriage Project, Rutgers University 

Making Connections with Technology 7. Bank Faiture The Haven Trust Bank of Duluth, Ga., 

: : : founded in 2000, quickly increased its risky commercial 

All of the art in the Using Technology sections has been redone. real estate portfolio, despite many red flags from regula- 

The graphing calculator screens now show numbered scales for both tors. The bank failed in December 2008. The amount of 
% : : ae 4 construction loans of the bank as a percentage of its capi- 

axes, making it easier for students to use and understand these cei en 

graphs. Many of the applications in the examples and exercises of POMS idea cop aosrae 4 BOTS 

the Using Technology sections have been updated. Geren 

where ¢ = 0 corresponds to the beginning of 2003. 

re a. Plot the graph of f using the viewing window [0, 5] * 

[0, 650). 

b. Show that at no time during the period from the begin 

ning of 2003 through the beginning of 2008 did the 

amount of construction loans of the bank as a percent- 

age of its capital fall below 415%. Note: The maximum 

percentage recommended by regulators in 2008 was 

100%. 

Source: FDIC Office of Inspector General 

Unless otherwise noted, all content on this page is © Cengage Learning 



Xiv PREFACE 

Variety of Problem 
Types 

Additional rote questions, true- 

or-false questions, and concept 

questions have been added 

throughout the text to enhance 

the exercise seis. (see, fof 

example, Concept Questions 

22 Exercise lb page’ |.) 

Carefully Crafted Solutions 
The Complete Solutions Manual has been completely 

revamped. All new art has been created for the manual, and the 

solutions have been copyedited and streamlined for ease of use. 1 

As in previous editions, the solutions to all of the exercises have 

been written by the author. 

Enhanced Graphics 

The three-dimensional artwork 

in Section 7.5 and Chapter 8 

has been redone with an 

emphasis on making it easier 

for students to see the 

concepts being described in 

3-space. For example, Figure 7 

in Section 8.1 now shows 

the trace of the graph of 

z=f(x% y) and the plane z =k 

and its projection onto the 

xy-plane (Figure 7a) and the 

corresponding level curve 

(Figure 7b). 

Concept Questions 

FIGURE 7 

ay($) y= C(x) 

1. The figure opposite shows the graphs of a total cost func- 

tion and a total revenue function, Let P, defined by P(x) = 
= ; Lse— 

R(x) — C(x), denote the total profit function. ae R(x) 

a. Find an expression for P(x,). Explain its significance. | = VA 

b. Find an expression for P(x). Explain its significance. nh 

« -— 

=» Leg Pa as — + > x 
Ny x 

Precalculus Review! page 13 

1. The interval (3, 6) is shown on the number line 2. The interval (—2, 5] is shown on the number line 

below. Note that this is an open interval indicated by below. 

“(and “)” ef See Ea 
2 5 

fore ever oan x 
0 3 6 

3. The interval |—1, 4) is shown on the number line 4, The closed interval [-§ - } is shown on the 

below. Note that this 1s a half-open interval indicated 2 , number line below 
by °[” (closed) and “)” (open) : ae 

( ee te te ; ; 
| 4 

5. The infinite interval (0, 00) is shown on the number 6. The infinite interval (—co, 5] is shown on the 

line below: number line below 

x ——_——————. > x 
[ 0 5 

A AY 

z =f, y) 

10) C 

(a) The level curve C with equation f(x, y) = k 

is the projection of the trace of fin the 
plane z = k onto the xy-plane. 

(b) The level curve C 

Specific Content Changes 

Examples 4, 7b, and 10c were added to Section 1.1. 

Applied Example 4 in the Using Technology subsection for Section 2.2 has been 
redone. The budget-deficit graphs that are used as motivation to introduce Section 
2.2, “The Algebra of Functions,” have been redone to reflect the current deficit fig- 
ures. A new graphical concept exercise has been added to Section 2.2. In Section 
2.3, “Functions and Mathematical Models,” new models for the first four applied 
examples—Bounced Check Charges, Global Warming, Social Security Trust Fund 
Assets, and Driving Costs—have been constructed. 

Applied Examples 8 in Sections 3.1 and 3.3 have been modified. In Section 3.4, the 
subsection on Elasticity of Demand has been rewritten, and the discussion has been 
simplified. In Section 3.6, “Implicit Differentiation and Related Rates,” two new 

Unless otherwise noted, all content on this page is © Cengage Learning. 
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examples have been added. Example 5 illustrates the process of finding the second 

derivative of a function implicitly, and Applied Example 6 is an economic applica- 
tion that is used to introduce the marginal rate of technical substitution (MRTS). 

In Chapter 4, the budget curves used to motivate relative extrema were updated to 

reflect the current deficit. Seven new graphical exercises were added to Exercise Set 

4.2, including Rumors of a Run on a Bank and the Case-Shiller Home Price Index. 

The Average Age of Cars application that is used to motivate the concept of 

absolute extrema in Section 4.4 was updated. Applied Example 7 in that section has 

also been modified. 

In Chapters 5 through 7, a number of new and unique applications have been added 

to the exercise sets. Among these are Pharmaceutical Theft, Federal Lobbying, 

Total Knee Replacement Procedures, Mexico’s Hedging Tactics, the British 

Deficit, Consumer Spending on Entertainment, and Medical Costs for Veterans. In 

Section 5.3, the examples and exercises have been updated to reflect the current 

lower interest rates. Section 5.4 is now introduced by a new model for the distribu- 

tion of income in the United States in 2010. Two new applications on the Gini index 

in the United States have been added to exercise set 7.2 for numerical integration. 

In Chapter 8, more than 30 new applications have been added to the exercise sets. 

In Sections 9.2 and 9.3, two new examples have been added. In Chapter 10, two 

new examples have been added to Section 10.1 and 11 applications have been added 

to the exercise sets. In Chapter 11, a new Using Technology section has been added 

for Newton’s method. In Chapter 12, new applications and rote problems were 

added to the exercise sets. 

The three-dimensional artwork in Section 7.5 and Chapter 8 has been redone. The 

new graphics make it easier for students to see the concepts being described in 

3-space. 

TRUSTED FEATURES 
In addition to the new features, we have retained many of the hallmarks that made this 

series so usable and well-received in past editions: 

Algebra Review Gives 
Students a Plan of Action 
A Diagnostic Test precedes the precalcu- 

lus review. Each question is referenced 

by the section and example in the text 

where the relevant topic can be 

reviewed. Students can use this test 

diagnose their weaknesses and review 

the material on an as-needed basis. 

Review material to reinforce prerequisite algebra skills 

Section exercises to help students understand and apply concepts 

Optional technology sections to explore mathematical ideas and solve problems 

End-of-chapter review sections to assess understanding and problem-solving skills 

Features to motivate further exploration 

Diagnostic Test 

1. a. Evaluate the expression: 

: (4)" eae ue 
“ONG ) 105 

ae 2.-1)3 
b. Rewrite the expression using positive exponents only: (x “y °) 

(Exponents and radicals, Examples 1 and 2, pages 6-7) 
to 

2. Rationalize the numerator: 

(Rationalization, Example 5, page 7) 

Unless otherwise noted, all content on this page is © Cengage Learning 
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Algebra Review Where 
Students Need It Most 

Well-placed algebra review notes, keyed 

to the review chapter, appear where stu- 

dents need them most throughout the 

text. These are indicated by the () icon. 

See this feature in action on pages 105 

and 535. 

EXAMPLE 6 Evaluate: 

 Vith-1 
lim ae 
h—0 h 

Solution Letting / approach zero, we obtain the indeterminate form 0/0. Next, 

we rationalize the numerator of the quotient by multiplying both the numerator 

and the denominator by the expression (V1 + 4 + 1), obtaining 

VIith—-1 (VI +h = 1I(V1 +h + 1) (2) See page 19. 

h ry A(V1 +h +1) 
Pari 

 A(VI +h + 1) 
if h 

7 HOWL SE 1B 4 IN) 

] 

Tv dle Sa iia 

(Va — Vb)(Va + Vb) =a-—5b 

Therefore, 

Wile = i é l | I Perk ONES mart s = 
Wi ei 2 pia peaal 

Self-Check Exercises 

Offering students immediate 

feedback on key concepts, the 

Self-Check Exercises begin each 

end-of-section exercise set. Fully 

worked-out solutions to these 

exercises can be found at the end 

of each exercise section. 

I RE EE Fn SE Sao eee ee ee aR eS 

WAM Self-Check Exercises 

passengers/year (f = 0 corresponds to the beginning of 

2009), Assuming that this trend continues through 2013, 

1. Evaluate | x? In x dx. 

nw . Since the inauguration of Ryan’s Express at the beginning 

of 2009, the number of passengers (in millions) flying on 

this commuter airline has been growing at the rate of 

R(t) = 0.1 + 0.21e °°" 

determine how many passengers will have flown on 

Ryan’s Express by that time. 

Solutions to Self-Check Exercises 7.1 can be found on 

page 492. 

Concept Questions 

Designed to test students’ 

understanding of the basic 

concepts discussed in the section, 

the Concept Questions encourage 

students to explain learned 

concepts in their own words. 

Exercises 

Each exercise section contains 

an ample set of problems of a 

routine computational nature 

followed by an extensive set 

of application-oriented 

problems. 

Concept Questions 
ee ES 

1. Write the formula for integration by parts. 

2. Explain how you would choose wu and dv when using the 

integration by parts formula. Illustrate your answer with 

J.x7e~* dx. What happens if you reverse your choices of u 

SE SS SS eS SS SSS = = ——— = = 

Exercises 

In Exercises 1-26, find each indefinite integral. 

Fe | xe* dy 2a, eae 

[ 1 14 
oe 5 xe" dx 4. | 6xe" dx 

Sy | (e\ — x)? dx 6. | (e* + x)? de 

De (x + 1)e* dx 8. | (x — 3)e* dx 

9. | x(x + 1)? dx 10. | x(x + 4)? dx 

1. | xVx — 5 dx 12. a dx 
: 20-3 

13. | x In 2x dv 14. | x? In 2x dx 

and dv? 

15. | x? In x dx 16. | Ve In x de 

ear j In x 
17. | Vx In Vx dx 1 |S oh: | Rees 

In x In x 
19) ar X 20. | y z dx 

21.) Inde 

Hint: Let wv = In x and dv = dx. 

22. | In (x + 1) de 23. | x7e™ dx 

Hint: Integrate by parts twice. 

24. | eo ¥¥ dy 

Hint: First, make the substitution uw = Vx; then integrate by parts. 

x(In x)? dx i) mn 

Hint: Integrate by parts twice 

Unless otherwise noted, all content on this page is © Cengage Learning. 



Using Technology 

The optional Using Technology 

features appear after the section 

exercises. They can be used in 

the classroom if desired or as 

material for self-study by the 

student. Here, the graphing 

calculator is used as a tool to 

solve problems. These sections 

are written in the traditional 

example-exercise format with 

answers given at the back of 

the book. Ilustrations showing 

graphing calculator screens are 

used extensively. In keeping 

with the theme of motivation 

through real-life examples, 

many sourced applications are 

included. Students can 

construct their own models 

using real-life data in many of 

the Using Technology sections. 

These include models for the 

PREFACE XVii 

Although the proof is outside the scope of this book, it can be proved that an expo- 

nential function of the form f(x) = b*, where b > 1, will ultimately grow faster than 

the power function g(x) = x" for any positive real number n. To give a visual demon- 

stration of this result for the special case of the exponential function f(x) = e*, we can 

use a graphing utility to plot the graphs of both f and g (for selected values of n) on 

the same set of axes in an appropriate viewing window and observe that the graph of 
fultimately lies above that of g. 

U G 

i13@ 5|\(@) Helens 

EXAMPLE 1 Use a graphing utility to plot the graphs of (a) f(x) = e” and 

g(x) = x on the same set of axes in the y iewing window [0, 6] X [0, 250] and 

(b) f(x) = e* and g(x) = x? in the viewing window [0, 20]  [0, 1,000,000]. 

Solution 

a. The graphs of f(x) = e* and g(x) = x? in the viewing window [0, 6] X [0, 250] 

are shown in Figure Tla. 

b. The graphs of f(x) = e* and g(x) = x° in the viewing window [0, 20] x 

{0, 1,000,000] are shown in Figure T1b. 

250 - & 1,000,000 

4 " 
—= “ “ . ‘ . 7 0 0 20 

(a) The graphs of f(x) = e* and (b) The graphs of f(x) = e* and 

g(x) = x° in the viewing window g(x) = x° in the viewing window 

FIGURE T1 (0, 6) X [0, 250} {0, 20} x [0, 1,000,000} 

In the exercises that follow, you are asked to use a graphing utility to reveal the prop- 

erties of exponential functions, 

growth of the Indian gaming industry, health-care spending, TiVo owners, nicotine 

content of cigarettes, computer security, and online gaming, among others. 

A How-To Technology Index 1s included at the back of the book for easy 

reference. 

Exploring with Technology 

Designed to explore mathematical 

concepts and to shed further light on 

examples in the text, the optional 

Exploring with Technology questions 

appear throughout the main body of the 

text and serve to enhance the student’s 

understanding of the concepts and theory 

presented. Often the solution of an 

example in the text is augmented with a 

graphical or numerical solution. 

Solutions to these exercises are given in 

Solution Builder and the Complete 

Solutions Manual. 

Unless otherwise noted, all content on this page is © Cengage Learning 

To obtain a visual confirmation of the fact that the expression (1 + 1/m)’” 

approaches the number e = 2.71828. . . as m increases without bound, plot 

the graph of f(x) = (1 + I/x)* in a suitable viewing window and observe 

that f(x) approaches 2.71828... as x increases without bound. Use zoom and 

TRACE to find the value of f(x) for large values of x. 
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Summary of Principal or eee es es 
Summary of Principal Formulas and Terms 

Formulas and Terms 

Each review section begins 

with the Summary 

highlighting important 

equations and terms, with page 

numbers given for quick 

review. 

FORMULAS 

1. Exponential function with base b y=b* 
\ 

io um (1 +4) = 2.71828... 
me m 

. The number e 

. Exponential function with base @ =e 

. Logarithmic function with base b y = log, x 

. Logarithmic function with base @ 

. Inverse properties of In x and e* 

. Compound interest (accumulated 

amount) 

. Effective rate of interest 

. Compound interest (present value) 

. Continuous compound interest 

. Derivative of the exponential function 

. Chain Rule for Exponential Functions 

. Derivative of the logarithmic function 

. Chain Rule for Logarithmic Functions 

TERMS 

common logarithm (338) half-life of a radioactive substance 

growth constant (381) (383) 
logistic growth function (386) 

exponential growth (381) 

natural logarithm (338) 

compound interest (346) exponential decay (382) 

logarithmic differentiation (374) decay constant (382) 

Concept Review 

Questions 
The Concept Review 

Fill in the blanks. . In the compound interest formula A = P(1 + 7)", A 

stands for the , P stands for the , stands 
1. The function f(x) = x? (b, a real number) is called a/an z 

for the 

Questions give students a 

chance to check their 

knowledge of the basic 

function, whereas the function g(x) = b*, where b > 

and b # . is called a/an 

2. a. The domain of the function y 

range 1s 

function. 

, and its 

b. The graph of the function y = 0.3* passes through the 

per year, m stands for the 

per year, and ¢ stands for the 

. The effective rate rs is related to the nominal interest rate 

r per year and the number of conversion periods per year 

bY esr = 

definitions and concepts given point ___ and is decreasing on 
in each chapter. . If b > O and b # 1, then the logarithmic function y = 

log, x has domain and range 

passes through the point 

. The graph of y = log, x is decreasing if b and 

increasing if b 

. If interest earned at the rate of r per year is compounded 

continuously over f years, then a principal of P dollars will 

have an accumulated value of A = dollars. ; its graph 

8. a. If g(x) = e/", where fis a differentiable function, then 

g(x) = 
b. [f g(x) = In f(x), where f(x) > 0 is differentiable, then 

CHG) Bina t, 
. Ifx > 0, then e”* = 5 
. If xis any real number, then In e* = 

Review Exercises 
Review Exercises 

Offering a solid review of the 
CHAPTER '5 

F 1. Sketch on the same set of coordinate axes the graphs of the 23. f(x) = x7e* + e* 24. g(t) = tint 
chapter material, the Review exponential functions defined by the equations. 

Exercises contain routine Be ee ae (4) 28. f(x) =In(e +1) 26. fle) = 
Y a 7 Mt 

computational exercises a: 
In Exercises 2 and 3, express each equation in logarithmic form. 27. f(x) = Inx ae Mee x 2 Wg ACO) = - y=(x + Loe 

followed by applied problems. 2\> 27 xt Pony 
2. (2) = ie Srl6n2 025 

: 29. y = In(e™ + 3) 30. f(r) = 5 
In Exercises 4 and 5, solve each equation for x. ae 

4. log,(2x + 1) =2 ; Inx ° 4 ) STO ee 32. 4g) = 
5. In(x — 1) + In4 = In(2x + 4) — In2 e I am sense 

; 33. Find the second derivative of the function y = In(3x + 1). 
In Exercises 6-8, given that In 2 = x, In 3 = y, and In 5 = z, express J 

each of the given logarithmic values in terms of x, y, and z. 34. Find the second derivative of the function y = x In x. 

Unless otherwise noted, all content on this page is © Cengage Learning. 



Before Moving On... 
Found at the end of each 
chapter review, the Before 

Moving On exercises give 
students a chance to find out 
whether they have mastered 
the basic computational skills 
developed in that chapter. 

Explore & Discuss 

The optional Explore & Discuss 

questions can be used in class or 

assigned as homework. These questions 

generally require more thought and 

effort than the usual exercises. They 

may also be used to add a writing 

component to the class or as team 

projects. Solutions to these exercises 

are given in Solution Builder and the 

Complete Solutions Manual. 

Portfolios 

The real-life experiences of a 

variety of professionals who 

use mathematics in the 

workplace are related in the 

Portfolio interviews. Among 

those interviewed are Gary Li, 

an associate at JPMorgan 

Chase, and Todd Kodet, the 

Senior Vice-President of 

Supply at Earthbound Farm. 

PREFACE xix 

1. Solve the equation = 40 for 1. 
eee 

2. Find the accumulated amount after 4 years if $3000 is 

invested at 8%/year compounded weekly. 

3. Find the slope of the tangent line to the graph of 

fey = oe 
4. Find the rate at which y = x In(x? + 1) is changing at 

be Gea lle, 

5. Find the second derivative of y = e** In 3x. 

6. The temperature of a cup of coffee at time ¢ (in minutes) is 

T(t) = 70+ ce*™ 

Initially, the temperature of the coffee was 200°F. Three 

minutes later, it was 180°. When will the temperature of the 

coffee be 150°F? 

Se td 

Explore & Discuss 

The average price of gasoline at the pump over a 3-month period, during which there was a 

temporary shortage of oil, is described by the function f defined on the interval [0, 3]. Dur- 

ing the first month, the price was increasing at an increasing rate. Starting with the second 

month, the good news was that the rate of increase was slowing down, although the price of 

gas was still increasing. This pattern continued until the end of the second month. The price 

of gas peaked at ¢ = 2 and began to fall at an increasing rate until ¢ = 3. 

Case 

Gary Li 

TITLE Associate 

INSTITUTION JPMorgan Chase 

A s one of the leading financial 

institutions in the world, JPMorgan 

Chase & Co. depends on a wide 

; af range of mathematical disciplines 

from statistics to linear programming to calculus. In assess- 

ing the creditworthiness of a borrower, recommending port- 

folio investments, or pricing an exotic derivative, quantita- 

tive understanding is a critical tool in serving the financial 

needs of clients. 

| work in the Fixed-Income Derivatives Strategy group. A 

derivative in finance is an instrument whose value depends 

on the price of some other underlying instrument. A simple 

type of derivative is the forward contract, in which two par- 

ties agree to a future trade at a specified price. In agricul- 

ture, for instance, farmers will often pledge their crops for 

sale to buyers at an agreed price before even planting the 

seed. Depending on the weather, demand, and other fac- 

tors, the market price may turn out higher or lower. Either 

the buyer or seller of the forward contract benefits accord- 

ingly. The value of the contract changes one-for-one with 

the market price. In derivatives lingo, we borrow from calcu- 

lus and say that forward contracts have a delta of 1. 

Nowadays, the bulk of derivatives deal with interest-rate 

risk rather than agricultural risk. The value of any asset with 

fixed payments over time varies with interest rates. With tril- 

lions of dollars in this form, especially government bonds 

and mortgages, fixed-income derivatives are vital to the 

Unless otherwise noted, all content on this page is © Cengage Learning 

1. Describe the signs of f’(t) and f(t) over each of the intervals (0, 1), (1, 2), and 

2. Make a sketch showing a plausible graph of f over [0, 3]. 

economy. The job of our strategy group is to track and 

anticipate key drivers and developments in the market 

using, in significant part, quantitative analysis. Some of the 

derivatives that we look at are the forward kind such as 

interest-rate swaps, in which over time, you receive fixed- 

rate payments in exchange for paying a floating rate or vice 

versa. A whole other class of derivatives in which statistics 

and calculus are especially relevant are options. 

Whereas forward contracts bind both parties to a future 

trade, options give the holder the right but not the obliga- 

tion to trade at a specified time and price. Similar to an 

insurance policy, the holder of the option pays an upfront 

premium in exchange for potential gain. Solving this pricing 

problem requires statistics, stochastic calculus, and enough 

insight to win a Nobel Prize. Fortunately for us, this was 

taken care of by Fischer Black, Myron Scholes, and Robert 

Merton in the early 1970s (the 1997 Nobel Prize in Econom- 

ics went to Scholes and Merton). The Black-Scholes differen- 

tial equation was the first accurate options pricing model, 

making possible the rapid 

growth of the derivatives 

market. Black-Scholes and 

the many derivatives of 

it continue to be used to 

this day. 

Cengage Learning; (inset) © AA World Travel Library/Alamy 
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Example Videos 

Available on the companion Website 

and through Enhanced WebAssign, 

these videos offer hours of instruction 

from award-winning teacher Deborah 

Upton of Molloy College. Watch as 

she walks students through key 

| VIDEO Ee APPLIED EXAMPLE 8 Consumer Price Index An economy’s consumer 

ik / a price index (CPI) is described by the function 

iy 027 =a sr. 100 (OSS!) 

where ¢ = 0 corresponds to the beginning of 2003. Find the point of inflection of 

the function /, and discuss its significance. 

examples from the text, step by step, giving them a foundation in the skills that they 

need to have. Each example that is available online is identified by the video icon 

located in the margin. 

Action-Oriented 

Study Tabs 

Convenient color-coded study 

tabs, similar to Post-it® flags, 

make it easy for students to 

tab pages that they want to 

return to later, whether for 

additional review, exam 

preparation, online 

exploration, or identifying a 

topic to be discussed with the 

instructor. 

Tab it. Do it. Ace it. 

Tab it. Do it. Ace it. 

alte 
er class? 

@ : 

Do you need 
to review somethi 

1g? Try again? 
Work it out on your 

own aft 

Tab it. 

to 

d to review an example 
on your own 

: < 7 Do you nee 5 ing on? Tab it. 

Scat: os " te oe to look 
something UP before moving 

derstanding: geta full un 

Do you need to 

homework? Tab it. 

Need 2 
Know 

{s this going to be 0 
memorize these step 

i you 
y' 

sys' ‘em? Do 
yo! need to f yake 4 yote? Do you want 

Do you have your
 own study 

to express yourse
lf? Tab it. 

u need to 

n the test? Need 
to mark a key formula? Do yo 

$7 Tab it. 

MOU} mouy, 

| of POP O- | ce |e Joofmon 

Need 2 Need 2 

| fT peepee] a] 2 7 2 fee fo] 

Tab it. Do it. Ace it. 

SBN 13° 978-0-495-55
255-2 

ISBN 10: 0-4955-5855-
2 
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TEACHING AIDS 

ENHANCED WEBASSIGN Be eASSign (www.webassign.net) 

Exclusively from Cengage Learning, Enhanced WebAssign offers an extensive online 

program to encourage the practice that’s so critical for concept mastery. Instant feed- 

back and ease of use are just two reasons why it is the most widely used homework 

system in higher education. Enhanced WebAssign allows you to assign, collect, grade, 

and record homework assignments via the Web, and includes links to text-specific 

content, video examples, and problem-specific tutorials. Now this proven homework 

system has been enhanced to include YouBook, a customizable eBook with high- 

lighting, note-taking, and search features, as well as links to multimedia resources. 

CENGAGE YOUBOOK 

YouBook is an interactive and customizable eBook. Containing all the content from 

the ninth edition of Tan’s Applied Calculus for the Managerial, Life, and Social 

Sciences, YouBook features a text edit tool that allows instructors to modify the text- 

book narrative as needed. With YouBook, instructors can quickly re-order entire sec- 

tions and chapters or hide any content they don’t teach to create an eBook that per- 

fectly matches their syllabus. Instructors can further customize the text by publishing 

Web links. Additional media assets include: animated figures, video clips, highlight- 

ing, notes, and more! YouBook is available in Enhanced WebAssign. 

COMPLETE SOLUTIONS MANUAL (ISBN 978-1-285-08802-0) by Soo T. Tan 

The Complete Solutions Manual contains fully worked-out solutions to all section 

exercises in the text, including Technology Exercises in Using Technology, Explore 

& Discuss activities, and Exploring with Technology activities. 

SOLUTION BUILDER (www.cengage.com/solutionbuilder) 

This online instructor database offers complete worked out solutions to all exercises 

in the text, including Exploring with Technology and Explore & Discuss questions. 

Solution Builder allows you to create customized, secure solutions printouts (in PDF 

format) matched exactly to the problems you assign in class. 

POWERLECTURE (978-1-285-08806-8) 
This comprehensive CD-ROM includes Solution Builder, PowerPoint slides, and 

ExamView® Computerized Testing featuring algorithmically generated questions to 

create, deliver, and customize tests. 

LEARNING AIDS 
STUDENT SOLUTIONS MANUAL (ISBN 978-1-133-96092-8) by Soo T. Tan 

Giving you more in-depth explanations, this insightful resource includes fully 

worked-out solutions for the answers to select exercises included at the back of the 

textbook, as well as problem-solving strategies, additional algebra steps, and review 

for selected problems. 

CENGAGEBRAIN.COM 
To access additional course materials and companion resources, please visit www 

.cengagebrain.com. At the CengageBrain.com home page, search for the ISBN of 

your title (from the back cover of your book) using the search box at the top of the 

page. This will take you to the product page where free companion resources can 

be found. 
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HE FIRST TWO sections of this chapter contain a brief review 

of algebra. We then introduce the Cartesian coordinate 

system, which 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. This 

chapter also covers straight lines. The slope of a straight line plays 

an important role in the study of calculus. 



CHAPTER 1 PRELIMINARIES 

Use this test to diagnose any weaknesses that you might have in the algebra that you 

will need for the calculus material that follows. The review section and examples 

that will help you brush up on the skills necessary to work the problem are indicated 

after each exercise. The answers follow the test. 

Diagnostic Test 

1. a. Evaluate the expression: 

(i (4) jit Sa DN TBs 
b. Rewrite the expression using positive exponents only: (x “y ) 

(Exponents and radicals, Examples 1 and 2, pages 6—7) 

2. Rationalize the numerator: 

(Rationalization, Example 5, page 7) 

3. Simplify the following expressions: 

a. (3x* + 10x? + 6x? + 10x + 3) + (2x4 + 10x? + 6x? + 4x) 

bo Gx = 4)Gx- = 2x3) 

(Operations with algebraic expressions, Examples 6 and 7, pages 8—9) 

4. Factor completely: 

a. 6a*btc — 3a*b*c — 9a*b? b. 6x? — xy — y? 

(Factoring, Examples S—10, pages 9-11) 

5. Use the quadratic formula to solve the following equation: 9x? — 12x = 4 

(The quadratic formula, Example 11, pages 12-13) 

6. Simplify the following expressions: 

D4? Bx 2 (t? -4)Qt 4) = 4e. 4)(21) 

ye es (12 + 4)? 
(Rational expressions, Example 1, page 16) 

7. Perform the indicated operations and simplify: 

2x —-6 x*+6x+9 3x 3x? 
a. : 5 bo oes 

xe ah 3 ig = ©) Lee ae ae stl 

(Rational expressions, Examples 2 and 3, pages 16-18) 

8. Perform the indicated operations and simplify: 

Dy 

ate b x(3x° aaa) 3x3 — 5x7 +x 

9 RST xe — NG? + 1)” 
x 

(Rational expressions, Examples 4 and 5, pages 18-19) 

3 
9. Rationalize the denominator: ———¥—— = 

| F2V% 

(Rationalizing algebraic fractions, Example 6, page 19) 

10. Solve the inequalities: 

a,x? +x-1250 

(Inequalities, Example 9, page 20) 

bis Ane 

(Absolute value, Example 14, page 22) 



1.1 PRECALCULUS REVIEW | 3 

ANSWERS: 

64 3 2 
es () == Gi) = b. : Dh 

oy} 5) ee zV xy 

3. a. 5x* + 20x37 + 12x? + 14x + 3 b... 9x? = 18x? + 17x = 12 

4, a. 3a°b?(2a’b’c — ac — 3) Dax away) 

2 2 x+2 ace 4) 
Malin aa dave) 6. a. paia bes 

3 Bx Ox 1) 

(x? + 2)(x* + 1) 

Sate 5 s *V dit 3x7(3x* —.5x + 1) 

(xD) (xeai8)) (x — 1)? 

3(1 — 2Vx) 2 
9. fir (= basa! 10. a. [4° 3] b. 52 | 

Precalculus Review | 

FIGURE 1 

The real number line 

Sections 1.1 and 1.2 review some basic concepts and techniques of algebra that are 

essential in the study of calculus. The material in this review will help you work 

through the examples and exercises in this book. You can read through this material 

now and do the exercises in areas where you feel a little “rusty,” or you can review 

the material on an as-needed basis as you study the text. The self-diagnostic test 

that precedes this section will help you pinpoint the areas where you might have any 

weaknesses. 

The Real Number Line 

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 can represent real numbers geometrically by points on a real number, or 

coordinate, line. This line can be constructed as follows. Arbitrarily select a point on 

a straight line to represent the number (0). 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 |. This determines the scale for the number line. Each positive 

real number lies at an appropriate distance to the right of the origin, and each negative 

real number lies at an appropriate distance to the left of the origin (Figure 1). 

Origin 

SiS 38) tO 

Sy) 4 

oS 

tw|— —>9 

——>e 

N+ hee 

v % 

A one-to-one correspondence is set up between the set of all real numbers and the 

set of points on the number line; that is, exactly one point on the line is associated with 

each real number. Conversely, exactly one real number is associated with each point 

on the line. The real number that is associated with a point on the real number line is 

called the coordinate of that point. 

Unless otherwise noted, all content on this page is © Cengage Learning 



CHAPTER 1 

TABLE 1 

Finite Intervals 

Interval 

Open: (a, b) 

Closed: [a, 5] 

Half-open: (a, b] 

Half-open: [a, 5) 

TABLE 2 

Infinite Intervals 

Interval 

(a, *) 

PRELIMINARIES 

Intervals 

Throughout this book, we will often restrict our attention to subsets of the set of real 

numbers. For example, if x denotes the number of cars rolling off a plant assembly line 

each day, then x must be nonnegative—that is, x = 0. Further, suppose management 

decides that the daily production must not exceed 200 cars. Then, x must satisfy the 

inequality 0 = x = 200. : 

More generally, we will be interested in the following subsets of real numbers: 

open intervals, closed intervals, and half-open intervals. The set of all real numbers 

that lie strictly between two fixed numbers a and 5 is called an open interval (a, b). 

It consists of all real numbers x that satisfy the inequalities a < x < b, and it is called 

“open” because neither of its endpoints is included in the interval. A closed interval 

contains both of its endpoints. Thus, the set of all real numbers x that satisfy the 

inequalities a = x = bis the closed interval [a, b]. Notice that square brackets are used 

to indicate that the endpoints are included in this interval. Half-open intervals con- 

tain only one of their endpoints. Thus, the interval [a, b) is the set of all real numbers 

x that satisfy a = x < b, whereas the interval (a, b] is described by the inequalities 

a <x = b. Examples of these finite intervals are illustrated in Table 1. 

Graph Example 

$$ )______» Gas | $+} eet 

a b 32-1012 3 

|_|» egal ea ++} > 
a b 32-1012 3 

>_> 1 (3, 3 Het 
a b =3,=2- =| 400 273 

I Ss fess) tt 
a b =se SIO oe 

In addition to finite intervals, we will encounter infinite intervals. Examples of infi- 
nite intervals are the half-lines (a, ~), [a, ©), (—%, a), and (—~, a] defined by the set of 
all real numbers that satisfy x > a, x 2 a, x < a, and x S a, respectively. The symbol ~, 
called infinity, is not a real number. It is used here only for notational purposes. The nota- 
tion (—%, %) is used for the set of all real numbers x, since by definition, the inequalities 
—% <x < hold for any real number x. Infinite intervals are illustrated in Table 2. 

Graph Example 

ee (2, 0 ) + + + —=——>_ 
a =I 0 | p) 

$$» x teal 3) ————_|_——+_—_— + 
a all 0 l D 

———$—$<—<—$—_—_—_——_—_» (nl ) ——————}_;_» x 
a =I! 0 | 2) 

, (=<; = 1 2 —_+—_ > x 
a =e () | 2 
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Exponents and Radicals 

Recall that if b is any real number and n is a positive integer, then the expression b” 

(read ““b to the power n”’) 1s defined as the number 

bo} = [polPelps 220 off 

n factors 

The number b is called the base, and the superscript n is called the power of the expo- 

nential expression b”. For example, 

OF = Oe. 2 =32.— “and (=) - (4)E)G)-2 
3 EVA ANey a, 

If b # 0, we define 

al 

For example, 2° = 1 and (—7zr)° = 1, but the expression 0° is undefined. 
Next, recall that if n is a positive integer, then the expression b'” is defined to be 

the number that, when raised to the nth power, is equal to b. Thus, 

(b Ne = b 

Such a number, if it exists, is called the nth root of b, also written Wb, 

If n is even, the nth root of a negative number is not defined. For example, 

the square root of —2 (n = 2) 1s not defined because there is no real number 

b such that b> = —2. Also, given a number b, more than one number might 

satisfy our definition of the mth root. For example, both 3 and —3 squared 

equal 9, and each is a square root of 9. So to avoid ambiguity, we define 

b'" to be the positive nth root of b whenever it exists. Thus, V9 = 9! = 3. 
That’s why your calculator will give the answer 3 when you use it to eval- 

uate A/9) 

Next, recall that if p/g (where p and gq are positive integers and g # 0) is a ratio- 

nal number in lowest terms, then the expression b’” is defined as the number (b'“)?” 

or, equivalently, WP, whenever it exists. For example, 

2 Ou eal pala) e883 

Expressions involving negative rational exponents are taken care of by the definition 

bey = 
bed 

Thus, 

| | | | 
4-5/2 = — = = 

45/2 (eels 2 219) 

The rules defining the exponential expression a", where a > 0, for all rational values 

of n are given in Table 3. 

The first three definitions in Table 3 are also valid for negative values of a. The 

fourth definition holds for all values of a if n is odd but only for nonnegative values 

of aif nis even. Thus, 

(—8)'? = AN/ 8) SS? nis odd, 

(—8)"? has no real value nis even. 

Finally, it can be shown that a” has meaning for a// real numbers n. For example, 

using a calculator with a key, we see that 2’~ ~ 2.665144. 
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TABLE 3 

Rules for Defining a” 

Definition of a” (a > 0) Example Definition of a” (a > 0) Example 

Integer exponent: If is a Fractional exponent: 

positive integer, then a. If n is a positive integer, 

n 5 5 then 

Qe SOO BOUT SE poe ern) 12h?) ‘ 
_l/n F, ut li2y aay 

(n factors of @) (5 factors) @ o 16 16 

= 32 denotes the nth root of a. =4 

Zero exponent: If n is equal b. If m and n are positive integers, 

to zero, then then 

a =| 70 = qn = n qr = ( n ane 92/3 = ( 3 Sie 

(0° is not defined.) 
= 4 

Negative exponent: If is a c. If mand n are positive integers, 

positive integer, then then 

] | She = + (0) g~3/2 x I 

nt = Sea (a a 0) Gaia = 5 Ga a qn (a ) a 93/2 

<n 

= Di, 

Los) a | 

The five laws of exponents are listed in Table 4. 

TABLE 4 

Laws of Exponents 

Law Example 

la®™- a= qrutn x2 4 rae = 273 = x? 

m x! 

Late Ga, (a # 0) i a axe 
a x 

34 (a)? =qrn (a _ x43 = xl? 

4. (ab)" = a"- b” (2x) 2° ox? = Tex 

These laws are valid for any real numbers a, b, m, and n whenever the quantities are 

defined. 

A Remember, (x*)? # x°. The correct equation is (x”)? = x?°? = x°. 

The next several examples illustrate the use of the laws of exponents. 

MD) EXAMPLE 1 Simplify the expressions: 

3 2 4x3 ter 2/3\3 MeN 0) y 
a. (3x~)(4x°) b. ‘gl (67) Gy Ve) os e. m7 
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Solution 

nce) Av ean Oe i] Dx Law | 

16°" b. “gif = 1604-12 = 1634 = ( é 16)° =22=8 none 

c (6 ye = 62/33) = 67 = 36 Law 3 

4 
oe) a _ a 9) 3) de (03972)? = (9) yr2)? = OAM = HA = awa x, 

y32\-2 yG!2)(-2) yo x12 

e. ; = = a = 5 Law 5 
me on eee . 

We can also use the laws of exponents to simplify expressions involving radicals, 

as illustrated in the next example. 

EXAMPLE 2 Simplify the expressions. (Assume that x, y, m, and n are positive.) 

a3/ _ 57,6 

a. V Reva b. V12mn- V3min Cc; es 
3 2 

V 8y> 

Solution 

toe = (16x4y8)!4 = 1614. 4484 = ayy? 

b. V12n3n- V3nbn = V36m*n? = (36m*'n*)'* = 36'?+m'n = 6min 

OE Sr ae ae 
(Os 3 = = = — = = 

J By (8°) iy 2y 

If a radical appears in the numerator or denominator of an algebraic expression, we 

often try to simplify the expression by eliminating the radical from the numerator or 

denominator. This process, called rationalization, is illustrated in the next two examples. 

eee ge Oe 
EXAMPLE 3 Rationalize the denominator of the expression ——=. 

2Vx 

Solution 

3x 3x Vx 3xVx  3xVx 3 VE 
— . — — — XS 

Ie. 2Va Ver 2Vx? Pe 2 

Leas 
EXAMPLE 4 Express cla as a radical and rationalize the denominator of the 

expression that you obtain. 

Solution 

lebespeerautisluccs oath OY x 
2 Wx Vx x 

EXAMPLE 5 Rationalize the numerator of the expression 

Solution 

SVG BY ae iaNvas 2 3% _ 3 
2x UP Ne Ve ONE 
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Operations with Algebraic Expressions 

In calculus, we often work with algebraic expressions such as 

2 29 de ae 

Vx xa 

An algebraic expression of the form ax’””y", where the coefficient a is a real number 

and m and n are nonnegative integers, is called a monomial, meaning it consists of 
Sh . . . . = 

one term. For example, 7x~ is a monomial. A polynomial is a monomial or the sum 

of two or more monomials. For example, 

9x? + 2x + I 2x43 — x13 4 ] 2x? — x 

x>+4x¥+4 +5 xt + 3x7 + 3 xy toyty 

are all polynomials. The degree of a polynomial is the highest power (m + n) of the 

variables that appears in the polynomial. 

Constant terms and terms containing the same variable factor are called like, or 

similar, terms. Like terms may be combined by adding or subtracting their numeri- 

cal coefficients. For example, 

| iL 
3x + 7x = 10x and ri + 3xy = a 

The distributive property of the real number system, 

ab + ac=a(b +c) 

is used to justify this procedure. 

To add or subtract two or more algebraic expressions, first remove the parenthe- 

ses and then combine like terms. The resulting expression is written in order of non- 

increasing degree from left to right. 

EXAMPLE 6 

Bela AY eG) (3x8 exe tax) 

= 2x + 3x + 4x + 6 — 3x7 — 9x — 3x Remove parentheses: 

= 2x* — 3x4 + 3x3 -— 9x7 — 3x2 + 4x 4+ 6 

= —x* — 60 —- 3x° + 4x + 6 Combine like terms. 

ie Opn 

Wi aati lt oe 1] 4} 
= 3 2 
=e = {t = pt az 1 F 4} Remove parentheses and combine 

like terms within brackets. 

= 277 — ae ar if = Ils 4} Remove brackets. 

—= 3} 2 A 5 = Vie = {t am ff SP 3} Combine like terms within braces. 

= oF fe ii 3 Remove braces. Be 

Observe that when the algebraic expression in Example 6b was simplified, the inner- 
most grouping symbols were removed first; that is, the parentheses ( ) were removed 
first, the brackets [ ] second, and the braces { } third. 

When algebraic expressions are multiplied, each term of one algebraic expression is 
multiplied by each term of the other. The resulting algebraic expression is then simplified. 

EXAMPLE 7 Perform the indicated operations: 

‘ | 
a osc NOE 3} b. v( 300 —— ty) + y( 240 — Le = os 

4 8° j 8 8° 
Crile: 4 Fes — eee) 
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Solution 

a. (x° + 1)(3x? + 10x + 3) = x°(3x? + 10x + 3) + 1(3x2 + 10x + 3) 

= 3x* + 10x? + 3x” + 3x? + 10x + 3 

= 3x7 + 10 + 6 + 10x + 3 

] l l 3 
Les 28 SAU =o en Sy ee ( ne =”) v( 240 3 2y) 

1 1 | 3 
300x — —x? — —xy + 240y — =xy — =y? x Fs gu }} 3% 3) 

= ee Os + 300x + 240 — as ) 

4 aaa ats ( y 

ce. (e+ ee — ele — e*) = eee Hae” 

=2 & 

Certain product formulas that are frequently used in algebraic computations are 

given in Table S. 

TABLE 5 

Some Useful Product Formulas 

Formula Example 

(a + bY = a? + 2ab + b? (2x + 3y)? = (2x)? + 2(2x)(3y) + (3y)" 

= 47? + 12xy + 9yY 

(a — bP? = a* — 2ab+ b? (4x — 2y)? = (4x)? — 2(4x)(2y) + (2y)? 

= 16x — l6xy + 4y 

(a+ bia — b)=a — db? (2x + y)(2x — y) = (2x)? — 6 

=47—-y 

Factoring 

Factoring is the process of expressing an algebraic expression as a product of other 

algebraic expressions. For example, by applying the distributive property, we may write 

9 |) 

To factor an algebraic expression, first check to see whether any of its terms have 

common factors. If they do, then factor out the greatest common factor. For example, 

the common factor of the algebraic expression 2a*x + 4ax + 6a is 2a because 

2a’x + 4ax + 6a = 2a - ax + 2a > 2x + 2a: 3 = 2a(ax + 2x + 3) 

EXAMPLE 8 Factor out the greatest common factor in each expression: 

a. —3t? + 3t Dale a c. 2ye*” ar axye”” 

9} ; i — We, 

d.. 4x(x + 1)? — (2 Jew ee 

Solution 

eee or — 1) 

Die = OS) 

C; 2ye” m5 2xyre*” = 2ye"(1 ay) 
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d4kxe 1 — 2x°( Joc 1) = Ane Le ee isa 
Nl 

| 

= x(x “tilh) ae atcoet a) eae aie et 

ap eed) eA a) = 2] 
=e 1) (ae 4 = xia xe £1) (3x + 4) 

Here we select (x + 1) '” as the greatest common factor because it is the highest 

power of (x + 1) in each algebraic term. In particular, observe that 

(x + Wal de LAG a ee — ( a. [or eae = (x ae i) 

Sometimes an algebraic expression may be factored by regrouping and rearrang- 

ing its terms so that a common term can be factored out. This technique 1s illustrated 

in Example 9. 

EXAMPLE 9 Factor: 

a. 20% + 2ay Fie by b. 3xVy — 4 — 2Vy + 6x 

Solution 

a. First, factor the common term 2a from the first two terms and the common term 

b from the last two terms. Thus, 

Zax + 2iy + DS Oy = Lacy) Oley) 

Since (x + y) is common to both terms of the polynomial, we may factor it out. 

Hence 

2x tye Dery) = (2a bx y) 

b. 3xVy — 4 — 2Vy + 6x = 3xVy — 2Vy + 6x — 4 Rearrange terms. 

Vy(3x — 2) + 2(3x — 2) Factor out common factors, 

(SPD eV ND) &S 

As we have seen, the first step in factoring a polynomial is to find the common 
factors. The next step is to express the polynomial as the product of a constant and/or 
one or more prime polynomials. 

Certain product formulas that are useful in factoring binomials and trinomials are 
listed in Table 6. 

TABLE 6 

Product Formulas Used in Factoring 

Formula Example 

Difference of two squares: 

xr —y =(x + y)(x -y) x — 36 = (x + 6)(x — 6) 
8x? — 2y? = 2(4x? — y*) 

22x + y)(2x — y) 
JP =36+a)3—a@) 

ll 

tw 

Perfect-square trinomial: 

Ke ny iy (xe ye x + 8x + 16 =(x + 4P 
x = Diy ty = (yy 4x? — Axy + y? = (2x — yf? 

Sum of two cubes: 

ery = (yt = ay sy) Z+2W=27 

Difference of two cubes: 

ey ==) e ay 7) 8x° — y® = (2x7 — (3 

= (2x — y?)(4x* + Ixy? + y’) 
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The factors of the second-degree polynomial with integral coefficients 

pie ar GE. aF Uf 

are (ax + b)(cx + d), where ac = p, ad + bc = q, and bd = r. Since only a limited 

number of choices are possible, we can use a trial-and-error method to factor polyno- 

mials having this form. 

For example, to factor x° — 2x — 3, we first observe that the only possible first- 

degree terms are 

(x \(x ) Since the coefficient of x7 is | 

Next, we observe that the product of the constant terms is (—3). This gives us the fol- 

lowing possible factors: 

Looking once again at the polynomial x7 — 2x — 3, we see that the coefficient of x is 

—2. Checking to see which set of factors yields —2 for the coefficient of x, we find that 

Coefficients of inner terms Factors 

| Coefficients of outer terms Mitartecns 

: | 
(-1)(1) + (1)) = 2 N+ 3 

het 

Inner terms 

Coefficients of inner terms 

| Coefficients of outer terms Outer terms 

Y | 
(1)(1) + (1)(-3) = -2 eee 

Inner terms 

and we conclude that the correct factorization is 

ee oe ee) 

With practice, you will soon find that you can perform many of these steps mentally 

and the need to write out each step will be eliminated. 

EXAMPLE 10 Factor: 

ayo 4a 4 Dike 4 c. —3f? + 192¢ + 195 

Solution 

a. Using trial and error, we find that the correct factorization is 

Bxretv4or— 14 SMA) (x +2) 

b. Since each term has the common factor 3, we have 

Bi — Ox, = 4 = B(x 2x 8) 

Using the trial-and-error method of factorization, we find that 

i maa Sanaa (x + 2) 

Thus, we have 

Shag 24 B(x — Alix 2) 

c. Since each term has the common factor —3, we have 

—31? + 192¢ + 195 = —3(t? — 64 — 65) 

Using the trial-and-error method of factorization, we find that 

(f= 64,60 i= (= 65) + 1) 

Therefore, 

—3¢2 + 192¢ + 195 = —3(t — 65)(t + 1) 
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Roots of Polynomial Equations 

A polynomial equation of degree n in the variable x is an equation of the form 

WE Gee Se a, = 0 

where n is a nonnegative A AN Gents eee ucks a, are real numbers with a,, # 0. For 

example, the equation 

—2x° + 8x? — 6x7 + 3x + 1=0 

is a polynomial equation of degree 5 in x. 

The roots of a polynomial equation are precisely the values of x that satisfy the 

given equation.* One way to find the roots of a polynomial equation is to factor the poly- 

nomial and then solve the resulting equation. For example, the polynomial equation 

3 — 34° + 2x = 0 

may be rewritten in the form 

Cauca eas On Ola x= 1 (6 = 2) 0 

Since the product of two real numbers can be equal to zero if and only if one (or both) 

of the factors is equal to zero, we have 

es) eles) or x—2=0 

from which we see that the desired roots are x = O, 1, and 2. 

The Quadratic Formula 

In general, the problem of finding the roots of a polynomial equation is a difficult one. 

But the roots of a quadratic equation (a polynomial equation of degree 2) are easily 

found either by factoring or by using the following quadratic formula. 

Quadratic Formula 

The solutions of the equation ax* + bx + c = 0 (a # 0) are given by 

—h+ Vb? — 4ac 

2a 
xX = 

Note If you use the quadratic formula to solve a quadratic equation, first make sure 

that the equation is in the standard form ax? + bx + c = 0. 

EXAMPLE 11 Solve each of the following quadratic equations: 

ax? Se 11210 b. x7 = —3x + 8 

Solution 

a. The equation is in standard form, with a = 2, b = 5, and c = —12. Using the 
quadratic formula, we find 

_-b+ Vb? = 4ac  -5 + V5? — 4(2)(-12) 
i 

2a = 

eV ILE Soe 

4 eA 

= —4 “OL z 
Z 

*In this book, we are interested only in the real roots of an equation. 
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This equation can also be solved by factoring. Thus, 

2x + 5x = 12 = (2x — 3) (xt 4) 0 

from which we see that the desired roots are x = 3 or x = —4, as obtained 

earlier. 

. We first rewrite the given equation in the standard form x* + 3x — 8 = 0, from 

which we see that a = 1, b = 3, and c = —8. Using the quadratic formula, we find 

nab te VAP Oe Aaehn may NB A) 8) 
DS — — 

2a 2(1) 

ieee VAL 

2 

That is, the solutions are 

sou V4l =i Vel 
Tice 1.7 and 5 a —47 

In this case, the quadratic formula proves quite handy! 

1 | Airs, peel 
In Exercises 1-6, show the interval on a number line. pis Pie eri Sager 20 

4° 64 2 2 
e(Ga0) 25. (= 22, S| 34) 

a: 31 3256 (25) ae 

4 [-§ -;| 5. (0, ©) 6. (—™, 5] ; Y 
a In Exercises 33-38, rewrite the expression using positive expo- 

nents only. 
In Exercises 7-22, evaluate the expression. 33n(aae 34, 3513 « 29-78 

Tei 5.82 
3x7! 3 

| ) are 35, —— 36. V4x 1. Vox 
OE Ale 105 (772° ie, 

5/5 a 
ae we ar 37. 12%s +t)? 38. Go ya eave 

“(OT lel . 8 ; 3 In Exercises 39-54, simplify the expression. (Assume that x, y, r, 5, 

Sere “12 and t are positive.) 
()" a (>) : 

113% 5 Pe Maes rg paths. 
3 16 39. 40. (49x-2)-1? 

ae 

re (ise 16. V2" 55,32 
Bide eae 

= AVe(xy ey 42.57 = 17 WTA 18. 3 as ( Ney) Oxo yt 
Vis 27 

ae Hy \7 
5/8 1/2 g735 925 =(05 43. 3 44. (=) 

pce a 20. ( u ) i 2 
t6"* ae 3 -2/3 ge X12 

6-60 45. ( : :) 46. (16 =) 

216 go 22: 614 Thy e 

In Exercises 23-32, determine whether the statement is true or 

false. Give a reason for your choice. 

93 FO = 3x2 DH OTS Ben Sn 

47. 

49. 

whi b- 

5S: 

485 
Tey 

SOx re 

Sy Ny ee 

4, V27r°- V9s"t4 mn 
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5) | 9) D) 1/5) 

In Exercises 55-58, use the fact that 2!” = 1.414 and 3'? = 1.732 NGuaitiaak (3 xT ‘ = (x = n(fs ‘ 

to evaluate the expression without using a calculator. 2 c 

55, 23? 56. 3'2 57. 93/4 58. 6! 97. 100(—10te °'’ — 100e°°"") 

In Exercises 59-62, use the fact that 10'”” ~ 3.162 and 10'? = OR. 2G Vt) et 
2.154 to evaluate the expression without using a calculator. 

3/2 ahi In Exercises 99-106, factor out the greatest common factor from 

Lek 6011000 each expression. « 
2.5 —1/3 iy ; 61. 10 62. (0.0001) 0 Ao! oe 

In Exercises 63-68, rationalize the denominator. 
100) 4272 — Sey Ory 

ie ie (ag 
25 2V xy V3y 101. 7a* — 42u°b? + 49a*b 

5x | 2x ; 
66. —= 67. — 68. ,/— 102 ee x 

V5x Vy y 

LOSieS Cea Ovcme 

ls 8x 2y 104. 2ye” + 2xy'e”” 
Ee 7 71. eC 

3 24 a auseiittgh 

sy) BY {25} 105. OF ies Vig i Sy 244 

a vx% Vx‘y 2 
Tin ES Wek 74. 

3y y Des 

. 
1/2 5/2 3/2 IS, == = Qe 

In Exercises 75-98, perform the indicated operations and/or sim- ZNS 

plify each expression. 
‘ In Exercises 107-120, factor each expression completely. 

DS x = syen o) ra Oe OK = 4) 
107. 6ac + 3bc — 4ad — 2bd 

76. (3x 4rony Paya (4 = oxy = 2x") 
; 108. 3x2 = 224 3x -1 

TTS (Sy Oy. HD) G39 =7) ay 
78. 3(2a = b) — A(b — 2a) 109. 4a? a Oh? 110. (De a 3y? 

Wee eon (=4 = (-—a)}} PES OA = 12 ee 2 ie) 

80. 3x° — {x + 1 — fx — (2x — I} +2 113. 3x2 — 6x — 24 114. 15x27 — 4x — 4 
| l 

81. (1 = Ver :) = (-1 = e*) MIS. = 2x ec) 116. («+ yy) = 1 

3 | | | 117. 9x7 = 16y7 118. 8a* — 2ab — 6b? 
82. = = ve sr IKK) s- 5 + a en () 

119. 8x° + 125 120. 27x° — 64 

I 3 
83. 3V8 + 8 — 2Vy + SVE - TVy 

In Exercises 121-128, perform the indicated operations and sim- 

plify each expression. 

84. se “te x i 3 xe a 2x42 121. (x + y*)x — xy(2y) 

85, (3x + 8)(x — 2) 86. (Sx + 2)(3x — 4) 122. 2k (Ri 7) kore 

87. (a +5)? 88. (3a — 4b)? 123. 2 = Oe 2) AG lye (er) 

89. (x + 2y) 90. (6y — 3x)? 124, 5x7(3x7 + 1)*(6x) + (3x27 + 1)°(2x) 

91. (2x + y)(2x — y) 92. (3x + 2)(2 — 3x) 125. A(x — 1)%(2x + 2)(2) + (2x + 2)4(2)(x — 1) 
93. (2x? — 1)(3x2) + (x? + 3)(4x) 

( 2 1)(2 ) (2 
126. (x Si 1)(4x° = 3x2 ae 2x) 8) be tv xe i x°)(2x) 

94 = Dh ag (eal (es 

| a 127. (x? + 2)?[5(2? + 2)? — 32x) 
l 2 —1/2 2 1/2 

a: ox(4 Joa Pe a Cas) 128. (x? — 4)(x2 + 4)(2x + 8) — (x? + 8x — 4)(4x°) 



In Exercises 129-134, find the real roots of each equation by 
factoring. 

129, x +x-12=0 130. 3x7 -x -4=0 

131. 477 + 2r-2=0 132. —6x° +x+ 12=0 

aes 1 
133. fete ae 134. [a° +a 12=0 

In Exercises 135-140, solve the equation by using the quadratic 
formula. 

135. 4° + 5x —6=0 136. 3x* — 4x + 1=0 

137. 8x? — 8x -3 =0 138. x? — 6x +6=0 

139. 2x? + 4x —-3 =0 140. 2x7 + 7x - 15 =0 

141. Distripution oF Incomes The distribution of income in a 

certain city can be described by the mathematical model 

y = (5.6 + 10'')(x)'°, where y is the number of families 
with an income of x or more dollars. 

Precalculus Review II 
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a. How many families in this city have an income of 

$30,000 or more? 
b. How many families have an income of $60,000 or 

more? 

c. How many families have an income of $150,000 or 
more? 

In Exercises 142-144, determine whether the statement is true 

or false. If it is true, explain why it is true. If it is false, give an 

example to show why it is false. 

142. 

143. 

144. 

If b? — 4ac > 0, then ax* + bx + c = 0 (a # 0) has two 
real roots. 

If b° — 4ac < 0, then ax? + bx + c = 0 (a # 0) has no 

real roots. 

Va + b)(b — a) = Vb? — a? for all real numbers a 
and b. 

Quotients of polynomials are called rational expressions. Examples of rational expres- 

sions are 

Ge = | 
am 

3x2y3 — 2xy 2 
Dye ae 3 4x Sab 

Since rational expressions are quotients in which the variables represent real numbers, 

the properties of real numbers apply to rational expressions as well, and operations with 

rational fractions are performed in the same manner as operations with arithmetic fractions. 

For example, using the properties of the real number system, we may write 

ac OLE a a 

(Pedamted hit Coma ob 

where a, b, and c are any real numbers and b and ¢ are not zero. 

Similarly, using the same properties of real numbers, we may write 

Cent ie 3) 3 ty 
= (x # 2,3) 

(ee 2 ie 3) a2 

after “canceling” the common factors. 

\ An example of incorrect cancellation is 

2+ 4x 
#1+ 4x 

because 3 is not a factor of the numerator. Instead, we need to write 

3 

Sli al 3 4x 4x 
+—=]+ 

2 ae, 3 

An algebraic fraction is simplified, or in lowest terms, when the numerator and 

denominator have no common factors other than | and —1 and the fraction contains 

no negative exponents. 
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-TABLE7 
Rules of Multiplication and Division: Algebraic Fractions 

Operation 

PRELIMINARIES 

EXAMPLE 1 Simplify the following expressions: 

x? + 2x —3 ; (x? + 1)?(—2) + 2x)(2)G? + 1x) 

BER (x? + 1)4 

Solution 

Risa eee omeiee all x—kh 

tng 4g 1093 (resreuos) (cee) 1) eee 

b. 
(ae + 1)4 

Ce) 2) eee ee 
= 4 Factor out (x + 1). 

(ee 

12 DE Ae mD) Carry out 

xe (x is I)( 2x 2 + 8 ) indicated 
Ge an Be multiplication. 

2 Fite 

= (x i 1)(6x 2) Combine like 

(ie at Ly? terms. 

es Cancel the 

= (6x ) common 
(se? ak iis factors, 

PIS ne Factor out 

ar 2(3x 1) 2 from the 
(a2 + Ly numerator. 

The operations of multiplication and division are performed with algebraic frac- 

tions in the same manner as with arithmetic fractions (Table 7). 

Example 

If P, Q, R, and S are polynomials, then 

Multiplication: 

IP IR IPM Dye ete Te 2x A Pe a a, ae (OFS #0) ae = pe as 2x 
Ons OS Vaulye ie yr elem y eae 
Division: 

Bak Le 2 PS coe ye ee : ee (O,R, 8 #0) x ae _*x 3. Ze _* ar Shy 

Dies, BOLR HOR MZ x Per a cay 

VIDEO J 

When rational expressions are multiplied and divided, the resulting expressions 
should be simplified if possible. 

EXAMPLE 2 Perform the indicated operations and simplify: 

2x -8 x*°+4%4+4 

Sean pe x? — 16 
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Solution 

ia Sane 4° 420 4) (x +2)? 

Pe. Wel ae léy a ee eo “(x + 4)(x — 4) 

ee oe ee) 

(x + 2)(x + 4)(x — 4) 

2G) ee neeiitie eommonitactaik 
yeerd (eee oa) Bg 

For rational expressions, the operations of addition and subtraction are performed 

by finding a common denominator of the fractions and then adding or subtracting the 

numerators. Table 8 shows the rules for fractions with equal denominators. 

TABLE 8 

Rules of Addition and Subtraction: Fractions with Equal Denominators 

Operation Example 

If P, Q, and R are polynomials, then 

Addition: 

ie Dee ; Ox + 6x o = O a O (R #0) 2x i 6x _ 2x + 6x - 8x 

R R R re ae fe ap DP x +2 ae 

Subtraction: 

PR ss 3y y Sy Sy, 2y 
g = g (R # 0) : = =— == 

R R R Vem Vi Se i a 

x E aeons 

A aa aie ee 

To add or subtract fractions that have different denominators, first find a common 

denominator, preferably the least common denominator (LCD). Then carry out the 

indicated operations following the procedure described in Table 8. 

To find the LCD of two or more rational expressions: 

—_ . Find the prime factors of each denominator. 

2. Form the product of the different prime factors that occur in the denominators. 

Each prime factor in this product should be raised to the highest power of that fac- 

tor appearing in the denominators. 

EXAMPLE 3 Simplify: 

2x 6(3x*) 
a. 5 5 bb. 

Coal exer Ate ae x 

Solution 

2x Gx) exe G2 es Ol Sxeix 1) 
ogee a liom = 5 Sy. LGD ioe al) Gea) 

a tete ome ate (Gh matte) Nata cat 23) 

= eae IE AX 18x* ay 18x? Carry out the indicated 

E< (x 4 ae a 2) multiplication. 

20x* + 18x? + 4x ae 
= = 5 Combine like terms. 

(ee baer?) 

20> Fox 
— - 4 Factor. 

(a ebb ake) 
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| ge eS 
b. = LCD = x(x + h) 

Sg a (ae aes! x(or 4 ft) 

= el 
er ay eae Remove parentheses. 

oe teat) 

=h 
— ae Combine like terms. 
Ba ial) . Es 

Other Algebraic Fractions 

The techniques used to simplify rational expressions may also be used to simplify 

algebraic fractions in which the numerator and denominator are not polynomials, as 

illustrated in Example 4. 

EXAMPLE 4 Simplify: 

I 
Las =! =| 

je sel ee a) 
a. bits. aes 

4 i ee 
Eero aoa 

A 

Solution 

| spe IL AP Il 
Il ar 

e ast al = ae Si LCD for numerator is x + | and 

4 x? —4 LCD for denominator is x. 

XS Se 

xX Xx 

0 2 Xi Fas 2 Xi 

Veholpine® ar4iueraitnlhe be +2 )(x = 2) 

x i 

GAG = 3} 

l 1 tak 
=i) l =v te See GY ey xy 

be == = = qi, 
X FchiVae ] l = 56 x 

x 2 y? 2 2) 2 

y+x xy? Vigr Xs De 

aa) Va Xs XY (vy + xO - x) 

2 
Ns eat 2, es 

EXAMPLE 5 Perform the given operations and simplify: 

RO 2e LN Ay Ge He D Es 5 rea ee b. —=—— + : ie el x(x -¥ Ose at 1) ee Te 6N/ 29 es 

Solution 

Hi x Dig te De Ay? 20677 + x — 2 if x(4x? — 6x7 +x - 2) 

al ne (2 a ee Ox 2 

x(4x%° = 6x? + x — 2) 

~ (y= 12x? + 1)? 
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12x? = 12x? i 4 Write radicals 

DO De? ae Bho = 1) == O(2x= =F oy r in exponential 

2x? + 3 (2x5 + 3) ' form 

ers) 2 a) ee 
(x- ai ae (Cees 

- 1D 6( 2x ens ) 

(Cae ety 

248s eG 4es 4/8) 

(25f ape 2x? + 3 

Rationalizing Algebraic Fractions 

19 

When the denominator of an algebraic fraction contains sums or differences involving 

radicals, we may rationalize the denominator—that is, transform the fraction into an 

equivalent one with a denominator that does not contain radicals. In doing so, we 

make use of the fact that 

(Va + Vb)(Va — Vb) = (Va)* — (Vb)? 
= Ga =D 

This procedure is illustrated in Example 6. 

l 
EXAMPLE 6 Rationalize the denominator: ———~. 

bee Vx 

Solution Upon multiplying the numerator and the denominator by (1 — Vx), we 

obtain 

5 neagel sine il Pe VN ea 
l+Vx L+tvVx 1- Vx loo’ 

ee 
Sy). 

Lies 
Lait 

In other situations, it may be necessary to rationalize the numerator of an alge- 

braic expression. In calculus, for example, one encounters the following problem. 

Vl ee 

h 

Solution 

Via hy SON eh + 
h <i h Ory ey al 

(VI +h)? = (1)? 
7 A(V1 +h +1) 

sep ll (VI +h =VI+h- VI+hA 

— A(VI +h + 1) = ae 

h 

AV1 +h +1) 

ViFhtl 
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FIGURE 2 

Sign diagram for (x + 4)(x — 2) 

Inequalities 

The following properties may be used to solve one or more inequalities involving a 

variable. 

Properties of Inequalities 

If a, b, and c are any real numbers, then 

Example 

Property 1 liva-— Db and.b —.c, Oe 3 and 3 =08, S026 6. 

then @ = c. 

Property 2. Ifa<b, then POF 3 680 = 5 42, = ae 

ate<b+c. Mais, =3< — I. 

Property 3 lica——abrandies.0! —5 < —3, and since 2 > 0, we have 

then ac < be. (HQ) (=3)(2); that 1s, = 10 = —6; 

Property4 Ifa<bandc <0, —2 < 4, and since —3 < 0, we have 

then ac > be. (=2)G=3) = 4) 3) a thats, 6. 

Similar properties hold if each inequality sign, <, between a and b and between b and 

c is replaced by =, >, or S. Note that Property 4 says that an inequality sign is 

reversed if the inequality is multiplied by a negative number. 

A real number is a solution of an inequality involving a variable if a true state- 

ment is obtained when the variable is replaced by that number. The set of all real num- 

bers satisfying the inequality 1s called the solution set. We often use interval notation 

to describe the solution set. 

EXAMPLE 8 Find the set of real numbers that satisfy —1 = 2x — 5 <7. 

Solution Add 5 to each member of the given double inequality, obtaining 

aoa ga Sal) W 

Next, multiply each member of the resulting double inequality by 5, yielding 

2Sn a6 

Thus, the solution is the set of all values of x lying in the interval [2, 6). 

EXAMPLE 9 Solve the inequality x7 + 2x — 8 < 0. 

Solution Observe that x7 + 2x — 8 = (x + 4)(x — 2), so the given inequality is 
equivalent to the inequality (x + 4)(x — 2) < 0. Since the product of two real 
numbers is negative if and only if the two numbers have opposite signs, we solve 
the inequality (x + 4)(x — 2) < 0 by studying the signs of the two factors x + 4 and 
x — 2. Now, x + 4 > 0 when x > —4, and x + 4 < 0 when x < —4. Similarly, 
x — 2 > 0 when x > 2, and x — 2 < 0 when x < 2. These results are summarized 
graphically in Figure 2. 

Sign of 
(x + 4) ~QO++4+4+4+4+4+4+4+4+44+4+4+4444 

(x-2) - -— -—--O+++4+++44 
i+ +——+—_+——_+ +++» x 

—SItogsatail OW 2 8 4 45 

Unless otherwise noted, all content on this page is © Cengage Learning 
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From Figure 2, we see that the two factors x + 4 and x — 2 have opposite signs 

when and only when x lies strictly between —4 and 2. Therefore, the required solu- 
tion is the interval (—4, 2). 

atl 
EXAMPLE 10 Solve the inequality 40) 

; 

r= 

Solution The quotient (x + 1)/(x — 1) is strictly positive if and only if both the 

numerator and the denominator have the same sign. The signs of x + 1 and x — 1 

are shown in Figure 3. 

Sign of 
(Gass iD) = O+++++4+++++ 

(«=1) -—=- —~O+4++4++4++4+4 
FIGURE 3 i++ Se 
Sign diagram for -4-3-2-1 0 1 3 4 

From Figure 3, we see that x + 1 and x — 1 have the same sign if x < —1 or 

x > 1. The quotient (x + 1)/(@ — 1) is equal to zero if x = —1. Therefore, the 

required solution is the set of all x in the intervals (—%, —1] and (1, ~). 

ge*, APPLIED EXAMPLE 11 Stock Purchase The management of 

needed to purchase 

g Corbyco, a giant conglomerate, has estimated that x thousand dollars is 

100,000(—1 + V1 + 0.001x) 

shares of common stock of Starr Communications. Determine how much money 

Corbyco needs to purchase at least 100,000 shares of Starr’s stock. 

Solution 

shares is found by solving the inequality 

The amount of money Corbyco needs to purchase at least 100,000 

100,000(—-1 + V1 + 0.001x) = 100,000 

Proceeding, we find 

te Ws la OOM eee I 

V1 + 0.001x = 2 

1 + 0.001x = 4 

O00 1x = 3 

x = 3000 

Square both sides. 

so Corbyco needs at least $3,000,000. (Recall that x is measured in thousands of 

dollars.) 

Absolute Value 

Absolute Value 

The absolute value of a number a is denoted by |a| and is defined by 

a 

a s. 
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ifa = 0 

ifa< 0 


