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PREFACE

Mathematics education continues to evolve at an ever-increasing rate. There is
greater emphasis on doing mathematics rather than merely duplicating mathe-
matics through extensive drill. Students are urged to investigate concepts,
apply those concepts, and then present their findings. Technological advances
in graphing calculators, computers, and software make it possible to explore the
interdependence of mathematics and its application.

This third edition of College Algebra and Trigonometry continues to build on
the success of the second edition, enhancing the features of that edition and
including new features that demonstrate the dynamic link between math con-
cepts and math models. The special features include

@ Topics for Discussion
® Projects
e Exploring Concepts with Technology

Topics for Discussion precede the exercise set in each section of the text.
These topics can serve as group discussion or writing assignments.

Projects included at the end of each exercise set are designed to encourage
students to research and write about mathematics and its applications. In the
Instructor’s Resource Manual there are additional projects that may be assigned.
To ensure that projects are contemporary and in adequate supply, we have
written additional projects that can be found on the Internet. Also included
there are more modeling exercises arranged by subject area. These problems
are updated once a semester and can be found at http://www.hmco.com.

A special end-of-chapter feature, Exploring Concepts with Technology,
extends ideas introduced in the text by using technology to investigate applica-
tions or mathematical topics. These explorations can serve as group projects,
class discussions, or extra-credit assignments.

Technology is introduced very naturally in the text to illustrate or enhance
a concept. Our intention is to demonstrate appropriate technology when neces-
sary to support a concept. We try to foster the idea that the concept motivates
the use of technology, not to introduce technology for technology’s sake. The
technology icon (shown at this beginning of this paragraph) is used throughout
the text to identify discussions of specific techniques for using graphing utili-
ties, as well as examples and exercises that call for the use of technology. Op-
tional exercises requiring the use of a graphing utility are designed to develop
in students an appreciation for both the power and the limitations of technol-
ogy. These exercises are supplemented by our new Graphing Workbook, which
offers over 600 additional problems that may be worked using graphing utilities.

Despite the changes to this edition, we have retained our basic goal: to
provide a comprehensive and mathematically sound treatment of the topics
considered essential for a college algebra and trigonometry course. To help stu-
dents master concepts, we have tried to maintain a balance among theory,
application, modeling, and drill. Carefully developed mathematics is comple-
mented by abundant, creative applications that are contemporary and represent
a wide range of disciplines. Many application problems are accompanied by a
diagram that helps the student visualize the mathematics involved.
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X PREFACE

Worked-out examples include a
descriptive title and
annotations that help students
follow the solution.

The Features in Detail

Interactive Presentation College Algebra and Trigonometry is written in a style
that encourages the student to interact with the textbook. At various places
throughout the text, for example, we pose a question to the student about the
material being read. This question encourages the reader to pause and think
about the current discussion and to frame an answer to the question. To make
sure the student does not miss important information, the answer to the ques-
tion is provided as a footnote on the same page.

Each section contains a variety of worked-out examples. Each example is
given a descriptive title so the student can see at a glance what type of problem
it illustrates. Many examples are accompanied by annotations that help the stu-
dent follow the logic of the solution as it moves from step to step. After the
worked-out example, we give the number of an exercise in that section’s exer-
cise set for the student to work. Such exercises are printed in red in the exercise
set, and their complete solutions can be found in the Solutions to Selected Exer-
cises section at the end of the text.

Figure 2.6

——8ft |

Solve a Construction Application

Concrete slabs often crack and buckle if proper expansion joints are not
installed. Suppose a concrete slab expands as a result of an increase in
temperature, as shown in Figure 2.6. Determine the height x, to the
nearest inch, to which the concrete will rise as a consequence of

this expansion.

Solution

Use the Pythagorean Theorem.

2

(8 feet + —;—inch> = x? + (8 feet)’

(96.125)* = x* + (96)* ® Change units to inches.
(96.125)* — (96)* = x2
V/(96.125)* — (96)? = x ® Only the positive root is
49 ~ x taken because x > 0.

Thus, to the nearest inch, the concrete will rise 5 inches.

of this expansion.

68. ConsTRUCTION A concrete slab cracks and expands as a
result of an increase in temperature, as shown in the Students are
following figure. Determine the height x, to the nearest directed to try an
inch, to which the concrete will rise as a consequence

Try Exercise 68, Exercise SeT 2.3

exercise similar to
the example.

1 2
68. (10 feet + T inch) = (10 feet)’* + x*

V(120.25)* — (120)> = x  * Change feet to inches.
775 = x

A complete solution to the exercise is given in the Solutions to
Selected Exercises section at the end of the text.

To the nearest inch, the concrete will rise 8 inches.




PREFACE xi

Extensive Exercise Sets The exercise sets of College Algebra and Trigonometry
were carefully developed to provide the student with a variety of exercises. The
exercises range from drill and practice to interesting challenges and were cho-
sen to illustrate many facets of topics discussed in the text. Each exercise set
emphasizes skill building, skill maintenance, and (as appropriate) applications.
Included in each exercise set are Supplemental Exercises that incorporate mate-
rial from previous chapters, offer extensions of topics, require data analysis,
and present challenge problems or problems in the “prove or disprove” format.
Four types of exercises are identified by icons:

l,_’é Writing exercises !H Graphing Utility exercises
Group exercises rim Data Analysis exercises

Applications One way to stimulate student interest in mathematics is through
applications. The applications in College Algebra and Trigonometry have been
taken from many disciplines, including agriculture, architecture, biology, busi-
ness, chemistry, earth science, economics, engineering, medicine, and physics.
Besides providing motivation to study mathematics, the applications help stu-
dents develop good problem-solving skills.

Projects One of our goals in writing this text has been to involve the student
with the text. As mentioned earlier, we do this through various pedagogical
features, such as pausing in the course of developing a concept to ask the stu-
dent to answer a pertinent question. Projects are another feature designed to
engage the student in mathematics, this time through writing. The projects at
the end of each section’s exercise set provide guidelines for further investiga-
tions. Some projects ask the student to solve a more complex application prob-
lem. Others ask the student to write a proof of some statement. Still others
invite the student to chronicle the procedure used to solve a problem and to
suggest extensions to that problem. Many of these projects are ideal candidates
for small-group assignments.

Exploring Concepts with Technology Calculators and computers have ex-
panded the limits of the types of problems that students can solve. To take ad-
vantage of the new technologies, we have incorporated in each chapter some
optional extensions of ideas presented in that chapter. These problems are not
so much conceptually difficult as they are computationally messy. For each of
these problems, we encourage the student to use a calculator or computer to
investigate solutions. As the student progresses through a solution, we chal-
lenge the student to think about the pitfalls of computational solutions.

Changes for the Third Edition

Thanks to the helpful suggestions of our users and reviewers, we have made
some changes to this edition that strengthen the text. We sincerely appreciate
all suggestions we receive.

Essays and Projects from the previous edition have been renamed Projects and
are now found at the end of every section rather than at the end of each chapter.
We have included additional projects in the Instructor’s Resource Manual. These
projects and others can be found on the Internet at http://www.hmco.com.
Supplemental application problems can also be found through this home page.
These problems are updated once each semester.
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Graphing technology is introduced and used as a natural outgrowth of con-
tent. Rather than present technology for its own sake, we introduce technology
as it is needed and always to illustrate a concept. In this way, we hope to en-
courage students to see technology as an aid to better understanding rather than
just a tool for obtaining answers. All graphing technology material is optional.

Topics for Discussion precede the exercise set in each section. These ques-
tions, which are conceptual rather than computational, can be used for group
discussions or as writing exercises.

We have included three types of margin notes. Instructor Notes are printed
in the Instructor’s Annotated Edition only. Take Note and Point of Interest are
margin notes that are printed in both the Instructor’s Annotated Edition and
the student text. Point of Interest notes contain interesting sidelights about
mathematics, its history, or its application. Each Take Note alerts the student to a
point that requires special attention.

Besides adding many contemporary application problems, we have made
the following organizational and topical changes.

® Chapter 1 has been reorganized so that integer and rational exponents
appear in one section.

® In Chapter 2 we have added compound inequalities to Section 2.5. This pro-
vides better motivation for absolute value inequalities in Section 2.6.

® There are a number of changes to Chapter 3. Section 3.3 now includes find-
ing linear models for a data set. The introduction to the difference quotient is
motivated by an example to help students understand why this quotient is
important. In Section 3.8, we added many graphs to present visual represen-
tations of direct and inverse variation.

® Chapter 4 now has approximation of zeros integrated throughout the chapter.
Therefore, the “Approximation of Zeros” section has been eliminated.

® The number and variety of applications in Chapter 5 have been increased.
® Section 6.8 of Chapter 6 now includes damped harmonic motion.

® In Chapter 8, Section 8.4 of the second edition, “Complex Numbers and
DeMoivre’s Theorem,” has been rewritten as two sections: Section 8.4 is
“Trigonometric Form of Complex Numbers,” and Section 8.5 is “DeMoivre’s
Theorem.”

® Chapter 9 has been extended and includes new sections on rotation of axes,
polar equations of the conics, and parametric equations.

® Chapter 11 now includes an application to motivate addition and scalar mul-
tiplication of matrices. We have included more application problems and
some problems on matrices as transformations.

® Chapter 12 now includes the binomial probability formula and exercises that
cover its use.

® A Glossary that defines key terms has been added at the end of the text.

Supplements for the Instructor

College Algebra and Trigonometry has an unusually comprehensive set of teach-
ing aids for the instructor.
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Instructor’s Annotated Edition This is an exact replica of the student text except
that annotations for the instructor are liberally distributed throughout. These
annotations, labeled “Instructor Notes,” are printed in blue in the margin.
These notes include teaching tips, warnings about common errors, suggestions
for the use of graphing utilities, and historical vignettes. In addition, a sug-
gested homework assignment is given at the beginning of each exercise set.

Solutions Manual The Solutions Manual contains worked-out solutions for all
end-of-section, supplemental, and end-of-chapter exercises.

Projects on the Internet Projects like those at the end of each exercise set in
the text can also be found on the Internet at http://www.hmco.com. Contempo-
rary and motivating, these projects are updated every semester to reflect the
relevance of mathematics to world events occurring right now. Furthermore,
additional modeling exercises are added to take advantage of the latest web
technology. These modeling exercises enable users to see the results immedi-
ately when they interact with the data and graphics.

Instructor’s Resource Manual with Chapter Tests The Instructor’s Resource
Manual contains the printed testing program, which is the first of three sources
of testing material available to the user. Six printed tests (in two formats: free
response and multiple choice) are provided for each chapter. The Instructor’s
Resource Manual also includes additional projects that can be assigned as group
activities or for extra credit. Moreover, there are suggestions for course se-
quencing, suggestions for incorporating graphing utilities, and outlines for
solutions of the projects.

Computerized Test Generator with On-Line Testing The Computerized Test
Generator is the second source of testing material. The database contains more
than 3600 test items. These questions are unique to the test generator and do
not repeat items provided in the Instructor’s Resource Manual testing program.
The Test Generator is designed to produce an unlimited number of tests for
each chapter of the text, including cumulative tests and final exams. It is avail-
able for the IBM PC and compatible computers and for the Macintosh. DOS and
Windows versions also offer algorithms that can produce an unlimited number
of some types of test questions and provide new on-line testing and gradebook
functions.

Printed Test Bank The Printed Test Bank, the third component of the testing
material, is a printout of all items in the Computerized Test Generator. Instruc-
tors employing the Test Generator can use the Test Bank to select specific items
from the database. Instructors who do not have access to a computer can use
the Test Bank to select items to include on tests prepared by hand.

Supplements for the Student

In addition to the Student Study Guide, the Graphing Workbook, the Math Assis-
tant software, and the Houghton Mifflin Video Library, two computerized
study aids accompany this text: The Review Tutor covers prerequisite material,
and the Computer Tutor covers material in the text.

Student Study Guide with Internet Guide The Student Study Guide contains
complete solutions to all odd-numbered exercises in the text as well as study
tips and a practice test for each chapter. The Internet Guide explains the basics of
using the Internet—such as how to gain access, how to search, and how to
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download information—and also provides a list of useful and interesting
math sites.

Graphing Workbook The Graphing Workbook offers over 600 exercises that can
be solved using a graphing utility. These exercises are designed to extend and
explore such concepts as approximating roots of equations, translating graphs,
and solving inequalities. Students may complete the exercises individually or
in small groups.

Math Assistant This software is instructional and allows students to practice a
skill, such as finding the inverse of a matrix, as well as to perform numerical
calculations. In addition, the software includes a function grapher that graphs
elementary functions and polar equations. The Math Assistant is available for
the IBM PC, compatible microcomputers, and the Macintosh.

Houghton Mifflin Video Library These review videos contain 32 segments that
cover the essential topics in this text. The videos, professionally produced spe-
cifically for the text, offer a valuable resource for further instruction and review.

Review Tutor The Review Tutor is a self-paced, interactive computer tutorial
covering all necessary prerequisite material, such as would be found in an
intermediate algebra course, that the student will need to know to progress
successfully through this course. It is algorithmically based and includes color,
animation, and free response. The algorithmic feature allows the Tutor to pro-
vide an unlimited number of practice problems. This tutorial is available for
the Macintosh and for IBM PC and compatible computers running Windows.

Computer Tutor The Computer Tutor, an interactive computer tutorial covering
every college algebra topic, has been completely revised. It is now an algorith-
mically based tutor that includes color and animation. The algorithmic feature
allows the Tutor to provide an unlimited number of practice problems. A man-
agement system is also available to help instructors track student progress. The
Computer Tutor can be used in several ways: (1) to cover material the student
missed because of absence from class, (2) to reinforce instruction on a concept
the student has not yet mastered, or (3) to review material in preparation for
examinations. This tutorial is available for the Macintosh and for the IBM PC
and compatible computers running Windows. There is also a DOS tutorial
available that covers every college algebra and college trigonometry topic.
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LisT OF APPLICATIONS

ARCHAEOLOGY

Carbon dating of a bone, 330, 334,
343

Carbon dating of Rhind papyrus,
334

Percentage of polonium that remains
in a sample, 334

Radioactive decay function for
polonium, 334

ARCHITECTURE AND ART

Field of view of a camera, 357

Geometric transformations in
graphic art, 674-675

Golden rectangle, 99

Height of an arch, 185

I. M. Pei’s oval, 545

Norman window, 186

Whispering galleries, 541-542, 543

AsTRONOMY AND METEOROLOGY

Average daily temperature range,
118

Diameter of the sun, 356-357

Distance modulus to a star, 311, 313

Distance of the sun from Jupiter, 28

Image enhancement, 649

Kepler’s Third Law, 223

Moons of Saturn, 473-474

Mount Palomar telescope, 533

Orbits of comets, 544, 552

Orbits of planets, 540-541, 543

Satellite dish, 531-532, 533

Space shuttle, 358

Temperature variation, 408

Time for light to travel from the sun
to Pluto, 28

Velocity of a meteorite, 223

BusiNEss AND EcoNoMiIcs

Accelerated depreciation of an
automobile, 335, 343

Advertising expenditures, 312

Average cost of publishing books,
282

Break-even point for air freight, 185,
230, 231

Break-even point for a magazine
company, 173

Break-even point for rental truck,
173

Break-even point in manufacturing
calculators, 169

Building contracts, 756

Cost as a function of labor and
materials, 161

Cost as a function of size of order,
160

Cost of commercial real estate, 491,
524

Cost of industrial real estate, 493

Cost of mixtures, 604

Cost of removing salt from sea
water, 282

Employees in different divisions, 673

Gross domestic product (GDP), 755

Gross income from computer stores,
673-674

Inflation, 338

Input-output analysis, 683-684,
703-704

Inventory, 673

Marginal cost, 173

Marginal revenue, 173

Market share, 699-701

Maximum profit from ticket sales,
181-182, 185

Maximum profit function, 185, 250

Maximum revenue function, 185

Median annual earnings, 74-75, 76

Monthly revenue, 119, 129

Paycheck on choice of payment
plans, 118

Production of computers per week,
282

Profit function, 81, 86, 159

Profit function and break even
point, 169, 173

Revenue from a helicopter tour, 683

Revenue from a sale, 114-115

Revenue from manufacture of tape
recorders, 683

Salary growth, 312-313

Salary schedules, 672

Sales by divisions of a company, 672

Sales of pipe as a function of price,
160

Scrap value of a product, 344

Straight line depreciation of a boat,
159

Straight line depreciation of a bus,
159

Straight line depreciation of an
automobile, 154-155

Total revenue from soccer games,
674

CHEMISTRY

Acid mixture, 82-83, 604

Antifreeze solution, 130

Decay characteristics of iodine, 131,
340

Gold alloy, 86-87, 604

Hydronium-ion concentration,
317-318, 320, 343

Iron and lead alloys, 604

pH of solution, 317-318, 320

pH of tomatoes, 343

Saline solution, 86

Silver alloy, 86

COMPUTER SCIENCE

Angular speed of a computer hard
disk, 354

Blended colors on monitor, 745

Dot-matrix printing: blank area, 463

Exponential time algorithm, 40

Memory storage, 745

Number of colors that a monitor can
display, 28

Number of colors the eye can detect
on a monitor, 28

Passwords, 761

Polynomial time algorithm, 40

Recursive subroutines, 707

Scaling a rectangle on computer
screen, 205, 207

Time for computer to calculate n!,
42-43

Time for computer to calculate n
digits of m, 43

CONSTRUCTION

Expansion of concrete slabs, 95, 97

Gateway Arch, 289

Hanging cable, 338

Load on a cylindrical column, 223

Load on a horizontal beam,
220-221, 223

Maximum carrying capacity of a
trough, 181

Stiffness of a beam, 223
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CONSUMER APPLICATIONS

Cooking time of a pot roast, 29

Cost of insulating a ceiling, 220

Cost of long-distance telephone call,
157

Cost of mailing a parcel, 157

Cost of painting a house, 161

Cost of parking in a garage, 153-154

Fairness of Keno game, 757-758

Gasoline mileage, 233

Lowest cost of car rentals, 110, 118,
130

Lowest cost of checking accounts,
118

Lowest cost of video rentals, 118

Monthly car payments, 297

Monthly condominium fees, 129

Nutritional content of diets, 683

Pool maintenance, 8, 98

Price of battery and calculator, 129

Price of book, 87

Price of computer, 86

Price of magazine subscription, 129

Price of yacht, 87

Rate of cooling of a can of soda, 320

Strategies for playing Monopoly, 595

Temperature of dessert in freezer,
282

EARTH ScIENCE

Angular speed of a point on equator,
356

Carbon dating of a volcanic
eruption, 334

Crop yield after successive
plantings, 338

Crop yield as function of fertilizer,
160

Distance to horizon, 107

Duration of daylight at different
times of year, 472

Duration of daylight at various
latitudes, 408

Latitude, 357

Richter scale measure of an
earthquake, 310-311, 313, 338

Soil chemistry, 683

S-wave of an earthquake, 393

Tides, 408

Tsunami wave, 393

EcoLoGy AND GENETICS

Biological diversity, 306

Birth rates, 340

Capture-recapture models, 671-672

Carbon dioxide levels, 407

Chromosome breakage, 747

Depletion of aluminum resources,
321-322

Depletion of coal resources, 321, 322

Depletion of oil resources, 313

Logistic model of population
growth, 331-333

Malthusian model of population
growth, 331

Population growth of cities and
towns, 334

Population of bison, 336

Population of mosquitoes, 209

Population of squirrels in nature
preserve, 336

Population of walrus colony, 336

Predator-prey interactions, 409, 672

Rate of oil leakage, 338

Verhulst population model, 127

FiINANCE

Compound interest, 28, 325-326,
333, 343

Continuous compounding, 326-327,
333-334, 344

Doubling a sum of money, 327, 333

Future value of an ordinary annuity,
724-725,726

Investment in stocks and bonds, 604

Present value of an ordinary
annuity, 62

Rates of U.S. Treasury securities, 312

Retirement planning, 323

Simple interest investment in two
accounts, 81-82, 86, 129-130

Tripling a sum of money, 333-334

GEOMETRY

Altitude of a triangle, 97

Area of a rectangle as a function of
the length, 159

Area of a snowflake, 705

Area of a triangle in terms of the
three sides, 161

Areas of geometric figures and
factoring, 53

Box made from a square piece of
material, 155-156, 159

Cube equivalent in volume to two
spheres, 106

Curve fitting: circle, 616, 648

Curve fitting: plane, 648

Curve fitting: quadratic, 614-615,
616, 648

Cylinder inscribed in a cone, 159

Diagonal of a square, 97

Diagonals of a polygon, 98

Diameter of the base of a right
circular cone, 106, 129

Distance from homeplate to second
base, 97

Fencing a rectangular area, 95, 97

Length and width of a rectangle,
79-80, 85, 128, 129

Lengths of the sides of a triangle, 85

Maximum area of a rectangle, 185,
250

Maximum volume of a box, 247, 250

Minimum surface area of a cylinder,
279, 282

Perimeter of an ellipse, 545-546

Perimeter of a snowflake, 727

Radius of a circle circumscribed
about a triangle, 107

Radius of a circle inscribed in a
triangle, 107

Radius of a cone, 106

Rectangle inscribed in an ellipse,
545

Tangent to a parabola, 534

Transformation matrices, 673,
674—675

Volume variation of a cone, 159, 223

LINEAR PROGRAMMING

Automotive engine reconditioning,
643

Diets from two food groups, 643

Industrial solvents, 640-641, 643

Manufacture of answering
machines, 643

Manufacture of sporting goods, 643

Maximizing a farmer’s profit, 643,
648

Minimum cost of ice cream, 643

Nutrition of farm animals, 639-640,
644

MATHEMATICS
Approximation of pi, 369
Attractors, 99

Cardano’s solution of the cubic, 267
Chaos, 126-127

Codes, 649, 684685
Combinations, 40, 42
Continued fractions, 62
Dirichlet function, 198
INT function, 153-154
Mandelbrot set, 63-64, 479



Napierian logarithms, 313-314

Newton’s approximation of a square
root, 712

Simpson’s Rule, 187

Stirling’s formula, 337, 712

Tower of Hanoi, 734

Triangle inequality, 13

Zeller’s Congruence, 161

MEeDICINE

Amount of anesthetic in a patient,
321

Bacterial growth, 297

Concentration of medication in
blood, 207-208

Healing rate of a skin wound, 343

Kidney stone treatment, 525

Linear model of AIDS cases, 173

Maximum exercise heart rate, 76-77

Optimal branching of arteries, 473,
520

Poiseuille’s Law for blood flow, 282

Pulse rate of a runner, 320

Radioisotope to study circulation,
334

Rate of blood pressure change, 251

Velocity of air in a cough, 251

NumBer THEORY

Doubling an amount daily for 30
days, 28

Fermat’s Last Theorem, 108

Fermat’s Little Theorem, 43

Goldbach’s conjecture, 10

Number of digits in a number
written in exponential notation,
338

Prime numbers of the form 1111...1,
10

Prime Number Theorem, 337

Sum of first n natural numbers, 98

Twin Primes, 10

PHysics

Air resistance and terminal velocity,
318-319, 322-323, 329, 335, 337

Airspeed and course of a plane,
501-502, 507, 522

Angular speed of a turntable, 356

Angular speed of a wheel, 356, 418,
419

Angular speed of the second hand
of a clock, 356

Angular to linear speed, 356

Area of picture on movie screen, 222

Average speed for a round trip,
59-60, 61

Average speed for a trip, 98

Average velocity of ball on ramp,
202, 208, 231, 232

Beats, produced by interfering sound
waves, 408, 451-453

Boyle’s law, 219

Brachistochrone, 584585

Charles’s law, 222

Damped harmonic motion, 412-413,
414-415, 419

Depth of a well from speed of
sound, 107

Distance ball rolls down a ramp, 718

Distance traveled by a pendulum,
727

Distance traveled by sound, 217

Drag on a swimming fish, 436

Falling objects, 218, 335-336, 718,
727
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