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nalytic Trigonometry with Applications, Sixth Edition, has benefited
from the generous response from users of the earlier editions. Pre-
A requisites for the book are one and a half to two years of high school
algebra and one year of high school geometry or their equivalents.
We have taken great care to produce a book that students can actually read,
understand, and enjoy. To gain student interest quickly, the text moves directly
into trigonometric concepts and applications and reviews essential material from
prerequisite courses only as needed. Almost every concept is illustrated by an
example followed by a matching problem (with the answers near the end of a
section) to encourage an active rather than passive involvement in the learning
process. Concept development proceeds from the concrete to the abstract (e.g.,
right triangle definitions of the trigonometric functions precede the unit circle
definitions of these functions). There are enough applications from different fields
to convince even the most skeptical student that trigonometry is really useful.

& New Features in the Sixth Edition

* A new full-color design and expanded art program make the book more
visually appealing and pedagogically effective. Being able to ‘‘see’’ mathe-
matics helps many students.

* Many new applications have been added and older applications have been
made current. Some of the new applications model real-world data (e.g.,
Exercise 3.3, Problems 41 and 42). More multistep applications have been
included that involve the use of concepts from preceding sections as well as
concepts from the current section (e.g., Exercise 1.4, Problems 21, 22, 27, 28,
37, and 38; Exercise 1.5, Problems 31 and 32). A number of the multistep
problems require the establishment of general relationships among variables
and constants before specific numerical values are assigned (e.g., Exercise 1.4,
Problems 21 and 22; Exercise 1.5, Problem 32).

e Cumulative reviews after Chapters 3, 5, and 7 are new. These review sections
include problems corresponding to every chapter in the text up to that point.
Chapter summaries now include section-by-section summaries of all impor-
tant concepts and formulas. Chapter review exercise sets include many more
applications. Review problems are purposely not identified by section numbers
of relevant sections; however, the answers to these problems are. The inclusion
of optional sections in the chapter reviews and in the cumulative reviews is
new; this material is clearly marked with a star (5¢) so that it can be omitted
without loss of continuity, if desired.

¢ Graphing calculator problems are interspersed in context where appropriate
throughout the book (e.g., Section 3.1, Exercise 3.1, Exercise 3.2). These
problems are often exploratory in nature and are designed to add additional

ix
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insight into the concepts being developed. All graphing calculator material is
identified by either a graphing calculator icon or by a “‘c’’ in a box and can be
omitted without loss of continuity, if desired.

o Caution warnings, identified by an icon, alert students to potential problem
areas (e.g., Sections 1.1 and 1.3).

« Historical remarks have been added or expanded where appropriate (e.g.,
Sections 1.2 and 2.1).

« Titles identifying the subject area or problem type have been added to exam-
ples; and the numbering system for examples, figures, and tables has been
simplified by the start of the numbers anew in each section.

& Specific Changes in the Sixth Edition

Chapter 1 Right Triangle Ratios

Section 1.1 on angles, degrees, and arcs was completely rewritten. Now angle is
defined only as a rotation. The old Section 1.2 on significant digits was simplified
and moved to Appendix A. Section A.3, along with a table in the front endpapers
of the book, guides computational accuracy throughout the text.

Chapter 2 Trigonometric Functions

To provide more focus, a separate subsection on reference triangles and angles
was added to Section 2.5. Also, problems specifically on reference triangles and
angles were added to Exercise 2.5. Section 2.6 on circular functions has been
partly rewritten and expanded and more problems were added to the exercise set.

Chapter 3 Graphing Trigonometric Functions

This chapter was fine-tuned. Additional exercises and applications were added,
including modeling problems using real data (e.g., Exercise 3.3, Problems 41
and 42). Optional graphing calculator problems are now distributed throughout
the chapter.

Chapter 4 ldentities

This chapter was fine-tuned. The process of verifying an identity was made more
explicit. Optional graphing calculator problems are now distributed throughout
the chapter.

Chapter 5 Inverse Trigonometric Functions; Trigonometric Equations

A subsection on angle ranges in degree and radian measure was added to Section
5.1. Problems involving degree measure were added to the exercise set. Optional
graphing calculator problems are now distributed throughout the chapter.

Chapter 6 Additional Triangle Topics; Vectors

Two sections from the previous edition on the law of sines were completely
rewritten and combined into one section. The section on the law of cosines was
also rewritten and is now Section 6.2. The rewriting has provided clearer strat-
egies for solving oblique triangles, given ASA, AAS, SSA, SAS, and SSS. There
are now additional simpler applications and multistep applications for both the
law of sines and the law of cosines.
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Chapter 7 Polar Coordinates; Complex Numbers
By popular demand, the “‘cis’’ notation was deleted from the chapter. Optional
graphing calculator problems are now distributed throughout the chapter.

¢ Important Features Retained in the Sixth
Edition

» The focus of this book is student comprehension. An informal style is used
for exposition, definitions, and theorems. Precision, however, is not compro-
mised.

¢ The subject matter is related to the real world through many carefully selected
realistic applications from many different fields. These applications are uni-
formly distributed throughout the book.

¢ To gain reader interest quickly, the text moves directly into trigonometric
concepts and applications. Review material from prerequisite courses is either
integrated in certain developments (particularly in Chapters 4 and 5) or can be
found in the appendixes. The material can be reviewed as needed by the student
or taught in class by the instructor.

¢ The book includes more than 2,000 carefully selected and graded problems.
Problems in most exercise sets are divided into A, B, and C groupings. The A
problems are easy and routine, the B problems are more challenging but still
emphasize mechanics, and the C problems are a mixture of more difficult
mechanics and theory problems. In short, the text 1s designed so that an average
or struggling student will be able to experience success and a very capable
student will be challenged. Answers to most of the odd-numbered problems
and almost all of the chapter and cumulative review exercises are included at
the end of the book.

o The content satisfies the requirements for many succeeding courses, includ-
ing calculus, analytic geometry, physics, and technical mathematics courses.

o The trigonometric functions are defined first in terms of angle domains, using
degree and radian measure side by side, and then in terms of real number
domains. All of this is done early in the book and is reinforced throughout. By
the end of the course, students should be relatively comfortable with all three
modes and should be able to shift from one to the other without difficulty.

« Historical remarks are included where appropriate to provide perspective (see
Sections 1.1 and 1.3).

& Student Aids

 Most concepts are illustrated by an example followed by a matched problem
(with the answer near the end of the section) to encourage an active rather than
passive involvement in the learning process.

¢ Annotation of examples and developments is found throughout the book to
help students through critical stages (see Sections 1.2, 1.4, 4.1, 4.2, 5.3).

o Chapter reviews are included at the end of each chapter and cumulative
reviews are included after chapters 3, 5, and 7.
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e Answers to almost all chapter and cumulative review exercises and most odd-
numbered problems from the other exercises are in the back of the book so
that a student can easily check his or her progress.

e Dashed “‘think boxes’” are used to indicate steps that are usually performed
mentally after a concept or procedure is understood (e.g., Sections 1.1 and 2.4).

¢ Functional use of color guides students through critical steps and clarifies

figures.
e Generic calculator steps are included in the early chapters of the book (e.g.,
Sections 1.1 and 1.3).

e Formulas and symbols (keyed to sections in which they are first introduced)

and the metric system are summarized on the front and back endpapers of the
book for convenient reference.

A perforated Quick Reference Card minimizes the need for page turning by
putting key equations and graphs at students’ fingertips.

¢ Pedagogical Use of Color
Color is used not only to make the text more attractive, but more importantly it
is used functionally to improve communications. For example, color is used in
1. Commentary that accompanies a solution process (e.g., Sections 1.3 and 4.2).
2. Graphing to visually separate the various parts of a graph (e.g., Chapters 3
and 7).

3. Boxed highlighted material to distinguish Assumptions/Definitions, Theo-
rems, and Strategies/Processes (e.g., Sections 1.3, 4.2, and 6.5).

ASSUMPTIONS/DEFINITIONS

THEOREMS :

STRATEGIES/PROCESSES w
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4 Ancillaries

1.

An Instructor’s Answer Manual contains most of the answers that have been
excluded from the text.

A Student’s Solutions Manual, containing worked-out solutions to all chapter
review and cumulative review exercises and all odd-numbered problems in
the book, is available for students to purchase.

. A Trigonometry Videotape Series reviews key topics in the text and features

professional math instructors. The videotapes are free to qualified adopters;
students may visit your math laboratory to view the tapes of their choice.
These tutorial tapes, produced by Educational Video Resources, can signifi-
cantly improve students’ comprehension and performance in trigonometry.

. Test Items, an improved printed and bound test bank, is available free to

adopters.

. EXPTest and ExamBuilder are improved computer-generated test systems

for Windows, DOS, and Macintosh, and are available to instructors without
cost.

A set of full-color acetate Transparencies depicting key concepts from trig-
onometry is available free to adopters.

. DERIVE Notebook Software for the IBM provides students using the

DERIVE computer algebra system with the opportunity to study, graph, and
solve selected exercises from the text. It is available for purchase.

. INVESTIGATE Tutorial Software in IBM and Macintosh formats allows

students to practice the skills taught in the textbook. For topics in the text, the
tutorial provides multiple-choice problems and instruction. The student is
presented with solutions to incorrectly answered problems. This diagnostic
program keeps track of right and wrong responses and can report to the
instructor on students’ progress.

. A graphing calculator supplement, Trigonometry Activities for the TI-82

and TI-85 Graphing Calculators by Cynthia Dennis and Linda Neal, coor-
dinates the use of graphing calculators with text topics in a set of exploratory
learning activities that follows the organization of the text. It is available for
students to purchase.
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ON CALCULATORS

xvi

se of calculators is emphasized throughout this book. Many brands
U and types of scientific calculators are available and can be found

starting at about $10. Graphing calculators are more expensive; but,
in addition to having most of the capabilities of a scientific calculator,
they have very powerful graphing capabilities. Your instructor should help you
decide on the type and model best suited to this course and the emphasis on
calculator use he or she desires.

Scientific Calculator (left) and Graphing Calculator (right)

Courtesy Texas Instruments Incorporated

Whichever calculator you use, it is essential that you read the user’s manual
for your calculator. A large variety of calculators are on the market, and each is
slightly different from the others. Therefore, take the time to read the manual.
The first time through do not try to read and understand everything the calculator
can do—that will tend to overwhelm and confuse you. Read only those sections
pertaining to the operations you are or will be using; then return to the manual
as necessary when you encounter new operations.

In the beginning chapters of the text, calculator steps for calculations are
shown. These are only aids. Try the calculation first, and then use the aid if you
get stuck.

It is important to remember that a calculator is not a substitute for thinking.
It can save you a great deal of time in certain types of problems, but you still
must understand basic concepts so that you can interpret results obtained through
the use of a calculator.
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Aircraft design, 306
Airplane search and rescue, 314
Analytic geometry, 366, 367
Angular velocity, 56, 59
Architecture
building design, 287
doorway design, 281, 282
ramp construction, 40
sun exposure, 33
Area
polygon, 68, 91
sector, 11, 50
triangle, 316
Astronomy, 19, 30, 54, 59, 376
telescope, 12
see also Earth; Jupiter; Mercury;
Moon; Neptune; Sun; Venus
Balloon flight, 41
Beat (music), 224
Billiards, 183
Biology, 12
Boat safety, 32, 291
Bow waves, 74, 79, 80, 110
Business cycles, 166, 180
Centrifugal force, 326, 328
Circle
angular velocity, 56
arc length, 50
area, 50
circumference, 8
linear velocity, 56
revolutions, 54
sector, 11, 50
Coastal piloting, 30, 305, 306
Construction, 32, 40, 182
Daylight duration, 292
Diagonal parking, 34
Distance between two points, 203, 366
Earth
circumference, §
diameter, 9
distance traveled, 77
gravitational constant, Galileo’s
experiment, 36
moon, distance to, 13, 16
nautical mile, 12
orbit, 59
radius, 34
seasons, 68
solar enegy, 42, 67, 68

sunrise, 112, 147
sunset, 180
surface, distance on, 12, 54
velocity around sun, 59
velocity at equator, 59
Venus, distance to, 307
Electricity
alternating current generator, 69, 74,
149, 157, 281, 286
circuits, 137, 138, 146, 179, 180,
184, 291, 395
current, 69, 74, 148
generator, wind, 56, 69
Electromagnetic waves, 154, 158, 180, 184
frequency, 151
gamma rays, 152
infrared, 152, 184
microwaves, 152, 158
radar, 152
radio, 112, 152, 158, 159
television, 152
traveling wave equation, 152
ultraviolet, 152, 154, 180
visible light, 152
wavelength, 151
X rays, 152, 158
Emergency vehicles, 185
Engineering, 220, 239, 290, 314, 315,
396, 397
angular velocity, 58, 110, 184, 292
cable tension, 337
construction, 314, 315
donkey pump, 53
drive shaft rotation, 54, 184
fabrication, 287
gear rotation, 109, 291
fuel tank contents, 258
identity use, 220
linear velocity, 57, 58, 110
piston motion, 68, 69, 307
pulleys, 54, 109, 258, 292
road curve design, 328
rotary and linear motion, 138, 146
static equilibrium, 336, 338, 340,
358, 396
tunnel length, 15, 28, 314
work, 346
Eye, 306, 307
surgery, 12, 282
Fire spotting, 183, 305, 314

Flight safety, 32
Floating objects, 133, 138, 179
Force, 324, 326, 328
Fourier series, 162
Gamma rays, 152
Geography, 12, 35, 41, 54, 182, 290
Geometry, 33, 37, 54, 184, 221, 281,
314, 315, 349, 356, 357
Gnomon, 298
Gravitational constant, Galileo’s
experiment, 36
Iusions, 77, 80
Infrared waves, 152, 184
Javelin distance, 220
Jupiter
angular velocity, 59
linear velocity, point on surface, 59
rotation and its moons, 60
Lifeguard problem, 35
Lightning protection, 33
Light waves
cone, 77
illusions, 77
refraction, 79, 110, 184, 212
fiber optics, 74
mirage, 72
prism, 72
Snell’s law, 71
telescope, 72
speed, 77
visible, light, 152
Line(s)
angle between two, 211
angle of inclination, 69
slope, 69
Mach number, 257
Medicine, 41
Mercury
orbit, 282, 376
sun, distance to, 30, 282, 376
Meteorology, tracing weather balloons,
41
Microwaves, 152, 158
Moon
earth, distance to, 13, 16
crater depth, 19, 32
diameter, 10, 13
mountain height, 19, 32
Music, 226, 227, 233, 239, 286
beat, 224

xvii
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Nautical mile, 12
Navigation
airplane, 32, 41, 314, 328, 357, 396
beacon rotation, 60
boat, 30, 34, 35, 286, 305, 306, 322,
328, 395
distance on earth’s surface, 12, 41,
182, 290
nautical mile, 12
parallel of latitude, length, 35
Neptune, linear velocity, 59
Pendulum, 53
Perception (psychology), 77, 80
Photography
field of view, 53, 54
polarizing filter, 281
Physics
electrons, electromagnetic waves,
154, 158, 180, 184
electrons, orbit, 58
gravitational constant, Galileo’s
experiment, 36
inclined plane, 36
light waves (see Light waves)
particle energy, 77
pendulum, 53
Snell’s law, 71
sound waves (see Sound waves)
water waves (see Water, waves)
Physiology, 138, 165
Pipeline, 35
Pluto, 59
Pollution, 138, 179
Polygon
area, 68, 91
inscribed circle, radius, 33
length of one side, 33
perimeter, 314
Precalculus, 35, 36, 40, 41, 60, 68, 69,
102, 110, 174, 184, 193, 194,
211, 239, 259, 282, 286, 290,
291, 366, 367, 375, 395
Projectile distance, 220
Psychology
illusions, 77
perception, 77, 80
Radar, 152
pulses, 154
Radio waves, 112, 152
AM, 152, 153, 158
FM, 152, 153, 159
Railroad
construction, 396
grade, 183

APPLICATIONS INDEX

Refraction, 71
angle, 79, 110
critical angle, 74
index, 71, 73, 79
Resolution of forces, 328
Resonance, 154
Resultant force, 324, 328, 357, 383
Rocket flight, 180
Rose (three-leaved, four-leaved), 370,
372
Sailboat racing, 376
Satellite telescopes, 12
Shadow problem, 40
Simple harmonic motion, 148
damped, 154
resonance, 154
Solar energy, 42, 67, 68, 395
Sonic boom, 76, 184, 257
Sound waves, 76, 112, 132, 161, 166,
179
cone, 76, 184
fundamental tone, 161
mach number, 257
overtone, 161
partial tone, 161
sonic boom, 76, 184, 257
tuning fork, 112, 132, 179
velocity, 58
Space science
Columbia, 58
Hubble space telescope, 57
moon walk simulation, 358
orbits
angular velocity, 58, 59
geostationary satellites, 59, 315
height, 34, 257, 307, 315, 357
linear velocity, 110
shuttle landing, 32, 33
telescopes, satellite, 12
Sports
javelin distance, 220
racing cars, 326
Spring-mass systems, 137, 138, 154,
159, 179, 180, 184, 233, 239,
287, 290
damped harmonic motion, 154, 156
resonance, 154
Static equilibrium, 336, 338, 340, 358,
396
Stress test, 41
Sundial, 298
Sun
sunrise, 112, 147
sunset, 180

Surveying
building, 36, 183
distance estimate, 32
gas tank height, 53
Grand Canyon depth, 29
Grand Canyon width, 304, 305
height measurement, 307
lake width, 313, 394
mine shaft, 15, 28
mountain height, 36, 211, 306
real estate, 311, 315, 357
river width, 305
tree height, 14, 18, 206, 394
underground cable, 305
volcanic cinder cone, 313
walkway, 184
Temperature, 146, 165, 185
Tennis, 18
Tidal current curve, 373
Triangle
acute, 294
area, 316
area, Heron’s formula, 317
equilateral, 33
oblique, solving, 294
right, solving, 19, 24
Trigonometric substitution, 193, 239,
290
Tsunami wave, 158
Tuning fork, 112, 132
Twilight duration, 397
Ultraviolet waves, 152, 154, 180
Velocity
angular, 56
apparent, 322
linear, 56
resultant (actual), 322
Venus
distance traveled, 77
earth, distance to, 307
orbit, 307
sun, distance to, 30
Water
moving wave equation, 150
speed, 151
wavelength, 151
waves, 112, 146, 150, 157, 158,
179, 180, 184, 395
waves, tsunami, 158
Wildlife management, 165
Work, 346, 347, 348, 358
X rays, 152, 158
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