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Letter from the Authors

Precalculus serves as a gateway course for many students in disciplines across the college curriculum. For some
students, it is the entrance into the higher mathematics needed for careers in science, technology, engineering, and
mathematics. For others, precalculus serves as the primary resource needed to understand the complexities of a
modern world awash with statistics, investment strategies, financial planning, and even medical decisions. With the
broad scope of this foundational course in mind, we worked to make the textbook, the digital tools, and the supple-
ments as clear, relevant, and accessible as possible.

As part of our revision plan, we modernized content with new data sets and contemporary topics that are
germane to all of today’s students. Inside, you will find data and information relating to the COVID-19 pandemic,
health care costs and ethics, income tax rates, the development of modern computers, extreme weather, and the
work of modern scientists and inventors. We have also placed an emphasis on inclusion and diversity so that all
students feel connected to the content in this book and can envision themselves in the many fields and situations
in life that embrace mathematics.

In the text, we have expanded our exercise sets with an emphasis on mixed exercises that require multiple tools
to complete their solutions. Likewise, we’ve added additional ‘““challenge” exercises to promote more critical think-
ing and less rote repetition. Throughout this revision we were especially cognizant of the struggles for both instruc-
tors and students in adapting traditional content to the digital style of teaching that emerged during the pandemic.
To support the ongoing surge in online instruction and online homework, we have expanded our digital library of
algorithmic exercises, enhanced the detailed solutions, and integrated our instructional videos into the homework.

We are excited for you, the student, to join an amazing journey in mathematics and hope it serves you well in
your future.

Best to all,
Julie Miller
Donna Gerken




Key Features

Clear, Precise Writing

Because a diverse group of students take this course, Julie Miller has written this text to use simple and accessible
language. Through her friendly and engaging writing style, students are able to understand the material easily.

Exercise Sets
The exercises at the end of each section are graded, varied, and carefully organized to maximize student learning:

* Prerequisite Review Exercises begin the section-level exercises and ensure that students have the foundational
skills to complete the homework sets successfully.
* Concept Connections prompt students to review the vocabulary and key concepts presented in the section.

* Core Exercises are presented next and are grouped by objective. These exercises are linked to examples in the
text and direct students to similar problems whose solutions have been stepped-out in detail.

* Mixed Exercises do not refer to specific examples so that students can dip into their mathematical toolkit and
decide on the best technique to use.

e Write About It exercises are designed to emphasize mathematical language by asking students to explain
important concepts.

* Technology Connections require the use of a graphing utility and are found at the end of exercise sets. They
can be easily skipped for those who do not encourage the use of calculators.

* Expanding Your SKkills Exercises challenge and broaden students’ understanding of the material.
 Point of Interest boxes feature interesting topics in mathematics from a diverse and inclusive set of contributors.
These essays promote critical thinking, discussion, and research and often include follow-up questions and exercises.

Problem Recognition Exercises

Problem Recognition Exercises appear in strategic locations in each chapter of the text. These exercises provide
students with an opportunity to synthesize multiple concepts and decide which problem-solving technique to apply
to a given problem.

Examples

* The examples in the textbook are stepped-out in detail with thorough annotations at the right explaining each step.

* Following each example is a similar Skill Practice exercise to engage students by practicing what they have just
learned.

 For the instructor, references to an even-numbered exercise are provided next to each example. These exercises
are highlighted with blue circles in the exercise sets and mirror the related examples. With increased demands on
faculty time, this has been a popular feature that helps faculty write their lectures and develop their presentation
of material. If an instructor presents all of the highlighted exercises, then each objective of that section of text

will be covered.

Modeling and Applications

One of the most important tools to motivate our students is to make the mathematics they learn meaningful in their
lives. The textbook is filled with robust applications and numerous opportunities for mathematical modeling for
those instructors looking to incorporate these features into their course.

Callouts
Throughout the text, popular tools are included to highlight important ideas. These consist of:

 Tip boxes that offer additional insight into a concept or procedure.
* Avoiding Mistakes boxes that fend off common mistakes.
* Instructor Notes to assist with lecture preparation.

X



Graphing Calculator Coverage

Material is presented throughout the book illustrating how a graphing utility can be used to view a concept in a
graphical manner. The goal of the calculator material is not to replace algebraic analysis, but rather to enhance
understanding with a visual approach. Graphing calculator examples are placed in self-contained boxes and may be
skipped by instructors who choose not to implement the calculator. Similarly, the graphing calculator exercises are
found at the end of the exercise sets and may also be easily skipped.

End-of-Chapter Materials

The textbook has the following end-of-chapter materials for students to review before test time:

* Brief summary with references to key concepts. Detailed Chapter Summaries are available with the online resources.

» Chapter review exercises.
* Chapter test.
* Cumulative review exercises. These exercises cover concepts in the current chapter as well as all preceding chapters.




Supplement Package

Supplements for the Instructor

Author-Created Digital Media

Digital assets were created exclusively by the author team
to ensure that the author voice is present and consistent
throughout the supplement package.

¢ The coauthor, Donna Gerken, ensures that each
algorithm in the online homework has a stepped-out
solution that matches the textbook’s writing style.

e Julie Miller created video content (lecture videos,
exercise videos, graphing calculator videos, and
Excel videos) to give students access to classroom-
like instruction by the author.

e Julie Miller constructed over 50 dynamic math
animations to accompany the text. The animations
are diverse in scope and give students an interactive
approach to conceptual learning. The animated
content illustrates difficult concepts by leveraging
the use of on-screen movement where static images
in the text may fall short.

The Instructor’s Resource Manual (IRM) is a printable
electronic supplement put together by the author team.
The IRM includes Guided Lecture Notes, Classroom
Activities using Wolfram Alpha, and Group Activities.

* The Guided Lecture Notes are keyed to the objectives
in each section of the text. The notes step through the
material with a series of questions and exercises that
can be used in conjunction with lecture.

xii

e The Classroom Activities using Wolfram Alpha
promote active learning in the classroom by using a
powerful online resource.

* A Group Activity is available for each chapter of
the book to promote classroom discussion and
collaboration.

o The Problem Recognition Exercises are available as
worksheets for students to work on as individuals or in
groups to help them determine appropriate methods of
solution for related problem types.

TestGen Among the supplements is a computerized test
bank using the algorithm-based testing software TestGen®
to create customized exams quickly. Hundreds of text-
specific, open-ended, and multiple-choice questions are
included in the question bank.

Annotated Instructor’s Edition

e Answers to exercises appear adjacent to each exercise
set, in a color used only for annotations.

e Instructors will find helpful notes within the margins
to consider while teaching.

* References to even-numbered exercises appear in the
margin next to each example for the instructor to use
as Classroom Examples.

PowerPoints present key concepts and definitions with
fully editable slides that follow the textbook. An instructor
may project the slides in class or post to a website in an
online course.
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cow ALEKS

Break down barriers and build student knowledge

Students start your course with varying levels of preparedness. Some will get it quickly. Some
won’t. ALEKS is a course assistant that helps you meet each student where they are and provide
the necessary building blocks to get them where they need to go. You determine the assignments
and the content, and ALEKS will deliver customized practice until your students truly get it.

Experience the ALEKS Difference

Gain greater visibility into student performance so you know
immediately if your lessons clicked.

* ALEKS’s “Initial Knowledge Check” helps accurately evaluate
Easily Identify student levels and gaps on day one, so you know precisely
where students are at and where they need to go when they

Knowledge Gaps
start your course.
*  You know when students are at risk of falling behind through
ALEKS Insights so you can remediate—be it through prep modules,
practice questions, or written explanations of video tutorials.
+ Students always know where they are, know how they are
doing, and can track their own progress easily.
O Teach your course your way, with best-in-class content and tools
to immerse students and keep them on track.
dh
+ ALEKS gives you flexibility to assign homework, share a vast
Gain More library of curated content including videos, review progress, and
Flexibility and provide student support, anytime anywhere.
Engagement

* You save time otherwise spent performing tedious tasks while
having more control over and impact on your students’ learning
process.

* Students gain a deeper level of understanding through interactive
and hands-on assignments that go beyond multiple-choice questions.



with ALEKS® Constructive Learning Paths.

Q Efficiently and effectively create individual pathways for students
@ without leaving anyone behind.
LERSL
@ * ALEKS creates an equitable experience for all students, making
sure they get the support they need to successfully finish the
Narrow the courses they start.
Equity Gap
* You help reduce attrition, falling enroliment, and further widening
of the learning gap.
» Student success rates improve—not just better grades, but
better learning.
O A dedicated Implementation Manager will work with you to build
Q O your course exactly the way you want it and your students need it.
* An ALEKS Implementation Manager is with you every step of
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the way through the life of your course.

Hands-on Support

* You never have to figure it out on your own or be your student’s
customer service. We believe in a consultative approach and
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* Your students benefit from more meaningful moments with you,
while ALEKS—directed by you—does the rest.

Already benefitting from ALEKS?
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Applications Index

Agriculture/Gardening/
Landscaping

Corn plants per acre for maximum yield, 374

Costs for farmer to run tractor, 400

Crop acreage and maximum profits, 860

Dimensions and area of corrals/chicken coops,
257, 261, 369

Dimensions and area of garden in yard, 261

Dimensions of garden based on area, 354

Farm stand’s vegetables sold and price per
pound, 898

Fencing for farm pens and dimensions of, 97

Fertilizer solution, 92

Garden, dimensions of triangular portions of,
120, 689, 707

Garden dimension, based on fencing length, 108

Height of tree and age, 458

Lawn mower sale price, 11

Nursery’s inventory and profits, 858

Palm tree and estimate of leaning, 678

Plant fertilizer makeup, 817

Seeds selected from package, good vs.
defective, 1104

Sprinkler: area watered and angle of rotation,
477, 585, 688, 722

Sunflower height, 14

Time for pump to drain pond, 118

Time to mow lawn alone vs. together, 94

Weed-cutter and angular and linear speed, 481

Animals/Pets

Animal’s mass in relation to tidal volume, 387
Animal’s mass in relation to weight of heart, 372
Cattle feeding trough and metal sheeting, 624
Deer population, 95, 96, 466
Dog’s “accident” being on rug, probability
of, 1119
Dog trainers and puppies, 241
Gestation and longevity for selected animals,
184, 186
Kitten’s weight, progression of, 1062
Possible male/female kitten sequence, 1104
Puppy’s weight increase in days/months after
adoption, 183-184, 185
Rabbit population in wildlife area, 373
Spay/neuter costs for shelter, 856
Veterinarian X-ray machine resale value, 400

Astronomy/Space Travel

Gravitational force between Earth and person at
sea level, 30

Gravitational force between Jupiter and Earth, 30

Miles from Proxima Centauri to Earth, 27

Parker Solar Probe travel time, 98

Rocket acceleration in G-Forces, 278

Biology

Age of one person in terms of another’s, 14

Bacteria population in culture, 257-258, 261,
353, 446447, 455, 466, 838

Bass population in lake, 96, 465

Blood alcohol level and rate of change, 161

sse

XVil

Concentration of drug in bloodstream, 339, 356

Deer population, 95, 96, 466

Gender probability, 1129

Gestation and longevity for selected animals,
184, 186

Girl’s average height by age and projections, 185

Girl’s height and weight from age 2 to 10, 184

Human hearing and sound waves, 613

Pea plant color probabilities (Mendel), 1117

Probability of being left-handed, 369

Symmetry of bird, human face and flower, 204

Boats/Marine

Boat/kayak speed in still water, 88—89, 93

Sail measurements, 90, 94

Shoreline points for boats to reach, 97

Speeds of two boats, based on distance apart, 118

Two ships’ speeds and time they will be certain
distance apart, 97

Business

Advertising campaign and new sales, 441

Aluminum and cylindrical drink mix container, 356

Arrangement of commercials during half-hour
show, 1105

Car prices, 902

Change in T-shirt cost from manufacturer, 212

Cleaning company’s average cost per house
call, 336

Coffee shop’s production costs and prices for two
hot drinks, 902

Companies/businesses’ costs, revenue and
break-even point, 802, 805, 806, 862

Company’s daily sales after commercial, 354

Company expenses for one year and subsequent
years, 1052

Company’s trucks and use of to minimize cost,
856, 859

Concession stand sales, 888

Cookbook prices and supply and demand, 806

Cookbook sales and relation to price, 363

Cookie maker’s costs, revenue and profits, 183

Costs for business stationery, 235

Customer service survey and number of ways it
be can filled in, 1102, 1129

Dance studio’s costs, revenue and profits for
private lessons, 243

Decreased dimensions and volume of cereal
box, 310

Delivery truck route possibilities, 1103

Diner’s profits on tea and coffee, 856

Donut shop profits, 865

Employee task possibilities, 1104

Food market’s monthly sales, 385

Full-time and part-time employees, numbers of,
851, 852, 854

Gas station’s revenue and profits, 902

Grocer and amount spent on various
advertising, 878

Inflation and company’s monthly costs, 457

Labor costs, 854, 859, 903

Lawn company’s costs, revenue and profits for
maintenance calls, 183

Lemonade vendor’s costs, revenue and profits,
176-177

Manufacturer’s production costs and profits,
858, 859

Math textbook sales cycle, 651

Maximum profit for companies and business
owners, 260, 854855, 859

Medical device resale value, 1074

Movie theater’s concession sales, 934

New book sales trend, 458

New product sales, 456

Number of handshakes at meeting, 1052

Pennant flags and cost to make based on
measurements, 678

Power company and costs for air pollutant
control, 326

Printing company’s average costs, 338

Sporting goods store’s inventory and profits, 859

Sports trainer’s average costs, 338, 371

Street vendor’s drinks sold and price per unit, 902

Surf shop inventory, 783

Ticket earnings and types sold, 888

Tourism value to local economy, 1071, 1075,
1126, 1128

Tractor resale value, 400

Wait time for customer service, 1129

‘Winter coat sales, 644

X-ray machine resale value, 400

Chemistry

Acid mixtures, 115, 814

Antifreeze mixture, 93, 120, 804, 805
Bleach mixture, 87, 800-801

PH levels, 415, 441, 463

Saline solution mixture, 93, 804

Construction/Building

Affordable housing, 677

Amount of wire left based on wire used, 154

Bookcase and frame’s diagonal brace, 577

Bridge cables, 988

Circular cross section of vent pipe with
roof, 955

Circular saw and linear and angular speed, 481

Concrete mixture, 52, 54, 115

Condominiums and maximizing ocean view
from, 665

Crane’s cable, length of, 688

Elliptical concrete pipe design, 1034

Floor dimensions, 836

Front face of house, dimensions of rectangular
portion, 94

Gravel roads and angle of depression for, 661

Home’s diagonal beam and angle to frame
base, 572

Location of foci to make elliptical table, 953

Location of foci to make elliptical window, 953

Maximum volume of solar oven, 281

Mountain cabin, porch and slope’s angle of
inclination, 677

Parking lot dimensions, 256257

Pitch of roof, 166, 656

Plywood costs, 863




Pool’s volume at certain depth when being
filled, 112

Power drill cost, 241

Railroad bridge height, from roadway, 660

Rates of lumber cut, 817

Residential buildings and heights of, 677

Robotic painting arm and area of, 482

Roof truss and lengths of triangular sides, 94

Roof truss triangles, lengths and area of, 624

Semiellipse of road tunnel/bridge arch, 949,
1033, 1037

Sewer line slope and angle of depression
for, 661

Slope of storm drainage pipe, 168

Storage shed and angle of roof, 664

Tile, what is needed and costs of, 97, 364, 1128

Time/rate for pump(s) to drain pond, 118, 877

Tree house height, 660

Tree removal chain and work done, 783

Velocity of fluid through drainage pipe, 262

Water pipe installation on island, 665

Water volume carried by gutter, 261

Wheelchair ramp and ADA compliance on
slope, 577

Wind pressure on wall, 373

Wooden beam size and strength, 364

Consumer Spending

Amounts borrowed from various sources, 877, 933

Book cost based on markup after publisher
cost, 151

Car depreciation rate, 30

Car financing, 152

Car insurance coverage probability, 1121

Car loans and interest, 399, 416, 463

Car rental costs, 363, 856

Car warranty coverage probability, 1121

Cell phone costs based on age of user, 369

Cell phone plan costs, 175, 220, 903

City parking garage costs, 182

Commuter’s toll costs, 709

Cost to carpet room based on size, 364

Cost to download music from website, 230

Decreased dimensions and volume of cereal
box, 310

Dining room table prices, 935

Discount on grill, 14

Electric bill, 14

Federal income tax, 223

First-class postage costs, 219

Grocery store payment types and gender, 1129

Home loan and interest, 418

Homeowner’s electric bills, 1056

Home value and appreciation over time, 1074

Hotel costs comparison, 108

Kitchen tile costs based on length and width of
room, 364

Monthly power bills, 547

Online ticket purchases for dance show, 235

Phone card minutes left, 154

Power drill cost, 241

Property taxes, 182, 387

Restaurant bill and tipping, 11, 151

Retirement planning, 399, 439, 453, 849

Student loans and simple interest, 92, 805

Television services spending, 178

Vehicle depreciation, 459

Video games spending per person, 152

Water bill, 14

Watercolor paint price at online shop, 231

Distance/Speed/Time

Acceleration of rocket versus time after launch,
278, 374

Airplane’s altitude, speed and distance, 387

Airplane’s distance in nautical miles, 658

Airplane’s speed and speed of wind, 862

Airplane’s velocity, wind velocity and ground
speed and bearing of plane, 763, 769, 790

Average speed of two planes, 55, 120

Bicycle and angular and linear speed, 477, 481,
483, 585

Boat/kayak speed in still water, 93

Boat’s distance in nautical miles, 658659, 662,
664, 684-685

Boats/ships and various factors of distance and
bearing, 662, 663, 687, 688, 706, 708, 769

Braking distance and speed, 262, 353, 363

Camper’s distance from ranger station, 706

Car’s acceleration and deceleration, 218, 236

Car’s velocity and time to reach certain speed, 95

Catamaran and distance to lighthouse, 676

City locations and distances between, using
longitude and latitude, 475-476, 480, 585

Coast Guard ship and distance to distressed ship,
684685

Distance between home and school/work, based
on average speeds, 93, 118

Distance of bike ride and time, 151

Distance of bike ride based on bearing, 664

Distance of drive from Daytona Beach to
Miami, 151

Distance of object in free fall over time, 1063

Distance of sailboat from shore, 516

Distance to fire from observation platforms,
131, 140

Distance traveled by rolling/bouncing ball over
time, 1063, 1076

Fireworks mortar, time to reach certain heights,
92,118

Gas mileage at 60 mph, 242-243

Gas mileage compared with speed, 260, 261

Height and horizontal distance of water from
firefighter hose, 260

Height of stone thrown from cliff, 255

Height of thrown football and time to reach
receiver, 255

Helicopter as viewed from two observation
points, 676

Helicopter’s distance and direction, 662

Light-year distance, 20-21

Maximum height and length of long jump, 260

Motorist’s average speed, 353

Observers on shore to boats on water, 706

Passing car and time to reach certain distance, 108

Plane’s round trip, average speed of, 55

Plane’s speed in still air, 93

Point of contact of kicked ball/rock, 837

Police car and motorist’s speed, 661

Revolutions of bike wheel and distance traveled,
235,363

Runners’ distance from each other, 706

Runners’ speeds, 805, 864

Runners’ time to cover certain distance, 93

Satellite, distance traveled, 21

Ship/boat’s speed and bearing, 769, 1039

Ship in open ocean and ship and current’s
velocity, 762-763

Ships: nautical miles traveled, distance from port
and bearing for return, 662

Sled acceleration, 218

Applications Index Xix

Soccer ball and vertical/horizontal distance; and
kicking angle, 120, 624, 645

Speeding ticket cost, 175

Speed of boat in water, and speed of current,
88-89, 93, 801-802, 805

Speed of moving sidewalk vs. speed of
walker, 805

Speeds of two boats, based on distance apart, 118

Stopping distance, 96

Model rocket, time to reach certain heights,
91-92

Truck’s tires and linear and angular speed, 481

Two ships’ speeds and time they will be certain
distance apart, 97

Velocity of fluid through drainage pipe, 262

Education/Schools

Arranging books on shelf and number of
permutations, 1097
Book cost based on markup after publisher
cost, 151
Cafeteria lineup possibilities, 1104
Campus safety survey and probability of certain
answers, 1112-1113
College application increase, 385
Course selection possibilities, 1127
Days to read book, 1128
Drama class participation possibilities,
1103, 1127
Elementary vocabulary lesson and testing, 441
Final exam grade probability, 1117
Math textbook sales cycle, 651
Multiple-choice questions and probability, 1118
Palindrome possibilities, 1104
Possible ways to misspell a word, 1102,
1126, 1129
Public college enrollment and projected
enrollment, 184, 186
Selection of students for scholarships, 1097, 1120
Student government and committee positions,
number of permutations, 1097, 1099-1100
Student loans and simple interest, 92, 805
Study hours for various courses, 846, 848
Summer reading book selection
possibilities, 1104
Test answers and possible variations, 1096,
1102, 1126
Test questions and possibilities, 1128
Test scores, 902
Test scores and overall average, 105, 107
Tuition and fees at college, 15, 70
Tutoring hours, 858, 863

Employment

Hospital employee ID codes, 1102

Hourly wages, 805

Mail-order processing, rates working together, 89

Number of workers and time to complete job, 363

Salaries of two jobs over time, comparison of, 1077

Salaries plus commission, comparison of, 108

Salary, projected increases and total income over
time period, 1060-1061, 1063, 1077

Salesperson’s weekly/monthly salary with
commissions, 182, 212, 220, 709, 956, 1125

Soldier selection possibilities, 1105

Time to complete typesetting job, working
together, 118

Total amount earned, 1076

Weekly salary, 116, 805



XX Applications Index

Environment

Atmospheric pressure and altitude, 400

Campers’ altitude, based on water’s boiling
point, 70

Costs to remove waste from polluted
river, 326

Distance between hikers in park, 131

Distance to fire from observation platforms,
131, 140

Earthquake and where could be felt, 849

Earthquake magnitude/intensity, 412,
415, 441

Geological study areas and earthquake
epicenter, 140

Height of Pacific Ocean volcano since
1960, 243

Hurricane wind speed and barometric pressure,
183, 185, 387

Ocean waves and average rate of change in
speed, 169

Pollution based on number of people, 363

Power company and costs for air pollutant
control, 326

Water level in Everglades, 387, 1055-1056

Water level in retention pond, 182, 219, 221

Weight of body above Earth surface, 373

Finance/Investments

Amount of counterfeit money “spent,” 1075

Amounts borrowed, based on interest
paid, 87,92

Annuity value, 1072, 1073, 1076, 1126, 1128

Bonds, interest and yields, 360, 363, 429,
436-437, 439

Compound interest, 168, 242, 394, 399, 439,
444-445, 453, 458, 463, 466, 838, 865,
1072-1073

Cryptocurrencies in circulation, 459

Federal income tax, 223

Home sales, 818, 878

Inflation and buying power, 400

Inheritance money spent and respent, 1075

Investment and interest earnings, 236,
399, 453

Investment rate of return, 444-445, 453,
458, 464, 466

Investments, original amounts, 92, 118

Loan payments, 460

Loan principal, 92

Money market funds, 439

Mutual fund investments, 814

Principal investment amounts, 862, 877

Property taxes, 95, 182, 387

Retirement account and growth of, 1052

Retirement planning, 399, 439, 453, 849

Simple interest, 11, 86-87, 92, 118, 361, 363,
399, 463, 805

Stock and mutual fund investments, 8687,
118, 817

Stock fund and rate of return, 453

Stock investments, 864

Tax rebate money spent and multiplier effect of,
1071, 1075

Tractor resale value, 400, 1074

Food/Nutrition

Almond croissant purchase in France, 235
Caffeine and biological half-life, 440
Calcium content, 862

Cereal boxes, content weights and variations in, 108

Cheesecake slice and area of, 482

Cookbook sales and relation to price, 363

Cooling rate of cake/pie from oven, 400, 440

Dinner menu variations at hospital, 1102

Ham and number of people it will serve, 363

Hamburgers’ caloric and cholesterol content,
184, 186

Ice cream fat content, 805

Nut mixture, 864

Pizza crusts and toppings, number of
variations, 1094

Pizza slice and area of, 482

Probability of certain cookies selected from
box, 1115

Protein powder content, 864, 865

Refrigerator temperature, 108

Restaurant bill and tipping, 151

Restaurant tipping, 11, 14

Sodium content in chips and soda, 805

Taco lunch and drinks and calories
consumed, 783

Turkey baking time, 30

Geography/Points of Interest

Arches of WW II airship hangars, 1035

Bermuda Triangle and area of, 676

Big Ben and diameter of clock face, based on
angle of elevation, 655

Brooklyn Bridge and cable heights, 1035

Distances between cities, 475-476, 480, 585,
689, 708

Flatiron Building and angle of point, 688

Golden Gate Bridge and cable heights, 1038

Leaning Tower of Suurhusen (Germany), distance
from base to top, 677

Roman Coliseum’s inner and outer ellipse, 994

Tram and angle of incline on Rendezvous
Mountain, 661

Washington’s Ellipse, elliptical boundary and
eccentricity of, 954

Health/Human Body

Body temperature range, Celsius to Fahrenheit
conversion, 108

Cholesterol levels, 95

Drug’s concentration in bloodstream, 55

Heart rate, maximum recommended for
adults, 11

Red blood cells, number of, 27

Saline solution, 93

Hobbies/Entertainment

Bread throw in Seinfeld episode, vertical position
and time to reach, 95

Carnival card game probability, 1114

Child’s wagon and work done, 783

Coin toss probabilities, 1077, 1104, 1116, 1118

College theater tickets, 849

Concert ticket costs, 710

Cost to download music from website, 230-231

Dance lesson demonstration possibilities, 1103

Dice rolling probabilities, 11081109, 1116,
1118, 1127, 1129

Digital songs storage, 27

Distance of bike ride and time, 151

DVD/CD selection probabilities, 1120, 1127

Elliptical pool table, 956

Family’s time spent at two Disney parks, 846

Ferris wheel and position of riders, 695-696,
700, 707

Film festival award possibilities, 1103

Fireworks vertical height, speed, and
visibility, 353

Location of foci for boomerang, 972

Lottery combinations and probability, 1103,
1116, 1127

Movie screen and angle of elevation, 580

Online ticket purchases for dance show, 235

Possible arrangement of songs by DJ, 1126

Probability of certain cards drawn from deck,
1112, 1117-1118, 1120, 1128, 1131

Quilting and equation for flower design, 735

Raffle tickets and possible ways to win,
1100, 1129

Rock concert’s intensity and loudness, 437

Rock songs vs. country songs on playlist,
849, 1109

Roulette outcome probabilities, 11071108,
1116

Shadow box dimensions and area, 261

Slot machine outcome probability, 1119

Speed of racing canoe, 364

Theater ticket pricing and seats sold, 817

Theater tickets and supply and demand, 806

Thrown ball’s speed and vertical position, 371

Model rocket, time to reach certain heights,
91-92

Toy rocket’s position and time; and angle of
elevation, 652

Toy rocket’s vertical position and time,
349-350

Video game players’ positions and speed, 131

Video games spending per person, 152

Watercolor paint price at online shop, 231

Home/Family

Backyard slide and extension of, 499
Ceiling fan and angular and linear speeds,
476, 483
Children in photo, possible ways to arrange, 1131
Elliptical rug from rectangular carpet, 953
Garage door remote sequence possibilities, 1102
Outfits, number of variations, 1102, 1129
Selecting batteries/lightbulbs, good vs. dead/
defective, 1104, 1109, 1116, 1127
Sock color selection probability, 1107
Three-digit and four-digit number combinations
for lock/code, 1104, 1118, 1127

Home Maintenance/Improvements

Patio, base and height of triangular portions, 94
Roof repair costs, 96
Time for pump/hose to fill swimming pool,

94, 120
Time to vacuum house, working together, 93
Toilet repair costs, 96

Measurements

Advertising balloon and cables’” angle with
ground, 577

Alarm code and number of variations of, 1095,
1118

Aluminum and cylindrical drink mix
container, 356

Aquarium dimensions, 837

Arranging books on shelf and number of
permutations, 1097, 1105



Award ribbons at fair and number of
permutations, 1098

Bermuda Triangle and area of, 676

Big Ben and diameter of clock face, based on
angle of elevation, 655

Blimp and various measurements, 706

Block on spring and maximum/minimum height

of, 643

Block on spring/bob on pendulum and harmonic

motion, 699, 707-710

Buildings as hyperboloids and hyperbolic cross
section and diameters of, 1034, 1038

Building’s height, based on sun’s angle of
inclination and shadow, 708

Cardboard dimensions, 96

Child’s swing and maximum/minimum height
of, 643

Clocks’ second and minute hand measurements,
482,484

Cube, length of diagonal through, 94

Dimensions of a Chinese village, 85

Dogsled pulled and work done, 780

Engines and various parts’ measurements, 678,
691, 700, 708

Flag and flagpole height and size, based on
various factors, 588, 660

Flagpole on hill and angle of inclination,
674, 677

Floor dimensions, 836

Force on various objects and work done, 770,
783,789, 790

Forklift and freight on ramp, 782

Fountain’s water height, 673

Front face of house, dimensions of rectangular
portion, 94

Gears and degrees in rotation, 482

“golden rectangle,” 97

Grocery store sign dimensions, 836

Height of lamppost, based on person’s
shadow, 112

Height of palm tree, 512

Hill’s height based on angle of elevation, 673

Ladder and angle with ground and wall, 664

Ladder’s reach, 513, 516, 655

Lawn mower pushed and work done, 779

Length of pool based on depths and angle
slope, 660

Light’s illumination, 663

Metronome’s pendulum arm swings, 542

Octagonal stained glass window, sides length
of, 97

Paddle wheel and angular speed, 481

Patio, base and height of triangular portions, 94

Pendulum swings, 364, 701, 702, 1076, 1126

Plane distance to point on runway, 513

Plane’s height based on angle of elevation, 676

Pool’s volume at certain depth when being
filled, 112

Pyramid of plastic cups, number in certain row
and total, 1067

Quilt dimensions from its area, 354

Radius of underground gasoline storage
tank, 309

Rental truck dimensions, 310

Right circular cone measurements, 29

Rocket liftoff and video camera, angle of
elevation, 579

Sailboat and turn of the winch on, 480

Sundial and dial’s shadow, 613

Sun’s angle and building’s shadow, 664

Surveyor and various measurements, 481, 516,
676, 677, 706

Swings of a pendulum, 364

Tent dimensions, 309

Test tube in centrifuge and various positions
of, 700

Theater seats, number in certain row and
total, 1064

Time measurement, 482

Tower height, 706, 708

Tower’s cable, length of, 688

Triangles, length of sides, 29, 90

Triangular face of gabled roof, area of, 676

Triangular region to be primed, 689

Triangular shade sail and materials cost, 708

TV screen, dimensions of, 864

Washington Monument shadow and sun, 577, 660
Water depth at boat and distance between anchor

and bow, 660
Water volume in trough, 112
Waterwheel and positions on, 700, 709
Wheels and pulleys, 480, 585, 588
Window dimensions, 837

Window’s vertical dimension, based on angle of

elevation, 656

Medicine/Health

7-day average COVID-19 cases, 170-171

Aspheric eyeglass lenses, 972

Bacteria population in culture, 257-258, 353,
446447, 455, 466, 838

Blood pressure, 644, 700

Blood pressure probabilities, 1127

Blood type probabilities, 1119

Blood type transfusion-matching
probabilities, 1119

Body mass index, 364, 866

Breast cancer survival probability, 1118

Cholera epidemic and deaths, 441

Cholesterol levels, 95, 184, 186, 1118

Concentration of drug in bloodstream,
339, 356

Doctor visits in relation to patient’s ages, 374

Drug concentration in bloodstream, 837

Drug study participant possibilities, 1116

Ebola virus, 457

Flu outbreak and new cases, 169, 203, 1074

Girl’s height and weight from age 2 to 10,
184-185

Heart surgery mortality rate, 1117

Hela cells, 402, 458

Kidney stone position in lithotripsy
procedure, 953

Leg bones and magnitude of force, 784

Medicine dosages and patients’ weight, 358,
359-360, 363

New COVID-19 cases in United States, 279

Number of patients in a drug study, 1116

Participants in drug and alcohol rehabilitation
program, 1062

PPE Inventory, 95

Radioactive substances used in health care, 396,
440, 454455, 463, 838

Respiratory cycle and inhalations/exhalations,
545, 547

Sounds and hearing impairment, 441

Sounds and pain-causing intensity and
loudness, 437

Systolic blood pressure by age, 178, 179-180

Ultrasound and frequency of, 699

Applications Index xxi

Vaccinations, people seeking, 246
Winter colds and probability of catching, 1114

Miscellaneous

Ages compared, 14

Cannon firing and path of the ball, 1022

Committee formations possibilities and
probabilities, 10991100, 1103

History of operation symbols, 16

Mandelbrot set, 753

Path of shell fired at firing range, 1026

Pyrotechnic rocket and path of after launch, 1039

Motor Vehicles

Antifreeze mixture, 93, 120

Car depreciation rate, 29

Car’s velocity and time to reach certain speed, 95

Driver’s average speed in nice weather and in
thunderstorm, 93

Gallons gas needed, 15

Miles driven, 95

Passing car and time to reach certain
distance, 108

Rental truck’s cargo space, dimensions of, 96

Stopping distance, 96

Politics

Political party probability, 1117

Poll and percentage of votes received, 108

U.S. senators and possible variations for
committee formations, 1103

Real Estate/Housing

Apartment rental costs, plus deposits for
animals, 15
Property taxes, 95

Science

Acid solution, 88, 118

Alternating current generator and harmonic
motion, 701

Antifreeze mixture, 93

Ant’s path across picnic table, 1020-1021

Area of picture projected on wall, 363

Astronomical units and parsec and in relation to
light year, 708

Atmospheric pressure and altitude, 400

Atomic particles path, 972

Bacteria culture and population in, 96

Bleach solution, 87-88

Boiling point of water and altitude, 70

Bulb in parabolic mirror of car headlight/
flashlight, 985

Caffeine and biological half-life, 440

Carbon-14 dating, 447-448, 454, 464

Cooling rate of cake/pie from oven, 400, 440

Cooling rate of water after heater shut off, 400

Daylight and darkness duration, 546, 547

Depth of water (in oceans and lakes) and intensity
of light, 440

Distance between Earth and its moon, 994

Distance between Earth and various stars, 661

Distance between planets, 678

Distance between various planets and Sun at
aphelion or at perihelion, 950, 954, 972,
1014, 1033, 1037

Earth and moon, distance between, 586

Earth circumference, 483



xxii Applications Index

Earthquake, distance from epicenter, 96

Earthquake magnitude/intensity, 412, 415, 441

Earth radius, 516

Earth’s orbit and linear speed, 482

Electric current based on voltage and
resistance, 363

Electric power based on current and
resistance, 299

Elliptical curve of lightbulb, 953

Equilibrium forces, 765-766, 769, 789, 790

Ethanol fuel mixture, 93

Fertilizer solution, 92

Freezing temperature versus time, 353

Frequencies of piano notes, 1077

Geological study areas and earthquake
epicenter, 140

Gravitational force and planets, 358

Half-life of radioactive elements, 396, 399, 440,
447-448, 454, 455, 458, 463

High and low tides and water levels, 541-542,
547, 587

Hurricane and kinetic energy, 361

Initial velocity and acceleration, 1062

Kepler’s third law, 365

Lightbulb intensity, 365

Light-year distance, 20-21, 98

McNaught comet and distance from Sun, 972

Moon cycles and illumination of, 544, 586

Nuclear power cooling tower and diameter of, 972

Orbits of Halley’s and Hale-Bopp comets, 954

Orbits of Halley’s Comet and Earth, 954

Parabolic trajectory and free fall, 264

Parker Solar Probe travel time, 98

Radiation intensity in relation to distance from
source, 365

Resistance in parallel circuits, 326

Satellite dish as paraboloid and receiver
placement, 983-984, 985

Satellites and maximum distance along Earth’s
surface, 662

Snell’s Law and angle of refraction, 644, 651

Solar cooker pot placement, 985, 987

Solar water heater’s tube, 987

Sound and damping factor, 702

Sound frequencies, 339

Sound heard by people in two positions and point
of origination of, 968, 1034, 1037

Sound loudness and distance from source, 360

Sounds’ intensity, 415, 437

Sound waves, 631

Space Shuttle and angular and linear speed, 484

Star’s magnitude and harmonic motion, 701

Steel welding and temperature, 440

Sun’s angle of elevation, 664, 703, 708

Swings of a pendulum, 364

Telescopes’ parabolic mirrors, 987, 988

Temperature of object in freezer at various time
intervals, 55

Temperatures on conducting plate, 915

Total electrical resistance, 55

Velocity of dropped object at impact, 14

Vertical velocity of dropped object, 1062

Vinegar and water as cleaning agent, 805

Weight of body above Earth surface, 373

“Whispering galleries” effect, 953

Sports/Recreation

Achilles tendon stretch and push against wall, 768
Arena seating, based on ticket sales, 862
Athlete’s workout and length of, 518

Baseball player and probability of getting a hit at
bat, 1114, 1116, 1127

Basketball jumps, height and time to reach, 95

Basketball player possibilities to start game, 1104

Basketball player’s rebound jump, 353

Basketball player’s shots and free-throws, 817

Batting order possibilities, 1105

Biathlon, distance of city loop in, 93

Bowler’s handicap and average scores, 108

Calories burned during various types of exercise,
856, 903, 937

Chess matches, number possible, 1103

Daytona 500 finish possibilities, 1127

Distance between hikers in park, 131

Distance from baseball diamond’s home plate to
second base, 94

Dumbbell on inclined surface, 770

Fast-pitch softball and distances on field, 688

Football punt, vertical height and time to
reach, 95

Force to break board in karate, 372

Golf ball and path after being hit, 1026

Golf score needed, 120

Gymnastics and minimum score needed, 107

Height of thrown football and time to reach
receiver, 255

Hiker and estimated height of mountain, 677

Hikers and path’s angle of incline, 577

Hiking path’s angle of ascent, 656

Horse race winning possibilities, 1105

Kayaker, bearing and distance of travel, 770

Kick boxer and force on bag, 768

Kicked soccer ball and time to reach certain
height, 120

Kite flying and height of kite from ground,
655, 705

Maximum height and length of long jump, 260

Motorcyclist’s jump over canyon, 1027

NFL crossbars on goalposts, 516

Number of ways softball team can be
formed, 1105

Parasail height, based on angle of elevation, 706

Probability of making all free throws in
basketball game, 1118

Radius and weight of exercise ball, 372

Roller coaster height, based on time, 221

Runners’ bearing from starting point and total
time of run, 662, 663

Runners’ speeds, 805, 864

Runners’ time to cover certain distance, 93

Running and biking, average speeds in biathlon, 93

Running and biking speeds, 93, 807

Shot put and path of the shot, 1021-1022

Ski run’s angle of incline, 577

Sled acceleration, 218

Snow tubing hill and angle of incline, 577

Soccer ball and vertical/horizontal distance; and
kicking angle, 120, 624, 645

Softball/baseball and path after being hit,
1027, 1036

Sports trainer’s average costs, 338, 371

Swimmer and various factors, 769, 770

Swimming and running speeds, 807

Teeter totter, angle and height of, 663

Tennis tournament match possibilities, 1118

Thrown ball and various factors, 762, 769

Thrown/kicked football and various factors, 95,
255, 645, 769, 790

Tightrope walker and factors affecting, 771

Time spent on treadmill after incremental
increases, 1062

Touchdown passes, players compared, 14

Tour de France, 468

Triathlon and swim/run time based on various
factors, 665

Triathlon swim and true speed of, 863—-864

‘Wimbledon match probability, 1118

Winning carnival game probability, 1114,
1120, 1121

Winning charity event game probability, 1121

Zip line length, 519

Statistics/Demographics

Health insurance coverage probability, 1129

New COVID-19 cases in United States, 279

Number of ancestors over 12 generations, 1077

Number of men and women in jury pool, 1129

Poll of trial viewers and probability, 1116

Population changes (of various towns, states,
countries), 236, 399, 445-446, 449450,
453-454, 455, 459, 464, 1130

Probability of being over 60 in China, 1117

Probability of births being twins/not twins, 1116

Probability of one-year survival at different ages,
1110, 1127

Probability of selecting two freshman, two
sophomores 1131

Social Security numbers, number of possible
combinations, 1104

U.S. population, 399, 455

Technology/Electronics

Cell phone costs based on age of user, 369

Cell phone display area, measurements of, 94

Cell phone plan costs, 175, 220

Cell tower on hill and angle of inclination,
673-674

Cell tower signal boundary, 140

Computer byte arrangements, 1102

Computer display area, measurements of, 94

Computer virus, 456

Digital songs storage, 27

Finding zeros of a polynomial before
computers, 281

Hard drive and angular speed, 481

Microphone placements to locate shooter, 971

Mobile phone tower bearings, 691

Path of target on computer screen, 1026, 1036

Radio station call letter possibilities, 1102

Tablet’s screen dimensions, 118

Tablets sold and total revenue and profit, 902

Total unread emails, 1062

Touch-tone phones and dual-tone multi-frequency
signaling, 630

TV screen, dimensions of, 864

Twitter users over time, 459

Video game and player’s bearing at various
points, 664

Video game and polar coordinates of target, 722

Web page, video storage on, 27

Website visitors, 466

Transportation/Travel

Airplane and bearing for various trips, 662,
664, 706

Airplane’s altitude, speed and distance, 387

Airplane’s altitude and various factors affecting,
513, 516, 660



Airplanes and paths over control tower, 1027

Airplane’s distance and angle of elevation from
radar tower, 561, 589

Airplane’s propeller as lemniscate and equation
for, 735

Average speed of two planes, 93, 120

Bike ride, paved roads vs. off road, 689

Braking distance and speed, 262, 363

Car, skids and curve of road, 358

Car rental costs based on miles driven, 363

Car’s acceleration and deceleration, 208, 218, 237
Cars and paths as they approach intersection, 1027

Car seating arrangement possibilities, 1105

City parking garage costs, 182

Distance between home and school/work, based
on average speeds, 93, 118

Distance between two vehicles, 690

Distance of bike ride, 151, 664

Distance of drive from Daytona Beach to
Miami, 151

Driver’s average speed in nice weather and in
thunderstorm, 93

Engines various parts’ measurements, 645

Gallons gas needed, 15

Gas mileage, 95, 242-243, 244, 260, 261,
807, 818

Helicopter path from accident to hospital, 1026

Incline railway and various factors, 516, 661

License plate variations, number of
possibilities, 1102

Miles driven, 95

Miles driven by truck, 807

Miles driven in city vs. on highway, 807

Military supply plane and path of drop, 1028

Motorist’s average speed, 353

Nights spent in various cities, based on total
spent, 877

Number of routes to travel to work and school, 1126

Number of small vs. large rental buses for
college, 851-852, 853-854

Oversold airline seat selections, 1104

Path of stunt driver’s car off cliff, 1036

Pickup trucks and force to pull stuck car, 770

Plane’s altitude, 119

Planes’ distance apart and bearing of, 688, 707

Plane’s round trip, average speed of, 55

Plane’s speed in still air, 93

Police radar detector and motorist’s actual
speed, 108

Probability of being killed in vehicle crash, 1129

Probability of shortage of airline seats on certain
route, 1119

Radar range of ship, 150

Red traffic light probability, 1118

Rental truck dimensions, 310, 837

Revolutions of bike wheel and distance traveled,
235,363

Ship location and radio signals on shore, 971

Slope of hill, 166

Sounds’ intensity (jet, traffic, motorcycle), 415

sss
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Speeding ticket cost, 175

Traffic flow rates, 884-885, 887888, 934, 937

Tram and angle of incline on Rendezvous
Mountain, 661

Vehicle depreciation, 461

Vehicles parked on hill and factors affecting,
777-778, 782, 789

Weather

Average monthly rainfall, 119
Average monthly snowfall, 105
Daily high and low temperatures, 236
Hurricane and kinetic energy, 361
Hurricane wind speed and barometric pressure,
183, 185, 387
Monthly high temperatures, 546
Precipitation, highs and lows, 546
Temperatures and average rate of
change, 168
Weather balloon, distance from ground and
length of tethering ropes, 661
‘Wind pressure on wall, 373

Wildlife Management

Bass population in lake, 96, 465

Deer population, based on “mark-recapture,” 96
Deer population, growth of, 95








