
PREFACE

I once facilitated a mandatory workshop on the teaching of calculus that was attended by a diverse group of

professors and teaching assistants. Before the seminar began, I asked for written answers to the following

question: “Ideally, what would you like to get out of the next two days’ activities?”

Their responses formed a collection of contradictory expectations. Some were cautionary: “You can tell

me what to teach, but don’t tell me how.” Some wanted help with group work and cooperative learning,

while others just wanted a general idea of what it meant to teach calculus “with modern pedagogy.” And

many wanted specifics: “How can you teach the Chain Rule ‘reform-style’?” “How much homework should

I assign?”

This Instructor’s Guide tries to address the issues brought out by the above comments. The overall goal was

not to write a reference book for a shelf, but to provide a user-friendly source of suggestions and activities for

any teacher of calculus within a typical calculus curriculum. Instructors that have used previous editions of

this book have said that it saved them a great deal of time, and helped them to teach a more student-oriented

course. They have also reported that their classes have become more “fun,” but agreed that this unfortunate

by-product of an engaged student population can’t always be avoided.

This guide should be used together with Essential Calculus, Early Transcendentals, Second Edition as a

source of both supplementary and complementary material. Depending on individual preference, instructors

can choose from occasionally glancing through the Guide for content ideas and alternate approaches, or using

the material from the Instructor’s Guide as a major component in planning their day-to-day classes as well as

to set homework assignments and reading quizzes. There are student activities and worksheets, sample exam

questions, and examples for every section.

Some of the continuing debates about changes in calculus content and pedagogy are rendered moot by adopt-

ing the principle that the instruction of any topic in calculus can be enhanced by using a wider range of

approaches. This guide includes some conceptual and geometric problems in topics as mundane as rules for

differentiation, and as traditional as �-� limits. Whether a class consists of a straight lecture or an hour of

group work, the materials provided are meant to help.

I value reactions from all my colleagues who are teaching calculus from this guide, both to correct any errors

and to suggest additional material for future editions. I am especially interested in which particular parts of

the guide are the most and the least useful. Please email any feedback to calculus@dougshaw.com.
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spective. Thanks go to Kate Degner, Ken Doss, Job Evers, Slade Hovick, Patricia Kloeckner, Jordan Meyer,

Ben Nicholson, Paul Schou, Laura Waechter, and Cody Wilson. Further thanks go to James Stewart, John

Hall, Robert Hesse, Harvey Keynes, Michael Lawler, and Dan O’Loughlin for their contributions to earlier

incarnations of this guide. The book’s typesetter and proofreader, Andy Bulman-Fleming, again went above

and beyond the call of duty, both in his work on the book, and in keeping me humble by regularly trouncing

me at online Scrabble as we produced it. The talents of these people and others at Cengage have truly helped

to make writing this guide a learning experience.

This book is dedicated to sarah-marie belcastro.

Doug Shaw

iv

(c) 2013 Cengage Learning. All Rights Reserved.



CONTENTS

How to Use the Instructor’s Guide x

How to Implement the Projects xii

How to Use the Review Sections xiv

Tips on In-Class Group Work xv

1 FUNCTIONS AND LIMITS 1

1.1 Functions and Their Representations 1

1.2 A Catalog of Essential Functions 7

1.3 The Limit of a Function 19

1.4 Calculating Limits 35

1.5 Continuity 41

1.6 Limits Involving Infinity 51

Chapter 1 Sample Exam Questions 60

Chapter 1 Sample Exam Solutions 68

2 DERIVATIVES 71

2.1 Derivatives and Rates of Change 71

2.2 The Derivative as a Function 79

2.3 Basic Differentiation Formulas 102

2.4 The Product and Quotient Rules 109

2.5 The Chain Rule 116

Special Section ¦ Derivative Hangman 123

2.6 Implicit Differentiation 124

2.7 Related Rates 131

2.8 Linear Approximations and Differentials 137

Chapter 2 Sample Exam Questions 142

Chapter 2 Sample Exam Solutions 147
v

(c) 2013 Cengage Learning. All Rights Reserved.



CONTENTS

3 INVERSE FUNCTIONS: Exponential, Logarithmic, and Inverse Trigonometric Functions 151

3.1 Exponential Functions 151

3.2 Inverse Functions and Logarithms 158

3.3 Derivatives of Logarithmic and Exponential Functions 167

3.4 Exponential Growth and Decay 174

3.5 Inverse Trigonometric Functions 180

3.6 Hyperbolic Functions 185

3.7 Indeterminate Forms and l’Hospital’s Rule 189

Chapter 3 Sample Exam Questions 194

Chapter 3 Sample Exam Solutions 199

4 APPLICATIONS OF DIFFERENTIATION 201

4.1 Maximum and Minimum Values 201

4.2 The Mean Value Theorem 207

4.3 Derivatives and the Shapes of Graphs 213

4.4 Curve Sketching 225

4.5 Optimization Problems 235

4.6 Newton’s Method 244

4.7 Antiderivatives 250

Chapter 4 Sample Exam Questions 256

Chapter 4 Sample Exam Solutions 264

5 INTEGRALS 267

5.1 Areas and Distances 267

5.2 The Definite Integral 275

5.3 Evaluating Definite Integrals 288

5.4 The Fundamental Theorem of Calculus 296

5.5 The Substitution Rule 305

Chapter 5 Sample Exam Questions 314

Chapter 5 Sample Exam Solutions 321
vi

(c) 2013 Cengage Learning. All Rights Reserved.



CONTENTS

6 TECHNIQUES OF INTEGRATION 323

6.1 Integration by Parts 323

6.2 Trigonometric Integrals and Substitutions 329

6.3 Partial Fractions 337

Special Section ¦ Integration Jeopardy 344

6.4 Integration with Tables and Computer Algebra Systems 351

6.5 Approximate Integration 354

6.6 Improper Integrals 358

Chapter 6 Sample Exam Questions 367

Chapter 6 Sample Exam Solutions 374

7 APPLICATIONS OF INTEGRATION 377

7.1 Areas between Curves 377

7.2 Volumes 382

7.3 Volumes by Cylindrical Shells 393

7.4 Arc Length 398

7.5 Area of a Surface of Revolution 410

7.6 Applications to Physics and Engineering 415

7.7 Differential Equations 423

Chapter 7 Sample Exam Questions 446

Chapter 7 Sample Exam Solutions 454

8 SERIES 459

8.1 Sequences 459

8.2 Series 468

8.3 The Integral and Comparison Tests 479

8.4 Other Convergence Tests 488

8.5 Power Series 495

8.6 Representing Functions as Power Series 501

8.7 Taylor and Maclaurin Series 507

8.8 Applications of Taylor Polynomials 516

Chapter 8 Sample Exam Questions 520

Chapter 8 Sample Exam Solutions 527
vii

(c) 2013 Cengage Learning. All Rights Reserved.



CONTENTS

9 PARAMETRIC EQUATIONS AND POLAR COORDINATES 531

9.1 Parametric Curves 531

9.2 Calculus with Parametric Curves 543

9.3 Polar Coordinates 549

9.4 Areas and Lengths in Polar Coordinates 555

9.5 Conic Sections in Polar Coordinates 561

Chapter 9 Sample Exam Questions 566

Chapter 9 Sample Exam Solutions 571

10 VECTORS AND THE GEOMETRY OF SPACE 573

10.1 Three-Dimensional Coordinate Systems 573

10.2 Vectors 582

10.3 The Dot Product 591

10.4 The Cross Product 600

10.5 Equations of Lines and Planes 606

10.6 Cylinders and Quadric Surfaces 614

10.7 Vector Functions and Space Curves 618

10.8 Arc Length and Curvature 628

10.9 Motion in Space: Velocity and Acceleration. 636

Chapter 10 Sample Exam Questions 643

Chapter 10 Sample Exam Solutions 655

11 PARTIAL DERIVATIVES 659

11.1 Functions of Several Variables 659

11.2 Limits and Continuity 670

11.3 Partial Derivatives 676

11.4 Tangent Planes and Linear Approximations 683

11.5 The Chain Rule 687

11.6 Directional Derivatives and the Gradient Vector 693

11.7 Maximum and Minimum Values 700

11.8 Lagrange Multipliers 706

Chapter 11 Sample Exam Questions 712

Chapter 11 Sample Exam Solutions 718
viii

(c) 2013 Cengage Learning. All Rights Reserved.



CONTENTS

12 MULTIPLE INTEGRALS 723

12.1 Double Integrals over Rectangles 723

12.2 Double Integrals over General Regions 732

12.3 Double Integrals in Polar Coordinates 738

12.4 Applications of Double Integrals 745

12.5 Triple Integrals 749

12.6 Triple Integrals in Cylindrical Coordinates 756

12.7 Triple Integrals in Spherical Coordinates 760

12.8 Change of Variables in Multiple Integrals 768

Chapter 12 Sample Exam Questions 774

Chapter 12 Sample Exam Solutions 781

13 VECTOR CALCULUS 785

13.1 Vector Fields 785

13.2 Line Integrals 794

13.3 The Fundamental Theorem for Line Integrals 802

13.4 Green’s Theorem 812

13.5 Curl and Divergence 818

13.6 Parametric Surfaces and Their Areas 825

13.7 Surface Integrals 837

13.8 Stokes’ Theorem 843

13.9 The Divergence Theorem 849

Chapter 13 Sample Exam Questions 856

Chapter 13 Sample Exam Solutions 863

ix

(c) 2013 Cengage Learning. All Rights Reserved.



HOW TO USE THE INSTRUCTOR’S GUIDE

For each section of Essential Calculus, Early Transcendentals, Second Edition, this Instructor’s Guide pro-
vides information on the items listed below.

1. Suggested Time and Emphasis Here are suggestions for the amount of time to spend in a class of
“average” students, and whether or not the material is essential to the rest of the course. If a section is
labeled optional, the time range given is the amount of time for the material in the event that it is covered.

2. Points to Stress This is a short summary of the main topics to be covered. The stress is on the big
ideas, rather than specific details.

3. Quiz Questions Some instructors have reported that they like to open or close class by handing out a
single question, either as a quiz or to start a discussion. Two types are included:

� Text Question This question is designed for students who have done the reading, but haven’t yet
seen the material in class. These questions can be used to help ensure that the students are reading the
textbook carefully.

� Drill Question These questions are designed to be straightforward “right down the middle” questions
for students who have tried, but not necessarily mastered, the material.

4. Materials for Lecture These suggestions are meant to work along with the text to create a classroom
atmosphere of experimentation and inquiry. They have a theoretical bent to help the students understand
the material at a deep conceptual level. In a course with a “lecture and discussion” format, these ideas can
be used during the lectures.

5. Workshop/Discussion These suggestions are interesting examples and applications aimed at
motivating the material and helping the students master it. In a course with a “lecture and discussion”
format, these ideas can be used during the discussions.

6. Group Work One of the main difficulties instructors have in presenting group work to their classes is
that of choosing an appropriate group task. Suggestions for implementation and answers to the group
activities are provided first, followed by photocopy-ready handouts on separate pages. The guide’s main
philosophy of group work is that there should be a solid introduction to each exercise (“What are we
supposed to do?”) and good closure before class is dismissed (“Why did we just do that?”)

7. Tools for Enriching Calculus is a companion to the text, intended to enrich and complement its contents.
You can find it in Enhanced WebAssign, CourseMate, and PowerLecture. Marginal notes in the main text
direct students to TEC modules where appropriate. When a TEC module relates to an Instructor’s Guide
item, it is referenced there as well.

8. Homework Problems For each section, a set of essential Core Exercises (a bare minimum set of
homework problems) is provided. Using this core set as a base, a Sample Assignment is suggested, and
each exercise in that assignment is classified as Descriptive, Algebraic, Numeric, and/or Graphic.

� Descriptive: The student is required to translate mathematical concepts into everyday terms, or vice-
versa.

x
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HOW TO USE THE INSTRUCTOR’S GUIDE

� Algebraic: The student is required to use algebraic and/or symbolic manipulation and computation.

� Numeric: The student is required to work with numerical data, or provide a numerical approximation.

� Graphic: The student is required to explain or understand information in graphic form.
In addition, TEC includes “homework hints” for representative exercises (usually odd-numbered) for each
section of the text. These hints are constructed so as not to reveal any more of the actual solution than is
minimally necessary to make progress toward the solution. Also available is a Student Solutions Manual
which presents complete solutions to all of the odd-numbered exercises in the text.

9. Sample Exam Questions I recommend that tests in a calculus course have a mix of routine and non-
routine questions. The sample exam questions provided are meant to inspire the “non-routine” portion
of a calculus test. We do not recommend that calculus tests be composed entirely of questions from this
section. One strategy is to announce to the students that one-third of the text questions will be based on
homework, one-third will be based on in-class group work, and one-third will not be immediately familiar.

10. Web Resources Useful resources can be found on the website for Essential Calculus, Early
Transcendentals, Second Edition (http://www.stewartcalculus.com).
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HOW TO IMPLEMENT THE PROJECTS

One exciting yet intimidating aspect of teaching a calculus course is projects. An extended assignment gives
students the chance to take a focused problem or project and explore it in-depth — making conjectures,
discussing them, eventually drawing conclusions and writing them up in a clear, precise format. Essential
Calculus, Early Transcendentals, Second Edition has many possible projects throughout its chapters. Here
are some tips on ensuring that your students have a successful experience.

Time Students should have two to three weeks to work on any extended out-of-class assignment. This is
not because they will need all this time to complete them! But a fifteen-to-twenty-day deadline allows the
students to be flexible in structuring their time wisely, and allows the instructors to apply fairly strict standards
in grading the work.

Groups Students usually work in teams and are expected to have team meetings. The main problem stu-
dents have in setting up these meetings is scheduling. Four randomly selected undergraduates will probably
find it very hard to get together for more than a few hours, which may not be sufficient. One way to help your
students is to clearly specify a minimum number of meetings, and have one or all group members turn in sum-
maries of what was accomplished at each meeting. On a commuter campus, a good first grouping might be
by location.

Studies have shown that the optimal group size is three people, followed by four, then two. I advocate groups
of four whenever possible. That way, if someone doesn’t show up to a team meeting, there are still three
people there to discuss the problems.

Before the first project, students should discuss the different roles that are assumed in a team. Who will be
responsible for keeping people informed of where and when they meet? Who will be responsible for making
sure that the final copy of the report is all together when it is supposed to be? These types of jobs can be
assigned within the team, or by the teacher at the outset.

Tell the students that you will be grading on both content and presentation. They should gear their work
toward an audience that is bright, but not necessarily up-to-speed on this problem. For example, they can
think of themselves as professional mathematicians writing for a manager, or as research assistants writing
for a professor who is not necessarily a mathematician.

If the students are expected to put some effort into the project, it is important to let them know that some effort
was put into the grading. Both form and content should be commented on, and recognition of good aspects of
their work should be included along with criticism.

One way to help ensure cooperation is to let the students know that there will be an exam question based on
the project. If every member of the group does well on that particular question, then they can all get a bonus,
either on the exam or on the project grade.

xii
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HOW TO IMPLEMENT THE PROJECTS

Providing assistance Make sure that the students know when you are available to help them, and what
kind of help you are willing to provide. Students may be required to hand in a rough draft ten days before
the due date, to give them a little more structure and to make sure they have a solid week to write up the
assignment.

Individual Accountability It is important that the students are individually accountable for the output of
their group. Giving each student a different grade is a dangerous solution, because it does not necessarily
encourage the students to discuss the material, and may actually discourage their working together. A better
alternative might be to create a feedback form. If the students are given a copy of the feedback form ahead of
time, and they know that their future group placement will be based on what they do in their present group,
then they are given an incentive to work hard. One surprising result is that when a group consists of students
who were previously slackers, that group often does quite well. The exam question idea discussed earlier also
gives individuals an incentive to keep up with their colleagues.
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HOW TO USE THE REVIEW SECTIONS

Review sections for chapters of a calculus book are often assigned to students the weekend before a test,
but never graded. Students realize that they won’t be evaluated on this work and often skip the exercises,
instead reworking previously done homework problems or quizzes, if they study at all. A more useful activity
for students is to use the review sections in Essential Calculus, Early Transcendentals, Second Edition to
discover their precise areas of difficulty. Implemented carefully, these are a useful resource for the students,
particularly for helping them to retain the skills and concepts they’ve learned. To encourage more student
usage, try the following alternatives:

1. Instead of giving a review session where you reiterate previous lectures, make notes of the types of
problems students had difficulty with during the quarter and assign students to work on these exercises in
the review sections and go over them at the end of class.

2. Use the review section problems to create a game. For instance, break students into groups and have a
contest where the group that correctly answers the most randomly picked review questions “wins”. One
fun technique is to create a math “bingo” game. Give each group a 5 � 5 grid with answers to review
problems. If you laminate the cards and give the students dry-erase markers, then you can use them year
after year. Randomly pick review problems, and write the questions on the board. Make sure that for
a group to win, they must not only have the correct answers to the problems, but be able to give sound
explanations as to how they got the answers.

3. A very “low-maintenance” way to give students an incentive to look at a review section is to use one of the
problems, verbatim, for an exam question, and make no secret of your intention to do so. It is important
that students have an opportunity to get answers to any questions they have on the review problems before
the exam is given; otherwise, this technique loses a great deal of its value.
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TIPS ON IN-CLASS GROUP WORK

This Instructor’s Guide gives classroom-tested group work activities for every section of Essential Calculus,
Early Transcendentals, Second Edition. One reason for the popularity of in-class group work is that it is
effective. When students are engaged in doing mathematics, and talking about mathematics with others, they
tend to learn better and retain the material longer. Think back to your own career: didn’t you learn a lot of
mathematics when you began teaching it to other people? Many skeptics experiment by trying group work
for one semester, and then they get hooked. Pick a group activity from the guide that you like, make some
photocopies, and dive in!

1. Mechanics Books and seminars on in-class group work abound. I have conducted many such seminars
myself. What follows are some tips to give you a good start:

(a) Do it on the first day.
The sources all agree on this one. If you want your students to believe that group work is an important
part of the course, you have to start them on the first day. My rule of thumb is “at least three times
the first week, and then at least once a week thereafter.” I mention this first because it is the most
important.

(b) Make students move.
Ideally, students should be eye-to-eye and knee-to-knee. If this isn’t possible, do the best you can.
But it is important to have them move. If your groups are randomly selected, then they will have
to get up and sit in a different chair. If your groups are organized by where they are seated in the
classroom, make them move their chairs so they face each other. There needs to be a “break” between
sitting-and-writing mode and talking-to-colleagues mode.

(c) Use the ideal group size.
Research has shown that the ideal group size is three students, with four-student groups next. I like
to use groups of four: if one of them is absent (physically or otherwise), the group still has three
participating members.

(d) Fixed versus random groups.
There is a lot of disagreement here. Fixed groups allow each student to find her or his niche, and
allow you to be thoughtful when you assign groups or reassign them after exams. Random groups
allow students to have the experience of working with a variety of people. I believe the best thing to
do is to try both methods, and see which works best for you and your students.

(e) Should students hand in their work?
The advantage of handing in group works is accountability. My philosophy is that I want the group
work to have obvious, intrinsic benefit. I try to make the experience such that it is obvious to the
student that they get a lot out of participating, so I don’t need the threat of “I’m grading this” to get
them to focus. I sometimes have the students hand in the group work, but only as a last resort.
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TIPS ON IN-CLASS GROUP WORK

2. Closure As stated above, I want my students to understand the value of working together actively in
their groups. Once you win this battle, you will find that a lot of motivation and discipline problems simply
go away. I’ve found the best way to ensure that the students understand why they’ve done an activity is to
tell them. The students should leave the room having seen the solutions and knowing why they did that
particular activity. You can have the students present answers or present them yourself, whatever suits
your teaching style. I’ve had success with having groups write their results on transparencies and present
them to the class (after I’ve checked their accuracy).
Here is another way to think about closure: Once in a while, give a future homework problem out as
a group work. When the students realize that participating fully in the group work helps them in the
homework, they get a very solid feeling about the whole process.

3. Introduction The most important part of a group activity, in my opinion, is closure. The second most
important is the introduction. A big killer of group work is that awful time between you telling your
students they can start, and the first move of pencil on paper—the “what on earth do we do now?” moment.
A good introduction should be focused on getting them past that moment. You don’t want to give too much
away, but you also don’t want to throw them into the deep end of the swimming pool. In some classes,
you will have to say very little, and in some you may have to do the first problem with them. Experiment
with your introductions, but never neglect them.

4. Help when you are needed Some group work methods involve giving absolutely no help when the
students are working. Again, you will have to find what is best for you. If you give help too freely, the
students have no incentive to talk to each other. If you are too stingy, the students can wind up frustrated.
When a student asks me for help, I first ask the group what they think, and if it is clear they are all stuck
at the same point, I give a hint.

5. Make understanding a goal in itself Convey to the students (again, directness is a virtue here)
that their goal is not just to get the answer written down, but to ensure that every student in their group
understands the answer. Their work is not done until they are sure that every one of their colleagues can
leave the room knowing how to do the problem. You don’t have to sell every single student on this idea
for it to work.

6. Bring it back when you can Many of the group works in this guide foreshadow future material.
When you are lecturing, try to make reference to past group works when it is appropriate. You will find
that your students more easily recall a particular problem they discussed with their friends than a particular
statement that you made during a lecture.

The above is just the tip of the iceberg. There are plenty of resources available, both online and in print. Don’t
be intimidated by the literature—start it on the first day of the next semester, and once you are into it, you
may naturally want to read what other people have to say!

xvi

(c) 2013 Cengage Learning. All Rights Reserved.



1 FUNCTIONS AND LIMITS

1.1 FUNCTIONS AND THEIR REPRESENTATIONS

SUGGESTED TIME AND EMPHASIS

2 classes Essential material

POINTS TO STRESS

1. Definition of function, including piecewise functions.
2. Understanding the interplay between the four ways of representing a function (verbally, numerically,

visually, algebraically) perhaps using the concepts of increasing and decreasing functions as an example.
3. Finding the domain and range of a function, regardless of representation.
4. Investigating even and odd functions.

QUIZ QUESTIONS

� TEXT QUESTION Fill in the blanks: �x� �
�

___ if x � 0
___ if x � 0

ANSWER x , �x
� DRILL QUESTION What is the domain of the function f �x� � �1 � �

x?
ANSWER 0 	 x 	 1

MATERIALS FOR LECTURE

� Draw a graph of electrical power consumption in the classroom versus time on a typical weekday, pointing
out important features throughout, and using the vocabulary of this section as much as possible.

� In 1984, United States President Ronald Reagan proposed a plan to change the United States personal
income tax system. According to his plan, the income tax would be 15% on the first $19,300 earned, 25%
on the next $18,800, and 35% on all income above and beyond that. Describe this situation to the class, and
have them graph (marginal) tax rate and tax owed versus income for incomes ranging from $0 to $80,000.
Then have them try to come up with equations describing this situation.

� In the year 2000, Presidential candidate Steve Forbes proposed a “flat tax” model: 0% on the first $36,000
and 17% on the rest. Have the students do the same analysis, and compare the two models. As an extension,
perhaps have the students look at a current tax table and draw similar graphs.

� Let f �x� be the leftmost nonzero digit of x . So f �386�6� � 3 and f �0�000451� � 4. Have the students
try to find the domain and range of f .
ANSWER The domain seems to be all real numbers except zero, and the range seems to be the set of integers
from 1 through 9. Although the graph of this “function” cannot be drawn, ask the students to verify that it
passes the Vertical Line Test. It turns out that it does not (and in fact is not even a function), for a subtle
reason. For example, let x � 1

5 . If we write x as 0�2, then f �x� � 2, but if we write x as 0�19, then
f �x� � 1. Therefore, f is not a function.

1
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CHAPTER 1 FUNCTIONS AND LIMITS

WORKSHOP/DISCUSSION

� Draw a graph of fuel efficiency versus time on a trip, such as the one below. Lead a discussion of what
could have happened on the trip.

30

20

10

0 1 2 3 Time (Hours)

Fuel Efficiency
(miles/gallon)

� Present graphs of even and odd functions, such as sin x , cos x 
 x2, and cos �sin x�, and check with the
standard algebraic tests.

� Start with a table of values for the function f �x� � 1
4 x

2 
 x :

x 0 1 2 3 4
f �x� 0 1�25 3 5�25 8

First, have the class describe the behavior of the function in words, trying to elicit the information that the
function is increasing, and that its rate of increase is also increasing. Then, have them try to extrapolate
the function in both directions, debating whether or not the function is always positive and increasing. Plot
the points and connect the dots, then have them try to concoct a formula (not necessarily expecting them
to succeed).

� Discuss the domain and range of a function such as f �x� �
� �

x if x is rational
0 if x is irrational

Also talk about why f is neither increasing nor decreasing for x � 0. Stress that when dealing with new
sorts of functions, it becomes important to know the precise mathematical definitions of such terms.

� Define “difference quotient” as done in Exercises 21–24. Define f �x� � x3, and show that
f �a 
 h�� f �a�

h
� 3a2 
 3ah 
 h2. This example both reviews algebra skills and foreshadows future

calculations.

GROUP WORK 1: EVERY PICTURE TELLS A STORY

Put the students in groups of four, and have them work on the exercise. If there are questions, encourage them
to ask each other before asking you. After going through the correct matching with them, have each group
tell their story to the class and see if it fits the remaining graph.
ANSWERS

1. (b) 2. (a) 3. (c) 4. The roast beef was cooked in the morning and put in the refrigerator in the
afternoon.

GROUP WORK 2: A CHAIN OF FUNCTIONS

It is recommended that students not be allowed to use graphing technology to do this activity. The intention is
to give them an opportunity to practice working with absolute values and order of operations, and to reinforce
the idea of looking for mathematical patterns.

2
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SECTION 1.1 FUNCTIONS AND THEIR REPRESENTATIONS

ANSWERS

1.

�

�

�

�

�� �� �� �� � � � � �

�
	

�x�
�

�

�

�

�� �� �� �� � � � � �

�
	

�1 � �x��
�

�

�

�

�� �� �� �� � � � � �

�
	

�1 � �1 � �x���
2. (a) 1 (b)

�

�

�

�

�� �� �� �� � � � � �

�
	


 � �  ��� �� �
�� �

�1 � �1 � �1 � �1 � �1 � �1 � �1 � �x��������

GROUP WORK 3: FINDING A FORMULA

Make sure that the students know the equation of a circle with radius r , and that they remember the notation
for piecewise-defined functions. Split the students into groups of four. In each group, have half of the students
work on each problem first, and then have them check each other’s work. If the students find these problems
difficult, have them work together on each problem.
ANSWERS

1. f �x� �

���
��

�x � 2 if x 	 �2
x 
 2 if �2 � x 	 0
2 if x � 0

2. g�x� �

�����
����
x 
 4 if x 	 �2
2 if �2 � x 	 0�

4 � x2 if 0 � x 	 2
x � 2 if x � 2

HOMEWORK PROBLEMS

CORE EXERCISES 6, 10, 18, 27, 34, 36, 50, 55, 65

SAMPLE ASSIGNMENT 6, 10, 14, 18, 22, 27, 32, 34, 36, 44, 47, 50, 52, 55, 58, 60, 62, 65

EXERCISE D A N G

6 �
10 � �
14 �
18 �
22 �
27 �

EXERCISE D A N G

32 � �
34 � �
36 � �
44 �
47 �
50 �

EXERCISE D A N G

52 � �
55 �
58 �
60 �
62 �
65 �
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GROUP WORK 1, SECTION 1.1

Every Picture Tells a Story

One of the skills you will be learning in this course is the ability to take a description of a real-world occur-
rence, and translate it into mathematics. Conversely, given a mathematical description of a phenomenon, you
will learn how to describe what is happening in plain language. Here follow four graphs of temperature ver-
sus time and three stories. Match the stories with the graphs. When finished, write a similar story that would
correspond to the final graph.

�

�

Graph 1
�

�

Graph 2

�

�

Graph 3
�

�

Graph 4
(a) I took my roast beef out of the freezer at noon, and left it on the counter to thaw. Then I cooked it in the

oven when I got home.
(b) I took my roast beef out of the freezer this morning, and left it on the counter to thaw. Then I cooked it in

the oven when I got home.
(c) I took my roast beef out of the freezer this morning, and left it on the counter to thaw. I forgot about it,

and went out for Chinese food on my way home from work. I put it in the refrigerator when I finally got
home.
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GROUP WORK 2, SECTION 1.1

A Chain of Functions

1. Sketch graphs of the following three functions.

�

�

�

�

�� �� �� �� � � � � �

�
	

f1 �x� � �x�
�

�

�

�

�� �� �� �� � � � � �

�
	

f2 �x� � �1 � �x ��
�

�

�

�

�� �� �� �� � � � � �

�
	

f3 �x� � �1 � �1 � �x���

2. Continuing with the pattern, we get f8 �x� � �1 � �1 � �1 � �1 � �1 � �1 � �1 � �x��������.
(a) Compute f �0�.

(b) Using your graphs from Part 1 as a guide, sketch the graph of f8 �x�.
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GROUP WORK 3, SECTION 1.1

Finding a Formula

Find formulas for the following functions:

1.

	

��

�

�

2.

�

	

�

��

���
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