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PREFACE

This book provides several resources for instructors using Calculus with Applications, Eighth Edition, by Margaret
L. Lial, Raymond N. Greenwell, and Nathan P. Ritchey.

Hints for teaching Calculus with Applications are provided as a resource for faculty.

e Omne open-response form and one multiple—choice form of a pretest are provided. These tests are an aid to

instructors in identifying students who may need assistance.

e One open-response form and one multiple—choice form of a final examination are provided.

Solutions for nearly all of the even—numbered exercises in the textbook are included. Solutions are usually not

provided for exercises with open—response answers.

The following people have made valuable contributions to the production of this Instructor’s Resource Guide and
Solutions Manual: LaurelTech Integrated Publishing Services, editors; Judy Martinez and Sheri Minkner, typists;
and Joe Vetere, Senior Author Support/Technology Specialist.
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HINTS FOR TEACHING CALCULUS WITH APPLICATIONS

Algebra Reference

Some instructors obtain best results by going through this chapter carefully at the beginning of the semester.
Others find it better to refer to it as needed throughout the course. Use whichever method works best for your
students. As in the previous edition, we refer to the chapter as a “Reference” rather than a “Review,” and the
regular page numbers don’t begin until Chapter 1. We hope this will make your students less anxious if you don’t
cover this material.

Chapter 1

Instructors sometimes go to either of two extremes in this chapter and the next. Some feel that their students
have already covered enough precalculus in high school or in previous courses, and consequently begin with Chapter
3. Unfortunately, if they are wrong, their students may do poorly. Other instructors spend at least half a semester
on Chapters 1 and 2 and the algebra reference chapter, and subsequently have little time for calculus. Such a course
should not be labeled as calculus. We recommend trying to strike a balance, which may still not make all your
students happy. A few may complain that the review of algebra, functions, and graphs is too quick; such students
should be sent to a more basic course. Those students who are familiar with this material may become lazy and
develop habits that will hurt them later in the course. You may wish to assign a few challenging exercises to keep
these students on their toes.

Chapter 1 of Calculus with Applications is identical to Chapter 1 of Finite Mathematics and may be skipped by
students who have already taken a course using that text. In this edition, we have streamlined the chapter from four
to three sections, allowing instructors to reach the calculus material more quickly.

Section 1.1

This section and the next may seem fairly basic to students who covered linear functions in high school. Nev-
ertheless, many students who have graphed hundreds of lines in their lifetime still lack a thorough understanding
of slope, which hampers their understanding of the derivative. Such students could benefit from doing dozens of
exercises similar to 39-42.

Perpendicular lines are not used in future chapters and could be skipped if you are in a hurry.

Section 1.2

Much recent research has been devoted to students’ misunderstandings of the function concept. Such misunder-
standings are among the major impediments to learning calculus. One way to help students is to study a simple class
of functions first, as we do in this section. In this edition, even more of the general material on functions, including
domain and range, is postponed until Chapter 2.

Supply and demand provides the students’ first experience with a mathematical model. Spend time developing
both the economics and the mathematics involved.

Stress that for cost, revenue, and profit functions, x represents the number of units. For supply and demand
functions, we use the economists’ notation of g to represent the number of units.

Emphasize the difference between the profit earned on 100 units sold as opposed to the number of units that
must be sold to produce a profit of $100.

Section 1.3

The statistical functions on a calculator can greatly simplify these calculations, allowing more time for discussion
and further examples. In this edition, we use “parallel presentation” to allow instructor choice on the extent tech-
nology is used. This section may be skipped if you are in a hurry, but your students can benefit from the realistic
model and the additional work with equations of lines.

Section 2.1
After learning about linear functions in the previous chapter, students now learn about functions in general. This
concept is critical for success in calculus. Unless sufficient time is devoted to this section, the results will become
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apparent later when students don’t understand the derivative. One device that helps students distinguish f(z + h)
from f(x)+ h is to use a box in place of the letter z, as we do in this section after Example 4.

Section 2.2

This section combines the topics of quadratic functions and translation and reflection, with a minimal amount of
material on completing the square. Our experience is that students graph quadratics most easily by first finding the
y-intercept, then finding the z-intercepts when they exist (using factoring or the quadratic formula), and finding the
vertex last by locating the point midway between the x-intercepts or, if the quadratic formula was used, by letting
x = —b/(2a).

Quadratics are among a small group of functions that can be analyzed completely with ease, so they are used
throughout the text. On the other hand, the advent of graphing calculators has made ease of graphing less important,
so we rely on quadratics less than in previous editions.

Some instructors pressed for time may choose to skip translations and reflections. But we have found that students
who understand that the graph of f(z) =5 — /4 — x is essentially the same as the graph of f(x) = /7, just shifted
and reflected, will have an easier time when using the derivative to graph functions. Since students are familiar with
very few classes of functions at this point, it helps to work with functions defined solely by their graphs, such as
Exercises 25-28.

Exercises 33—40 cover stretching and shrinking of graphs in the vertical and horizontal directions. Covering these
exercises carefully will not only give students a better grasp of functions, but will help them later to interpret the
chain rule.

Section 2.3

Graphing calculators have made point plotting of functions less important than before. Plotting points by hand
should not be entirely neglected, however, because a small amount is helpful when using the derivative to graph
functions.

The two main goals of this section are to have an understanding of what an n-th degree polynomial looks like,
and to be able to find the asymptotes of a rational function. Students who master these ideas will be better prepared
for the chapter on curve sketching.

Exercise 59 is the first of several in this chapter asking students to find what type of function best fits a set of
data. (See also Section 2.4, Exercises 49 and 50, and the Review Exercises 92 and 105.) The class can easily get
bogged down in these exercises, particularly if you decide to explore the regression features in a calculator such as
the TT-83/84 Plus. But there is a powerful payoff in terms of mastery of functions for the student who succeeds at
these exercises.

Section 2.4

Some instructors may prefer at this point to continue with Chapter 3 and to postpone discussion of the exponential
and logarithmic functions until later. The overwhelming preference of instructors we surveyed, however, was to cover
exponential and logarithmic functions early and then to use these functions throughout the rest of the course.
Instructors who wish to postpone this material will also need to omit for now those examples and exercises in
Sections 3.1-4.3 that refer to exponential and logarithmic functions.

Students typically have no problem with f(z) = 2%, but the number e often remains a mystery. Like , the
number e is a transcendental number, but students have had years of schooling to get used to 7. Have your students
approximate e with a calculator, as the textbook does before the definition of e. Notice how we use compound
interest to help students get a handle on this number.

Section 2.5

Logarithms are a very difficult topic for many students. It’s easy to say that a logarithm is just an exponent,
but the fact that it is the exponent to which one must raise the base to get the number whose logarithm we are
calculating is a rather obtuse concept. Therefore, spend lots of time going over examples that can be done without
a calculator, such as log, 8. Students will also tend to come up with many incorrect pseudoproperties of logarithms,
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similar in form to the properties of logarithms given in this section. Take as much time and patience as necessary in
gently correcting the many errors students inevitably will make at first.

Even after receiving a thorough treatment of logarithms, some students will still be stumped when solving a
problem such as Example 7. Some of these students can get the correct answer using trial-and-error. The instructor
should take consolation in the fact that at least such a student understands exponentials better than the one who uses
logarithms incorrectly to solve Example 7 and comes up with the nonsensical answer ¢ = —7.51 without questioning
whether this makes sense. Be sure to teach your students to question the reasonableness of their answers; this will
help them catch their errors.

Section 2.6

This section gives students much needed practice with exponentials and logarithms, and the applications keep
students interested and motivated. Instructors should keep this in mind and not worry about having students
memorize formulas. We have removed the formulas for present value in this edition, having decided that it’s better
for students to just solve the compound amount formula for P. This reduces by two the number of formulas that
students need to remember.

There is a summary of graphs of basic functions in the end-of-chapter review.

Section 3.1

This is the first section on calculus, and perhaps the most important, since limits are what really distinguish
calculus from algebra. Students will have the best understanding of limits if they have studied them graphically
(as in Exercises 5-12), numerically (as in Exercises 15-20), and analytically (as in Exercises 31-52). The graphing
calculator is a powerful tool for studying limits. Notice in Example 9 (c) and (d) that we have modified the method
of finding limits at infinity by dividing by the highest power of x in the denominator, which avoid the problem of
division by 0.

Section 3.2
The section on continuity should be straightforward if students have mastered limits from the previous section.

Section 3.3

This section introduces the derivative, even though that term doesn’t appear until the next section. In a class full
of business and social science majors, an instructor may wish to place less emphasis on velocity, an approach more
suited to physics majors. But we have found velocity to be the manifestation of the derivative that is most intuitive
to all students, regardless of their major.

Instructors in a hurry can skip the material on estimating the instantaneous rate of change from a set of data,
but it helps solidify students’ understanding of the derivative by giving them one more point of view.

Section 3.4

Students who have learned differentiation formulas in high school usually want (and deserve) some explanation
of why they need to learn to take derivatives using the definition. You might try explaining to your students that
getting the right formula is not the only goal; graphing calculators can give derivatives numerically. The most
important thing for students to learn is the concept of the derivative, which they don’t learn if they only memorize
differentiation formulas.

Zooming in on a function with a graphing calculator until the graph appears to be a straight line gives students
a very concrete image of what the derivative means.

After students have learned the differentiation formulas, they may forget about the definition of derivative. We
have found that if we want them to use the definition on a test, it is important to say so clearly and emphatically,
or they will simply use the shortcut formulas.

Section 3.5
One way to get students to focus on the concept of the derivative, rather than the mechanics, is to emphasize
graphical differentiation. We have therefore devoted an entire section to this topic. Graphical differentiation is
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difficult for many students because there are no formulas to rely on. One must thoroughly understand what’s going
on to do anything. On the other hand, we have seen students who are weak in algebra but who possess a good
intuitive grasp of geometry find this topic quite simple.

Section 4.1
Students tend to learn these differentiation formulas fairly quickly. These and the formulas in the next few
sections are included in a summary at the end of the chapter.

Section 4.2

The product and quotient rules are more difficult for students to keep straight than those of the previous section.
People seem to remember these rules better if they use an incantation such as “The first times the derivative of the
second, plus the second times the derivative of the first.” Some instructors have argued that this formulation of the
product rule doesn’t generalize well to products of three or more functions, but that’s not important at this level.
Some instructors allow their students to bring cards with formulas to the tests. This does not eliminate the need for
students to understand the use of the formulas, but it does eliminate the anxiety students may have about forgetting
a key formula under the pressure of an exam.

Section 4.3

No matter how many times an instructor cries out to his or her students, “Remember the chain rule!”, many
will still forget this rule at some time later in the course. But if a few more students remember the rule because the
instructor reminds them so often, such reminders are worthwhile.

Section 4.4 and 4.5
In going through these sections, you may need to frequently refer to the rules of differentiation in the previous
sections. You may also need to review the last three sections of Chapter 2.

Section 5.1 and 5.2
If students have understood Chapter 3, then the connection between the derivative, increasing and decreasing
functions, and relative extrema should be obvious, and these sections should go quickly and smoothly.

Section 5.3
Students often confuse concave downward and upward with increasing and decreasing; carefully go over Figure
31 or the equivalent with your class.

Section 5.4

Graphing calculators have made curve sketching techniques less essential, but curve sketching is still one of the
best ways to unify the various concepts introduced in this and the previous two chapters. Students should use
graphing calculators to check their work.

Because this section is the culmination of many ideas, students often find it difficult and start to forget things
they previously knew. For example, a student might state that a function is increasing on an interval and then draw
it decreasing. The best solution seems to be lots of practice with immediate help and feedback from the instructor.

Students sometimes stumble over this topic because they use the rules for differentiation incorrectly, or because
they make mistakes in algebra when simplifying. Exercises such as 35-39 are excellent for testing whether students
really grasp the concepts.

Section 6.1
This section should not be conceptually difficult, but students need constant reminders to check the endpoints of
an interval when finding the absolute maxima and minima.
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Section 6.2

This section is one of the high points of the course. Some of the best applications of calculus involve maxima and
minima. Notice that some exercises have a maximum or minimum at the endpoint of an interval, so students cannot
ignore checking endpoints.

Almost everyone finds this material difficult because most people are not skilled at word problems. Remind your
students that if they ever wonder whether mathematics is of any use, this section will show them.

Why are word problems so difficult? One theory is that word problems require the use of two different modes of
thinking, which students are using simultaneously for the first time. People use words in daily life without difficulty,
but when they study mathematics, they often turn off that part of their brain and begin thinking in a very formal,
mechanical way. In word problems, both modes of thinking must be active. If and when the NCTM Standards become
widely accepted in the schools, children will get more practice at an early age in such ways of thinking. Meanwhile,
the steps for solving applied problems given in this book might make the process a little more straightforward, and
hence achievable by the average student.

Section 6.3

This section continues the ideas of the previous one. The point of studying economic lot size should not be to
apply Equation (3), but to learn how to apply calculus to solve such problems. We therefore urge you to cover
Exercises 10-13, in which we vary the assumptions, so Equation (3) does not necessarily apply. In this edition, we
have changed the presentation to be consistent with that of business texts.

The material on elasticity can be skipped, but it is an important application that should interest students who
have studied even a little economics.

Section 6.4

There are two main reasons for covering implicit differentiation. First, it reinforces the chain rule. Second, it
is needed for doing related rate problems. If you skip related rates due to lack of time, it is not essential to cover
implicit differentiation, either.

Section 6.5

Related rate applications are less important than applied extrema problems, but they use some of the same skills
in setting up word problems, and for that reason are worth covering. The best application exercises are under the
heading “Physical Sciences,” because those are the exercises in which no formula is given to the student; the student
must construct a formula from the words. The geometrical formulas needed are kept to a minimum: the Pythagorean
theorem, the area of a circle, the volume of a sphere, the volume of a cone, and the volume of a cylinder with a
triangular cross section. Some instructors allow their students to use a card with such formulas on the exam. These
formulas are summarized in a table in the back of the book.

Section 6.6
Differentials may be skipped by instructors in a hurry; you need not fear that this omission will hamper your
students in the chapter on integration. The differentials used there are not the same as those used here, and the
required techniques are easily picked up when integration by substitution is covered. The exception is for instructors
who intend to cover Section 10.3 on Euler’s Method, since differentials are used to motivate and derive that method.
As in the previous edition, our presentation of differentials emphasizes linear approximation, a topic of considerable
importance in mathematics.

Section 7.1

Students sometimes start to get differentiation and antidifferentiation confused when they reach this section.
Some believe the antiderivative of x=2 is (—1/3)x~3; after all, if n is —2, isn’t n + 1 = —3? Carefully clarify this
point.
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Section 7.2
The main difficulty here is teaching students what to choose as u. The advice given before Example 3 should be
helpful.

Section 7.3

Some instructors who are pressed for time go lightly over the topic of the area as the limit of the sum of rectangular
areas. This is possible, but care should be taken that students don’t lose track of what the definite integral represents.
Also, a light treatment here lessens the excitement of the Fundamental Theorem of Calculus.

We have continued the trend of the previous edition in covering three ways of approximating a definite integral
with rectangles: the right endpoint, the left endpoint, and the midpoint. The trapezoidal rule is briefly introduced
here as the average of the left sum and the right sum.

Section 7.4

The Fundamental Theorem of Calculus should be one of the high points of the course. Make a big deal about
how the theorem unifies these two separate topics of area as a limit of sums and the antiderivative.

When using substitution on a definite integral, the text recommends changing the limits and the variable of
integration. (See Example 4 and the Caution which follows the example.) Some instructors prefer instead to have
their students solve an indefinite integral, and then to evaluate the integral using the limits on . One advantage of
this method is that students don’t have to remember to change the limits. This method also has two disadvantages.
The first is that it takes slightly longer, since it requires changing the integral to w and then back to z. Second,
it prevents students at this stage from solving problems such as fol/ 2 x2y/1 — 162* dz, which can be solved using the
substitution u = 422 and the fact that the integral fol V1 — w2 du represents the area of a quarter circle. This is one
section in which we deliberately did not use more than one method of presentation, because this would inevitably
lead to confusion in the minds of some students.

Section 7.5

This section gives more motivation to the topic of integration. Consumers’ and producers’ surplus are important,
realistic applications. We have downplayed sketching the curves that bound the area under consideration. Such
sketches take time and are not necessary in solving these problems. But they clarify what is happening and make it
possible to avoid memorizing formulas. Using a graphing calculator to sketch the curves can be helpful.

Section 7.6

The ubiquity of computers and graphing calculators has made numerical integration more important. Rather than
computing a definite integral by an integration technique, one can just as easily enter the function into a calculator
and press the integration key. Point out to students that this is valuable when the function to be integrated is
complicated. On the other hand, using the antiderivative makes it easier to see the effect of changing the upper limit,
say, from 2 to 3, or for working with the definite integral when one or both limits are parameters, such as a and b,
rather than numbers.

Simpson’s rule is the most accurate of the simple integration formulas. To achieve greater accuracy, a more
complicated method must be used. This is why, unlike the trapezoidal rule, Simpson’s rule is actually used by
mathematicians and engineers.

You may wish to give your students the programs for the trapezoidal rule and Simpson’s rule in The Graphing
Calculator Manual that is available with the text.

Section 8.1

Students usually find column integration simpler than traditional integration by parts. We show both methods
to give instructors a choice, and also to emphasize that the two methods are equivalent. Column integration makes
organizing the details simpler, but is no more mechanical than the traditional method, as some have mistakenly
claimed. At Hofstra University, students even use this method when neither the instructor nor the book discuss it.
They find out about it from other students, and so it has become an underground method. Some instructors feel
that students will lose any theoretical understanding of what they are doing if they use this method. Our experience
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is that almost no students at this level have a theoretical understanding of what integration by parts is about, but
the better students can at least master the mechanics. With column integration, almost all of the students master
the mechanics.

Section 8.2 and 8.3
These two sections give more applications of integration. Coverage of either section is optional.

Section 8.4

Improper integration is not really an application of integration, but it makes further applications of integration
possible.

Many mathematicians use shorthand notation such as the following;:
J e vdx = —e"|;” =0 — (1) = 1. For students at this level, it may be best to avoid the shorthand notation.

Section 9.1

The major difficulty students have with this section, and indeed with this entire chapter, is that they cannot
visualize surfaces in 3-dimensional space, even though they live there. Fortunately, such visualization is not really
necessary for doing the exercises in this chapter. A student who wants to explore what various surfaces look like can
use any of the commercial or public domain computer programs available.

Section 9.2
Students who have mastered the differentiation techniques should have no difficulty with this section.

Section 9.3

This section corresponds to the section on applied extrema problems in the chapter on applications of the deriv-
ative, but with less emphasis on word problems. In Exercise 30, we revisit the topic of the least squares line, first
covered in Section 1.3.

Section 9.4
Lagrange multipliers are an important application of calculus to economics. At some colleges, the business school
is very insistent that the mathematics department cover this material.

Section 9.5
This section corresponds to the section on differentials in the chapter on applications of the derivative.

Section 9.6

Students who have trouble visualizing surfaces in 3-dimensional space are sometimes bothered by double integrals
over variable regions. Instructors should assure such students that all they need to do is draw a good sketch of the
region in the xy-plane, and not try to draw the volume in three dimensions.

Section 10.1

Differential equations of the form dy/dx = f(x) are treated lightly in this section because they were already
covered in the chapter on integration, although the terminology and notation were different then. Remind students
that solving such differential equations is the same as antidifferentiation. The rest of the section is on separable
differential equations. Students sometimes have trouble with this section because they have forgotten how to find an
antiderivative, particularly one requiring substitution.

Section 10.2

If you get this far, your students have covered most of the techniques for solving first-order differential equations.
You can find further techniques in differential equations texts, but most first-order equations that come up in real
applications are either separable, linear, or not solvable by any exact method.
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Section 10.3

This is one of the most calculator/computer-intensive sections of the book. In practice, more accurate methods
than Euler’s method are almost always used, but Euler’s method introduces students to a way of solving problems
that would otherwise be beyond their grasp. You may wish to give your students the program for Euler’s method in
The Graphing Calculator Manual that is available with the text.

Section 10.4
This is a fun section of assorted applications, showing students that the techniques they have learned were not
in vain. You can pick and choose those applications of greatest interest to yourself and your students. You can also

supplement the text with applications from other sources, such as those published by the Consortium for Mathematics
and Its Applications Project (COMAP).

Chapter 11

Probability is one of the best applications of calculus around. In fact, statistics instructors sometimes feel the
temptation to start discussing the definite integral even when their students know no calculus. This chapter is just
a brief introduction, but it covers some of the most important concepts, such as mean, variance, standard deviation,
expected value, and probability as the area under the curve. The third section covers three of the most important
continuous probability distributions: uniform, exponential, and normal.

Chapter 12

Except for geometric series, most of the material in this chapter is of greater interest to the professional math-
ematician or engineer than to the student in business, management, economics, life sciences or social sciences, so
many instructors may choose to skip this chapter.

Many students confuse sequences with series, and often have trouble with the various tests for convergence. To
avoid these sources of confusion, we emphasize summation as a unifying concept, whether of a few terms of a sequence
or of an infinite series. Except for convergence of geometric series and a few words on the interval of convergence, we
devote little coverage to the topic of convergence. We believe this approach is appropriate for a course at this level.

Section 12.1
Geometric sequences are the most important type of sequences for applications. Even instructors who wish to
skip most of this chapter may want to cover the first two sections.

Section 12.2

This material is similar to the material in the Mathematics of Finance chapter in our textbook Finite Mathe-
matics. The section shows how geometric sequences are critical for an understanding of annuities, mortgages, and
amortization. Don’t be put off by the strange notation for the amount or the present value of an annuity; this
notation is not at all strange in the world of finance.

Section 12.3
Taylor polynomials are introduced here as an approximation method, with no hint of infinite series.

Section 12.4
The emphasis here is on geometric series, the most important and simplest type of infinite series to understand.

Section 12.5

Some students find Taylor series a strange and abstract concept. To help make this concept more concrete, cover
Example 4 on the normal curve, as well as the derivation of the rule of 70 and the rule of 72, introduced without
proof in Chapter 2.
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Section 12.6

Students with a “zero” feature on their calculator may lack motivation to learn Newton’s method unless you can
interest them in how one might develop techniques for finding a zero. Newton’s method is not, however, the method
typically used by calculators; calculator manufacturers are usually reluctant to discuss the actual algorithms.

Section 12.7
We have no applications for this sections, but students and instructors who enjoy symbol manipulation may still
find this section satisfying.

Chapter 13

This chapter is a brief introduction to trigonometry and its uses in calculus. Students who need a more thorough
treatment of this subject would be better served by a calculus book designed for mathematics majors. The presenta-
tion is brief, with a limited number of examples. As a result, students may find some of these exercises challenging.
Therefore, tread carefully through this chapter.






PRETESTS
AND
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CALCULUS WITH APPLICATIONS Name:
Pretest, Form A
1. Evaluate the expression —x2 + 3y — 2z when x = —2,
y=3,and z = —1. 1.
Perform the indicated operations.
2. (2362 — 3z + 7) — (5x2 — 8z — 9) 2.
3. (y—4)? 3.
4. 2z —1) (2* + 3z —4) 4.
5. (ba + 2b) (5a — 2b) 5.
Factor each polynomial completely.
6. 322y — 623y + 1522y> 6.
7. 2ac — 3ad + 8bc — 12bd 7.
Solve each equation.
B.6(x—1)—4(2x+8)=2-5(x+2) 8.
1 2¢ 1
9. —x —7T=—+= 9.
e 32
r—1 3-2z
10. = 10.
5 4
11. (z—2)(z+1)=4 11.
12. Solve the inequality 6z — 8 (z +2) < 5 — (x + 14).
Write your answer in interval notation. 12.
13. Solve the equation 2x + 4y = ay — bx for y. 13.
14. Solve the equation % + 95 = % for a. 14.
15. Solve the following system of equations.
3r — 2y = 12 15.

—4x + by = —23



CALCULUS WITH APPLICATIONS Pretest, Form A

Perform the indicated operation. Write answers in lowest terms.

18a2b? 102>

27xy3  8ab?
17 20 +8 | 2?4+ Tx+12
"3y—15 " 2 —10y+25
4 2
18.

x2—1+x2+3x—|—2

16.

17.

18.

Simplify each expression. Write answers with only positive exponents.

19. (2x2y_3)_3

6x_2y5

20, ———
1524y —2

19.

20.

Simplify each radical. Assume all variables represent nonnegative real numbers.

21. /72x3y*

22. {/72x3y*

21.

22.

Write an equation in the form ax + by = ¢ for each line.

23. The line through the points with coordinates (—3,—14)

and (5, 2)

24. The line through the points with coordinates (3, —7)

and (3,5)

25. Graph the solution of the inequality 2z — 3y < 12.

23.

24.

25. Y




CALCULUS WITH APPLICATIONS Name:

Pretest, Form B

Choose the best answer.

2_

1. Evaluate the expression 2= when = —2, y = 4, and 2z = 8. 1.
(a) & (b) 4 (c) 12 (d) 3

Perform the indicated operations.

2. (22 =3z +7) + (42° — 62% — 5z + 4) 2.
(a) 42 —62* — 822 + 11 (b) 423 — 52?2 — 8z + 11
(c) 4x3 —5z% — 22 + 11 (d) 423 — 722 — 8z + 11

3. (5z — 4w)? 3.
a) 2522 — 16w? b) 2522 + 16w?
(a)
(c) 2522 — 40wz + 16w? (d) 2522 — 20wz + 16w?

4. (z—3) (z* +2—2) 4.
(a) 23 —22% -~ 52 +6 (b) 23 — 322 — 52+ 6
(c) 23— 322+ 62 +6 (d) 23 — 222+ 52+ 6

5. (4v +9) (42 —9) 5.
(a) 1622 + 722 — 81y? (b) 1622 — T2xy — 81y?
(c) 1622 — 81y? (d) 1622 — 72zy + 81y>

Factor each polynomial completely.

6. 14a%b® — 7a’V? + 35ab* 6.
(a) 7ab (2ab* — ab + 5b°) (b) a®b® (14 — 7b + 35b?)
(c) 7a’b (2b* — 7b + 5b%) (d) 7ab* (2ab — a + 5b%)

7. 6zt + 8xr — 3yt — 4y 7.
(a) (2z —y) (3t +4) (b) (2x+y) (3t —4)

() 2z —y) (3t —4) (d) 2z +y) (3t+4)



Solve each equation.

CALCULUS WITH APPLICATIONS Pretest, Form B

8. 4m — (Tm —6) = —m 8.
(a) 5 (b) —3 (c) =3 (d) 3
9. ——+ 2 1 9
3 r—1 6 )
(a) —3 (b) & (c) 3 (d) —6
9 _
10. 3y5+ :743/ 10.
() £ (b) % (©) % (@) 4
11. 222 + 2 =28 11.
(a) —4,3 (b) 4,-3
(c) —4,3 (d) 4,3
12. Solve the inequality —6y + 2 > 4y — 7.
Write your answer in interval notation. 12.
(@) (~o0.—3] (5) 3.0
13. Solve the equation x = 4(%?) for y. 13.
(a) y= m (b) y= ﬁ
(c) y=—2g= (d) y =2k
14. Solve the equation % + % = % for x. 14.
(a) &= 2l () = = 52
(C) T = 12y;y3aﬂc (d) T = 30igjy



CALCULUS WITH APPLICATIONS Pretest, Form B

15. Solve the following system of equations and then determine the value
of x 4+ y for the solution.

3z +2y = 0 15.
xr — by = 17
(a) -1 (b) 1 (c) 2 (d) -3
Perform the indicated operation. Write answers in lowest terms.
16 6yz°>  15a3b° 16
" 30a2b*  12y223 )
2 A3 26
(a‘) 1%3123/ (b) 2E?a5zb
O 7 (d) 205
17 a? —y? | 2?4 3wy + 29 17
T 4ab7 12a3b12 )
5 365
(a) 2 O —=»
3% (z—y) 3% (z+y)
(©) Ty (D T
18, — — — + D 18.
T y bxy
2 3y—4z45
(a) 335 (b) %2
4z—3y+5
(c) 3y —4x+5 (d) ==
Simplify each expression. Write answers with only positive exponents.
19. (3a72%) " 19.
8
@) % () —5
a8 d 08
(c) 13w (d) g
P21\ 72
20. 3.7 20.




CALCULUS WITH APPLICATIONS Pretest, Form B

Simplify each radical. Assume all variables represent nonnegative real numbers.

21. V108a*b? 21.
(a) 3a?b\/12b (b) 6aby/3b
(c) 6abv/3a (d) 54abv/b
22. V108a%h3 22.
(a) 3abv/4da (b) 6a%b/3b
(c) 36ab/a (d) 9a%bv/12a
Write an equation in the form ax + by = ¢ for each line.
23. The line through the points with coordinates (1,—1) and (-1, —2) 23.
(a) 2 —2y=3 (b) x+2y=3
(c) x+2y=-3 (d) x—2y=-3
24. The line through the points with coordinates (—5, —2) and (—3, —2) 24.
(a) v4+y=-2 (b) x= -2
() 2 —y=-2 (d) y=-2
25. Graph the solution of the inequality 5z — 3y > 15 25.
(a) f (b) f (c) / (d) y
5
X 3 X 3 X 3 x



CALCULUS WITH APPLICATIONS ANSWERS TO PRETESTS 7

ANSWERS TO PRETESTS

PRETEST, FORM A

L6 11. -2, 3 20. 25
2. =32+ 5z +16 - v
xX xT 12. [ 77 OO) 21. 6$y2 2z
3. 42 — 8y + 16 13, y = &H2e
. a—4 22. 2y 9y
4. 22° 4 52° — 11z + 4
14. a = 18
23. 2r—y =28
5. 25a2 — 4b?
15. (2,-3)
. 3m2y2 203 24. t =3
16. 2—;
7. (a+4b) (2c - 3d) % y’
2(y—5) :
17. %

8. 10

9. —18 18- enEr) /
P
o o /: 2x—3y <12
10. 2 19. &5 _

PRETEST, FORM B

1. (c) 6. (d) 11. (c) 16. (c) 21. (b)
2. (b) 7. (a) 12. (d) 17. (c) 22. (a)
3. (c) 8. (d) 13. (d) 18. (b) 23. (a)
4. (a) 9. (b) 14. (b) 19. (d) 24. (d)







FINAL EXAMINATIONS
AND
ANSWERS






CALCULUS WITH APPLICATIONS

Name:

10.

11.

12.

. Find the coordinates of the vertex of the graph of

f(x) = —222 4 30x + 45.

. Write the equation 2% = d using logarithms.

Graph the function y = log, (x — 3) + 4.

r—4

. Evaluate ilir}i Nt

o

. Find all values of = at which g(z) = £=2 is not continuous.

. Find the average rate of change of y = /2x + 1 between

=4 and z = 12.

. Find the derivative of y = 722e3?.
. . . _ In(3z)
Find the derivative of y = .

. Find the instantaneous rate of change of

s(t):3t2—§

at t = 2.

Find an equation of the tangent line to the graph of
Y= (zQ + 3x + 3)8 at the point (—1,1).

Find A’ (2) if h(z) = Mfw

Find the largest open intervals where f is increasing or
decreasing if

f(x) = 223 — 2422 + T22.

Final Examination, Form A

10.

11.

12.

11
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

CALCULUS WITH APPLICATIONS Final Examination, Form A

Find the locations and values of all relative extrema of g if
(2) = 224+ 5x+3
K="y "1

For the function f(z) = z* — 423 — 5, find

(a) all intervals where f is concave upward;
(b) all intervals where f is concave downward,;

(c) all points of inflection.
Find the fourth derivative of h(x) = ze®.

Find the locations and values of all absolute extrema of
f(z) = 23 — 622

on the interval [—1,2].

For a particular commodity, its price per unit in dollars
is given by

{E2

=120 — —
p () 0- 15

where z, measured in thousands, is the number of units
sold. This function is valid on the interval [0, 34]. How
many units must be sold to maximize revenue?

Find % if 3\/z — 5y° = Tay.
Ifey=y-9, ﬁnd%%ifcfl—lelxz—& and y = 4.
Ify = —3(2+22)°, find dy.

Using differentials, approximate the volume of coating on
a sphere of radius 5 inches, if the coating is .03 inch thick.

Find / (Sx2 —Tx + 2) dx.

Find [ 25 da.

2
Evaluate / V322 4+ 4dx.
0

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(a)
(b)
(c)




CALCULUS WITH APPLICATIONS Final Examination, Form A

25. Find the area of the region between the z-axis and the
graph of f(z) = ze® on the interval [0,2].

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Find the area of the region enclosed by the graphs of

f(z)=2? —4 and g(x) =1 — 22

Find / x2e® di.

Evaluate / 3xInxdx.
1

2

Find the average value of f(z) =z (2% + 1)3 over the

interval [0, 2] .

Find the volume of the solid of revolution formed by

rotating the region bounded by the graphs of f(z) = vz +4,
y =0, and x = 12 about the x-axis.

Determine whether the improper integral

-1

x 2dx

—0oQ
converges or diverges. If it converges, find its value.

If f(2,y) =32 — 4oy + 3, find fry (1,-3).

For f (z,y) = 22% — 22y + 2% + 42 + 4y + 5, find

all of the following:
(a) relative maxima;
(b) relative minima;

(c) saddle points.

Maximize f (x,y) = 22y, subject to the constraint

y+4x = 84.

Find dz, given z = 322 — 4xy + 2, where x = 0,

y =2, dr =.02, and dy = .01.

2 13
Evaluate / / e dy dz.
1Jo

Find the general solution of the differential equation

dy _ 1+4e®

dr

2y

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

13

()
(b)
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38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

CALCULUS WITH APPLICATIONS Final Examination, Form A

Find the particular solution of the differential equation
%:3:162—7:1:—1—2; y =4 when z = 0.

The marginal cost function for a particular commodity

is g—z = 8z — 922. The fixed cost is $20. Find the cost

function.

The probability density function of a random variable is
defined by f(z) = 1 for « in the interval [12,16]. Find
P(x<14).

For the probability density function f(z) =3z~ on [1,00),
find

(a) the expected value;

(b) the variance;

(c) the standard deviation.

The average height of a particular type of tree is 20 feet,
with a standard deviation of 2 feet. Assuming a normal
distribution, what is the probability that a tree of this kind
will be shorter than 17 feet?

For the function f(z) = ™32, find

(a) the Taylor polynomial of degree 4 at x = 0;

(b) an approximation, rounded to four decimal places,
of e79 using the Taylor polynomial from part (a).

Find the sum of the convergent geometric series
5 5 5

R I T E N B
+3+9+27+

Use Newton’s method to find a solution to the nearest
hundredth of 373 — 222 + 2 — 1 = 0 in the interval [0, 1].

2r
Use I’Hospital’s rule to find liH(l) u

Find the derivative of f(z) = tan (2% +1).

3 2

Find the derivative of y = x” sin” .

Find /8602 (3x +1) dx.

w/6
Evaluate / sin® 2 cos  dx.
0

38.

39.

40.

41. (a)
(b)
(c)

42.

43. (a)

(b)

44.

45.

46.

47.

48.

49.

50.




CALCULUS WITH APPLICATIONS Name:

Final Examination, Form B

Choose the best answer.

1. Find the coordinates of the vertex of the graph of f(x) = 222 + 10x — 17. 1.

@ (-5-3) ®(3-F) ©-w @6

2. Write the equation mP = ¢ using logarithms. 2.
(a) log,,p=g¢q (b) loggp=m
(c) log, g =m (d) logn, g =p

3. Solve (%)Qm = 14. (Round to nearest thousandth.) 3.
(a) —1.320 (b) 2.639 (¢) —2.639 (d) 1.320

: z—9

4. Evaluate i:n%) Nt 4.

(a) 0 (b) 3 (c) 6 (d) The limit does not exist.

5. Find all values of  at which

22 —5r+6
)= 22 —Tr+12
1S not continuous. 5.
(a) 3 (b) 4 (c) 3 and 4

(d) The function is continuous everywhere.

6. Find the average rate of change of y = 22 4+ = between x = 4

and x = 12. 6.
(a) 9 (b) 10 (c) 17 (d) 25
7. Find the derivative of y = —3z3¢%®. 7.
(a) —27z%e?® — 623e2® (b) —18x2¢3*
(c) —92%e?* — 6a3e?® (d) —62%e?® — 6a3e?®

15



16 CALCULUS WITH APPLICATIONS
8. Find the derivative of y = %
222 6xIn3x —x 2zInd3x —x 6xIn3z +
(a) 5 0) ———= O ——w @ V=
(In3x) 3 (In3z) (In 3x) 3 (In3x)
9. Find the instantaneous rate of change of
22
at t = 2.
3 5 7 9
() 5 (b) 5 () 5 (d) 3
10. Find an equation of the tangent line to the curve f(z) = —%4_2 at
the point (2, —i) .
(a) x— 16y =6 (b) 2 —4y =3
1 1
c) fl(x)=— d) y=
©F@=5 @ v=rm
11. Find A (3) if h(z) = —J%.
25 75
(a) 100 (b) 3 (c) 3 (d) 200
12. Find the largest open interval(s) over which the function
g(z) = 23 — 1222 + 362 + 1 is increasing.
(a) (2,6) (b) (=00,2)
(C> (_0076) (d) (_0072) and (6a OO)
13. Find the location and value of all relative extrema for the function
z2 4+ 5z +3
fe)=——1—

(b) Relative maximum of 1 at —2;
relative minimum of 13 at 4

(a) Relative minimum of 1 at —2;
relative maximum of 13 at 4

(c) Relative minimum of 1 at 4; (d) No relative extrema

relative minimum of 13 at —2

Final Examination, Form B

10.

11.

12.

13.



CALCULUS WITH APPLICATIONS Final Examination, Form B

14. Find the coordinates of all points of inflection of the function

g(z) = 23 — 622

(a) (2,-16) (b) (2,-12) (©) (2,0) (d) (=2,16)

15. Find the third derivative of f(z) = v/2z + 1.

(a) %(2“ 1)75/2 (b) 3(2z +1)%2
(c) — (2w +1)7? (@) 3 Qe+ 1)

16. Find the absolute minimum of f(x) = 2% — 423 — 5 on the interval [—1,2].

(a) =30 (b) 0 (¢c) =21  (d) No absolute minimum

17. Botanists, Inc., a consulting firm, monitors the monthly growth of an
unusual plant. They determine that the growth (in inches) is given by

g (l’) =4dx — I2,
where x represents the average daily number of ounces of water the
plant receives. Find the maximum monthly growth of the plant.
(a) 2 inches (b) 8 inches
(c) 4 inches (d) 6 inches

18. Find %, given 422 — 7 = 3y + w%

(@) 4./y (42 — 3) (b) 4,/y (4x° + 3)

3t 3t
B 23
0 WIULY) )

19. Ifacy:y—i—G,ﬁnd%if‘é—f:—?),x:él, and y = 2.
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20. Evaluate dy, given y = 45 — 2z — 322, with 2 = 3 and
Azx = .02.

(a) —.4 (b) .4 (c) .32 (d) —.32

21. Using differentials, approximate the volume of coating on
a cube with 3-cm sides, if the coating is .02 cm thick.

(a) .54 cm? (b) 27.54 cm?
(c) 26.46 cm? (d) 81.54 cm?

22. Find / (422 4 3z —5) du.

4 4

(a) §x3+gx2—5+0 (b) §x3—|—gx2—5x
45,3 5

(c) 3% +§ZL‘ —5r+C (d) 8z +3

; -3
23. Find /md.ﬁlﬁ
3
(a) —§ln|2x+5|+0 (b) =3In|2z + 5|+ C

1 1
(c) —61n|2x+5|+C' (d) §ln|2x+5\+C’

1
24. Evaluate/ 2z/4z2% + 5 dz.

0

3 27 — 5v5
(a) 3 (b) 5
© 27 —85¢5 (@) 27 —45\/5

25. Find the area of the region between the z-axis and the graph of
f(z) = vz + 1 on the interval [0, 3].

Final Examination, Form B

20.

21.

22.

23.

24.

25.



CALCULUS WITH APPLICATIONS Final Examination, Form B

26. Find the area of the region enclosed by the graphs of f(z) =9 — 22

27.

28.

29.

30.

31.

32.

and g(x) = 2% - 9.

(a) —36 (b) 36 (¢) O (d) 72

Find / 3x2e® dz.

3 3 3
(a) 3e” +C (b) 596262’3 - 595629” + 16290 +C

(c) x3e* +C (d) 3222 — 6xe%® 4 6e2* + C

4
Evaluate / 922 In x d.
1

(a) 192In4—45  (b) 192In4 — 65
(c) 192In4—51  (d) 192In4 —63

Find the average value of the function f(x) =+/3x + 1 over the
interval [0, 8] .

Find the volume of the solid of revolution formed by rotating the
region bounded by f(x) =+/z — 1, y =0, and x = 10 about the
T-axis.

(a) 40.5 (b) 81777 (c) 187 (d) 407
Evaluate / -~ % dx.
(a) ! (b) Diverges (c) L (d) 1

8

Given z = f (z,y) = 22 — 3zy + 29>, find fy, (0,-2).

(a) —16 (b) 2 (c) —24 (d) —3

26.

27.

28.

29.

30.

31.

32.
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33. Which of the following applies to the function
f(z,y) =222 + 8y — 122y + 77 33.

¢) f has a relative minimum at (

d) f has a saddle point at (%, %)

(
(
(
(

34. Maximize f (z,y) = 2%y, subject to the constraint y + 4z = 84. 34.

(a) 0 (b) 14 (c) 5488 (d) 3642

35. Find dz, given z = /22 + 42, with x = 3, y = 4, dv = —.01,

and dy = .02. 35.
(a) .022 (b) .01 (c) .001 (d) .05
2 p4
36. Evaluate // 2%y dy dz. 36.
0J2
112
(a) = (b) 16 (c) 32 (d) 12
37. Find the general solution of the differential equation % = 62:—2_4. 37.

3 1/3 1
a) y=|(=e**—-120+C b) y==e* -4z +C
2 2

1 1/3
(©) y= (§e2x e c) (d) y? = 2 4

38. Find the particular solution of the differential equation
%:7—2x+3m2;y:—2whenx:0. 38.

(a) y=Tr—2?2+22+C (b) y=Tr — 22+ 23 -2
(c) y=—-a2?>+23+C (d) y=Tz—a2?+23+2+C
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39. The marginal cost function for a particular commodity is
% = 10z — 722. The fixed cost is $200. Find the cost
function.

(a) y =200+ 522 — 14z (b) y = 5z% — 14z
7 3
@)y:wﬁ—{%+mm (d) y=10— 14z

40. The probability density function of a random variable is
defined by f(z) = £ for [20,25]. Find P (z < 22).

41. Find the standard deviation for the probability density function
f(z)=3x"%on [1,00).

(a) 1.5 (b) .866 (c) .75 (d) .67

42. The average height of a particular type of tree is 20 feet, with a
standard deviation of 2 feet. Assuming a normal distribution, what
is the probability that a tree of this kind will be taller than 17 feet?

(a) .0668 (b) .9332 (c) .8023 (d) 1977

43. Find the monthly house payment necessary to amortize a $150,000
loan at 7.2% for 30 years.

(a) $1018.18 (b) $975.34 (c) $1112.87 (d) $5478.44

44. Find the sum of the convergent geometric series

R G
278" 32
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45. The nth term of the Taylor series expansion of In (1 + %) is
given by which of the following?

(_1)71 l.nJrl anrl anrl (_1)7‘L anrl
@) o P © G @
(n+1) -2 n+1 (n+1) -2 n+1
—2e%® +2
46. Evaluate lim 6—+.
z—0 X
(a) —2 (b) —8 (c) 0 (d) The limit does not exist.
47. Find the derivative of f(z) = tan/2x + 1.
(a) sec?\/2x + 1 (b) sec? \/2x + 1
V2z+1 2
(c) wsec? 2z +1 (d) 2wsec? 2z +1
48. Find the derivative of y = 22 cos® .
(a) xcos?x (2cosz + 3x) (b) xcos?z (2cosx — 3xsinx)
(c) zcos’z (2cosx — 3x) (d) zcos?z (2cosx + 3z sinz)

49. Find /tan (2z) sec? (2z) du.
(a) %tanz 22)+C  (b) tan? (22)+ C

(c) isec (2z)+C (d) sec(2x)+C

w/2
50. Evaluate/ (10 — 10sin? x cos x) dx.
0

(a) ? (b) 57— 10

30m — 10 157 — 10
°or d) =—/— -
(c) —3 (d) —

Final Examination, Form B

45.

46.

47.

48.

49.

50.
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ANSWERS TO FINAL EXAMINATIONS

FINAL EXAMINATION, FORM A

1. (7.5,157.5)
2. logod=a
3. !

_yflogz(x—3)+4

&
=

7.y = Txe’® (2 + 31)

; _ z+1—zIn(3x)
8.y = z(z4+1)?

9. 14
10. y =8z +9

12
11. —755

12. Increasing on (—o0,2) and (6, 00);
decreasing on (2,6)

13. Relative maximum of 1 at —2;
relative minimum of 13 at 4

14. (a) (—o0,0) and (2,00)
(c) (0,—5) and (2, —21)

(b) (0,2)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(x+4)e”

Absolute maximum of 0 at 0;
absolute minimum of —16 at 2

20,000

dy _ _ 3-14a'/?y
dr — 14x3/2+30$1/2y2
12

dy = —18z (2 +J:2)2 dx
3m in?

= It 422+ C
in|z+9/+C

56

He =)

10v10 ~ 10.54

e (22 — 28 +2) +C
3 (3¢ +1) ~ 123.60
39

1207

Converges; 1

—4
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33. (a) None (b) =3 at (—2,—2) (c) None 43. (a) 1 — 3z + % - % + 278”34
(b) .9704

34. 5488 when x = 14 and y = 28
15

35. —.12 44. 3

36. Se! —3e2 ~ 70.81 45. .78

37. Y =z 4+ e* 4+ C 46. 6

38. y=a3—Ia?+20+4
47. 2xsec? (:l:2 + 1)
39. y =42? — 323 +20

48. x2sinx (3sinz + 27 cos 1)
40. .5

1
41. (a) 5§ (b) .75 (c) .866 49. ttan 3z +1)+C

1
42. .0668 50. &

FINAL EXAMINATION, FORM B

1. (a) 11. (c) 21. (a) 31. (a) 41. (b)
2. (d) 12. (d) 22. (c) 32. (d) 42. (b)
3. (a) 13. (b) 23. (a) 33. (c) 43. (a)
4. (c) 14. (a) 24. (b) 34. (c) 44. (d)
5. (b) 15. (b) 25. (a) 35. (b) 45. (a)
6. (c) 16. (c) 26. (d) 36. (b) 46. (b)
7. (c) 17. (c) 27. (b) 37. (a) 47. (a)
8. (c) 18. (b) 28. (d) 38. (b) 48. (b)
9. (b) 19. (a) 29. (c) 39. (c) 49. (a)

10. (a) 20. (a) 30. (b) 40. (c) 50. (d)
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Chapter R

ALGEBRA REFERENCE

14. (6m + 5)(6m — 5)
= (6

R.1 Polynomials m)(6m) + (6m)(—5) + (5)(6m)

+(5)(=5)
= (—4y® — 3y + 8) + (—2y* + 6y + 2) = 36m~ — 25
= —4y? — 3y + 8 — 2y* + 6y + 2
= (—4y* — 2y%) + (=3y + 6y) 16. (2p — 1)(3p% — 4p + 5)
TE+2) = (20)(3p) + (2p)(~4p) + (20)(5)
= 0y +3y+10 + (=1)(3p%) + (=1)(—4p) + (=1)(5)

=6p® — 8p? +10p — 3p?> +4p—5

2(3r% + 4r +2) — 3(—12 + 47 —
(3r? +4r +2) — 3(—r? 4+ 4r — 5) —6p° — 11 + 1dp— 5

= (672 + 8r +4) + (3r? — 12r + 15)
= (6r% + 3r%) + (8r — 12r)

+ (4 +15) 18. (k+2)(12k3 —3k* + k +1)
=9r2 —4r +19 = k(12k%) + k(—3k?) + k(k) + k(1)
+2(12K3) 4+ 2(=3Kk?) + 2(k) + 2(1)
6. 83(57‘2 —2r+ 7) - (7.127“2 + 6.423r — 2) = 12k* — 33 + k2 + k + 24k3 — 62
= (4.15r% — 1.66r + 5.81) Lok 12
+(—7.12T2—6.423T+2) :12k4+21]€3*5k2+3k+2

= (4.15r% — 7.12r?)
+ (—1.66r — 6.423r) + (5.81 +2)

= —2.97r2 — 8.083r + 7.81 20. (r—3s+t)2r—s+1t)
=r2r)+r(—s)+r(t) — 3s(2r)
8. (6k —1)(2k —3) —3s(—s) — 3s(t) + t(2r) + t(—s)
= (6k)(2k) + (6k)(—3) + (—1)(2k) + t(t)
+ (=1)(=3) =2r2 —prs+rt — 6rs + 3s> — 3st
= 12k% — 18k — 2k + 3 + 2rt — st + t2
=12k* — 20k + 3 =212 — Trs + 3s% + 3rt — dst + t2
10. (9% + q)(2k — q)
= (9k)(2k) + (9k)(—q) + (q)(2k) 22. (z—1)(z+2)(z—3)
+(9)(—9) = [z(z +2) + (-1)(z +2)|(z — 3)
= 18k? — 9kq + 2kq — ¢* = (2 +2z —x—2)(z —3)
= 18k% — Tkq — ¢* = (22 +2-2)(z —3)

=2%(x —3)+ax(xr —3)+ (=2)(x — 3)

4 3 4 3 =23 —222 —5x+6

E NG L

n <_28) <ls) = [(z — 2)(x — 2y))(z — 2y)
3 3 = (2% — 22y — 2wy + 4y°) (x — 2y)
— §r2+17’5— Sps— 2g2 = (a —day + 4y (@ — 2)
6 1°°6°°9 = (2% — day + ) + (2? — day + 4y°) (- 2y)
15, 7 2, = 2% — 42%y + 4xy? — 222y + S8xy? — 83
=—r2— —rs—=s =2 — 62%y + 12zy* — 8y

16 12 9 27
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R.2 Factoring

2.

10.

12.

14.

16.

18.

20.

22.

24.

26.

28.

3y° + 24y% + 9y
=3y -y*+3y-8y+3y-3
=3y(y* + 8y +3)

. 60m* — 120m3n + 50m?3n?

=10m? - 6m? — 10m? - 12mn
+ 10m? - 5n?
= 10m?(6m? — 12mn + 5n?)

L2 +dr—5=(z+5)(z—1)

since 5(—1) = =5 and —1+5 =4.

L2 —8b+T7T=(b-T)(b—1)

since (=7)(—=1) =7 and -7+ (—1) = —8.

52 4 2st — 35t2 = (s — 5t)(s + Tt)
since (—5t)(7t) = —35t2 and Tt + (—5t) = 2t.

6a% — 48a — 120 = 6(a® — 8a — 20)
= 6(a — 10)(a +2)

222 — 5z — 3

The possible factors of 222 are 2z and x and the
possible factors of —3 are —3 and 1, or 3 and —1.
Try various combinations until one works.

22% —5x —3 = (224 1)(x — 3)

2a® — 17a + 30 = (2a — 5)(a — 6)
21m? + 13mn + 2n? = (Tm + 2n)(3m + n)

3225 — 20z%a — 122302
= 423(82% — 5za — 3a?)
=423(82 + 3a)(z — a)

9m? — 25 = (3m)? — (5)2
= (3m+5)(3m —5)

922 + 64 is the sum of two perfect squares. It
cannot be factored. It is prime.

m? — 6mn + 9n?
=m? —2(3mn) + (3n)?
= (m — 3n)?

= (a = 6)[(a)® + (a)(6) + (6)?]
= (a — 6)(a® + 6a + 36)

Chapter R ALGEBRA REFERENCE

30. 64m> 4+ 125
= (4m)3 + 53

= (4m +5)[(4m)* — (4m)(5) + (5)?]

= (4m + 5)(16m? — 20m + 25)

32. 16a* — 81b*
= (4a?)? — (9b2)?
= (4a® + 9b?)(4a® — 9b?)
= (4a® 4+ 9v?)[(2a)? — (3b)?]
= (4a® + 9b?)(2a + 3b)(2a — 3b)

R.3 Rational Expressions

25p3_5.5.p.p.p_5_p

2. = =
10p? 2-5-p-p 2
3(t+5) 3

T (t+5)(t—-3) t-3

6 36y° + 72y 36y(y + 2)

) 9y N 9y
_9-4-yy+2)
= 5y
=4(y +2)

8 rP—r—6 (r—3)(r+2)

Tr24r =12 (r+4)(r-3)
_r+2
Cr+4

10 22 —5246 (2—-3)(2—2)

o224 (242)(2-2)
_z—3
z+2

12 6y +1ly+4  (By+4)(2y+1)
32+ Ty+4  By+4)(y+1)
 2y+1
oy +1
14 15p3; 6p _15p3 10p?
Toop2 T o10p2 9p2 6p
_150p5
~ 54p3
_25~6p5
=56
25p



Section R.3  Rational Expressions

a—3 a—-3 a-3 32 1 2 4
R T s R T 2 m T E T
a—3 16-2 5.1 6-2 30 -4
16 a-3 5 6m  65m 30-m
_2 5 12120
1 = 30m ' 30m ' 30m
=2 54124120
18 W18 By+6 30m
"6y +12 15y — 30 _ 137
-2 3u+2) Som
T 6(y+2) 15(y-2) 30. 0 __5
27 3.3 3 ror=2
T 90 10-3 10 _6(r—2) _ 5r
oo, _br—18 12016 rir—=2) r(r-2)
T Or246r—24 4r—12 _ 6(r—2)—5r
6(r — 3) 4(3r — 4) r(r—2)
T 3(3r2+2r—8) 4(r—23) _ 6r—12—5r
. 6(r—3) 4(3r —4) r(r—2)
T 3Br—4)(r+2) 4(r—3) r—12
6 Cor(r—2)
C3(r+2) 9 3
2 32. 5(k—2)+4(k—2)
r+2 4.2 5.3
99, m?+3m+2 . m’+5m+6 74~5(k‘—2)+5-4(k—2)
m2+5m+4 " m2+10m+ 24 8 15
~ m?4+3m+2 m?+10m+24 _20(k72)+20(k72)
T mE+5m44  m2+5m+6 8+ 15
_(mt)m+2) (m+6)(m+4) 20(k-2)
T m+D(m+1) (m+3)(m+2) 93
m+6 T 20(k—2)
m+3
) > 34. 2y - Y
4. 6n” —5n—6 12n° —17n +6 2+ Ty+12 2 +5y+6
6n2+5m—-6 12n2—-—n—=6 B 2% y
_(2n—=3)B3n+2) (Bn—-2)(4n—3) T W+ +3) w+3)y+2)
2n+3)(3n—2) (3n+2)(4n —3) - 2l +2)
-3 T WO+
2n+3
- 3 y(y +4)
26. ot3 (y+3)(y+2)(y+4)
Multiply the first term by 2 and the second by 2. = 2y +2) —yly+4)
2 » (y+4(y+3)(y+2)
E_Fp;lzi_Fﬂ _ 2y2+4y7y2*4y
2:p p-2 2p 2p (y+4)(y+3)(y+2)
_G+p y?

2P W+ Dy +3)(y+2)
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4m m
3m2+7Tm—6 3m2— 1dm+8
_ 4m m
 (Bm—=2)(m+3) (3m—2)(m—4)
dm(m — 4)
(3m —2)(m+3)(m —4)
m(m + 3)
(3m — 2)(m — 4)(m + 3)
~ 4m(m —4) —m(m +3)
~ (3m —2)(m —4)(m + 3)

36.

4m? — 16m — m? — 3m
(3m —2)(m + 3)(m —4)
3m? — 19m
(3m —2)(m + 3)(m —4)
m(3m — 19)
(3m —2)(m + 3)(m —4)
dx + 2 3 1
2—1 224z 22—z
_ br42 3.1
D1 z@+1)  a(z-1)

38.

=(3) <(az ff)j(;z— 1))*@ - 1) (x(:ci 0
(59 ()

(b +2)+ (x—1)(3) — (x + 1)(1)
x(z+1)(z—1)
_ba? 42043 —-3—x—1
N z(z+ 1) (z—-1)
_ 5a? 4 4x — 4
Cz(z+ D (x—1)

R.4 Equations

5 1 2
2. k-2k+-=<
6 +3 3

Multiply both sides of the equation by 6.

() ea(2) (2

Sk —12k+2=4

~Tk+2=4
Tk =2

2

k=—=

7

The solution is f%.

Chapter R ALGEBRA REFERENCE

4. S5r+2=8—-3x

8r+2=28
8r =6
L3

4

The solution is %.
6. 5(a+3)+4a—5=—(2a—4)
5a+15+4a—5=—2a+4
9a+10 = —2a +4

1lla+10=14
1la = —6
a8
11

The solution is —%.

8. 42p—(3—-p)+5]=-Tp—2
42p—3+p+5]=—Tp—2
ABp+2 = —Tp—2
12p+8=-Tp—2

19p+8=-2
19p = —-10
10
P="19

The solution is —%.
10. 22 =3+ 2
22 —2x—-3=0
(x=3)(x+1)=0
r—3=0 or x+1=0
r=3 or z=-1

The solutions are 3 and —1.

12. 2k — k=10
282 —k—-10=0
(2k—=5)(k+2)=0
2k—5=0 or k+2=0
5

k== or

=-2
5 k

The solutions are % and —2.

14. m(m—7) =-10
m2 —Tm+10=0
(m=5)(m—-2)=0
m—5=0 or m—-2=0
m=5 or m=2

The solutions are 5 and 2.



Section R.4

16.

18.

20.

22,

24.

Equations

2(2z+7) =4
222 4+72—-4=0

2z—1)(z+4)=0

22—1=0 or z+4=0

z=—4

zZ == or

2

The solutions are % and —4.

322 —5xr+1=0

Use the quadratic formula.

—5)+/(=5)? —4(3)(1) 542512
2(3) N 6
5++/13 5—+/13
=— o Tr=-—
6 6
~ 1.434 ~ .232
The solutions are 5%@ ~ 1.434 and
V13
5VI3 ~ 232
pPP+p—1=0
~14/12-4(1)(-1) —-1++5
p = =
2
The solutions are _1+‘/5 ~ .618 and
—15 1618
202 + 122 4+5=0
124+ /(122 — 4(2)(5)
B 2(2)
_ —12£4/104  —12+/4-26
N 4 N 4
_ —124+V4V26  —12+£226
- 4 N 4
_2(-6++26) —6+26
B 2.2 N 2
The solutions are _6"’T‘/% ~ —.450 and
=626 ~ _5.550.
202 —Tx+30=0
7+ \/ -7)? 2)(30)
2(2)
_ 7+/A9 210
v 4
_ 7+4/-101

4

26.

30.

31

Since there is a negative number under the radical
sign, v/—191 is not a real number. Thus, there are
no real number solutions.

5m2 +5m =0

S5m(m+1)=0

bm=0 or m+1=0
m=0 or m=—1

The solutions are 0 and —1.

CIor=6-=

3 4

Multiply both sides by 12, the least common de-
nominator of 3 and 4.

12(§—7) —12 (6—%)
12 (%) - (27) = (12)6) - (12) (?jf“)
4oy —84 =72 — 9z

13z — 84 =172
13x = 156
r =12

The solution is 12.
5 3 4
2p+3 p—2 2p+3
Multiply both sides by (2p + 3)(p — 2). Note that
p# f% and p # 2.

<2p+3><p—2>(

. 3
2p+3 17—2)
= (2p+3)(p—2) <2pi-3)
3

(2p+3)(p—2) <2p—5+3> ~@p+3)(r—2) (ﬁ)

4

= (2p+3)(p—2) (ﬁ)

(p—=2)(5) = (2p+3)(3) = (p—2)(4)
p—10—6p—9=4p—38
—p—19=4p -8

—5p—19=—8
—Hp =11
Rt
P="%

The solutions is f%
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2 10 —
32, W _ 5, 10-8&
y—1 'y y -y
2y 5 10-—8y
y—1 y yly-1)

Multiply both sides by y(y — 1).
Note that y # 0 and y # 1.

y(y—1) (%) =yly—1) <§)
1)

y(2y) = (y — 1)(5) + (10 — 8y)
2y =5y — 5+ 10 — 8y
2% =5—3y
22 +3y—5=0
(2y+5)(y—-1)=0
20+5=0 or y—1=0

= —— :1
Y B or Y

Since y # 1, 1 is not a solution.
The solution is —%.

5 -7 a2 —2a+4
34- -_ p—
a+a+1 a?+a
5 -7 a? —2a+4
(2 - (LT
oat ) (24 Z5) —atarn (S5

Note that @ # 0 and a # —1.

5(a+1)+ (=7)(a) = a® —2a + 4
5a+5—Ta=a?>—2a+4
5—2a=a*—2a+4

5=a’+4

0=a®>-1

0=(a+1)(a—1)
a+1=0 or a—1=0
a=—1 or a=1

Since —1 would make two denominators zero, 1 is
the only solution.

Chapter R ALGEBRA REFERENCE

- 2 .5
) 224 3x+42

2—-2x—3 22—2—6
2 . 5 B 1
(x-3)(z+1) (2=3)(z+2) (z+2)(xz+1)

Multiply both sides by (z — 3)(z + 1)(z + 2).
Note that « # 3, x # —1, and x # —2.

(z —3)(z+ 1)(z +2) (ﬁ)

+(z=3)(z+1)(z+2) <m>

= (z = 3)(x +1)(z +2) (m)

20z+2)+5(x+1)=x—-3
2c+4+5x+5=2x—-3

Tct+9=2x—-3

6xr+9=-3
6r = —12
r=—2

However, x # —2. Therefore there is no solution.

R.5 Inequalities

2. x> -3

Because the inequality sign means “greater than
or equal to,” the endpoint at —3 is included. This
inequality is written in interval notation as [—3, 00).
To graph this interval on a number line, place a
solid circle at —3 and draw a heavy arrow pointing
to the right.

4. 5<x <4

The endpoint at —4 is included, but the endpoint
at —5 is not. This inequality is written in interval
notation as (—5, —4]. To graph this interval, place
a an open circle at —5 and a closed circle at —4;
then draw a heavy line segment between them.

—5—4 0



Section R.5 Inequalities

6.

10.

12.

14.

16.

18.

6<=x

This inequality may be written as * > 6, and is
written in interval notation as [6,00). Note that
the endpoint at 6 is included. To graph this in-
terval, place a closed circle at 6 and draw a heavy
arrow pointing to the right.

|
1

0

o @

. [2,7)

This represents all the numbers between 2 and 7,
including 2 but not including 7. This interval can
be written as the inequality 2 <z < 7.

(3,00)

This represents all the numbers to the right of 3,
and does not include the endpoint. This interval
can be written as the inequality z > 3.

Notice that neither endpoint is included. The in-
terval shown in the graph can be written as
0<z<8.

Notice that the endpoint 0 is not included, but 3
is included. The interval shown in the graph can
be written as x < 0 or x > 3.

6k —4<3k—1
6k <3k+3
3k <3
k<1

The solution in interval notation is (—oo, 1).

.
U
1

0

—2(3y — 8) > 5(4y — 2)
—6y + 16 > 20y — 10
—6y + 16 + (—16) > 20y — 10 + (—16)
—6y > 20y — 26
—6y + (—20y) > 20y + (—20y) — 26
—26y > —26
1
——(=26)y < ——(—2
S (=26)y < —=-(-20)
y<1

The solution is (—oo, 1].

20. +5(x+1)>42—z)+=x
r+dbr+5>8—-4dr+=x
6x+5>8—3z
6x >3 — 3x
9x > 3
:U>1
3

The solution is (%, oo) .

0

W=

22, 8<3r+1<13

8+ (—1)<3r+1+(-1)<13+(-1)

7T<3r <12

3(1) < 3(3r) < 5(12)

1

7 —
) 3
7

3

IA

r<4

The solution is [£,4].

I
37
I

0

[SSIEN ]
~ @

oy + 2

24. -1< <4

ans3( )saa

—3<by+2<12
—5 < 5y < 10
-1<y<2

The solution is [—1, 2].

oYy + 2

|
—_
=y B
SR 3

26.  S(z—4)< %(3z+2)

24(z —4) <232+ 2)

24z —96 < 62+4
24z < 624100
182 < 100

100
<
ST

50
< —
=7

The solution is (—oo, 2].

33
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28.

30.

(t+6)(t—1)>0
Solve (¢t +6)(t—1)=0.

t+6)(t—1)=0
t=—6 or t=1

Intervals:  (—o0, —6), (=6,1), (1,00)
For (—o0, —6), choose —7 to test for .
(—7T+6)(=T—1) = (~1)(-8) =8 >0
For (—6, 1), choose 0.
(04+6)(0—1)=(6)(=1) =620
For (1, oo), choose 2.
2+6)2-1)=(8)(1)=8=0

Because the symbol > is used, the endpoints
—6 and 1 are included in the solution,
(—o0, —6] U [1, 0).

—6 0

2k2+ Tk —4>0
Solve 2k2 + 7k —4 = 0.
262 +Tk—4=0
2k—1)(k+4)=0

k= or k=-4

1
2
Intervals:  (—oo, —4), (—4, %) (3, oo)
For (—o0,—4), choose —5.

2(=5)24+7(-5)—4=11>0
For (—4, %) , choose 0.

202+ 7(0) —4=—4 %0

For (3,00) , choose 1.

2(1)24+7(1)—4=5>0

The solution is (—oo, —4) U (%, 00) .

4 0
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32. 2k2 —Tk—15<0
Solve 2k% — Tk — 15 = 0.

2%k — Tk — 15 =0
(2k+3)(k—5) =0

k:f§ or k=5

N

Intervals: (—oo, —%) , (—%, 5),(5,00)

For (—oco,—%), choose —2.

2(-2)2 - 7(-2)-15=7%0
For (—%, 5) , choose 0.
2(0)2 - 7(0) —15 = —15< 0
For (5,00), choose 6.
2(6)% —7(6) —15 £ 0

The solution is [—%, 5] .

[ 3

[(SR[SSEY 3
(]

34. 10r24+r <2
Solve 1072 + 7 = 2.

102 +r =2
1002 4+7r—-2=0
(5r—2)(2r+1)=0

Intervals: (—oo, —%) , (_%7 %) , (3’ oo)

For (—oo, —%) , choose —1.

For (—1,%), choose 0.
10002 +0=0<2
For (2 oo) , choose 1.

5

012 +1=11%2

]

The solution is [f%,

allro

wi— @
o._
wio @



Section R.5 Inequalities

36. 3a®>+a > 10
Solve 3a2 + a = 10.

3a% +a =10
3a2+a—-10=0
(B3a—5)(a+2)=0

Intervals: (—o0, —2), (—2, %) , (g, oo)
For (—o0, —2), choose —3.
3(-3)2 4+ (-3)=24> 10
For (—2, %) , choose 0.
3002 +0=0%#10
For (%, oo) , choose 2.

32 +2=14>10

The solution is (—oo, —2) U (2, 00) .

|

\S)

o
Wl O

38. p> —16p >0
Solve p% — 16p = 0.

p? —16p =0
p(p—16) =0
p=0 or p=16

Intervals:  (—o00,0), (0,16), (16, 00)

For (—o0,0), choose —1.

(=1)> —=16(-1) =17>0
For (0,16), choose 1.

(1) = 16(1) = —15 %0
For (16, 00), choose 17.

(17)2 —16(17) = 17> 0

The solution is (—o0,0) U (16, 00).

A
(—

0 16

35

r+1

40.
r—1

>0

1
Solve the equation It 1=

r+1
=0
r—1

= (- )0)

r+1=0
r=-—1

(r—1)

Find the value for which the denominator equals
zZero.
r—1=0
r=1
Intervals: (—o0, —1), (—1,1), (1,00)

For (—o0, —1), choose —2.

—2+1 -1 1

= —_— = = O

So-1 3 3°
For (—1,1), choose 0.

0+1 1

. _1%0

0-1 -1 7
For (1, 00), choose 2.

2+1 3

o230

2—1 1 >

The solution is (—oo, —1) U (1, 00).

42. 270
a+2
Solve the equation a=5 =—1.
a+2
a—>5
=-1
a+2
a—5=—-1(a+2)
a—5=—-a—2
2a =3
3
a==
2

Set the denominator equal to zero and solve for a.

a+2=0
a= -2

Intervals: (—o0, —2), (*2, %) ) (%a OO)
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44.

For (—o0,—2), choose —3.
-3-5 =8
s S BabRA

For (—2, %) , choose 0.

— = —=——< -1
0or2 2 2°
For (%, oo) , choose 2.
2-5 - 3
—_— = —— —1
2+2 4 4 %
The solution is (—2, %) .
a+2 <5
3+ 2a —
2
For the equation 3 :Qa = 5.
2
a—+ _5
34 2a

a+2="5(3+2a)
a+2=15+10a
—9a =13

13
a=—-——

9

Set the denominator equal to zero and solve for a.

34+2a=0
20 = -3
e 3
2

Intervals: (foo, 7%) , (7%7 f§) , (7%700)
For (—oco,—32), choose —2.

—2+2 0

——=—=0<5
34+2(-2) -1 -
For (—2,—42)  choose —1.46.
—1.46+2 .04
— = — =6.7T54<5
3+ 2(—1.46) .08 ﬁ
For (-4, c0), choose 0.
0+2 2 _.
3+20) 3~
The value —% cannot be included in the solution
since it would make the denominator zero. The
solution is (foo, f%) U [719—3, oo) .

Chapter R ALGEBRA REFERENCE

5 12
46, —— > ——
p+1 p+1
. 12
Solve the equation —— = ——
+1 »p+1
5 12
p+1 pH+1
5=12

The equation has no solution.
Set the denominator equal to zero and solve for p.

p+1=0
p=-1
Intervals: (—o0,—1), (—1,00)
For (—oo0, —1), choose —2.
b —5 and =—12, s0
-2+1 -2+1 7
5 < 12
241" =241
For (-1, 00), choose 0.
5 12
—— =5and —— =12
011 and o= , 8O
) 12
0+1f0+r
The solution is (—oo, —1).
8
48. —— > 1
p*+2p
Solve the equatio =1
AY quation 2
8 _ 1
p*+2p
8=p*+2p
0=p>+2p—38
0=({@+4(p-2)
p+4=0 or p—2=0
p=-—4 or p=2

Set the denominator equal to zero and solve for p.

p?+2p=0
pp+2)=0
p=0 or p+2=0

p=-2

(_OO’ _4)7 (_47_2)’ (—2,0),
(0,2), (2,00)

Intervals:



Section R.6

50.

Exponents

For (—o0,—4), choose —5.

8 8
. ° 241
(-=5)2+2(-5) 15 7
For (—4,—2), choose —3.

s ___ 85,

(-3)2+2(-3) 9-6 3
For (—2,0), choose —1.

8 8
—————=—=-8}%1
ST TS

For (0,2), choose 1.
L — § >1

(1)2+2(1) 3

For (2, 00), choose 3.
8 8
L S |
GFrOE) 157
The solution is (—4, —2) U (0, 2).
a® +2a
<2
a?—-4 —
2
2
Solve the equation a4 2+ @ _ 2.
a® —4
a® + 2a
=2

a?—4

a’ +2a =2(a® — 4)

a’?+2a =2a%> -8

0=a?—-2a-38
0=(a—4)(a+2)
a—4=0 or a+2=0
a=4 or a=—2

But —2 is not a possible solution.
Set the denominator equal to zero and solve for a.

a’?—4=0
(a+2)(a—2)=0
a+2=0 or a—2=0
a=—-2 or a=2
Intervals:  (—o0, —2), (—2,2),
(2,4), (4,00)
For (—o0, —2), choose —3.
—3)2 — _
(=3)°+2(=3) 9 67§<2
(=3)2 -4 9-4 5~

37

For (—2,2), choose 0.

(0)2 +2(0) 0

0—4 — 0=
For (2,4), choose 3.
(3)2+2(3)79+67E£2
(32—-4 9-5 4

For (4, 00), choose 5.

(5)2+2(5)  25+10 35
(5)% —4

= =—<2
25 -4 21 —

The value 4 will satisfy the original inequality,
but the values —2 and 2 will not since they

make the denominator zero. The solution is
(=00, —2) U (—2,2) U[4,00).

R.6 Exponents

89 . 8—7
10. — 89F(=7)—(=3) — g9-T7+3 _ g5
]-3
57055\ —6+3—(—2)\—1
12. ( = ) +3—( ))

(5
(5

5(-1D(-1) =5l =5

—6+3+2)—1 — (5—1)—1

9,7
VY _ o+7-13 _ 3

)
(3,22)_1 B 3—1(2,2)—1 B 3—1z2(—1)
16. 25 - 25 - 25
371272 —1,-2-5
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— 5222 (= 1)y~
— 5—2-2,,2+1, —242

Y
— 574m3y0 — 5_];1 . m3 1
m3
= 5—4

20. <2_02) [ G

43 (d3)—2
2_26(2)(_2) 92,4
ERTC) ) B

d6

0204

_71—1 1/3 .
(¢4

=q 3!

b

p

1

24.b‘2—a:b—2—a
1 b2
2 Y\ w2

1 ab?

B

1— ab?

_ 3n? 4m
T mn2  mn?2
_ 3n? 4+ 4m

30.

32.

34.

36.

38.

40.

42.

44.
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2713 = 37 =3

—125%/3 = —(125'/3)? = —5%2 = —25

(64)1/3 643 4

27 T 2113 T 3

1 1

6251/t = —— ==
6251/4 5

210 RN
100 B (E)Wz B {(121)1/2}3

100 100
11 1000
- 3 7 1331

(L)? — BE 1331

272/3 . 97—1/3 — 97(2/3)+(-1/3)
_ 272/3—1/3
=27/3

375/2 . 33/2

37/2.3-9/2
= 3(=5/2)+(3/2)=(7/2)=(-9/2)
_ 3-5/2+3/2-7/2+9/2
=3'=1

123/4 . 125/4 . y—2 123/4+5/4 . y—2

21 (y3)2  12-1.4-3(2)
_ 128/4 . y—2
121 .46
_ 122 A y—2
127146
—_ 122—(—1) . y—2—6
=123y~8
123
_ F



Section R.7 Radicals

—=3(4p2)—2 -3, 4—2,(2)(-2)
16, 4P & p

=8 -4 2p(=3)+(=4)=(-5)
= 8. 4723445
=8-472p2

1

2

e
i

o

}
(@)

BT

C16p2 2p?

1/3 .,2/3 . ,1/4

Tyl
25/3 . y—1/3. ;3/4

= g1/3-(5/3)4(2/3)—=(=1/3) ;1/4=(3/4)

48.

— g 1/3-5/342/3+1/3 ,1/4-3/4
— x—4/3y3/3 -2/
_ Y
T pA/3,2/4
_ Y
T A/3,1)2
m7/3 . p=2/5 . pd/8

50. m—2/3 . p3/5 . p—5/8

— /3= (=2/3) =2/5-(3/5) 3/8—(~5/8)

— m7/3+2/3=2/5-3/5,3/8+5/8
= m9/3p=5/5p3/8

3
_ .3 -1.1_ MDp
=mn~lpl = —

n

52. 6z(z% +7)% — 622(32% +5) (2> +7)

=6z(z3 + 7) (23 +7) — 62(x)(32% + 5) (23 + 7)

= 6x(z® + 7)[(2® 4+ 7) — (322 4 5)]
= 6x(z® + 7) (2 + 7 — 32 — bx)
= 6x(x® + 7)(—22% — 52 +7)
54. 9(6x +2)Y/2 4+ 3(9z — 1)(6x + 2)71/2
=3-3(6z +2)"/2(6x +2)*
+3(92 — 1)(6x +2)~1/2

3
3(6z +2)"Y2(18z + 6+ 9z — 1)
3(6x +2)~Y2(27x + 5)

39

56. (4224 1)2(2x — 1)7Y/2 + 162(42® + 1)(2z — 1)1/2

= (422 + 1) (42 + 1)(22 — 1)~ 1/2

+ 162 (422 +1)(22 — 1)"Y/2(22 — 1)
= (422 +1)(22 — 1)~ 1/2

-[(42% + 1) + 162(22 — 1)]

= (42% + 1)(2z — 1)~ Y2(42® + 1 + 3222 — 162)

= (422 4+ 1)(2x — 1)"1/2(3622 — 162 + 1)

(62 4 2)"1/2[3(62 + 2) + (92 — 1)]

R.7 Radicals

2.

4.

6.

10.

12.

14.

16.

18.

V1296 = V61 =6
VB0 = /252 = /252 = 5\/2

V32y° = /(16y%)(2y)
= /16y*\2y
= 4y*\/2y

. 43 =512+ 375

— 4V3 - 5(VAV3) + 3(VZ5V3)
= 4v/3 — 5(2v/3) + 3(5v/3)
=43 - 10v/3 + 153
=(4—-10+15)v/3 =93

3v28 — 463 + V112
= 3(VAVT) — 4(V9V/T) + (VI6/T)
= 3(2v7) —4(3VT) + (4V7)
=67 — 12V7T 4+ 47

(6 —12+4)V7

=-2/7

23/3 + 4324 — {81
=2V/34+4/8-3— 3273
=23 +4(2)V/3-3V3
=2¢/3+8V3 33

=73
V223y224 = \/a2y22t - 2
= xy22\/22
V/1628y425 = /8x6y323 - 22222
= 22%y2 /222y 22

Va3’ — 2v/a7b3 + v a3bO
= Va2btab — 2V aSb2ab + v a2bBab
= ab*vab — 2a*b\/ab + ab*\/ab
= (ab® — 2a°b + ab*)V/ab
= abvab(b — 2a® + b®)
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0o, 5 _ B VT _5VT gq LTVZ _ (14+V2(1-VD)
VTOOVT VT T2 2(1—/2)
12
22___3:__3 2(1 —/2)
V12 V43 1
:__3£ :_2(1_\/5)
2V3 V3
33 VT4V +1
_ 36, ————
=76 VT —+vr+1
_ V3 _VERVERT VB Vot
2 ViVl Vi-varl
x—(x+1)
3 3 14+4V5 =
24. = : T—2y/r-vVr+1+(x+1
1-v5 1-V5 1+V5 v | (el
3(1++/5) - —
T T 1-5 2 —2\/z(zx+1)+1
_ 30+ V5 38. \/I6 — 8z + 22
4 =./(4—-x)?
=4 — x|
P V3+V2 nce o .
" B-v2 VB-v2 V312 Since denotes the nonnegative root, we must
have 4 — z > 0.
_ —2(V3+V?2)
- 3-2 40. V4 —252%2 = \/(2+ 52)(2 — 52)
_ *2(\/§ + \/5) This factorization does not produce a perfect square,
1 0 the expression v/4 — 2522 cannot be simplified.
=-2(v3+V2)
28 1 = ! Vi3
CVr=VB O r—VB F+V3
_ VB
- r—3
— — 5
g0, U=5_ _ _y=5 IV

Vi-V5  Vi—VB Jit+B
(y = 5) (/7 +V5)

y—>5
=i++5
39 VZHVe+1l  Vr+Vatl Jat+Vetl
CVE-Varl Vi-vaFl Vitvirl
o+ 2y/x(r+ 1)+ (x4 1)
N x—(x+1)
:256—}—2\/@’(3:—!—1)—!—1
)

=2z —2y/x(x+1)—1



Chapter 1

LINEAR FUNCTIONS

1.1 Slopes and Equations of Lines

2.

10.

12.

Find the slope of the line through (5,—4) and
(1,3).
3-(=4)

1-5

Ly=3r—-2

This equation is in slope-intercept form,
y = mx + b. Thus, the coefficient of the z-term,
3, is the slope.

CAdx+Ty=1

Rewrite the equation in slope-intercept form.

Ty=1-—4x
2(7y) = (1) - = (42)
14
V=777

4 1
O S

4
The slope is —=.

The z-axis is the horizontal line y = 0. Horizontal
lines have a slope of 0.

y=—4

By rewriting this equation in the slope-intercept
form, y = mx + b, we get y = Ox — 4, with the
slope, m, being 0.

14. Find the slope of a line perpendicular to

16.

18.

20.

6 =y — 3.
First, rewrite the given equation in slope-intercept
form.
6r=y—3
6x+3 =y
or =6z + 3

The slope of this line is 6.
Let m be the slope of any line perpendicular to
the given line. Then

6m = —1
m__l
=5

The line goes through (2,4), with slope m = —1.
Use point-slope form.

The line goes through (—8, 1), with undefined slope.
Since the slope is undefined, the line is vertical.
The equation of the vertical line passing through
(—8,1) is x = —8.

The line goes through (8, —1) and (4, 3).
Find the slope, then use point-slope form with
either of the two given points.

3 (1)
M="13
_3+1
T4
4
:—:—1
4

41
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22. The line goes through (—2, %) and (%, %) .

5_3 0 _3
m—_2_4 _ 471
-2  3+%
!
I
EREY
3 921
Sy (=2
)
3_21 42
Y173 3
2 423
Y=33% T3
2211
Y=32" 716" 16
21 33
V=32 16

24. The line goes through (—1,3) and (0, 3).

3-3 0
m=——g" "1 "

This is a horizontal line; the value of y is always
3. The equation of this line is y = 3.

26. The line has z-intercept —2 and y-intercept 4.
Two points on the line are (—2,0) and (0,4). Find
the slope; then use slope-intercept form.

me 220 _4_,
0—(-2) 2

y=mx+b

y=2x+4

28. The line is horizontal, through (8, 7).
The line has an equation of the form y = k where
k is the y-coordinate of the point. In this case,
k =17, so the equation is y = 7.

30. Write the equation of the line through (2,-5),
parallel to y — 4 = 2x. Rewrite the equation in
slope-intercept form.

y—4=2x
y=2xr+4

The slope of this line is 2.
Use m = 2 and the point (2, —5) in the point-slope
form.
y—(=5) =22 -2)
y+5=2r—4
y=2xr—9

Chapter 1 LINEAR FUNCTIONS

32. Write the equation of the line through (—2, 6), per-
pendicular to 2x — 3y = 5.
Rewrite the equation in slope-intercept form.

20 — 3y =5
—3y=—-2x4+5
2 5
= = — —
V=373

The slope of this line is % To find the slope of a
perpendicular line, solve

2

Use m = —32 and (—2,6) in the point-slope form.

3
y—6=—3—(-2)

3
y—6=—=(x+2)

2

3
y—6=—§x—3

3

y:—§x+3

34. Write the equation of the line with z-intercept — %,
perpendicular to 2z — y = 4.
Find the slope of the given line.

20 —y=4
20 —4 =y

The slope of this line is 2. Since the lines are
perpendicular, the slope of the needed line is —%.
The line also has an z-intercept of —%. Thus, it
passes through the point (—%, 0) .

Using the point-slope form, we have



Section 1.1  Slopes and Equations of Lines

36. (a) Write the given line in slope-intercept form.

20 +3y =6
y=—2x+6
2
Yy=—=—x+2

3

This line has a slope of —%. The desired line has
a slope of —% since it is parallel to the given line.
Use the definition of slope.

Y2 — U1
m=-——
T — T1
22— (-1
3 k-4
2 3
3 k-4
—2(k—4) = (3)(3)
—2k+8=9
2%k =1
R
2

(b) Write the given line in slope-intercept form.

or — 2y = —1
2y =b5x+1
) +1
Y=y

This line has a slope of % The desired line has a
slope of —% since it is perpendicular to the given
line. Use the definition of slope.

Y2 — Y1
m=—-
To — I
_2-(=
k-4
2 241
5 k—4
-2 3
5 k-4
—2(k—4) = (3)(5)
—2k+8=15
2%k =7

-
2

43

38. Two lines are perpendicular if the product of their
slopes is —1.
The slope of the diagonal containing (4,5) and
(-2,-1) is

_5—(=1) 6

=-=1

T (2) " 6

The slope of the diagonal containing (—2,5) and
(4,-1) is
516 _
 -2-4 -6
The product of the slopes is (1)(—1) = —1, so the
diagonals are perpendicular.
40. The line goes through (1, 3) and (2,0).
3-0 3
(s e
The correct choice is (f).
42. The line goes through (—2,0) and (0, 1).
o 1-0 1
S 0—-(-2) 2
4. y=x—-1
Three ordered pairs that satisfy this equation are
(0,—1), (1,0), and (4,3). Plot these points and
draw a line through them.

46. y = —4x+9

Three ordered pairs that satisfy this equation are
(0,9), (1,5), and (2,1). Plot these points and draw
a line through them.
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48.

50.

20 — 3y =12
Find the intercepts.
If y =0, then
2z — 3(0) =12
2¢ =12
=206
so the z-intercept is 6.
If x =0, then
2(0) — 3y =12
-3y =12
y=—4

so the y-intercept is —4.

Plot the ordered pairs (6,0) and (0, —4) and draw
a line through these points. (A third point may
be used as a check.)

2
A E 2x-3y=12
LI I()_—I 1 6 T X
3y +4r =12
Find the intercepts.
If y =0, then
3(0) + 4z =12
dr =12
x =3,
so the z-intercept is 3.
If x =0, then
3y +4(0) =12
Jy =12
y =4,

so the y-intercept is 4.

Plot the ordered pairs (3,0) and (0,4) and draw a
line through these points. (A third point may be
used as a check.)

3y +4x=12

52.

54.

56.

Chapter 1 LINEAR FUNCTIONS

y=—2

The equation y = —2, or, equivalently, y = 0z — 2,
always gives the same y-value, —2, for any value
of x. The graph of this equation is the horizontal
line with y-intercept —2.

y
2 =+
—— IO_ ————
4 y=-2
z+5=0
This equation may be rewritten as x = —5. For

any value of y, the z-value is —5. Because all
ordered pairs that satisfy this equation have the
same first number, this equation does not repre-
sent a function. The graph is the vertical line with
z-intercept —5.

T

lIIIIFs_IIIIII\<

L L L

y =2z

Three ordered pairs that satisfy this equation are
(0,0), (—2,—4), and (2,4). Use these points to
draw the graph.

1 11 1 1
L
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58.

60.

62.

Slopes and Equations of Lines

r+4y =0

If y = 0, then x = 0, so the x-intercept is 0. If
x = 0, then y = 0, so the y-intercept is 0. Both
intercepts give the same ordered pair, (0, 0).

To get a second point, choose some other value of
x (or y). For example if x = 4, then

r+4y =0

444y =0
4y =—-4
y=-1,

giving the ordered pair (4,—1). Graph the line
through (0,0) and (4, —1).

;

4
x+4y=0

(a) The line goes through (2, 27,000) and (5, 63,000).

_ 63,000 27,000 _ 1) 00
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y — 27,000 = 12,000(z — 2)

y — 27,000 = 12,0002 — 24,000
y = 12,0002 4 3000

(b) Let y =100,000; find x.

100,000 = 12,000z + 3000
97,000 = 12,000z
8.08=z

Sales would surpass $100,000 after 8 years, 1 month.

(a) Using the points (.7,1.4) and (5.3,10.9), we
obtain
C109-14 95

53-.7 46
~ 2.065.
To avoid round-off error, keep all digits for the

value of m in your calculator; then round the dec-
imals in the final step.

64.

66.
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Use the point-slope form.

y—14= %(x—ﬂ)

16
95 95
v LA= 16T a6t
95 95
_ 20,20 1.4
V=16 160

y = 2.0652 — .0456

(b) y = 2.065(4.9) — .0456 =~ 10.1 million passen-
gers; this agrees favorably with the FAA predica-
tion of 10.3 million.

(a) Let x = age.

u=.85(220 — x) = 187 — .85z
1=.7(220 —z) =154 — .7z

(b) w=187—.85(20) =170

1 =154 —.7(20) = 140
The target heart rate zone is 140 to 170 beats per
minute.

(c) =187 — .85(40) = 153
I =154 — .7(40) = 126

The target heart rate zone is 126 to 153 beats per
minute.

(d) 154 — .72 =187 — .85(x + 36)
154 — .7z = 187 — .85x — 30.6
154 — .7z = 156.4 — .85z
1bx =24
x =16

The younger woman is 16; the older woman is
16 + 36 = 52. [ = .7(220 — 16) =~ 143 beats per
minute.

Let x = 0 correspond to 1900. Then the “life

expectancy from birth” line contains the points

(0,46) and (100, 76.9).
_76.9—46  30.9
©100—0 100

=.309

Since (0,46) is one of the points, the line is given
by the equation

y = .309z + 46.

The “life expectancy from age 65”7 line contains
the points (0,76) and (100, 82.9).

82976 6.9

100-0 100 0
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68.

70.

Since (0, 76) is one of the points, the line is given
by the equation

y = .069z + 76.

Set the two equations equal to determine where
the lines intersect. At this point, life expectancy
should increase no further.

.309x + 46 = .069x + 76
24x = 30
r =125

Determine the y-value when z = 125. Use the first
equation.
y = .309(125) + 46
= 38.625 + 46
= 84.625

Thus, the maximum life expectancy for humans is
about 85 years.

(a) The line goes through the points (0,86,821)
and (26, 217,753).

217,753 — 86,821
- 26 -0
130,932

26

~ 5035.85

Since one of the points is (0,86,821), the line is
given by the equation

y = 5035.85x + 86,821.
€ year corresponds to x = 36.
b) Th 2010 d 36

y = 5035.85(36) + 86,821
y ~ 268,112

We predict that the number of immigrants to Cal-
ifornia in 2010 will be about 268,112.

(a) Using the points (0,9.6) and (31, 19.2),

_19.2-96
~31-0
96

T3l

~ .31

Since (0,9.6) is on the line, the equation is given

by
p= .31t + 9.6.

72.

74.
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(b) The year 2010 corresponds to ¢t = 40.
p =.31(40) + 9.6 = 22

If the trend continues, about 22% of college stu-
dents will be 35 and older in 2010.

(c) Let p = 31 and solve the equation for ¢.

31 =.31t+9.6
21.4 = .31t
t ~ 69

This corresponds to the year 1970 + 69 = 2039.

(a) If the temperature rises .3C° per decade, it
rises .03C° per year.

m = .03
b = 15, since a point is (0, 15).

T =.03t+15

(b) Let T'=19; find t¢.

19 = .03t + 15
4= .03t
133.3 =1t
133~ 1t

1970 4+ 133 = 2103

The temperature will rise to 19°C in about the
year 2103.

13,150 — 2773 10,377

_ _ — 207.54
(@) m = =050 1050 50 07:5

This means that each year there is an average in-
crease of about 208 stations.

(b) Use the point-slope form with (2000, 13,150).
y — 13,150 = 207.54(x — 2000)

y — 13,150 = 207.54x — 415,080
y = 207.54z — 401,930

(c) Let y = 15,000 and solve the equation for x.

15,000 = 207.54x — 401,930
416,930 = 207.54x
x ~ 2008.9

The estimated year when it is expected that the
number of stations will first exceed 15,000 is 2009.
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Linear Functions and Applications

1.2 Linear Functions and

10.

12.

Applications

. This statement is false.

The graph of f(z) = —3 is a horizontal line.

. This statement is true.

For any value of a,
f(0)=a-0=0,

so the point (0,0), which is the origin, lies on the
line.

. $12 is the fixed cost and $1 is the cost per hour.

Let £ = number of hours;
C(z) = cost of renting a saw for
x hours.

Thus,

C(z) = fixed cost + (cost per hour)
- (number of hours)

Cx)= 12+ 1z
12+ .

50¢ is the fixed cost and 35¢ is the cost per half-
hour.

Let £ = the number of half-hours;
C(x) = the cost of parking a car for
x half-hours.

Thus,
C(z) = 50 + 35z
= 35z + 50.

Fixed cost, $100; 50 items cost $1600 to produce.

Let C(x) = cost of producing x items.
C(z) = mz + b, where b is the fixed
cost.

C(z) = mz + 100
Now,
C(z) = 1600 when = = 50, so

1600 = m(50) + 100
1500 = 50m
30 = m.

Thus, C(x) = 30z + 100.

14.

16.

18.
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Marginal cost, $90; 150 items cost $16,000 to pro-
duce.

C(z) =90z +0b

Now, C(x) = 16,000 when x = 150.

16,000 = 90(150) + b
16,000 = 13,500 + b
2500 = b

Thus, C(z) = 90z + 2500.

For a linear function, the average rate of change
will be the same as the slope of the line. If the
function is not linear, the average rate of change
is the slope of the secant line connecting the be-
ginning and ending points.

5
D(q) =16 — Zq

(@) D(0) = 16—%(0) —16-0=16

When 0 can openers are demanded, the price is
$16.

(b) D(4) :16—2(4) —16-5=11

When 400 can openers are demanded, the price is
$11.

(c) D(8)= 16—%(8) —16-10=6

When 800 can openers are demanded, the price is

$6.
(d) Let D(q) = 8. Find gq.

8= 16— ¢
4
5
11~
q=64

When the price is $8, 640 can openers are demanded.

(e) Let D(q) = 10. Find gq.

5
10=16——=¢q
4
5
117
q=4.8

When the price is $10, 480 can openers are de-
manded.
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(f) Let D(¢q) = 12. Find q.

12=16— g
5 _

117
q=3.2

(8)
3
(h) S(q) = Zq
Let S(g) = 0. Find q.
3
0=gq

When the price is $0, 0 can openers are supplied.

(i) Let S(q) = 10. Find gq.

3
10 = -
17
40
3 —4
qg=13.3

When the price is $10, about 1333 can openers are
supplied.

(3) Let S(¢) = 20. Find q.

20=%q

80

g—q
q=26.6

When the price is $20, about 2667 can openers are
demanded.

Chapter 1 LINEAR FUNCTIONS

(k)

5 3

16=70=7

16 = 2¢

8=q

3
S(8) = $(8) =6

The equilibrium quantity is 800, and the equilib-
rium price is $6.

a
@ i
100 « 2 =100-%¢
2
-+ p= §q
50 -+ (125, 50)
: : : ¥
0 125 2509

2 =100 2
74= 54
4
—q =100
5q
q =125
2

5(125) = =(125) = 50

The equilibrium quantity is 125, the equilibrium
price is $50
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22,

24.

Linear Functions and Applications

(a) C(x) = max + b; m = 3.50; C(60) = 300

C(z) =3.50z + b

Find 0.
300 = 3.50(60) + b
300 =210+0b
0=0>
C(z) = 3.50z + 90
(b) R(z) =9z
Clx) = R(x)
3.50z + 90 = 9z
90 = 5.5z
16.36 = x

Yoshi must produce and sell 17 shirts.
(¢) P(z) = R(z) — C(z); P(x) =500

500 = 92 — (3.502 + 90)

500 = 5.5 — 90
590 = 5.5
10727 ==z

To make a profit of $500, Yoshi must produce and
sell 108 shirts.

(a) Using the points (100,11.02) and (400, 40.12),

40121102 291
©400-100 300
y — 11.02 = .097(z — 100)
y —11.02 = .097x — 9.7
y = .097z + 1.32
C(z) =.097x + 1.32

.097.

(b) The fixed cost is given by the constant in
C(z). Tt is $1.32.

(c) C(1000) = .097(1000) + 1.32 = 97 + 1.32
= 98.32

The total cost of producing 1000 cups is $98.32.

(d) C(1001) =.097(1001) + 1.32 = 97.097 + 1.32
= 98.417

The total cost of producing 1001 cups is $98.417.

(e) Marginal cost = 98.417 — 98.32
=8$.097 or 9.7¢
(f) The marginal cost for any cup is the slope,

$.097 or 9.7¢. This means the cost of producing
one additional cup of coffee would be 9.7¢.

26.

28.
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(a) (100,000)(50) = 5,000,000

Sales in 1996 would be 100,000 + 5,000,000 =
5,100,000.

(b) The ordered pairs are (1, 100,000) and

(6, 5,100,000).

~ 5,100,000 — 100,000 _ 5,000,000

B 61 5

— 1,000,000

(c) m

y — 100,000 = 1,000,000(z — 1)
y — 100,000 = 1,000,000z — 1,000,000
y = 1,000,000z — 900,000
S(x) = 1,000,000z — 900,000
(d) Let S(z) = 1,000,000,000. Find z.

1,000,000,000 = 1,000,000z — 900,000
1,000,900,000 = 1,000,000z
z = 1000.9 ~ 1001

Sales would reach one billion dollars in about
1991 + 1001 = 2992.

(e) According to our linear model, in 2003, z = 13
and estimated sales would be

S(13) = 1,000,000(13) — 900,000 = 12,100,000

or about $12,100,000. Sales are growing much
faster than linearly if they reached one billion dol-
lars in 2003.

C(z) =12z + 39; R(z) = 25z
(a)  C(r) = R(z)

12z + 39 = 25x
39 =13z
3=z

The break-even quantity is 3 units.

(b) P(z) = R(z) - C(x)

P(x) = 25z — (12x + 39)
P(z) = 13z — 39
P(250) = 13(250) — 39
— 3250 — 39
= 3211

The profit from 250 units is $3211.
(c) P(z) = $130; find z.

130 = 13z — 39
169 = 13x
13==x

For a profit of $130, 13 units must be produced.
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30. C(z) = 105z + 6000

R(z) = 250
Set C(x) = R(x) to find the break-even quantity.
105z + 6000 = 250x
6000 = 145z
4138~z

The break-even quantity is about 41 units, so you
should decide to produce.

P(z) = R(z) — C(x)
= 250z — (1052 + 6000)
= 145z — 6000

The profit function is P(x) = 1452 — 6000.

32. C(z) = 1000z + 5000
R(z) = 900z

9002 = 1000z + 5000
—5000 = 100z
—50==x

It is impossible to make a profit when the break-
even quantity is negative.
greater than revenue.

Cost will always be

P(z) = R(z) - C(z)
= 900z — (10002 + 5000)
= —1002 — 5000

The profit function is P(z) = —100x—500 (always
a loss).

34. Use the formula derived in Example 7 in this sec-
tion of the textbook.

F = 20+32
5
5

C=2(F-32)
9

(a) C = 37; find F.
:%(37)+32

F=23 3
5

F =98.6

The Fahrenheit equivalent of 37°C is 98.6°F.

Chapter 1 LINEAR FUNCTIONS

(b) C = 36.5; find F.

9
F = 2(36.5) + 32

F=65.7432
F=977

C =37.5; find F.

9
F=(375) +32

=67.5+32=99.5

The range is between 97.7°F and 99.5°F.

1.3 The Least Squares Line

2. For the set of points (1,4), (2,5), and (3,6),
Y =z + 3. For the set (4,1), (5,2), and (6, 3),
Y=x-3.
4. nb+ > x)ym=>y
(Co)b+ (Ca*)m =Yy
nb+ (D a)m = Sy
nb = y)—Qx)m
y_ Sym(y)
b3 T@I%@#)m:zxy

D0y —m ) +nm(a?) = n(xy)
1) 02y —m 2)*+nm(a?) = n(xy)
nm (3 2?)—m(3 x)* = n(Cay - (o) (1
2% -2 = ey -
= 12 -0 90 Y
n(Q )= x)?

s =

8
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6. (a)

8. (a)

The Least Squares Line

10b 4+ 965m = 95.3
10b 4+ 965m = 95.3

10b = 95.3 — 965m
~ 95.3—965m
B 10
b=95.3 —96.5m

b

965b + 93,205m = 9165.1
965(9.53 — 96.5m) + 93,205m = 9165.1
9196.45 — 93,122.5m + 93, 205m = 9165.1
82.5m = —31.35

m = —.38

b= 9.53 — 96.5(—.38) = 46.2
Y = —.382 + 46.2

(b) The year 2004 corresponds to x = 104.
Y = —.38(104) + 46.2 = 6.68 (in thousands)

If the trend continues, there will be about 6680
banks in 2004.

10(9165.1) — (965)(95.3)

(c) r

~ /10(93,205) — 965 - /10(920.47) — 95.37
~ —.986

This means that the least squares line fits the data
points very well. The negative sign indicates that
the number of banks is decreasing as the years
increase.

9000

8000 + ®
7000 + .

6000 +

Debt (in dollars)
[ ]

5000 +

T

| | | | | 1 !
T T T T T

]

T T T

95 96 97 98 99 100101 102
Years Since 1900

Yes, the pattern is linear.

(b) = y Ty a? y?
95 | 5832 | 554,040 | 9025 | 34,012,224
96 | 6487 | 622,752 | 9216 | 42,081,169
97 | 6900 | 669,300 | 9409 | 47,610,000
98 | 7188 | 704,424 | 9604 | 51,667,344
99 | 7564 | 748,836 | 9801 | 57,214,096
100 | 8123 | 812,300 | 10,000 | 65,983,129
101 | 8367 | 845,067 | 10,201 | 70,006,689
102 | 8562 | 873,324 | 10,404 | 73,307,844
788 | 59,023 | 5,830,043 | 77,660 | 441,882,495

51

8b 4 788m = 59,023

8b = 59,023 — 788m

59,023 — 788m

b
8

788b + 77,660m = 5,830,043

738 (59,023 8— 788m

788(59,023 — 788m) + 621,280m = 46,640,344
46,510,124 — 620,944m + 621,280m = 46,640,344
336m = 130,220
m ~ 387.56

> + 77,660m = 5,830,043

59,023 — 788 130,220
b= ( 336 ) — 30.796.74

8
Y = 387.56z — 30,796.74

9000

8000

7000

6000

Debt (in dollars)

5000 +

1,

| 1 l l Il 1 l
T T T T T

|

T T

95 96 97 98 99 100101 102
Years Since 1900

The line appears to be a good fit.

(c)

8(5,830,043) — (788)(59,023)

\/8(77,660) — 7882. \/8(441,882,495) — 59,0232
~ .991

This indicates that the least squares line fits the
data points very well.

(d) Let Y = 10,000 and solve for x.

10,000 = 387.56x — 30,796.74
40,796.74 = 387.56x
T ~ 105

If the trend continues, household debt will reach
$10,000 in 1900 + 105 = 2005.
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(@) £l © 1= 7(28,917.1) — (679)(298.6)
Sl .0 /7(65,891) — (679)2 - \/7(12,330.38) — 298.62
2 451
< * . r A —.923
= 401 .
8 . This indicates a reasonably good fit, as concluded
35+ .
5 in part (b).
Z ’[/I ! | Il | 1 1 1 |
94 95 96 97 98 99 100 101 (d) The line lies near most of the points. The
Years Since 1900 most distant two are still relatively close to the
If all points are included, the pattern is line.
not linear. 12. (a) T y Ty 72 e
88.6 20.0 1772 7849.96( 400.0
® x| o 2 2 71.6 | 160 | 11456 | 5126.56| 256.0
93.3 19.8 1847.34 8704.89| 392.04
) I e R S3 | 1at | dooia| o] ek
96 47'0 4512 9216 2209' 80.6 17.1 1378.26 6496.36( 292.41
97 43'0 4171 9409 1849 75.2 15.5 1165.6 5655.04| 240.25
' 69.7 14.7 1024.59 4858.09| 216.09
98 41.0 4018 9604 1681

82.0 17.1 | 1402.2 6724 292.41
69.4 154 | 1068.76 | 4816.36| 237.16
83.3 16.2 | 134946 | 6938.89| 262.44
79.6 15.0 1194 6336.16| 225
82.6 17.2 1420.72| 6822.76( 295.84
80.6 16.0 [ 1289.6 6496.36| 256.0
83.5 17.0 [ 1419.5 6972.25| 289.0
76.3 14.4 1098.72 5821.69| 207.36
1200.6 | 249.8 [20,127.47| 96,725.86 | 4200.56

99 | 38.5 3811.5 9801 1482.25
100 | 37.1 3710 10,000 1376.41
679 | 298.6 | 28,917.1 | 65,891 | 12,830.38

b+ 679m = 298.6
7b = 298.6 — 679m

_ 298.6 — 679m
N 7

679b + 65,891m = 28,917.1 15b + 1200.6m = 249.8
670 (298.6 — 679m 1200.6b + 96, 725.86m = 20,127.47

7

b

65,891m = 28,917.1
> To.eom ’ 150 = 249.8—1200.6m

249.8—1200.6m

679(298.6 — 679m) + 461,237Tm = 202,419.7 b= =
202,749.4 — 461,041m + 461,237m = 202,419.7 40,8 1900.6
196m = —329.7 1200.6 (1—5m) 196,725.86m = 20,127.47
208.6 670 (3201 m & —1.682 1200.6(249.8 — 1200.6m) +1,450,887.9m = 301,912.05
p= 0 - (=157 — 205.825 299,909.88 — 1,441,440.36m = 301,912.05
Y = —1.6822 + 205.825 +1,450,887.9m
9447.54m = 2002.17
m ~ 212
£ 50 249.8 — 1200.6(.212
S 15
=45+
= Y = 2122 — 315
5 40 1
2. (b) Let z = 73; find Y.
g- Y = .212(73) — .315
Z L/I 1 ] ] | ] ] 1 ]
/9I4 9I5 9I6 9I7 9I8 9I9 l(l)() l(l) ~15.2
Years Since 1900 If the temperature were 73°F,

you would expect to hear 15.2
The line fits the data reasonable well. chirps per second.
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(c) Let Y = 18; find x.
18 = .212x — .315
18.315 = .212x
86.4 ~ x
When the crickets are chirping 18
times per second, the temperature
is 86.4°F.

(d)

15(20,127) — (1200.6)(249.8)

T =
/15(96,725.86) — (1200.6)2 - 1/15(4200.56) — (249.8)?
= .835

14. (a)

Income in thousand
of dollars

|

T T T T T T T T

5 10 15 20 25 30 35 40
Year

0

Yes, the data appear to lie along a straight line.

(b)
7(1460.97) — (105)(75.402)

V/7(2275) — 1052 - 1/7(968.270792) — 75.4022
r~ .998

Yes, there is a strong positive linear correlation be-
tween the income and the year.

(c) 7+ 105m = 75.402
7b = 75.402 — 105m

75402 — 105m
o 7
105b + 2275m = 1460.97

402 — 1
105 (M) 4 2275m = 1460.97
105(75.402 — 105m) + 15,925m = 10,226.79
7917.21 — 11,025m + 15,925m = 10,226.79
4900m = 2309.58
m =~ .471

b

75.402 — 105 (239258
b: ( 4900 ) %3702

7
Y = 471x + 3.702

53

(d) The year 2015 corresponds to
x =45.
Y = .471(45) + 3.702
Y ~ 24.897

The predicted poverty level in the year 2015 is
$24,897.

16. (a)

x y xy x? y?

150 | 5000 750,000 22,500] 25,000,000
175 | 5500 962,500 | 30,625 | 30,250,000
215 | 6000| 1,290,000| 46,225| 36,000,000
250 | 6500| 1,625,000 | 62,500| 42,250,000
280 | 7000| 1,960,000| 78,400| 49,000,000
310 | 7500| 2,325,000| 96,100| 56,250,000
350 | 8000| 2,800,000122,500| 64,000,000
370 | 8500| 3,145,000|136,900| 72,250,000
420 | 9000| 3,780,000 |176,400| 81,000,000
450 | 9500| 4,275,000(202,500| 90,250,000
2970 [72,500 | 22,912,500 [974,650| 546,250,000

10b + 2970m = 72,500
2970b + 974,650m = 22,912,500

10b = 72,500 —2970m
b="7250—-29Tm

2970(7250 — 297m) + 974,650m = 22,912,500
21,532,500 —882,090m + 974,650m = 22,912,500
92,560m = 1,380,000
m = 14.9
b= 17250 — 297(14.9) =~ 2820
Y = 14.9x + 2820

(b) Let x = 150; find Y.

Y = 14.9(150) + 2820
Y =~ 5060, compared to actual 5000

Let = 280; find Y-

Y = 14.9(280) + 2820
~ 6990, compared to actual 7000

Let x = 420; find Y.

Y = 14.9(420) + 2820
~ 9080, compared to actual 9000

(c) Let & = 230; find Y-

Y = 14.9(230) + 2820
~ 6250

Adam would need to buy a 6500 BTU air condi-
tioner.
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18. (a)

(b)

xT

Y

LY

2

Chapter 1 LINEAR FUNCTIONS

y2

15
25
35
45
95
65
75
85
95

113.4
111.9
111.9
109.7
106.6
105.7
104.3
103.7
101.73
101.11

567
1678.5
2797.5
3839.5
4797
9813.5
6779.5
775
8647.05
9605.45

25
225
625

1225
2025
3025
4225
5625
7225
9025

12,859.56
12,521.61
12,521.61
12,034.09
11,363.56
11,172.49
10,878.49
10,753.69
10,348.9929
10,223.2321

500

1070.04

52,3025

33,250

114,677.325

10b + 500m = 1070.04
5006 + 33,250m = 52,302.5
10b = 1070.04 — 500m
b =107.004 — 50m

500(107.004 — 50m) + 33,250m = 52,302.5
53,502 — 25,000m + 33,250m = 52,302.5

b = 107.004 — 50(—.1454)
b 114.27
Y = —.1454x + 114.27

LYy

8250m = —1199.5
m = —.1454

y2

25
35
45
55
65
6]
85
95

144.0
135.6
132.0
125.0
118.0
117.48
113.28

113.28[10,761.6

3600.0
4746

5940.0
6875.0
7670.0
8811

9628.8

625
1225
2025
3025
4225
9625
7225
9025

20, 736
18,387.36
17,424
15,625
13,924
13,801.5504
12, 832.3584
12, 832.3584

480

098.64 [58,032.4

33,000

125,562.6272

8b 4 480m = 998.64
480b + 33,000m = 58,032.4
8b = 998.64 — 480m
b=124.83 — 60m

480(124.83 — 60m) + 33,000m = 58,032.4
59,918.4 — 28,800m + 33,000m = 58,032.4

b = 124.83 — 60(—.4490)
b= 15177
Y = —.4490z + 151.77

4200m = —1886
m = —.4490



Section 1.3 The Least Squares Line

(c) —.1454x 4 114.27 = — 4490z + 151.77
3036z = 37.5
x~ 123.52 ~ 124
1900 + 124 = 2024

The women will catch up to the men in the year 2024.

10(52,302.5) — (500)(1070.04)

/10(33,250) — 5002 - 1/10(114,677.325) — (1070.04)2
8(58,032.4) — (480)(998.64) oess

/3(33,000) — 4307 - 1/8(125,562.6272) — (998.64)2

(d) Tmen = = —.9877

Twomen =

Both sets of points closely fit a line with negative slope.

20. (a) = Yy xy 22

1 33 33 1

2 34 68 4

3 36 108 9

4 35 140 16

5 40 200 25

6 44 264 36

7| 48| 336 49

8 45 360 64

9 46 414 81
10 48 480 100
11 49 539 121
12 49 588 144
13 48 624 169
14 o4 756 196
15 o7 855 225
120 | 666 | 5765 | 1240

15b + 120m = 666
1200 4 1240m = 5765
15b = 666 — 120m

. 666 — 120m
o 15
—12
190 <666 0om

15

8(666 — 120m) + 1240m = 5765
5328 — 960m + 1240m = 5765
280m = 437
m ~ 1.5607

) + 1240m = 5765

666 — 120(1.5607)
o 15

Y = 1.5607z + 31.914

b ~ 31.914
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(b) Let Y =75 (1 hour and 15 minutes beyond
2 hours); find x.

75 = 1.5607x + 31.914
43.086 = 1.5607x
276l ~z

If the trend continues, the average completion
time will be 3 hours and 15 minutes in the year
1980 + 27.61 ~ 2008.

Chapter 1 Review Exercises

2. To complete the coefficient of correlation, you need
to compute the following quantities: > x, >y,

Sy, S22, Y y?, and n.

4. Through (4,—1) and (3,—3).

The slope of the line is undefined.

8.4x—y="7
—y=—4x+7
y=4x -7
m=4

10. 3y —1=14
3y=14+1
3y=15
Yy=2>5

This is a horizontal line. The slope of a horizontal
line is 0.

12.

14.

16.

18.

20.

Chapter 1 LINEAR FUNCTIONS

T =5y
1
57"
1
=5
Through (8,0), with slope f%

Use point-slope form.

1
y—O:—Z(m—S)
1
y:fza:+2

Through (2, —-3) and (—3,4)

43 T
-3-2 5
Use point-slope form.
7
y— (3= —1(z-2)
+3——7x+14
Yro= 5273
7 14
=—= — -3
Y 5J:+5
7 14 15
Y=TEYTS T
7773;71
Y=75 73

Through (—2,5), with slope 0

Horizontal lines have 0 slope and an equation of
the form y = k.

The line passes through (—2,5) so k = 5. An equa-
tion of the line is y = 5.

Through (0, 5), perpendicular to 8z + 5y = 3
Find the slope of the given line first.

8r +5y =3
5y =—-8x+3
-8 3
Y=F s
8
=75

The perpendicular line has m = 2.
Use point-slope form.

2]
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22. Through (3, —5), parallel to y = 4

Find the slope of the given line.

y = 0z + 4, so m = 0, and the required line will
also have slope 0.

Use the point-slope form.

y— (=5 =0(z-3)

y+5=0
y=->5
24. y=4x+3
Let x = 0. y=4(0)+3
y=3
Let y =0. 0=4z+3
—3=4z
1=

T N

26.3x —5y =15
-5y =—-3x+15

3
=2z-3
Y 5:”
When z =0, y = —3.
When y =0, z =5.
Draw the line through (0, —3) and (5,0).

b

57

28.2+2=0
T=—-2

This is the vertical line through (-2, 0).

1]
(3]
llllll?_lllllll

30. y =2z

When 2 =0, y =0.
When z =1, y =2.
Draw the line through (0,0) and (1, 2).

¥
] y=2

4

IIIlIlIO:I

] T
L L

32. (a) E =352+ 42z (where z is in thousands)
(b) R =130z (where x is in thousands)

(¢ R>FE
130z > 352 + 42«
88x > 352
>4

For a profit to be made, more than 4000 chips
must be sold.

34. Using the points (60,40) and (100, 60),

mo B _B_
100 — 60 40
p — 40 = .5(q — 60)
p—40 = .5¢ — 30
p=.5¢+10
S(q) = .5g + 10

36.  S(q)=D(q)
5g+ 10 = —.5q + 72.50
q = 62.5
5(62.5) = .5(62.5) + 10 = 31.25 + 10 = 41.25

The equilibrium price is $41.25, and the equilib-
rium quantity is 62.5 diet pills.
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38.

40.

42.

Fixed cost is $2000; 36 units cost $8480.
Two points on the line are (0,2000) and (36, 8480), so

8480 — 2000 6480

= = 180.
36 —0 36 80

Use point-slope form.

y = 180z + 2000
C(x) = 180z + 2000

Thirty units cost $1500; 120 units cost $5640.
Two points on the line are (30, 1500), (120, 5640),

SO
5640 — 1500 4140

120—30 90

Use point-slope form.

46.

y — 1500 = 46(x — 30)
y = 46x — 1380 + 1500

y = 46z + 120

C(z) = 46z + 120

(a) C(z) =3z + 160; R(z) = Tx

C(z) = R(z)
3z + 160 = Tz
160 = 4x
40 =z

The break-even quantity is 40 pounds.
(b) R(40) =7 -40 = $280

The revenue for 40 pounds is $280.

44. Using the points (91, 6) and (101, 19),
19-6 13
mETor—or 10
y—10 = 1.3(z — 91)
y—10=1.3 —-118.3
y=13—108.3
46. (a)
x y zy ? y?
75 6000 450,000 5625 36,000,000
80 7500 600,000 6400 56,250,000
85 | 12,000 | 1,020,000 7225 144,000,000
90 | 16,000 | 1,440,000 | 8100 | 256,000,000
95 | 20,400 | 1,938,000 9025 416,160,000
100 | 24,900 | 2,490,000 | 10,000 620,010,000
525 | 86,300 | 7,938,000 | 46,375 | 1,528,420,000

Chapter 1 LINEAR FUNCTIONS

6b + 525m = 86,800
6b = 86,800 — 525m
86,800 — 525m
- =
525b + 46,375m = 7,938,000

b

— 52
595 (M) + 46,375m = 7,938,000

525(86,800 — 525m) + 278,250m = 47,628,000
45,570,000 — 275,625m + 278,250m = 47,628,000
2625m = 2,058,000
m = 784
, _ 86,800 — 525(784)

6
Y = 784x — 54,133.33

~ —54,133.333

(b) Y = 784(105) — 54,133.33
~ 28,186.67

The average cost of a new car in the year 2005 is
predicted to be about $28,187.

(c)

6(7,938,000) — (525)(86,800)
/6(46,375) —5252 - /6(1,528,420,000) — 86,3002

~ .993

Yes, this indicates that the line fits the data points
quite well.

(d) 30,000
25,000 + .

20,000 -
15,000 ¢
10,000
5000+ ¢

0o YH—+—"F—"F+—+——+—

75 80 85 90 95 100105
Years Since 1900

Cost (in dollars)

No, the scatterplot suggests that the trend is lin-
ear.
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48. (a) =z y xy x? >
130 170 22,100 16,900 28,900
138 160 22,080 19,044 25,600
142 | 173 | 24,566 | 20,164 | 29,929
159 181 28,779 25,281 32,761
165 201 33,165 27,225 40,401
200 192 38,400 [ 40,000 36,864
210 | 240 | 50,400 | 44,100 | 57,600
250 290 72,500 62,500 84,100
1394 | 1607 | 291,990 | 255,214 | 336,155

8b + 1394m = 1607
13940 + 255,214m = 291, 990

8b = 1607 — 1394m

1607 —1394m

b
8

1607 — 1394
1394 (M) +255,214m = 291,990

1394(1607 — 1394m) + 2,041,712m = 2,335,920
2,240,158 —1,943,236m+2,041,712m = 2,335,920
98,476m = 95,762
m = .9724400
~ .97

1607 — 1394(.97)
B 8

Y = .97z 4 31.85

b ~ 31.85

(b) Let x = 190; find Y.

Y =.97(190) + 31.85
Y =216.15 =~ 216

The cholesterol level for a person whose
blood sugar level is 190 would be about 216.

(c)
8(291,990) — (1394)(1607)

T =
/3(255,214) — 13942 - /3(336,155) — 16072
= 933814 ~ .93

50. Using the points (90, 52.6) and (100,59.9),

599526 73

100—-90 10 3

y — 59.9 = .73(z — 100)
y—959.9=.73x - 73
y=.73x —13.1

Extended Application: Using
Extrapolation to Predict Life
Expectancy

1. T Y Ty x? y?
1950 | 71.3 139,035 | 3,802,500 | 5083.69
1960 | 73.1 143,276 | 3,841,600 | 5343.61
1970 | 4.7 147,159 | 3,880,900 | 5580.09
1980 | 77.4 153,252 | 3,920,400 | 5990.76
1985 78.2 155,227 | 3,940,225 | 6115.24
1990 | 78.8 156,812 | 3,960,100 | 6209.44
1995 78.9 157,406 | 3,980,025 | 6225.21
13,830 | 532.4 | 1,052,167 | 27,325,750 | 40,548

b + 13,830m = 532.4
13,8306 + 27,325,750m = 1,052,167
7b = 532.4 — 13,830m

5324 —13,830m

b
7

532.4 — 13,830m
7

13,830(532.4 — 13,830m) + 191,280,250m = 7,365,169
7,363,092 — 191,268,900m + 191,280,250m = 7,365,169
11,350m = 2077
m ~ .183

13,830 < ) +27,325,750m = 1,052,167

_532.4 —13,830(.183)
n 7

Y = —285+ .183z

b ~ —285

2. Let £ = 1900

Y = —285 + .183(1900)
Y =62.7

From the equation, the guess is the life expectancy
of females born is 1900 is 62.7 years.

3. The poor prediction isn’t surprising, since we were
extrapolating far beyond the range of the original
data.
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4. T Predicted value | Residual
1950 71.850 —.550
1960 73.680 —.580
1970 75.510 —.810
1980 77.340 .060
1985 78.255 —.055
1990 79.170 —.370
1995 80.085 —1.185

2..
1<_
T 19]50 . 19]70 . 19?0
_1: e °
a1

5. It’s not clear that any simple smooth function will
fit this data—there seems to be a break in the pat-
tern between 1970 and 1980. This will make it
difficult to predict the life expectancy for females
born in 2010.

6. You’ll get 0 slope and 0 intercept, because you’ve
already subtracted out the linear component of
the data.

7. They used a regression equation of some kind to
predict this value!



Chapter 2

NONLINEAR FUNCTIONS

2.1 Properties of Functions

2. The z-value of 27 corresponds to two y-values, 69
and 50. In a function, each value of x must corre-
spond to exactly one value of y.

The rule is not a function.

4. 9 corresponds to 3 and —3, 4 corresponds to 2 and
—2, and 1 corresponds to —1 and 1.
The rule is not a function.

6. y=x

Each z-value corresponds to exactly one y-value.
The rule is a function.

8. x=y*t—-1
Solve the rule for y.

yr=1+4+2 or y=xvi+a

Each value of x (except —1) corresponds to two
y-values

y=+v1l+z and y=—+v1+=x.

The rule is not a function.

10. y=—4x+9

| -2 -1 0 1 3
y|17 13 9 5 1 -3
Pairs: (-2,17), (—1,13), (0,9),
(1,5), (2,1), (3,-3)

Range: {—3,1,5,9,13,17}
)7
20+
2,17
o
8t
4__’
A
6 Te6 *
+ (3,-3)

Pairs: (—=2,-9), (-1,-3), (0,3),
(1,9), (2,15), (3,21)
Range: {-9,-3,3,9,15,21}

N[
[l I NV}
Ol w

Pairs: (-2,20), (-1,12), (0,6),
(1,2), (2,0), (3,0)
Range: {0,2,6,12,20}

y

oL

20

oL

10

-

To
I o e
I4 *

61
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16. y = —2z2

z|-2 -1 0 1 2 3
y|-8 -2 0 -2 -8 -18

Pairs: (—2,-8), (—1,-2), (0,0),
(17 _2)7 (27 _8)7 (37 _18)
Range: {—18,—8,—2,0}

y
H:H}::i::{:}x
T.
-2
18. y =
Y x+4
x|-2 -1 0o 1 2 3
2 1 2 1 2
v -1 -3 -3 -3 -3 -3
Pairs: (_27 1)7 (_17_%)7 (07_%)7

2) 5y 3
y__
2__
T 2
RN L
2+
2r +1
20. y =
y z+3
z|-2 -1 0 1 2 3
1 1 3 7
y|-3 -3 3 1 1 3§
Pairs: (—2,-3), (—17—%), (07%)’
(1,3), (2,1), (3,%)
Range: [—3,—%7%,%,17%}
y__
2__
1 _i : 1 T é |x
_2——
[ ] —_

22,

24.

26.

28.

30.

32.

Chapter 2 NONLINEAR FUNCTIONS

flx) =a+2

x can take on any value, so the domain is the set
of real numbers, which is written (—oo, 00).

f) = (z—2)?

x can take on any value, so the domain is the set
of real numbers, (—oo, o).

f) =l -1

x can take on any value, so the domain is the set
of real numbers, (—oo, 00).

flx)=Bx+5)2=3x+5
For f(z) to be a real number,

3xr+5>0
3z > -5

%(?ms) >

Wl

In interval notation, the domain is [~2, 00).

-8

f(f):m

In order for f(z) to be a real number, 2% — 36
cannot be equal to 0.

When z2—-36=0,
% =36
=6 or x=—6.

Thus, the domain is any real number except 6 or
—6. In interval notation, the domain is

(=00, —6) U (—6,6) U (6,00).

L

x can take on any value. No choice for x will pro-
duce a zero in the denominator. Also, no choice
for = will produce a negative number under the
radical. The domain is (—oo, 00).



Section 2.1  Properties of Functions
34. f(x) =+1bz2 + 2 —2

36.

38.

40.

The expression under the radical must be nonneg-
ative.
1522 4+2—-2>0
(5x+2)(3x—1) >0

Solve (5x +2)(3x — 1) = 0.

br4+2=0 or 3z—1=0
Sr = —2 3r =

2 1

r=—— or r==

5 3

Use these numbers to divide the number line into
3 intervals, (—oo7 —%) , (—%, %) , and (%,oo) .
Only values in the intervals (—oo, —%) and (%, o0

satisfy the inequality. The domain is (—oo, —%] U

1.59).

o) =25

For f(x) to be a real number,

x+1>0.
x—1 "

@1 (7)== 00

x—1

r+1=0
r=-1

Also, x # 1, since this will cause the denominator
to be zero.

Use the numbers —1 and 1 to divide the num-
ber line into 3 intervals, (—oo,—1), (—1,1), and
(1,00).

Ounly the values in the intervals (—oo, —1] and
(1, 00) satistfy the inequality.

The value —1 is included, since the numerator may
be zero, but the value 1 is not included since it
would make the denominator zero.

The domain is (—oo, —1] U (1, 00).

By reading the graph, the domain is all numbers
greater than or equal to —5. The range is all num-
bers greater than or equal to 0.

Domain: [—5,00) Range: [0, 00)

By reading the graph, both = and y can take on
any values.

Domain: (—o00, c0) Range: (—o00,00)

42. f(x)=(z+3)(z —4)

m
or 2(2+3m)§1—2m)
m
(e) fl@)=1
(x+3)(z—4)=1
?—r—-12=1
22—2—-13=0
1+ V1452
e 2
. 1++/53
2

r~ —3.140 or x ~ 4.140

C3()-5 12-5 7
@ /=33~ 333 1

P Ca +
SIS RS
|

—~~
o
N
~
/~
3w
~
Il
RO W
SN— | ~—
_|_

| ot

<y
3
=N
|
ISy
3

+
13 5K

[~ o

~

S 3
|
ot

63
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(e) flx)=
3r—5 _
20 +3
3r—5=2x+3
=28

46. The domain is all real numbers between the end
points of the curve, or [—2,4].
The range is all real numbers between the mini-
mum and maximum values of the function or [0, 5].

(@) f(=2)=5 (b) £(0)=0

@)f(%)—l

(d) From the graph, if f(z) =1, z = —.2, .5, 1.2, or
2.8.

48. The domain is all real numbers between the end
points of the curve, or [—2,4].
The range is all real numbers between the mini-
mum and maximum values of the function, or in
this case, {3}.

(a) f(-2) =3
(b) F(0) =3

(©) f (%) =3
(d) From the graph, f(z) is 1 nowhere.

50. flx) =62% -2
F@r—1)=6(2r —1) -2
—6(4r2 —dr+1)—2
=24r2 —24r +6—2
=24r% — 24r + 4

52. g9(z —p)
=(z=p)?—2(z—-p)+5
=22 —-22p+p*—22+2p+5

s (2)- () (2

25 10
== +—+5
z z
25 10z 522
T2 T T
25+ 10z + 522

56. A vertical line drawn anywhere through the graph
will intersect the graph in only one place. The
graph represents a function.

Chapter 2 NONLINEAR FUNCTIONS

58. A vertical line drawn through the graph will inter-
sect the graph in two or more places. The graph
does not represent a function.

60. A vertical line is not a function since the one z-
value in the domain corresponds to more than one,
in fact, infinitely many y-values. The graph does
not represent a function.

62. f(z) =8 — 322

(a) f(zx+h)=8-3(z+h)?
=8 — 3(2% + 2zh + h?)
=8 — 3% — 6zh — 3h?

(b) flz+h)—f(z)
= (8 — 32 — 6xh — 3h?)

— (8 — 322?)
=8 — 322 — 6xh — 3h? — 8 + 322
= —6xh — 3h?
(©) flx+h)— f(z) _ —6zh - 3h?
h h
_ h(—6x —3h)
h
= —6x — 3h

64. f(x) = —42? + 3z +2

(a) flz+h)
=—4(z+h)?>+3(x+h)+2
= —4(z* + 2hx + h?) + 3z + 3h + 2
= —42? — 8hx — 4h* + 3z + 3h + 2

(b) flz+hn)— f(z)
= —42? —8hx —4h®> +3x +3h + 2
— (—42® + 32+ 2)
= —4x? — 8hx — 4h?® + 3x + 3h + 2

+ 422 — 3x — 2
= —8hx — 4h? + 3h
(©) flx+h)— f(z) _ —8hx — 4h? + 3h
h h
_ h(—8x —4h +3)
h
— 8z —4h+3
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66. f(x):—% (8) S(43)=S(5)=7(5)+4=35+4=39
1 The cost is $39.
(a) fle+h)= NEETE
z (h) To continue the graph, continue the horizontal
_ 1 bars up and to the right.
22 4 2zh + h?
1 1 (i) The independent variable is z, the number of
(b) flx+h)— f(z)= “E TR <_F> full and partial days.
B 1 N 1 (j) The dependent variable is S, the cost of renting
T 224 2ah+ b2 2? a saw.
22
== 22(z2 1 2zh + 12) 70. (a) The curve in the graph crosses the point with

x-coordinate 17:37 and y-coordinate of approxi-
(2% + 2xh + h?) Y PP

x2(x? 4 2zh + h?)
—x? + 22 + 2xh + h?
22(z% + 2zh + 12) (b) The curve in the graph crosses the point with
2h + b2 z-coordinate 17:39 and y-coordinate of approxi-
== 23: 5 mately 240. So, at time 17 hours, 39 minutes the
@?(2? + 2ch + h?) whale reaches a depth of about 240 m.

mately 140. So, at time 17 hours, 37 minutes the

whale reaches a depth of about 140 m.

(c) fle+h) - f(x) _ % 72. (a)(i) By the given function f, a muskrat weigh-
h h ing 800 g expends
B 2c+h
- 22(22 4 2zh + h?) £(800) = .01(800)-88

~ 3.6, or approximately
68. If z is a whole number of days, the cost of renting

a saw in dollars is S(z) = 7z + 4. For z in whole 3.6 kcal /km when swimming at the surface of the

days and a fraction of a day, substitute the next water.

whole number for z in 7x + 4, because a fraction

of a day is charged as a whole day. (ii) A sea otter weighing 20,000 g expends

(a) S(3)=5(1)=7(1)+4=11 £(20,000) = .01(20,000)

The cost is $11. ~ 61, or approximately

(b) S(1)=7(1)+4=11 61 kcal/km when swimming at the surface of the
water.

The cost is $11.
(b) If z is the number of kilogram of an amimal’s

1y _ _ — —
(c) S(11) =5(2)=7(2)+4=14+4=18 weight, then z = ¢g(z) = 1000z is the number of

The cost is $18. grams since 1 kilogram equals 1000 grams.
(d) S(33)=5(4)=7(4) +4=28+4=32 74. (a) P =2L+2W
The cost is $32. 500

However, LW = 500, so L = W
(e) S4)=7(4)+4=28+4=32
The cost is $32.
(f) S(445) =5()=7(5)+4=35+4=39 PW)=——+42W
The cost is $39.
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(b) Since L = 32 W % 0 but W could be any
positive value. Therefore, the domain of P is 0 <

W < .
P = (1000/w) + 2w
300

e

0 100

2.

2 Quadratic Functions;
Translation and Reflection

4. The graph of y = (z — 3)? + 2 is the graph of
y = 22 translated 3 units to the right and 2 units
upward.

This is graph A.

6. The graph of y = —(3 — )% + 2 is the same as the
graph of y = —(z — 3)? 4 2. This is the graph of
y = 22 reflected in the z-axis, translated 3 units
to the right, and translated 2 units upward.
This is graph C.

8. y=22+6x+5
y=(z+5)(x+1)

Set y = 0 to find the z-intercepts.

0= (x+5)(x+1)
rT=-95 x=-1

The z-intercepts are —5 and —1.
Set « = 0 to find the y-intercept.

y=02+6(0)+5
Yy=>5
The y-intercept is 5.
The z-coordinate of the vertex is
L_b_ 6
2a 2
Substitute to find the y-coordinate.

—3.

y=(-3)2+6(-3)+5=9—-184+5=—4

The vertex is (—3, —4).

Chapter 2 NONLINEAR FUNCTIONS

The axis is * = —3, the vertical line through the

/

vertex.

10. y= —222 — 122 — 16
= —2(2? 4+ 62 + 8)
=2x+4)(r+2)
Let y = 0.
0=—-2(z+4)(z+2)

r=—4, x=-2

—4 and —2 are the z-intercepts.
Let z = 0.
y=—2(0)2 +12(0) — 16
—16 is the y-intercept.
-b 12
Vertex: t = — = — =
ertex: ¥ = —— = —
y=—2(-3)2 —12(-3) — 16
=—-184+36—-16=2

-3

The vertex is (-3, 2).
The axis is * = —3, the vertical line through the
vertex.

12. y =222+ 122 — 16

Let y = 0.
202 + 122 —16 =0
22 +6x—8=0
= 62 — 4(1)(-8)

2(1)
—6+168  —6+2/17
2 2

=-3+ V17
The z-intercepts are —3 £ /17 =~ 1.12 or —7.12.
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Let x =0.
y=2(0)2 +12(0) — 16 = —16
The y-intercept is —16.
The x-coordinate of the vertex is
o =b 12 3
v 2 4 7
If x = -3,
y=2(-3)+12(-3) — 16 = 18 — 52 = —34.

The vertex is (—3,—34).
The axis is x = —3.

f)=2x> +12x- 16

14. f(x) =222 —42+5
Let f(xz)=0.
0=22%2—4z+5

o 2(2)
4£v16-40 4+£/-24
N 4 N 4
Since the radicand is negative, there are no x-
intercepts.
Let x = 0.

y=2(0)2—4(0)+5
y=>5
5 is the y-intercept..

Vertex: © =

% 2(2)

The vertex is (1, 3).
The axis is x = 1.

fx)=2x%—4x+5

67

1
16. f(x) = —§x2 +2x+4
Let f(z)=0.
L
0= —gac + 2z 44
Multiply by —3 to clear fractions.
0=2%—6x—12

Use the quadratic formula.

6+ /36 —4(1)(-12)

2

_6+VB1  6+2V21
22

Tr =

:2(312@) _ 34 a0

The z-intercepts are 3++/21 ~ 7.58 and 3—+/21 ~
—1.58.

Let x = 0.

T

=-346+4=7

The vertex is (3,7).
The axis is x = 3.

HpHH
fo)==(1/3)2?

I*I 4
X
+2x+4
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18.

20.

22.

*2x2—§x+§
YT3v T3t T3
Let y =0.
2, 8 5
0—513 *gl’+§

Multiply by 3.
0=222—-8x+5

—(=8) £ V(=8> —4(2)(5)

2(2)
_ 8+64—40 8424
B 4 4
_ 8+2V6 V6

=24+
1 2

xr =

The z-intercepts are 2 + @ ~ 3.22 and 2 — @ ~
.78.
Let x = 0.

% is the y-intercept.

_ _(_8 8

Vertex: :c:—b: (23) =3
20 2(3) 3
5

3

The vertex is (2, —1
The axis is x = 2.

The graph of y = v +2 — 4 is the graph of
y = /7 translated 2 units to the left and 4 units
downward.

This is graph D.

The graph of y = /—x +2 — 4 is the graph of
y = /—(z — 2) — 4, which is the graph of y = /%
reflected in the y-axis, translated 2 units to the
right, and translated 4 units downward.

This is graph C.

24.

26.

Chapter 2 NONLINEAR FUNCTIONS

The graph of y = —vx +2 — 4 is the graph of
y = v/ reflected in the z-axis, translated 2 units
to the left, and translated 4 units downward.
This is graph E.

The graph of y = f(z — 2) 4+ 2 is the graph of
y = f(x) translated 2 units to the right and 2
units upward.

28.y=f(2—x)+2

y=fl-(x—2)+2

This is the graph of y = f(z) reflected in the y-
axis, translated 2 units to the right, and translated
2 units upward.

T 696
(-3,2) ‘ }
% G0 7

30. flx)=vVr+1-4

Translate the graph of f(z) = /z 1 unit left and
4 units down.

y__
_'t_
2+ X
H+
(-1 _4)2_: f(x): \x+1-4
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32. f(x) =—v2—z+2=—/—(2—2)+2

Transl