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» How to Evaluate, Simplify, and Solve

EVALUATE

SIMPLIFY

CHAPTER 1

CHAPTER 2
CHAPTER 4

CHAPTER 5

CHAPTER 6

CHAPTER 7

CHAPTER 8

SOLVE

The most common directions in algebra are evaluate, simplify, and solve.

To find the value (usually numerical) of an expression.
To replace variables and constants with numbers in a formula or expression.
To replace the function variable with numbers or another expression.

To change an expression, making it less complicated.

The meaning of simplify expands as you progress through the book.

Do the operations shown, such as +, —, X, and +.

Do the operations shown, taking into account the order of operations.

Use the distributive property to eliminate parentheses from an expression.

Do the operations shown using number properties, such as the associative proper-
ties of + and X or the commutative properties of + and X.

Eliminate common factors in a fraction, leaving the fraction in lowest terms.

Add (or subtract) like terms.

Carry out any of the above steps on the expressions on either side of an equation
before solving the equation.

Do the operations needed, after substituting numbers into an expression or function.

Add (or subtract) like terms in a polynomial.

Arrange terms in descending order of exponents on whichever variable is first
alphabetically.

Do the operations shown with power expressions, leaving no zero or negative
exponents.

Do the operations shown with power expressions, using the properties of exponents.

Find the square root of square factors under a radical sign.

Apply the product and quotient properties of square roots.

Change even square roots of negative numbers to the product of a real number and i.

Do the operations shown with complex numbers.

Eliminate common units (feet, inches, etc.) from the numerator and denominator
of a fraction.

Eliminate common factors in a ratio, leaving the ratio in lowest terms.

Eliminate common units from a unit analysis and do the operations.

Factor rational expressions and eliminate common factors.

Apply the properties of fractions to adding, subtracting, multiplying, and dividing
rational expressions.

Do the operations shown with power expressions, using the properties of exponents.

Do the operations shown in and with square root expressions.

Apply properties of square roots to variable expressions.

Rationalize the denominator of an expression.

Use the properties of exponents on the definition of a logarithm.

To isolate the specified variable on just one side of an equation or inequality.

To find the common ordered pair in tables for the left and right sides of an
equation.

To find the intersection of the graphs of the left and right sides of an equation.

To draw on a number line the solution set to a linear inequality in one variable.

To isolate the specified variable on just one side of a formula.

To find the values of both variables in a system of two equations.

To find the values of three variables in a system of three equations.

To draw on rectangular coordinate axes the solution set to a linear inequality in
two variables.
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» (Common Facts

Time

60 seconds = 1 minute

24 hours = 1 day

365 days = 1 common year
366 days = 1 leap year

100 years = 1 century

Length

12 inches = 1 foot

16.5 feet = 1 rod

6 feet = | fathom

1 knot = 6080 feet/hour

1000 millimeters = 1 meter
100 centimeters = 1 meter
1000 meters = 1 kilometer

1 meter = 39.37 inches

Area

1 square mile = 640 acres

Capacity (or Volume of Liquids)
16 tablespoons = 1 cup

2 cups = 1 pint

4 quarts = 1 gallon

8 fluid ounces = 1 cup

1000 milliliters = 1 liter

60 minutes = 1 hour

30 days = 1 month

3654l days = 1 year

10 years = 1| decade

1000 years = 1 millennium

3 feet = 1 yard

660 feet = 1 furlong

5280 feet = 1 mile

1 knot = 1 nautical mile/hour

10 millimeters = | meter
107 centimeters = 1 meter

10° meters = 1 kilometer

2.54 centimeters = 1 inch

1 hectare = 10,000 square meters

1 tablespoon = 3 teaspoons
2 pints = 1 quart
1 gallon = 231 cubic inches

10® milliliters = 1 liter

N

irrational
numbers

decimals that do not repeat or

terminate

>

~

)
>

numbers

real

rational
numbers

b

numbers whole .
numbers integers

terminating decimals

repeating decimals

square roots that come out even

natural
fractions

12.25 V16

6.25 V9

F

1 liter = 1.0567 quarts lg' N

Mass 5, & |

16 ounces = 1 pound 2000 pounds = 1 ton

10% grams = 1 kilogram
10% milligrams = 1 gram

1000 grams = 1 kilogram
1000 milligrams = 1 gram
1000 kilograms = 1 metric ton

2.205 pounds = 1000 grams

» The Real Number Line 2]

On the real number line, displayed to the right, it is not possible to show
imaginary numbers bi.

~1.666

=2.

-3.75




» Symbols

a+b
a

b

a -« b, a(b), ab,
(a)(b)

a—b

=3

-b

=+

+3

|

()
[]
()

/

U

Il

v Vv

addition of @ and b

division of a by b

multiplication of @ and b
subtraction of @ and b
negative 3

opposite of b

plus or minus (add or subtract)
positive three

absolute value

braces

brackets

parentheses

circle on a graph: the point is
excluded from the graph

dot or filled-in circle on a graph: the
point is included in the graph

double slash on a graph: the spacing
between the origin and the first
number on the axis is different from
the spacing between the other
numbers

negative infinity

positive infinity

repeats or continues, as in a
pattern of numbers

set of real numbers

the empty set

is a equal to b?

is approximately equal to
is equal to

is greater than

is greater than or equal to

» Functions and Sequences

is less than

is less than or equal to

is unequal to

the open interval a < x < b
the closed intervala = x = b
the intervala <x=»b

the interval a = x < b

the interval x = b

the interval x > a

base b with exponent n
square (exponent 2)

cube (exponent 3)

principal square root, radical sign

nth root of a, usually the principal nth
root

square root of —1, V-1 (j is used
in physics)

base of the system of natural logarithms,
approximately 2.71828

natural logarithm of a, log, a
common logarithm of a, log,, a
logarithm of a with base b

degree (temperature or angle)
delta: change

function of x

percent

perpendicular

pi, approximately 3.14

ratio of a to b

square corner at perpendicular lines
variable x with subscript 1

inverse of the matrix A

an identity matrix

Linear functions, f(x) = ax + b, correspond with arithmetic sequences and have common (constant) first

differences.

Quadratic functions, f(x) = ax’> + bx + ¢, correspond with quadratic sequences and have common (constant)
second differences.

Exponential functions, f(x) = ab", correspond with geometric sequences and have both a multiple of the original
sequence as a first difference and a common (constant) ratio of consecutive terms.
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Personal Finance

Annual income, 36

Annual salary, 350

Annual wages, 455-456

Assisted living rental expense, 76

Book purchases, 201

Cell phone charge, 38, 144

Change machine, 135

Check cashing, 38

Checking account costs, 121, 197-198

Coins, 182, 185, 186, 201, 203

College tuition cost, 38, 42, 132133,
370

Compound interest, 546-547, 552,
563, 572-573

Credit card costs, 39, 135, 172, 175,
187, 351

Diamond prices, 131, 151

Diaper costs, 507

Electricity billing, 506

E-mail account charges, 86, 144

Estate distribution, 61

Fax charges, 86, 144

Hourly wages, 176, 273, 430,
455-456., 459, 495. 501, 503

House value, 498, 552, 567

Income eligibility guidelines, 131

Income tax, 50

Interest

on debt, 172, 175
earned, 175, 218, 507

Loan costs, 121, 142, 175, 455458,
506

Long-distance charges, 115, 131

Lotteries, 373-374, 377, 381

Monthly budget allocations, 615
Mortgage escrow account, 74
Net pay, 38

Notebook costs, 51

Phone cards, 38, 130

Photocopy cards, 100, 102-104, 110,

113-114
Postage costs, 87, 90-91, 97, 130,
142, 144
Property tax, 36, 459
Real estate loan, 38
Sales tax, 92, 109, 121, 148, 370
Social Security, 98, 498, 640
Stock value, 498
Total cost, 41, 42

Transcript copy costs, 40, 4243, 86,

88,92, 144, 151
Wage options, 552

Sports

Archery, 17

Athletic club fee, 149

Ball
bouncing, 510-511, 522
kicking, 309-310, 314, 342
throwing, 110

Baseball, 73, 429

Basketball, 17, 73, 176

Bicycling, 382, 416

Bowling, 42, 200

Boxing, 347

Diving, 302-304, 308, 316
from cliff, 264, 275, 305, 507
Olympic platform, 271, 275, 302,

305, 350

Figure skating, 203, 384

Golf, 26, 186, 258-260, 271, 347,
349

Handball, 17

Running, 13, 416, 426

Skiing, 38

Skydiving, 571

Team standings, 174

Tennis, 429

Ticket sales, 615

Wrestling, 347

Transportation

Airline luggage charge, 74
Airplane inspection cost, 148
Automobiles
depreciation of, 496, 548
growth in prices of, 495-496
skid distances of, 296, 371, 430.
435
Average trip speed, 373, 405-406,
412, 415, 432
Boat mooring cost, 149
Bus pass cost, 151
Car/truck rental charges, 60, 86. 130
Diesel fuel cost, 394
Driving times, 372, 415
Gasoline prices, 580
Highway exit distances, 136, 144
Mass transit fares, 50, 109
Painting lines on a road, 382
Parking meter expense, 38
Subway station toll gates, 426
Taxi cab charges, 86, 151
Travel distance, 86, 121



To my grandparents, for their belief in education

My paternal grandparents chose tuition over farm payments, sending their son to a
university in the depth of the 1930s depression. My maternal grandfather, a widower
and civil servant, sent all four daughters through that same university, where the
youngest one met and married the farmers’ son.



Preface

Why Intermediate Algebra: Everyday Explorations?

My purpose in writing Intermediate Algebra has been to present algebra with
multiple representations within everyday applications using appropriate calcula-
tor operations.

Intermediate Algebra: Everyday Explorations is based on

» the premise that concept development and understanding of mathematical thinking
are facilitated by number patterns, problem solving, exploration, and discovery,

* agreement with the standards advocated by organizations such as the American
Mathematical Association of Two Year Colleges (AMATYC), the Mathematical
Association of America (MAA), and the National Council of Teachers of Mathe-
matics (NCTM),

* the motivation of everyday applications,
« the availability of technology and its considered use, and

¢ the mastery of certain basic skills.

What Is the Everyday Exploration Approach?

Students order transcripts, use a photocopy machine, rent moving trucks, experience
wind chill and humid days, and adjust thermostats in their homes. This is everyday
mathematics. By exploring these and settings such as flower arrangements, roadbed
transition curves, and planets discovered with Doppler spectroscopy, Intermediate
Algebra encourages observation of mathematics outside the classroom while identi-
fying the rules and equations that form the mathematical basis inside the classroom.

From one edition to the next, what never changes is the four-fold representation
(numeric, visual, verbal, and symbolic) with problem solving. In the first chapter, the
input-output tables for the everyday settings lay the ground work for multiple repre-
sentations and, at the same time, lay a solid foundation on which to build the func-
tion concept.

Why Number Patterns?

Because numbers are usually students’ most comfortable part of mathematics, Inter-
mediate Algebra has an emphasis on relating number patterns to visual, symbolic,
and verbal representations. Sometimes we need to spend time with numbers to see
patterns. My mother had little or no interest in mathematics until she made an
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embroidery multiplication table for my classroom. She discovered that the digits in
the multiples of nine added up to nine: 9, 18, 27, 36, 45, 54, 63, 72, 81, 90, 99, 108.
She was a very bright woman but had just never looked.

What Has Changed with the New Edition?

With each edition comes the challenge of what can be done to improve the book. As
in the past reviewers and current users have contributed ideas. These include:

* Open the text with a problem-solving setting.
* Include additional data sets for linear, quadratic, and exponential regression.

¢ Format quadratic function material from three chapters to two chapters. Place
optional material toward the end of each chapter.

* Expand the number of short historical comments about people, mathematical his-
tory, or mathematical notation within the reading or as margin boxes.

* Solve absolute value inequalities stressing three basic forms (equality, less than,
greater than).

¢ Include cumulative reviews after each chapter.

» Write a graphing calculator appendix.
In addition, the fourth edition

¢ Includes 170 Instructor Extras in the margin to provide additional in-class group
practice or a source for quizzes, review, or tests.

¢ References websites so students can learn more or check for most current data.

» Re-evaluated problem-solving and project exercises. Placed summary projects into
the Chapter Review Exercises to encourage alternative assessment.

» Core exercises are clearly identified by blue numbers throughout the text, making
them easy for instructors to assign to students (see Exercises 5-8 on page 5 for
examples of core exercises). These exercises allow students new to algebra to prac-
tice skills as well as core material, and encourage students reviewing algebra to
extend their knowledge with more challenging exercises.

Effective Instruction

Think about a task or activity you fear or hate to do. How do you feel when think-
ing about it? Instructors have been successful at mathematics whereas community
college students, as a rule, have not had a successful mathematics experience.

When I've presented a topic differently than how you learned it, I've tried to
explain why to the student (and, of course, to instructors who read the text). Remem-
ber, we all learn in different ways. I've tried to include approaches that reach the
visual or kinesthetic learner who cannot memorize procedure. I stress to all students
the importance of learning multiple approaches. It is empowering.

What if | Am a New Instructor?

Because many new instructors have little teaching experience and adjunct teachers
have minimal time to prepare, the explorations in many sections suggest how to
introduce a topic.

Whatever you do, share why you are excited about mathematics. You may be one
of the many instructors inspired by fractals or finding the largest prime number of
the Mersenne type. You may be inspired by mathematics and music or mathematics
and art.
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Here are the topics in the first 15 pages of the Instructor’s Resource Manual:

Preface
Thriving with Change
Get Your Colleagues on Board

Expectations: You and Your Students

Developmental Algebra
Course Planning
Week-by-Week Course Plans

Strategies for Teaching and Learning
* Problem Solving

* Discovery Learning

* Four-fold Approach

* Vocabulary

¢ Planning Assignments

e Guided Reading

* Applications

Tips on Classroom Management

* Be Prepared!

e Start Each Class with a Warm-up

e The First Class

* Taking Attendance and Returning
Homework

e In Class

« Paying Attention to Your Timing

* Maintain a Positive Atmosphere

Projects

Tests

Testing and Assessment Strategies
Learning from Tests

Quizzes

Portfolios

Graphing Calculators

Organizing Groups

Getting Students Acquainted
Monitoring Groups: Listen;
Don’t Interrupt

Calculator Teaching Aids
Questions on Homework
Coaching on Homework

The remaining IRM is Section by Section Lessons, Extra Activities, and Tips by Topic.
For a copy of the Instructor’s Resource Manual, contact your local Houghton Mifflin
sales representative.

Within the remainder of this Preface and in To the Student are additional elements
for effective teaching and learning. Encourage your students to read their section at
the times suggested within the material.

NUMERIC

Real Numbers (Section 1.2)
Input-Output Tables (Section 1.3)
Number Patterns (Section 1.3)
Guess and Check (Section 1.6)

SYMBOLIC

Expressions (Section 1.3)
Equations and Formulas (Section 1.7)

VISUAL

Pictures (Section 1.1)
Manipulatives (Section 1.3)
Graphs (Sections 1.5 and 1.6)

VERBAL I

Written Communication
Oral Communication
Algebraic words (Sections 1.3 and 1.4)
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» Pedagogy

Objectives

The learning outcomes for each section are listed at the beginning of the section.
They serve as a summary for both students and instructors and coordinate with the
titles on the examples.

Objectives

® |dentify and apply Polya’s four steps for problem solving.
e |dentify conditions and assumptions in problem solving.
® Apply strategies within problem-solving steps.

Warm-ups

The Warm-up at the beginning of each section is designed to serve as a class opener,
reviewing important concepts, beginning exploration, and linking prior and upcom-
ing topics. Warm-ups tend to be skill-oriented; they generally connect to the algebra
needed to solve text examples. The answers to the Warm-up appear in the Answer
Box at the end of the section.

WARM-UP

Explain why cach of these multiplications can be done by reasoning. Do
them.

El=1m ZI:x16 3 %9 4 xu

5 X IR &1xis vl 8 ix14t

Small-Group Work

Some sections contain introductory questions or activities. These are intended to be
done in class in small groups. In Section 1.1, for example, the Example | Explo-
ration leads into problem solving. The examples demonstrate how each student may
contribute to the class and, in turn, learn from others. It is important to emphasize
that students improve their own understanding by helping others.

P EXAMPLE 1 Exploration with Ikebana  Koshi has a flower-arranging business. In order 10 teach
both efficient use of materials and the art of the arrangement. Koshi gives you, his
new apprentice, a challenge: Choose the height of a “miniature” tall vase and find

the lengths of the stems required to create a three-stem tall-vase Ikebana arrange-
ment using a total of 12 inches of chenille stem.
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> Problem Solving

George Polya’s four-step approach to problem solving—understanding the problem,
making a plan, carrying out the plan, and checking the solution—is introduced in
Section 1.1 and revisited where appropriate. The text then focuses on planning
strategies: looking for a number pattern, making a table of inputs and outputs, and
using manipulatives, finding number patterns, breaking mind set, making a graph,
working backwards, choosing a test number or ordered pair and checking, guessing
and checking, and making a systematic list.

Problem Solving

The exploration suggests problem solving. As defined by the National Council of
Teachers of Mathematics, problem solving is engaging in a task for which the solu-
tion method is not known in advance. We use problem-solving techniques thoughout
this course. We start by dividing the exploration into four steps. This four-step
approach was first published by George Polya in How ta Solve It in 1945. Polya sug-
gested that the elements of problem solving can be summarized as understanding the
problem. making a plan, carrying out the plan. and then checking the solution.

PROBLEM-SOLVING STEP | UNDERSTAND THE PROBLEM.  The first step in solving a problem
is to understand the problem. Under ling a problem requires finding the conditions
and then stating our assumptions, A condition is a requirenent or restriction stated
within a problem setting. An assumption is something not stated but taken as a fact.

Explorations

Some examples are intended to be used in class for individual or group exploration.
The solutions to these exploratory examples are included in the Answer Box at the
end of the section.

P EXAMPLE 1  Exploring wind chill: reading o table and finding temperature change
a. Which two rows of Table 3 are shown in Table 47
b. From Table 4. what is the wind-chill apparent temperature at 25°F with a wind
of 30 miles per hour (mph)?
TABLE 4  For T = 25°F Current Temperature
Wind (mph). § 0 5 10
Apparent Temp. A (°F)| 25 22 10

W

20 25 30
=3 -7 =10

[

¢ By how much did the wind in part b change the temperature?

d. Which two rows of Table 3 are shown in Table 57

e. From Table 5, what is the wind-chill apparent temperature at —5°F with a wind
of 10 mph?

TABLE 5  For T= —5°F Current Temperature

Wind (mph). § 0 5 10 15 20 25 30

Apparent Temp. A (°F)] -5 10 -27 -38 —46 -352 56

. By how much did the wind in part ¢ change the temperature?

SOLUTION  Hinr: To find the change in temperature, subtract the starting temperature from the
ending temperature. See the Answer Box. <
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Hands-On Materials

The text supports use of an assortment of hands-on materials: algebra tiles for adding
like terms; paper folding; and explorations with coin tossing. Many of the projects
in the Exercises involve hands-on materials.

Adding Like Terms

Many steps in algebra require that we see how expressions are alike and how they
are different. To distinguish expressions such as x + 2, 2x, and 2 it may be helpful
to associate them with physical objects such as algebra tiles. In Example 9, let x be
the side of the large square. let | be the side of the small square, and let x and 1 he
the sides of the rectangle.

P EXAMPLE 9 Finding area with algebra files
a. What is the area of each rectangle or square shown in Figure 97
b. What is the total area of the ligures?

A
| zasase B

1 1
ol
X x ' Dl i
|
X 1 1

FIGURE 9 Algebra tiles

Examples

Each example begins with a title, which states the purpose of the example. Usually
these titles relate back to the objectives for the section.

P EXAMPLE 3  Complefing the square in an equation  Find what must be added to each side of the
quadratic equation ax® + by + ¢ = 0 to create a binomial square on the left. Draw
@ binomial square figure.
y b
SOLUTION axr’+bx+e=0 We need * # —x to conipléte the squiire.
o
Step 1: ax* 4+ bx = ¢ Subtract ¢ from both sides.
s b ¢
Step 2: X t—x= - Divide hoth sides by a.
a a
"’Zh; The completion of the square is shown in Figure 19.
x
b bx b \2 ¢ (b2
x| 22 t Step 3: X4 —=+ (—) = ——+ (——) Complete the square. Add the
a 2a a 2a square of half the coefficient of v,
plfobe | (o ,‘,.L’)" ’,'1)’ ide.
"2 |2 +(2a) ( 1 ur( %) to both sides.
b\? ¢ b \?
" Step 4: (,\' fpgiad mnessts i (*‘) Write the left side of step 3 as a
FIGURE 19, Bingmial 3 2a a 2a, binomial muarc‘ i
square (x + )
The dimensions of the square in Figure 19 appear on the left side of step 4. <

Think about it

“Think about it” questions are included within the reading material to encourage
students to relate examples to prior material, to extend examples, and to practice ver-
balization skills. Answers to the questions are provided in the Answer Box.

Linear Funcrion A linear function can be written f(x) = mx + b. The constants m and b may

be any real number. The variable, x, has 1 as its exponent.
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Sequences

Number patterns are used to identity and distinguish linear, quadratic, and exponen-
tial functions.

» 4.1 Exercises

What is the next number in each sequence in Exercises 1 and 2? Identify eoch as In Exercises 7 and 8, which equations are quadratic? Change to standard form with
linear, quadratic, or neither. 0> 0ond identify the coefficients o, b, and ¢
o 1,3,9,27, 81,243 T.a x' =8
b. 11,18.25,32.39 b x —4=uxx+4)
¢ 56,47, 38,29, 20 Ccx—2x—d=xx—4
d =1, 17 1731 d I +x=x—-2x+1)
2.0 2.3.6.11,18 8.0 x(4 —x)=x+4
b. =9, -7, -3.3,11 b. 5—3x—3)=—x(x—3)
6 —3, =8 —I3;—18, =23 ¢« 5= x(x = 3)= —x(x + 3)
d 1.2.4.8.16 d 3 -4 - ) =34 - x)?

Applications

To encourage creative thinking and depth in understanding, the text often poses a
variety of questions about a single application setting. In addition, several applica-
tions, such as the cost of transcripts are repeated throughout the text so that students
may observe the continuity and connections among topics.

P EXAMPLE 3 Building o table and graph from on application ~ Suppose the first copy of a school
transeript costs $3 and cach additional copy costs $2.
0. Identify the independent (input) and dependent (output) variables.
b. Make a table and graph to show the total cost of ordering 1 1o 5 transeripts.
«. Use the table and graph to find the cost of 3 transcripts.
d. Use the table and graph to solve for the number of transcripts that can be
bought for $9.

SOLUTION @, The total cost depends on the number of transcripts ordered. The number of
transcripts is the independent variable (on the horizontal axis), The total cost is
the dependent variable (on the vertical axis).

b. The total costs are shown in Table 16 and Figure 12.

TABLE 16  Tronscript Cost Dependent
variable
Input: Qutput:
Transcripts Total Cost m
Ordered (dollars)
2
1 3 ? .
2 5 g 0
= o
3 7 2 g
4 9 g -
5 11 5 0
= B
Lol
.
2
Independent
0 2 3 4 5 6 variable
Number of copies

FIGURE 12 Transcript cost

«. In Table 16. three transcripts match with $7. In Figure 12, find 3 on the horizon-
tal axis, and then look for the point on the graph where x = 3. Again, for
3 transcripts, the total cost 1s $7.

~

. In Table 16, the $9 cost matches with 4 transeripts. In Figure 12, find $9 on the
vertical axis, and then look for the point on the graph where y = 9, <




