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A Letter from the Deputy Associate Commissioner for Student Assessment

L I S

Dear Student and Parent:

The Texas Assessment of Knowledge and Skills (TAKS) is a comprehensive testing
program for public school students in grades 3—11. TAKS, including TAKS
(Accommodated) and Linguistically Accommodated Testing (LAT), has replaced the
Texas Assessment of Academic Skills (TAAS) and is designed to measure to what
extent a student has learned, understood, and is able to apply the important concepts
and skills expected at each tested grade level. In addition, the test can provide
valuable feedback to students, parents, and schools about student progress from grade
to grade.

Students are tested in mathematics in grades 3-11; reading in grades 3-9; writing in
grades 4 and 7; English language arts in grades 10 and 11; science in grades 5, 8, 10,
and 11; and social studies in grades 8, 10, and 11. Every TAKS test is directly linked
to the Texas Essential Knowledge and Skills (TEKS) curriculum. The TEKS is the
state-mandated curriculum for Texas public school students. Essential knowledge
and skills taught at each grade build upon the material learned in previous grades.
By developing the academic skills specified in the TEKS, students can build a strong
foundation for future success.

The Texas Education Agency has developed this study guide to help students
strengthen the TEKS-based skills that are taught in class and tested on TAKS. The
guide is designed for students to use on their own or for students and families to
work through together. Concepts are presented in a variety of ways that will help
students review the information and skills they need to be successful on TAKS. Every
guide includes explanations, practice questions, detailed answer keys, and student
activities. At the end of this study guide is an evaluation form for you to complete and
mail back when you have finished the guide. Your comments will help us improve
future versions of this guide.

There are a number of resources available for students and families who would like
more information about the TAKS testing program. Information booklets are available
for every TAKS subject and grade. Brochures are also available that explain the Student
Success Initiative promotion requirements and the new graduation requirements for
eleventh-grade students. To obtain copies of these resources or to learn more about
the testing program, please contact your school or visit the Texas Education Agency
website at www.tea.state.tx.us/student.assessment.

Texas is proud of the progress our students have made as they strive to reach their
academic goals. We hope the study guides will help foster student learning, growth,
and success in all of the TAKS subject areas.

Sincerely,

Gloria Zyskowski

Deputy Associate Commissioner for Student Assessment
Texas Education Agency
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MATHEMATICS

What Is This Book?

This is a study guide to help you strengthen the
skills tested on the Grade 10 Texas Assessment of
Knowledge and Skills (TAKS). TAKS is a state-
developed test administered with no time limit.
It is designed to provide an accurate measure of
learning in Texas schools.

By acquiring all the skills taught in tenth grade,
you will be better prepared to succeed on the
Grade 10 TAKS test and during the next school
year.

What Are Objectives?

Obijectives are goals for the knowledge and skills
that you should achieve. The specific goals for
instruction in Texas schools were provided by
the Texas Essential Knowledge and Skills (TEKS).
The objectives for TAKS were developed based
on the TEKS.

How Is This Book Organized?

This study guide is divided into the ten
objectives tested on TAKS. A statement at the
beginning of each objective lists the mathematics
skills you need to acquire. The study guide
covers a large amount of material. You should
not expect to complete it all at once. It may be
best to work through one objective at a time.

Each objective is organized into review sections
and a practice section. The review sections
present examples and explanations of the
mathematics skills for each objective. The
practice sections feature mathematics problems
that are similar to the ones used on the TAKS
test.

How Can | Use This Book?

First look at your Confidential Student Report.
This is the report the school gave you that
shows your TAKS scores. This report will tell
you which TAKS subject-area test(s) you passed
and which one(s) you did not pass. Use your
report to determine which skills need
improvement. Once you know which skills
need to be improved, you can read through the
instructions and examples that support those
skills. You may also choose to work through all
the sections. Pace yourself as you work through
the study guide. Work in short sessions. If you
become frustrated, stop and start again later.



What Are the Helpful Features of This e There are several words in this study guide
) that are important for you to understand.
STHdY Guide: These words are boldfaced in the text and
[ J LOOk. for the following features in the are defined when they are introduced.
margin. Locate the boldfaced words and review
Ms. Mathematics provides important the definitions.
instructional information for a topic. e Examples are contained inside shaded
boxes.

e FEach objective has “Try It” problems
based on the examples in the review
sections.

e A Mathematics Chart for the Grade 10

Do you see that . . .
points to a
significant

TAKS test is included on pages 8-9
and also as a tear-out page in the back
of the book. This chart includes useful
mathematics information. The tear-out
Mathematics Chart in the back of the
book also provides both a metric and a
customary ruler to help solve problems
requiring measurement of length.

sentence in
the instruction.

How Should the “Try It” Problems Be
Used?

“Try It” problems are found throughout the
review sections of the mathematics study guide.
These problems provide an opportunity for you
to practice skills that have just been covered in
the instruction. Each “Try It” problem features

Calculator
suggests that
using a graphing
calculator might

be helpful. lines for your responses. The answers to the “Try
It” problems are found immediately following
each problem.

Memo While completing a “Try It” problem, cover up

the answer portion with a sheet of paper. Then

rovides page
p pag check the answer.

references in this
study guide for
additional
information.




What Kinds of Practice Questions Are in
the Study Guide?

The mathematics study guide contains questions
similar to those found on the Grade 10 TAKS
test. There are two types of questions in the
mathematics study guide.

e Multiple-Choice Questions: Most of the
practice questions are multiple choice
with four answer choices. These questions
present a mathematics problem using
numbers, symbols, words, a table, a
diagram, or a combination of these. Read
each problem carefully. If there is a table
or diagram, study it. You should read each
answer choice carefully before choosing
the best answer.

e Griddable Questions: Some practice
questions use an eight-column answer
grid like those used on the Grade 10
TAKS test.

How Do You Use an Answer Grid?

The answer grid contains eight columns, which
include three decimal places: tenths, hundredths,
and thousandths.

Suppose 5708.61 is the answer to a problem.
First write the number in the blank spaces. Be
sure to use the correct place value. For example,
5 is in the thousands place, 7 is in the hundreds
place, O is in the tens place, 8 is in the ones
place, 6 is in the tenths place, and 1 is in the
hundredths place.

Then fill in the correct bubble under each digit.
Notice that if there is a zero in the answer, you
need to fill in the bubble for the zero.

The grid shows 5708.61 correctly entered. The
zero in the tens place is bubbled in because it is
part of the answer. It is not necessary to bubble
in the zero in the thousandths place, because
this zero will not affect the value of the correct
answer.
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Where Can Correct Answers to the
Practice Questions Be Found?

The answers to the practice questions are in

the answer key at the back of this book (pages
235-254). Each question includes a reference to
the page number in the answer key for the
answer to the problem. The answer key explains
the correct answer, and it also includes some
explanations for incorrect answers. After you
answer the practice questions, you can check
your answers.

If you still do not understand the correct answer
after reading the answer explanations, ask a
friend, family member, or teacher for help. Even
if you have chosen the correct answer, it is a
good idea to read the answer explanation
because it may help you better understand why
the answer is correct.
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Mathematics Chart

LENGTH

Metric
1 kilometer = 1000 meters
1 meter = 100 centimeters

1 centimeter = 10 millimeters

Customary
1 mile = 1760 yards
1 mile = 5280 feet
1 yard = 3 feet
1 foot = 12 inches

CAPACITY AND VOLUME
Metric Customary
1 liter = 1000 milliliters 1 gallon = 4 quarts
1 gallon = 128 fluid ounces

1 quart = 2 pints
1 pint = 2 cups

1 cup = 8 fluid ounces

MASS AND WEIGHT

Metric
1 kilogram = 1000 grams
1 gram = 1000 milligrams

Customary
1 ton = 2000 pounds

1 pound = 16 ounces

TIME
1 year = 365 days
1 year = 12 months
1 year = 52 weeks
1 week = 7 days
1 day = 24 hours
1 hour = 60 minutes

1 minute =

60 seconds

Metric and customary rulers can be found on the tear-out Mathematics

Chart in the back of this book.




Grades 9, 10, and Exit Level Mathematics Chart

Perimeter rectangle P=2l+2w or P=2(+w)
Circumference circle C=2nr or C=mnd
Area rectangle A=Ilw or A=0bh
triangle A= % bh or A =%
trapezoid A=1k+byh or A=rtEh
regular polygon A= % aP
circle A =nmr?

P represents the Perimeter of the Base of a three-dimensional figure.

B represents the Area of the Base of a three-dimensional figure.

Surface Area cube (total)
prism (lateral)

prism (total)
pyramid (lateral)

pyramid (total)

cylinder (lateral)
cylinder (total)
cone (lateral)
cone (total)

S = 6s?

S = Ph

S =Ph + 2B
_1

S = > Pl

S=%PZ+B

S = 2nrh

S =2nrh +2nr? or S=2nr(h +r)
S =nrl
S=nrl+nr? or S=nr(l+r)

sphere S = 4nr?
Volume prism or cylinder V =Bh
pyramid or cone S % Bh
sphere V= % mr?
Special Right Triangles 30°, 60°, 90° x, x\3, 2
45°, 45°, 90° x, x, x\N2

Pythagorean Theorem

a*+b*=c?

Distance Formula

d=(x,—x)%+ (y,— y,)*

. Yo =1
Slope of a Line =% =%
Midpoint Formula M = (xl ;xz , N ery2 )

Quadratic Formula

x = —b+\b?—4ac
2a

Slope-Intercept Form of an Equation

y=mx+b

Point-Slope Form of an Equation

y =y, =mx —x,)

Standard Form of an Equation

Ax+By=C

Simple Interest Formula

I =prt




Objective 1

The student will describe functional relationships in a variety of ways.

For this objective you should be able to recognize that a function
represents a dependence of one quantity on another and can be
described in a number of ways.

What Is a Function?

A function is a set of ordered pairs (x, y) in which each x-coordinate is
paired with only one y-coordinate. In a list of ordered pairs belonging
to a function, no x-coordinate is repeated.

When people eat at a restaurant, they often use a tip chart to
determine the amount of the tip to leave the server. A tip chart
is a good example of a function.

Tip Chart

Cost Recommended
of Meal Tip

$5.00 $1.00

$6.00 $1.20

$7.00 $1.40

$8.00 $1.60

$9.00 $1.80
$10.00 $2.00

On the tip chart above, each meal cost listed has exactly one
recommended tip listed. Since the amount of the tip depends on
how much the meal costs, the recommended tip is a function

of the cost of the meal.

In a functional relationship, for any given input there is a unique

output.
Input
value
X
Input an x-value and
Output  You get a y-value.
Function =Y | alue

If you are given an x-value belonging to a function, you can find the

corresponding y-value.

Do you see If you input $5.00 into the above function, the output will be $1.00.
fhaf o o o .
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Objective 1

There are two ways to test a set of ordered pairs to see whether it is a
function.

Examine the list of ordered pairs.

If a set of ordered pairs is a function, no x-coordinate in the set is
repeated. No x-coordinate should be listed with two different
y-coordinates.

Is this set of ordered pairs a function?
{A,4), 5,7, (=1, 7), (10, 12)}
Examine the set of ordered pairs.
e None of the x-coordinates in the set are repeated.
e Two ordered pairs, (5, 7) and (—1, 7), have the same Do vou see
y-coordinate but different x-coordinates. This does not prevent Y
this set of ordered pairs from being a functional relationship. S that ...

This set of ordered pairs is a function.

Is this set of ordered pairs a function?
{(=2,5),00,7),(1,4), (-2, 6)}

e The number -2 is paired with 5; 0 is paired with 7; 1 is paired
with 4; and -2 is paired with 6.

e Two ordered pairs, (-2, 5) and (-2, 6), have the same
x-coordinate. In a functional relationship, no x-coordinate
should repeat.

This set of ordered pairs is not a function.

Examine a graph of a set of ordered pairs.

Use a vertical line to determine whether two points have the same
x-coordinate. If two points in the graph of a function lie on the same
vertical line, then they have the same x-coordinate, and the set of
ordered pairs is not a function.

11



Objective 1

Do the ordered pairs graphed below represent a function?

<

kT A

ol = v wl s o o N @ ©f of

Y
]

Y v

The ordered pairs (2, 5) and (2, 7) lie on a common vertical line.

They have the same x-coordinate, 2, but different y-coordinates, 5
and 7.

This graph does not represent a function because two points lie on
the same vertical line.

In a function, the y-coordinate is described in terms of the x-coordinate.
The value of the y-coordinate depends on the value of the x-coordinate.

Suppose the number of miles you walk is equal to 4 times the
number of hours you walk. Which is the dependent quantity in
this function?

If you walked for 1 hour, you would have walked 4 miles.
If you walked for 3 hours, you would have walked 12 miles.

The distance you walk depends on, or is described in terms of, the
number of hours you walk.

Do vou see In this function, the number of hours you walk is the independent
h Y , quantity. The distance you walk is the dependent quantity.
f af o o o

An equation that describes this function is d = 4h, where

d represents the number of miles you walk and h represents the
number of hours. In this equation, d, the distance you walk,
depends on h, the number of hours you walk.

e The variable h is the independent variable.
e The variable d is the dependent variable.

e The number 4 is a constant, a quantity in an equation that does
not change.

12



Suppose the equation ¢ = 0.07m + 0.25 describes c, the cost of a
phone call, in terms of m, the number of minutes the phone call
lasts.

In this function, c is the dependent variable, m is the independent
variable, and 0.07 and 0.25 are constants.

Jeremy works at an appliance store. He is paid $180.00 a week for
his base salary plus a commission equal to 5% of his total sales.
The equation s = 180 + 0.05d represents Jeremy’s weekly salary,
s, in terms of d, his total weekly sales in dollars.

Which variable is the dependent variable in this equation? What
are the constants?

e Jeremy’s weekly salary, s, is the dependent quantity because it
depends on d, his total sales.

e The constants are 180, Jeremy’s base salary, and 0.05,
his commission, because these numbers do not change.

Try It

Cara buys milk for her scout camp each morning. The function
below shows the relationship between c, the total cost of the milk
she buys, and n, the number of quarts she purchases.

c=125n
In this functional relationship, which value is the dependent quantity?

The quantity is the number
of quarts of milk Cara purchases.

The quantity is the total
cost of the milk because the cost depends on the number of quarts of
milk Cara buys.

The independent quantity is the number of quarts of milk Cara purchases.
The dependent quantity is the total cost of the milk because the cost
depends on the number of quarts of milk Cara buys.

13
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Objective 1

How Can You Represent a Function?
Functional relationships can be represented in a variety of ways.

Method Description Example

List List several ordered {(-3,-2), (1, 2), (4, 5),
pairs. (10.5, 11.5), ...}

Table Place the ordered pairs X y
in a table.

-3 -2
1 2
4 5
10.5| 11.5

Mapping Draw a picture that
shows how the ordered
pairs are formed.

Description Use words to describe The y-values for a set
the functional of points are 1 more
relationship. than the corresponding

x-values.

Equation Write an equation
that describes the — x4 1
y-coordinate in terms y
of the x-coordinate.

Function Write a special type of

notation equation that uses f(x) fx) =x+1
to represent y.

Graph Graph the ordered pairs. y

14




Objective 1

To use function notation to describe a function, give the function
a name, typically a letter such as f, g, or h. Then use an algebraic
expression to describe the y-coordinate of an ordered pair.

Suppose f(x) = 3x — 1.
e This function is read as “f of x equals 3 times x minus 1.”
e If you input x, the output will be 3x — 1.

e The y-coordinate of the ordered pair is 3x — 1.

The function described by f(x) = 3x — 1 is the same as the
function described by y = 3x — 1. In this function, an ordered %! i Do you see
pair looks like this: (x, 3x — 1). BN that ...

Here are three methods you can use to determine whether two different
representations of a function are equivalent.

Method Action
Match a list or table of ordered | @ Show that each ordered pair
pairs to a graph. listed matches a point on the
graph.

Match an equation to a graph. | e Determine whether they
are both linear or quadratic
functions.

e Find points on the graph and
show that their coordinates
satisfy the equation.

e Find points that satisfy the
equation and show that they
are on the graph.

Match a verbal description to e Use the verbal description to

a graph, an equation, or an find ordered pairs belonging
expression written in function to the function and then show
notation. that they satisfy the graph,

equation, or function rule.

e Find points on the graph or
ordered pairs satisfying the
equation or rule and show
that they satisfy the verbal
description.

15



Objective 1

Any equation of the form y = mx + b is a linear function. Its graph
will be a line.

y
X 7 TTTT]
SR T = AT
o f (x) =3x - 5|
0 _5 9 /
3| 4 :
5 10 6 /
5
7
Qmmy
2
1
3271171079%77767547372 -1 0 1/2 3 4 5 6/ 7/ 8 9|10| 11 12;x
=
=)
,3/
vy
1
/
7
il
/—9
£10
E]
Yy 'y

Any equation of the form y = ax” + bx + ¢, where a # 0, is a
quadratic function. Its graph will be a parabola.

y
x |y ‘
0 4 1
1 |1 \ /
3 | -5 \; Ilf(x)=x2-6x+4
5 | —1 |
6 | 4 :
S\ |
2|\ /
—:12—11—10—9 -8| -7| -6| 5| -4|-3|-2| 1| 0 \ 2| 3 4 5/6 7| 8| 9| 10| 11| 12 i
TN
i‘zv
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Which ordered pair, (7, 11) or (—4, —1), belongs to the function
in which the y-coordinate is 3 more than the x-coordinate?

Match the ordered pairs to the verbal description.

e For the ordered pair (7, 11), the y-coordinate should be
3 more than 7.

7+ 3=10,not 1l
The ordered pair (7, 11) does not belong to this function.

e For the ordered pair (—4, —1), the y-coordinate should be
3 more than —4.

—4+3=-1
The ordered pair (—4, —1) belongs to this function.

A variety of methods of representing a function are shown below.
Which of these examples represents a function that is different
from the other functions?

A. Verbal Description D. Mapping of Selected Values
The value of y is double the
value of x.

B. List of Selected Values
{(3,6), (=2, —4), 1, 2),
(0,0), (=5, —10), ...}

C. Table of Selected Values E. Graph

X Yy
1 | -2 ]

2 4 .

0 -
5 10

E Equation
y = 2x

Look at the ordered pairs that make up each function.

e In Examples A, B, C, E, and E each x-coordinate is paired with
a y-coordinate that is its double, or two times as great.

e In Example D, for each ordered pair listed, the x-coordinate is
paired with a y-coordinate that is two more rather than two
times as great. So Example D includes ordered pairs that are
not in the other examples.

Only Example D represents a function that is different from the
other functions shown.

17
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Objective 1

For any equation A = B,
it is also true that

B = A. The function

Yy = 2x + 1is the
same as the function

@+1=y.

Do you see
that . . .

=

The table below presents selected values in a functional relationship.

X [—2 1 5 7
y 3 6 10 12

Write an equation that describes this functional relationship.
e Look for a pattern in the ordered pairs that belong to
the function.

The y-coordinate appears to be 5 more than the x-coordinate,
so x + 5 = y should represent the pattern.

e Check this equation for each pair.

X+5=y
Forx = —2 —2+5=3
Forx=1 1+5=6
Forx =5 5+5=10
Forx =7 7+5=12

The y-coordinate in each ordered pair is 5 more than the
x-coordinate.

The rule for this function can be represented by the equation
x + 5 = y or by the equation y = x + 5.

The table on the right presents selected values in a P

functional relationship between x and y. y

Using function notation, write a rule that represents —1] -3

the relationship. 1 7

e Look for a pattern in the function’s ordered 3| 17
pairs. . ' 3 | a2
The y-coordinate appears to be 5 times the

x-coordinate plus 2.
e Check this pattern for each pair.

S5x+2=y
(-1, =3) 5.—-1+2=-3
1,7 5¢1+2=7
(3,17) 5.3+2=17
(8, 42) 5:.8+2=42

The y-coordinate is equal to 5 times the x-coordinate plus 2.

The rule for this function can be represented by the equation
y =5x + 2.

Replace y with f(x) to express the rule in function notation:
fx) = 5x + 2.

18



Does the graph below represent the same function as the equation
2
y=3x"—1?

y
A J*
14
13
12 p
- 2, 11)
10
9
118 ]
17 1]
119 ]
\L3] 1]
N
3
2 (1, 2)
1
E6—5—4—3—2—1\ {23456::”
“1o,-1)
4

e The function y = 3x” — 1 is a quadratic function because it can
be described by an equation in the form y = ax* + bx + c,
where a # 0. Its graph should be a parabola. The above graph is
a parabola, so the equation and the graph are the same type of
function.

e Show that the equation and the graph represent the same
quadratic function with the same set of ordered pairs.

e First check the coordinates of points on the graph to see
whether they satisfy the equation. Pick points on the graph
whose coordinates are easy to read. For example, you might
choose (0, —1), (1, 2), and (2, 11).

Substitute these values into y = 3x> — 1 and determine whether
the equation is true.

Point (0, —-1) Point (1, 2) Point (2, 11)
x=0andy=—1 x=1landy =2 x=2andy=11
y=3x>—1 y=3x>—1 y=3x>—1
-12300)°* -1 22311 11 £302)?2-1
-1 £ 3(00) —1 2231 -1 11234 -1
-1£0-1 2£3-1 11£12-1

-1=-1 2=2 11 =11

The points (0, —1), (1, 2), and (2, 11) are points on the graph,
and their coordinates satisfy the equation.

e Next find ordered pairs that satisfy the equation and confirm
that the points are on the graph. Pick values that are easy to
substitute, like x = 1, x = 0, or x = —2, and find the
corresponding values for y.

19
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Objective 1

Substitute these values into y = 3x> — 1 and determine the
value for y.

x=1 x=20 x=—2
y=3x>—1 y=3x>—1 y =3x?
y=31)>—-1 y=30)>—-1 y =3(— 2)2—1
y=31 -1 y=30 -1 y=34 -1
y=3-1 y=0-1 y=12-1
y = y=-—1 y=11

The ordered pairs (1, 2), (0, —1), and (—2, 11) satisfy the
equation.

Confirm that these ordered pairs are points on the graph. Yes,
all three points are on the graph.

The graph does represent the relationship y = 3x* — 1.

The equation y = x> — 1 represents a functional relationship.
Which graph represents this function?

<2

Yy

A k A f
H \ 5] /
4 4
3| 3|
2| \ 2| /
1 1
:75 4 -3 -2[ -1 0| 2l 3 4| 5| > X C :5 -4 -8 -2 1 0| 2 3 4| 5 > X
-

— 2]
=3| -3
=4 4
= 5]
Y Y
Yy y
A A
5 5]

\ '
3 3
2 2|
1 1

A R e e e D:5432—1012345:x

= =
) -2
3 =3
-4 4
-5 5
Y Y

Determine whether the equation is a linear or quadratic function.

The equation is a functlon because it can be
described by an equation in the form y = ax* + bx + ¢, where
a# 0.

20




Its graph must be a

Answer choices and cannot be the graph of this

function because they are

Determine which parabola is the correct graph.
See whether the point (0, 1) in answer choice B satisfies the

equation y = x* — 1.

When x = 0and y = ,is the equation y = x> — 1 true?
Does = — ?
No, #

Answer choice B is

See whether the point (0, —1) in answer choice C satisfies the
equation y = x> — 1.

Whenx=____ andy=___  ,istheequationy = x2—1
true?

Does = — ?

Yes, =

Answer choice C is

The equation is a quadratic function because it can be described by an
equation in the form y = ax® + bx + ¢, where a # 0. Its graph must be a
parabola. Answer choices A and D cannot be the graph of this function
because they are lines. When x = 0 and y = 1, is the equation y = x — 1
true? Does 1 = 0° — 1? No, 1 # —1. Answer choice B is not correct. When
x =0andy = —1, is the equation y = x* — 1 true? Does —1 = 0 — 1? Yes,
—1 = —1. Answer choice C is correct.
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Objective 1

How Can You Draw Conclusions from a Functional Relationship?

Use these guidelines when interpreting functional relationships in a
real-life problem.

e Understand the problem.

e Identify the quantities involved and any relationships between them.
e Determine what the variables in the problem represent.
)

For graphs: Determine what quantity each axis on the graph
represents. Look at the scale that is used on each axis.

e For tables: Determine what quantity each column in the table
represents.

@ Look for trends in the data. Look for maximum and minimum
values in graphs.

e Look for any unusual data. For example, does a graph start at
a nonzero value? Is one of the problem’s variables negative at
any point?

e Match the data to the equations or formulas in the problem.

The graph below shows the daily high temperatures in degrees
Fahrenheit over a two-week period in August. During which
three-day period did the temperature decrease by the greatest
number of degrees?

Daily High Temperatures

105
100
95

90 \

85

Temperature 80
(°F) 75

70

65

60

0?\/\7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Date in August

The high temperature decreased from August 14 to August 16 and
then again from August 17 to August 21. To determine which
three-day period it decreased by the greatest number of degrees,
you need to find the coordinates of these points and calculate the
total drop in the daily high temperature.

You could build a table to organize your work.
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3-Day Day 1 High Day 2 High Day 3 High | Decrease
Period Temperature | Temperature | Temperature
Aug. 14, 15, 16 105°F 103°F 100°F 5°F
Aug. 17, 18, 19 102°F 100°F 98°F 4°F
Aug. 18, 19, 20 100°F 98°F 85°F 15°F
Aug. 19, 20, 21 98°F 85°F 80°F 18°F

The high temperature decreased by 18°F from August 19 to August
21. This was the greatest decrease in temperature for any three-day
period on the graph.

The formula for converting degrees Celsius, C, to degrees
Fahrenheit, F, is F = gC + 32.

K .
/
220 e

200 ,/

180 /
160 /

140

120 /
100 A
)
80
y4
60 V4
/
40 7
20

Degrees Fahrenheit

0 10 20 30 40 50 60 70 80 90 100110
Degrees Celsius

Does the graph represent this function accurately?

e The points increase at a rate of 9°F for every 5°C, and the slope
of the graph should be g, the coefficient of C.

e Two points on the graph are (0, 32) and (100, 212). When the
coordinates are substituted into the equation F = gC + 32, the

equation is true.

_9 _9
—5C+32 —5C+32
212=g(100) + 32 32=g(0) + 32
212 =180 + 32 32=0+ 32

212 =212 32 =32

Yes, the graph accurately represents this function.

Now practice what you've learned.
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Objective 1

Question 1 Question 3

Rhonda works at a grocery store after school.
She is paid $5.50 per hour. Her weekly

salary, s, is described by the function s = 5.5A,
where A is the number of hours she works in a

Which of the following tables does not represent
a function?

X Yy X Yy
week. What is the dependent quantity in this
functional relationship? 1 2 1 1
A 4 1 C -2 4
A The number of hours she works in a week 1 2 9
B The number of dollars she is paid per hour ! 1 1 16
C The total salary for a week
D The number of days she works in a week
X Yy X Yy
-1 -1 2 0
B 3 3 D 1 1
®=ﬁ Answer Key: page 235
3 5
00 0 0000000000000 00000000 OCOEOEOSOEONONONOSOEOSOEOSOSTOSOS OOV 5 5 4 O

Question 2

@EE Answer Key: page 235

The number of pretzels, p, that can be packaged
in a box with a volume of V cubic units is given
by the equation p = 45V + 10. In this

relationship, which is the dependent variable? Question 4
A 10 The table shows the independent and dependent
B 45 values in a functional relationship. Which
c p function best represents this relationship?
DV Independent | Dependent

0 1

1 5

2 13

3 25

A flx)y=2x"-2x+1
B f(x)=2x>+2x+ 1
C fx)y=x*+1
D f(x) =8¢+ 9

@EE Answer Key: page 235 ®=ﬁ Answer Key: page 235
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Objective 1

Question 5 Question 7

Jane started a weekend pet-care business. She Which table best represents the function

bought the necessary supplies for $210. Jane flx) = gx _ 39
charges $25 per weekend for each pet she cares 5 )
for. Which function best represents her net profit
in terms of x, the number of pets she cares for? X y X y
A 25 — 210 0 -3 - -
= —+ —
. [ ’;10 ”s Al 5] -1 c | 10
c f(x; 910 zz L %0
flx) = 210 15 | 9 -20 | 5
D f(x) = 25x — 210
@@= Answerk 235 =S =S
nswer ney: page
Ve pag —10 | -7 -10 | -7
00 0 0000000000000 0000000000 OEOEOEOGONOGOEOSOEOSOEOSOSTOS OO OOV B 0 _3 D 30 9
Question 6 10 ! 60 | —21
Jeb’s stereo is playing at a volume of 75 decibels. 20 > —15 3

If the decibel level reaches 120 decibels, the
neighbors will complain. Which inequality
models g, the number of decibels Jeb can increase
the volume before the neighbors complain?

A 75+ g <120

B 75— q > 120
C 75+ q>120
D 75— q <120

@EE Answer Key: page 235 @EE Answer Key: page 235
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Objective 1

Question 8

Which graph best represents the function f(x) = x* — 9?

] ]
X AR A
N TN
~ A
- /A
T : — s 1_,,— T
R | i \
i [ 71\
i [ T
g am
; v 7]
(&) A
] ‘]
o> * [
° i |
¥ | 1]
= | ]
K | "
- \ M
e K T? PR TR e TR
T \
i ]
T |\
i ii
i \[ 71/
i i

A

B

: page 236

Answer Key.

. =
-

®‘__.
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Question 9

Which equation best represents the mapping
shown below?

o aw »

X Yy
_2\\* 1
2_)/(-»
T
1/

y=-3x—5

y=x*-3

y=3—x2

y=3x—5

®=ﬁ Answer Key: page 236

Objective 1

Question 10

A fitness club charges a one-time registration
fee, plus a monthly fee for a membership. The
table below shows the total membership charges
paid after different numbers of months.

Fitness-Club
Membership Charges
Number of Total

Months Charges

1 $170

3 $230

5 $290

7 $350

Which conclusion can be drawn from the
information presented in the table?

A The monthly fee is $50.
B The monthly fee is $60.
C The registration fee is $110.
D The registration fee is $140.

®=ﬁ Answer Key: page 236
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Objective 1

Question 11

A graph of the relationship between the

speed of a car in miles per hour and the car’s

approximate stopping distance in feet is shown

below.

Stopping
Distance

What is the approximate stopping distance for a
car traveling 70 miles per hour?

A

B
C
D

(feet)

350 ft
325 ft
250 ft
300 ft

500

400

300

200

100

0

»

/

//

2

»

> X
10 20 30 40 50 60 70 80 90

(miles per hour)

®=ﬁ Answer Key: page 236

Question 12

Potassium nitrate dissolves in water to form a
solution. The graph below shows the solubility of
potassium nitrate in water as a function of the
temperature of the water.

3

140

130
2 120 /
Z 10
= 100
S5 /
@ 90 /
@ /
S 8 80 /
g © 70 /
y— /
C D 60 /
2 50 /
5 /
=] 40 /
8 30 /

20
10

»

0 10 20 30 40 50 60 70 80 90

Temperature of Water
(°C)

According to this graph, about how many grams
of potassium nitrate will dissolve in 100 cm?® of
water at 42°C?

A 58 grams

B 82 grams

C 77 grams

D 68 grams

©=ﬁ Answer Key: page 236
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Objective 1

Question 13

A home-builders group recently published a study comparing the cost of building homes from 1,000
to 3,000 square feet in area in four different communities. The study found that the formulas below
predicted the approximate cost, ¢, of building a new home in each of these communities in terms of
f, the area of the home in square feet.

Community | Cost of Building a New Home
R ¢ = 15,000 + 80f
S ¢ = 25,000 + 75f
T ¢ = 60,000 + 50f
\Y ¢ = 40,000 + 65f

Based on these formulas, in which community would it cost the least to build a home with an area of
1,450 square feet?

AT
B S
C R
DV

@':E Answer Key: page 236
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Objective 2

The student will demonstrate an understanding of the properties and attributes
of functions.

For this objective you should be able to

e use the properties and attributes of functions;

e use algebra to express generalizations and use symbols to
represent situations; and

e manipulate symbols to solve problems and use algebraic skills to
simplify algebraic expressions and solve equations and
inequalities in problem situations.

What Are Parent Functions?
The simplest linear function, y = x, is the linear parent function.

Yy

A

4

3 /,*
o

1

:—4 =3 2| -1 1 2 3 4 > X

—1

-2

-3

—4

Y

e If the graph of any function is a line, then its parent function
isy = x.

e If a function can be written in the form y = mx + b, then it is
linear.

e A linear function never has variables raised to a power other
than 1.

e If a function is linear, then its parent function is y = x.

e An equation in the form x = a is a linear equation, but it is not a
function. Its graph is a vertical line.
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What is the parent function of this graph?

Yy

A

5

Y

A

-5

4

Since the graph of y = x — 5 is a line, its parent function is the

linear parent function, y = x.

Parent
function

\

>

Il\
o

-1

-2
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Objective 2

. . . 1
What is the parent function of the equation y = —5x— 12
Since the equation y = —5x — 1 is a linear function, its graph is a

line. Its parent function is the linear parent function, y = x.

y
A
4
3 1 | Parent
2 function
:
:—4 -3 -2 1 2| 3 4 > X
$ = J’\\\\,

4 2 ¥

3 7
-3
4
Y

The simplest quadratic function, y = x*, is the quadratic parent
function.

Yy
A
4
\ 1/
2 y =x2 N
3
:—4 -3 2| -1 0 1 2 3 4 g bd
—
2
-3
)
Y

e If the graph of any function is a parabola, then its parent function
isy=x".

e If an equation can be written in the form y = ax* + bx + c,
where a # 0, then it is quadratic.

e If an equation can be written in this form, then its parent
function is y = x*.
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Objective 2

What is the parent function of this graph?

A A £ =x2+3

Al
<

Since the graph of y = x> + 3 is a parabola, its parent function is
the quadratic parent function, y = x*.
y=x2+3

Y

Mo M
/

|y =2

]
-
|

[
\\ : /L | | Parent

function
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Objective 2

What is the parent function of y = —x*?
2 Parent
. function
\ LA
T~
2 \y = 22

X

A
Y

-2 -1 1 2

=

[0\ L —y=®

-3 L=

=
Y

The equation y = —x” is a quadratic function; therefore, its parent
function is the quadratic parent function, y = x>,

What Are the Domain and Range of a Function?
@ A function is a set of ordered pairs of numbers (x, y) such that no

x-values are repeated. The domain and range of a function are sets

that describe those ordered pairs.
See Objective 1, initi Example
page ](‘)I, for more Definition {(0,1), (2, 6), (3, 5)}
information about . The set of all the x-coordinates
functions. Domain in the function’s ordered pairs {0, 2,3}
The set of all the y-coordinates
Range in the function’s ordered pairs {1, 5, 6}
e ]

e The domain is the set of all the values of the independent
variable, the x-coordinate.

e The range is the set of all the values of the dependent variable,
the y-coordinate.

Identify the domain and range of the function below.
{3,9), (5, 39), 9, 23), (6, 14)}

The domain is the set of x-coordinates in the ordered pairs:
{3, 9), (5,39, (9, 23), (6, 14)}. The domain is {3, 5, 6, 9}.

The range is the set of y-coordinates in the ordered pairs:
{(3,9), (5,39), (9, 23), (6, 14)}. The range is {9, 14, 23, 39}.
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Objective 2

Try It

What are the domain and range of the function below?
{(4,9), (=5, 16), (6, 25), (7, —36)}

The domain of a function is the set of all -coordinates.

bl bl b }'

The range of a function is the set of all -coordinates.

The domain of this function is {

The range of this function is { , , , ).

The domain of a function is the set of all x-coordinates. The domain of
this function is {—5, 4, 6, 7}. The range of a function is the set of all
y-coordinates. The range of this function is {36, 9, 16, 25}.

The domain and range of algebraic functions are usually assumed to
be the set of all real numbers. In some cases, however, the domain or
range of a function may be a subset of the real numbers because certain
numbers would not make sense in a real-life problem situation.

Consider the function / = 4h, in which [ equals the number of legs
on h horses. Are there any values that would not be reasonable to
include in the domain or range of this function?

e The domain of this function is the set of values you may choose
for h, the independent variable. Would it be reasonable to let
h = 1.2? No. The variable h represents a number of horses; it
must be a nonnegative integer. The domain is the set of
nonnegative integers, {0, 1, 2, 3, ...}.

It would not be reasonable to include any other numbers in
the domain.

e The range of this function is the set of values you will obtain
for the dependent variable, /, the number of legs for a group of
h horses. Is it possible to get 6 as a value for [? Could a group of
horses normally have 6 legs? No, 6 is not a reasonable value for
the range of this function. Since 1 horse has 4 legs, 2 horses
have 8 legs, and so on, the range of this function is the set of
multiples of 4, or {0, 4, 8,12, ...}.

It would not be reasonable to include any other numbers in
the range.
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Objective 2

The total volume in sales generated by a television commercial

is a function of the number of people who watch the commercial.
Wilson Electronics executives estimate that s, the dollars they will
generate in sales for the number of people, n, who watch their
commercial, is described by the function s = 0.0035n.

What set of numbers best represents the domain for this function:
the integers, the real numbers, the rational numbers, or the whole
numbers?

The domain of this function is the number of people who watch
the commercial. The number of people cannot be a fraction or a
negative number. Of the choices given, the only set of numbers
that does not contain any fractions or negative numbers is the
whole numbers.

The set of whole numbers would be an appropriate domain for
this function.

The graph of a function also can tell you about its domain and range.

® The domain of a function is the set of all the x-coordinates in the
function’s graph.

e The range of a function is the set of all the y-coordinates in the
function’s graph.

19

— 18
17 ,
16
15
14
13
12
Range — 11

4<y<18| 10

9
8 //
7
6
5
L, {
3
2
1
> X
0 123 456 7 8 9 1011
I |
I
Domain
3<x <10
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Objective 2

What inequalities best describe the domain and range of the
function represented in this graph?

y
J'y
19
18 An open circle on a
17 graph means that the
16 point is not included
15 . 8
11 in the solution.
'3 / \
Y
12
11 5
10 / \ 4
o / \
. [ \ 3
7 2
6
dmy \ !
o \ :
sl \
2 \ The point (5, 3) is not
1 . . .
'R included in the solution.
0O 12345678010~ ;

Y/
=
IS

e The domain of this function is the set of x-values in the graph.
e The range of this function is the set of y-values in the graph.

y
A

19
18
17
— 16
15
14
s f
12

11
10 I

©
—

Range —
0<y=<16

\

\
\
\
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/
/
/
/
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[
Domain

1<x<9

o
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Objective 2

In a chemistry experiment two chemicals are poured into a beaker
to react. The temperature of the solution is taken every minute for
10 minutes beginning at 1:05 PM. The graph below shows the
temperature of the solution from this experiment.

Chemistry Experiment

40 <
-

Temperature
(°C)
W
o
\

—_
o

o

1:06pm. 1:08pPm.  1:10pm.  1:12pPm.  1:14Pm.
Time
What is a reasonable range for this function?

The range of the function is the set of all the y-coordinates in the
function. The y-coordinates represent the temperature of the mixed
chemicals. The temperature during the 10-minute interval begins
at 10°C, and it ends at 50°C.

A reasonable range for this function is 10 = y = 50.

38



Try It

The number of pounds of potato salad, p, that will be needed for a
company picnic is given by the function p = 0.25n + 4, in which n equals
the number of people who will attend the picnic. Each employee in the
company can attend the picnic, and each can bring 3 guests. A total of

12 employees and guests have already signed up to attend the picnic. If
the company employs a total of 40 people, what is a reasonable range for
this function?

The range of the function is the set of all the possible values for the
variable in the function, the amount of potato salad

to be purchased.

To determine the range of the function, first determine the minimum and
number of people who will attend the picnic.

The minimum number of people is , since that many people have
already signed up.
The company has employees. If every employee attends and

brings 3 guests, then the maximum number of people is

because 40 - =

Use the function p = to find

the number of pounds of potato salad that will be needed.
If 12 people attend, then p = . + 4;

pounds of potato salad will be needed.

If 160 people attend, then p = . + 4;
pounds of potato salad will be needed.
The number of pounds of potato salad that will be needed is between

pounds and pounds.
A reasonable range for this function is =p=

The range of the function is the set of all the possible values for the dependent
variable in the function, the amount of potato salad to be purchased. To
determine the range of the function, first determine the minimum and maximum
number of people who will attend the picnic. The minimum number of people is
12, since that many people have already signed up. The company has

40 employees. If every employee attends and brings 3 guests, then the maximum
number of people is 160 because 40 « 4 = 160. Use the function p = 0.25n + 4 to
find the number of pounds of potato salad that will be needed. If 12 people attend,
thenp = 0.25 - 12 + 4; 7 pounds of potato salad will be needed. If 160 people
attend, then p = 0.25 « 160 + 4; 44 pounds of potato salad will be needed. The
number of pounds of potato salad that will be needed is between 7 pounds and
44 pounds. A reasonable range for this function is 7 = p = 44.
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Objective 2

How Can You Interpret a Problem Situation from a Graph?

To interpret a problem situation described in terms of a graph, follow
these guidelines.

e Identify the quantities that are being compared.
Understand what relationship the graph is describing.
Look at the scales used on the axes of the graph.

Identify the domain or range of the function graphed.

Look for patterns in the data—increases, decreases, or data that
remain constant.

Joe walked at a constant speed.

y
A

Joe’s
Distance
from His
Starting

Point

Time Joe Walked

Give a reasonable description of the route Joe walked.

The y-axis represents Joe’s distance from his starting point. The
x-axis represents his walking time. Did Joe get farther and farther
away from his starting point as time went by? No, not for the
entire time graphed.

At first Joe’s distance from his starting point was 0. As time went
by, this distance increased, but then it returned to 0. He ended his
walk where he began it.

A reasonable description of the route Joe walked is that he started
at a certain point, walked for a while in one direction, and then
turned around and returned to his starting point. The graph
represents his distance from his starting point in terms of the time
he walked.
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Try It

Terri placed a pot of water on the stove to boil. The temperature of
the water in terms of the time it was on the stove is represented by
the graph.

A

Temperature

>

Time
What is a reasonable interpretation of the graph?
At first the water temperature
Then the water temperature remained for a
while.
Finally the water temperature slowly.
A reasonable interpretation of the graph is that the water
temperature until the water boiled. Then it
remained at a temperature until Terri turned

the stove off. Finally it slowly to room

temperature, where it remained constant.

At first the water temperature increased. Then the water temperature
remained constant for a while. Finally the water temperature decreased
slowly. A reasonable interpretation of the graph is that the water temperature
increased until the water boiled. Then it remained at a constant temperature
until Terri turned the stove off. Finally it cooled slowly to room temperature,
where it remained constant.
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Objective 2

What Is a Correlation in a Scatterplot?

One way to represent a set of related data is to graph the data using a
scatterplot. In a scatterplot each pair of corresponding values in the
data set is represented by a point on a graph.

A

»
>

To make predictions using a scatterplot, look for a correlation, or pattern,
in the data. The pattern may not be true for every point, but look for the
overall pattern the data seem to best fit.
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As you move from
left to right on
the graph, if the

as shown in
this scatterplot ...

they show this
type of correlation:

data points ...
25
20
15 °
move up 10 . positive correlation.
5 LJ
0 5 10 15
25
20
15 [ e
move down 10 negative correlation.
5
0 5 10 15
25
20 .
15 .
show no pattern | no correlation.
5 Py
Y 5 10 15
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Objective 2

In a survey of property values, p, the price of an acre of land, was
compared to d, the distance of the land from the center of town.
The data were graphed in a scatterplot. Describe the correlation
between the cost of an acre of land and the land’s distance from the
center of town.

Price °
of Land e o
per Acre ® o
° [ ] [}
e O

\

Distance from
Center of Town

Look for a pattern in the graph. The general tendency is for the
price of an acre of land to decrease as the land’s distance from the
center of town increases. The price of an acre of land has a negative
correlation to the land’s distance from the center of town.

Try I

Raul is a sport fisherman. He weighs each fish he catches, and he
measures its length. He graphed his data in a scatterplot.

A

° [ ] [}
Fish .0
Weight o ° *
PY [ ]
[ ]
[ ]
Fish Length

Describe the correlation between the lengths and weights of the fish
Raul caught.

As the lengths of the fish , their weights
generally

This is a correlation.

As the lengths of the fish increase, their weights generally increase. This is a
positive correlation.
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How Do You Use Symbols to Represent Unknown Quantities?

Represent unknown quantities with variables, or letters such as x or y.
Use variables in expressions, equations, or inequalities.

Jacob, Barbara, and Felix all have part-time jobs after school. Jacob
earns $5 more per week than Felix, and Barbara earns twice as
much per week as Jacob. The combined earnings of these three
students are $115 per week. Write an equation that can be used to
find how much each student earns per week.

e Represent the number of dollars each student earns per week.
x = Felix’s earnings
x + 5 = Jacob’s earnings ($5 more than Felix’s earnings)
2(x + 5) = Barbara’s earnings (twice Jacob’s earnings)

e Represent the sum of their earnings.

Felix + Jacob + Barbara

x +x+5+2x+5)
e Write an equation setting this sum equal to $115.
x+ (x+5) +20x+5) =115

Quattro plans to paint his living room walls. The rectangular room
is 3 feet longer than it is wide. The walls are 8 feet high. If a can of
paint covers approximately 200 ft*, what expression can be used to
represent the minimum number of cans of paint Quattro will need?

e Represent the area of each wall.

Smaller Walls Larger Walls
x = width of the room x + 3 = length of the room
8 = height of the room 8 = height of the room
8x = area 8(x + 3) = area

e Represent the sum of the areas of the four walls.

2(smaller wall) + 2(larger wall)
2(8x) + 2[8(x + 3)]

16x + 16(x + 3)

16x + 16x + 48

32x + 48
The total area of the four walls is represented by the expression
32x + 48. Since the paint in each can covers 200 ft*, divide the area
32x + 48

by 200 to represent the number of cans of paint needed: 500
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Objective 2

How Do You Represent Patterns in Data Algebraically?
To represent patterns in data algebraically, follow these guidelines.

Identify what quantities the data represent.

Look for patterns in the data.

expression or equation.

Ronald and Jaime make weekly deposits into their savings

Identify the relationships between those quantities.

Use symbols to translate the patterns into an algebraic

accounts. The table below shows the opening balances and the
balances for each account after the first four weekly deposits.

Account Balances

Opening
Name Balance Week 1 Week 2 Week 3 Week 4
Ronald $100 $124 $148 $172 $196
Jaime $180 $198 $216 $234 $252

If the pattern continues, what expression can be used to represent
the balance in Jaime’s account after n weeks?

Jaime’s opening balance is $180. His balance increases by $18 each
week. His balance in n weeks can be represented by the expression
18n + 180. See whether this expression works for all the known

values.
Week 18n +180 gja;ﬁgff) Yes/No
1 181+ 180 = 198 198 Yes
2 182 + 180 = 216 216 Yes
3 183 + 180 = 234 234 Yes
4 184 + 180 = 252 252 Yes

If the pattern continues, the balance in Jaime’s account after
n weeks can be represented by the expression 18n + 180.
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The table below represents a functional relationship between x, the
lengths of the bases of a series of triangles, and y, their heights. If
the pattern continues, what expression can be used to express their
heights in terms of their bases?

X y
+1 1 2 +3
Change in < 2 5 > Change in
Xvalues 1< 3 10 > +5 y-values
+1<_ 2 = > 47

The differences between the y-values are not constant. For example,
5 — 2 =3, but 10 — 5 = 5. This is not a linear relationship.

To determine whether the relationship is quadratic, compare the
y-values to the square of the x-values.

X x° y
1 1 2
2 4 5
3 9 10
4 16 17

The y-values appear to be 1 more than the squares of the x-values.

See whether all the coordinates satisfy the rule y = x> + 1.
Substitute the values of x and y from the table into the equation.

X y=x>+1 y Yes/No
22 (1) +1

1 221+1 2 Yes
2=2
52 (2)2%+ 1

2 524+ 1 5 Yes
5=5
10 2 3)2 + 1

3 10 29+ 1 10 Yes
10 =10
17 2 (4)* + 1

4 17 216 + 1 17 Yes
17 =17

All the ordered pairs satisfy the equation y = x* + 1.

Since every pair in the table satisfies the equation, then y = x* + 1
expresses the triangles’ heights in terms of their bases.
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Like terms are terms in
an algebraic expression
that use the same
variable raised to the

How Do You Simplify Algebraic Expressions?

You can use the commutative, associative, and distributive properties to

simplify algebraic expressions. Use these properties to remove
parentheses and combine like terms.

same power.
: lo. in 1h f bPro%erty
or example, in the a, b, and c are any
expression 61 — 213, Name three real numbers, Examples
61 and 21> are like then...)
terms because they are
both expressed in terms Commutative atb=b+a 4+2x=2x+4
of the same variable, Property or or
t, raised to the same ab = ba 512x = 5x)?
power, 3.
Like terms in an at(b+d=@+b)+c (5+y)+2yig4;(é/+2y)
algebraic expression Associative N y
can be combined. Property or or
a(bc) = (ab)c 53m) =(5+3)m
=15m
Distributive 7(2x + 3) =7(2x) + 7(3)
Property a(b+c)=ab+ac = 14x + 21

e Use the commutative property to change the order of the terms
in addition and multiplication.

e Use the associative property to change the groupings in addition
or multiplication.

e Use the distributive property to remove the parentheses by
multiplying the term outside the parentheses by each term inside
the parentheses.
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Simplify the expression 5y° + 3 — 2y> + 1.
5°+3-2y°+1=05y —-2y)+ 3+ 1)
=3y + 4
When simplified, the expression 5y° + 3 — 2y> + 1 = 3y° + 4.

If the length of a rectangle is represented by / and its width is
3 units less than its length, does the expression > — 3I represent
its area?

e Let!/ represent the length of the rectangle.
e Let! — 3 represent the width (3 units less than the length).
e Then I(l — 3) represents the area of the rectangle, A = [w.

Simplify the expression [(l — 3).

~ Y
Id-3)=1-1-1-3

=1*> -3l

Yes, the expression > — 3[ represents the area of the rectangle.
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When simplifying
expressions, it is
helpful to remember
that the expressions m
and 1m are equivalent.

/i

Do you see
that . . .

The lengths of the three sides of a triangle are represented by the
expressions 2m + 5, m — 1, and 7m + 3. Write an expression in
terms of m that can be used to represent the perimeter of the
triangle.

e The perimeter of a triangle is the sum of the lengths of its
three sides. The perimeter of the triangle can be represented by
the expression 2m + 5 + m — 1 + 7m + 3.

e Simplify this expression.
2m+5+m—-1+m+3=CQm+1Im+7m) + (5 -1+ 3)
=10m + 7

The perimeter of the triangle can be represented by the expression
10m + 7.

Simplify the expression (4b* + 6) — (2b* + 3).

When parentheses are preceded by a negative sign, it means the
quantity in parentheses is multiplied by —1. ~

(4b* + 6) — 2b* + 3) = (4b* + 6) + —1(2b* + 3)
= 4b> + 6 — 2b* — 3
= (4b°— 2b*) + (6 — 3)
=2b* +3
When simplified, the expression (4b> + 6) — 2b*> + 3) = 2b* + 3.
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Mr. and Mrs. Seymour have a dog pen in their backyard, as shown by
the shaded figure in the diagram below.

Backyard

x—16

x—12

2x + 6

Write an expression that can be used to represent the area of the yard
that does not include the dog pen.

The area of the entire yard, a rectangle, is equal to its width times
its length.

The area of the rectangle is x(2x + 6). Simplify.

x(2x + 6) = 2x? + 6x

The area of the dog pen is equal to its length times its width. The
area of the smaller rectangle is (x — 12)(x — 16). Simplify by
using the FOIL method.

x—12)(x—16) = (x+x) + (x+ —16) + (—12+x) + (=12 - —16)
= x> + (—16x — 12x) + 192
= x* — 28x + 192
Subtract to find the area of the yard not including the dog pen.
Area of yard — Area of pen
(2x* + 6x) — (x* — 28x + 192)

Simplify by multiplying the quantities in the second parentheses
by —1.

(2% + 6x) + —1(> — 28x + 192) = 2x*> + 6x — x> + 28x — 192
= (2x? — x?) + (6x + 28x) — 192
=x% + 34x — 192

The expression x> + 34x — 192 represents the area of the yard that
does not include the dog pen.
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See Objective 9,
page 129, for more
information about
the FOIL method.




Objective 2

How Do You Solve Algebraic Equations?

To solve algebraic equations, follow these guidelines.
e Simplify any expressions in the equation.

e Add or subtract on both sides of the equation to get variable
terms on one side and constant terms on the other.

e Simplify again if necessary.

ln the term 6X. 6 is e Multiply or divide to obtain an equation that has the variable
! isolated with a coefficient of 1.

called the coefficient

Solve the equation 3(y + 2) = —9.

3(y +2) = -9

3y + 312) = -9

3y +6=-9

—6=—-0
3y = —15
3y _ =15

3 3

y=-5

In this equation, y = — 5.

Solve the equation 2x — 5 = x + 4.

2x —5= x+t+4
—1x = —lx
x —5= 4
+5= +5
x = 9

In this equation, x = 9.
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In the figure below, the perimeter of the rectangle is 20 units
greater than the perimeter of each triangle. Find the length of the
diagonal of the rectangle.

3x—5

e Represent the perimeter of the rectangle.
P=2l+ 2w
=203x —5) + 2(2x)
e Simplify this expression.
23x —5) + 2(2x) = 2(3x) — 2(5) + (2 2)x

= 6x — 10 + 4x
= (6x + 4x) — 10
= 10x — 10

e Represent the perimeter of a triangle.
P=s +s, +s,
= (GBx —5) + 2x) + (4x — 10)
e Simplify this expression.
Bx—5)+2x) + (4x —10) =3x — 5+ 2x + 4x — 10
= (Bx+ 2x + 4x) + (=5 — 10)
=0x—15
e Write an equation.
Perimeter of rectangle = Perimeter of triangle + 20
10x —10 = 9x — 15 + 20
10x —10= 9x+5

—Ox = —Ox
x— 10 = 5
+10 = +10

x =15
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e Use this value for x to find the length of the diagonal of the
rectangle. The diagonal is represented by the expression
4x — 10. Replace x with 15.

4x — 10 = 4(15) — 10
=60 — 10
=50
The diagonal of the rectangle is 50 units long.
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Try It

A manufacturer builds cubical containers. The equation that models
¢, the cost of building a container, is ¢ = 3.6s + 3.20, in which s
represents the length of each side of the cubical container in feet.

Find the length of each side of a cubical container that costs $35.60
to manufacture.

Substitute for ¢ in the equation that models the cost of
building a container.

Solve the equation for , the length of a side.
35.60 = 3.6s + 3.20

= 3.6s
32.40 _ 3.6s
=5
Each side of the cubical container is feet long.

Substitute 35.60 for ¢ in the equation that models the cost of building a
container. Solve the equation for s, the length of a side.

35.60 = 3.6s + 3.20
—3.20 = — 3.20
32.40 = 3.6s
32.40 _ 3.6s
36 =~ 36
9 =s

Each side of the cubical container is 9 feet long.
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As was mentioned earlier, function notation can be used to describe
a function: f(x) = 3x — 2 represents the same relationship as

y = 3x — 2 does. For any x, the function f creates ordered pairs

(x, 3x — 2). The y-value in these ordered pairs is 3x — 2, thus the
equation y = 3x — 2 also represents this function.

Look at this function:
12
= =x* +
>xX T4
Can we rewrite this equation in function notation?

The equation tells us that for any ordered pair (x, y) belonging to

this function, the y-coordinate can be represented by %xz + 4.

(x,y)

:

(x, %xz +4)
f(x) = %xz + 4

Thus, this function consists of ordered pairs (x, %xz +4).
Therefore f(x) = 1

2x2 + 4 represents the same relationship that
y = %xz + 4 does.

Now practice what you've learned.
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Question 14

Which graph below best represents the parent function of y = 3x 2 + 4?

y y
A
9 9 /
B 8
Vs i
\ ey v
5 5
g i
\[[ 1/ /
2 2
7 7
A MEEE R EEEEEEEE N C 19737776754—3—2)(10123456759"”
= =
= 2
3 / -3
= -4
= B
6 / -6
= =7
= E]
5 4 -y
y y
[N L
3 9
I .
7 7 1
6 6 1
|/ s
4 7
3 [~ 3
2 [ A 2
3 7
B —9| -8 —7| -6| -5( -4|-8| 2| —1| of 1| 2| 3 4 5 6 7| 8 9 x D 9| -8 7| 6| -5/ 4| 8|2/ -1 0| 1| 2 3 4 5 6 7| 8 9 x
= =
= -2
3 -3
oy )
= -
3 -6
= =
= B
—y 5y

Answer Key: page 237
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Question 15

Marcy deposits $550 in a savings account

at 3% simple annual interest. The value of
this account, v, is given by the function

v = 550 + 16.5¢, in which ¢ is the number

of years the money is in the bank. What is the
range of this function?

A 0=v=550

B v =550

C v =550

D 0=sv=16.5

®=ﬁ Answer Key: page 237
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Question 16

Which of the following situations is best
represented by the graph below?

y
A

The speed of a roller coaster as it goes
from a high point on its track to a low
point on the track and then back up to
another high point

The price of a stock that drops to half of
its original value and then goes back to
its original value

The speed of a bullet that is fired straight
up and then falls back to the ground

The speed of a race car that starts from

the starting line, races several laps, and
then makes a refueling stop

®=ﬁ Answer Key: page 237



Objective 2

Question 17

A nurse checked the blood pressure of 14 people at a health clinic. The table and graph below show
the relationship between the systolic and diastolic blood-pressure readings.

y
Systolic Diastolic A
105
92 85 10
94 62
95
105 68
110 80 90 o °
111 55 85 ° .o
(&]
111 75 S 80 °
121 55 § 75 °
121 20 20 .
122 60 o .
132 86 o
60 @ L
136 89
144 86 55 oo
145 60 50
160 64 » x

0 90 98 106 114 122 130 138 146 154 162 170

Systolic

Which of the following is not a true statement about the systolic and diastolic blood-pressure readings
for this set of data?

A

B
C
D

Systolic pressure is always higher than diastolic pressure.
There appears to be no trend between systolic and diastolic blood pressures.
Systolic blood pressure ranges from 92 to 160.

There appears to be a negative trend between systolic and diastolic pressures.

®—: Answer Key: page 237
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Question 18

Alex and Millie are selling kites from their stand
on the beach. Each day more people stop to look

at and buy the kites. Alex and Millie kept the
following record comparing the number of

customers that stopped to look at their kites and

the money they collected in sales each day.

Kite Sales
Number of customers | 12 | 18 | 24 | 30
Amount of sales 180 1210 | 24201270

(dollars)

If this trend continues, how many customers will
need to stop and look at Alex and Millie’s kites in

order for their sales in one day to reach $330?

A

B
C
D

42
60
66
48

®=ﬁ Answer Key: page 237

Question 19

Frieda wants to buy a refrigerator that is 6 feet
tall. The refrigerator’s width is 1.75 times its
depth. Which equation best describes V, the

volume of the refrigerator in terms of its depth, x?

A

B
C
D

V =6x + 10.5
V=2x+ 1.75x
V = 1.75x% + 6x
V = 10.5x>

®=ﬁ Answer Key: page 237
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Question 20

Which expression generates the set

{0, 2, 8, 18, ...} from the set n = {0, 1, 2, 3, ...}?
A n

2n

2n?

O a®

n?+2

@zﬁ Answer Key: page 237

Question 21

Which algebraic expression best represents the
relationship between the terms in the following
sequence and n, their position in the sequence?

1,3,5,7,9, ..

n+2
2n +1
2n — 1
n+1

g aw »

@':E Answer Key: page 237
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Question 22

Mr. Jones runs a bakery. His monthly profit in dollars, P(x), is given by the function P(x) = %x - 2,in
which x represents the number of loaves of bread sold in a month. What is the minimum number of
loaves he must sell next month if he is to have a profit of at least $3000?

Record your answer and fill in the bubbles. Be sure to use the correct place value.

CXORCNONCRONORONOXO)
CJORONONOROXOXONOXO)
OJORONONORONOXONOXO)
OJORCONOROROXOXONOXO)
OJORONORORONOXONOXO)
CXORCNONCRONORONOXO)
CXORCNONCRONONONOXO)

®=ﬁ Answer Key: page 238

Question 23 Question 24

Which of these is equivalent to the expression Maria was given the equation y = 2x — 1 to

below? graph. Which of the following would be an
: ?
9% + 2(3x — 4) + 3(8x — 4) appropriate label for her graph?
A B85 A flx)=2y -1
4 B flx)=2x—1
B 32x -8 C y=2
C 32x —20 D x=2—1
D 4(8x + 5)

@‘:'ﬁ Answer Key: page 238 ®=ﬁ Answer Key: page 238
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Objective 3

The student will demonstrate an understanding of linear functions.

For this objective you should be able to

e represent linear functions in different ways and translate among
their various representations; and

e interpret the meaning of slope and intercepts of a linear function
and describe the effects of changes in slope and y-intercept in
real-world and mathematical situations.

What Is a Linear Function?

A linear function is any function whose graph is a nonvertical line.

Is the function represented by the following table of values a linear

function?
X y
-2 -5
1
3 5
6 11

Graph the ordered pairs in the table on a coordinate grid.

Yy
A

12

11
10
9

o] « v o & o | N o

Y
.3

[-12|-11-10 -9| -8| —7| —6| 5| —4| 3| -2| -1

3
4
=
5

-7
8
-9
10
=11

'y

The points lie on a line. Therefore, the function they represent is a
linear function.
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Try It

The table below describes a linear relationship.

X y
0 1

)
! 3
3 3

Does the equation 3y = 2x + 3 represent the same linear function?

To confirm that the equation 3y = 2x + 3 represents the same
linear function as the table, substitute the ordered pairs from the
table into the equation.

X |y Does 3y = 2x + 3? Yes/No
3( ) 2 2( )+ 3
01 2 +3
3( ) 2 2( )+ 3
112
3 2 +3
3( ) 2 2( )+ 3
3|3 2 + 3 _

The table and the equation represent the same function.

X |y Does 3y = 2x + 37 Yes/No

3(1) £ 2(0) + 3
0 | 1 3£0+3 Yes
3=3

3(2)%2(1)+3
5&£2+3 Yes
5=5
3B) < 2(3) + 3
3|3 9i6+3 Yes
9=09

wl;
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Objective 3

Do you see
that . . .

What Is Slope?

The slope of a linear graph is its rate of change. The slope shows how
fast the graph increases or decreases. The slope of a line can also be
described as its steepness, how fast the line rises or falls.

Positive slope Negative slope
The line rises from left to right. The line falls from left to right.
y / y
A
5 \ // 5|
4 \ 4
3 3]
2| 2|
1 1
-5 -4 -3 -2 -1 1 2| 3 4| 5] x ‘—5 -4 3| -2[ -1 0| 1 2| 3 4| 5| bl
3 =
/* N N J’\\
) 3] =3 \‘2‘77
2 4
5| =5
A A
Zero slope Undefined slope
The line is horizontal. The line is vertical.
y y /
A A A
5] 5 //
4 4
I [y=2 3 3
o~ 2| [ 2|
1 1
-5 4 -8 2 -1 0 1 EENE 5‘x -5 -4 -3 —2[ -] 0 1 9 3] 4] 9 x
-1 -1
= = x=2—"
3| 3
B =
5| =5
Y

The rate of change of a line is the ratio that compares the change in
y-values to the corresponding change in x-values for any two points on
the graph.

A graph’s slope is often described as its rise (change in y) over run
(change in x). To find the slope of a line from its graph:

Pick any two points on the graph.

Find the change in y-values, y, — y,, or the rise.
Count the number of units up or down between the two points.

Find the change in x-values, x, — x,, or the run.
Count the number of units left to right between them.

Determine whether the slope is positive or negative.
As you go from left to right:
if the line points up, the slope is positive.

if the line points down, the slope is negative.
ise  changeiny

. . I
Write the slope as a ratio: —— or —.
run change in x
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What is the slope of the line in the graph below?

y
A

2 units

-5 -4 -3 -2 —1\0\1 EIE] 4 5

A
5
4
5 units 8
3
1

/

Y
2

Find the slope by counting the change in y-values and the
corresponding change in x-values between any two points.

The y-value changes 2 units for every 5 units the x-value changes.
As you go from left to right, the line points down, so the slope is
negative.

. Hse 2
The slope of the graph is =~ = —.

Another way to find the slope is to use the slope formula.

Slope Formula

For any two points (x,, y,) and (x,, y,) on a graph, the slope, m, of
the line that passes through them is:
_rise Yo % <«— change in y-values

run  x,— X, <«—— change in x-values

What is the slope of the line passing through the points (1, 1)
and (3, 5)?

Let (x;, y,) be (1, 1) and (x,, y,) be (3, 5).

The slope of the line is 2.

65



Objective 3

Do you see
that . ..

=

The set of ordered pairs below represents a linear function. What is
the rate of change of the function?

{0, D, ,3),(2,5),3,7), 4, 9)}

Since this is a linear function, you can choose any two ordered
pairs belonging to the function to find its rate of change.
e Use the ordered pairs (0, 1) and (2, 5).
_ Y h_5-1_ 4
x,—x, 2—-0 2
The rate of change of the function is 2.
e Use the ordered pairs (1, 3) and (4, 9).

poBhTH_9-3_6_,

=2

Cx,—x, 4-1 3
The rate of change of the function is still

The rate of change, or slope, of a linear function does not depend
on the points you pick to calculate the slope.

Try I

Suppose you graphed the number of miles you drove on a trip.

y

A
180

Distance
(i)
60
> X
0 1 2 3 4
Time
(h)

Based on this graph, at what speed did you drive?

The slope of the graph represents your , the

number of miles per hour you drove.

To find the slope, compare the change in and

between any two points on the graph.

You could use the following two points: (1, ) and

, 240).
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Your speed was miles per hour.

The slope of the graph represents your speed, the number of miles per hour
you drove. To find the slope, compare the change in y-values and x-values
between any two points on the graph. You could use the following two
points: (1, 60) and (4, 240).

_ 240 - 60
4-1

_ 180

-3

= 60

Your speed was 60 miles per hour.

What Is the Slope-Intercept Form of a Linear Function?

One form of the equation of a linear function is y = mx + b.
This form is called the slope-intercept form of a linear function.

When the equation of a linear function is written in the form
y = mx + b:

e m is the slope of the graph of the function; m is the value by
which the x-term is being multiplied.

e b is the y-coordinate of the y-intercept of the graph of the

function; b is the value that is being added to the x-term.

The y-intercept of a
graph is the y-coordinate

What are the slope and the y-intercept of the graph of y = 4x + 1? of the point where the
graph intersects the

The equation is in slope-intercept form, y = mx + b. Read the y-axis. The X-coordinate

values of m and b from the equation. of any point on the

e The value by which the x-term is being multiplied is 4, so m = 4. y-axis is 0. Thus, the

coordinates of the

e The value that is being added to the x-term is 1,so b = 1. y-intercept are (0, J).

The slope, m, of the graph of the function is 4.

The y-coordinate of the y-intercept, b, of the graph of the function
is 1. Therefore, the coordinates of the y-intercept are (0, 1).
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While the point (0, b)
is the y-intercept of the
graph of the equation
y=mx+ b, itis
common to refer to b

as the y-intercept of

i the graph.

What are the slope and y-intercept of the graph of 6x + y = 10?

e To determine the slope and y-intercept, transform the equation
6x + y = 10 into slope-intercept form, y = mx + b.

6x +y =10
—0x = —0x
y = —6x + 10

The equation is now in the form y = mx + b.

e Read the values of m and b from the revised equation. For this
function, m = —6, and b = 10.

The slope, m, of the graph of the function is —6.
The y-intercept, b, of the graph of the function is 10.

Try It

Find the slope and y-intercept of the graph of 3y = 6x — 9.

To determine the slope and y-intercept of the graph, transform the
equation 3y = 6x — 9 into slope-intercept form, y = mx + b.

3y =6x—9
3y 6x 9

y = x =

Read the values of and from the revised equation.

For this function, m = and b =
The slope, m, of the graph of the function is
The y-coordinate of the y-intercept, b, of the graph of the function

is

3y=6x—-9
S _6x_ 9
3 3 3
y=2x—3

Read the values of m and b from the revised equation. For this function,
m = 2 and b = —3. The slope, m, of the graph of the function is 2. The
y-coordinate of the y-intercept, b, of the graph of the function is —3.
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What Are the Effects on the Graph of a Linear Function If the Values
of m and b Are Changed in the Equation y = mx + b?

In the equation y = mx + b, m represents the slope of the graph, and

b represents the y-intercept of the graph. Changing either of these two
constants, m or b, will produce a new graph. The new graph is related
to the original graph in predictable ways.

Change in Slope, m The absolute value of a
Function 1 Function 2 Effect nflmber indioates its
distance from 0 on a
?‘"k number line. The symbol
. f for the absolute value of
v | Xis |x|.
3 ¥2 2 For example
2 ’
A |—3| = 3
e e T s > ¥ |5|:5
_1 _ ' i —8.2| = 8.2
y=3x y = 3x o?l_'z B |8
A
S
2
| ¢ 4
Since |3]| > |%|, the graph of
function 2 is steeper than the
graph of function 1.
y
\ A
P
3
1
<< o 0\1 R e
y=-3x+1| y=—-2x+1 = ‘l\\
= \
| y=-3x+ 15—\ \%
— \ *
Y \C

Since [—2| < |—3|, the graph of

function 2 is less steep than the
graph of function 1.
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Do you see
that . . .

=

If the function y = x — 6 were changed to y = 3x — 6, how would
the graph of the new function compare to the original graph?

The equations are both in slope-intercept form, y = mx + b. In this
form, m represents the graph’s slope.

e The slope of the original function is 1.

e If the equation were changed to y = 3x — 6, the new value for
m would be 3.

The graph of the new function would be steeper because |3| > [1].

y

A

9

8

7 © /
IR

5 ™

4 U

3 &

2 /

i

< > X
Zo| —8| 7| —6| 5| 4| 3| 2| 1] o] 1 3 4 5 7 g 9

—1 /
2 /@
-3 /*
) 7
/S
A
Sy
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Change in y-intercept, b

Function 1 Function 2 Effect
y
A l‘
: -
7 7 g’ﬂ&b‘
A A ,//'5
"6 75 T
7
ﬂ//j,/ ~15
<By ;
2 +4 2 +6 ﬂ—7ﬁ{54—3—2—10123456789:x
= - = — -1
y 3X y 3X -
3
=
5
=
=
=
Sy

Function 2 intersects the y-axis at
a higher point.

x
o o N o ©

~

o

y=—-x+3 y=—-x-1

AN A
o] o N o o & o v 4

Function 2 intersects the y-axis at
a lower point.

If the y-intercept of the function y = L — 4 were decreased by 3,
what would be the equation of the néew function?

The equation is in slope-intercept form, y = mx + b. In this form,
b represents the graph’s y-intercept.

e The y-intercept of the given function is —4.

e If the y-intercept of the function were decreased by 3, it would be
—4 — 3 = —4 + (—3) = —7. The new value for b would be —7.

The equation of the new function would be y = %x - 7.
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Objective 3

The functions f(x) = L—l}x + 1 and g(x) = ‘—1}x + 5 are graphed below.
How does the graph of g(x) compare to the graph of f(x)?

e The value for b in f(x) is 1.
Its graph intersects the y-axis at (0, 1).

e The value for b in g(x) is 5.
Its graph intersects the y-axis at (0, 5).

Since 5 — 1 = 4, the graph of g(x) is 4 units above the graph
of f(x).
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s | 4—
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Try I

If the y-intercept of the function y = 3.2x — 1.8 is increased
by 4.4 to create a new function, what are the characteristics of the
new graph?

The equation of the given function is in slope-intercept form.

In this form, ______ represents the slope of the line, and the
y-coordinate of the y-intercept is

If the y-intercept were increased by 4.4, the new y-intercept would

be equal to + =

The new line would cross the y-axis at a point than
the original line.

The new line would have the same slope, , as the original line.

The equation of the given function is in slope-intercept form. In this form,
3.2 represents the slope of the line, and the y-coordinate of the y-intercept
is —1.8. If the y-intercept were increased by 4.4, the new y-intercept would
be equal to —1.8 + 4.4 = 2.6. The new line would cross the y-axis at a
higher point than the original line. The new line would have the same slope,
3.2, as the original line.
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Slopes of lines can tell you whether the lines are parallel or
perpendicular.

e If two lines are parallel, then they have the same slope, and their
equations have the same value for m.

Look at the graphs of these two equations: y = 3x — 5 and
y =3x+ 2.
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e If two lines are perpendicular, then they have negative reciprocal

slopes, and their equations have negative reciprocal values for m.

Look at the graphs of these two equations: y = —4x — 1
andy = A—l+x - 1.

LY
I\[[°
2 8
\} 7
'\E\ 5 Perpendicular| |
VAL lines ||
ry
-
3
\2
- \ .
o] —8| —7[ -6[ -5] -4] -3[ 2[ 1 1 o= 4 5 6 7 8 9
L\
— -2 \
| 1.1 3
% \
= =
5
-6 \
-7 \
=
vy | Y

73

Objective 3

Two numbers are negative
reciprocals of each other
if their product is —1.

2 3
For example, 3 and ;

are negative reciprocals




Objective 3

How Do You Write Linear Equations?

You can write linear equations in slope-intercept form, y = mx + b, or
in standard form, Ax + By = C. In standard form, A, B, and C are
integers, and A is usually greater than zero.

You can find the equation of a line given any of the following information:
e the slope and the y-intercept of the graph
e the slope and a point on the graph

e two points on the graph

Given the slope and the y-intercept

Identify the values for both m, the slope, and b, the y-intercept. Write
the equation in slope-intercept form, y = mx + b, using these values.

What is the equation of the line with a slope of % and a y-intercept
of —4?

Find the values you should substitute into the equation y = mx + b.
1 1
e If the slope is 3 then m = 3
e If the y-intercept is —4, then b = —4.
The equation of the line is:
y=mx+b
y = %x -4

Try I

Write the equation of the line with a slope of —2 and a y-coordinate of

the y-intercept of g

If the slope is —2, then m =

If the y-coordinate of the y-intercept is g, thenb = —.

The equation of the function is:

y=mx+b

y=__ x+

If the slope is —2, then m = —2. If the y-coordinate of the y-intercept is §,
then b = g The equation of the function is:

y=—2x+g
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Given the slope and a point on the graph

e Substitute the given values (the x- and y-coordinates of the You can also use the
given point and m, the slope) into the slope-intercept form of point-slope form to write
the equation, y = mx + b. the equation of a line.

e Solve the equation for b.

e Substitute the values for m and b into the slope-intercept form,
y =mx + b.

What is the equation of a line with a slope of 9, passing through
the point (3, 4)?

e Substitute x = 3,y = 4, and m = 9 into the slope-intercept
form of the equation.

y=mx+b
4=93)+b
e Solve for b.
4=93)+b
4= 27+b
—27 =—27
—23=»b

e Substitute the given value for m, 9, and the value you found
for b, —23, into the slope-intercept form of the equation.

y=mx+b
y=9x — 23
The equation of the line is y = 9x — 23.

This equation could also be written in standard form,
Ax + By = C, in which A is usually positive.

y= 9x—23
—9x =—9%
—O9x +y=-23

To change —9 to a positive value, multiply both sides of the Do vou see
equation by —1. A Y
9x _ y — 23 t af o o o

In standard form, the equation of this line is 9x — y = 23.
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Try I

Write the equation of the linear graph that has a slope of 3 and
contains the point (6, 5).

Begin by substituting the given values into the slope-intercept form.

The line passes through the point ( , ). Therefore,
x=__ _andy=___
Since the slope equals 3, m =
y=mx+b
= . +b
Find the value for ___ that makes the equation true.
= + b
b=____
Finally, substitute the given value for m, ______ | and the value you
found for b, ______, into the slope-intercept form of the equation.
y=mx+b
y = x +
or
y= X =

Begin by substituting the given values into the slope-intercept form. The line
passes through the point (6, 5). Therefore, x = 6 and y = 5. Since the slope
equals 3, m = 3.

5=3<6+hb
Find the value for b that makes the equation true.

5=18+0b

b=-13

Finally, substitute the given value for m, 3, and the value you found for b, —13,
into the slope-intercept form of the equation.

y=3x+ —13
or
y=3x—-13
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Given two points on the graph

e Use the x-coordinates and y-coordinates of the two given points
to find the slope, m, of the line.

e Substitute the coordinates of one of the known points and the
slope you just found into the slope-intercept form of the
equation, y = mx + b.

e Solve the equation for b.

e Substitute m and b into the slope-intercept form, y = mx + b.

Find the equation of the line passing through the points (1, 2)
and (5, 3).

e Find the slope of the graph using the slope formula. The line

passes through the points (1, 2) and (5, 3).
Y mn 3-2 1

xz—x]_S—l_‘_}

If mis % , the slope of the line is i :

e Substitute the coordinates of either of the given points and
1 . .
the value you found for m, FRELLY the slope-intercept form of
the equation. Find the value of b.

Use (1, 2) or (5, 3).

x=1ly=2 x=5y=3
y=mx+b y=mx+b
_1 _1
2—4(1)+b 3—4(5)+b
= 1 - 2
2= 4+b 3= 2+Db
11 _2_ 3
4 4 4 4
3_ 3_
14—b 13 b

e Substitute the values of m and b into the slope-intercept form of
the equation.

y=mx+b
_1 3
y—4x—|-14

The equation of the line passing through points (1, 2) and (5, 3)
isy = ix + 14%.
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Write the equation of the linear function that contains the points
(4, 1) and (2, 3).

Find the of the graph.
The line passes through the points ( , ) and
( , ).
TN — _ _
m = = e =
X,— X, E—

The slope of the line is
Substitute the coordinates of one of the given points, (4, ),

and the slope you found, , into the slope-intercept form of th

o

equation of a line to find the value of b.
y=mx+b
= . +b
= +b

Substitute the values of m and b into the slope-intercept form.

y = +

Find the slope of the graph. The line passes through the points (4, 1) and (2, 3).

m_ﬂ_u_i__1
T X,—x, 2—-4 -2

The slope of the line is —1.

Substitute the coordinates of one of the given points, (4, 1), and the slope
you found, —1, into the slope-intercept form of the equation of a line to find
the value of b.

1=-1-4+b
1=-4+b
b=5

Substitute the values of m and b into the slope-intercept form.

y=—x+5
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How Do You Find the x-Intercept and y-Intercept of the Graph of an
Equation?
Finding the x-intercept

The x-intercept is the point where the graph of a line intersects the
x-axis. The x-intercept has the coordinates (x, 0).

To find the x-intercept, substitute y = 0 into the equation and solve for
x. The value of x is the x-intercept. The graph of the line intersects the
x-axis at the point (x, 0).

What is the x-intercept of the graph of 5x — y = 10?

Substitute y = 0 into the equation and solve for x.

5x —y =10
5 — 0=10
5x = 10
x=2

The x-coordinate of the x-intercept of the graph is 2. The graph of
the line intersects the x-axis at (2, 0).

Finding the y-intercept

The y-intercept is the point where the graph of a line intersects the
y-axis. The y-intercept has the coordinates (0, y).

One way to find the y-intercept is to write the equation in
slope-intercept form, y = mx + b.

The value of b is the y-coordinate of the y-intercept. The graph of the
line intersects the y-axis at the point (0, b).

Another way to find the y-intercept is to substitute x = 0 into the
equation and solve for y.

Here are two ways to find the y-intercept of the graph of
y +4=2x

Write the equation in slope-

) Substitute x = 0 and solve for y.
intercept form, y = mx + b.

y+4=2x
y+4 =2
4= -4 y + 4 =2(0)
y=2x—4 y+4=0
Therefore, b = —4. y=—4

The y-intercept of the graph is —4. The graph intersects the y-axis
at (0, —4).
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What are the x- and y-intercepts of the line of 4x + 3y = 24?

To find the y-intercept, substitute x = 0 into the equation and

solve for y.
4x + 3y = 24
4(0) + 3y = 24
0+ 3y =24
3y = 24
y=28

The y-intercept is 8.

To find the x-intercept, substitute y = 0 into the equation and

solve for x.
4x + 3y = 24
4x + 3(0) = 24
4x + 0 = 24
4x = 24
x=0

The x-intercept is 6.
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For any equation, such as y = %x — 6, a root is a value of x that makes y = 0.
In a function, a value of x that makes f(x) equal to zero is called a zero of the
function. Both the root of an equation and the zero of a function can be found by

locating the x-coordinate of the x-intercept of the graph of a function, the point at

which the graph intercepts the x-axis.

Roots of Equations | Zeros of Functions x-Intercepts of Graphs
y=%x—6 f(x)=%x—6 y=%x—6
y
_ 3 3. : /
+6 = +6 +6=  +6 : /
° /
_3 _ 3 /
6= 2% 6= 2% e T T T
2 -2 3 2 -2 3 N SR e ma 4] i
3°6=3:3x [3:6=3-3X + “0
4 =x 4 =x 54
x=4 x=4 £
/
The root of The zero of The coordinate of the
3 x-intercept of
y=%x—6 fx) = 5x -6 3 P
is 4. is 4. y=3x-6
is (4, 0).
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How Do You Interpret the Meaning of Slopes and Intercepts?

To interpret the meaning of the slope or of the x- or y-intercept of a
function in a real-life problem, follow these guidelines:

e The slope of the function is the function’s rate of change. A
graph’s slope tells you how fast the function’s dependent variable
is changing for every unit change in the independent variable.

For example, if a graph compares wages earned in dollars to
hours worked, the slope tells the rate at which you are paid, or
how much you make per hour.

y
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e The y-intercept is the point where the graph of a function
intersects the y-axis. The y-intercept has the coordinates (0, y).
It is the point in the function where the independent quantity, x,
has a value of 0. The y-intercept is often the starting point in a
problem situation.

For example, if a graph describes a constant temperature drop
of 10°F per minute from t = 0 to t = 8 minutes, the y-intercept
tells you what the temperature was at t = 0. The y-intercept of
the graph is (0, 85), so the initial temperature was 85°F

y
A

85
80
75
70 y=-10x + 85
65
60
55
50
45
40
35
30
25
20
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> x
0 1 2 3 4 5 6 7 8 9 10
Time
(minutes)
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e The x-intercept is the point where the graph of the function
intersects the x-axis. The x-intercept has the coordinates (x, 0).
It is the point in the problem where the dependent quantity, y,
has a value of 0.

For example, if a graph compares the height of a falling object to
the number of seconds it has fallen, the x-intercept (when the
object’s height above the ground is 0) tells you how many
seconds it will take for the object to hit the ground.

y
A

30

Height 20

(feet) N\y=25- 1652
15 ‘\

10 ‘\

5

0 025050 0.75 1.00 1.25 150 1.75 2.00

Time
(seconds)

Gracie took a long driving trip. She started her journey at home
and drove due west for two days. The graph below represents the
number of miles Gracie was from her home on the second day

of her trip. The slope of the graph is 60, and the y-intercept

is (0, 200). Interpret the meaning of the slope and the y-intercept.

Yy
500 )
WP~
Distance 400 ,6@
from Home 300 9/’
(miles) 200
100

> X

0 1 2 383 4 5
Hours of Driving

The slope of the graph is the function’s rate of change. It compares
the number of miles Gracie was from home to the number of hours
she was driving, or miles per hour. A slope of 60 means she was
driving at the rate of 60 miles per hour, or that her speed was

60 mph.

The y-intercept is the point where the graph intersects the y-axis,
when hours traveled equals 0. This point is the time when Gracie
started driving on the second day. A y-intercept of 200 means she
was already 200 miles from home when she began driving on the
second day of her trip.
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Try It

The graph below shows the weight of Denise’s dog Elmo over the
6-month period after she adopted him. What was the dog’s weight
when she adopted him? How many pounds did he gain each month
during that 6-month period?

y
J}
50
40
Weight
(pounds) 30
20
10
o 1 2 3 4 5
Months After Adoption
The y-intercept of the graph is at the point (0, ).
This means Elmo weighed pounds when Denise adopted

him.
The number of pounds Elmo gained each month is the graph’s rate
of , Or its

To find the slope of the graph, identify the coordinates of
points on the graph.

For example, (2, ) and ( , 45) are points on the graph.

The slope of the graph is the change in the -coordinates

between any two points compared to the corresponding change in

their -coordinates.

45 _

The slope of the graph is = =
4

Elmo gained pounds per month during the 6-month period.

The y-intercept of the graph is at the point (0, 25). This means EImo weighed
25 pounds when Denise adopted him. The number of pounds Elmo gained
each month is the graph’s rate of change, or its slope. To find the slope of
the graph, identify the coordinates of two points on the graph. For example,
(2, 35) and (4, 45) are points on the graph. The slope of the graph is the
change in the y-coordinates between any two points compared to the

corresponding change in their x-coordinates. The slope of the graph is

42 — 25 = % = 5. Elmo gained 5 pounds per month during the 6-month period.
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Objective 3

How Do You Predict the Effects of Changing Slopes and y-Intercepts
in Applied Situations?

Many real-life problems can be modeled with linear functions. To
analyze such problems, it is often helpful to identify the slope and the
y-intercept of the linear function. Interpreting the meaning of these
values will help you predict the effect that changing them will have on
the quantities in the problem.

e If the slope is changed, a rate of change in the problem will
increase or decrease.

e If the y-intercept is changed, an initial condition will change.

Tess is filling the gas tank of her car. The graph represents the
gallons of gas in her tank in terms of the number of minutes she
pumps gas.

The graph intersects the y-axis at the point (0, 2.5). The graph
suggests that Tess had 2.5 gallons of gasoline in her car when she
started to pump gas.

If her car had had 7 gallons of gas in it when she started pumping
gas, how would the graph be affected?

y
A

25

Gallons % // /
f /
Goas h ////
10 /
&
L/

0 05 1.0 15 20
Minutes

If her gas tank had had 7 gallons instead of 2.5 gallons when she
started pumping gas, the graph would pass through the y-axis at
the point (0, 7) instead of (0, 2.5).

The graphs would be parallel lines.
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Zippy’s, a package-delivery service, charges $12 plus $0.08 per mile
to deliver a package within the city. How would the graph of the
cost of delivering a package change if Zippy’s increased its mileage
charge to $0.09 per mile?

Write an equation that represents the cost, ¢, of delivering a package
n miles.

c = n+

In this equation 0.08 represents the of the graph of
the equation.

If the mileage charge were changed from 0.08 to 0.09, the slope of
the graph would

The new line will be

Write an equation that represents the cost, ¢, of delivering a package
n miles.

c =0.08n+ 12

In this equation 0.08 represents the slope of the graph of the equation. If the
mileage charge were changed from 0.08 to 0.09, the slope of the graph
would increase. The new line will be steeper.
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Objective 3

How Do You Solve Problems Involving Direct Variation or Proportional
Change?

If a quantity y varies directly with a quantity x, then the linear equation
representing the relationship between the two quantities is y = kx. In
this equation, k is called the proportionality constant.

To say “y varies directly with x” is to say “y is directly proportional to x.”

If the equation y = kx were graphed, k would be the slope of the graph.

The price of milk varies directly with the number of quarts of milk
purchased. If 5 quarts of milk cost $6.25, what would 3 quarts of
milk cost?

e Write an equation that compares the number of quarts
purchased to the cost.

Let ¢ = the number of quarts purchased.
Let ¢ = the cost.
The direct variation equation is ¢ = kq.

e Substitute the known values for ¢ and q to find the proportionality
constant, k. Five quarts of milk (¢ = 5) cost $6.25 (¢ = 6.25).

c = kq
6.25 = k(5)
125 =k

If k = 1.25, then the proportionality constant is $1.25.
If k = 1.25, then the slope of the graph is 1.25.

e Find the cost of 3 quarts of milk by substituting k = 1.25 and
q = 3 into the equation ¢ = kq.

c=kq
c=1.2503)
c=3.75

Three quarts of milk cost $3.75.

Now practice what you've learned.
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Question 25

Which of the following can best be described by a linear function?

A The area of a circle with radius r

B The perimeter of an equilateral triangle with side length s
C The surface area of a cube with side length s

D The volume of a cylinder with radius r and height A2

Answer Key: page 238

Question 26
Which graph best represents the equation 2y — x = 10?
y y
A A
9 9
8 8
7 7
6 6
5 5
) )
3 3
2 2
A 1 C 1
EMEEEEEEEEOEEEEEEEEE o 5 =[] 2 o] 1 2 3 48 6 78 9"
-1 1
-2 2
-3 -3
) 4
5 5
6 6
=7 7
-8 -8
~y °y
y
A A
9 9
8 8
7 7
6 6
5
) 7
3 3
2 2
B 1 D 1
i9—8—7—6—5—4—3—2—10123456739'“" j9—8—7—6—5—4—3—2—10123456789:‘x
-1 -1
-2 -2
-3 -3
) )
-5
-6 -6
=7 -7
B3 =
Sy 2

@-: Answer Key: page 238
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Question 27

Which of the following linear functions does not represent a rate of change of —%?

y
\
3
h 2 3 | 1 5 9
X _
A \1 . C
737271‘0\1234' y 10 4 —2 —8
—1 \\
2 N
3
=
B 2x + 3y =12 Dy=—§x+9

@':? Answer Key: page 238

Question 28

The graph below shows the number of grams of beef and the number of grams of potatoes you could
eat to obtain approximately 500 calories of energy.

y
A
400
300
Grams
of 200
Beef \‘\
\\
100 \\
\‘
N
> x
0 100 200 300 400 500

Grams of Potatoes
Which of the following numbers represents the maximum number of grams of potatoes you could
eat to obtain approximately 500 calories?
A 200¢g
B 450¢g
C 100¢g
D 150¢g

@zﬁ Answer Key: page 239
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Question 29

The graph projects a business’s growth in
financial assets over a seven-year period.

600

500

Assets 400
(thousands

of dollars) 800

200

100

0O 1 2 3 4 5 6 7

Year

Which of the following interpretations of the
graph is true?

A The company’s initial assets are $200,000.
The expected growth rate is $50 per year.

B The company’s initial assets are $200. The
expected growth rate is $50,000 per year.

C The company’s initial assets are $200,000.
The expected growth rate is $50,000 per
year.

D The company’s initial assets are $200. The

expected growth rate is $50 per year.

@zﬁ Answer Key: page 239

Question 30

Which equation describes the line that passes
through the point (-3, —8) and is parallel to the
line represented by the equation 4x — 5y = —2?

Ay=%x—4—57
By=%x—2—58
Cy=%x+%
Dng—@

®'=’E’ Answer Key: page 239

Objective 3

Question 31
The line y = %x — 4 is drawn on a coordinate

grid. A second line is drawn with a slope of 1.
Which statement best describes the relationship

between these two graphs?

A
B
C

The second line is steeper than the first line.
The graphs are perpendicular lines.

The second line is less steep than the first
line.

D

The graphs are parallel lines.

®=ﬁ Answer Key: page 239

Question 32
Which equation is best represented by a line

containing the points (2, —5) and (4, 3)?

A x+4y =13
y =4x + 13
y = —4x + 19

—4x +y=-13

@‘:“ﬁ Answer Key: page 239

B
C
D

Question 33

Find the coordinates of the x-intercept and the
y-intercept of the line 2x = 9 — 3y.

A x-intercept (3, 0); y-intercept (O, g
B x-intercept (0, 3); y-intercept (g, 0)
C x-intercept (0, g); y-intercept (3, 0)
D

x-intercept ( g, 0); y-intercept (0, 3)

®'=’E’ Answer Key: page 240
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Question 34

A local bakery sells cookies by the dozen. If
you want more than one dozen cookies, the
bakery charges by the cookie for the additional

cookies. The first graph below shows the original

cost of buying a dozen or more cookies from the
bakery. The second graph shows the cost of
buying a dozen or more cookies after the bakery

changed its prices.
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Which statement describes how the bakery
changed its price for a dozen or more cookies?

A The bakery increased the cost of the first

dozen cookies.

B The bakery increased the cost per cookie
after the first dozen.

C The bakery decreased the cost per cookie
after the first dozen.

D The bakery decreased the cost of the first

dozen cookies.

®'='? Answer Key: page 240

92

Question 35

The number of miles Sammie walks is directly
proportional to the number of minutes she
walks. If Sammie walks 3 miles in 45 minutes,
what is the constant of proportionality, and how
far would she walk in 2.5 hours?

1 .
1—5, 10 miles
1. .
5 16.6 miles

15; 37.5 miles

g9 a w »

15; 225 miles

®'='? Answer Key: page 240
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Question 36
Which of the following represents a function that has -3 as a zero?
Yy
K .
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@-: Answer Key: page 240
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Objective 4

The student will formulate and use linear equations and inequalities.

For this objective you should be able to
An algebraic sentence
written using the symbol
<, =, >, 0= s
called an inequality.

e formulate linear equations and inequalities from problem
situations, use a variety of methods to solve them, and analyze
the solutions; and

e formulate systems of linear equations from problem situations,
use a variety of methods to solve them, and analyze the solutions.

How Do You Solve Problems Using Linear Equations or Inequalities?

Many real-life problems can be solved using either a linear equation or
an inequality. To solve the equation or inequality, follow these steps:

e Simplify the expressions in the equation or inequality by
removing parentheses and combining like terms.

e Isolate the variable as a single term on one side of the equation
by adding or subtracting expressions on both sides of the
equation or inequality.

e Use multiplication or division to produce a coefficient of 1 for
the variable term.

e When solving an inequality, you must reverse the inequality
Do you see i g symbol if you multiply or divide both sides by a negative number.
fhat o o o - _2X> 10
__—sz < % Divide both sides by a negative number.
x< =5

The inequality symbol reversed; it went from > to <.

e Use the solution of the equation or inequality to find the answer
to the question asked.

e See whether your answer is reasonable.

The combined weight of 3 people in a small plane cannot safely
exceed 620 pounds. The pilot weighs 185 pounds, and Ramon
weighs 1% times as much as his wife Grace. Altogether they do

not exceed the weight limit. Write an inequality that could be used
to find Grace’s maximum possible weight.

e Represent the quantities involved with variables or expressions.
You know that Ramon’s weight is 1.5 times Grace’s weight.
Represent Grace’s weight with g.

Ramon weighs 1.5 times his wife’s weight, or 1.5g.
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Write the inequality.
Grace’s weight + Ramon’s weight + the pilot’s weight must be
less than or equal to 620 pounds.

g+ 1.5g + 185 = 620
lg + 1.5 + 185 = 620
2.5g + 185 = 620

The inequality 2.5g + 185 = 620 could be used to find Grace’s
maximum possible weight.

In the school Adopt-a-Highway program, Trent picked up twice as
many empty soda cans as Susan did but only one-third as many as
Ginger collected. Together, the team picked up 135 cans. How
many cans did Trent pick up?

Represent the unknown quantities with variables or expressions.
The number of cans each team member picked up is described
in terms of the number of cans Trent picked up. Represent the
number of cans Trent picked up using the variable t.

Susan picked up % as many cans as ITrent.
Ginger picked up 3 times as many cans as Trent.
Trent Susan Ginger
t 0.5t 3t

Write an equation that can be used to solve the problem.
Together the team picked up 135 cans.

t + 0.5t + 3t =135

Simplify the expression by combining like terms. Then solve
the equation for t.

1t + 0.5t + 3t = 135
(1+05+3)¢t =135
4.5t = 135

t =30

In this problem, the solution to the equation, t = 30, is also the
answer to the problem. Trent picked up 30 empty soda cans.
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The width of a rectangle is between 5 and 10 inches. If its length is
1 inch more than twice its width, what is a reasonable range for the
rectangle’s perimeter?

Its width can be represented by w.
Its length can be represented by 2w + 1.
Its perimeter can be represented by P.

P=2+2w
P=2Qw + 1) + 2w
P=4w + 2 + 2w
P=o6w+ 2

Find a reasonable range for P.

Substitute Substitute
w=>5 w =10

(bw +2)<P< (6w + 2)
6-5+2)<P<(6-10+2)
B0 +2)<P<(60+2)
32 <P <62

Any perimeter between 32 inches and 62 inches would be
reasonable.

An illustrator wants to produce a series of pen-and-ink drawings.
The height of each drawing must be at least 1 inch more than

% its width. This relationship is represented in the graph below.

Reasonable solutions
lie in the shaded area.

y
A
° ©.5)
Height 4 —
(inches) ~
—
2 —
»! X
0 2 4 6 8 10
Width
(inches)

If a drawing 6 inches wide is 5 inches tall, does it meet the
requirements?

Find the 6 on the x-axis and then go up to the shaded region in the
graph. Is the point (6, 5) in the shaded region? Yes.

Then a 6-inch-by-5-inch drawing meets the requirements.
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Try It

The length of a rectangle is 5 inches greater than its width. If the
width of the rectangle is represented by w and its perimeter is
represented by P, write an equation in terms of P and w that could
be used to find the dimensions of the rectangle.

Represent the width of the rectangle by w.

The length of the rectangle is 5 inches
its width.

Represent the length by w +
Write an equation and simplify it.

P=2+ 2w
P=2w + ) + 2w
P=2w + + 2w
P = w +
The equation P = w + could be used to find

the dimensions of the rectangle.

The length of the rectangle is 5 inches greater than its width. Represent the
length by w + 5.

P =2+ 2w
P=2w + 5) + 2w
P=2w+ 10 + 2w
P=4w + 10

The equation P = 4w + 10 could be used to find the dimensions of the
rectangle.
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Objective 4

Try I

Saul used two different types of trim molding on a woodworking
project. He used 6 feet more of the molding that cost $2.50 per foot
than he used of the molding that cost $1.50 per foot. If the combined
cost of the molding used to complete his project was $55, how many
feet of each type of molding did Saul use?

Represent the number of feet of $1.50-per-foot molding with m.
Represent the number of feet of $2.50-per-foot molding with
m +

Represent the cost of the $1.50 molding used.

Represent the cost of the $2.50 molding used.

2.50( + )
Write an equation that shows the total cost as $55 and solve for m.
1.50m + 2.50( + ) =55
1.50m + 2.50m + =55
m+ 15 =55
m =
m =
Saul used feet of molding that cost $1.50 per foot.
He used m + 6 = +6= feet of molding

that cost $2.50 per foot.

Represent the number of feet of $2.50-per-foot molding with m + 6.
Represent the cost of the $1.50 molding used: 1.50m. Represent the cost
of the $2.50 molding used: 2.50(m + 6).

1.50m + 2.50(m + 6) = 55
1.50m + 2.50m + 15 =55

4m + 15 =55
dm = 40
m =10

Saul used 10 feet of molding that cost $1.50 per foot. He used
m + 6 = 10 + 6 = 16 feet of molding that cost $2.50 per foot.

98




Try it

A farmer sells peaches and decorative baskets at a roadside stand.
He sells the baskets for $4.95 each and the peaches for $0.69 per
pound. The equation p = 0.69w + 4.95 represents the price, p,
of a basket containing w pounds of peaches. The graph of this
relationship is shown below.

p
A

16
15
14

13
v
12 /

11 yd

10 /]

Price
(dollars)

9
8
7
6
5
4
3
2
1

> w
0 1 2 3 456 7 8 9 101112
Weight
(pounds)

Use the graph to find a reasonable value for the number of pounds of
peaches in a decorative basket that would sell for $10.00 altogether.

Go to the point on the axis where the cost is
approximately $10.00.

Go until you reach the graph.

Go to the axis and read

the value there.

The corresponding value is greater than

A reasonable value for the number of pounds of peaches in a basket

costing $10.00 is about pounds.

Go to the point on the vertical axis where the cost is approximately $10.00.

Go across until you reach the graph. Go down to the horizontal axis and read
the value there. The corresponding value is greater than 7. A reasonable value
for the number of pounds of peaches in a basket costing $10.00 is

about 7% pounds.
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Objective 4

How Do You Represent Problems Using a System of Linear Equations?

A system of linear Many real-life problems can be solved using a system of two or more
equations is two or more linear equations.

linear equations that use
two or more variables.

To represent a problem using a system of linear equations, follow these

For example, guidelines.
2x+y =10 e Identify the quantities involved and the relationships between
them.

X—3y =9

e Represent the quantities involved with two different variables or
is a system of two with expressions involving two variables.
linear equations in

two unknowns.

e Write two independent equations that can be used to solve the
problem.

The sum of two numbers is 100. Twice the first number plus three
times the second number is 275. Write a system of two equations
in two unknowns that could be used to find the two numbers.

The problem involves two numbers. One number is not described
in terms of the other number, so it makes sense to represent them
using two different variables.

e Represent the first number with the variable x.

e Represent the second number with the variable y.

You know two different relationships between the numbers.
e Their sum is 100.
x+y =100
e Twice the first number plus three times the second number is 275.
twice the first + three times the second = 275
2x + 3y = 275

The following system of linear equations could be used to find the
two numbers.

x +y =100
2x + 3y = 275

100



Try It

Daniel put all the pennies and nickels from his pocket change into a
jar. At the end of the month, there were 210 coins in his jar, worth
$3.30 in all. Write a system of two equations that can be used to
find p, the number of pennies, and n, the number of nickels, in the
jar at the end of the month.

The value of a group of mixed coins depends on the value of each
type of coin.

The number of any one type of coin times its
gives the total value of all the coins of that type.

Represent the number of coins of each type Daniel had in his jar.
Represent the number of pennies with the variable p.
Represent the number of nickels with the variable n.

Represent the total value in cents of each type of coin in his jar.

Represent the value of the pennies with the expression

Represent the value of the nickels with the expression

Write two equations that describe the relationships between these
quantities:

The number of pennies + the number of nickels = coins
in the jar:

+ =

The value of the pennies + the value of the nickels =
cents in the jar:

+ =

The following system of equations could be used to find the number
of each type of coin Daniel has in his jar:

pt+tn=
p+ n=
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p+n =210
1p + 5n = 330

The number of any one type of coin times its value gives the total value
of all the coins of that type. Represent the value of the pennies with the
expression 1p. Represent the value of the nickels with the expression 5n.
The number of pennies + the number of nickels = 210 coins in the jar:

p + n = 210. The value of the pennies + the value of the nickels = 330
cents in the jar: 1p + 5n = 330. The following system of equations could
be used to find the number of each type of coin Daniel has in his jar:

The solution to a system of
linear equations is a pair
of numbers that makes both
equations true.

For example, the ordered
pair (4, 2) is a solution
to the following system of
equations:

2x+ y=10
X—y=12

because when X = 4 and
¥ = 2, each equation is

How Do You Solve a System of Linear Equations?

You can solve a system of linear equations algebraically and graphically.
Two algebraic methods are substitution and elimination.

A graph can show you how many solutions a system of equations has.

If the two lines ...

... as shown by this graph ...

... then the system
of equations ...

¥y

LA
N 5%
. $
intersect at a X2 has one solution:
single point SN x=1andy =2
(intersecting lines) T8 or (1, 2).
x
: i\\y‘vi
Yy
do not intersect ‘ ]
(parallel lines) T NN has no solution.
=\
N
— \\) \\Pi
= !
Yy
\
]
‘N2
R
. TNy
intersect at TN, o
every point RN has infinitely many
(coincident lines) I solutions.
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You can also determine the number of solutions a system of equations
has by writing the equations in slope-intercept form, y = mx + b.

If the two equations ... ... as shown by this system ... ... then the system
of equations ...

have different values |2x + y =4 ==» y = —2x+ 4 has one solution:

form X—y=—1=> y=x+1 x=1andy = 2.

have different values

2x+y=4 => y=-2x+4(b=4) :

for b but the same ty=1=> y=—2x+1(b=1) has no solution.

value for m

have the same 2x+ty=4 => y=-2x+4 has infinitely many

values for m and b dx + 2y = 8==> y = —2x+ 4 solutions.

Solve this system of equations using the graphical method.
—Xx+ty=-2
2x —y =5

The two equations are graphed below.

Y
13

A

The coordinates of the point where the two lines intersect, (3, 1),
is the solution to the system of equations. The coordinates satisfy
both equations.

—x+ty=-2 2x —y =5
x =3 —x+ty=-2 2x—y =5
and | —-3)+ (1) =-2 | 2B3)—(1) =5
y =1 -2 = -2 5=5

The solution to the system of equations is (3, 1).
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When you use the substitution method to solve a system of equations,
solve one equation for one of the two variables. Then substitute into
the second equation.

Solve the following system of equations using the substitution
method.

a+ b =30
2a — 3b =10

This system of equations lends itself to being solved using
substitution because the first equation can be solved easily for
a in terms of b.

To solve the first equation for a, subtract b from both sides.

a+ b =30
—-b= —b
a=30—-0»b

Now substitute (30 — b) for a in the second equation.
The result will be a linear equation with just one variable.

Solve that equation.

2a — 3b =10
230 — b) —3b =10 Substitute (30 — b) for a.
60 —2b — 3b =10 Remove parentheses; multiply by 2.
60 — 5b = 10 Combine like terms: —2b — 3b = —5b.
60 = 10 + 5b Add 5b to both sides.
50 = 5b Subtract 10 from both sides.
10 ="»b Divide both sides by 5.

Now that you know the value of b, you can use this value to find
the value of a by substituting the value of b into either of the two
original equations.

In this system, the first equation is the easier equation to use.

a+b=30
a+ 10 = 30 Substitute b = 10.
a= 20 Subtract 10 from both sides.

The solution to the system of equations is a = 20 and b = 10, or
(20, 10).
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The elimination method is also called the addition method because you
eliminate one of the variables by adding. Before you add, you may need
to multiply one or both equations so that one of the variables has
opposite coefficients.

Solve the same system of equations using the elimination method.
a+b =30
2a — 3b =10

In the given system of equations, if you multiply both sides of the
first equation by 3, you get the following equations:

3(a + b) = 3(30) == 3a + 3b =90
2a — 3b =10 => 2a — 3b =10

The variable b has a coefficient of 3 in the new equation and an
opposite coefficient of —3 in the original second equation. When

you add those two equations, the term containing b will disappear
because it will have a 0 coefficient. @ Do you see
3a + 3b = 90 ‘S that ...
+ 2a — 3b= 10
5a = 100
a = 20
To find b, substitute 20 for a into the first equation.
a+b =30
20 +b =30
b =10

The solution to the system of equations is a = 20 and b = 10, or
(20, 10). This is the same solution obtained by using the
substitution method.
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Try I

At the concession stand a can of soda costs $0.25 more than a bottle
of water. If John bought 3 bottles of water and 2 cans of soda for
$8, how much did each type of drink cost?

Let s represent the cost of a can of soda.
Let w represent the cost of a bottle of water.

If a can of soda costs $0.25 more than a bottle of water, then an
equation that can be used to represent this is

s=w +

If 3 bottles of water and 2 cans of soda cost $8, then an equation
that can be used to represent this is

3 +2 = 8.

Solve the system of equations using the substitution method.
Substitute w + 0.25 for s in the second equation and solve.

3w + 2s = 8.00

3w + 2( + ) = 8.00
3w + w + = 8.00
w + 0.50 = 8.00
w = 7.50

w =

A bottle of water costs $
A can of soda costs s = w + 0.25 = +025=%

If a can of soda costs $0.25 more than a bottle of water, then an equation
that can be used to represent thisis s = w + 0.25. If 3 bottles of water and
2 cans of soda cost $8, then an equation that can be used to represent this
is 3w + 2s = 8.

3w + 2s = 8.00

3w + 2(w + 0.25) = 8.00
3w + 2w + 0.50 = 8.00
5w + 0.50 = 8.00

5w = 7.50

w =1.50

A bottle of water costs $1.50.
A can of soda costss = w + 0.25 = 1.50 + 0.25 = $1.75.

Now practice what you've learned.
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Question 37

Jeanne wants to build a fence to enclose an area
for a new rose garden. She can afford 150 feet of
fencing. The length of the rectangular garden will
be 5 feet more than the width, w. Which
inequality best describes the possible width of her
garden?

A

B
C
D

w + (w + 5) =150
2w + 2w + 5) = 150
2w + 2w + 5) = 150
w + (w + 5) =150

Question 38

Sharon kept track of her expenses last week. She

®=ﬁ Answer Key: page 240

spent $4 more on movie rentals than she did on
lunches. She spent five times as much fixing her
car as she did on movie rentals. If Sharon spent
a total of $80 last week on these three expenses,
how much did her car repairs cost?

A

B
C
D

$8

$12
$60
$14

Question 39

The sum of two numbers is 59. The difference
between 2 times the first number and 6 times
the second is —34. Find the two numbers.

A

B
C
D

40 and 19

38 and 97
—38 and 97
—40 and —19

@zﬁ Answer Key: page 241

®'=E Answer Key: page 241
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Question 40

Each morning at his bagel shop, Sid makes at
least three times as many plain bagels as he does
onion bagels and 25 more onion bagels than
garlic bagels. The graph below represents the
relationship between the number of plain bagels
and the number of garlic bagels Sid prepares
each day.

I

400
375
350 /
325
300
275 /
250
225
200 /
175
150
125 /
100

75

50

25

Plain Bagels

> X
0 25 50 75 100

Garlic
Bagels

Which statement below does not satisfy this
inequality relationship?

A Sid made 100 garlic bagels and 390 plain
bagels.

B Sid made 50 garlic bagels and 225 plain
bagels.

C Sid made 25 garlic bagels and 125 plain
bagels.

D Sid made 75 garlic bagels and 300 plain

bagels.
®=’ﬁ Answer Key: page 241
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Question 41

Ira wants to build a rectangular dog kennel
adjacent to the back wall of his garage.

Garage

Using the garage wall as the fourth side of the
kennel allows him to fence only three sides of
the kennel. The fencing material he is using
costs $4 per foot. Ira has $120 to spend on the
project. If the back wall of the garage is 20 feet
long, what is the maximum width Ira can make
the kennel?

A 10ft
B 60ft
C 100 ft
D 51t

®=ﬁ Answer Key: page 241

Question 42

Which describes the solution to this system of
linear equations?

6x — 2y =17
-9x+3y =5
A This system of linear equations has only two
solutions.
B This system of linear equations has no

solution.

C This system of linear equations has only one
solution.

This system of linear equations has an
infinite number of solutions.

®=ﬁ Answer Key: page 242

Question 43

Sandra spent $48.40 on tickets for a movie
sneak preview. She bought 3 adult tickets and

5 child tickets. If the cost of an adult ticket, a, is
twice as much as the cost of a child ticket, c,
what is the cost of each kind of ticket?

A a = $8.80
c = $4.40
B o= $13.82
c = $6.91
C a=$4.40
c = $2.20
D a = $6.91
c = $3.46

®=ﬁ Answer Key: page 242

Question 44

An ice-cream store projects that the profit, p,
it earns on a total sales volume of s dollars is
given by the formula p = 0.25(s — 3000). If
sales for the next month are projected to be
between $5000 and $7000, what range best
represents the total profit the store can
expect for that month?

A 500 =p = 1000
B 5000 =< p = 7000
C 0=p=2000

D 2000 = p = 4000

®=ﬁ Answer Key: page 242
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Question 45

The members of a school choir had a fund-
raising drive last month. They sold candy bars

for $2 each and cans of popcorn for $5 each. Brent
sold more than $300 worth of candy and popcorn

altogether. Brent’s sales can be represented by
the inequality 5x + 2y > 300.

y

A

140

120

100

Candy 80

Bars

60

40

20

0

Which of the following points could not reasonably

10 20 30 40 50 60
Cans of Popcorn

represent the number of candy bars and cans of
popcorn sold by Brent last month?

A (30,90)
B (40, 80)
C (20, 50)
D (50, 40)

®'='? Answer Key: page 242
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Question 46

The Beachfront Resort charges its guests
according to the number of nights they stay
at the resort and the number of meals they
eat there. A guest can stay 2 nights and have
5 meals for $395, or a guest can stay 5 nights
and have 11 meals for $959. Which system of
equations can be used to find n, the cost of a
night’s stay, and m, the cost of a meal?

A 5n +2m = 395
11n + 5m = 959

B 5n + 2m = 959
11n + 5m = 395

C 2n + 5m = 959
5n + 11m = 395

D 2n +5m =395
5n + 11m = 959

®=ﬁﬁ Answer Key: page 242

Question 47

Rachel is selling watermelons for $2 each and
cantaloupes for $1 each. A customer bought a
total of 13 watermelons and cantaloupes for $20.
Which system of equations best describes the
number of watermelons, w, and the number of
cantaloupes, ¢, the customer bought?

A w+c=20
w + 2¢ =13
B w+c¢c=13
w + 2¢ =20
C w+c=20
2w +c =13
D w+c=13
2w + ¢ = 20

®'='? Answer Key: page 243



Objective 5

The student will demonstrate an understanding of quadratic and other
nonlinear functions.

For this objective you should be able to

e interpret and describe the effects of changes in the parameters
of quadratic functions;

e solve quadratic equations using appropriate methods; and

e apply the laws of exponents in problem-solving situations.

What Is a Quadratic Function?

e A quadratic function is any function that can be written in the
form y = ax* + bx + ¢, where a # 0. Its graph is a parabola.
When you know the values of a, b, and c, they help you describe
the shape and location of the parabola.

e A quadratic equation is any equation that can be written in the
form ax* + bx + ¢ = 0. The constants a, b, and ¢ are called the
parameters of the equation.

The simplest quadratic function is y = x*. It is the quadratic parent
function.
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The graph of the quadratic function y = x> — 4 is shown below.

| axis of symmetry|
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x-intercepts—
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the x-axis
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minimum or m

A

aximum value —

y-intercept—
point where the graph
intersects the y-axis

roots—

the solutions to the
quadratic equation
x*—4=0

L L

The characteristics of the graph of y = x> — 4 are shown below.
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Roots x=—2andx =2
Zeros x=—-2andx =2

x-intercepts

(—2,0) and (2, 0)

y-intercept

(0, -4)

Axis of Symmetry

x=0
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Objective 5

Try I

The graph of f(x) = -2x* + 4x + 5 is shown below.

y

A

9
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P \

- F 1,
—9| 8| -7| 6| 5| -4| 3| 2| -1 o 1| 2 4 5 6 7/ 8 9
=
-2

|- |
I |
| |
|- |
|7 |
| | |
Y v Y
What are the characteristics of this graph?
The of the function are between —1 and 0 and between

2 and 3.
The vertex is at
The y-intercept of the graph is at

The axis of symmetry is

The zeros of the function are between -1 and 0 and between 2 and 3. The
vertex is at (1, 7). The y-intercept of the graph is at (0, 5). The axis of
symmetry is x = 1.
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What Happens to the Graph of y = ax? When a Is Changed?

If two quadratic functions of the form y = ax” differ only in the sign of
the coefficient of x>, then one graph will be a reflection of the other
graph across the x-axis.

e If a > 0, then the parabola opens upward.

e If a <0, then the parabola opens downward.

How do the graphs of y = 3x* and y = —3x” compare?

In one function, a = 3. In the other function, a = —3. Each graph
is a reflection of the other across the x-axis.

The graph of y = 3x” opens upward because 3 > 0.
The graph of y = —3x* opens downward because —3 < 0.
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-

See Objective 3,
page 69, for more
information about
absolute value.

If two quadratic functions of the form y = ax* have different coefficients
of x*, then one graph will be wider than the other. The smaller the
absolute value of a, the coefficient of x*, the wider the graph.

Which of these three functions produces the narrowest graph?
y = %xz y = 2x° y = —4x*
Compare the absolute value of the three coefficients of x.
e In the first function the coefficient of x* is %
In the second function the coefficient of x* is 2.
In the last function it is —4.

e Since ‘ ‘ then 2 has the least absolute value. The graph

ofy = zx produces the widest parabola.

e Since |—4| = 4, then —4 has the greatest absolute value.

The graph of y = —4x* produces the narrowest parabola.
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Objective 5

If the coefficient of x* in the function y = x* is changed to —2,
how does the new graph compare to the original graph?

First find the effect of changing the sign of a. Then find the effect of
changing its value.

e 1If the coefficient of x* changes from positive 1 to negative 1, the
new graph will be a reflection of the original graph. The graph
of y = —x* will be a reflection of the graph of y = x* across the
X-axis.

o If the coefficient of x* changes from —1 to —2, the graph

becomes narrower because [—2| > |—1|. The graph of y = —2x*
will be narrower than the graph of y = —1x?2.
Yy

A1y 4

Y
8

A

5| 4 38 -2 12 3] 4 5

[
[ 1)
Y.V ¥

The graph of y = —2x” is narrower than the graph of y = x*, and
it opens down, not up.

115



Objective 5

Two quadratic functions are graphed below.

yZ%x2 y=5x2

»
>

L\
\

1
/
/
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<
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o
Y
8

-5 -4/ -3 -2 -1 0 1 2 3 4

Which parabola is the graph of y = %xz?
Which parabola is the graph of y = 5x*2

Compare the absolute values of the coefficients of x*.

e Since % is the smaller value, y = %xz produces the wider graph.

e Since 5 is the greater value, y = 5x” produces the narrower
graph.

Parabola r, the wider graph, is the graph of y = %xz, and parabola t,

the narrower graph, is the graph of y = 5x>,
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What Happens to the Graph of y = x2% + ¢ When c Is Changed?

If two quadratic functions of the form y = x* + ¢ have different
constants, ¢, then one graph will be a translation up or down of the
other graph.

How does the graph of y = x> + 4 compare to the graph of y = x*?

In the function y = x* + 4, the constant 4 has been added to the
parent function y = x°.

I Y S

N . 4‘y=x2+4
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The graph of y = x> + 4 is 4 units above the graph of y = x*.

How does the graph of y = x> — 2 compare to the graph of y = x*?
graph ot y p grap

In the function y = x> — 2, the constant —2 has been added to the
parent function y = x*.
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The graph of y = x> — 2 is 2 units below the graph of y = x*.
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How many units apart are the vertices of the graphs of y = x* + 3

andy = x> — 1?

e Adding the constant 3 to the parent function y = x” causes the
parent function to be translated 3 units up.

e Adding the constant —1 to the parent function y = x> causes
the parent function to be translated 1 unit down.

e Look at the graphs of the two functions.

y

XN A
\ 15

14

>
|

\ 13
\ 12
\ \ 11
\ \ 10

—
©

=x2+3

~__JY
Y ==

o = v of s 0 o N @

9| -8| 7| -6| -5| 4| -3| -2| -1

y

The vertex of the graph of y = x> + 3 is 4 units higher than the
vertex of the graph of y = x* — 1.
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Try It

The graph of the function y = x* — 2 is translated 5 units up. The
equation y = x> — 2 and the translated function are graphed below.

y
AN T AT A4
Wl
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o[ -8[ —7] -6| 5| -4| 3| =2[ N\ o 1[/2] 3 4 s 6 7] 8 o
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2
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.
-6
7
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Sy

What is the equation of the translated graph?

In the equation y = x*=2,¢c=

If the graph is translated 5 units up, then the value of ¢ increases
units.

The value of ¢ goes from to

The equation of the translated function is

In the equation y = x* — 2, ¢ = -2. If the graph is translated 5 units up, then
the value of ¢ increases 5 units. The value of ¢ goes from -2 to +3. The
equation of the translated function is y = x* + 3.
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Objective 5

How Do You Draw Conclusions from the Graphs of Quadratic
Functions?

To analyze graphs of quadratic functions and draw conclusions from
them, consider the following.

e Understand the problem. Identify the quantities involved and the
relationship between them.

e Identify the quantities represented on the graph by using the
horizontal and vertical axes and looking at the scales used.

e Find the x-intercepts and y-intercept of the graph and determine
what these values represent in the problem.

e Decide whether the graph has a minimum or maximum point
and determine what this value represents in the problem.

A golf ball was hit into the air. The graph below shows the height
of the ball t seconds after it was hit.

h
A

160
(3, 144)

140

120 / \

100
Height / \

(feet) 80

so|—/ \

40 / \
20l f \

Y
~

Time
(seconds)

What conclusions about the ball’s path can you draw from the
graph?

The horizontal axis represents time in seconds. The vertical axis
represents the height of the ball in feet.

e The point (0, 0) on the graph tells you that at 0 seconds the
height of the ball was 0 feet.

e The greatest value of the function is at the vertex, (3, 144). This
means that the maximum height of the ball was 144 feet and
that it took 3 seconds for the ball to reach this height.

e The point (6, 0) on the graph tells you that at 6 seconds the ball
was back on the ground, at O feet. The ball was in the air a total
of 6 seconds.
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Try It

If a stone is dropped from a height, its distance, d, from the ground
is modeled by the quadratic equation d = —16t> + h, where t is the
number of seconds it falls and h is the height in feet from which it
was dropped.

The graph below models the distance from the ground of a stone
dropped from the top of a tall building.

A
N
250 =
\\\

Distance 200 \\

from N\
Ground 120 \

(feet) 100 \

\
50 \

0 1 2 3 4
Time
(seconds)

From what height was the stone dropped?
The stone was dropped when t =
On this graph, t = 0 at the point (0, ).

The stone was dropped from a height of feet.

The stone was dropped when t = 0. On this graph, t = 0 at the point (0, 275).

The stone was dropped from a height of 275 feet.
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Objective 5

How Can You Solve a Quadratic Equation Graphically?

To find solutions to the quadratic equation ax* + bx + ¢ = 0, you can
look at the graph of the related quadratic function, y = ax* + bx + c.

A quadratic equation can have 0, 1, or 2 unique solutions. The number
of solutions is shown by the graph of the related quadratic function.

Yy
A

0 solutions

AR
\ /2 s}

A

The solutions are called:
e the roots of the quadratic equation
e the zeros of the quadratic function

e the x-intercepts of the graph of the function
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What are the solutions to the equation x* + 3x — 4 = 0?

The graph of y = x> + 3x — 4 is shown below.

A 4
| |
\ |

—~—

|
Al T

e The points where the graph intersects the x-axis are the points
(1, 0) and (—4, 0). The x-coordinates of these points are
1 and —4.

e The zeros of the function y = x> + 3x — 4 are 1 and —4.

e Therefore, the roots of the equation x* + 3x — 4 = 0 are
—4 and 1.

You can verify that these numbers are solutions by replacing x with
their value in the quadratic equation.

Substitute x = 1 Substitute x = —4
X +3x—4=0 X +3x—4=0
1> +31)—-4<0 (—*+3(-9-420
1+3-420 16-12-420
0=0 0=0
Both numbers make the equation true. Both 1 and —4 are

solutions.
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How Can You Solve a Quadratic Equation by Using a Table?

You can use the values representing a quadratic function in a table to
find solutions to a quadratic equation.

e Identify the points in the table that have y-values of 0.

e The x-values of those points are the solutions to the equation.

The table below models the function f(x) = x> + 6x + 5. Find
solutions to the equation x* + 6x + 5 = 0.

x y

0 5
-1 0
) -3
-3 -4
4 -3
-5
-6 5

The zeros of the function are the x-coordinates of the points where
the y-coordinate is 0.

Look for any points in the table where the y-coordinate is 0.

The points (—1, 0) and (=5, 0) are points where the y-coordinate
is 0. The x-values of these points are —1 and —5.

The solution set of the quadratic equation x> + 6x + 5 = 0 is
{—5, —1}. The roots of the equation are —5 and —1.

You can confirm that these are the solutions by replacing x with
these values in the equation x> + 6x + 5 = 0.

Substitute x = -1 Substitute x = -5
X+6x+5 =0 X¥+6x+5 =0
-D*+6(-1)+5 20 (5 +6(-5) +5 20
1-6+5 0 25-30+5 20

0=0 0 =0

Both numbers make the equation true. Both —1 and —5 are
solutions.
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How Can You Solve a Quadratic Equation by Factoring?

A quadratic equation can be solved by factoring the quadratic
expression and then setting its factors equal to zero.

Find the solution to the quadratic equation x> — x — 12 = 0.

This quadratic equation can be solved by factoring because the
quadratic expression x> — x — 12 can be written as the product
of two factors, x — 4 and x + 3.

—x—12=(x—4)(x + 3)

To verify that this equation is true, use the FOIL method to
multiply the two binomials.

PFVa—1
x—4)(x + 3)
N7
O

First Xex=x"
Outer x*3=3x
Inner —4 - x= —4x
Last —4.3=-—12
FOIL x*+3x — 4x — 12

x> —x—12
Write the left side of the equation as a product of these two factors.
¥ —x—12=0
x—49x+3)=0

The product of two factors is O only if either of the factors is 0. Set
each factor in the equation equal to 0 and solve for x. @ Do you see
X—4=0 x+3=0 W that ...
x=4 x= -3
The solutions of the quadratic equation are 4 and —3.

Check both values of x to verify that the equation is true.

Substitute x = 4 Substitute x = —3
K —x—12=0 ¥*—x—12=0
@?*-4-1220 (=3 -(-3)—-1220
16—4—-1220 9+3-1220

0=0 0=0
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Do you see
that . . .

==

In real-life problems modeled by quadratic equations, not all the
solutions of the equation may make sense in the problem.

A rectangular garden is 1 foot longer than it is wide. Find the
length and width of the garden if its area is 42 square feet.

If the width is represented by w, then the length can be
represented by w + 1.

Substitute these expressions into the formula for the area of a
rectangle to model the problem situation with an equation.

A=1lw
42 = (w + Dw

To find the width of the garden, solve this equation for w.
First write the equation in standard quadratic form,
ax* + bx + ¢ = 0.

ww + 1) =42
w” +w =42
w>+w—42=0
The quadratic expression w”> + w — 42 can be factored.
wtw-42=@w + Nw — 6)
Rewrite the equation with the quadratic expression factored.
(w+ 7w —6)=0

Set each factor equal to 0 and solve for w.

w+7=0 w—6=0
w=—7 w =06
Width cannot be a negative value, so the solution w = —7 is

not used. Use w = 6 as the solution to the equation.

The width of the garden is 6 feet. The length is w + 1, which is
equal to 6 + 1, or 7 feet.
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How Can You Solve a Quadratic Equation by Using the
Quadratic Formula?

Another method used to solve quadratic equations is the quadratic
formula. This method can be used to solve all quadratic equations.

The Quadratic Formula

The solutions to a quadratic equation in the standard form
ax> + bx + ¢ = 0 are given by the formula

v = -b = Vb? — 4ac
2a

where a, b, and c are the parameters of the quadratic equation.

Find the solutions to the equation x* + x — 2 = 0.

® The quadratic equation x> + x — 2 = 0 is written in standard
form. Identify the values of the constants a, b, and c.

a=1
b=1
c=—2

e Substitute these values for a, b, and ¢ in the quadratic formula,
simplify the expression, and represent the two solutions
separately.

—b = Vb? — 4ac
x = >
a
-1 =V12—4)(=2)
X = 2(1)
_ —-1+V9
- 2
_-1*3
2
_-1+3 2 _—1-3 _ —4_
X=—> —2—1andx— 5 = 2

The solutions to the equation are 1 and —2.
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Objective 5

Find the solutions to the equation 2x* + 4x — 3 = 0.

e The quadratic equation 2x* + 4x — 3 = 0 is written in standard
form. The values of the constants a, b, and c are its parameters.

a=2
b=4
c=—3

e Substitute these values for a, b, and ¢ in the quadratic formula,
simplify the expression, and represent the two roots separately.

—b = Vb? — 4ac
x:
2a
4 =VAZ 43
X = 2(2)
_ 4 +v40
y = = V40
4
_ —4+vV40 _ —4—40
x—74andx—74

e To approximate the roots of the equation, evaluate the final
expressions using V40 = 6.32.

x ~ —4 + 632
4

x~ =032 - 58

The roots of the equation are x = 0.58 and x = —2.58.

~ (.58
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Try It

Estimate the roots of the equation 4x> + 1 = 8x.

Write the quadratic equation in standard form.

X — x + =0
In the equation above,
a= ,b= ,and ¢ = )
Substitute the values of a, b, and c into the quadratic formula.
_ =b = Vb*> - 4ac
X =
2a
VT
- + —4. .
x =
2.
+ \/ _
X = S
* \/
x = 3
8+ _ 8- _
x = 3 ~ and x = -5
The approximate roots of the equation are and

4> =8 +1=0

In the equation above,a = 4,b = —8,and c = 1.
X = —b = Vb® — 4ac
2a
X= (-8 * V(87— 4+4-1
244
x=28=V64—16
8
X =8 V48
8
x =818 g7 andx = 2B < 0,13

The approximate roots of the equation are 1.87 and 0.13.
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How Do You Apply the Laws of Exponents in Problem-Solving
Situations?

When simplifying an expression with exponents, there are several
rules, known as the laws of exponents, which must be followed.

All variables have an
exponent. When an

exponent is not given, it x4 o xP = ylath
is understood to be 1.

e When multiplying terms with like bases, add the exponents.

Example: xtex? = xFTP =10

(xexex+x)es(x+x) =xxxxxx = x°

e When dividing terms with like bases, subtract the exponents.

Q

X (a=b)
Xy
P
X (8-3) 5
Example: 8 =X =X
HAXXXXXX 5
= X

XXX

Sometimes dividing variables with exponents produces
negative exponents.

3

X - _

Example: i x0TV =72
XXX 1 —
XXXXX X

e A term with a negative exponent is equal to the reciprocal of
that term with a positive exponent.

x =

Ml Al

Example: x 0 =

e When raising a term with an exponent to a power, multiply the

exponents.
(xa)b — xab
Example: (X =x""T"=x"
()" = (xx) + (xx) * (x3) * (x2) * (xx) * (xx) * (xX)
(xD)7 = (XXXXXXXXXXXXXX)
(XZ)7 — xl4

e Any base other than zero raised to the zero power equals one.

XX =1

Example: 8° =1
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Try I

Simplify the expression (4x>) (—2x™M).

4x)(—2xH = 4+ ) (=2 - xH
4+ =20+ xh
_ g O+

@A) (=2xY)= (4 + )2 + x)
=4+ -2 x9
= _—8.x6+4
= —8ex’
= —8x’

Try I

Simplify the expression (5a’b*)>.
Gap= 52+ (@) - )
Y (N ) I (WA ),
= 25.qa4. 0
= 2541

(5a3b2)2 — 52 . (a3)2 . (b2)2
=25.98°2,p@e2)
=25-38°-p*
= 25a°%*
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7y53\3
Simplify the following expression: (%y%) .
Simplify the exponents in an expression raised to a power by

multiplying the exponents.

Each term in the parentheses is raised to the power of three, so the
rule must be applied to each of the variables.
<X7y23)3 _ (X7)3 (X)3 (23)3 _ XZl X3 Z
Xy’ P @ Xy 2

Do you see [@ Next divide thg like variables with exponents by subtracting the
exponents. This rule can be used only if the bases are the same.
fhaf ¢ ; x21 Z9 x21 L3 Z9
ByS2 B Yy P
x21-3) y(3 -15), ,0-3)
= x18 712 46
Write the expression using only positive exponents.
x18 y—lz 25 = X;Suzé

Try I

Find the area of a triangle with base 3x*y* and height 2x"y’
Substitute the given expressions for base and height into the

formula for the area of a triangle, A = % bh.

1
~2
Simplify the expression.
A= (%- . ).(XD.XD).(yD.yD)
A:%. .(XD+D).(yD+D)

Now practice what you've learned.
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Question 48

How does the graph of y = 2x? compare to the

graph of y = %xz?

A The graph of y = 2x? is narrower than the
1 5
graph of y = 5
B The graph of y = 2x? is wider than the graph
ofy = %xz.
C The vertex of the graph of y = 2x? is above
the vertex of the graph of y = %xz.
D The vertex of the graph of y = 2x? is to the
right of the vertex of the graph of y = %x2.
@zﬁ Answer Key: page 243
Question 49

How does the graph of the quadratic function

y:

—% x? compare to the graph of the quadratic

function y = %xz ?

A

The graph of y = —%x2 is the graph of

y = %xz reflected across the y-axis.

The graph of y = —%xz is the graph of

1 .
y=5 x2 reflected across the x-axis.

The graph of y = —%xz is wider than the

graph of y = %xz.

The graph of y = —%xz is narrower than
L

®=ﬁ Answer Key: page 243

the graph of y =

133

Objective 5

Question 50

How does the graph of y = x> — 1 differ from the
graph of y = x® + 6?

A

B

The vertex of y = x* — 1 is 1 unit below the
vertex of y = x? + 6.

The vertex of y = x* + 6 is 6 units above the
vertex of y = x% — 1.

The vertex of y = x? — 1 is 5 units below the
vertex of y = x2 + 6.

The vertex of y = x* + 6 is 7 units above the
vertex of y = x? — 1.

®=ﬁ Answer Key: page 243
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Question 51

Hank wants to build a rectangular pigpen using 12 linear yards of fencing. The possible area in
square yards, A, for this pigpen is described by the function A = w(6 — w), where w represents the
width in yards of the rectangular pen. The graph of this function is shown below.

Pigpen

> >

Area
(square yards)

| \
/ \

\
L -

N W~ 00 OO N OO © o
\
/

—
—

o 1 2 3 4 5

Width
(yards)

Which statement best represents the information in this graph?

A The pigpen with the maximum area has a width of 6 yards.
B The pigpen with the maximum area has a width of 3 yards.
C The pigpen with the maximum area has a width of 9 yards.
D

The pigpen with the maximum area has a width of 12 yards.

@-: Answer Key: page 243
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Question 52

A stone is dropped from a height of 500 feet above the ground. The graph shows the stone’s distance
from the ground at different times.

h
A
600
500
\\
N
400
Height N
(feet) 300 \
200 \
\
100 \
\
>
0 1 2 3 4 5 6
Time
(seconds)

Which of the following is a correct interpretation of the graph?

A

B
C
D

The stone lands about 5 feet from where it was dropped.
The graph is a picture of the path of the stone as it falls.
The stone hits the ground between 5 seconds and 6 seconds after it is dropped.

The stone’s distance from the ground decreases at a constant rate until the stone hits the ground.

Answer Key: page 243
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Question 53

The table below shows selected values of a
quadratic function.

x y
-3 21
-2 7
—1 —1
0 -3
1 1
2 11

Based on the information in the table, between
which two integers can one of the zeros of this
function be found?

A —-3and -2
B —-2and -1
C —-landO
D land?2

h Answer Key: page 244

00 0000000000000 0000000000000000000000 0

Question 54
What are the solutions to the following equation?

2x¢% — 15x — 16 = —11 — 24«x

S _ 1
A x=-5andx 5
—_l =
B x= 2andx 5
C x=—1andx=—§
_5 _
D x—Eandx——l

H Answer Key: page 244

Question 55

Which of the following quadratic equations has
the solutions —1 and 5?

A x¥*>—4+5=0
B »>—4-1=0
C 2+4-1=0
D x2-4-5=0

%’E Answer Key: page 244

0000 0000000000000 00000000000000000000 0

Question 56

For the quadratic equation x> — 4x + 2 = 0, the
smaller root is between which 2 integers?

A Oand1

B —-landO
C land2

D —-2and -1

M Answer Key: page 244
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Question 57
The graph of f(x) = x> + 6x + 8 is shown below.

Which of the following statements does not appear to be true?

A

B
C
D

fm!
"

ol = v | & OT~e

I A

Y

|
N

The vertex is (—3, 1).
The axis of symmetry is x = —3.
The zeros are {—4, —2}.

The y-intercept is (0, 8).
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Question 58

The volume, V, of a sphere can be found using
the following formula:

_4_3
V—Snr

Which expression describes the volume of a
sphere with radius 3x%y?

A

B
C
D

12x%y°n
36x°y°n
12x%y%n
36x%y%n

®=ﬁ Answer Key: page 244
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Objective 6

The student will demonstrate an understanding of geometric relationships and
spatial reasoning.

For this objective you should be able to
e use transformational geometry to develop spatial sense; and

e use geometry to model and describe the physical world.

How Do You Locate and Name Points on a Coordinate Plane?

A coordinate grid is used to locate and name points on a plane.
A coordinate grid is formed by two perpendicular number lines.

Yy
‘-ax‘is A ‘ ‘ ‘ ‘
u x-coordinate
[
| L
Ordered
. pairt— % )
x-axIs }
y-coordinate—
< > X
0,0
Origin
\ 4

The x-axis and y-axis divide the coordinate plane into four regions,
called quadrants. The quadrants are usually referred to by the Roman
Numerals I, II, III, and IV.

Quadrant IT y Quadrant I

[ [] A
negative x-coordinate z
positive y-coordinate 7
(_: +) 6
35 5 positive x-coordinate
(8.5 717 positive y-coordinate
S (+, +)
2
4, 1)
< ‘ > x
o] -8 -7[ 6] 5] 4] -a[2[ [ o] 1] 2[ 3 4 ¢ ¢ 7] ¢ o
B R — :
(-2, —4) positive x-coordinate
. - ’ 2 negative y-coordinate
negative x-coordinate A - *+, -)
negative y-coordinate | ’;’
- *
=
v
Quadrant III Quadrant IV

139




Objective 6

Which of the points on the coordinate grid below satisfies the

. 11
conditions x > 3 and y < —g?

A

Y
2

Sy

e Draw a vertical line through x = 1—21 All the points to the right

6 g . 11
of this line have an x-coordinate greater than 5

. . 5 .
e Draw a horizontal line through y = -5 All the points below
. . 5
this line have a y-coordinate less than —3
1
=2

A
9
8
7
6
5
4

Ce °

. °
1
:7978777675747372710123456789;x
D - A

=2 y = —%
-3 B
-4
-5
-6
-7
-8
vy

Only point B, with the coordinates (7, —3), satisfies both conditions.
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How Do You Find the Midpoint of a Line Segment?

The midpoint of a line segment is the point that lies halfway between
the segment’s endpoints and divides it into two congruent parts. You
can find the coordinates of the midpoint of a segment if you know the
coordinates of its endpoints. Since the midpoint is halfway between the
endpoints, its coordinates are the average of the coordinates of the
endpoints.

Find the midpoint of AB.

Y
2

LA

y
A
9

8

7

6 Midpoint
5

4

3

2

1

0

1

2
3

e To find the x-coordinate of the midpoint, find the x-value that is
halfway between 2 and 6.

Q+6)+2=4
The x-coordinate of the midpoint is 4.

e To find the y-coordinate of the midpoint, find the y-value that is
halfway between 7 and 3.

(7+3)+2=5
The y-coordinate of the midpoint is 5.
The midpoint of AB is (4, 5).
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You can also find the midpoint of a line segment by using the following
formula.

Midpoint Formula

For any two points (x;, y,) and (x,, y,), the coordinates of the
midpoint of the line segment they determine are given by the

formula below.
_(atx nty
2 0 2

(1, 31)

X1t X, Y1t Yyo
2 T2

(22, 32)

A
ol

Y

]
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Use the midpoint formula to find the midpoint, M, of RS with
endpoints R (3, 2) and S (1, —4).

Replace the variables in the midpoint formula with values from the
coordinates of the two given points.

R@3,2):x,=3andy, =2
S(A,-4):x,=1landy, = —4

_ (xl +x, ¥ +yz)

2 0 2
_ (341 2+ (=49
M= P )

The coordinates of the midpoint are the average of the x- and
y-coordinates.
(4 =2
=(33)
M=(@2,-1

The midpoint of RS is the point M (2, —1). Notice that point M
lies on the segment connecting point R and point S and divides the
segment into two congruent parts.

y
A
4
’ R(3,2)
2
1

D | B B 2/3 > %
- M (2, -1)
2
iy
_4\7 S(1’_4)

143

e

Objective 6

Do you see
Sl that ...



Objective 6

How Can You Show Transformations on a Coordinate Plane?

Translations, reflections, and dilations are transformations that can
be modeled on a coordinate plane. A figure has been translated or
reflected if it has been moved without changing its shape or size. A
figure has been dilated if its size has been changed proportionally.

Another transformation
that can be modeled on Translations
a coordinate plane is a
rotation.

A translation of a figure is a movement of the figure along a line. It can
be described by stating how many units to the left or right the figure is
moved and how many units up or down it is moved. A figure and its
translated image are always congruent.

If AABC is translated 6 units to the right and 2 units up, what are
the coordinates of the vertices of the translated triangle A'B'C"?

y
A

/

///

//
A ’/
T B

001234586738 091011

- N W s~ 01O

The vertices of AABC are A (0, 0), B (3, 1), and C (5, 4).

If the triangle is translated 6 units to the right, then 6 must

be added to the x-coordinate of each vertex. If the triangle is
translated 2 units up, then 2 must be added to the y-coordinate
of each vertex.

y

A '
6 C
5 /
4 c ////

//
3 A “ ;
2 A T IB
/
1 A //
T B

0012345086738 091011 "

The vertices of the translated figure are A" (6, 2), B’ (9, 3), and
C’' (11, 6).
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Reflections

A reflection of a figure is the mirror image of the figure across a line.
The line is called the line of reflection. The new figure is a reflection of
the original figure, with the line of reflection serving as the mirror. A
figure and its reflected image are always congruent.

Each point of the reflected image is the same distance from the line of
reflection as the corresponding point of the original figure, but on the
opposite side of the line of reflection.

If the point (—3, 4) is reflected across the x-axis, what will be the
coordinates of its reflection?

Yy

A

(3,4 | °

4

3

|Line of reflection| 2

\
o[ 8| -7| —6| -5 -4 -3 -2| -1 0] 1 > X

=

-2

=3

(8,4 |

-5

| v

e The x-coordinate of the point will be unchanged because the
point is being reflected across the x-axis. The reflected point will
have an x-coordinate of —3.

e The y-coordinate of the point is 4 units above the x-axis, so the
y-coordinate of the reflected point will be 4 units below the
x-axis. The reflected point will have a y-coordinate of —4.

The coordinates of the reflected point will be (=3, —4). The point
(=3, 4) and its image (—3, —4) are equally distant from the line of
reflection, the x-axis.
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If ARST is reflected across the y-axis, what are the coordinates of
its reflection, ARS'T"?

T A T

S’ \°l/ S

\

B
Y
8

e The vertices of ARST are R (0,2),S (3,5),and T (1, 6).

e Point R is on the y-axis, so it is a common vertex for the
triangles.

e Point S is 3 units to the right of the y-axis, so S’ is 3 units to the
left of the y-axis. The coordinates of S’ are (—3, 5).

e Point T is 1 unit to the right of the y-axis, so T’ is 1 unit to the
left of the y-axis. The coordinates of T" are (—1, 6).

The vertices of ARS'T" are R (0, 2), S’ (—=3,5),and T' (—1, 6).
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AABC is shown on the graph below. If AABC is reflected across the
line y = x, what are the coordinates of A’, B’, and C"?

y
A
9
8
7
C (_4, 5) 6 v
5
4A (0,3
//
A AB,0)
< » X
—9| —8| —7| -6/ —5| -4| 3| —2| —1 1| 2 4 5 6 71 8 9
B (-4,0) /7 /A
2 //
-3
s C’ (5, -4
-1B' (0, -4)
6
=7
]
Sy

e Notice that for reflections across y = x, both coordinates will
change. For any point with coordinates (x, y), the image after a
reflection across y = x will have the coordinates (y, x). That is,
the order of the coordinates will be reversed.

e When A (0, 3) is reflected across y = x, we reverse the
coordinate values to get A". The coordinates of A’ are (3, 0).

e When B (—4, 0) is reflected across y = x, we reverse the
coordinate values to get B'. The coordinates of B" are (0, —4).

e When C (—4, 5) is reflected across y = x, we reverse the
coordinate values to get C'. The coordinates of C" are (5, —4).

When AABC is reflected across y = x, the coordinates of A’ are
(3,0); B, (0, =4); and C', (5, —4).
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If point P (7, —2) is reflected across the line y = —x, what are the
coordinates of P'?

> 2

7

Y
]

= O~ N W H O O N 0 ©

|
N

|
w

|
IS

|
o

|
(o]

|
~

P' (2,-7)

|
@

&
<

Notice that for reflections across y = —x, both coordinates will
change. For any point with coordinates (x, y), the image after a
reflection across y = —x will have the coordinates (—y, —x).
That is, the order of the coordinates will be reversed, and the
signs change.

When P (7, —2) is reflected across y = —x, we reverse the
coordinate values and change the signs to get P'. The
coordinates of P' are (2, —7).

When P (7, —2) is reflected across y = —x, the coordinates of P’
are (2, —7).

Dilations

A dilation is a proportional enlargement or reduction of a figure
through a point called the center of dilation. The size of the
enlargement or reduction is called the scale factor of the dilation.

If the dilated image is larger than the original figure, then the
scale factor > 1. This is called an enlargement.

If the dilated image is smaller than the original figure, then the
scale factor < 1. This is called a reduction.

A figure and its dilated image are always similar.
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What scale factor was used to transform quadrilateral RSTV to
quadrilateral R'S'T'V"?

y T’

>
>

VY

}
%
2

Y
8

Sy

To find the scale factor, compare the lengths of a pair of
corresponding sides.

e Of the line segments that make up the quadrilaterals, the ones
whose lengths are easiest to find are RS and R'S’, because they
are horizontal.

e The length of RS is the difference between the x-coordinates of
points R and S.

RS=3-1=2

e The length of R'S’ is the difference between the x-coordinates of
points R" and S’.

R'S"=5-2=3

e You can tell from the graph that the figure has been enlarged, so
the scale factor is greater than 1. Use this fact to be certain you
state the ratio correctly.

e The scale factor is the ratio of their lengths.
RS —3-15
RS 2 ’
The scale factor used to dilate quadrilateral RSTV to quadrilateral
R'S'T'V' is 1.5. Each side of the dilated quadrilateral is 1.5 times

the length of the corresponding side of the original quadrilateral.
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Another way to view a dilation is as a projection through a center of
dilation.

<

Center of dilation

Looking at a dilation in this way can help you see it as an enlargement
or a reduction. AABC has been dilated to form ARST.
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ALMN was dilated to form ACDE with (0, 0) as the center of
dilation. What scale factor was used to dilate ALMN?

A
&
N
(In
’{)
|
o
N
&)
IN
&)

IN

Y

To find the scale factor, compare the lengths of a pair of
corresponding sides of the two triangles.

Use the lengths of CD and LM to find the scale factor, since both
segments are horizontal.

The length of CD is the difference between the x-coordinates of
points C and D.

CD=0—-(=-2)=2

The length of LM is the difference between the x-coordinates of
points L and M.

IM=0—-(—-6)=6

From the graph you can tell that ALMN has been reduced, so
the scale factor is less than 1. Use this fact to be certain you
state the ratio correctly.

The scale factor is the ratio of their lengths.
D2 1

IM 6 3

The scale factor used to dilate ALMN to ACDE is % Each side of
the dilated triangle is % the length of the corresponding side of the

original triangle.
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ASTU has vertices S (0, —1), T (=1, 4), and U (3, 5). Find the
coordinates of the vertices of its reflection across the x-axis.

A U

\
:75 -4 -3 -2 -1 1 2, 3 4 5] g Bl
-2
=
2
5
v
Because this is a reflection across the x-axis, the -coordinates
do not change.
The vertex S (0, —1) is 1 unit the x-axis.
S' must be 1 unit the x-axis.
The coordinates of S’ are ( , ).
The vertex T (—1, 4) is units above the x-axis.
T’ must be 4 units the x-axis.
The coordinates of T' are ( , ).
The vertex U (3, 5) is units above the x-axis.
U’ must be 5 units the x-axis.
The coordinates of U’ are ( , ).

Because this is a reflection across the x-axis, the x-coordinates do not
change. The vertex S (0, —1) is 1 unit below the x-axis. S" must be 1 unit
above the x-axis. The coordinates of S’ are (0, 1). The vertex T (-1, 4) is

4 units above the x-axis. T' must be 4 units below the x-axis. The
coordinates of 7" are (—1, —4). The vertex U (3, 5) is 5 units above the
x-axis. U’ must be 5 units below the x-axis. The coordinates of U’ are (3, —5).

Now practice what you've learned.
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Question 59

The triangle in the graph below will be dilated by a scale factor of 2, using the point (0, 0) as the
center of dilation.

y
A
4
: B
2
1
< \ > x
—1 0 2| \3 4 5 6]
=]
“la c
3|
4
5
Y
Which graph shows this dilation?
y y
A A B’
3 )
3 3
2 2 \
B’ \
1 1
A :—1 0 1\2 3 4 5] G;x C :—1 0 1 3 4 §\6;x
A

- C = \

= 3
=4 MA' c'
= 5

Y Y

Yy Yy

A A B’

' '
B :—1Ao i 2 304 5o Y D RS EIE 4\5 g i

-1 ]

= Ky c’

=3| =3

=4

@—r Answer Key: page 245

=
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Question 60

Rectangle R'S’T"V' is a dilation of rectangle
RSTV. What is the scale factor of the dilation?

y
A
! R S
3
IRl s
.
< — 54 37 5 o >¥
—1vr T
-2
- v T
4
\
1
A 3
1
B 5
C 2
D 3

@zﬁ Answer Key: page 245

Question 61

A triangle has side lengths 1, 1.5, and 2 units.
Which of the following could be the lengths of
the sides of a triangle that was formed by
dilating the given triangle?

A 1, 3, and 4 units
2, 4, and 6 units
4, 4.5, and 5 units

4, 6, and 8 units

®=’ﬁ Answer Key: page 245

B
C
D
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Question 62

Which of the following sets of points would be
three of the vertices of the pentagon below
reflected across the y-axis?

y
7
6
° \
¢ \
s \
2
1
$6—541—3—2—1 o 1] 2 3 4 5 G:x
—
-2
-3
—4
-5
Sy

(=5,6),(—4,1),(-3,5)

(5, —6), (4, —1), (3, —=5)

(6, 5), (1, 4), (5, 3)

(=5, —6), (-4, -1), (-3, —5)

@':E Answer Key: page 245

g aw »

Question 63

The quadrilateral with vertices R (1, 1), S (1, 4),
T (5, 8), and V (7, —2) is translated 2 units to the
right and 3 units down. Which of the following
are the coordinates of two of the vertices of the
translated quadrilateral?

A 3,4),(7,5)
(-1, -2),(3,5)
(7,11), (3, 4)

3, —2),(7,5)

®=’ﬁ Answer Key: page 245

B
C
D



Question 64
Triangle LMN is dilated by a scale factor of 2

with (0, 0) as the center of dilation. What will be

the coordinates of L', M’, and N’ of the dilated

triangle?
Yy
A
14
13
12
11
10
9
8
7 M
6
5
4 L ~
8 N
2
1
i)"1 2| 3 4 5 6/ 7 8 9|10 11121314;x

o aw »

L' (5,7), M (5,10), and N’ (11, 7)
L' (3,8), M’ (3,12), and N’ (6, 6)
L' (6, 8), M' (6,12), and N' (12, 6)
L' (5,6), M' (5,8), and N' (8, 6)

Answer Key: page 245

Objective 6

Question 65

The endpoints of RS are R (=3, —7) and
S (3, —5). What are the coordinates of the
midpoint of RS?
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Answer Key: page 246

. 7}
) 10
. 5
: 8
° 7
. 6
° 5
. 7
° 3
. 3
: 1
: 50—9—8—7£—54—3—2—1012345678910:x
° -1
° -2
. =
: v
° -5
. =%
o =7
. =
: )
. S
©A 6,2

B (6,12

. C (0,-12)

: D (0,-6)
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Question 66
For which of the points on the graph is
7 3
L 29
B <x < 9!
y
T A
° u
:—4 -3 -2 -1 0| 1 2| 3 4] i
= =
S K
A PointR
B Point S
C Point T
D Point U

®=ﬁ Answer Key: page 246

Question 67

The coordinates of a given point are (m, 2n).
What are the coordinates of the point when it is

translated 2 units to the right?

A (m+2,2n+ 2)
B (m,2n + 2)
C (2m, 4n)

D (m + 2,2n)

®=ﬁ Answer Key: page 246
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Question 68
Which point best represents (g, —g)?
y
A
4
3
°
P 2
1
<= - o 2 3 >
=
Lo No
-2 .
M
3 vl
—4
Y
Point L
Point M
Point N
Point P

g aw »

®=ﬁ Answer Key: page 246



Objective 7

The student will demonstrate an understanding of two- and three-dimensional
representations of geometric relationships and shapes.

For this objective you should be able to use geometry to model and
describe the physical world.

How Do You Recognize a Three-Dimensional Figure from Different
Perspectives?

Given a drawing of a three-dimensional figure, you should be able to
recognize other drawings that represent the same figure from a different
perspective.

A three-dimensional figure can be represented by drawing the figure
from three different views: front, top, and side.

To recognize the three-dimensional figure from different perspectives,
you must visualize what the three-dimensional figure would look like if
you were seeing it from the front, from above, or from one side.

The three-dimensional figure below is made up of many small
cubes. Can you visualize what it would look like from the front,
from above, and from a side?

ﬁ

| —side
Front
These are the front, top, and side views of this three-dimensional
figure.
|
| L
Right Left
Front e} Side Side
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Objective 7

Since 1 yard = 3 feet,
a square yard is 3 feet
on each side.

1 ft
1yd| 1ft

1 ft

1ft 1ft 1ft
1yd

There are 9 square
feet in 1 square yard.
To convert square feet
to square yards, divide
the number of square
feet by 9.

What Kinds of Problems Can You Solve with Geometry?

The laws of geometry govern the physical world around us. You can
solve many types of problems using geometry, including problems
involving these geometric concepts:

e the area or perimeter of figures;
the measures of the sides or angles of polygons;
the surface area and volume of three-dimensional figures;

the ratios of the sides of similar figures; and

the relationship between the sides of a right triangle.

Joan is making a tablecloth with a lace border. The tablecloth fabric
costs $4.25 per square yard. The lace border costs $0.35 per foot.
What is the approximate total cost of the fabric and lace border for
a rectangular tablecloth that is 3 feet wide and 5 feet long?

To answer this question, you need to know the area of the
tablecloth to find the cost of the fabric, and you need to know its
perimeter to find the cost of the lace border.

e Use the formula for the area of a rectangle. The dimensions are
given in feet.

A=lw
A=5-3=15ft>

The area of the tablecloth is 15 square feet. You want to know
the area in square yards.

15 ft* = 9 ft* per yd* =~ 1.67 yd*
Joan needs about 1.67 square yards of fabric.
e Fabric costs $4.25 per square yard.
1.67 yd* « $4.25 per yd* =~ $7.10 for fabric

e Use the perimeter formula to find the perimeter of the
tablecloth.

P=2(+ w)
P=2(5+3)=16ft
The perimeter of the tablecloth is 16 feet.
e Lace border costs $0.35 per foot.

16 ft - $0.35 per ft = $5.60 for lace border
The approximate cost of these materials is $7.10 + $5.60 = $12.70.
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Objective 7

A jewelry designer is working with a design that is a regular
pentagon inscribed in a circle. He needs to cut a small stone to fit
into each of the triangles shown below. What is the measure of the
angle indicated?

e Think about what you know.
The angles at the center of a pentagon have a sum of 360°, and
they are congruent because the pentagon is a regular 5-sided
polygon.
e Use what you know to write an equation. Let x represent the
measure of the angle.
x =360 =5
x =172

The measure of the angle indicated is 72°.

An architect is constructing a scale model of a building with a
rectangular base. The actual building will be 300 feet tall, but the
scale model is 18 inches tall. The dimensions of the building’s base
are 200 feet by 150 feet. What are the dimensions of the base of the
scale model?

Use a proportion to find each of the dimensions of the base of the
scale model.

Length Width

18 _ I 18 _ w_

300 200 300 150
300/ = 18 - 200 300w = 18 - 150
300/ = 3600 300w = 2700

[l =12in. w = 9in.

The dimensions of the model’s base are 12 inches by 9 inches.
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Objective 7

Try It

The dining area of a restaurant includes a patio 25 feet wide by

40 feet long. On an architect’s scale drawing of the restaurant, the
width of the patio is 5 inches. What is the length of the patio in
the scale drawing?

Use a proportion to find the length of the patio in the scale drawing.

Find the ratios of corresponding measurements.

5 l

Width: Length:

Write a proportion and solve it.

5 l
40
l=5-
250 =
l =
The length of the patio in the scale drawing is inches.

gt D L
Width: 5 Length: 20

5 _ 1
25 40
251 = 5+ 40
251 = 200
1=8

The length of the patio in the scale drawing is 8 inches.
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Objective 7

What Is the Pythagorean Theorem?

The Pythagorean Theorem is a relationship among the lengths of the
sides of a right triangle. This special relationship applies only to right
triangles.

The sides of a right triangle have special names.

e The hypotenuse of a right triangle is the longest side of the
triangle. The hypotenuse is always opposite the right angle in
the triangle. In the diagram below, the length of the hypotenuse
is represented by c.

e The legs of the right triangle are the two sides that form the
right angle. In the diagram below, the lengths of the legs are
represented by a and b.

Hypotenuse
a C
Leg _I\<

b

Leg

The Pythagorean Theorem can be stated algebraically or verbally.

Algebraic Verbal
In any right triangle with legs In any right triangle the sum of
a and b and hypotenuse c, the squares of the lengths of the
a’ + b* =% legs is equal to the square of the

length of the hypotenuse.

The Pythagorean Theorem can also be interpreted with a geometric
model.
Geometric
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Does the model below demonstrate the Pythagorean Theorem?

A triangle is a right triangle if its sides satisfy the Pythagorean
Theorem. A geometric model of the Pythagorean Theorem uses
squares, not rectangles, to show that the sum of the areas formed by
the legs is equal to the area formed by the hypotenuse. The model
above does not demonstrate the Pythagorean Theorem.

Look at another model.

The square formed by the hypotenuse is 10 « 10 units. It has an
area of 10 - 10 = 100 square units.

The square formed by one leg is 6 - 6 units. It has an area of
6 + 6 = 36 square units.

The square formed by the other leg is 8 « 8 units. It has an area of
8 + 8 = 64 square units.

Since 100 = 36 + 64, the area of the square formed by the
hypotenuse is equal to the sum of the areas of the two squares
formed by the legs.

The second model does show that the sides of the triangle satisfy
the Pythagorean Theorem, a*> + b* = ¢*. The sides form a right
triangle.
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Objective 7

Try It

The model below shows how three squares could be joined at their
vertices to form a triangle. Do the squares form a right triangle?

The longest sideis _______ units long, so it is the hypotenuse.
The legsare _ unitsand _______ units long.

The square formed by the hypotenuse is by units.
It has an area of . = square units.

The square formed by the shorter leg is by units.
It has an area of . = square units.

The square formed by the longer leg is by units.
It has an area of . = square units.

Since = + , the area of the square formed

by the hypotenuse is equal to the sum of the areas of the two
squares formed by the legs.

Yes, the squares form a right triangle.

The longest side is 13 units long, so it is the hypotenuse. The legs are

5 units and 12 units long. The square formed by the hypotenuse is 13 by
18 units. It has an area of 13 « 13 = 169 square units. The square formed
by the shorter leg is 5 by 5 units. It has an area of 5 « 5 = 25 square units.
The square formed by the longer leg is 12 by 12 units. It has an area of

12 « 12 = 144 square units. Since 169 = 25 + 144, the area of the square
formed by the hypotenuse is equal to the sum of the areas of the two
squares formed by the legs. Yes, the squares form a right triangle.

Now practice what you've learned.
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Objective 7

Question 69
The object below is built from blocks.

| [ ESide

Front

Which is not a top, front, or side view of the object?

164
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Question 70

The front view of a three-dimensional structure
built with 9 identical cubes is shown below.

Which of the following could not represent the
right-side view of this structure?

@zﬁ Answer Key: page 246

Objective 7

Question 71

An interior decorator painted two rectangular
panels. One panel is 10 feet by 20 feet, and the
other is 4 feet by 15 feet. The can of paint she
used covers at most 400 square feet. She then
used all the paint that remained in the can to
completely paint a third rectangular panel.
Which of the following is a reasonable estimate
of the dimensions of the third panel?

A 12 ft by 20 ft
B 15 ftby 15 ft
C 10 ftby 16 ft
D 10 ft by 12 ft

@zﬁ Answer Key: page 246
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Question 72

Each set of squares below can be joined at their
vertices to form a triangle. Which set of squares
could not be used to form the sides of a right

triangle?
3in
A
4in.
5in.
10in.
B
24 in. 26 in.
15in.
C
8in. iliiiin
41 in.
D 40in.

=
C—z

Answer Key: page 247

166

Question 73

An archaeologist is making a scale drawing of
the foundation of an ancient building. The
foundation is a rectangle that measures 18 feet
by 45 feet. If the shorter dimension of the
drawing is 4 inches, what is the longer
dimension in inches?

Record your answer and fill in the bubbles. Be
sure to use the correct place value.

CXORCNONCRONONONOXO)
CXORCNONCRONONONOXO)
CXORCNONCRONONONOXO)
CXORCNONCRONORONOXO)
CXORCNONCORONORONOXO)
CJORONONOROXOXONOXO)
OJORCONONORONOXONOXO)

®'='? Answer Key: page 247



Question 74

Ed is installing a new bathroom sink countertop.
The rectangular countertop is 5 feet 4 inches
long by 2 feet 2 inches wide. He plans to tile the

countertop with square tiles that are 2 inches on

each side. The circular sink has a diameter of

16 inches.

What is the minimum number of tiles Ed will
need to cover the countertop area, not including

the sink?
A 732
B 366
C 410
D 404

®=ﬁ Answer Key: page 247

Objective 7

Question 75

Using the dimensions of the squares shown
below, determine which set of squares can be
joined at their vertices to form a right triangle.

wwsg

15 mm

)
15 mm
: i U
Q
o>

10 mm

®=ﬁ Answer Key: page 247
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Objective 8

The student will demonstrate an understanding of the concepts and uses of
measurement and similarity.

For this objective you should be able to

e use procedures to determine measures of three-dimensional
figures;

e use indirect measurement to solve problems; and

e describe how changes in dimensions affect linear, area, and
volume measurements.

How Do You Find the Surface Area of Three-Dimensional Figures?

You can use models or formulas to find the surface area of prisms,
cylinders, and other three-dimensional figures.

e A prism is a three-dimensional figure with two bases. The bases
are congruent polygons. The other faces of the prism are
rectangular and are called lateral faces. The prism is named by
the shape of its bases. For example, a triangular prism has two
triangles as its bases.

Triangular Prism

Lateral face

4

Base

e A cylinder is a three-dimensional figure with two congruent
circular bases and a curved surface.

Cylinder

— Base

0

Curved __|
surface

- =~

U— Base

168



Objective 8

Like the area of a plane figure, the surface area of a three-dimensional
figure is measured in square units.

e The total surface area of a three-dimensional figure is equal to
the sum of the areas of all its surfaces.

e The lateral surface area of a three-dimensional figure is equal to
the sum of the areas of all its faces and curved surfaces but does
not include the area of the figure’s bases.

One way to find the surface area of a three-dimensional figure is to
use a net of the figure. A net of a three-dimensional figure is a two-
dimensional drawing that shows what the figure would look like when
opened up and unfolded with all its surfaces laid out flat. Use the net
to find the area of each surface.

For example, the net for a cylinder is shown below. It is composed of
two circles for the bases and a rectangle for the curved surface.

The curved surface of a

D cylinder, when unfolded
to form a net, is a
rectangle.

N~

You can also find the surface area of a three-dimensional figure by
using a formula. Substitute the appropriate dimensions of the figure
into the formula and calculate its surface area. The formulas for total
surface area and lateral surface area of several three-dimensional figures
are included in the Mathematics Chart.

e The total surface area of a cylinder is equal to the sum of the
areas of the two circular bases plus the area of the curved surface
of the cylinder.

e The lateral surface area of a cylinder is equal to the area of the
rectangle of the curved surface of the cylinder.
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Find the lateral surface area and the total surface area of the
cylinder shown below to the nearest tenth of a square centimeter.

3.2cm

6.4 cm

______

Use the formula for the lateral surface area of a cylinder, S = 2nrh.
e The diameter of the cylinder shown on the diagram is

3.2 centimeters. The radius, r, is % the diameter. Since

% 3.2 = 1.6, the radius of the cylinder is 1.6 cm.
e The height, h, shown on the diagram is 6.4 centimeters.

e Substitute the values of r and h into the formula.

S = 2mrh
S =2(m)(1.6)(6.4)
S = 64.3398

The lateral surface area is approximately 64.3 cm?.

The formula for the total surface area of a cylinder is

= 2
When a formula includes S = 2mrh + 21,

the value 7r, you can use e The area of the lateral surface, 2nrh =~ 64.3398 cm?, was found
either the 70 button on above.

your calculator or the
approximation for 7 in
the Mathematics Chart. Substitute the value of the radius, r = 1.6, into the second part
of the formula, 27r?.

2nr? = 2(m)(1.6)* = 16.0850 cm?

e To calculate the total surface area of the cylinder, add the lateral
surface area and the area of the two bases.

S = 64.3398 + 16.0850 = 80.4248

e Find the area of the two circular bases.

The total surface area of the cylinder is approximately 80.4 cm?.
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A storage shed has rectangular sides and a roof in the shape of a
half-cylinder. Both the sides and the roof of the shed are to be
painted. The dimensions of the shed are shown below.

3 ft

8.5 ft

5 ft

6 ft

Find the total area of the surfaces to be painted to the nearest
square foot.

e Calculate the area of the rectangular sides of the storage shed.
There are two sides with dimensions 6 ft by 8.5 ft.
Each of these sides has an area of 6 + 8.5 = 51 ft*.
There are two sides with dimensions 5 ft by 8.5 ft.
Each of these sides has an area of 5 « 8.5 = 42.5 ft”.
The four sides have a total area of 2(51) + 2(42.5) = 187 ft*.

e Calculate the surface area of the roof.
The roof is a half-cylinder with radius 3 ft and height 5 ft.
The formula for the surface area of a cylinder is S = 2mrh + 27,
Substitute the values for r and h into the formula.

S = 2mrh + 2mr?

S=2m+3+5+ 2. 3°
S =30 + 18w

S =48n

S =~ 150.80 ft*

The area of the cylinder is about 150.80 ft*. Since the roof is
only half a cylinder, divide the surface area by 2. The area of the
roof is approximately 75.40 ft>.

e Add the area of the roof to the total area of the sides of the
building to find the total area to be painted.

187 ft? + 75.40 ft> =~ 262.40 ft*

To the nearest square foot, the area to be painted is 262 ft*.
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The Pyramid Arena in Memphis, TN, has a slant height of

133 meters, and its square base has a side length of 180 meters.
The external surface of the pyramid (excluding the floor) is
covered with stainless steel.

Approximately how much stainless steel covers the lateral surface
area of the Pyramid?

__________________

«-133m
]
180 m

Use the formula for the lateral surface area of a pyramid: S = %Pl.

The perimeter of the base of the pyramid is 4 - 180 = 720.

= %(720)(133)
S = (360)(133)
S = 47.880

The lateral surface area of the pyramid is 47,880 square feet.

Try I

The net of a triangular prism is shown on the coordinate grid below.

\'4

A\

The height of each triangle (indicated by the dotted lines) is
approximately 1.7 units. Use the grid to find the other dimensions
of the prism and its total surface area to the nearest square unit.

The surface area of the prism is equal to the of
the areas of all its faces.
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_1
—zbh

A=

1,
2

A=
Each triangular face has an area
of square units.

The prism has
triangular faces.

Since 2 = ,

their combined area is
square units.

_I_

Find the area of a triangular face.

Find the area of a rectangular face.
A=lw

A= .

A=
Each rectangular face has an area
of __ square units.

The prism has
rectangular faces.

Since 3 - = )

their combined area is
square units.

The total surface area of the triangular prism is

square units.

N R R I
A—Qbh—2 2-17=17

Each triangular face has an area
of 1.7 square units. The prism has
2 triangular faces. Since

2 « 1.7 = 3.4, their combined area
is 3.4 square units.

The surface area of the prism is equal to the sum of the areas of all its faces.

A=lw=8-2=16

Each rectangular face has an
area of 16 square units. The
prism has 3 rectangular faces.
Since 3 « 16 = 48, their combined
area is 48 square units.

The total surface area of the triangular prism is 3.4 + 48 = 51.4 square units.

Objective 8

What Is the Volume of a Three-Dimensional Figure?

The volume of a three-dimensional figure is a measure of the space it
occupies. Volume is measured in cubic units.

You can use formulas or models to find the volume of three-
dimensional figures. The formulas for calculating the volume of several
three-dimensional figures are in the Mathematics Chart.

When using a formula to find the volume of a three-dimensional figure,

follow these guidelines:

e Identify the three-dimensional figure you are working with. This
will help you select the correct volume formula.

e Use models to help visualize the three-dimensional figure and to
assign the variables in the volume formula. A model can also be
used to find the dimensions of a figure.

e Substitute the appropriate dimensions of the figure for the
corresponding variables in the volume formula.

e Calculate the volume. State your answer in cubic units.
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When finding the volume
of a prism, cylinder,
pyramid, or cone, it is
important to remember
that the height must be
measured along a line
perpendicular to the base
of the figure—not, for
example, along a face of
a pyramid.

Height of
the pyramid




Objective 8

The net of a rectangular prism is shown below. Use the ruler
provided on the Mathematics Chart to measure the dimensions
of the figure to the nearest tenth of a centimeter. Use these
dimensions to find the volume of the rectangular prism.

Use the formula for the volume of a prism, V = Bh, in which B
represents the area of the base of the prism and h represents the
prism’s height.

e Find the area of the base, B. The base is a rectangle, so its area
is equal to its length times its width.

Measure the length and width using the centimeter ruler. The
length is 5.0 cm, and the width is 3.5 cm. Calculate the area of
the base using A = [w.

B=50-35
B =17.5 cm’
e Measure the height of the prism: h = 2.0 cm.

e Substitute the area of the base, B, and the height, h, into the
formula for the volume of a prism, V = Bh.

V=175-20
V =35cm’>

The prism has a volume of 35 cubic centimeters.
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Try It

Which three-dimensional figure has the greater volume: a cylinder
3 inches high with a radius of 2 inches or a cone of the same radius

that is 8.5 inches high?

-—

2in.

Cylinder

The formula for the volume

of a cylinder is V = Bh. Find
B, the area of the base of the
cylinder.

The base of the cylinder is a

Use the formula A = 7tr.

Substitute for r.
A=mr’
A=T-
A =~
B =~ in.>

Substitute 12.57 for B and
for h in the formula for

the volume of a cylinder.

8.51in.

2in.

Cone

The formula for the volume
of a coneis V= %Bh. Find
B, the area of the

of the cone.

The base of the cone is a

Use the formula A = r?.

Substitute ___ forr.
A=mr
A=Tm-
A~
B~ in.”

Substitute 12.57 for B and
for h in the formula for

the volume of a cone.

V = Bh — 3Bh
V1257 V31257
V= V=
The volume of the cylinder is The volume of the cone is
about cubic inches. about _ cubic inches.
The has the greater volume.
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Cylinder
The base of the cylinder is a circle.
Substitute 2 for r.

A=nmr?
A=m-2?
A=~ 1257

B =~ 12.57 in.2

Substitute 12.57 for B and 3 for h
in the formula for the volume of a
cylinder.

V =Bh
V=1257+3
V = 37.71

The volume of the cylinder is
about 37.71 cubic inches.

The cylinder has the greater volume.

Cone

Find B, the area of the base of the
cone. The base of the cone is a
circle. Substitute 2 forr.

A=mr?
A=m-2°
A=~ 1257

B =~ 12.57 in.?

Substitute 12.57 for B and 8.5 for h
in the formula for the volume of a
cone.

’

v =18h
Vv~ % 12,57 + 85
V ~ 35.615

The volume of the cone is
about 35.615 cubic inches.

Find the volume to the nearest cubic centimeter of the sphere

shown below.

Use the formula for the volume of a sphere.
V= %TEP

In this formula, r represents the radius of the sphere. Since the
diameter of the sphere is given, first divide by 2 to get the radius.

d=2r
24 = 2r
24 _ 2r
2 2
r=12

176




Substitute 12 cm for r into the formula.

V= gnr3

_ & 3
= 375(12 )
= %n(1728)

~ 7238.229 cm”’

Rounding to the nearest cubic centimeter, the volume of the sphere
is approximately 7238 cubic centimeters.

How Can You Solve Problems Using the Pythagorean Theorem?
The Pythagorean Theorem is a relationship among
the lengths of the three sides of a right triangle. The
Pythagorean Theorem applies only to right triangles.
e In any right triangle with leg lengths a and b ¢ b
and hypotenuse length ¢, a* + b> = ¢*.

e If the side lengths of any triangle satisfy the
equation a®> + b> = ¢, then the triangle is a
right triangle, and c is its hypotenuse.

Any set of three whole numbers that satisfy the Pythagorean Theorem
is called a Pythagorean triple. The set of numbers {5, 12, 13} forms a
Pythagorean triple because these numbers satisfy the Pythagorean

Theorem. To show this, substitute 13 for ¢ in the formula—since 13
is the greatest number—and substitute 5 and 12 for a and b.

a’ + b* = ¢

5% 4+ 122 = 13°
25 + 144 = 169
169 = 169

A triangle with side lengths 5, 12, and 13 units is a right triangle.

Any multiple of a Pythagorean triple is also a Pythagorean triple. Since
the set of numbers {5, 12, 13} is a Pythagorean triple, the triple formed
by multiplying each number in the set by 2, {10, 24, 26}, is also a
Pythagorean triple. A triangle with side lengths 10, 24, and 26 units is
also a right triangle.
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A right triangle is a
triangle with a right
angle. The legs of a right
triangle are the two sides
that form the right
angle. The hypotenuse of
a right triangle is the
longest side, the side
opposite the right angle.

Hypotenuse
Leg




Objective 8

Would a triangle with side lengths 3 inches, 4 inches, and 5 inches
form a right triangle?

Determine whether the side lengths satisfy the Pythagorean
Theorem. Since 5 is the greatest length, it would be the length of
the triangle’s hypotenuse. Substitute 5 for ¢ in the formula.
Substitute 3 and 4 for a and b, the two legs.

a’? + p?=¢?

3 +4°25°
9+ 16 2 25
25 =25

Since the side lengths satisfy the Pythagorean Theorem, the
triangle is a right triangle.

This example also shows that the set {3, 4, 5} forms a Pythagorean
triple.

A right triangle has a side length of 24 meters and a hypotenuse of
25 meters. Find the length of the third side.

Substitute 25, the hypotenuse, for ¢ and 24, the length of one side,
for b.

a>+b*=¢?
a’ + 24> = 25°
a’+ 576 = 625

—576 = —576

a’ =49
a=\V49
a=7

The length of the third side is 7 meters.
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On a tour around a lake, visitors ride a tour bus 3 miles south and
5 miles east. Then they ride a boat across the lake back to the
starting point. Their journey forms a right triangle.

Starting point

\ Boat route
3 miles S
route

Approximately how many miles is the trip across the lake?

The bus route and the boat route form a right triangle. The two
parts of the journey traveled by bus form the legs of the right
triangle. Their lengths are given as 3 miles and 5 miles. The boat’s
return path across the lake forms the hypotenuse, c.

Use the Pythagorean Theorem to find the length of the boat’s path
across the lake.

e Substitute 3 and 5 for the legs, a and b.

a’ +b*=¢?

32+ 52 = ¢?
9+ 25=¢
34 =¢*

V34 =c
e Find a decimal approximation of V 34.

V34 = 5.831

Rounded to the nearest tenth, the trip across the lake is
approximately 5.8 miles.
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How Can You Use Proportional Relationships to Solve Problems?

You can use proportional relationships to find missing side lengths in
similar figures. To solve problems that involve similar figures, follow
these guidelines:

One way to solve a
proportion is to use
cross products.

e Identify which figures are similar and S

which sides correspond. Similar figures

have the same shape, but not B
necessarily the same size. The lengths

of the corresponding sides of similar

figures are proportional.

Triangle ABC is similar to triangle RST. A . R
AABC ~ ARST T
AB _ BC _ AC
RS ST RT
e Write a proportion and solve it.

e Answer the question asked.

The triangles in the drawing below are similar.

E
B
4 ft 10 ft
2“&
A C

D 7.5 ft F

Find the length of AC.

e Write a proportion comparing the ratio of the unknown
side and its corresponding side to the ratio of a pair of
corresponding sides whose lengths are known.

AC corresponds to DF. The length of AC is unknown; DF = 7.5 ft.

BC and EF are a pair of corresponding sides with known
lengths; BC = 4 ft, and EF = 10 ft.

BC _ AC

EF DF
e Substitute the known values.

4 _AC

10 7.5

e Use cross products to solve.
4(7.5) = 10 - AC
30 =10+ AC
3 =AC
The length of AC is 3 feet.
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Two similar cylindrical cans are shown below.

< _r=10cm

h=8cm

r=4cm

—

What is the volume of the smaller can in terms of 7?

The radius of the smaller can corresponds to the radius of the
larger can, and the height of the smaller can corresponds to the
height of the larger can. The ratios of these corresponding
dimensions are equal.

smaller radius __ smaller height

larger radius larger height

Substitute the measurements given in the diagram. Let h represent
the height of the smaller can.

4 _h
10 8
Use cross products to solve for the height of the smaller can.
10h = 4.8
10h = 32
h=32

The height of the smaller can is 3.2 cm. To find the volume of the
smaller can, we now use V = Bh.

V=mnr’h
V=mn(4)*3.2)
V=mn(16)(3.2)
V=51.2n

The volume of the smaller can is 51.21 cubic centimeters.
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o

See Objective 6,
page 148, for more
information about
dilations.

Do you see [@:}
that . . . p

Try I

Two regular hexagons are inscribed in circles. The smaller
hexagon has a side length of 12 centimeters, and the larger one
has a side length of 60 centimeters. If the radius of the larger
circle is 52 centimeters, what is the radius of the smaller circle?

Since the hexagons are similar figures, the ratios of the lengths
of their corresponding sides will be proportional.

larger _
smaller 12 v
Use cross products to solve.
r=12-
r =
r= cm
The radius of the smaller circle is centimeters.
60 _ 52
12 r
60r =12 +52
60r = 624
r=10.4 cm

The radius of the smaller circle is 10.4 centimeters.

How Is the Perimeter of a Figure Affected When Its Dimensions Are
Changed Proportionally?

When the dimensions of a figure are changed proportionally, the figure
is dilated by a scale factor. The perimeter of the dilated figure will
change by the same scale factor.

To dilate a figure means to enlarge or reduce it by a given scale factor.
For example, the quadrilateral on the left has been dilated (enlarged)
by a scale factor of 2.5 to form the quadrilateral on the right.

[/

The perimeter of the larger quadrilateral is 2.5 times the perimeter of
the smaller quadrilateral.

. . o : . a :
If the dimensions of two similar figures are in the ratio -, then their

b’
. . : . a
perimeters will be in the ratio b
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In the drawing below, rectangle B is a dilation of rectangle A by a
scale factor of 1.5.

Rectangle A Rectangle B

What effect should this dilation have on the perimeter of rectangle B?

The perimeter of rectangle B should increase by the same factor, 1.5.

e To prove this, first find the perimeter of rectangle A.
P=2(0+w) =25+ 3) = 2(8) = 16 units

e Use the scale factor to find the perimeter of rectangle B.

The perimeter of . ... should equal
rectangle A . .. 16+ 1.5 = 24 the perimeter of
T rectangle B.
... times the

scale factor . . .

e Use the formula to find the perimeter of rectangle B.

The dimensions of rectangle B equal the dimensions of
rectangle A multiplied by the scale factor, 1.5.

Find the length and width of rectangle B.
l=5+15=175
w=3+15=45

Find the perimeter.

P=2(+ w)
P=27.5+4.5)
P=2(12)
P = 24 units
e Compare the two perimeters.
24 _ 15
16 1

The perimeter of rectangle B increased by a factor of 1.5, the same
factor by which its dimensions increased.
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Do you see
that . . .

==

Try I

The perimeter of a triangle is 24.8 meters. If the triangle is enlarged
by a scale factor of 3.4, what will be the perimeter of the larger
triangle?

The perimeter of the triangle should increase by a scale factor
of

Plarger = Psmal]er °
Substitute the known values.
Plarger = °
Plarger = m
The perimeter of the larger triangle will be meters.

The perimeter of the triangle should increase by a scale factor of 3.4.

Plarger = Psmal\er + 3.4
Pog = 24.8 + 3.4
P = 84.32 m

larger

The perimeter of the larger triangle will be 84.32 meters.

How Is the Area of a Figure Affected When Its Dimensions Are

Changed Proportionally?

When the dimensions of a figure are changed proportionally, the figure
is dilated by a scale factor. The area of the dilated figure will change by

the square of the scale factor.

. . o . . a .
If the dimensions of two similar figures are in the ratio b then their

a 2 a2
areas will be in the ratio <E> ==,
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A 5-by-7-inch photograph is enlarged by a scale factor of 4. How is
the area of the photograph affected?

The area of the photograph should increase by the square of the
scale factor: 4> = 16. The area should increase by a factor of 16.

e To prove this, first find the area of the original photograph.

A= lw
A=7-5
A = 35in.?

e Use the scale factor to find the area of the enlarged photograph.

The area of the >35. (42) —35.16 =560 < " should equal

original photo . . . the area of the
T enlarged photo.

. .. times the square
of the scale factor . . .

e Use the formula to find the area of the enlarged photo. The
dimensions of the enlarged photo are the dimensions of the
original photo multiplied by the scale factor, 4.

Find the length and width of the enlarged photo.

l=7-4=28
w=5-4=20
Find the area.
A=lw
A=28-20
A = 560 in.”
560

e The ratio of the two areas is
16 4y
is 18 or (42
The area of the enlarged photograph increased by a factor of 16.

35 - When reduced, this ratio

A certain bakery sells two sizes of round cakes. The radius of the
small cake is % the radius of the large cake. If the top of the large
cake has an area of 200 in.”, what is the area of the top of the

small cake?
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Do you see
that . . .

=

The top of the small cake is a dilation of the top of the large cake

by a scale factor of

The area of the dilated figure will change by the of the
scale factor.

The area of the top of the cake is equal to tlle area of
the top of the cake multiplied by

The area of the top of the small cake can be calculated as follows.

2
A =200 -
A =200 -
A= in.>

The area of the top of the small cake is square inches.

The top of the small cake is a dilation of the top of the large cake by a scale
factor of % The area of the dilated figure will change by the square of the
scale factor. The area of the top of the small cake is equal to the area of

the top of the large cake multiplied by (%)2

_ . (12
A = 200 (2)

_ J
A=200"
A =50in.2

The area of the top of the small cake is 50 square inches.

4 ' _ . . (a\3 a
the ratio =, then their volumes will be in the ratio (—) =73

How Is the Volume of a Figure Affected When Its Dimensions Are
Changed Proportionally?

When the dimensions of a figure are changed proportionally, the figure
is dilated by a scale factor. The volume of the dilated figure will change
by the cube of the scale factor.

If the dimensions of two similar three-dimensional figures are in

3

b’ b b
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A rectangular prism with a volume of 60 cubic units is dilated by
a scale factor of 3. What is the volume of the dilated prism?

e The volume of the original prism is 60 cubic units.

e Find the volume of the dilated prism.

The volume of 3N . ... should equal
the original 60+ (37) =60 -27 = 1620 = 40\ 1ume of

prism ... T the dilated prism.

. .. times the cube of
the scale factor . . .

The volume of the dilated prism is 1620 cubic units.

A breakfast-cereal manufacturer is using a scale factor of 2.5 to
increase the size of one of its cereal boxes. If the volume of the
original cereal box was 240 in.?, what is the volume of the
enlarged box?
If the dimensions of the box are increased by a scale factor of
then the volume of the box will increase by the of the
scale factor.

= . ( )3

= in.>

The volume of the enlarged box is cubic inches.

If the dimensions of the box are increased by a scale factor of 2.5, then
the volume of the box will increase by the cube of the scale factor.

V =240 - (2.5)?
V =240 « 15.625
V =3750in.®

The volume of the enlarged box is 3750 cubic inches.

Now practice what you've learned.
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Question 76

The net below can be folded to form a cylinder.

2.8 m

What is the approximate total surface area of the cylinder?

A

B
C
D

64 square meters
83 square meters
246 square meters

286 square meters

®=ﬁ Answer Key: page 247

Question 77

The net of a triangular prism is shown below. Use the ruler on the Mathematics Chart to measure the
dimensions of the prism to the nearest tenth of a centimeter.

A

B
C
D

< N
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' Which is closest to the total surface
area of the prism?

37 cm?
23 cm?
47 cm?

40 cm?

®=ﬁ Answer Key: page 248



Question 78

A cone comes tightly packaged in a cubical box,
as shown below.

(
1
1
1
1
1
1
v ,
1
1
1
4

If the cone has radius r, which expression best
represents the volume, V, of the box?

V= (2r)?
B V=32
C v=2/°
D v=r3

®=ﬁ Answer Key: page 248

Objective 8

Question 79

A pipe in the shape of a cylinder with a 30-inch
diameter is to go through a passageway shaped
like a rectangular prism. The passageway is 3 ft
high, 4 ft wide, and 6 ft long. The space around
the pipe is to be filled with insulating material.

4 ft

3 ft e

30 in.

What is the volume, to the nearest cubic foot, of
the space to be filled with insulating material?

A 72 ft3
B 43 ft?
C 30 ft?
D 29 ft3

®=ﬁ Answer Key: page 248
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Question 80

Jillian walks from the parking-lot entrance to the
scenic overlook by following a sidewalk along the
edge of the rectangular park. She walks back to
the parking lot by taking a shortcut through the
park. The drawing below shows her journey.

Scenic
overlook
Sidewalk | 2horteut
300 ft
Sidewalk Parking-lot
475 ft entrance

To the nearest foot, how much shorter was her
trip back to the parking lot than her walk to the
scenic overlook?

A 4171t
B 213 ft
C 562 ft
D

261 ft

®=ﬁ Answer Key: page 248

Question 81
ALMN and ARST are similar.
S
M
6 7 7.5
L 8 N R 10 T

What is the length of ST?
A 6.4 units
B 7.75 units
C 13.3 units
D 8.75 units

@zﬁ Answer Key: page 249
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Question 82

An art store sells two sizes of rectangular poster
boards. The smaller poster board has a width of
18 inches and a height of 24 inches. The larger
poster board is similar to the smaller one and
has a height of 28 inches. What is the width in
inches of the larger poster board?

Record your answer and fill in the bubbles. Be
sure to use the correct place value.

OJORCONONOROXOXONOXO)
OJORCNONOROXOXONOXO)
OJORONOROROXOXONOXO)
CXORCNONCRONORONOXO)
CXORONONCRONONONOXO)
CXORCNONCRONONONOXO)
CXORCNONCRONONONOXO)

@':ﬁ Answer Key: page 249

Question 83

The ratio of the diameter of a larger circle to the
diameter of a smaller circle is g Which number
represents the ratio of the area of the larger

circle to the area of the smaller circle?

Ay
B §
5
D §

@zﬁ Answer Key: page 249



Question 84

Triangle MNO has a perimeter of 45 centimeters.
Triangle MNO is dilated by a factor of % to
produce triangle PQR. What is the perimeter

of triangle PQR?

A 18 cm
B 9cm

C 10cm
D 15cm

@zﬁ Answer Key: page 249

Question 85

A cylindrical tank has a volume of 300 gallons.
A similar tank next to it has dimensions that
are 3 times as large. What is the volume of the
larger tank?

A 5400 gal
B 2700 gal
C 900 gal

D 8100 gal

®=ﬁ Answer Key: page 249

Question 86

A box shaped like a rectangular prism has a
volume of 162 cubic inches. A smaller box has
dimensions that are % the dimensions of the

larger box. What is the volume of the smaller box?

A 108 in.2
B 48in?
C 72in3
D 27in3

@zﬁ Answer Key: page 249

Objective 8

Question 87

The diameter of a globe is 12 inches. Which of
the following is closest to the volume of this
globe?

A 75 cubic inches
B 151 cubic inches
C 905 cubic inches
D 7238 cubic inches

®=ﬁ Answer Key: page 250

Question 88

A skateboard ramp in the shape of a right
triangular prism is constructed out of wood, as
shown below.

3 ft
<\

4 ft

What is the total surface area of the ramp?

A 60 square feet

B 120 square feet
C 240 square feet
D 480 square feet

®=ﬁ Answer Key: page 250
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Objective 9

The student will demonstrate an understanding of percents, proportional
relationships, probability, and statistics in application problems.

For this objective you should be able to

e identify proportional relationships in problem situations and
solve problems;

e apply concepts of theoretical and experimental probability to
make predictions;

e use statistical procedures to describe data; and

e evaluate predictions and conclusions based on statistical data.

How Do You Solve Problems Involving Proportional Relationships?

A ratio is a comparison of two quantities. A proportion is a statement
that two ratios are equal. There are many real-life problems that involve
proportional relationships. For example, you use proportions when
converting units of measurement. You also use proportions to solve
problems involving percents and rates.

To solve problems that involve proportional relationships, follow these
guidelines:

e Identify the ratios to be compared. Be certain to compare the
corresponding quantities, in the same order.

e Write a proportion, an equation in which the two ratios are set
equal to each other.

e Solve the proportion. Use the fact that the cross products in a
proportion are equal.

On a game show Mr. Williams answered 12 out of 15 questions
correctly. What percent of the questions did Mr. Williams answer
incorrectly?

e Mr. Williams answered 12 questions correctly. Therefore, he
answered 15 — 12 = 3 questions incorrectly.

e Write a ratio that compares the number of questions answered

incorrectly to the total number of questions: 1%

e To find the percent of questions answered incorrectly, find the
n

100’

no_3

. . 3
that is equivalent to —=

part of 100, or the ratio 15

e Write a proportion.

100 15
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e To solve for n, use cross products and then divide by 15.

15n =3 - 100
15n = 300
n =20

Mr. Williams answered 20% of the questions incorrectly.

At this time last year, Alfredo had $145 in his savings account.
Today he has $152.98. If his savings continue to grow at the
same rate, how much money will he have in his account at this
time next year?

To find the rate at which Alfredo’s savings increased, divide the
number of dollars by which his savings increased from last year

to this year by $

Alfredo’s savings increased by

$152.98 — =
The rate by which his savings account grew is
+ 145 =~
0.055 = %
His savings should increase by % over the next year.

Use a proportion to find 5.5% of his current balance, $152.98.

55 _ X
x = 5.5( )
x =
x =

Alfredo’s savings account at this time next year should have

$152.98 + =

To find the rate at which Alfredo’s savings increased, divide the number of
dollars by which his savings increased from last year to this year by $145.
Alfredo’s savings increased by $152.98 — $145.00 = $7.98. The rate by
which his savings account grew is 7.98 +~ 145 = 0.055.
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0.055 = 5.5%
His savings should increase by 5.5% over the next year.
55 _ _ x
100  152.98
100x = 5.5(152.98)
100x = 841.39
Xx = 8.41
Alfredo’s savings account at this time next year should have
$152.98 + $8.41 = $161.39.

What Is Probability?

Probability is a measure of how likely an event is to occur. The
probability of an event occurring is the ratio of the number of favorable
outcomes to the number of all possible outcomes. In a probability
experiment, favorable outcomes are the outcomes that you are
interested in.

The probability, P, of an event occurring must be from 0 to 1.
e If an event is impossible, its probability is 0.
e If an event is certain to occur, its probability is 1.

For example, the probability of drawing a blue marble from a bag
containing 5 red marbles and 2 blue marbles is the ratio of the number
of favorable outcomes, 2 blue marbles, to the number of possible

outcomes, 7 marbles. The probability of drawing a blue marble is -

This is often written as P(blue) = ;'

Do you see 7

that . ..

A number cube has faces numbered 1 to 6. What is the probability
of rolling an even number?

3

The sample space for this experiment is {1, 2, 3, 4, 5, 6}. There are
a total of 6 possible outcomes.

A favorable outcome for this experiment is rolling a 2, 4, or 6.
There are 3 favorable outcomes for this experiment.

The probability of rolling an even number is the ratio of the number
of favorable outcomes to the number of possible outcomes:
1

3—_
30utof6,or6—2.
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How Do You Find the Probability of Compound Events?

An event made up of a sequence of simple events is called a compound
event. For example, flipping a coin and then rolling a number cube is a
compound event.

One way to find the probability of a compound event is to multiply the
probabilities of simple, mutually exclusive events that make up the
compound event.

If P(A) represents the probability of event A and P(B) represents the
probability of event B, then the probability of the compound event
(A and B) can be represented algebraically.

P(A and B) = P(A) - P(B)
For example, the probability of a coin landing heads up on one toss
is P(H) = % The probability of a coin landing heads up on two

tosses can be found as follows:

P(Hand H) = P(H) + P(H) =5+ 3 = §
When finding the probability of a compound event, you should first
determine whether the simple events included are dependent or

independent events.

e If the outcome of the first event affects the possible outcomes for
the second event, the events are called dependent events.

Suppose you draw 2 marbles, one at a time, from a bag with

4 white marbles and 1 red marble in it. You draw the second
marble without replacing the first one you drew. Does the
outcome of the first draw affect the likelihood of drawing a red
marble on the second draw? Yes, because there were 5 marbles
in the bag on the first draw, but only 4 on the second draw. The
events are dependent.

e If the outcome of the first event does not affect the possible
outcomes for the second event, the events are called
independent events.

Suppose you spin a spinner with the numbers 1 through 4
written on it, and then you spin it again. Does the outcome of
the first spin affect the likelihood of spinning a 3 on the second
spin? No. The events are independent.

A probability experiment consists of rolling a number cube with
faces numbered 1 through 6 and then tossing a coin. What is the
probability of rolling a 3 on the number cube and tossing tails on
the coin?

e There are 6 possible outcomes for rolling the number cube:
1,2, 3,4, 5, and 6. There is only one favorable outcome, rolling

a 3. The probability of rolling a 3 on the number cube is %

PQ3) = é
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Do you see
that . . .

==

e There are two possible outcomes for tossing the coin: heads (H)
and tails (T). There is only one favorable outcome, T. The

_ . . |
probability of tossing tails on the coin is >

P(T) =5

e Find the probability of rolling a 3 on the number cube and
tossing tails on the coin.

P(3 and T) = P(3) « P(T)

1.1

=9

_ 1

12
Another way to find the probability of this compound event is
to look at the sample space for this experiment and identify the
favorable outcomes. This method works only if the outcomes are
all equally likely. Use a table to list all the possible outcomes. The
one favorable outcome is shaded.

Sample Space

Number Coi
Cube om

1 Heads
Tails
Heads
Tails
Heads
Tails
Heads
Tails
Heads
Tails
Heads
Tails

ooV PIWWININI=

There are 12 possible outcomes, but only 1 of them is favorable.
The probability of rolling a 3 on the number cube and tossing tails
on the coin is %

This matches the result obtained using the rule for the probability
of a compound event.

PG and T) = P(3) « P(T) = ﬁ
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A jar contains 4 red balls, 5 green balls, and 3 black balls. A ball is
drawn, and then a second ball is drawn without replacing the first
one. What is the probability of drawing two red balls in a row?

There are 12 balls in the jar on the first draw, and 11 balls in the
jar on the second draw. The two events are dependent. The
outcome of the first ball drawn affects the possible outcome of the
second ball drawn.

e Find the probability of drawing a red ball on the first draw.
There are 12 possible outcomes for the first draw. There are
4 favorable outcomes, 4 red balls.
4 1
P(red;,) = 15 = 3
e Find the probability of drawing a red ball on the second draw.
There are now only 11 balls in the jar, so there are 11 possible
outcomes for the second draw. Assume the first ball drawn was
red. There are 3 favorable outcomes, 3 red balls left in the jar.
3
P(red,....) = 11
e Find the compound probability.

P(redﬁrsl and redsecond) = P(redﬁrsl) ° P(redsecond)
_1,3_3_1
3 11 33 11

The probability of drawing two red balls in a row is ﬁ

What Is the Difference Between Theoretical and Experimental
Probability?

The theoretical probability of an event occurring is the ratio comparing
the number of ways the favorable outcomes should occur to the number
of all possible outcomes. If you toss a coin, theoretically the coin

should land on heads % of the time.
P(H) =5 = 0.5

The experimental probability of an event occurring is the ratio

comparing the actual number of times the favorable outcome occurs in a

series of repeated trials to the total number of trials. If you toss a coin

100 times, it is possible that the coin will land heads up 48 times and tails

up 52 times. The experimental probability of the coin landing heads up
48

in this situation would be 100

P(H) = % — 0.48

The two types of probabilities, theoretical and experimental, are not
always equal. In this case the theoretical probability is 0.5, but the
experimental probability is 0.48.

For a given situation the experimental probability is usually close to, Do vou see
but slightly different from, the theoretical probability. The greater the o i'y
a o o o

number of trials, the closer the experimental probability should be to
the theoretical probability.
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A spinner in a game has 4 equal-sized regions: red, green, blue,
and yellow. A group of players makes 40 trial spins and creates
the table below.

Color | Frequency
Red 9
Green 12
Blue 10
Yellow 9

How does the theoretical probability of landing on green compare
to the experimental results?

e Since the colored regions are of equal size, the spinner is equally
likely to land on any one of the colored regions. There are four
possible outcomes for this experiment: red, green, blue, and
yellow. There is one favorable outcome: green. The theoretical

probability of landing on the green is ZIP or P(green) = 0.25.

e The experimental probability of landing on green is the ratio
of the number of times the spinner landed on green in the
experiment to the total number of spins. The spinner landed
on green 12 times out of 40 spins. The experimental probability
of landing on green is ‘1}—3 = 1% or P(green) = 0.3.

The experimental probability, 0.3, and the theoretical probability,

0.25, are close to each other but not equal.

How Do You Use Probability to Make Predictions and Decisions?

You can use either theoretical or experimental probabilities to make
predictions. If you know the probability of an event occurring and you
also know the total number of trials, then you can predict the likely
number of favorable outcomes.

The number of trials in
an experiment is the
number of times the
experiment is repeated.
If you toss a coin e Write a ratio that represents the probability of an event occurring.

100 times, you will

e Write a ratio that compares the number of favorable outcomes to
the number of trials.

complete 100 trials of

a coin-toss experiment.
y e Write a proportion.

e Solve the proportion.
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A manufacturer tests 125 lightbulbs to determine the number of
hours the lightbulbs last. The results are shown in the table below.

Outcome Frequenc
(hours) 9 y
950-974 15
975-999 20

1,000-1,024 50
1,025-1,049 40

Based on the experimental results, how many lightbulbs from
a shipment of 50,000 lightbulbs should be expected to last at least
1,000 hours?

e Find the experimental probability that a lightbulb will last
at least 1,000 hours.

Based on the table, a total of 50 + 40 = 90 lightbulbs lasted
at least 1,000 hours. There were a total of 125 trials. The
experimental probability that a lightbulb will last at least

.90 18
1,000 hours is 125 — 75
e Write a proportion.
18 _ _ x
25 50,000

e Solve by using cross products and dividing by 25.

25x = 18 + 50,000
25x = 900,000
x = 36,000

Therefore, 36,000 lightbulbs from the shipment of 50,000
lightbulbs should be expected to last at least 1,000 hours.

Try I

Robert has a bag with 90 jelly beans, which come in 4 different
colors. The table below shows the color of 25 jelly beans he
randomly selected from the bag without replacement.

Selected Jelly Beans

Color | 11 Beans
Red 6
Blue 8
Green 4
Yellow 7
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Based on the information shown in the table, which is the best
prediction of the number of jelly beans remaining in the bag that are
not blue?

Of the jelly beans that were randomly selected, were
not blue. So the experimental probability of selecting a jelly bean that
was not blue is . Since there were originally jelly
beans in the bag, and were selected and not replaced, there
are now jelly beans in the bag. Let n represent the number of
jelly beans that are

Write a proportion and solve.

n —
25
25n = .
25n =
25n 1105

n:

Because the decimal part of a jelly bean makes no sense in this
context, the best prediction of the number of jelly beans remaining in
the bag that are not blue is

Of the 25 jelly beans that were randomly selected, 17 were not blue. So the

. o . . .17
experimental probability of selecting a jelly bean that was not blue is 25"

Since there were originally 90 jelly beans in the bag, and 25 were selected
and not replaced, there are now 65 jelly beans in the bag. Let n represent
the number of jelly beans that are not blue. Write a proportion and solve.

n

25

25n = 6517
25n = 1105
25n 1105
N
n =442

Because the decimal part of a jelly bean makes no sense in this context, the
best prediction of the number of jelly beans remaining in the bag that are
not blue is 44.
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How Do You Use Mode, Median, Mean, and Range to Describe Data?

There are many ways to describe the characteristics of a set of data. The mode, median, and
mean are all called measures of central tendency.

Mode The mode of a set of data describes Use the mode to show which value or
which value occurs most frequently. If values in a set of data occur most
two or more numbers occur the same often.
number of times and more often than For the set {1, 4, 9, 3, 1, 6} the mode is
all the other numbers in the set, those 1 because it occurs most frequently.
numbers are all modes for the data set.

) The set {1, 4, 3, 3, 1, 6} has two modes,
If each of the numbers in a set occurs 1 and 3, because they both occur twice
the same number of times, the set of and most frequently.
data has no mode.

Median | The median of a set of data describes Use the median to show which number
the middle value when the set is in a set of data is in the middle when
ordered from greatest to least or from the numbers are listed in order.
least to greatest. If there are an even For the set {1, 4, 9, 3, 6} the median is
number of values, the median is the 4 because it is in the middle when the
average of the two middle values. numbers are listed in order:

Half the values are greater than the {1, 3, 4, 6, 9}.
median, and half the values are less For the set {1, 4, 9, 3, 1, 6} the median
than the median. . 3+4 ]

o is =—— = 3.5 because 3 and 4 are in the
The median is a good measure of central 2 i )
tendency to use when a set of data has middle when the numbers are listed in
an outlier, a number that is very order: {1, 1, 3, 4, 6, 9}. Their values
different in value from the other must be averaged to find the median.
numbers in the set.

Mean The mean of a set of data describes the | Use the mean to show the numerical
average of the numbers. To find the average of a set of data.
mean, add all the numbers and then For the set {1, 4, 9, 3, 1, 6} the mean is
divide by the number of items in the the sum, 24, divided by the number of
set. items, 6. The mean is 24 + 6 = 4.

The mean of a set of data can be greatly
affected if one of the numbers is an
outlier, a number that is very different
in value from the other numbers in the
set.

The mean is a good measure of central
tendency to use when a set of data does
not have any outliers.

Range The range of a set of data describes how | Use the range to show how much the
big a spread there is from the largest numbers vary.
value in the set to the smallest value. For the set {1, 4, 9, 3, 1, 6} the range is

9-1=38.

To decide which of these measures to use to describe a set of data, look at the numbers and ask
yourself, What am I trying to show about the data?
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Each night for one week, a restaurant manager recorded the
number of customers who came for dinner. The results are shown
in the table below.

Night Customers
Sunday 58
Monday 57
Tuesday 60
Wednesday 55
Thursday 65
Friday 66
Saturday 149

Which measure of the data would best describe the number of
customers who eat in the restaurant on a typical night?

e The range is the difference between the largest value and the
smallest: 149 — 55 = 94. The range does not describe the number
of customers who eat in the restaurant on a typical night.

e FEach of the numbers in the set of data occurs only once. The set
of data has no mode.

e The mean number of customers is approximately 73. However,
the number of customers on Saturday night, 149, is much
higher than the number of customers on any other night.

Do you see This data point is an outlier.
that . In this case, the mean does not give a very good representation
ot of the number of customers who eat in the restaurant on a

typical night; it is too high.

e The median number of customers is found by listing the
number of customers in order and finding the middle value.
Listed in order, the numbers are {55, 57, 58, 60, 65, 66, 149}.
The middle number is 60. The median, 60, is not affected by the
outlier.

In this case, the median best describes the number of customers
who eat in the restaurant on a typical night.
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A science club sold candy bars to raise money:.
The table shows the number of candy bars
sold during the first five days of the sale.

On the sixth day of the sale, the club sold only
56 candy bars. How does the significantly
smaller number of candy bars sold on the sixth
day affect the different measures of the data?

Range

Day Number
1 103

2 115

3 122

4 117

5 117

The range is the difference between the largest value and the smallest.

e For the first 5 days, the range is 122 — 103 = 19.

e With the sixth day included, the range is 122 — 56 = 66.

The range of values increases significantly because the sixth value, an outlier, is

well outside the previous range.
Median

The median is found by listing the number of candy bars sold in order and

picking the middle value.
e For the first 5 days: 103, 115, 117, 117, 122

median = 117

e With the sixth day included: 56, 103, 115, 117, 117, 122
median = (115 + 117) =2 =116

The median value is not significantly affected by the outlier.

Mode

The mode of a set of numbers tells which value occurs most frequently.

e For the first 5 days, the mode is 117.

e With the sixth day included, the mode is still 117.

The mode is not affected by the outlier.

Mean

The mean is the average of the values.

e For the first 5 days:

103 + 115 + 122 + 117 + 117

5
e With the sixth day added, the mean is:

103 + 115 + 122 + 117 + 117 + 56

6

Since 56 is much smaller than the other values, it significantly lowers the mean.
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How Do You Use Graphs to Represent Data?

There are many ways to represent data graphically. Bar graphs,
histograms, and circle graphs are three types of graphs used to display
data. Other types of graphs include line plots, stem and leaf plots, and
box and whisker plots. Graphical representations of data often make it
easier to see relationships in the data. However, if the conclusions
drawn from a graph are to be valid, you must read and interpret the
data from the graph accurately.

A bar graph uses bars of different heights or lengths to show the
relationships between different groups or categories of data.

The bar graph below shows the number of people in a town who

attended one of two different movies, A or B, on each of six days
last week. What conclusions can you draw about the number of
people attending each of the movies each day?

Movie Attendance

350

300

250

Number oqg
of People

150
100
50

0 Mon. Tues. Wed. Thurs. Fri. Sat.

ﬁ.A =F Day

e The graph shows that more people attended each of the two
movies on Saturday than on any other day:.

e For the week, more people attended Movie B than Movie A.

e The least number of people attended either movie on
Wednesday.

e The combined attendance at both movies on Monday and
Thursday was the same.
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A histogram is a special kind of bar graph that shows the number of
data points that fall within specific intervals of values. The intervals
into which the data’s range is divided should be equal. If the intervals
are not equal, the graph could be misleading and result in invalid
conclusions.

Look at the histogram below showing the number of dogs of various
weights in a kennel.

Dog Weights in a Kennel

20
18 Fourteen dogs weighed
16 i between 20 and 29 pounds.
14
Number 12 » The greatest number of dogs
of 10 weighed between 40 and 49 pounds.
Dogs 8
6 Two dogs weighed
4 between 70 and 79 pounds.
2 Y
0

10-19 20-29 30-39 40-49 50-59 60-69 70-79

Weight
(nearest pound)

The histogram shows the ages of people attending a symphony
performance. Their ages are divided into equal 10-year intervals.

Attendance at a Symphony Performance

24
22
20
18
Number 16
of People 14
12
10 —

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89
Age (years)
What conclusions can you draw from the graph about attendance
at the performance?

The broken line on the vertical axis means that attendance values D
from O through 9 are not shown in the graph. Using the broken @ 0 you see
line allows the graph to have shorter bars. Because of this, the BN that ...

lengths of the bars should not be used to make direct comparisons.
Instead, read the values from the graph and compare them.

e A total of 24 people between the ages of 30 and 39 attended the
performance. This age group had the greatest number of people
in attendance.
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e A total of 20 people between the ages of 20 and 29 attended
the performance, and 10 people between the ages of 0 and 9
attended. Twice as many people between the ages of 20 and 29
attended the performance as people between the ages of 0 and 9.

If you had compared the bar lengths for these two data intervals
you could have reached an invalid conclusion. The bar for one
is about five times as large as for the other, yet the numerical
value is only twice as large.

A circle graph represents a set of data by showing the relative size of
the parts that make up the whole. The circle represents the whole, or
the sum of all the data elements. Each section of the circle represents a
part of the whole. The number of degrees in the central angle of the
section should be proportional to the number of degrees in a circle, 360°.

Suppose you were constructing a circle graph that compared the
number of school-sponsored sports teams on which juniors in your
school play. Their participation data are shown in the table below.

Juniors Playing Sports

# of Sports | # of Students
0 80
1 50
2 40

3 or more 30

What size central angle should be used for the sector of the circle
used to represent the students who play no sports?

One way to solve this problem is to first find the percent of the circle
that should be used to represent the students who play no sports.

e The table represents a total of 200 students. Since 80 of them play

no sports, the fraction of students who play no sports is 2%%

80
e Convert -~ to a percent.

20 80 _ 40 _ o0
200 100 ?
® So, 40% of the students play no sports. Therefore, 40% of the

circle should be used to represent students who play no sports.

Next, find what central angle should be used for the sector of the
circle used to represent students who play no sports. Since a circle
has 360°, find 40% of 360°.

40 _ n
100 ~ 360

100n = 14,400
n = 144
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A central angle of 144° should be used for the sector of the circle
used to represent the students who play no sports.

Juniors Playing Sports

No sports
3 or more sports 40%
15% ‘
2 sports
20% 1 sport
25%

Customers at a grocery store were asked which brand of soft drink

they prefer. The results of the survey are shown in the circle graph
below.

Soft-Drink Preferences

preference

What conclusions can you draw about the soft-drink preferences of
the customers at the store?

e The graph shows that the most preferred brand is Brand A, 38%.

e The graph shows that 25%, or 1 of the customers surveyed
4
preferred Brand D.

e The smallest fraction of customers, 10%, had no preference in
soft drinks.
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The graph below shows the average populations of three cities
during three five-year intervals.

Changes in Population
200

175
150

Population 125
(thousands 100

of people) 75
50
25

1985-1989  1990-1994  1995-1999
Period

Mlciya [ Jcys | CityC]

For which city was the increase in population the greatest between
1985 and 19992

The population of City C decreased between 1985 and 1999.

The population of City B increased between 1985 and 1999. Find
the increase in population. The lowest average population,
approximately 75,000, was during the period 1985-1989, and
the highest average population, approximately 110,000, was
during the period 1995-1999. The approximate increase in
population was 110,000 — 75,000 = 35,000 people.

The population of City A increased between 1985 and 1999. Find
the increase in population. The lowest average population,
approximately 30,000, was during the period 1985-1989, and
the highest average population, approximately 80,000, was
during the period 1995-1999. The approximate increase in
population was 80,000 — 30,000 = 50,000 people.

The increase in population between 1985 and 1999 was the
greatest for City A.

208



Objective 9

A line plot represents a set of data by showing how often a piece of
data appears in that set. It consists of a number line that includes the
values of the data set. An X is placed above the corresponding value
each time that value appears in the data set.

For example, consider the data set below:

{18, 18, 18, 19, 20, 20, 21, 22, 22, 22, 24, 24, 24, 24, 24, 24, 25, 26,
26, 26, 26, 26, 27, 27, 27}

This data set could be organized in the line plot below.

—T X X X X X X
—— X X X X X

X
X
X
|
[

—— X X X

X

X X

X X X X
—t— | |
18 19 20 21 22 23 24 25 26 27

X
|
[

<

>

Notice there were three values of 18 in the data set, and there are three
Xs above 18 in the line plot. Similarly, there is one value of 25 in the
data set, and there is one X above 25 in the line plot.

A box and whisker plot can be used to describe the distribution of a
data set (that is, how near or far the data points are from each other). It
also gives specific information about certain values related to the data
set.

The table below represents the age of college students in a
particular class.

Age Frequency

22 2
23
24
25
26
27
28

29
30

31

O NDIDN| W |H»|]oOo|O

—_
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The box and whisker plot below represents the data set shown in

the table above.

avs

<! | | | | | | | | | A
~3 I I I I I I I I Iz

1
22 23 24 25 26 27 28 29 30 31

minimum

As you can see from the box and whisker plot, the data appear to
be closer together for the lower values and more spread out for the
higher values.

The lower quartile can be thought of as the “middle value of the
first half” of the data set. One-fourth (one quarter) of the data set
will be at or below the lower quartile. Likewise, the upper quartile
is the “middle value of the second half” of the data set. Three-
fourths of the data will be at or below the upper quartile. In this
sense, quartiles are very much like medians.

Specifically, in the data set shown above, there are 27 values. When
the data set is ordered, the median is the number in the 14th place
(in this case, 25). The data set is now split into two halves. The
lower half of the data has places 1 through 13, and the upper half
has places 15 through 27.

As it was mentioned earlier, the lower quartile is the middle value
of the lower half of data (places 1 through 13). The middle value
would then be in the 7th place, which is 23. Likewise, the upper
quartile is the middle value of the upper half of data (places 15
through 27). The middle value of the upper half of data would be
in the 21st place, which is 27.

What data can be interpreted from this graph?

The youngest age for a member of this class was 22, and the oldest
age was 31. The median age was 25. The lower quartile is 23, and
the upper quartile is 27.

Now practice what you've learned.
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Question 89

Rhonda estimated it would take 12 hours to
complete her research project. If this represents
only 80% of the number of hours it actually took
her to complete the project, how many hours did
Rhonda spend on the project?

A 96h
B 15h
C 3h
D 960h

®=ﬁ Answer Key: page 250

Question 90

A factory worker can manufacture 35 electronic
switches in 1.5 hours. At this rate, how many
hours will it take him to manufacture 210
switches?

A 6h
9h
4900 h

B
C
D 140h

®=ﬁ Answer Key: page 250

Objective 9

Question 91

Jonathan draws two tickets from a box to select
the door-prize winners at a party. The tickets are
numbered from 1 to 25. What is the probability
that both of the tickets drawn will have numbers
less than 57

1
50

2
75
12
625
1

D 5

A

B
C

@zﬁ Answer Key: page 250

Question 92

Reggie is a professional baseball player. He has
the following batting record.

Type of Hit Number
Singles 210
Doubles 20
Triples 1
Home runs 6
No hits 574

Based on this record, what is the probability that
Reggie will get a hit during his next time at bat?

A 0413
B 0.186
C 0.292
D 0.366

®=ﬁ Answer Key: page 250
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Question 93

A horticulturist selected a sample of seeds from a

crop. She planted the seeds, and after 3 months
she measured the height of each plant to the

nearest eighth of an inch. The results are shown
in the table below.

Height | Number of

(inches) Plants
0-12 9
2-37 16
4-5] 26
more | 24

Based on the results in the table, how many seeds
out of 600 could the horticulturist expect to reach

a height of at least 2 inches in 3 months?

A

B
C
D

450
550
528
384

®=ﬁ Answer Key: page 251
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Question 94

Jean is a member of the school’s bowling club.
At the last practice session, each team member
bowled 3 games and recorded his or her score on
a master list. Which measure of the data should
Jean use if she wants to identify the score that
has as many scores below it as above it?

A

B
C
D

Mean
Mode
Median
Range

@':E Answer Key: page 251
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Objective 9

The table below represents Trish’s expenses for a scuba-diving vacation in the Caribbean.

Trish’s Scuba Vacation

Amount
Expense | (dollars)
Plane fare 600
Food 200
Hotel 360
Cab fares 40
Gifts 50
Dive boat 250
Which graph matches the information in the table?
Plane Plane
fare fare
Food
Food
A Dive C
boat
Cab
fares
Hotel Dive
Gifts boat
Hotel Gifts Cab
fares
Food Food
Plane
Hotel fare Plane
B fare
Hotel
Gifts Gifts
Cab Dive fg?ebs Dive
fares boat boat

®'='? Answer Key: page 251
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Question 96
The graph below represents car sales at a dealership for the first four months of the year.
Car Sales
5
4
Cars Sold 3

(thousands) 5

1

0
Jan. Feb. Mar. Apr.

Month

Which of the tables below represents the data in the graph?

Month | Cars Sold Month | Cars Sold
January 900 January 1500
February 2400 C February 2900
March 2900 March 3100
April 2400 April 2400

Month | Cars Sold Month | Cars Sold
January 1100 b January 1100
February 2400 February 1900
March 3100 March 2900
April 2600 April 2400

214
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Question 97

The total number of hours Ava spent studying
each week for the first 8 weeks of school are
shown in the table below.

Week | siudying
1 4
2 7
3 4
4 7
5 7
6 6
7 7
8 7

Which measure should Ava use to show the
number of hours she most frequently spends
studying in a school week?

A

B
C
D

Mean
Median
Mode
Range

©=ﬁ Answer Key: page 251

Objective 9

Question 98

The graph shows CD sales at a music store for
6 consecutive weeks.

CD Sales
300
295
290
Number
Sold 2%

280

275

1 2 3 4 5 6
Week

Based on the data in the graph, which of the
following conclusions is true?

A

B

215

Sales increased at a constant rate each week
over the six-week period.

The store sold an average of approximately
289 CDs per week over the six-week period.

Three times as many CDs were sold during
the sixth week as during the first week.

The store sold more than 1800 CDs during
the six-week period.

®=ﬁ Answer Key: page 251
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Question 929

A set of data is shown below.
12,5, 3,17, 27, 23, 8, 5

Which of the following box and whisker plots best represents these data?

I, R

A
<ttt
2 4 6 8 10 12 14 16 18 20 22 24 26 28
I M I S
<ttt
2 4 6 8 10 12 14 16 18 20 22 24 26 28
C
<ttt
2 4 6 8 10 12 14 16 18 20 22 24 26 28
—fT} :
D
>

|
1 1 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28

@zﬁ Answer Key: page 251
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Objective 10

The student will demonstrate an understanding of the mathematical processes
and tools used in problem solving.

For this objective you should be able to
e apply mathematics to everyday experiences and activities;
e communicate about mathematics; and

e use logical reasoning.

How Do You Apply Math to Everyday Experiences?

Suppose you want to compute the likelihood of winning an election
based on the results of a random survey. Or suppose you need to
estimate the volume of a container based on its dimensions. Finding
the solution to problems such as these often requires the use of math.

Solving problems involves more than just arithmetic; logical reasoning
and careful planning also play very important roles. The steps in
problem solving include understanding the problem, making a plan,
carrying out the plan, and evaluating the solution to determine
whether it is reasonable.

The Bradley family is planning a summer vacation. They expect to
drive a total of 250 to 300 miles. Their car gets 20 miles per gallon
of gasoline, and gas is expected to cost from $2.95 per gallon to
$3.15 per gallon. Based on this information, what is the least
amount the Bradley family should expect to spend on fuel for their
vacation? What is the greatest amount?

e What information is given?
length of trip: 250 to 300 miles
gas mileage: 20 mpg
cost of gas: $2.95/gal to $3.15/gal

e What do you need to find?

You need to find the number of gallons of gas the Bradleys
could use and, based on those figures, the total cost of the
gasoline.
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Find the number of gallons of gas that could be used—
minimum and maximum amounts.

Divide the number of miles to be traveled by the rate the gas
will be used, 20 mpg.

Calculate first using the minimum figure for the length of the
trip, 250 miles, and then using the maximum, 300 miles.

Find the minimum and maximum possible cost of the gasoline.

Multiply the cost of gasoline by the number of gallons to be used.

Calculate first using the minimum cost of the gasoline,
$2.95/gal, and then using the maximum, $3.15/gal.

e Find the number of gallons of gas that will be used.

Minimum Calculation Maximum Calculation
250 miles 300 miles

250 miles + 20 mpg 300 miles + 20 mpg
= 12.5 gallons = 15 gallons

e Find the cost of the gas that will be used.

Minimum Calculation

Maximum Calculation

12.5 gallons at $2.95/gal

15 gallons at $3.15/gal

12.5 gallons - $2.95/gal
= $36.88

15 gallons + $3.15/gal
= $47.25

The least amount the Bradley family should expect to spend
on gasoline for their vacation is $36.88, and the greatest amount

is $47.25.
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Objective 10

Try it

A group of hikers at a state park follow the trail shown on the map
below. They hike from the parking lot to the waterfall and then to a
scenic overlook. From the overlook the group hikes back to the
parking lot.

Waterfall

2in.

Parking 4——1L1 Scenic
lot Tin. 5verlook

If 1 inch on the map equals 2 miles, to the nearest tenth of a mile
how far did the group hike?

What information are you given in the problem?

The distance from the waterfall to the overlook is inches
on the map.

The distance from the overlook to the parking lot is

inch on the map.

The scale used on the map is inch = miles.

You need to find the distance in miles from the parking lot to the
waterfall.

The hikers’ path forms a triangle.

The distance from the parking lot to the waterfall is the

of the triangle. ‘i ii i
Find this distance on the map using the Pythagorean Theorem.
this distance to the two known distances on the map. See Objective 8,
Use the map’s scale to find the actual distance the group hiked. page 177, for more
information about
the Pythagorean
Theorem.
—— T
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Substitute the values for a and b into the Pythagorean Theorem and
solve for c.

+

+
V_  =¢
c= inches

On the map the total distance of the hike is
+ + ~ inches.

Use the scale to convert the distance to miles. The distance in miles

is . ~ ~ miles.

The question asks for the total distance to the nearest

of a mile.

The total distance the group hiked is miles.

The distance from the waterfall to the overlook is 2 inches on the map.
The distance from the overlook to the parking lot is 1 inch on the map.
The scale used on the map is 1 inch = 2 miles.

The hikers’ path forms a right triangle. The distance from the parking lot to
the waterfall is the hypotenuse of the triangle. Add this distance to the two
known distances on the map.

a® + b? =c?
12 + 2% =¢?
5=c?
V5 =c

c =~ 2.24 inches
On the map the total distance of the hike is 2.24 + 1 + 2 = 5.24 inches.

Use the scale to convert the distance to miles. The distance in miles is
5.24 + 2 = 10.48 = 10.5 miles. The question asks for the total distance to
the nearest tenth of a mile. The total distance the group hiked is 10.5 miles.
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Objective 10

What Is a Problem-Solving Strategy?

A problem-solving strategy is a plan for solving a problem. Different
strategies work better for different types of problems. Sometimes you
can use more than one strategy to solve a problem. As you practice
solving problems, you will discover which strategies you prefer and
which work best in various situations.

Some problem-solving strategies include
drawing a picture;

looking for a pattern;

guessing and checking;

acting it out;

making a table;

working a simpler problem; and

working backward.

Alfonso is pouring liquid gelatin from a container into four small
gelatin molds. The liquid gelatin is in a cylindrical container with
a diameter of 10 centimeters. It fills the container to a level of
15.9 cm. Each of the gelatin molds is a rectangular prism that is
5 cm by 7.5 cm by 8.1 cm. Will Alfonso be able to transfer all of
the gelatin from the cylindrical container into the four molds? If

not, how many cubic centimeters of gelatin will remain after he
fills the molds?

Draw a picture of the containers and label the dimensions.

:
70 o~ i

i
i
- 8.1 cm 8.1 cm i
tad 5cm tad 5cm
7.5 cm 7.5cm
15.9 cm :
1 1
i i
1 1
P s N 8.1cm | 8.1 cm !
\_/ o ,’I' _____ - ,/I'“‘_ y
il 5cm al 5cm
7.5¢cm 7.5cm

e The dimensions of the cylinder and the dimensions of the
prisms are given in the problem.

e You need to find the volume of the cylinder and the combined
volume of the four rectangular prisms.
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e Find the volume of the cylinder. Use the formula for the area of a
circle, A = 1%, to find the area of the circular base. The diameter
is 10 cm, so the radius, r, is 5 cm. Use the area of the base to
calculate the volume of the gelatin using the formula V = Bh.

A= mr? V = Bh
A=m-5% V=~ 785-159
A=m-25 V = 1248.15 cm’
A =~ 78.5 cm?

The volume of the gelatin is approximately 1248 cm”.

e Find the combined volume of the four rectangular prisms.
The area of the rectangular base equals its length times its width.

B=5-75=375cm’

V = Bh
V=375-81
V = 303.75 cm’

The total volume of the four smaller containers is
4.303.75 = 1215 cm’.

Since 1215 < 1248, the liquid gelatin will not fit in the four
containers. There will be about 33 cubic centimeters (1248 — 1215)
of liquid gelatin remaining.

At a business meeting each person in the room shakes hands with
every other person. If there are 5 people at the meeting, how many
handshakes take place?

One way to solve this problem is to draw a picture.

Draw 5 points representing the 5 people.

To model the handshakes, draw a line segment connecting each
point to the four other points. Each point represents one person.

Count the number of line segments. There are 10 line segments.

At the meeting, ten handshakes take place.
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Try It

A store sells boxes of candy wrapped in decorative paper. Each
box is in the shape of a rectangular prism with the following

dimensions: length 6% inches, width 44—1} inches, and height

2% inches. Wrapping a box requires about 20% more paper

than the box’s surface area. Approximately how many square
feet of paper would be needed to wrap 200 boxes of candy?

Estimate the answer by rounding the dimensions of the box to
the nearest inch.

6% inches = inches
1. .

42 inches = inches

21—2 inches = inches

Find the surface area of one candy box.

Each surface is shaped like a

Find the surface area by finding the
of the areas of all the surfaces.

S =2 . ) + 2( . ) + 2(

= square inches

Multiply by to find the combined surface area of all the boxes.
in.” - = in.>

There are 12 inches in 1 foot and 144 square inches in 1 square foot.

Divide by to convert the surface area to square feet.
in? + 144 = ~ 170 ft*

It takes 20% more paper to wrap a box than its surface area. Find
20% of :

20% of = 0.20( ) = ft?

Find the total number of square feet of paper needed to wrap the
candy boxes.

ft> + ft> = ft?

The store would need approximately square feet of paper
to wrap 200 candy boxes.
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62 inches = 7 inches

4‘11 inches = 4 inches

2% inches = 3 inches
Each surface is shaped like a rectangle. Find the surface area by finding the
sum of the areas of all the surfaces.
S=2(7+4)+ 24« 3) + 2(7 - 3) = 122 square inches
Multiply by 200 to find the combined surface area of all the boxes.
122in.2 « 200 = 24,400 in.?

Divide by 144 to convert the surface area to square feet.

24,400 in.? + 144 =~ 169.44 =~ 170 ft?

It takes 20% more paper to wrap a box than its surface area. Find 20%
of 170.

20% of 170 = 0.20(170) = 34 ft?
170 ft2 + 34 ft° = 204 ft?

The store would need approximately 204 square feet of paper to wrap
200 candy boxes.

224




Objective 10

How Do You Communicate About Mathematics?

It is important to be able to rewrite a problem using mathematical
language and symbols. The words in the problem will give clues

about the operations that you will need in order to solve the problem.
In some problems it may be necessary to use algebraic symbols to
represent quantities and then use equations to express the relationships
between the quantities. In other problems you may need to represent
the given information using a table or graph.

The function h = —16t> + 400 represents the height in feet, h,
of an object dropped from a height of 400 feet in terms of t, the
number of seconds it falls. The following graph represents this

relationship. C
h ﬁ
A

500
— N See Objective 5,
) ) page 110, for more
Height 300 information about
feet i ions.
( ) 200 quadratic functions
N\
100 \ I
> {

0 1 2 3 4 5 6
Time (seconds)

Why is the graph of this relationship restricted to Quadrant I?

All points in Quadrants II, III, and IV have at least one negative
coordinate. If this graph were extended into those quadrants, then
either an h or t value would be negative, or both.

In this problem the variable ¢ can only be positive because it
represents the number of seconds during which the object falls.
The number of seconds begins at 0. It ends at some positive value,
the number of seconds when the object hits the ground. The
number of seconds cannot be negative.

In this problem the variable h can only have positive values
because it represents the height of the object above the ground.
Height begins at 400 feet and ends at O feet, the height of the
object when it hits the ground. The object is never below the
ground, so h is never negative.

Since neither t nor h can be negative, this graph cannot be drawn @ Do you see

in Quadrants II, III, or IV.
. fhaf o o o
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Objective 10

Try I

The following table summarizes the number of points scored per
game by a player on the Central High School boys’ basketball team
for the first 10 games of the season.

Basketball Scoring Record

Game Points Scored
1 12
18
26
15
8
12
20
14
13
18

Sl INOU|h|WIN

-_

If the scoring record above is used to predict the number of points
he is likely to score at his next game, what is the probability that he
will score more points than his mean score for the first 10 games?

His mean score to date is the total number of points he has scored
divided by the number of games he has played.

(12+18+26+15+8+12+20+14+13+18) +

To find the probability of scoring above his mean score, find the
number of favorable outcomes, the number of games in which he

scored his mean.

In out of the last 10 games, he scored over 15.6 points.

The probability that he will score more than 15.6 points is 10

(12+18+26+ 15+ 8 + 12+ 20 + 14 + 13 + 18) = 10 = 156 = 10 = 15.6

To find the probability of scoring above his mean score, find the number

of favorable outcomes, the number of games in which he scored above

his mean. In 4 out of the last 10 games, he scored over 15.6 points. The
4

probability that he will score more than 15.6 points is 10
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Objective 10

How Do You Use Logical Reasoning as a Problem-Solving Tool?

You can use logical reasoning to find patterns in a set of data. You can
then use those patterns to draw conclusions about the data.

Finding patterns involves identifying characteristics that objects or
numbers have in common. Look for the pattern in different ways. A
sequence of geometric objects may have some property in common.
For example, they may all be rectangular prisms or all be dilations of
the same object.

The following table shows a series of dilations of a rectangle. %
o Length Width
Dilation (inches) (inches)
1 120 50 See Objective 6,
2 108 45 page 148, for more
information about
3 86.4 36 dilations.
4 60.48 25.2
By what scale factor would the next rectangle in the series be dilated?

To find the pattern, you must first find the scale factor used in each
dilation. To do so, find the ratio of corresponding sides.

Dilation (Iire]gﬁé?) (Yr\wlciﬂg;) Scale Factor
1 120 50
2 108 45 =g =09
3 86.4 36 84 _ % _0s
4 60.48 252 |98 -22_97

The scale factors are decreasing by 0.1 at each step. If the
pattern continues, the scale factor for the next dilation should be
0.7 — 0.1 =0.6.
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Try It

The graph below summarizes the percent of students from each
grade who voted for Candidate A and Candidate B, the top two
candidates in a school election.

Student Election

—
—

9th grade

10th grade

11th grade

12th grade

0% 10% 20% 30% 40% 50% 60%

.ADBI

If the voting pattern established by the 9th, 10th, and 11th graders
continues, how many votes should Candidate B expect to get from
the 320 twelfth graders who voted?

Look for a pattern in the data.

The percent of 9th-grade students voting for Candidate B was
______ % more than the percent voting for Candidate A.

The percent of 10th-grade students voting for Candidate B was
_____ % more than the percent voting for Candidate A.

The percent of 11th-grade students voting for Candidate B was

9% more than the percent voting for Candidate A.

If the pattern continues, the percent of 12th-grade students voting
for Candidate B should be 9% more than the percent voting for

Candidate A.
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If % of the 12th graders voted for Candidate A, then
% +20% = ___% should vote for Candidate B.
Find % of 320 students. Write a proportion.
_ X

100

100x = .

100x =

X=__

Candidate B should get ___ votes from the 12th graders.

The percent of 9th-grade students voting for Candidate B was 5% more
than the percent voting for Candidate A. The percent of 10th-grade students
voting for Candidate B was 10% more than the percent voting for Candidate
A. The percent of 11th-grade students voting for Candidate B was 15% more
than the percent voting for Candidate A.

If the pattern continues, the percent of 12th-grade students voting for
Candidate B should be 20% more than the percent voting for Candidate A.
If 25% of the 12th graders voted for Candidate A, then 25% + 20% = 45%
should vote for Candidate B. Find 45% of 320 students.

45 _ x

100 ~ 320

100x = 45 « 320

100x = 14,440
x =144

Candidate B should get 144 votes from the 12th graders.
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Objective 10

The solution to a problem can be justified by identifying the
mathematical properties or relationships that produced the answer.
You should have a reason for drawing a conclusion, and you should
be able to explain that reason.

The table below shows the number of people who owned homes in
Williamstown for several different years.

Home Ownership in Williamstown

Year Number
2004 22,500
2005 24,750

2006 27,225
2007 28,300

Did the number of people who owned homes increase by the same
percent each year during this period?

First check whether the number of people who owned homes
increased each year. Then check whether the percent increase is
the same for each year.

e To find the percent increase from 2004 to 2005, subtract the
number of people owning homes in 2004 from the number
owning homes in 2005. Then divide by the number owning
homes in 2004.

Percent increase = 24,150 — 22,500 _ 220

22,500 22,500

= 0.10 = 10%

e To find the percent increase from 2005 to 2006, subtract the
number of people owning homes in 2005 from the number
owning homes in 2006. Then divide by the number owning
homes in 2005.

. 27,225 — 24,750 _ 2475

Percent increase =

24.750 24,750

= 0.10 = 10%

e To find the percent increase from 2006 to 2007, subtract the
number of people owning homes in 2006 from the number
owning homes in 2007. Then divide by the number owning
homes in 2006.

P . _ 28,300 — 27,225 _ 1,075

ercent increase = 27225 = 27205

~ 0.0395 = 4%

The percent increase from 2006 to 2007 is less than the percent
increase for the previous years. The number of people who owned
homes did not increase by the same percent each year.

Now practice what you've learned.
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Question 100

Vickie is comparing the cost of a DVD player at
two different stores. The DVD player costs $119
at Store A and $138 at Store B. Vickie has a
15%-off coupon for Store B, and Store A is having
a 10%-off sale. Which statement best describes
the difference in price of the DVD player at the
two stores after discounts?

A The DVD player costs $10.20 less at

Store B than at Store A.

B The DVD player costs $23.05 more at
Store B than at Store A.

C The DVD player costs $10.20 more at
Store B than at Store A.

The DVD player costs $23.05 less at
Store B than at Store A.

®=ﬂﬁ Answer Key: page 252

Question 101

Jessica is decorating a section of one wall of
her kitchen with ceramic tiles. The area she is
decorating is represented by the shaded area in
the diagram below. She is using 3-inch square
tiles. The tiles are sold in boxes of 100.

25 ft 1.5 ft

2 ft
6 ft

How many boxes of tiles will Jessica need to
cover that section of the wall?

A

N s =W

B
C
D

®=ﬂﬁ Answer Key: page 252
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Question 102

A small company that manufactures staplers
estimates that c, the cost per day in dollars of
producing n staplers, is given by the formula

¢ = 1.12n + 300, where $300 represents the
fixed costs associated with operating the shop for
a day. By about what percent would the cost of
producing 250 staplers increase if the company’s
fixed costs increased by 15%?

A 15%
B 8%
C 18%
D 6%

®=ﬁ Answer Key: page 252

Question 103

Jessie and Philippe are on opposite ends of a road
that is 5 miles long. Jessie is walking toward
Philippe at 4 miles per hour, and Philippe is
riding his bike toward Jessie at 6 miles per hour.
In how many minutes will they meet each other?

A 120 min
B 50 min
C 30 min
D

2 min

®=ﬁ Answer Key: page 253
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Question 104

As a candle burns, its height decreases. Matt’s

science class measured the height of a candle as
it burned. They discovered that A, its height in

inches, could be represented by the function

h =12 — 0.1m, where m equals the number of

minutes the candle burns.

Which of the following statements is not true?

A

There is a linear relationship between the
candle’s height and the number of minutes it
burns.

The candle was 12 inches tall when it
started burning.

The height of the candle is directly
proportional to the number of minutes it
burns.

The candle burned for at most 120 minutes.

@‘:“ﬁ Answer Key: page 253

Question 105

Which problem can be solved using the equation
3x + 40 = 100?

A

C

Carrie bought a pair of shoes for $40, a shirt,
and a pair of pants that cost twice as much
as the shirt. She spent a total of $100. What
was the cost of the shirt?

The perimeter of a rectangle is 100 units.
The length of the rectangle is 40 units more
than three times the width. What is the
width?

Alex deposited $100 at a 3% yearly interest
rate. After how many years will he earn
$40 in interest?

The student council spent $40 on cups with
the school logo. The cups sell for $3 each.
How many cups must the council sell to
make a profit of $100?

®=ﬁ Answer Key: page 253

Question 106

Joyce has been given two linear functions,

flz) = 26 — 3) + 7 and gx) = 3x + 7. She wants
to find the values of x for which flx) = g(x).
Which of the following would be a reasonable

strategy Joyce could use to solve the problem?

A Write the two functions in slope-intercept
form and compare their slopes.

B Write the two functions in slope-intercept
form and compare their intercepts.

C Solve the inequality 2x + 1 = %x + 7.

D Graph the two functions and see which

232

graph has a positive slope.
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Question 107 Which of the following is most likely the graph
ofy = (x — 2)%?
The table below shows the graphs of three

related quadratic functions. y
e
Function Graph \ g/
; "/
ot ‘ )
\6 I A &77%7547@72717&312345678
5 -2
7 )
¥ / -
; B3
y:(X_1)2 ‘434%447372717:3 IEEREEEREE ;;
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- \° |
- ¥ /
- \ /
,B‘ 4
g \V
y B ~8[ —7[ -6 5«47372717(;)12345678 x
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5 =
3 =7
s\ Ji N
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@—: Answer Key: page 253
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Question 108
Look at the pattern of the cylinders below.
6.75cm
N
4.5cm
—
3cm 13.5cm
2cm
9cm
6 cm
4cm e
O ~_
Cylinder 1 Cylinder 2 Cylinder 3 Cylinder 4

If the pattern continues, which of the following would be a correct step to find the volume of the next
cylinder in this series?

A Increase the diameter and height of the previous cylinder by a scale factor of 1.5.

B Increase the diameter and height of the previous cylinder by a scale factor of (1.5).

C Increase the diameter and height of the previous cylinder by a scale factor of (1.5).

D Increase the diameter and height of the previous cylinder by a scale factor of V/1.5.

®'='? Answer Key: page 254

Question 109

Andrew is keeping a record of the number of people who visit his website each week. His site had
twice as many visitors the second week as the first. The third week the site had 22 more visitors than
the second week. The fourth week it had 2.5 times as many visitors as the first week. If x represents
the number of visitors the site had during the first week, which expression could be used to find the
mean number of visitors?

A x+ 2x + (2x + 22) + 2.5x

x + 2x + (2x + 22) + 2.5x
4

C x+2x+ (x +22) + 2.5x

x + 2x + (2x + 22) + 2.5(x + 22)
D 4

®'=‘ﬁ Answer Key: page 254
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 Objective 1

Question 1 (page 24)

A Incorrect. The total salary she is paid for a week
depends on the number of hours she works,
which is the independent quantity.

B Incorrect. Her hourly rate of pay, $5.50, is a
constant.

C Correct. The total salary she is paid for a week
is the dependent quantity. It depends on the
number of hours she works, which is the
independent quantity. Her hourly rate of pay,
$5.50, is a constant.

D Incorrect. The number of days worked in a week
is not a variable in this problem.

Question 2 (page 24)

C Correct. The number of pretzels in the box, p, is
determined by the volume of the box, V. Since
p depends on the value of V, it is the dependent
variable.

Question 3 (page 24)

C Correct. The ordered pairs (1, 1) and (1, 16) both
belong to the relationship represented in C. If
this relationship were a function, each first
coordinate would be paired with exactly one
second coordinate. In this choice the first
coordinate, 1, is paired with two different second
coordinates, 1 and 16. Choice C is not a function.

The function f(x) = 2x® + 2x + 1 correctly
matches the dependent and independent
quantities in the table.

Question 5 (page 25)

D Correct. Jane’s profit is equal to the difference
between the amount of money she collects and
her expenses. The variable x stands for the
number of pets she cares for. The amount she
collects for caring for x pets is 25x. Her expenses
are $210. The difference, 25x — 210, represents
her profit. Therefore, the function
flx) = 25x — 210 best represents her net profit in
terms of x, the number of pets she cares for.

Question 6 (page 25)

A Correct. To find the correct inequality, first state
the problem in words using the variable, the
constants, and the relationship among them.

The current volume, 75 decibels, plus the amount
by which the volume is increased, q, must be less
than 120 decibels, the level at which neighbors
would complain.

Substitute the appropriate symbols for the
quantities in an inequality: 75 + g < 120.

Question 7 (page 25)

B Correct.
Check the ordered pairs in the table to see
whether they satisfy the rule for the function.

Independent Ru21€ Dependent
Question 4 (page 24) Quantity flx) =5x —3 Quantity
B Correct. = f(=10) = £(-10) - 3
Check the ordere?d pairs in the table to see ~10 f(-10) = —4 — 3 _7
whether they satisfy the rule for the function.
f(=10) = -7
Independent Rule Dependent £(0) = %(0) -3
Quantity fix)=2x%+2x + 1 Quantity 0 0)=0—3 _3
f0)=2-02+2-0+1 £0) = 3
0 fO)=0+0+1 1 3
f0)=1 f(10) = 5(10) — 3
f)y=2+12+2-1+1 10 f(10)=4 -3 1
1 fMH=2+2+1 5 £(10) = 1
=5 (20) = 2(20) - 3
f2)=2-22+2-2+1 f20) =5
2 f2)=8+4+1 13 20 f(20) =8 -3 5
f(2) =13 f(20) = 5
f3)=2-3+2-3+1
3 f38)=18+6+1 25 The ordered pairs in table B correctly represent
£3) = 25 the function flx) = 2x — 3,

235




Mathematics Answer Key

Question 8 (page 26)

C Correct. =
To verify that a graph represents a function, find
the coordinates of several points on the graph
and substitute them into the rule for the
function.

For example, (0, —9) is a point on the graph in
choice C.
If x is replaced with 0 and y is replaced with —9,

is the functional rule satisfied? In other words,
does f(x) = —9 when x = 0?

fO)=x>-9
f0)=0-9
f(0) = -9

Yes, the point (0, —9) is an ordered pair in the
function f(x)= x® — 9.

In the same way, check any other points on the
graph. All the points on the graph in choice C
satisfy the function f(x) = x* — 9.

The graph in choice C correctly represents the
function f(x) = x® — 9.

Question 9 (page 27)

B Correct.
y = x% — 3 is the only equation that works for all
the ordered pairs. For example, the ordered pair
(—2, 1) works since (1) = (—2)? — 3, which gives
usl=4-3.

Question 10 (page 27)

D Correct.
The monthly fee can be determined from how
much the total charges increase. According to
the table, the total charges increase $60 every
2 months. This means that the monthly fee must
be $30. We can now use the table to find the
registration fee. Since 1 month has total charges
of $170, and the monthly fee is $30, $170 — $30
gives the registration fee of $140.

Question 11 (page 28)

B Correct. The point on the graph that corresponds
to 70 miles per hour is above 300 feet but less
than 350 feet. So 325 feet must be the correct
answer.

Question 12 (page 28)

D Correct. The horizontal scale of the graph
represents temperature. Draw a vertical dashed
line at 42°C to see where the line intersects
the graph.

140
130
120
110
100
90
80
70 )
60 :
50 ,/ .
40 /
30

20
10

™
=

S I Bl Ed e B <

Solubility of Potassium Nitrate
(g/100 cm3)

>
>

f
0 10 20 30 40 50 60 70 80 90

Temperature of Water
(°C)

Read the corresponding value on the vertical
axis, which is about 68 grams.

Question 13 (page 29) (=)

C Correct.
Evaluate each of the formulas for 1,450 ftZ and
compare the results.

Community Cost of Building Evaluated for f = 1,450
a New Home

¢ = 15,000 + 80(1,450)
R ¢ = 15,000 + 80f | ¢ = 15,000 + 116,000

¢ = 131,000

¢ = 25,000 + 75(1,450)
S ¢ = 25,000 + 75f | ¢ = 25,000 + 108,750

¢ = 133,750

¢ = 60,000 + 50(1,450)
T ¢ = 60,000 + 50f | ¢ = 60,000 + 72,500

¢ = 132,500

¢ = 40,000 + 65(1,450)
v ¢ = 40,000 + 65f | ¢ = 40,000 + 94,250

¢ = 134,250

The least expensive community in which to build
a 1,450 ft> home would be Community R.
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 Objective 2

Question 14 (page 57)

A Correct. Because y = 3x? + 4 can be written in
the form y = ax® + bx + ¢, it is a quadratic
function. The quadratic parent function is y = x2.
NOTE: Choice B is the graph of y = 3x? + 4, but
the question asks for the parent function.

Question 15 (page 58)

B Correct. The value of the account, v, depends on
the number of years the money is in the bank, ¢.
Therefore, v is the dependent variable. The range
is the set of possible values for the dependent
variable. The amount of money in the bank
begins at $550 and increases each year thereafter.
The minimum value for v is $550, but it has no
upper limit. The range of the function is any
value for v that is equal to or greater than $550,
or v = 550.

Question 16 (page 58)

A Incorrect. The speed would be very slow at the
top of the track and would increase as the roller
coaster approached the bottom. The speed would
then decrease as the roller coaster climbed back
up the track. The graph, however, decreases and
then increases. The graph does not match the
description of the roller coaster’s motion.

B Incorrect. The price of a stock, the dependent
quantity in choice B, decreases and then
increases like the graph, but the stock price
decreases to only half its original value, not to 0.
The line of the graph falls to 0, so it does not
match this description.

C Correct. The bullet starts at a very high speed.
It slows as it goes straight up until it reaches a
maximum height, when its speed falls to 0. The
bullet’s speed then increases as it falls back to
Earth. The graph decreases and increases in the
same fashion. The graph matches this
description.

D Incorrect. The race car must start from a speed
of 0. Its speed would build to a maximum and stay
near that speed for several laps. The speed of the
race car would then go back to 0 for the fuel stop.
The graph does not match this description.
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Question 17 (page 59)

D

Correct. This scatterplot does not show a negative
trend. The systolic pressure does not decrease as
the diastolic pressure increases.

Question 18 (page 60)

A

Correct. The number of customers increases by
6 each day, and the amount of sales increases by
$30. Continue the sequence until the amount of
sales reaches $330. It will take 2 more days
because 270 + 30 + 30 = 330. The number of
customers corresponding to this sales amount
would be an increase of 6 per day for 2 days, or
30 + 6 + 6 = 42 customers.

Question 19 (page 60)

D

Question 20 (page 60)

C

Correct. The volume of a rectangular prism (the
refrigerator’s shape) is equal to its length times
its width times its height. If x represents the
depth, or length, of the refrigerator, then 1.75x
represents its width. The height of the
refrigerator is 6 feet.

V = lwh

V=x+175x"+6

V = (175 ¢ 6)x * x)

V = 10.5x*

Correct.
Set n is the domain for this function, so we
substitute those values in to get the range
represented by the set {0, 2, 8, 18, ...}. The
expression 2n? is the only expression that
works for all the values given. For example,
2(3)% = 2(9) = 18.

Question 21 (page 60)

C

Correct. One way to find the relationship
between the terms in a sequence and their
position in the sequence is to build a table.

Sequence 1, 3,5, 7,9, ...

Position (n) Value
1 1
2 3
3 5
4 7
5 9
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Test the values in the table against the rule in
choice C. For example, the rule in choice C says
that the third term in the sequence should be
2n —1=2+3 — 1, or 5. When n = 3, the rule
gives the correct term in the sequence. In the
same way, the rule 2n — 1 predicts each of the
other values in the sequence.

Question 22 (page 61)

The correct answer is 6004. Use the functional
rule, P(x) = %x — 2, to find the minimum number

of loaves of bread Mr. Jones must sell to produce
a profit of $3000.

%x — 92 = 3000
%x = 3002
x = 6004

Mr. Jones must sell at least 6004 loaves of bread
to have a profit of at least $3000.
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Question 23 (page 61)

C

Correct. To find an equivalent expression,
simplify the given expression by removing
parentheses and combining like terms.
2x +2(38x — 4) +3(8x — 4) =
2x + (6x — 8) +(24x — 12) =
(2x +6x +24x) + (=8 — 12) =
32x — 20

Question 24 (page 61)

B

Correct. f(x) can be substituted for y.

' Objective 3 '

Question 25 (page 89)

A

Question 26 (page 89)

B

Incorrect. The formula for the area of a circle,
A = 1r?, involves a squared term, 72. It is not
a linear function.

Correct. The formula for the perimeter of an
equilateral triangle in terms of its side, s, is
P = 3s. All variables are to the first power, so
this is a linear function.

Incorrect. The surface area of a cube with side
length s is given by the formula A = 652 The
function involves a squared term, s2. It is not a
linear function.

Incorrect. The formula for the volume of a
cylinder with radius » and height A is V = nr?h.
The function involves the product of two
independent variables, r and A, and includes a
variable raised to the second power. It is not a
linear function.

Correct.
One way to match the equation to its graph is to
write the equation 2y — x = 10 in slope-intercept
form, y = mx + b.

2y —x =10
2y =x + 10
y=%x+5

In this form the slope, m, is %, and the y-intercept,
b, is 5. Only the graph in choice B has a slope of %
and a y-intercept of 5.

Question 27 (page 90)

A
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Incorrect. The rate of change is the slope of the
line graphed.

Slope = 77341(171) = —%
The graph represents a rate of change of 2

3
Incorrect. To find the slope of the line, write the
equation in slope-intercept form, y = mx + b.

The equation becomes y = —gx + 4, so the slope is

3
—g. The equation represents a rate of change
of —%.

Correct. To find the rate of change represented
in the table, compare the difference between any
two y-values to the corresponding difference in



x-values. For example, use the two points (1, 4)
and (—3, 10).

0—4 6 3

_1 _ _
Rate of change = T3 o1 T4- 3
2

The table does not represent a rate of change of —3

D Incorrect. The equation is already in slope-intercept

form, y = mx + b. The value of m is —g.
Therefore, the slope is —52). The equation represents

a rate of change of —3

Question 28 (page 90)

B Correct. To find the maximum number of grams
of potatoes, look at the point on the graph where
the number of grams of beef equals zero, the
x-intercept. The graph intersects the x-axis at the
point (450, 0). Therefore, the maximum number
of grams of potatoes that you could eat to obtain
500 calories is 450 grams.

Question 29 (page 91)

C Correct. The y-intercept is (0, 200). The
y-coordinate, 200, represents 200 units on
the y-axis. The units on the y-axis are thousands
of dollars. The company’s initial assets are

200 -+ $1,000 = $200,000.

The slope, or rate of growth, is 50 units in the

y direction for every unit in the x direction. Thus,
the slope is @, or 50. The y-axis units are

thousands of dollars, and the x-axis units are years.
The expected growth rate is $50,000 per year.

Question 30 (page 91)

B Correct.
A line parallel to 4x — 5y = —2 will have the
same slope. Put 4x — 5y = —2 into slope-
intercept form:
4 — By = —2
—4x —4x
by 4 2
-5 =5 -5

So the slope of the line is % This does not
eliminate any choices yet, since all the answers

have a slope of % Now substitute the point
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(=3, —8) and the slope % intoy = mx + b to find

the y-intercept of the line.

_ 4
(=8)= z(=8) +b

_ 12
8= 5 +b
12 12
"5 75
40 | 12
= + = b
—28
5 = b
Therefore the correct equation is
4, 28
5 5"

Question 31 (page 91)

A Correct.
Both graphs are lines. To determine their
relationship, compare the slope of each graph.

The first equation, y = gx — 4, is written in
slope-intercept form, y = mx + b. Its slope is

the value of m, or e The second equation has a
slope of 1. Since |1| > |2|, the slope of the second
line is greater than that of the first line. Therefore,
the second line is steeper than the first line.

Question 32 (page 91)

D Correct.
Use the slope formula to find the slope of the line
that passes through the two points (2, —5) and
(4’ 3).

_—5-3_ =8 _

T 2-4 -2
The slope of the line is 4.
Substitute 4 for m and the coordinates of the
point (2, —5) for x and y in the slope-intercept
form of the equation of a line.

4

y=mx +b
—-5=4-2+b
-5=8+5b
b=-13

Substituting m = 4 and b = —13 into the
slope-intercept form of the equation of a line
results in y = 4x — 13. The equation y = 4x — 13
is equivalent to the equation in choice D.



Question 33 (page 91)

D
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y= 4x —13
—4x = —4x
—4x +y=-13

Correct.
One way to find the two intercepts is to write the
equation in standard form, Ax + By = C. Then
replace x with 0 to determine the y-intercept and
replace y with 0 to determine the x-intercept.

The equation 2x = 9 — 3y in standard form
is2x + 3y =9. Lety = 0.

2 +3-0=9
2¢ = 9

_9

*=9

The x-intercept is g The coordinates of the

x-intercept are (g, 0).
In the same way, let x = 0.

2:.0+3y=9
3y =9
y=3

The y-intercept is 3. The coordinates of the
y-intercept are (0, 3).

Question 34 (page 92)

A

Correct. The slopes of the lines represent their
rate of change, the price per cookie. The slopes
of the two lines are equal, so the price per
additional cookie remained the same. The first
graph contains the point (12, 6), and the second
graph contains the point (12, 7). The cost of the
first dozen cookies increased from $6 to $7.

Question 35 (page 92)

A Correct. The number of miles Sammie walks is

directly proportional to the number of minutes
she walks. Write a direct-proportion equation.

y = kx
In this equation, y is the number of miles and
x is the number of minutes. She walks 3 miles in
45 minutes. Substitute and solve for %, the
proportionality constant.

y = kx

3=Fk-45
3 _k-45
45 45
1
T 15
The constant of proportionality is L

15
The equation describing this situation is

y = %535 Find the number of miles walked in

2.5 hours. Convert 2.5 hours to minutes so that
the units are the same.

2.5 hours * 60 minutes per hour = 150 minutes.
Substitute 150 for x in the equation y = % x.
Solve the equation for y.

y =1+ 150
y =10

At this rate Sammie would walk 10 miles in
2.5 hours.

Question 36 (page 93)

B Correct. The function represented by the graph is

flx) = %x-l— 1. So%er 1 =0 whenx = —3.
Notice that this is also the x-coordinate of the

x-intercept.

Objective 4

Question 37 (page 107)

C Correct. This is a problem about the perimeter

240

of a rectangle. The width of the rectangle is given
as w. The length will be five feet more than the
width, so the length can be represented by w + 5.
The formula for the perimeter of a rectangle is

P = 2w + 2I. The perimeter of the rectangle can be
represented by the equation P = 2w + 2w + 5).

She can afford 150 feet of fencing. The perimeter
must be less than or equal to 150 feet. Use the
symbol = to write an inequality expressing this
relationship.

P =150

2w + 2w + 5) = 150



Question 38 (page 107)

C Correct. Let m represent the amount of money
she spent on movie rentals, ¢ the cost of her car
repairs, and [ the cost of her lunches. Since
Sharon spent five times as much on car
repairs, ¢, as she did on movie rentals, m, you
can write the equation ¢ = 5m. Since she spent
$4 less on lunches, /, than on movie rentals, m,
you can write the equation [ = m — 4.

The sum of these expenses is $80, so
m + ¢ + 1= 80.

Substitute the expressions in terms of m for ¢
and / and solve for m.

m-+c+1=80
m+5m+m—4 =280
(m+5m+m)—4=80

Tm — 4 = 80
Tm = 84
m =12

Sharon spent $12 on movie rentals. The question
asks how much her car repairs cost. Since
¢ = bm, her car expenses were 5 *+ 12 = $60.

Question 39 (page 107)
A Correct. Represent the first number with x and
the second number with y.
If the sum of the two numbers is 59, then
x +y =59
If the difference between 2 times the first
number, x, and 6 times the second number, y, is
—34, then 2x — 6y = —34.
Solve the system of equations.
x +y=259
2x — 6y = —34
Addition method: Multiply the first equation by 6

to obtain two terms with opposite coefficients,
6 and —6.

6x + 6y = 354
2x — 6y = —34
Add the two equations to obtain one equation
with one unknown.
8x = 320
x =40
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If x = 40, then substitute 40 into the first
equation to find y.

x+y=259
40 +y = 59
y =19

The first number is 40, and the second number is
19.

Substitution method: Solve the first equation for y.

y =59 —«x
Substitute (59 — x) for y in the second equation.
2x — 6y = —34
2x — 669 —x)= —34
2x — 354 + 6x = —34
8x — 354 = —-34
8x = 320
x =40
If x = 40, then substitute 40 into the first
equation, x + y = 59, to find y.
y =19
The first number is 40, and the second number is 19.

Question 40 (page 107)

C Correct. If Sid made 125 plain bagels and
25 garlic bagels, it would be represented by the
point (25, 125). On the graph, the point (25, 125)
is not in the shaded region that represents the
solution to this inequality.

Question 41 (page 108)

D Correct. Let w = the width of the kennel. Ira
must fence two widths plus the length of the
garage. The total number of feet of fencing Ira
will use is w + w + 20 = 2w + 20. The total cost
of materials can be represented by the number of
feet of fencing times the cost per foot of the
materials, 4(2w + 20). If Ira has at most $120 to
spend on the project, then the inequality
42w + 20) = 120 can be used to solve the
problem.

42w + 20) = 120
8w + 80 = 120
8w =40

w=5



Mathematics Answer Key

The kennel can be at most 5 feet wide. least projected values for the monthly sales, s, to
find the expected range of values for the profit, p.

Solve both inequalities to find the possible range
of values for p.

Question 42 (page 108)

B Correct.
This question can be answered by solving the p = 0.25(s — 3000) p = 0.25(s = 3000)
system algebraically, graphically, or by putting p = 0.25(5000 — 3000) | p = 0.25(7000 — 3000)
the equations into slope-intercept form and p = 0.25(2000) p = 0.25(4000)
interpreting the slopes and intercepts of the p =500 p = 1000

lines. We will show only the algebraic method.
Multiplying through the first equation by 3 gives
us 18x — 6y = 21. Multiplying through the
second equation by 2 yields —18x + 6y = 10.
Adding these two equations together gives us Question 45 (page 109)
0 = 31, a contradiction. Therefore, there is no
solution to this system. Graphically, the two lines
would be parallel and would never intersect.
They would have the same slope but different

This means that p = 500 and p = 1000, or
500 = p = 1000.

C Correct. The solution can be represented by
graphing the inequality and identifying points in
the shaded region.

y-intercepts. y
(0, 150)
Question 43 (page 108) 140 \*\
A Correct. The cost of an adult ticket, a, is twice as 120 S
much as the cost of a child ticket, ¢. Therefore, \\
a = 2c¢. Sandra bought 3 adult tickets and 5 child 100 o
tickets. The total cost of the tickets, $48.40, is Candy 8o M
equal to 3 times a, the cost of an adult ticket, Bars A
plus 5 times c, the cost of a child ticket. So 60 \\
3a + 5¢ = 48.40. To find the cost of each ticket, .
solve the following system of equations. 40 AR
a=2c 20 “\‘
3a + bc = 48.40 (@’ 0) \\ x
Use the substitution method because the 0O 10 20 30 40 50 60
first equation is already solved for a. Cans of Popcorn
Substitute the expression 2¢ for a in the
second equation and solve. Only the point (20, 50) is not in the shaded
3a + 5¢ = 48.40 region of the graph.
3(2¢) + 5¢ = 48.40 If Brent sold 20 cans of popcorn, he would have

raised 20 « $5 = $100. And 50 candy bars would

+ Be = 48.
6c + 5c = 4840 have raised 50 * $2 = $100. He would have

llc = 48.40 raised only $200 in all, not more than $300.
c=440
Since a = 2c, the cost of an adult ticket, a, is Question 46 (page 109)
2($4.40) = $8.80. The cost of an adult ticket )
is $8.80, and the cost of a child ticket is $4.40. D Correct. In general, the total cost of staying at

the resort is equal to the cost of a night, n, times
the number of nights, plus the cost of a meal,

Question 44 (page 108) m, times the number of meals.

A Correct. The store’s profit is given in the equation
p = 0.25(s — 3000). Substitute the greatest and
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If a guest stays 2 nights and has 5 meals, it costs
$395. Represented by an equation in terms of
n and m, this is 2n + 5m = 395.

If a guest stays 5 nights and has 11 meals, it
costs $959. Represented by an equation in terms
of n and m, this is 5n + 11m = 959.

Question 47 (page 109)
D Correct. The total number of watermelons and
cantaloupes bought is 13.

The number of watermelons, w, plus the number
of cantaloupes, ¢, is 13.

w+c =13

The total amount spent on watermelons is equal
to $2 times w, the number of watermelons, or 2w.

The total amount spent on cantaloupes is equal
to $1 times ¢, the number of cantaloupes, or 1c.

The total amount spent on watermelons and
cantaloupes, $20, is equal to the sum of these
two amounts.

2w + ¢ =20

Objective 5

Question 48 (page 133)

A Correct. To answer this question, compare the
coefficients of the two functions. Since 2 > %, the
graph of y = 2x? is narrower than the graph of

y = %x?

Question 49 (page 133)

B Correct.
The value of the parameter a in the function

y = %xz is % The value of a in the function

y = —%xz is —%. Changing the sign of a results in a
new graph that is a reflection of the original
graph across the x-axis. The two graphs are
congruent.
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Question 50 (page 133)

D Correct.
The vertex of the graph of y = x® + 6 is 6 units
above the origin, and the vertex of the graph of
y = x? — 11is 1 unit below the origin. The vertex
of y = x> + 6 is 7 units above the vertex of
y=x2—-1
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\ [\ [ /1]
\ i |
\ o[/
\ [N |
\| I° |
\[[° /
; y=x2-1
\[7[ 1/
:—978—7757547372—10 234567891;0x
:“v

Question 51 (page 134)

B Correct. The maximum area is found at the
highest point on the graph. The vertex is at
(3, 9), which means the maximum area, 9 square
yards, occurs when the width of the pigpen is
3 yards.

Question 52 (page 135)
A Incorrect. The horizontal axis represents time,
not distance.

B Incorrect. The horizontal axis represents time,
not distance. The interpretation of the graph as
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the path of the stone is not correct. In this
instance, the path of the stone would not be a
curving path, but a vertical line.

Correct. The horizontal axis of the graph
represents time in seconds from the time the
stone is dropped. The stone’s distance from the
ground is 0 feet when the graph intersects the
horizontal axis. The graph intersects this axis
between 5 and 6, so the stone hits the ground
between 5 and 6 seconds after it is dropped.

Incorrect. The stone’s distance from the ground
does not decrease at a constant rate. If the
distance decreased at a constant rate, the graph
would be linear, not curved.

Question 53 (page 136)

B

Correct. A zero of a function means a value of x
where y equals zero. Looking at the table, notice
that as x goes from —2 to —1, y goes from a
positive value to a negative value. So somewhere
in there, y has to be equal to zero. The other zero
occurs when x is between 0 and 1 (when y goes
from a negative value to a positive value), but
this is not given as one of the answer choices.

Question 54 (page 136)

A Correct. One way to solve the equation

Question 55 (page 136)
D Correct.

2x% — 15x — 16 = —11 — 24x is to first set the
equation equal to 0.

2+ 9x —5=0
Factor the equation: 2x — 1)(x + 5) = 0
Set each factor equal to 0 and solve.

2c—1=0 and x+5=0
2¢ = 1 x= —5
x:l
2

In the equation x> — 4x — 5 = 0, replace x first
with —1 and then with 5 to see whether the
equation is true.

Substitute x = —1 Substitute x = 5

x> —4x—-5=0 x> —4x—-5=0
(-12-4--1-520 | 52-4-5-520
1+4-520 25 -20—-520

0=0 0=0

Question 56 (page 136)
A Correct.

Both replacements make this equation true. Only
the equation in choice D has —1 and 5 as
solutions.

Use the quadratic formula to determine the roots
of the equation. Substitutea = 1,5 = —4, and
¢ = 2 into the quadratic formula.

—b = Vb2 — dac
2a

The following result is obtained.

—(=4) = V(=4)2—-4-1.2
2.1

4 +V16 —8
2

4+\V8
2

Since V8 =~ 2.8, substitute this value in the
formula.

4428 o, 4-28_ .

2 2

The roots of the equation are approximately
3.4 and 0.6, with 0.6 being the smaller root.
The number 0.6 lies between the integers 0 and 1.

Question 57 (page 137)
A Correct. The vertex is the point (—3, —1).

Question 58 (page 138)

D Correct. Substitute the given expression for the
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radius into the formula for volume of a sphere.
V = Sn3e)’

Following the order of operations, first simplify

the expression for the radius cubed, (3x%y)>. When

raising a term with an exponent to a power,
multiply the exponents.

V:%(szy)STc
V=§°33x2'3y3'1t
V=§'27x6y3'7t

V = 36x%°n



Objective 6

Question 59 (page 153)

C Correct. Use the graph to find the coordinates of
the triangle: A (0, —2), B (2, 2), and C (3, —2).
The length of side AC is 3 — 0 = 3, and the
length of side A'C’" is 6 — 0 = 6. The ratio of

these lengths is g = 2, which is the given dilation

factor. Only the triangle in choice C has its side
lengths in a 2:1 ratio to those of the original
triangle.

Question 60 (page 154)

A Correct. The side lengths of the original
rectangle and the dilated rectangle are as
follows:
RS=Tv=3,ST=RV=6,R'S =
and S'T" = R'V' = 2.

To find the scale factor, choose one pair of
corresponding sides.

Find the ratio of the side length of the dilated
figure to that of the original figure.

V' =1,

RV _2_1

RV 6 3
The side length of the dilated figure is % the
side length of the original figure. The scale

.1
factor is 3

Question 61 (page 154)

A Incorrect. If one triangle is a dilation of the
other, then the two triangles are similar. The
lengths of the corresponding sides of similar
triangles must be in equal ratios.

15 _ 1

_ 1 2_1
1_1 3 2 4 2

The ratios are not all equal.

B Incorrect. If one triangle is a dilation of the
other, then the two triangles are similar. The
lengths of the corresponding sides of similar
triangles must be in equal ratios.

1_1 15 _ 3 2_1
3

2 2 4 8 6
The ratios are not all equal.

C Incorrect. If one triangle is a dilation of the
other, then the two triangles are similar. The
lengths of the corresponding sides of similar
triangles must be in equal ratios.
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15 _3_1 2_2
5

4 4 4.5 9 3 5
The ratios are not all equal.

1 _ 1 1.

D Correct. If one triangle is a dilation of the other,
then the two triangles are similar. The lengths of
the corresponding sides of similar triangles must
be in equal ratios. Only the side lengths in choice
D form a proportion with the given sides.

1_1 15_3 1 2 _1

4 4 6

12 4 8 4

Question 62 (page 154)

A Correct. The point (5, 6) in the given pentagon is

5 units to the right of the y-axis. The point (=5, 6)
is 5 units to the left of the y-axis. The point (-5, 6)
is the reflection of the point (5, 6) across the y-axis.
The point (4, 1) in the given pentagon is 4 units to
the right of the y-axis. The point (=4, 1) is 4 units
to the left of the y-axis. The point (=4, 1) is the
reflection of the point (4, 1) across the y-axis.

The point (3, 5) in the given pentagon is 3 units to
the right of the y-axis. The point (=3, 5) is 3 units
to the left of the y-axis. The point (—3, 5) is the
reflection of the point (3, 5) across the y-axis.

Question 63 (page 154)

D Correct. After a translation of 2 units to the right
and 3 units down, 2 is added to the x-coordinate
of each point, and 3 is subtracted from the
y-coordinate of each point.

Point R (1, 1) of the original quadrilateral has
coordinates of x = 1 and y = 1. Under a
translation of 2 units to the right, its
x-coordinate will be (1 + 2) = 3. Under a
translation of 3 units down, its y-coordinate will
be (1 —3) = —2.

Point R’ will have coordinates (3, —2).

Point T (5, 8) of the original quadrilateral has
coordinates of x = 5 and y = 8. Under a
translation of 2 units to the right, its
x-coordinate will be (5 + 2) = 7. Under a
translation of 3 units down, its y-coordinate will
be (8 — 3) = 5.

Point 7" will have coordinates (7, 5).

Question 64 (page 155)

C Correct. The scale factor of the dilation is greater
than 1. The figure will be enlarged.

The ratios of the lengths of corresponding sides
should be %
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Compare sides LM and L'M’ since they are
vertical.

L(3,4),M (3,6),L' (6,8), M (6,12)
Segment LM is vertical and has a length of
6 —4=2.

Segment L'M' is vertical and has a length of
12 — 8 = 4.
The side lengths are in the ratio of %

Only choice C has all the corresponding side
lengths in this ratio.

Question 65 (page 155)

D Correct. The midpoint of a line segment is found
by averaging the x-coordinates and averaging the
y-coordinates.

_(-3+3 —7+(—5))_(9_ —12)_ B
M_( 2 ) 2 - 2 92 _(Oa 6)
¥
A
9
8
6
5
)
3
2
s9*877—6*5*4*3*27101234’56789:'«:
=
2
s
S
—| M (0, -6)
R8s
| T Ty

Question 66 (page 156)

A Incorrect. The coordinates of point R are (3, —2).
The x-coordinate of point R is 3. Since 3 < 3,

point R does not meet the requirement that
7 3
D) <x < 9

B Incorrect. The coordinates of point S are (—4, —3).
The x-coordinate of point S is —4. Since —4 } —%,

point S does not meet the requirement that
7 3
3 <x < o>

C Correct. The coordinates of point 7" are (—2, 3).
The x-coordinate of point 7" is —2.
7 _ 3
-2 > —3 and -2 < 9
7

Thus, 5 <2< g Only the x-coordinate of

point T satisfies both of the given inequalities.

D Incorrect. The coordinates of point U are (4, 2).
The x-coordinate of point U is 4. Since 4 < §,
point U does not meet the requirement that

7 3

—§<x<§

Question 67 (page 156)

D Correct. To translate a point 2 units to the right,
add 2 to its x-coordinate. The x-coordinate of the
point (m, 2n) is m. The x-coordinate of the
translated point is 2 larger than m, or m + 2.
The y-coordinate of the point is unaffected by a
translation 2 units to the right. The y-coordinate
of the point remains 2n. The coordinates of the
translated point are (m + 2, 2n).

Question 68 (page 156)

C Correct. The x-coordinate of the given point is
g = 2%. The point should be between 2 and 3 on
the x-axis. The x-coordinates of points M and N are
between 2 and 3. The y-coordinate of the given
point is —g = - 1%. The point should be between
—1 and —2 on the y-axis. The y-coordinates of

points L and N are between —1 and —2. Only

point N has both the correct x- and y-coordinates.

Objective 7

Question 69 (page 164)

A Incorrect. This is the top view of the object.
B Incorrect. This is the front view of the object.

C Correct. This is not a top, front, or side view of
the object.

D Incorrect. This is the right-side view of the object.

Question 70 (page 165)

A Correct. While a structure with this right-side
view could exist with the given front view, it
would require 11 cubes to build.

Question 71 (page 165)

D Correct.
Use the formula for the area of a rectangle to
find the areas of the two panels she painted.

10 ft « 20 ft = 200 ft?
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4 ft - 15 ft = 60 ft2
Find their sum.
200 + 60 = 260 ft2
Then subtract their sum from 400 to find the

number of square feet that the paint left in the
can will cover.

400 ft* — 260 ft* = 140 ft*

The remaining paint will cover at most 140 ftZ.
Only the rectangle in answer choice D has an
area that is less than or equal to 140 ft? because
10 - 12 = 120, and 120 < 140.

Question 72 (page 166)

C Correct.
If the three lengths are to form the sides of
a right triangle, then they must satisfy the
Pythagorean Theorem, a” + b? = ¢2.

The greatest number in the set is 16. The
hypotenuse of a right triangle is the longest side.
Let ¢ = 16. The lesser numbers are 8 and 15. Let
a =8andb = 15.

Does 8% + 152 = 162?

Does 64 + 225 = 256?

No, because 64 + 225 = 289. Since 289 # 256,
the set of numbers 8, 15, and 16 could not be the
sides of a right triangle.

Question 73 (page 166)

The correct answer is 10. Use a proportion to find
the answer.

1816 45 ft
4in.  xin.
18 _ 45
4 x
18 =4 - 45
18x = 180
x =10

The longer side of the scale drawing is 10 inches.

@EPOPOEEE®OO
OJORONONOROXOXONOXO)
@EPOPOEEEE @B~
@EPOPOEEEE O
@EPOPOO®EEEG
OJORONONOROXONONOXO)
OJORONONORONOJONOXO)

247

Mathematics Answer Key

Question 74 (page 167)

B Correct.
Since the tiles are in square inches, find all areas
in square inches.

The area of the countertop is its length times its
width.

A =lw
A=5ft4in. - 2 ft 2 in.
A = 64 in. - 26 in.

A = 1664 in.?

The area of the circular sink equals & times its
radius squared.

A = nr?
A=mn-8%
A = 64n

A = 201 in.?

The area of the countertop, not including the
sink, is equal to the area of the rectangular top
minus the area of the circular sink.

1664 — 201 = 1463 in.?
Each tile is 2 in. by 2 in., so it has an area of
2+2=4in2
Divide 1463 by 4 to find the number of tiles
needed.
1463 ~ 4 = 365.75
Ed will need at least 366 tiles.

Question 75 (page 167)

B Correct.
If the three lengths are to form the sides of a
right triangle, then they must satisfy the
Pythagorean Theorem (a® + b2 = ¢2). The
greatest number in the set is 22.5, so ¢ = 22.5.
Leta = 18 and b = 13.5.

182 + 13.5%2 = 22.52
324 + 182.25 = 506.25
506.25 = 506.25

Therefore 18, 13.5, and 22.5 do form a right
triangle.

" Objective 8

Question 76 (page 188) ()

B Correct.
To calculate the total surface area using a net,
add the areas of all the surfaces.
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The rectangle forms the curved surface of the
cylinder. The length of the rectangle is equal to
the circumference of the circular base.

C=mnd
C=mn-+5
C =157

The rectangle has a length of 15.7 m and a
width of 2.8 m. The area of the rectangle is
15.7 < 2.8 = 43.96 m?.
The cylinder has two circular surfaces. Use the
formula for the area of a circle. Each circle has a
diameter of 5 m. The radius is half the diameter.
The radiusis 5 ~ 2 = 2.5 m. Use 2.5 for r.

A = nr?

A=rm-+(25)?=19.635 m?
The area of one circular surface is about
19.635 m?.

To find the surface area, add the areas of all the
surfaces.

S =~ 43.96 + 2+ 19.635 =~ 83.23

Rounding to the nearest square meter, the
surface area of the cylinder is 83 m?.

Question 77 (page 188)

C Correct. The surface area of a prism is the sum

of the areas of its surfaces.

To find the area of the triangular surfaces,
measure the length of the base of the triangle
and its height. The length of the base is 3 c¢m,
and the height is 2.6 cm.

Use the formula for the area of a triangle.

_1
A—2bh
1.4,
A—2 326
A =39 cm?

The area of each triangular surface is 3.9 cm?.

Find the area of the rectangular surfaces.
Measure the length and width of one of the
rectangles. The length is 4.4 cm, and the width
is 3 cm. The area of each rectangular surface
is 3 + 4.4, or 13.2 cm?.

Find the sum of the areas of all the surfaces to
find the total surface area of the prism. The
prism has 2 triangular surfaces and 3
rectangular surfaces.

S=239+3-13.2="7.8+ 39.6 = 47.4 cm?
Choice C, 47 cm?, is closest to this value.

Question 78 (page 189)
A Correct. The edge length of the cubical box is

Question 79 (page 189)
B Correct.

Question 80 (page 190)
B Correct.
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equal to the diameter of the base of the cone,
represented by 2r. As the dimensions of the cube
are all 2r, the volume would then be equal to the
expression (2r)3.

The passageway is a rectangular prism.
Calculate the volume of the prism.

V = Bh = (lw)h
V=643
V=172 ft3

The part of the pipe that is inside the passageway
is a cylinder that is 6 feet long, A = 6 ft. The
radius, r, of the cylinder is the diameter divided
by 2.
r=30+2=15in.
Convert the radius to feet; divide 15 by 12.
r=15 + 12 = 1.25 feet
Calculate the volume of the cylinder.

V = Bh = nr?h
V=mrn-(1252%-6
V =~ 29.45 ft3

Subtract the volume of the pipe from the volume
of the passageway to find the volume of
insulating material needed to fill the space
around the pipe.

72 — 29.45 = 42.55 ~ 43 ft?
To the nearest cubic foot, the volume of the space

to be filled with insulating material is 43 cubic
feet.

On her walk to the scenic overlook, Jillian follows
the sidewalk. She walks 300 + 475 = 775 ft.
Compare this distance to the shortcut.
Her journey along the sidewalk and her
shortcut form a right triangle. The shortcut
is the hypotenuse, c, of the right triangle.
Use the Pythagorean Theorem to calculate
the length of the shortcut.

¢ = V300% +475% = /90,000 + 225,625

= V315,625 = 561.81




Subtract the length of the shortcut from the
distance walked on the sidewalk to determine how
much shorter the trip back to the parking lot is.

775 — 561.81 = 213.19 ft

To the nearest whole foot, the walk back to the
parking lot is 213 feet shorter.

Question 81 (page 190)

D Correct. The triangles are similar, so the lengths

of the corresponding sides are proportional. Write
a proportion. Compare the ratio of a known pair
of corresponding sides to the ratio of the
unknown side and its corresponding side. Let
x represent the length of side ST

LN _MN

RT ST

8 7

10 «x
Use cross products to solve for x.
8x =107
8x =70
x =875

The length of side ST is 8.75 units.

Question 82 (page 190)

The correct answer is 21.
The rectangles are similar, so the lengths of the
corresponding sides are proportional.

Let w represent the missing width.

smaller width  smaller height

larger width — larger height
18 _ 24
w28
24w = 18 - 28
24w = 504
w =21

The larger poster board is 21 inches wide.
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Question 83 (page 190)

D Correct. If the dimensions of two similar figures

are in the ratio %, then their areas will be in the

. (a2 d® . .
ratio (5) =32 The diameters of the two circles

are in the ratio of g The area of the two circles
. . . (32 3?
will then be in the ratio (5) =5

the area of the larger circle to that of the smaller

= 2 The ratio of

circle is 9
T

Question 84 (page 191)

A Correct. When you multiply the dimensions of
a figure by a scale factor, the perimeter of the
figure changes by the scale factor. In this case,

the scale factor is %
To find the perimeter of triangle PQR, multiply the
perimeter of triangle MNO by the scale factor %

The perimeter of triangle PQR is 18 centimeters.

Question 85 (page 191) 5

D Correct.
When you multiply the dimensions of a three-
dimensional figure by a scale factor, the volume of
the figure changes by the cube of that scale factor.
Thegscale factor is 3. The cube of the scale factor
is 3°.

3% =27
To find the volume of the larger tank, multiply
the volume of the smaller tank by 27.
300 - 27 = 8100 gal
The volume of the larger tank is 8100 gallons.

Question 86 (page 191)

B Correct.

If the dimensions of two similar three-
dimensional figures are in the ratio %, then

. . . . (@3 d
their volumes will be in the ratio (5) =3 The

dimensions of the two figures are in the ratio %

The ratio of their volumes will be the cube of
that ratio.

(2)3 _2_ 8
3 33 27



Question 87 (page 191) ()
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To find the volume of the smaller box, multiply
the volume of the larger box by %

8 _ 48in?

The volume of the smaller box is 48 cubic inches.

Correct.

Substituting into V = %mﬁ gives V = %n(G)S,

since the radius is 6 inches. Therefore

V= %n - 216, which gives a volume of

approximately 904 cubic inches.

Question 88 (page 191)

A

Correct. Use the formula for the total surface
area of a prism: S = Ph + 2B. The height of the
prism is 4. The perimeter of the triangular base
is 3 + 4 + 5 = 12. The third side of the right
triangle is 5 since this is a Pythagorean triple.
The area of the triangular base is % 3.4 =6.

Therefore S = (12)(4) + 2(6), or 60 square feet.

Q Objective 9

Question 89 (page 211)

B

B

Question 90 (page 211) c

Correct.
Use a proportion to determine how many hours
Rhonda actually spent on the project.

Let n represent the number of hours Rhonda
actually spent on the project. Write a proportion.

12 80
n 100

80n = 12 - 100

80n = 1200
n=15

Rhonda actually spent 15 hours on the project.

Correct.
Use a proportion to solve this rate problem.
Write two ratios, each of which compares the
number of switches to the number of hours.
Let x equal the number of hours required to
manufacture 210 switches.

35 _ 210
1.5 x
35x = 1.5 - 210
35x = 315
x=9

It will take the worker 9 hours to manufacture
210 switches.

Question 91 (page 211)

A Correct. The events are dependent because the

Question 92 (page 211)
C Correct.
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outcome of the first draw affects the outcome of
the second draw. Find the probability of the first
event. For the first draw, 4 of the 25 possible
outcomes are numbers less than five: 1, 2, 3, and
4. The probability that the first number drawn

will be less than 5 is %

P(1st < 5) = %

Find the probability of the second event. One
number was drawn, so now there are only 24
numbers in the box. If the first number drawn
was a number less than 5, only 3 of the 24
possible outcomes can be numbers less than 5.
The probability that the second number drawn

will be less than 5 is %

P(2nd < 5) = %

The probability that both numbers will be less
than 5 is equal to the product of the two
probabilities.

P(1st <5 and 2nd < 5) = P(1st < 5) « P(2nd < 5)

_4 3 _12 1
T 25 24 600 50

In 811 times at bat, Reggie got

210 + 20 + 1 + 6 = 237 hits. The experimental
probability that Reggie will get a hit during his next
time at bat is the ratio of the number of times he got
a hit (237) to the number of trials (811).

237
311~ 0.292

The probability that Reggie will get a hit during
his next time at bat is 0.292.



Question 93 (page 212)

C Correct.
Use the experimental probability to predict the
number of seeds that will be 2 inches or more in
height.

There were a total of 9 + 16 + 26 + 24 = 75
plants in this experiment. Of these,

16 + 26 + 24 = 66 plants reached a height of at
least 2 inches after 3 months. The experimental

probability that a plant will reach a height of at

. . 66 22
least 2 inches is 75 O o

Let n represent the number of plants out of 600
that will reach a height of at least 2 inches.
Write a proportion.

n__ 22

600 25

25n = 600 - 22

25n = 13,200
n = 528

Therefore, 528 plants out of 600 can be expected
to reach a height of at least 2 inches in 3 months.

Question 94 (page 212)

C Correct. The median is the middle value when
the data elements are listed in order. Half the
scores are above the median, and half the scores
are below it. Therefore, Jean should use the
median of the data.

Question 95 (page 213)

D Correct.
Trish spent a total of

600 + 200 + 360 + 40 + 50 + 250 = $1500.
The plane fare should be % = % = 0.4,

or 40% of the graph. This is larger than i, or 25%,
of the graph and less than %, or 50%, of the
graph. The cost of food should be

200 2
1500 — 15 = 0.13, or 13% of the graph. Together,

plane fare and food should be 40% + 13% = 53%,
or slightly more than half the graph. Hotel costs
should be % = 2% = 0.24, or 24% of the graph.

Hotel costs will be slightly less than %, or 25%, of
the graph. Only choice D fits these requirements.

Question 96 (page 214)

B Correct. The January bar is slightly above 1000,
at approximately 1100. The February bar is less
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than halfway between 2000 and 3000, at
approximately 2400. The March bar is slightly
above 3000, at approximately 3100. The April bar
is between 2000 and 3000, at approximately
2600; it is higher than the February bar.

Question 97 (page 215)

A Incorrect. The mean gives the average of a set of
numbers, not the most frequently occurring data
element.

B Incorrect. The median gives the middle value of a
set of numbers, not the most frequently occurring
data element.

C Correct. The mode tells which value occurs most
frequently. In this case the mode is 7. The value
7 occurs 5 out of the 8 times listed. It shows that
Ava most frequently spends 7 hours studying
during a week.

D Incorrect. The range measures the spread
between the highest and lowest values in the
data, not the most frequently occurring data
element.

Question 98 (page 215)

A Incorrect.
Sales increased at a constant rate of 5 CDs per
week for the first three weeks, but they then
decreased during the fourth week.

B Correct. Calculate the mean number of CDs sold
per week.

280 + 285 + 290 + 285 + 295 + 300 —=
6 = 289.16 =~ 289

C Incorrect. The length of the bar for Week 6 is
three times the length of the bar for Week 1.
However, read the numerical values of the bars
from the graph. The value for the bar for Week 1
is 280. The value of the bar for Week 6 is 300.
Since 300 # 3 * 280, one bar is not three times
as large as the other.

D Incorrect. Calculate the total number of CDs
sold.

280 + 285 + 290 + 285 + 295 + 300 = 1735

Since 1735 3 1800, the store did not sell more
than 1800 CDs during the six-week period.

Question 99 (page 216)

A Correct. The minimum for this data set is 3, and
the maximum is 27. The median is 10, the lower
quartile is 5, and the upper quartile is 20.
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" Objective 10

Question 100 (page 231)

C Correct.
Calculate the cost of the DVD player at Store A
with the 10% discount.

Use a proportion to find 10% of 119.

10 _ x
100 ~ 119
100x = 1190

x =119

10% of $119 is $11.90.
$119.00 — $11.90 = $107.10

The cost of the DVD player at Store A with the
10% discount is $107.10.

Calculate the cost of the DVD player at Store B
with the 15% off coupon.

Use a proportion to find 15% of 138.

15 _ x
100 ~ 138
100x = 2070

x = 20.7

15% of $138 is $20.70.
$138.00 — $20.70 = $117.30
The cost of the DVD player at Store B with the
15% discount is $117.30.
This is more than the cost at Store A. Subtract to
find the difference.
$117.30 — $107.10 = $10.20

The DVD player costs $10.20 more at Store B
than at Store A.

Question 101 (page 231)

D Correct.
One way to solve this problem is to find the
number of tiles needed to fill the large rectangle
and then subtract the number of tiles that would
have been needed for the small rectangle that
will not be tiled.

If the tiles are 3 inches on a side, there are 4
tiles per foot (3 « 4 = 12).

The width of the large rectangle is 2.5 feet.
Multiply 4 tiles per foot by 2.5 feet to find the
number of tiles needed for the width.

4-25=10

The length of the large rectangle is 6 feet.
Multiply 4 by 6 to find the number of tiles
needed for the length.

4.6=24
Multiply the number of tiles needed for the width
by the number of tiles needed for the length to

find the number of tiles needed to fill the large
rectangle.

10 - 24 = 240
In the same way, find the number of tiles needed
to fill the small rectangle.
Number of tiles needed for the width: 4 < 1.5 = 6
Number of tiles needed for the length: 4 - 2 = 8
Number of tiles needed to fill the small rectangle:
68 =48
Subtract the tiles needed to fill the small

rectangle from the tiles needed to fill the large
rectangle to find the total number of tiles needed.

240 — 48 = 192 tiles

Jessica will need 192 tiles. The tiles are sold in
boxes of 100 tiles per box; she will need 2 boxes
of tiles.

Question 102 (page 231)

B Correct. —
The cost of producing 250 staplers can be found
by evaluating the original function for n = 250.

¢ =1.12n + 300

c =112+ 250 + 300
¢ = 280 + 300

c = 580

If the fixed costs increase by 15%, use a
proportion to find 15% of $300.

15 _ x
100 ~ 300
100x = 4500
x = 45

If the fixed costs increase from $300 to
$300 + $45 = $345, the increased cost per day
of producing n staplers is given by the formula
¢ = 1.12n + 345. The increased cost of producing
250 staplers can be found by evaluating the new
function for n = 250.

c=1.12n + 345

¢ = 1.12 - 250 + 345

c = 280 + 345

c =625
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Find the percent by which the cost of producing
250 staplers increased.

625 — 580 = 45
What percent is 45 of 580? Write a proportion.

X _ 45
100 ~ 580
580x = 4500

x =~ 17.76

The cost of producing 250 staplers increased by
about 8%.

Question 103 (page 231)
C Correct. If Jesse and Philippe start at the same

time and meet along the road, they both travel
the same amount of time. Let ¢ represent the
time each travels. The rate they each travel
multiplied by the time they each travel is equal
to the distance they each travel (d = rt). The
distance Jessie travels plus the distance Philippe
travels equals 5 miles. Write an equation that
shows the sum of the distances they travel
equals 5 miles.

4 + 6t =5
10t =5
t=0.5

They will meet in 0.5 hour, or 30 minutes.

Question 104 (page 232)
C Correct. The function 2 = 12 — 0.1m when

rewritten as A = —0.1m + 12 is in the form
y = mx + b, so it is a linear function.

To find the height of the candle when it started
burning at m = 0, substitute 0 for m in the
function.

h =12 — (0.1)(0)

h=12-0

h =12
The candle was 12 inches tall when it started
burning.

To find the height of the candle when m = 120
minutes, substitute 120 for m in the function.

h =12 — (0.1)(120)
h =12 - 12
h=0
The candle can burn for at most 120 minutes

because in that amount of time its height will
have been reduced to 0 inches.
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If the height of the candle were directly
proportional to the number of minutes it burned,
the function comparing them would be in the
form y = kx. The function 2~ = 12 — 0.1m is not
in this form.

Question 105 (page 232)

A Correct. Let x represent the cost of the shirt. Then
2x represents the cost of the pants. The sum of the
costs of the three items, shirt + pants + shoes,
equals the total cost, $100. Use the equation
x + 2x + 40 = 100. If like terms are simplified,
this is the same equation as 3x + 40 = 100.

B Incorrect. Let x represent the width of the
rectangle. The length is 40 more than three
times the width. The length is 3x + 40.

To find the perimeter, use the formula P = 2(! + w).
100 = 2(3x + 40 + x)
100 = 2(4x + 40)
100 = 8x + 80

Use the equation 100 = 8x + 80 to solve

this problem.

C Incorrect. Let x represent the number of years.
To solve this problem, use the simple interest
formula I = prt. The interest rate is 3%, or 0.03.
Use the equation 40 = 100(0.03)(x), or 40 = 3x,
to solve this problem.

D Incorrect. Let x represent the number of cups
sold. If the student council earns $3 for each cup
sold, 3x represents the amount they earn for
selling x cups. To find the profit, subtract the

amount they spent on the cups. Use the equation
3x — 40 = 100 to solve this problem.

Question 106 (page 232)

C Correct. One way to find the values of x for which
flx) = g(x) is to write the following inequality and
simplify it.

flx) = g(x)
2(x—3)+72%x+7
2x—6+72%x+7

2x+12%x+7

Question 107 (page 233)

B Correct. The graphs show a pattern. All the
graphs are parabolas, and all are congruent. The
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x-intercepts of the graphs equal the value by
which x is decreased in the function.

The function y = (x — 1)? intersects the x-axis at
the point x = 1.

The function y = (x — 3)? intersects the x-axis at
the point x = 3.

The function y = (x — 5)? intersects the x-axis at
the point x = 5.

Based on this pattern, the function y = (x — 2)?
should intersect the x-axis at the point x = 2.

Question 108 (page 234)

A Correct.
Look for the pattern. The dimensions of the
cylinders are increasing by a scale factor of 1.5.

3 45 675

973 ~ 45 " 15
6 9 135
16" 9 L5

To find the volume of the previous cylinder in
this series, you could increase its dimensions by
the same scale factor, 1.5.

Question 109 (page 234)
B Correct. Represent the number of visitors the site
had each week in terms of x.
First Week: x

Second Week: 2x
(twice as many as the first week)

Third Week: 2x + 22
(22 more than the second week)

Fourth Week: 2.5x
(2.5 times as many as the first week)

The mean of the number of visitors is equal to
the sum of the number of visitors divided by the
number of weeks for which records were kept, 4.

Represent their sum.

Istwk + 2ndwk + 3rdwk + 4thwk =
x + 2x + (2x +22) + 2.5x

Represent their mean.

x + 2x + (2x + 22) + 2.5x
4
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Grades 9, 10, and Exit Level
Mathematics Chart

LENGTH
Metric Customary
1 kilometer = 1000 meters 1 mile = 1760 yards
1 meter = 100 centimeters 1 mile = 5280 feet
1 centimeter = 10 millimeters 1 yard = 3 feet

1 foot = 12 inches

CAPACITY AND VOLUME
Metric Customary
1 liter = 1000 milliliters 1 gallon = 4 quarts
1 gallon = 128 fluid ounces

1 quart = 2 pints
1 pint = 2 cups

1 cup = 8 fluid ounces

MASS AND WEIGHT
Metric Customary
1 kilogram = 1000 grams 1 ton = 2000 pounds

1 gram = 1000 milligrams 1 pound = 16 ounces

TIME
1 year = 365 days
1 year = 12 months
1 year = 52 weeks
1 week = 7 days
1day = 24 hours
1 hour = 60 minutes

1 minute = 60 seconds

Continued on the next side
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Grades 9, 10, and Exit Level Mathematics Chart

Perimeter rectangle P=2l+2w or P=2(+w)
Circumference circle C=2nr or C=mnd
Area rectangle A=Ilw or A=bh
triangle A= % bh or A =%
trapezoid A=1k+b)h or A=rt0h
regular polygon A= % aP
circle A =nr?

P represents the Perimeter of the Base of a three-dimensional figure.
B represents the Area of the Base of a three-dimensional figure.

cube (total)
prism (lateral)

Surface Area

prism (total)
pyramid (lateral)

pyramid (total)

cylinder (lateral)
cylinder (total)
cone (lateral)

cone (total)

S = 6s?

S = Ph

S =Ph + 2B
_ 1

S = > Pl

S=§PZ+B

S = 2nrh

S =2nrh + 2nr? or S=2nr(h +r)
S =nrl
S=nrl+nr2 or S=nr(l+r)

sphere S = 4nr?
Volume prism or cylinder V =Bh
pyramid or cone V= % Bh
sphere V= % nr?
Special Right Triangles  30°, 60°, 90° x, xV3, 2
45°, 45°, 90° x, x, x\N2

Pythagorean Theorem

a*+b=c?

Distance Formula

d=(,—x)%+ (y, - y)*

. Y= M
Slope of a Line m=y—%
Midpoint Formula M= (x1;x2 , L ;yZ )
Quadratic Formula x=—b+\b’—4dac
2a
Slope-Intercept Form of an Equation y=mx+b

Point-Slope Form of an Equation

y =y, =mx—x,)

Standard Form of an Equation

Ax+By=C

Simple Interest Formula

I =prt




