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K /L Exponents and Scientific Notation
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2 Essential Question

Module 1

Why are exponents useful when working with very large or very small numbers?

What Will You Learn?

Place a checkmark (+7) in each row that corresponds with how much you already Know

about each topic before starting this module.

EEY

O — | don't kmow. o — I've heard of i_ ﬁ- — | kemiones !

Before | After

SIRIRERE

wiriting numerical products as powers
evaluating powers
multiplying numerical and algebraic powers

dividing numerical and algebraic powers

finding powers of numerical and algebraic powers

finding powers of numerical and algebraic products

simplifying expressions with negative exponents and
Zero exponents

wiriting numbers in scientific notation

computing with numbers in sclentific notation

:[J Foldables Cut out the Foldable and tape it to the Module Review at the end of the
module. You can use the Foldable throughout the module as you learn about exponents

and scientific notation.

Madule 1 - Exponents and Scientific Motation 1



What Vocabulary Will You Learn?
Check the box next to each vocabulany term that you may already know.

O base O Power of a Power Property
O evaluate O Power of a Product Property
O exponent O CQuotient of Powers Property
0O monomial O scientific notation

O negative exponent O standard form

O order of operations O term

O Product of Powers Property O Zero Exponent Rule

O power

Are You Ready?

Study the Quick Review to see f vou are ready to start this module. Then complete the
Gluick Check.

Quick Review

Example 1 Example 2
Multiply integers. Multiply rational numbers.
Fnd3-2-3-2-2 Find 2.8-28.
3+-2-3-2-2=3-3-2-2+2 28 =« one decimal place
—@3-3-2-2-2) X 2B =« one decimal place
7B = two decimal places
=98
=72
1. A coach watched game film for 2. Find [—1.34—1.3)(—1.3).

4 -2 -4-4-2 hours last season. How
mamny hours did the coach watch game film?

How Did You Do?
Which exercises did you answer correctly in the Quick Check?

Shade those exercise numbers at the right.

2 Module 1+ Exponents and Scientific Notation
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Lesson 1-1

Powers and Exponents

| Can... use integer exponents to show repeated multiplication of What Vocabulary
rational numbers. Will You Leam?
base
evaluate
Explore Exponents B
exponent
Online Activity You will explore how to write repeated erder ol operations
multiplication using exponents. power

B 7, e T M R S A o b e e e, e
badvm b e Fmi e T S b e e b o b we

Learn Write Products as Powers

A product of repeated factors can be expressed as a power,
that is. using an exponent and a base.

'Ea Go Online Watch the animation to learn how to write an
expression as a power.

The animation shows that to write 3 - 3 - 3 - 3 as a power, express the
number of times 3 is used as a factor as an exponent.

factors
A

"3.3.3.3 =3*

The baze, 3, is the common factor that is being multiplied.

Eopryrigh #80 Wk-Cor s # | Bl st L0 o

The exponent, 4, tells how many times the base is used as a factor.

{continved on next page)

Lessan 11 = Powers and Exponents 3



Math History
Minuie

In 1949, Dorothy
Johnson Vaughan
(1210 -2008) was
pramoted to lead the
West Area Compuling
Unit for the Mational
Advisory Commities
for Aeronautics, later
known as MASA. The
umnit was entiraly
composed of African-
American female
mathematicians. They
performed complex
calcudations and
analyzed data for
ASrosSpace enginesrs.
Their effarts were
essential 1o tha
succe=ss of the early
space program in the
United States.

The expression 2= 2 - 2 = 2 = [—4) = (—4) - {—4]} has two different
bases. To write this expression using exponents, express the number
of times the base, 2, |Is used as a factor. Then express the number of
times —4 |s used as a factor.

factors factors
M e

2ud s, E-4}-(-4)-(-4f=24-{~4}3

Label each part of the expression with the correct term.

exponent power base

A N —- |

Complete the following statements about how powers are read.

3'=3 3wthe ___ power
P2 =3-3 3 to the power or 3
3F=3-3-3 3 to the power or 3
3¥=3-3+2-3 3 to the power or 3

it factors
F=3-3-3-. -3 3tothe power or 3 to the

8 Meodule 1« Exponents and Sclentific Notation
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Example 1 Write Numerical Products as Powers

Write the expression {—2}-[—2]-[—2}-:-:-:-:“115
exponents.

The base —2 s used asafactor ___ times, and the basa % is

usedasafactor _____ times. So, the exponents are

and

&
So.(-2)--2)-(-2)-3-3- 33 =27 3]

Check
Which of the following is equivalent to the expression

-------- (~5)- (~5) - (=5) - (5} - (-5
244
{g] - (-5

© (5 -t
® (3o

Eﬁuunm Wou can complete an Extra Example ondine

f Think About It

What are the repeated
factors?

& Talk About It!
Drescribe an
advantage of writing a
product of repeated
factors a= a poweer

Pause and Reflect

Compare and contrast a product of repeated factors with its
equivalent power.

Lesaan 11 = Powers and Exponents 5



&) Talk About It!

in the first step, why
was the Commutative

Property used?

) Talk About It!
When you evaluate
(—3 and —34, their
results are opposites.
When you evaluate
{—5)? and —53, are the
results opposites?
Explain why or why noL

Example 2 Write Algebraic Products as Powers
Write the expression a+ b+ b- a+ busing exponents.

ab-bh-abh = g-a-b+b-b Commutative Property

= g?- B The base o i= a factor 2 times,
and base b is a factor 3 times.

Sog+hbh=sa-h=

Check

Write the expressiono*a-b-a-b+a-o+ b - busing exponents.
® of-p° B a-pt (

a5 - B° ©® of-nt =

Bﬂ-ﬂ Onlbse ¥ou can comglete an Extra Example anihe.

Learn Negative Bases and Parentheses

For expressions that contain negative signs andfor parentheses, the
inclusion and placement of parentheses can result in distinct
expressions that have different values. For example, do you think that
{—a)® and —a® have the same value?

Complete the following which compares and contrasts the
expressions {(—a)® and —ag®.

(—af* | —a®

The expression (—a)® indicates  The expression —a”
Words |thal —oisusedasafactorb  means the opposite of o”.

Numbers [ ‘ |
i |

B Module 1 s Exponents and Scienific Notation

times. _

(—af ={-0) +{—0) »...+ (—0) | —a®=—(a-a+...~q)

. _bumes | btimes
=8 -8 -F -8 | =—(3-3-3-3)

iy g gy
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Learn Evaluate Powers

To evaluate an expression with a power, write the power as a product

and then multiphy.
When evaluating expressions with powers or more than one

operation, it is important to remember to use the order of operations.

Order of Operations
1 Simplify the expression inside the grouping symbols.

2. Evaluate all powers.
3. Perform multiplication and division in order from left to right
4. Perform addition and subtraction in order from left to right.

Example 3 Evaluate Numerical Expressions
Evaluate (—2)® + (3.5)%.
(2P +B5SP=(-2 A (- + (3535  Wrie powersas

products.

=) + l ‘ Musitiply.
=1 Add,

So, (—2)* + (3.5 = 4.25.

Check
Evaluate 8% + (—3F.

Eﬁn Onling You can complete an Extra Example ondine.

b Think About It
According to the order
of operations, what
are the first
evaluatbors you will
need to da?

QD Talk About It!
Are the expressions
(—2§* + 52 and

—2? + 52 equivalent?
Justify your response.

Lesson 41 « Powess and Exponents 7



(g Think About It
Before you can
evaluate the
expressions, whatl do
you need to da?

@& Talk About It!

A classmate evaluated
Ip——r1
simpiifying i to 3. Find
and correct the emor

&) Talk About It!
When you replace c
with —4, why should
you evaluate (—4)* and
not —447

Example 4 Evaluate Algebraic Expressions

Euﬁuahn’—l—b"i‘l‘a:Sandh:%.

a2+h“=31+l:%]‘

[;]-31+(%.%.%-—;] Write the powers as prodoct=

So,o? + b*whena =3 and b = %, is 9.

Checlk
Evaluate o® + b2ifo= —3and b=6.

Replace owith 3 and b with 3.

Example 5 Evaluate Algebraic Expressions
Evaluate o + (c2 — 2)if c= —4.and d = 3.

Replace c with —4 and o

Fr@-2=(F +i-4p-2 73
=
o {1}3 " | Perform the operations in
L Qrouping symbols.

i \ Simplify.

e =2 B
So,d® +{c?—Z)whenc=—4andd = £, is M=

Check
Evaluate x? + (° — 85)ifx = —s andy = 5.

o S

Bﬁn Onllme You can complate an Exira Example online.

B Module 1 s Exponents and Scienific Notation
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@ Apply Mammals

The table shows the average weights of two endangered
mammals. How much more does the brown bear weigh than

the panther?

Animal Weight (Ib)

Panther 22.3-5

Brown Bear F-5.7

1 What is the task?

Make sure you understand exactly what question to answer or
problem to =olve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words,
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
et & Talk About It!

A female godlla weighs

2%, 52 pounds. How

does this compare o

the panther’s and brown

bear's average weight?
3 What is your solution?

Use your strateqy to solve the problem.

4 How can you show your solution is reasonable?

Q Write About It! Write an argument that can be used to defend
vour solution.

Lessan 11 « Powers and Exponents. ‘9




Check

Interstate 90 stretches almost 2% « 72 « 4 miles across the United

States_ Interstate 70 stretches almost 22 « 52 « 11 miles across the
Linited States. How much longer is Interstate 90 than Interstate 707

Eﬂnuﬂh You can complete &n Exira Example onlne

Pause and Reflect

How well do you understand the concepts from today's lesson? What
questions do you still have? How can you get those questions
answered?

10 Module 1. Exponents and Scientific Notation
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Practice

el LA

) Go Online You can complete your hemework onfine

Write each expression using exponents. ([Examples 1 and 2]

1. (-7)+{(-7)-5+5-5-5=

Evaluate each numerical expression. [Example 3)

33— (—aP=

5. Evaluate x* — P ifx=2andy =
(Exampte )

siuw

2 n-p-~p*per=r-~r=

4 6+25=

6. Evaluate (g + h)*ifg=2and h=—3.
[Exampie 5)

7. Replace [J with <, >, or = to make a true statement: (—3)* [J (—4)>.

B. A scientist estimates that, after a certain
amount of time, there would be 2% - 3% - 107
bacteria in a Potri dish. How many bacteria
is this?

Test Practiee

9. Multiselact Select all of the expressions
that evaluate to negative rational numbers.

By

1 {—4)?
()
|35 —104
(9.812 — 102

B

Lezsan 41 « Powers and Exponents. T




Apply

10. The table shows the approximate number of species of
each type of tree. How many more species of palm tree

are thare than maple tree?

M. The table shows the approximate number of lakes in two

- . MNumber of
Tree Type Species
Palm 2?-3-5°
Mapte 27

different states. How many more lakes does Florida have Number of

than Minnesota?

12. ({7 Identify Structure Without evaluating,

explain why (—B.4)° is less than 22

14. Determine if the statement s true or folsa.

Justify your responze.

The expressions [—xVF and —x¥ hove the
same value,

12 Module 1 - Exponents and Scientific Notation

Lakes

Florida 3-10¢

Minnesota 23-52.109

13. 7 Find the Error A student evaluated the
expression (k2 — yP ifx=—4andy=7
Find his mistake and correct it

0~y = (42— 7
= (16 — 7)°
= (=23

—12167

15. A student finds that H}J = (%}d and
{ljj. Is this

concludes, then, that H'}z =13

reasoning correct? Explain,

o g ey Oy



Lesson 1-2

Multiply and Divide Monomials

| Can... use the Laws of Exponents to multiply and divide What Vocabulary
monomials with common bases, Will You Learmn?
maonomial

Product of Powers
Explore Product of Powers o wer
Property
Online Activity You will use Web Sketchpad to explore how to D"::""'E"';t':" Powers
simplify a product of powers with like bases. roperty
term

Learn Monomials

A monomial is a number, a variable, or a product of a number and
one or more variables, For example, 6)° is a monomial since itis a
product of 6 and y*. The expression x + 3 is not a monomial since it
is & sum of two monomials,

When addition ar subtraction signs separate an algehraic expression
into parts, each part is called a term. A monomial only has one term.

3 The expression ¥ + 3 is a sum of two monomials and therefore not a

i monomial itself because it has two terms.

F Write each expression in the appropriate bin. An example of each

= type is given.

=

2 x 80 X2 — 2 Bx x+5
Maonomials Mot Monomials

By X+ 3

Leason 1-2 - Multiply and Dhide Monomials 13
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&) Talk About It!
When simplifying a
product of powers
using the Product of
Powers Property, why
do the bases have to
be the same? For
example, why can’t you
uee the Product of
Powers Property to
simplify x* = y*?

Learn Product of Powers

B Go Online Watch the animation to simplify the product of powers

with the same base.

For example, to simplify 42 - 4%, the animation shows to:
Step 1 Write 42 as a product of 2 factors.

Step 2 Write 4% as a product of 3 factors.

3 factors

—  ——y
42'43=i4'4"(4'4'4’;

2 factors

5 factors

There are 5 common factors all together, so the product is 45,

Notice that the sum of the exponents of the original powers is the
exponent in the final product.

42'43=42+3
= 4°

You can multiply powers with the same base by adding the
exponents,

You can simplify a product of powers with like bases using the
Product of Powers Property. The group of integer exponent
properties, including the Product of Powers Property, is called the
Laws of Exponents.

Words Algebra
To multiply powers with the at.gt=gmtn
same base, add thelr
Humbers

exponents.

11,23=11+3ﬂr .

8 Module 1 - Exponents and Scientific Notation
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Example 1 Multiply Numerical Powers

Simplify 5 « 5.
5%.5=05%.5 5=5
=g+ Product of Powers Property
= ar| Add the exponents. Simplity

So, 5%+ 5 =5%or 3125.

Check
Simplify the expression 4% « 47

b Think About It!
How will the Product of
Powers Property help
you simplify the
expression?

@ Talk About It!

Describe another
method you can use 1o

simplify the exprassion.

Example 2 Multiply Algebraic Powers
Simplify c » 5.

e =3+5 Product of Powers Property
= Simplidy.

So,ct .00 =l

Check

Simplify the expression x* « x5

E-Euﬂnhe ou can complete an Extra Example ondine.

&) Talk About It
Explain why you were
able to add the

exponents to simpliy
the expression 2 « c3.

Lesson 1-2 « Multiply and Divide Monomials 15



fe# Think About It
When you multiply the
heio monomiaks, what
will you do with the
coefficients?

@ Talk About It!

When simplifying the
expression, why were
the coefficients
multiplied but the
exponents added?

Example 3 Multiply Monomials
Simplify —3x2 = 4x°.

s A = —F eyl e xS Definition of coefficient
=[—3- 4”;(3 - xs]. Commutative and Associative Property

= (x? « x7) Multiply the coefficients
= —12(x2 + 5} Product of Powers Property
= Smmpify

So, —3x< « 4x5 = —12x7.

Check

Simplify the expression —2a(3o%).
(&) 1a= () —6at

6a® @ —6o°

EG:' Onllme ¥ow can complete an Exira Example onfine.

Explore Quotient of Powers

B Online Activity You will use Web Sketchpad 1o explore how to
simplify a guotient of powers with like bases,

& Module 1- Exponents and Sclientific Notation
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Learn Quotient of Powers

B Go Online Watch the animation to learn how to simplify the
quotient of powers with the same base.

For example, to simplify g;- the animation shows to:

Step 1 Write 3° as a product of 6 factors.

Step 2 Write 32 as a product of 2 factors.

Step 2 Divide out common factors and simplify.

6 factors
&

3¢ 3.3.3.3.4.F 3.3.3.3
32 T

or 3*

g7
i

2 factors

Four factors of 3 remain in the numerator and 1 in the denominator, so
the guotient is 3%

Motice that the difference of the exponents of the original powers is
the exponent in the final quotient.

36

2. - 36 -2

32
= 34

You can divide powers with the same base by subtracting the

exponents.

You can simplify a guotient of powers with like bases using the
Quotient of Powers Property.

Words: Algebra
To divide powers with = g™, where a # 0.
the zame base, subtract
their exponents. Numbers
3! f

& Talk About It

When simplitying a
quotient of powers
using the Quotient of
Powers Property, wiy
do the bases have o
be the same? For
example, why can’t you
use the Quotient of
Powers Property to

simplify f—_:v?

Leason 1-2 « Mulfipky 2nd Divide Monomiats 17




& Talk About It!

Describe ancther
method you coulkd use
to simplify the

expression.

fp Think About It
What operation will you
perform to find how
many times longer one
shoreline is than the
other?

&) Talk About It

Alaska’s shoreline is
about 3% miles long.
Explain why you could
not use the Quobent of
Powers Property to
simpilify the
mssm-i—:mﬁ'u:l
out haow many times
longer Alaska's
shoreline is than Mew
Hampshire's.

Example 4 Divide Algebraic Powers

!!
Simplify 2
% =y ¥-2 Ciuntent of Powers Property
= | | Subtract the exponents
So, i; = x5,
Check
Simpl =
plify <3

"H..

Eﬁu Onllne You can complete an Exira Example online.

@ Example 5 Divide Powers

Hawali's total shoreline is about 2'° miles long. New Hampshire's
shoreline is about 27 miles long.

About how many times longer is Hawaii's shoreline than New
Hampshire's?

To detarmine how many times longer Hawaii's shoreline is than Mew
Hampshires, divide their lengths.

1.1]
1}—,|, = -7 Quuotient of Powers Property
— | | Subtract the exponsnts
= | | Simeplify,

So, Hawali's shoreline is about 8 times longer than Mew Hampshire's
shoreline.

18 Module 1. Exponents and Scientific Notation
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Lheck

The table shows the seating capacity of two different facilities. About
how many times as great is the capacity of Madison Square Garden
in New York City than a typical movie theater?

Place Seating Capacity
Mowvie Theater 35
Madison Square Garden 37

(&) 3% or 64 times

3% or 81times

(©) 37 or 243 times

@) 3" or 4782,969 times

B Go Online You can complete an Extra Example online,

Example E Divide Numerical Powers

E

25 - 3;:‘11 ( ]( ] Group by common base.
= 25-2.354.53-1 Cuatient of Powsars Property
] - S 1 Subtract the exponemts
== ' ' Evaluate the powers.
= Simplify
Ear

Lesson 1-2 « Multiply and Divide Monomials  $9

@ Talk About It!

Why ks it important to

group terms by their
common base(s)?




Check
- Ll !

Simplify the expression %_

@2-32-4

@2-33-4

©22-32-4

©22-3-3
& Think About It Example 7 Divide Monomials
How can you bagin
solving the ? 12w

g the problem 5""9“!’?-
%:i = (%) {%) Lssociative Property
= | (% Divide the coefficients
%Tﬂ]k About It! =6 w5 Ouotient of Powers Property
Why were the
E{:::m ti'ﬂdEd.l = | Subtract the exponents:
subtracted?
12w

Sﬂn ? T E“‘_

Check

Simplify the expression %‘f‘i_

Eﬁu Onllme You can complate an Exira Example online.

20 Module 1+ Exponents and Scientific Notation
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@ Apply Computer Science

The processing speed of a certain computer is 10" instructions
per second. A second computer has a processing speed that
is 10° times as fast as the first computer. A third computer has
a processing speed of 10'3 instructions per second. Which
computer has the fastest processing speed?

1 What is the task?

Make sure you understand exactly what guestion to answer
of problem to solve. You may want to read the problem
three times. Discuss these questions with a partner.

First Time Describe the context of the problem, in your

own words.

Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you

use?

3 What is your solution?
Lise your strateqy to solve the problem.

4 How can you show your solution is reasonable?

eWﬂu About It! Write an argument that can be used to defend

vour solution,

@ Talk About It

How did understanding
the Laws of Exponents
halp you solve the
problem?

Lesson %2 « Multiply and Dinide Monomials 24



Check
Bolivia has a population of 107 people, while the population of Aruba

is 10® people. The Philippines has a population that is 10° times
greater than Aruba’s population. Which statement is true about the

population of the three countries?

@ Aruba has the least population.

Boliva has the greatest population.

(© The Phillipines has the least population.
@ Bolivia and the Phillipines have the same population.

Bﬁunnhe You can complets an Extra Example onling.

@ Foldables It's time to update your Foldable, located in the
Module Review, based on what you leamed in this lessan. If you
haven't already assembled your Foldable, you can find the
instructions on page FLL

3
=
7

S
]

b

Product of Powers

ety
el

,_
i
s
e
5

-—
e
e
s
e

E-:-;_V

ey

Cheotient of Powers

Power of Powers

. Laves of Exponarts o

E
I
I
i
I
I
2
I

R e
e S ;
e gy o o i
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Mame Period Diat=

Practice ) Go Online You can complete your homework online.

Simplify each expression. [Esampies +-3)

1. 3/.3=____ 2. mem?=
3. 3 -Boni=_ 4. 9p - (—8pf) =

R ) h'l: R B 55- o Eﬂ - ET‘D
B. Slmpl‘-:fy?- (Example 4) B, Smphﬁm [Example 6}

7. A publisher sells 108 coples of a new science fiction book and 102 coples of
a new my=tery bool. How many times as many science fiction books were
cold than mystery books? (Example 5)

Test Practice
SR SN ., -
B. Simplify YR (Example 7} 8. Equation Editor Simplify o

Lesson 1-2 - Mulliply and Divide Monomials 23




Apply

10. Fousters Farms has 52 fruit trees on their land. Myma's Farms has five
times as many fruit trees as Fouster's. A commercial farm has 500 fruit

trees. Which farm has the most fruit trees?

1. The table shows the number of bacteria in each Petri dish.
Dish C has 8 times as many bacteria has Dish A. Which

Patri dish holds the mast number of bacteria?

12. Write a multiplication expression with a
product of 85,

14. @iﬂemﬂy Repeated Reasoning Consider
the sequence balow:

2.4,8,16. 32, 64,

The number 4,096 belongs to this
seguence. What is the number that
immediately precedes it?

24  Module 1 - Exponants and Sclentific Motation

Patri Digh Number of

Bacteria

13. I,@‘Pmm with Problems What is four
times 4157 Write using exponents and
explain your reasoning.

15. What value of n makes a true statement?

4" - 4% =16.384

o g ey Oy
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Lesson 1-2

Powers of Monomaials

| Can... use the Power of a Power Property and the Power of a
Product Property to simplify expressions with integer exponents.

Explore Power of a Power

I3} Online Activity You will explore how to simplify a power raised to
another power.

O m—— e T
o e |7 e ©
L L

e

termmprmreme T pe—— pe—r—
prmeme g e e W

-“H-_b'

Py b e

Learn Power of a Power

You can use the rule for finding the product of powers to iliustrate
how to find the power of a power.

(69 = (6%) (6%) (6%)
— gA+a+4

Expand the 3 factors
Product of Powsrs Property

= Add the exponents

Motice, that the product of the original exponents, 4 and 3, is the final
power, 12. You can simplify a power raised to another power using

What Vocabulary

Will You Leam?

Power of a Power
Property

Power of a Product
Property

the Power of a Power Property.

Words Algebra

To find the power of a power, [@™f! = gmn

multiply the exponents. s
BP=53g

Lesson 1-2 - Powers of Monomials 25



Tour HNiotes

f Think About It
How can the Power of
a Power Property help
you simpiify the
expression?

& Talk About It!
Describe another
method you could use
to check your solution.

Example 1 Power of a Power
Simplify (8%)°.

(853 — g6-3 Power of a Power Property
= | | Simiplify.

So, (8% = 8%

Check

Simplify the expression (6.

Example 2 Power of a Power

Simplify (k7)°.

KNS =&"-5 Power of a Pawer Property
- |_ Simpiify.

So, (k)7 = K.

Check

Simplify the exprassion (x%)7.

mﬁu Onllme You can complate an Exira Example online.

26 Maodule 1+ Exponents and Scientific Notation
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Learn Power of a Product

The following example demonstrates how the Power of a Power
Property can be extended to find the power of a product.

(407 = (40?) (4a?) (40?) Expand the 3 factors.
=4.-4-4.0%.-0%.-a% Commutainve Properiy
=43, (o Definition of power
=64 « 0% or G4o" Pawer of a Power Property

Notice, that each factor inside the parentheses is raised to the

— power.

You can simplify a product raised to 8 power using the Power of a
Product Property.

Words Algebra
To find the power of a product, fab)™ = a™hH™
find the power of each factor Numbets
Srothen @ =@ -eFor| |

Example 3 Power of a Product

Simplify (2p°)".

27 =24 ot Power of a Product Property
=74, p3-4 Power of a Power Property
= ' Simpdify

So, (2p7)* = 16p™.

Check

Simplify the expression Fw’).

OF

21w

(C) 243w'0

@ 3430

Eﬁn Onling You can complete an Extra Example ondine.

kg Think About It
What parts of the
monomial, 2p°, are
raised to the fourth
power?

&) Talk About It!

Why was the exponent
4 applied to both of the
factors in the first step?

Lesson 1-3 - Powers of Monomiats 27



by Thirk About It
What parts of the
monomial, (—2m’n®),
are raged to the

fifth poweer?

&) Talk About It!

Why were the
exponents multiplied
when simplifying the
expression?

Example 4 Power of a Product
Simplify (—2m"n%)5.
{—Em?ﬂﬁ}s = {—2)5 - (m") - (055 Power of a Product Property

=] Simplity.
So, (—2m7n8F = —32m35n30,

Check

Simplify the expression (—Sw?z%) .
(&) -125w5z"

(B)—125wbz24

() —15wz"

(0) 15wE2%

mﬁu Onllme You can complete an Exra Example onling.

Pause and Reflect

Did you ask guestions about the properties used in this lesson? Why
ar wity not?

28 Module 1= Exponaents and Sclentific Motation
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@ Apply Geometry

A square floor has a side length of Bx?y® units. A square tile has a
side length of xy units. How many tiles will it take to cover the floor?

1 What is the task?

Make sure you understand exactly what guestion to answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematice do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Lise your strateqy 1o solve the problem.

4 How can you show your solution is reasonable?

eWriite About It! Write an argument that can be used to defend
vour solution,

Lesson 1-2 - Powers of Monomials 29

&) Go Online
Watch the animation.

& Talk About It!
Ta find the number of
tiles needed to cover
the floar, why do you
need to divide the
areas?




Check
The floor of the commons room at King Middle School is in the shape

of a square with side lengths of 3x?y? feet. New tile is going to be put
on the floor of the room. The square tile has side lengths of xy feet.
How many tiles will it take to cover the floor?

Eﬁu Onibne ¥ou can comgplete an Exira Example onlne.

(Tl Foldables It's time to update your Foldable, located in the
Module Review, based on what you learmad in this lesson. If you
hawven't already assembled your Foldeble, you can find the

instructions on page FL1.

Produc ol Fowsrs

Ouislisnt of Pewera

Power of Powers

30 Maodule 1: Exponents and Sclentific Notation
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Practice

Simplify each expression. [Examples 1-4)
1L P=

3. [@"F=

5. (2m*)F =

7 (3P =

Coyraafh 10 I G e S0 T ikis sl i

. Dats

) Go Oniine You can complete your homewark ondine.

2. (8% =

6. (70°b%* =

8. (—5ris¥yt =

Test Practlce

9. Which is greater: 1,000 or (6%)°7 Explain.

10. Multiselect Select all of the expressions
that simplify to the same expression.

ey
|

| ety ®

P e

| b2y

Lesssn 1-3 - Powers of Monomials 31




Apply

1. A square floor has a side length of 7x°y® units. A square tile has a side length
of ¥2y units. How many tiles will it take to cover the flooe?

12. A cube has a side length of 2x® units. A smaller cube has a side length of
x?% units. How many smaller cubes will fit in the larger cube?

132. Make an argument for why (42)* = (4%2.

15. Without computing, determine which
number is greater, [(—4)*F or {[4'37]
Explain your reasoning.

32 Meadule 1 - Exponents and Sclentific Motation

14. :@H Persevere with Problems Describe all
the positive integers that would make

14" 1Y?
{i'} le=s than (-5} . Explain your
reasoning.

16. [l Identify Structure Charlotte states
that (4% can be rewritten as 2'8, Explain
how she s comect.
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Lesson 1-4

Zero and Negative Exponents

| Can... use the Zero Exponent Rule and the Quotient of Powers
Property to simplify expressions with zero and negative integer
exponents.

Explore Exponents of Zero

Qﬂnlhe Activity You will explore how to simplify expressions with

exponents of zero and make a conjecture about the value of
expressions with exponents of zero.

e et

e e ey

5l

? 51_ — —i'rriz‘l'
E -

}'i .3’;-] LK | 3?:. =
4‘ i = -.‘l—::
F T S A £

= M i =& 5

Learn Exponents of Zero

Use the Zero Exponent Rule to simplify expressions containing
exponents of zero.

Words
Amy nonzero numbser to the zero power is equivalent to 1.
Algebra
¥=1x+0
Mumbers

ED=

feontinued on next poge)

What Vocabulary
Will You Leamn?
negative exponent
Zero Exponent Rule

Lesson 1-8 = Zeo and Negative Exponents 33



N

Complete the pattern in the table to demonstrate that any nonzero
number, n, 1o the zero power s equivalent to 1.

Eqyuivabent

Farm
iy s fefraom-n-n '
41 ".
fl ¥
"3
e = =1
n‘

a_l.

=1 =n
nr—l + Fi

The pattern in the table shows that as you decrease the exponent
by 1, the value of the power is divided by n each time. By extending
the pattern,n +n=1So, A" =1

®

Write the expressions that are equivalent to 1in the bin.
o
2 2 2 P o (Y

Equivalent to 1

Pause and Reflect

Do ali powers with any rational number base and an exponent of zemo
equal 17 Explain.

34 Module 1- Exponents and Sclentific Motation
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Example 1 Exponents of Zero
Simplify 12°.
Any nonzero number to the zero power is

So,12% =1.

Check
Simplify m2, where m # 0.

m Go Onling You can complete an Extra Example onding,

Explore Negative Exponents

a‘

Online Activity You will use Web Sketchpad to explore how to

simplify expressions with negative exponents.

Lesson 1-8 = Zoro and Negative Exponents 35



Learn Negative Exponents

[ A negative exponent is the result of repeated division. You can use
negative exponents to represent very small numbers,

Complete the teble below. Bvery time you divide by 10, the exponent

decreases by one. The pattern in the table shows that 1072 can be
i 1

| dEﬁﬂEdﬂSﬁmﬁ

| Expanential Standard
| Form Form

0¥ = 10-10- 10

1 =10-10

m1
w0°

m—'l

w2

2 5 5 8 2 =

1=

Words

Any nonzero number to the negative n power s the
multiplicative inverse of its nth power.

Algehra

x‘“=%.x=,f=ﬂ

E Mumibers
i ]
T =geg3g0r5

Pause and Reflect

Dd you make any errors when completing the Learn? What can you
do to make sure you don’t repeat that error in the future?

(LR T T tnE s ] ||"l| M
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Example 2 Negative Exponents

Express 62 using a positive exponent.

63 it Definition of negative exponent

So, 6~ expressed using a positive exponent is E+-"'

Check
Express a2 using a positive exponent

(o Think About It
What is the

multiplicative inverse
of 67

& Talk About It!
Explain how to write
x5 using a positive
exponent

Example 3 Negative Exponents
Express the fraction % using a negative exponent.
é =B Diefinition of negaiive exponent
Sn.;‘eupre&sed using a negative exponent is
Check

Express the fraction # using a negative exponent.

E-E-u Online You can complete an Extra Example online.

Leasen 18 « Zero and Negative Exponents 37



f# Think About It!
Will you simplify using
the Product of Powers
Property first, or will
you simplify the
negative exponent
first?

) Talk About It!

Why is the answer not
left as 527

@) Talk About It!
Bath of the original
exponents are negative.
Why is the exponent in
the simplified
expression positive?

Example 4 Negative Exponents
Simplify 5%« 575,

An expression is in simplest form if it contains no like bases and no

negative exponents.
5.5 5=53+1"5  product of Powers Property

Smiplify

Simplefy

50.53-5‘5=E_
Check

Simplify 3%« 374,

1
= — Write using positive exponents
T

— =% Cuotient of Powers Property

| Simplify.

Eﬁn Onllme You can complate an Exira Example online.

38 Maodule 1 Exponents and Sclentific Notation
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& Apply Measurement

One strand of human hair is about
0.0 inch in diameter. The diameter
of a certain wire for jewelry is

102 inch. How many times larger is
the diameter of the wire than a strand
of hair? Write the decimal as a

power of 10,

1 What is the task?

Make sure you understand exactly what question to answer or
problem to solve. You may want to read the problem three times.

Di=cuss these questions with a partner.

First Time Describe the context of the problem, in your own wornds.
Second Time What mathematice do you see in the problem?

Third Time What are you wondering about?

2 How can you approach the task? What strategies can you

use?

3 What is your solution?
Use your strategy to solve the problem.

e ;
—

4 How can you show your solution is reasonable?

&) Talk About It
Wiy might wiiting
0.001 as a fraction be
helpful?

@Hﬂu About It! Write an argument that can be used to defend

your solution.

Lesson 1-8 = Zero and Negative Exponents 39



Check

An American green tree frog tadpole is about 00000 kilometer in
length when it hatches. The largest indoor swimming pool is 107"
kilometer wide. How many times longer s the width of the swimming
pood than the length of the green tree frog tadpole?

Eﬂ-ﬂﬂtﬂh& You can complete an Exira Example onlne

Pause and Reflect

Where did you encounter struggle in this lesson, and how did you
deal with it? Write down any guestions you still have.

840 Module 1: Exponents and Scientific Notalion
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Hamme o WA i

FERg e LFEIE

Practice ) Go Oniine You can complete your homewark online

Simplify each expression. [Example 1)

1. 46" = 2. W wherew# 0
Express each using a positive exponent.

[Esamiple )

3. 5= g =

Express each fraction using a negative exponent. [Example 3|

L
05

T P
E'di_ 6.

Simplify each expression. (Examples 4 and 5)

7. 9%.96= E‘},—ﬂ_yl=
E i [ - M
1I_1]_ 1D-"'d_'_z=

Test Practice

. Simplify 87 - 87 - 104 - 1074 12. Multiselect Select all of the expressions
that are simplified.

Lezson -4 « Zero and Negative Exponsnts 81




Apply

13. A dish containing bacteria has a diameter of 0.0001 kilometer. The diameter
of a bacterium is 10~ kilometer. How many times larger is the diameter of

the dish than the diameter of the bacterium?

14. The table shows the diameters of two objects. How
mamny times larger is the diameter of a pinhead than

the diameter of a cloud water droplet?

15. Without evaluating, order 57, 5%, and 5°
from least to greatest. Explain your
reasoning.

17. Determine if the following numerical
expressions are equivalent. Explain your
reasoning.

)

* and [0~ 47

42 Module 1- Exponants and Sclentific Motation

Object | Diameter (m)

Cloud Water 105
_ Drn_plet |
Pinhead 0.001

16. '@Fﬂsmm with Problems Explain how

to find the value of [# 5

18. Determine if the following statement is frue
or fafse. Explain your reasoning.

If a number between O and 1 s rolsed o o
negative power, the result is a number
greater than 1

Wi gy g o Oy ey



Lesson 1-B

Scientific Notation

| Can... write very large and very small numbers using scientific What Vocabulary
notation, Will You Leamn?
scientific notation

stardard form

Explore Scientific Notation

annliﬂe Activity You will explore how to write very large and very
small numbers using scientific notation.

“hy B 2B g g i et gt | [ —
e iy O w1 e F e b

e T

e e— e rrpreree BT m
W
o 1

=
o T —

T e e ST b BRI e EG

'

Learn Scientific Notation

Numbers that do not contain exponents are written in standard
form. However, when you work with very large or very small
numbers, it can be difficult to keep track of the place value,
Scientific notation Is a compact way of writing very large or very
small numbers.

Words

Scientific notatlon is a way of expressing a number as the
product of a factor and an integer power of 10. When the
number is positive, the factor must be greater than or
equal to 1 and less than 10.

Symbois
For positive numbers writlen in scientific notation,
o ® 107, where
1= o< 10and nis an integer

Coyraafh 10 I G e S0 T ikis sl i

Exmmiples

425,000,000 = 425 x 108
000003 =3 x 1075

{continved on next page)
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\gy Think About It
What i standard farm?

Talk About It

Compare the two
methods usad to write
the number in standard
form.

Circle yes or no to determine whether each number is written in
scientific notation.

10.6 = 10" Yes Mo
2018 x 101 Yes Mo
9.5 x 107 Yes No
0526 x 102 Yes Mo

Example 1 Write Numbers in Standard Form
Write 5.34 x 10? in standard form.
Meathod 1 Write the power as a product.
534 x 10 =534 x 10 X 10 x 10 % 10 Write the power as a product
=534x| | Multiply

=1 ' Musltipdy.

So, 5.34 x 10 = 53,400.

Method 2 Move the decimal point.

Moving the decimal point one place to the right is a result of
multiplying a number by 10. So, when you multiply a number by 109,
the decimal point mowves four places to the right.

The exponent on the power of 10 indicates the number of places, in
thiscase, A positive exponent indicates the direction, to
the

5.34 x 10% = 53,400
WA A

Check
Write 9.931 x 107 in standard form.

Bﬁu Omlime Yo can complete an Exira Example online

84 Module 1- Exponents and Scientific Notation
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Example 2 Write Numbers in Standard Form
Write 3.27 x 102 in standard form.
Method 1 Write the power as a product

327 x 0 2=327x 10 1% 107 x 10" Product of Powers Property

i ] 1 1 : .

=327 x m = o = o Drefinition of negative
ERpnents

= 327 % 1—;5 Muitiply the fractions

= 327 + 1.000 Definition of reciprocal

= Davide.

S0,3.27 x 1073 = 0.00327

Method 2 Mowve the decimal point.

When you divide a number by 10, the decimal point moves one place
to the left. Dividing by 10 is the same as multiplying by 10~ So, when
you multiply a number by 1072, the decimal point moves three places
to the left

The exponent on the power of 10 indicates the number of places, in
this case, _ - A negative sign on the exponent indicates the
direction, to the

3.27 x 103 = 000327

Check
Write 6.02 = 10~ in standard form.

Dﬁu Online You can complete an Extra Example ondine.

ko Think About It!

How would you begin
solving the problem?

D Talk About It!

Compare the two
methods used to write
the number in standard
form.

Lessan -8 - Sclentific Motation 45



kg Thirk About It

What do you think the

symbaol E represants on
the calculator screen?

Learn Scientific Notation and Technology

B Go Online Watch the video to learn how to interpret scientific
notation that has been generated by a calculator.

The animation shows that a calculator will convert numbers to
scientific notation only if they are very large or very small. The value
after the E represents the exponent on the power of 10.

BET means 8 x ! 2 5FE—12 means 2.5 x '

| SES— |

You can also use a calculator to enter a number in sclentific notation.
Step 1 Type the number that s multiplied by the power of 0
Step 2 Press the 2MD button.

Step 3 Press the EE button, located above the comma batton.
{Note this will only display as E on the screen.)

Step 4 Typeo the exponent on the power of 10.

@ Example 3 Scientific Notation and Technology

Calculators often use the E symbol to
indicate scientific notation. 4E-7

The calculator screen shows the
approximate wavelength, in meters,
of violet light

Write this number in standard form.

Step 1 Represent the number on the calculator screen in scientific
notation.

4E—T7 — x 4 is the facior and —7 is the exponent.

Step 2 Write the number in standard form.

To write 4 % 107 in standard form, move the decimal point
places 1o the

So, 4 x 1077 is 0.0000004.

46 Maodule 1 Exponents and Scientific Notation
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Check

The calculator screen shows the diameter of a grain of sand in
inches. Which numbers represent the number shown on the
calculator screen? Select ail that apply.

| 2.400
| |o0024
| 24 xw0?
| |24 =103
| 12479

2.4E"3

Eﬁu Oinline ¥ou can complets an Extra Example online.

Learn Write Numbers in Scientific Notation

When writing a positive number in scientific notation, the sign of the
exponent can be determined by examining the number in standard

fovrm.

H the number in standard form s ...

greater than or egual to 10,

between O and 1,

Words

then the exponent in the
power of 10 is posilive.

then the exponent in the
power of 10 is negative.

Exmmpis

5,860,000 = 5.86 x 10°

0.000586 = 586 x 10~*

&) Talk About It

if the number in
standard farm is
greater than or equal to
1 and less than 10, what
is the exponent on the
power of 10 when the
number is written in
sclentific notation?

Explain.
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f Think About It

What factor will you
use in this problem?

‘&) Talk About It

Why was the decimal
point moved & places?
How can you determine
the value of the

exponent?

fgy Think About It

What factor will you
u=e in this problem?

© Talk About k!
Why was the decimal
point moved 4 places?
Why is the exponent
negative?

Example 4 Write Numbers in Scientific Notation
Write 3,725,000 in scientific notation.

3725000 =3725 x 1.000,000 Wrte the pumber as a product

Since 3725000 is >10, the
SXpONent is positive.

=3725 =

So, 3725.000 written in scientific notation is 3725 x 109

Check

Which expression represents 8.785,000.000 in scientific notation?
(A)8785 x 107 (€)s785 x 10-°

(B)g8785 x 10° (D) 87.85 % 108

=

Example 5 Write Numbers in Scientific Notation
Write 0.000316 in scientific notation.

0.0003% = 316 = 0.0001 Write the number as a product

= 316 % L Write the decimal as = fraction with
l poraer of H
1 i < <
=315 x| | Since O < GDOO3E < 1, the

expaonent is negative.

So, 0.000316 written in scientific notation is 316 x 107

Check
Which expression represents 0.524 in scientific notation?
(&)5.24 x 10" (©) 5.24 x 10

(D) 524 x 102

(8) 524 x 10°

Eﬁu Online You can complete an Extra Example onfine.

48 Maodule 1 Exponents and Scientific Notation
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Learn Use Scientific Notation

When using very large or very small guantities, it is important to
choose the appropriate size of measurement.

For example, it is more appropriate to represent the distance from
California to New York as 2,441 miles as opposed to 1.55 x 108

inches.

Circle the units that are more appropriate for measuring the following.

the time it takes to travel from Florida to Michigan
minutes hours

the thickness of a penny
millimeters meters

the length of a footbhall field

inches vards
the weight of a paperclip
ounces pounds

You can estimate very large or very small numbers by expressing
them in the form of a single digit times an integer power of 10.
Estimating wery large or very small numbers makes them easler o
wiork with.

Complete the examples to estimate the numbers.

The population of the United States in a recent year was
324 430B60.

324,430,860 = 300,000,000
300,000,000 = x|
| |

The diameter of an animal cell was measured at 0000635
centimeter.

0.000635 = 0.0006
0.0006 = | x |
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f# Think About It!

Which of the
EXpressions is more
meaningful to you?

@ Talk About It
Describe some
situations in which it
might make sense to
use a unit of measure
that was nof as
meaningiul,

@ Example 6 Choose Units of Appropriate Size

If you could walk at a rate of 2 meters per second, it would take you
1.92 x 10® seconds to walk to the Moon.

Is it more appropriate to report this time as 1.92 x 10® seconds or
.09 years? Explain your reasoning.

Representing the time in seconds gives a large number, 1.92 = 108
seconds or 192,000,000 seconds. It would be more meaningiul to
report the time as 6.09 years, so choosing the larger unit of measure
is more appropriate [n this situation.

So, the measure _______________ is the more appropriate time.

Check

A plant cell has a diameter of 1.3 % 108 kilometer. Is it more
appropriate to report the diameter of a plant cell as 1.3 = 10-8
kilometer or 1.3 % 1072 millimeter?

(E)13 x 10 B kilometer (B} 1.3 x 102 millimeter

@ Example 7 Estimate with Scientific Notation
The population of Missouri is 6,063,589 people.
Write an estimation in scientific notation for the population.

6,063,589 = | | Estimate

6,000,000 = | ® i Write i soientific notaton,

|
| I —_

So, the population of Missouri is about 65,000,000 or 6 x 10° people.

Check

The distance from the Earth to the Moon i 238,900 miles. Write an
estimation in sclentific notation for the distance.

Eﬁn Online You can complete an Exira Example online.

B0 Module 1- Exponents and Scientific Notalion
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@ Apply Travel

The table shows the approximate number of international visitors to
the United States, from several countries, for July and August of a
recent year. Which country had the greatest percent of change in the
approximate number of visitors from July to August?

Country | Visitors (Jul) Visitors (Aug)
Canada | 209x108 | 243 x108
Mexico | 155 x 10% | 163 = 108
United Kingdom | . 42x105 | 49 x 10°
Japan | 305 x 105 39 x 105

1 What is the task?

Make sure you understand exactly what question to answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own wornds.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

@ Talk About It

What method did you
use to solve the
problem? Explain why

2 2
3 What is your solution? Yot cHoee Tt mettind.

Use vour strateqy to solve the problem.

4 How can you show your solution is reasonable?

g‘“"rih About It! Write an argument that can be used to defend
your solution.

Lessan £6 - Scientific Motation 54



Check
The approximate attendance and average ticket price for four Major
League baseball teams for a recent year is shown in the table.

Team Attendance | Ticket Price ($)
Los Angeles Angels 3,020,000 3270
;ﬂiﬂr.rH.I.'u!.arl.'lns | | .:I_'.l"'l K 108 | Eé.ﬂi
| Pittsburgh Pirates | 2,450,000 | 29.96
St. Louis Cardinals | 3.44 = 10° | 3420

Which team had the most revenue from ticket sales?

&3 Go Online You can complete an Extra Example onfine.

Pause and Reflect

What hawve you learned about scientific notation in this lesson?
Incluede a real-world example of scientific notation N your summary,

B2 Module 1 - Exponants and Scientific Motation
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Practice

B Go Online You can compleie your omework online.

Write each number in standard form. [Exampiss 1and 2)

1 16 x10°%=

3. Acalculator screen shows a number in
cojentific notation as B.3E—6. Write this
number in standard form. [Example 3)

2. 149 x 1077 =

4. A calculator screen shows a number in
sojentific notation as 7ETL Write this number
in standard form. [Exsample 3)

Write each number in scientific notation. [Examples 4 and 5)

8. 2204000000 =

7. A common race is a bK race, where runners
travel 5 kilometers. = it more appropriate to
report the distance as 5 kilometers or
5 % 10° millimeters? Explain your reasoning.
[Example 6}

8, The diameter of a grain of sand = 0.0024
inch. Write an estimation in scientific notation
for the diameter. [Example 7)

Coyraafh 10 I G e S0 T ikis sl i

6. 0.0000000642 =

B. The population of Florida was recenthy
recarded as 20,612 439 people. Write an
estimation in scientific notation for the
population. (Example 7)

Test Practice

10. Equation Editor The mass of planet Earth
iz about 5.98 x 10 kilograms. When this
number ks written in standard notation, how
many 2eros are in the number?

Lesson 15 - Sclentiflc Motation




Apply
1. The table shows the approximate number of insects

in each group. What is the combined population of i, AP
the four insect groups? | Honeybees | 7.340B x 104
Ants | 6.822 x 107
' Termites 9.8 x 10°
| Aphids 29502 x 10*

12. The table shows the approximate

population and land area for several ! opUation Laoet Aeea fmtc)

states. Which state has the \Arizona | 683 x10° N3.594

least population density? Colorado 546 x 108 103,642
|Kentucky | 443 x 108 39486
Minnesota 5.45 x 108 79627

13. Simplify the following expression and write | 14. @'Be Precise The amount of time spent

in scientific notation. doing homework is 27 x 107 seconds.
(0.00:045)(S00,000) Choose a more appropriate measurement
0.0015 to report the amount of time spent doing

homework. Justify your answer,

15. ﬁfﬁnd the Error Katrina states that 16. Give a number in scientific notation that is
3.5 x 104 is greater than 21 x 10F because between the two numbers on a number line.

3.5 > 21 Explain her mistake and comect it 71 x 107 and 71.000.000

B4 Module 1= Exponents and Sclentific Motation
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Lesson 1-6

Compute with Scientific Notation

| Can... perform computations with numbers written in scientific
notation.

Learn Multiply and Divide with Scientific Notation

To solve real-world problems involving numbers written in scientific
notation, you may need to multiply or divide these numbers. Since
numbers written in scientific notation contain exponents, somatimes
the Laws of Exponents can be used when operating with them.

With all operations, it is often helpful to write the numbers in the

same form, scientific notation or standard form, before computing.

When performing these | Remember to._.
operations with numbers
wiritten in scientific notation...

| Multiplication Use the Product of Powers Property.

| Diwision . Uze the Quotient of Powers Property.

@ Example 1 Multiply with Scientific Notation

Scientists estimate that there are over 3.5 x 10 ants per acre in the
Amazon rain forest

If the Amazon rain forest covers approximately 1 billion acres, find
the total number of ants. Write in scientific notation.

Step 1 Write the number of acres in sclentific notation.

1 billion = | 5

Step 2 Multiply to find the total number of ants.

(3.5 x 10% x (1 x 10% Wirite the exdpression
= (35 = 1) 2 (105 x 10%) Commutative and Associstive Properties
= (3.5) x (10f x 107 Mudtiply 3.5 by 1
=35 x 106+9 Product of Powers Property

=35 x| | Add the exponenis

So, the total number of ants is approximately 3.5 % 105

tgy Think About It
How will you set up the
multiplication to salve
this problem?

& Talk About It!

In the 272 step, why
were the Commutative
and Associative
Properties used?

Lesson 1-6 - Compute with Scientific Motation BB
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f Think About It
How would you begin
solving the prablem?

D) Talk About It!

Why is 0.8 x 10% notin
selentific notation?
When writing 0.8 x 10*
in scientific notation,
why do you need ta
subtract 1 from the

exponent?

Check

A dime is 1.35 x 1072 meter thick. What would be the height, in
meters, of a stack of 1 million dimes?

-

(2)1.35 x 102 meters
135 x 10° meters
{©)1.35 x 10" meters
(0)1.35 x 10° meters

E‘En Online You can compleie an Extra Example onfine.

@ Example 2 Divide with Scientific Notation

MNeurons are ceils in the nernvous system that process and transmit
information. An average neuron is about 5 x 107 meter in diameter.
A standard table tennis ball is 0.04 meter in diameter.

About how many times as great is the diameter of a ball than a
neuron? Write your answer in scientific notation.

Step 1 Write the numbers in the same form.
Write the diameter of the table tenmnis ball in sclentific notation.

004 = ® ]

Step 2 Divide the diameter of the ball by the diameter of the neuron.

4 % 102 [d} 10-2 :
== =S fs=ociative Pr rt
5 x5 \5] * |10 R,
[T 1. 102 i
= | B Divide 4 by 5
| | * 108 o
=0Bx10°2-1-8 Cluotient of Powers Property
=08 = | | Subtract the exponents.

Step 3 Write in scientific notation.

Since 0.8 * 10% is not written in scientific notation, move the decimal
one place to the right and subtract 1 from the exponent.

08 x 104 = X

So, the diameter of the table tennis ball is about 8 x 10% or
times larger than the diameter of the neuron.

BB Maodule 1 Exponents and Scientific Notation
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Check
In a recent year, the popufation of China was about 1.3 x 10%.
According to the census data, the population of the United States

was about 208745 538, About how many times greater was the
poputation of China than the population of the United States?

B Go Online You can complete an Extra Example online.

Learn Add and Subtract with Scientific Notation

To add or subtract numbers written in sclentific notation, it is helpiul
to rewrite the numbers so that the exponents on each power of 10
have the same value,

To add 3.6 % 10*to the numbers shown, each number needs to be
rewritten =0 the exponents on each power of 10 are the same,
Rewrite each number so that it has an exponent of 4.

143 x 107 = | % 10t
143 x 105 = % 104
143 x 102 = % 10"

Once numbers written in scientific notation have the same exponent
on the power of 10, you can use the Distributive Property to add or
subtract.

(4.36 x 105 + (2.09 x 109

= ({436 = 'll‘.}5]| + (209 x 1{]5j Rewrite with the same power of 10.

= (436 + 20.9) = 10° Distributive Property
= (25.26) x 10° Add 4,36 and 20.9
= 2 526 % 108 Rewrite in scientific notstion

You can also write each number in standard form before computing
or to check your waork.

@ Talk About It!
Explain why you cannot
add the exponants an
the powers af 10, when
adding the expressions.
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f# Think About It!
Do the powers of

10 have the same
exponant?

& Talk About It!
Describe another

method you can use to
evaluate the

expression.

Example 3 Add or Subtract with Scientific
MNotation

Evaluate (1.45 x 10%) — (2.84 x 10%). Express the result in scientific
notation.

(145 x 109) — (2.84 x 109) Wirite the expression.
= (145 = 10% — (2.84 = 108 Write 1.45 % 10% as 4.5 x 102,
f ™
= | = P % 108 Distributive Property
= x 108 Subtract 284 from 14.5,
= = 10° Rewrite in scientific notabon.

S0, (145 x 10% — (2.84 x 109) = 1166 = 10°.

Check

Which of the following is the sum (B.41 x 107) + (971 x 10% written in
srientific notation?

(&8)1.0551 x 105
10551 x 107
(©10551 = 104
(©)105.51 x 107

Gﬁu Onibne ¥ou can complete an Exiva Example onling.

Pause and Reflect

How = addition of numbers written in scientific notation similar
ta subtraction of numbers written in scientific notation? How is it
different?

Module 1 = Exponents and Scientific Notation
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@ Apply Population

In a recent year, the world population was about
7,289 332 000. The population of the United States was
about 3 x 10%. About how many times larger was the world
population than the population of the United States?

1 What is the task?
Make sure you understand exactly what guestion to answer

of problem to solve. You may want to read the problem i e e s

three times. Discuss these questions with a partner.

First Time Describe the context of the problem, in your
own wonds,

Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

32 What is your solution?
Lise your strateqy 1o solve the problem.

& Talk About It!

Why might it be helpful
to round the word
population?

4 How can you show your solution is reasonable?

eWrIte About It! Write an argument that can be used to defend
vour solution,
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Check

In 2005, BA x 10" text messages were sent in the United States.

In 2010, the number of annual text messages had risen to
1.810,000,000,000. About how many times as great was the number
of text messages in 20010 than 20057

Bﬂn Onllme ¥ow can complete an Exira Example onfine.

Pause and Reflect

Hawve you ever wondered when you might use the concepts you leam
In math clas=? What are some everyday scenarios in which you might

use what you learned today?

B0 Module 1: Exponents and Scientific Notalion

iy g gy



Coyraafh 10 I G e S0 T ikis sl i

Hame

Period Diat=

Practice

B Go Online You can compleie your omework online.

1. There are about 3 % 10" stars in our galaxy and about 100 billion galaxies

in the observable universe. Suppose every galaxy has as many stars as ours.
How many stars are in the observable universe? Write in sclentific notation.

[Example 1)

2. Humpback whales are known to weigh as much as 80,000 pounds. The timy
krill they eat weigh only 21875 x 103 pound. About how many times greater

is the weight of a humpback whale? [Example 2)

Evaluate. Express each result in scientific notation. [Examgple 3)

3. (128 x 107 + (13 x 107) =

5. The speed of light is about 1.86 x 10° miles
per second. The star Sirius is about
5.062 x 10™ miles from Earth. About how
many seconds does it take light to travel
from Sirius to Earth? Write in scientific
notation, rounded to the nearest hundredth.

4. (726 x 105 — 13 x 109 =

Test Practice

6. Table Item The table shows the amount of
money ratsed by each region. The four
regions raised a total of $(5.38 x 10"). How
much did the West rajse?

Reglon Amount Raised ($)
East 146 = 10%
North | 238 x 10
South 675 x 10°
West .
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Apply

7. A bacterium was found to have a mass of 2 x 107"? gram. After 30 hours,
one bacterium was replaced by a population of 480,000,000 bacteria.
What is the mass of the population of bacteria after 30 hours? Write your

answer in sclentific notation.

B. At the beginning of the business day, a bank's vault held $575,900. By the
end of the day, ${3.5 % 10°) had been added to the vault. How much money
did the bank's vault hold at the end of the business day? Write your answer

in standard form.

8. Explain how the Product of Powers and
Cuotient of Powers Properties help you o
multiply and divide numbers in scientific
notation.

1. ﬁ?ﬁnﬂ the Error Miguel found the

quotient SZBXI0% . 289, Find his

mistake and correct it

62 Module 1- Exponants and Sclentific Motation

10. ({l¥ Persevere with Problems
An Olympic-sized swimming pool holds
6.6043 = 10° gallons of water. A standard
garden hosae can deliver 9 gallons of water
per minute. If the garden hose was filling the
pool 24 hours per day. how many days
would it take to fill the Olympic-sized pool?
Explain your reasoning.

12. @'El Precise A googolis the number1
followed by 100 zeros. Earth’s mass is
5.972 x 10°* kilograms. How many Earths
are needed to have a total mass of 1 googol
kilograms?
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Module 1 - Exponents and Scientific Notation

Review

[II Foldables Use your Foldable to help review the module.

Descriphion

Deseriphion

Descriphion

Laws of Exponents

Description

Coyraafh 10 I G e S0 T ikis sl i

Rate Yourselft ©Q Q O

Complete the chart at the beginning of the module by placing a checkmark in each

row that corresponds with how much you know about each topic after completing this
modula.

Maodule 1 - Exponents and Sclentifle Motation B3



Reflect on the Module

Use what you learned about exponents and scientiflic notation to complete the graphic arganizer.,

£ Essential Guestion

Why are exponents useful when working with very large or very small numbers?

Product of Powers

Guotient of Powers

Power of a Power

Pewar of a Produst

Property

Scienfific Notation

1EN T | R o by
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Test Practice

1. Multiple Choice Which of the following 4. Open Response Simplify the expression
represents the expression {—3m3){—5m”). Explain your process and
g rb-g+a+b+a+b-b+a-b+b+busing justify each step by naming the appropriate
exponents? Lesson 1) property. (Lessan 2§
@ a7 « B
a5 e T

@ﬂﬁcbf‘
@a’-b"'

2. Equation Editor The lable shows the number
of admission tickets to an amusement park
zold over the last 3 days. How manmy moe

Uckets werd sold on Sundey thao on Friday? 5. Table ltam Indicate whether each statement

{Lezzon 1) s tree of false. (Lesson 3)
Day | Tickets Sold ' true | false
Friday 7%.3%.5° (@ = o
Saturday 2.31.7-8 (%)% = s
ey 3F.5.7
:k-l‘:la — E!

6. Multizalect A sguare room has side lengths
that can be represented by the expression

: Bx” feet. Kyra wants to cover the floor in
)
ﬂ. < square ties with side lengths that can be
n B represented by the expression 3y feel

[Lessson 3)
A. Which of the following statements are

correct? Select all that apply.

A

| The area of one tile Is 3x? ft?.

3. Open Response Louls is comparing the | The ares of tne tie e 0xd a2
populations of several nearby cities. The o
population of Liberty Crossing can be written | The area of the floor is 36x° il
as 47 people, and the population of Harrisburg
can be written as 47 people. The population of The area of the floor is 18x* fit2.

Glenview is 47 times the population of
Harrisburg. Write the names of the cities from
the city with the least population to the city
with the greatest populalion. [Lessan 2)

| The area of the floor is 36x% ft2.

B. If x = 3, then what number of tiles will be
needed to cover the floor?

Madule 1 « Exponems and Scientific Mowaton BB



7. Open Response Express the fraction é using
a negative exponent fLesson 4)

8. Tabla term Place an X in the correct column
to indicate if each statement is sometimes,
aliways, or never true. [Lesson 4)

s | always |

9. Multiple Choice Which expression represents
w7« w2 written in simplest form? (Lesson &

® = ©

® w ® W

10. Equation Editor Write 33,800,000 in
scientlflc notation. (Lesson 5)

11. Open Response Write 72 x 10~ % in
standard form. (Lesson 5

B8 Muodule 1 - Exponents and Scientific Notation

1Z. Multiple Cholce Which of the following Is
most appropriate to describe the average
distance from Earth 1o the Sun? (Lesson 5)

(&) 1.5 = 10" mm

15 % 10%em

©) 15 % 10" m

@ 1.5 x 108 km

13. Open Response Evaluate the expression
7.2 % 107) + (5.5 = 10%). Express the result
in scientific notation. Lesson &)

14. Equation Editor Ryan downloaded a video
game to his computer. The cize of the file
was 2.4 » 10° kilobytes. After the game was
installed, he downloaded a patch file for the
game that was 48 000 kilobwtes in size.

[Lezs oo B}

A. What Is the size of the game In standard
form?

()=))
(<)=)e)
(7)(=)(2)
oBe

B. How many times larger was the game
than the patch file?




"W B
J Module 2
Real Numbers

2 Essential Question

Why do we classify numbersy

What Will You Learn?

Place a checkmark (+7) in each row that corresponds with how much you already Know
about each topic before starting this module.

KEY Before | After

O—Il:lnn‘r.knn:m'. G—I'uehemdufit G—Iknnw'rﬂ O 0- 0 D 0|G

wiriting fractions and mixed numbers as decimals |

writing decimals as fractions and mixed numbers

fndlng 5-1:|uare roots and cune roots

ﬂentrhnng real numbers

estimating irraticnal numbers

comparing and ordering real numbers

graphing real numbers on a number fline

|
I
|
describing sets of real numbers |
I
|
|

Coyraafh 10 I G e S0 T ikis sl i

ﬂ| Foldables Cut out the Foldable and tape it to the Module Review at the end of
the module. You can use the Foldable throughout the module as you leam about real
numbers.

Module 2 - Bea Mumbers BT



What Vocabulary Will You Learn?

Check the box next to each vocabulany term that you may already know.

Are You Ready?

O bar notation O principal square root
O counterexample O radical sign

O cube root O rational numbers

O integers O real number

O inverse operations O repeating decimal
O irrational number O sguare root

O natural numbers O terminating decimal
O perfect cube O truncating

O perfect square O whole numbers

Study the GQuick Review to see if yvou are ready 1o start this module.

Then complete the Quick Check.

Exampie 1
Classify numbers,

Which numbers in the following list are
natural numbers?
1 2
8, =2, 3 T3 0.2

A natural number is a counting number, such
851, 2.3, ...

S0, 5 and 2 are natural numbers.

1. The temperature fell 6F. which can be
represented by —6. Is —6 a natural number
of integer?

Example 2
Compare rational numbers.

Fill in the blank with <, >, or = to make

3 0.6666._.. a true statement.

5_

Since & = 0.6, and 06 is less than

0.6666.., = < 0.6666..

Quick Check

2. Fill in the blank with <, >, or = to make

—2*13: — —25 atrue statement.

How Did You Do?

Shade those exercise numbers at the right.

Which exercises did you answer corectly in the Guick Check?

@ @

68 Module 2 - Real Mumbers
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Lesson 2-1

Terminating and Repeating Decimals

| Can... show how the decimal form of a rational number repeats What Vocabulary
eventually, and convert a repeating decimal into a rational number. Will You Leamn?
bar notation
integers
rational numbers
Bﬂnlhe Activity You will explore what it means for a decimal to be repeating decimal

a terminating decimal.
naned terminating decimal

¥ whole numbers

U ek o e s e el B Thet A w7 Vi L i g i e P
(T vl | T S T Sl

R Ty ——
B diem = =
Barnnr i . .
R | m L

L -y e & L

e e = im0 e

Learn Rational Numbers

When you first learned to count using the numbers 1, 2, 3, . you
were using members of the set of natural numbers. If you add zero
to the sat of natural numbers, the result is the set of whole numbers,
[0.1,2.3,... L Whole numbers and their opposites make up the
setof imtegers, [ ..., -3, -2, -1,0,1,2,3. ...} Natural numbers,
whole numbers, and imtegers are part of the set of rational numbers.

Words Modeat

A rational number s a number
that can be written as the ratio of - S To—
two Integers in which the Whele
denominator Is not zero. g

Coyraafh 10 I G e S0 T ikis sl i

Symbals

-E-. where g and b are integers

and b # 0.

Leason 21 - Terminating and Repeating Decimals B9
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Learn Terminating and Repeating Decimals

Every rational number can be expressed as a decimal by dividing the
numerator by the denominator. The decimal form of a rational number
either terminates in Os or eventually repeats. Repeating decimals are
decimals in which 1 .or more digits repeat. If the repeating digit is zero,
then the decimal is a terminating decimal.

Bar notatien is often used lo indicate that a digit or group of digits
repeats. The bar is placed abowe thE_d'lngSJ that repeat. For example,
0.8333333332.. can be written as 0.83.

B o Online Watch the animation to see examples of terminating
and repeating decimals.

The animation shows that when a rational number is expressed as a
decimal, and the repeating digit is not 2erg, the decimal does not
terminate. To complete the table, write each fraction as a repeating
decimal Then write each repeating decimal as a terminating decimal
If the decimal does not terminate, write does not ferminote.

Rational Number | Repeating Decimal Terminating Decimal

@l | infka

Write each decimal from the tist below in the carrect bow.

0.64000..., 0.56, 0.4242

0.E4

L

0333, o7

(LR T T tnE s ] ||ﬁ|.|kil'_\
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Example 1 Write Fractions as Decimals

5 ) G;TMHkﬁmmtm
Wﬂmiunmﬁml.mmmmmudumlha How would you begin
terminating decimal. writing the fraction as

a decimal?

Part A Write the fraction as a decimal.
2 means 5 + 8. Divide 5 by 8.

0625 Place the decimal point. Annex zeros
Ei 5000 and divide s with whole numbers

-4 8
20
16 & Talk About It!
40 Why is the decimal
=49 form of 2 also
0 considered a

5 repeating decimal?

S0, B

Part B Determine whether the decimal is a terminating decimal,

The repeating digitis — If you were to continue dividing, the
quotient would be 0.625000... .

50, 0625 is a terminating decimal.

Check
Wirite —-§= as a decimal. Then determine whether the decimal (s a
terminating decimal.

Part A
Which decimal is equivalent to —3?
@ -02

®-022

©-03

©-023

PartB
Determine whether the decimal is a terminating decimal.

Eﬁn Onling You can complete an Extra Example ondine.

Lesson 2-1+ Terminating and Repeating Decimats T



f# Think About It!
How would you begin
wiriting the mized

number a5 a decimal?

&) Talk About It!
When using long
division to mﬂe—1§-as
a decimal, how do you
know when you can
stop dividing?

T2 Module 2 - Real Numbers

Example 2 Write Mixed Numbers as Decimals

Write —1% as a decimal. Then determine whether the decimal is a
terminating decimal.

Part A Write —1-§- as a decimal.

—1%can be rewritten as |E\_ Divide 5 by 3 and add a negative sign.

16..
350
=3

20

—18
"'-'2' The remainder will never be O

2 AT -
S0, _1.3._ 16.

Part B Determine whether the decimal is a terminating decimal.
The repeating digit is

So, —16is nota terminating decimal because the repeating digit is
not zero.

Check
Write 4;—1 85 a decimal. Then determine whether the decimal is a
terminating decimal

Part A
Which decimal is equivalent to 4527
Bas

(B)a52

(©)a52

(@) 4525

PartB
Determine whether the decimal is a terminating decimal.

Bﬁu Omilime ¥ow can complete an Exira Example online.

i R —— gy g
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Learn Write Repeating Decimals as Fractions

L) Go Online Watch the animation to learn how to use an algebraic
method 1o write a repeating, non-terminating decimal, such as 0.4, as
a fraction.

N=0444. Assign a variable to the value of the
decimal.
10(N) = 10{0. 444 ) Muitiply each side by a power of 10
10N = 4444 | Muitiplying by 10 moves the decimal point

one place to the right
{N = 0.444..)) Subdract the original equation to eiminats

the repeating part
Simplify.

Divide each side by 9.

I
[T | Y -

=z | E

Sirmpdiy

The decimal 0.444... s equivalent to g-_

& Talk About It

How do you know that
0.4 cannot be written
as the fraction 1o nor

aal
the fraction 7 aag?

Example 3 Write Repeating Decimals as Fractions
Write 0.5 as a fraction in simplest form.

Assign a variable to the valua 0.5. Let N = 0.555.. . Then perform
operations on N 1o determine its fractional value.

N =0588B5...
10N = 10555 ) Muitiply each side by 10 because one digit
repaats.
10N = 5 5585_. Muitiplying by 10 moved the decimal point
one place io the right.
{N = 0.555...) Subtract N = 0555 1o eliminate the
repeating part
ON=5 Saimiplify.
N= Divide sach side by 9,

So, the declmal 0.5 can be written as the fraction g.

Check
Write —07 as a fraction in simplest form.

& Talk About It
How can you verify
that you determined
the correct fractional
walue?

&) Go Online

¥ou can compiete an
Extra Example online.

Leasan 2-1: Terminating and Bepeating Decimats T3




ke Think About It!
How many digits
repeat?

& Talk About It
I the second fine of
the salution, why do
you multiphy by 100

instead of 107

T4 Modube 2 - Real Numbers

Example 4 Write Repeating Decimals as Mixed
Numbers

Write 2.18 as a mixed number in simplest form.

Assign a variable to the value 218. Let N = 2181818... . Then perform
operations on N to determine its fractional value.

N=2181818...
100N = 100{21B1B1B.})  Muftiply each side by 100 because two
digits repest
100N = 21BIBIBIE .. Semplify.
(N = 2181818...) Subtract N = 2IB1B18._. to eliminate the
_ repeating part
9ON = | Simplify.
N= Divide sach side by 99.

So, the decimal 218 can be written as 2%_

Check
Write 1.42 as a mixed number in simplest form.

Bﬁu Omilime ¥ow can complete an Exira Example online.

Wnte s 2 mixed number in simplest form.

iy g gy
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& Apply Bascball

Ina recent season, a first baseman had 175 hits in 530
at-bat=. At this rate, how many hits would he have in

Ployer Stats &
590 at-bats? .
' At Bats (AB)  Hits (H)
1 What is the task? : 175

Make sure you understand exactly what question to
answer or prablem to solve. You may want to read the
problem three times. Discuss these questions with a
partner.

First Time Describe the context of the problem, in your own words,
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Use yvour strateqy to solve the problem.

|
4 How can you show your solution is reasonable? (&) Talk About It

'Q' . How can you solve the
Write About It! Write an argument that can be used to defend problem anather way?
vour solution.

Lesaan 2-1 « Terminating and Repeating Decimaks TS
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Check

At hockey practice, Ajay saved 73 out of the 126 shots on goal. At this
rate, how many saves would he make out of 200 shots on goal?

1
W

[

5} Go Online You can complete an Extra Example online.

IEI Foidables It's time to update your Foldable, located in the
Module Review, based on what you leamed In this lesson. if you
haven't already assembled your Foldable, you can find the
Instructions on page FLIL.

s

Haliornal Irratioral

iy g gy
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. Dats

Practice

B Go Online You can compleie your omework online.

Write each rational number in decimal form. Then determine whether the decimal

i= a terminating decimal. [Examples 1 and 2)

1

1 ——=

16

2
3. 4-3'—

5
2. 33

&=

Write each decimal as a fraction or mixed number in simplest form. (Examples 3 and 4)

5. 08 =

9. One pint is about -g- liter. Write 'E'-. as a
decimal.

11. Write the decimal 5.666.. as a mixed
number in simplest farm.

E. —018=

10. Phoebe won % of the competitions

she entered. Write % as a decimal.

Test Practice

12. Multizelect Salect all of the fractions that,
when converted, result in a non-terminating

decimal.
_n 3
5 * 50
. 2z
225 - 26
3 _32
1= 32

Lessan 2-1 + Terminating and Repeating Decimals  T7




Apply

13. In one soccer season, Milica saved 155 out of 180 shots on goal. Shats on
At this rate, about how many saves would she make out of 600 s Goal
shots on I?

e 155 180
? 600

14. In a single tennis season, Akeem had 100 aces in 532 matches.
At this rate, about how many aces would he have in 200 matches?

15. @’ Identify Structure Give an example of 16. n@' Use a Counterexample |f all integers
a decimal where three digits repeat. are rational numbers, are all rational
Explain why it is a rational number. numbers inteqgers? If yes, explain why. If

not, give a counterexample.

17. Make a prediction about whether the 18. {17 Be Precise You are asked what is 49
i Tl 753'2' is a terminating or divided by 117 Write the answer in the most
i y precise way. Explain why you chose this
non-terminating decimal when written in way to write the answer

decimal form. Explain your reasoning for
yvour prediction. Then write the fraction as
a decimal to check your prediction.

TB Modube 2 - Real Mumbers
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Lesson 2-2

Roots
| Can... find square and cube roots, and use square and cube roots What Vocabulary
to solve equations involving perfect squares and cubes, Will You Learn?
cube root
inverse operations
Explore Find Square Roots Using a Square Model perfect cube
| perfect square
3 Online Activity You will use Web Sketchpad to explore how to principal square ool
use square models to find square roots. : ;
radical sign
¥ square root
LR T
i g -
Learn Square Roots & Talk About It
Why do you think the
Waords term perfect sguare
A square root of a number s one of its two equal factors. uses the adiective
perfect? What are
Symbols some numbers that
lf x* = y. then x Is the square root of y. aren't perfect squares?
Explain why.

Exampls

52 = 25, so 5 is a square root of 25.

A perfect square is a rational number whose square root is a whole
number. Complete the table for the following perfect sqguares.

Perfect Square 1 4 g .- 25 36 | 49 &4

Sguare Rool 1 2 3 4 |

{continved on next page)

Lessan 2-2 - Boot= 7O
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& Talk About It
In hosw many diflerent

WEys Can you represent
and describe the
sguare root of 167

tgy Think About It
How do you know this
Is & positive square
root?

B0 Module 2 - Heal Mumbers

Every positive number has boih a positive and negative square root
Since3.3=9__________ isasquare root of 9.

Since (-3)+ F3)=9, —____is a square root of 9.

Therefore, 9 has two square roots, 3 and —3.

In most real-world situations, only the positive or principal square
root is considered. A radical sign, 'li"_. is used 1o indicate the principal

square root. When both the positive and negative square roots are
asked for, the & symbol is used before the radical sign.

= | =] | #v3E=

| EE—

Example 1 Find Positive Square Roots

Simplify V64.

In order to simplify V64, you need to determine what number,
multiplied by itself equals 64.

Find the factors of G4.

Find the square root

64 = Find the itrwe are oot of 64: 82 = 64
o+ _ positive squ

So, V64 =8

Check
Simplify +v225.

Bﬁu Omlime Yo can complete an Exira Example online

iy g gy
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Example 2 Find Both Square Roots

Simplify + ¥1.21.

Step 1 Since there s an even number of decimal places,
consider the square root of 121 Determine what number, multiplied
by itself, equals 121.

Vi1 =

Step 2 Determine where 1o place the decimal point in 11.

There are only two options for placing the decimal point in the
number 11, either before each digit (0.11) or between the digits (L1).
Since 121 has two decimal places, then the sum of the number of
decimal places ineach factor must equal 2.

If you multiphy 011 « O, then the product will have __ decimal
places.

If you multiply 11 « 11, then the product will have decimal
places.

So, =4121=% 11

Check
Simplify + +/1.44.

Eﬁu DOnline You can complete an Extra Example ondineg.

b Think About It
What does the symbol

+ befara the radical
sign indicate?

Example 3 Find Negative Square Roots
Simplify — &

Find the square root of % Then add a negative sign.

|r2*5 | | 25
—= f=—l—. Find the negative square noot of 32,
Bt ¥5
(5/=%
25 5
0,y ="%

Lessan 2-2 - Beots 84




& Think About It

Can you think of a
number when
multiplied by itsalf,
equals —167 Why or
why not?

Check
Simplify — lfﬁ'-"-_

Example 4 Square Roots of Negative Numbers

Simplify v—16 using rational numbers. If the expression cannot be
simplified, explain why.

In order to simplify +/—16, you need to determine what number,
muitiplied by itself equals —16.

There Is no rational number sguare root of —16 because
times itself i= equal to —16.

& Talk About It!
What i= the difference
between v—16 and
—167

B2 Module 2 s Beal Numbsrs

So, ¥—16 cannot be simplified and has no rational number solution.

Check

Simplify +/—81 using rational numbers. If the expression cannot be
simplified, explain wiy.

Bﬁu Omilime ¥ow can complete an Exira Example online.

iy g gy
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Learn Use Square Roots to Solve Equations

You can solve equations by using inverse operations. Inverse
operations undo each other. Squaring and taking a square root are
inverse oparations.

Square a Number Take the Square Root
-[] =l |

To solve an equation of the form x2 = p for x, undo the operations of
squaring x by taking the sguare root of each side.

¥=p Write the eguation.
Vi ==1.p Take the square root of esch side
Xx=xp Simplify,

There will be two solutions, a positive square root and a negative
square root.

(&) Talk About It

Consider the equation
=1,

+ If x is a positive
number, what is x?

+ If x is a negative
number, what is x*?

+ How many solutions
does the equation
have? What are

they?

Example 5 Use Square Roots to Solve Equations
Solve 1 = 169. Check your solution.

t* =169 White the equation.
:t‘ﬂ'; = ++/169 Take the sguare root of esch side
=t | Definifion of square root

t=13 or —13 Simplify:

S0, the solutions to the equation are and
Check

Solve y2 = 256,

Bﬁn Onfine You can complete an Extra Examphe ondine.

(&) Talk About Itl

Why do we take the
square root of 2ach
side of the equation?
Why does this
equation have two
solutions?

Lessan 2-2 - Boots B3




& Talk About It

Why do vou think the
term cube roof has the
term cihe in {7

B4 Module 2 - Real Mumbers

Learn Cube Roots

‘Words
A cube root of a number is one of its three equal factors.
Symbols
If x* =y, then x = ¥
MNumibers

Since 27 = B, 2 is the cube root of 8.
Since (-6)? = =216, —6 ks the cube root of —216.

Every integer has exactly one cube root Complete the table that
demonstrates this concept.

| Rule | Example
=
Cube Rootofa o2 i0X 0 012
Positive Number b, VA5 = |
Cube R ST The cube root of zero 4o =
is zero.
£ 5 = |
cuseoatota | Tee oo ore Y
Megative Number regative: 3E = |

A perfect cube is a number that is the cube of an integer.
Complete the table for the following perfect cubes.
Perfect Cube 1 -1 B8 -B 27 | -2T7 | 64 | B4
Cube Root 1 = | 2 -2

Pause and Reflect

Compare and contrast sguare roots and cube roots.

o g ey Oy
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Example 6 Cube Roots of Positive Numbers
Simplify v/125.

Im order to simplify V125, you need to determine what number,
multiplied 2 times, s equal to 125.

"i'i"lE5= | 5 =5.5.50r125
Sa, Y125 = 5.

Check

Simplify V216.

Example 7 Cube Roots of Negative Numbers
Simplify 4/—27.

In order to simplify 'F:."—Z? you need to determine what number,
miultiplied 3 times, is equal o —27.

V=27 = (3P = -3+ -3) « (B or-27
S0, ‘i',*'—E = —3
Check

Simplify 4/—1.000.

Eﬁnmhe You can complete an Extra Example onding.

4 Think About It

Will the answer be a

positive or negative
number?

3 Talk About It!
What is the difference
between the cube root
of a negative number
and the square root of
a negative number?

Lessan 2-2 - Boots BS
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@ Example 8 Use Cube Roots to Solve Equations

Dwian has a planter in the shape of a cube that holds 15625, or EEE,

cubic feet of potting soil.
Solve the equation s* = ‘== to find the side length s of the
container. Check your selution.

To solve an equation of the form »® = p, take the cube root of each
side of the equation.

o % Write the equation.
1:,I'53 = T % Take the cuobe root of each side
5 -
BE= F or Definition of cube roo

So, each side of the container is 1% fewt.

Check the solution.

gi= % Write the equation.
(2)3 LB o Replace £ with :
2/ 8 o
125 125 A 5 1
B g Simplity, The solution, 2. 0 1‘3 15 comect

Check
A box that is shaped like a cube has a volume of E cubic inches.

Solve s¥ = E;?z, to find the length s of one side of Ihe o

G Go Online ¥ou can compiete an Extra Example online.
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@ Apply Bulletin Boards

A bulletin board consists of four equal-sized cork squares ammanged in
a row to form a rectangle. If the total area of all four cork squares is
36 =quare feet, what is the length in feet of the bulletin board?

1 What is the task?

Make sure you understand exactly what gquestion to
answer or problem to solve. You may want to read the
problem three times. Discuss these questions with a
partner.

First Time Describe the context of the problem, in your own words,
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Lise yvour strategy to solve the problem.

& Talk About It!

How would the length
and width of the
bulletin board change
if the four cork squares
were arranged in a
square? How wauld

G 7
4 How can you show your solution is reasonable? the area be affected?

QWrHeAbnut It! Write an argument that can be used to defend
your solution.

Lessan 2-2 - Boots BT



Check

A set of windows consists of three equal-sized squares arranged
in a row to form a rectangle. If the total area of all three windows is
108 square feetl, what is the length, in feet, of the windows?

e i

.} Go Online You can complete an Extra Example onfine.

Pause and Reflect

Create a graphic organizer that will help you study the vocabulary
and concepts from this lesson.

BB Module 2 « Real Mumbers
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7 Drerirrl TH=d
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Practice B Go Online You can complete your homework onlline.

Simplify using rational numbers. If the expression cannot be simplified, explain why. (Examples 1-4)

1. /361 = 2. £41.96 =
2 - —AAT =
3 — = 4. 441 =

B. Sofve m2 = 0.04. (Exsmple 5)

Simplify using rational numbers. [Examples & and 7)

6. V343 = 7. V-512 = .

B. A basin of a water fountain is cube shaped and has a volume of 91125 cubic feel
Solve 5@ = 91125 to find the length 5 of ane side of the basin. (Example 8)

Test Practice

8, Moesha has 196 pepper plants that she 10. Equation Editer What is the value of pin
wants to plant in a square formation. Hows the equation shown?
many pepper plants should she plant in p? = —0.027
each row?

gogleaoss

G800%EO
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Apply

11. A cement path consists of six equal-sized cement squares arranged in
a row o form a rectangle. If the total area of the path i= 96 sguare feet,

what is the length in feet of the path?

11 A photo collage consists of seven equal-sized square photos arranged in
a row to form a rectangle. If the total area of the collage is 567 square

inches, what is the length of the collage?

13. {{I7 Reason Inductively Explain why V8 is
a rational number, but +/8 is not a rational
numther.

15. Write a number that completes the analogy:

xisto 441 as s to

90 Module 2 - Real Mumbers

14.

16.

Give an example of when the decimal
equivalent of a square root would be
rounded to an approximate value. Explain
wihy it is appropriate to round.

@‘ Identify Repeated Reasoning Simplify

each expression. Then write a rule for the

pattern.
a (VEBIR=__

g !
- (12 -——
e. (VooaRr=__
d (+iF=___

Wi gy g o Oy ey
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Lesson 2-3

Real Numbers

| Can... identify irrational numbers and name the set|s) of real
numbers to which a given real number belongs.

Explore Real Numbers

Bﬂnlhe Activity You will use number lines to explore the set of
real numbers,

Ty = PR T T e Samy B TIPS AN g L T SR T

Wl | e wh sl Lo val

1t

1§ o P RTE - v L.

o Py

Learn Real Numbers

Real numbers are numbers that can be found on the number lins.

) Go Online Watch the animation to plot the numbers —4.5, -1, '-3;-. T,
and +/21 on the number line.

| 1 | [ 1 [l i l i |
I 1 I L] I T T T ] T
=H = =3 =2=1 O 1 2. 3 4 5§

Real numbers are either rational, with a decimal expansicn that
terminates or repeats, or irrational. An irrational number is a number
that cannot be expressed as the ratio E, where o and b are integers
and b # 0. lrrational numbers have decimal expansions that are
non-terminating and non-repeating.

The square root of any number that is not a perfect square s
irrational.

+3 = 1732050808... 45 = 2 2360679775...

{continued on next poge)

What Vocabulary
Will You Leamn?
counterexample

irrational number
real numbers

Lesson 2-3 - Real Mumbers 'S4
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@ Talk About Itt

What sets of numbers
do the rational numbers
include? Why is 42 an
irrational number? =7

&) Talk About It!

The number —25
belongs to what other
set(s) of numbers?

92 Module 2 - Beal Numbers

Wite the following numbers in the Venn diagram.
-8,-3,-2, 0,18%, 04, 0.45, 1, m,121231234._, 43, 4,9,10

Real Numbers

Rational Numbers

Irrational
Mumbers

A rational number is a number that can be expressed as the ratio %,
where gand b are integars and b # 0. Integers are the set of natural
numbers, their opposites, and zero. Whole numbers are the set of
matural numbers and zero. Matural numbers are the set of counting
numbers.

When written as decimals, irrational numbers neither terminate, nor
repeal eventually.

Example 1 |dentify Real Numbers
Determine whether —25 is rational or irrational.

Can —-25 he expressed as a ratio in the form E?

Yes Mo

When written in the form L;-. are a and b integers and b # 07

Yas Mo

A rational number s a number that can be expressed as the ratio of
two integers.

Since —25 = ——, —25 Is a rational number.

Wi = ||’:ulﬂ.l;|
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Check
Circle whethor —-:- is rotional or frrational.

rational irraticnal

Example 2 Classify Real Numbers
Mame all the sets of numbers to which the real number 0.2525...

belongs.

The set of real numbers include natural numbers, whole numbers,
integers, rational numbers, and irational numbers.

Can 0.2525.. be expressed as a ratio in the form E'. where o and b
are integers and b # 07

Yas Mo

Is 0.2525._. from the set of integers [, -3,-2,-1,0.1,2,.3, .7
Yos Nao

S50, 0.2525 . is a rational number because it s equivalent to

0y

Check

To which set(s) of numbers does the real number %hermg? Select
all that apphy.

| | Rational
| irrational
| |Integer
| | Whole

| | Natural

Bﬂn Onfine You can complete an Extra Examphe ondine.

(&) Talk About It

What is another way o
write 02528 _ 7

Lesson 2-3 - Beal Mumbers 93



tgy Think About It

Can the sguare rool be

94 Module 2 - Beal Numbers

Example 3 Classify Real Numbers

Mame all the sets of numbers to which the real number Y36
belongs.

Can V36 be expressed as a ratlo in the form %_ where o and b are
integers and b # 07

Yas Mo

Is ¥36 from the set of integers [, —3,-2,-1,0,1,2,3, .]?
Yes Mo

Is 436 from the set of whole numbers [0.1.2, 3,37
Yes Mo

Is 4/36 from the set of natural numbers (1, 2, 3, _J?
Yes Mo

Since Y36 = — _itis a natural number, a whole number, an
interger, and a rational number.

Check

To which set(s) of numbers does the real number —v64 belong?
Select all that apply.

| | Rational
| irrational
| Integer
|| Whole

| | Matural

Eﬁu Omiline ¥ou can complate an Exira Example onling

i g |y i 0 Ay
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Example 4 Classify Real Numbers

Mame all the sets of numbers te which the real numbar
—7 belongs.

—+7 = -2 645751311...
Do the decimal terminate? repeat eventually?
Yes No

Can —/7 = -2 645751311 be expressed as a ratio in the form E.
where a and b are integers and b # 07

Yo Mo

The decimal value of —V7 nelther terminates nor repeats eventually,
=0 it = an irrational number.

Check

To which setfs) of numbers does the real number w belong? Select all
that apply.

|| Rational
| |irrational
| linteger

| | Whole

| Natural

E Go Online You can compléte an Extra Example online.

b Think About It

Can you simplify the
square root?

& Talk About It!
How can you tell, just
by studying the
expression, that —7
is irrational?

Lesson 2-3 - Real Mumbers 95



& Talk About It!

Matural numbers are a
subset of whola
numbers. What other
subsets of numbers are
shown in the Venn

diagram?

96 Module 2 - Real Mumbers

Learn Describe Sets of Real Numbers

Some sets of numbers are subsets of other sets of numbers. For
example, rational numbers and irrational numbers are subsets of real
numbers,

A Venn diagram can be used to describe the relationship between
sets of real numbers.

Real Numbers

Rational Numbers
Irrational

Whole Numbers
Numbers

0 ™

1.21231234...

VT

B Go Online Watch the animation, or use the Venn diagram,
to complete the following sentences.

numbers are a subset of whole numbers.

numbers are subsats of integers.

Integers are a subset of numbers.

Rational numbsers and irrational numbers are subsets of
N bers,

If a given statement about real numbers is false, you can provide a
counterexample, which iz a statement or example that shows a
conjecture is false.

Pause and Reflect

Describe the decimal form of irrational numbers. How are they
represented in the Venn diagram?

Wi gy g o Oy ey
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Example 5 Describe Sets of Real Numbers
Use the Venn diagram to determine whether the statement is true
or false. If the statement is true, explain your reasoning. If the
statement is false, provide a counterexample.
All rational numbers are integers.

Real Numbers

Rational Numbers

Whole
umbers

o

Part A Determine whether the statement is true or folse.

Integers are a subset of numbers. 50, the statement
is false.

Part B Provide a counterexample.
One possible counterexample is 0.6. The decimal 0.6 s a rational
number, but not an integer.

Check

Lse the Venn diagram above to determine whether the statement is
true or false. If the statement is true, explain your reasoning. If the
statement i= false, provide a counterexample.

All whole numbers are natural numbers.
Part A

Determine whether the statement is frue or folse.

PartB

If the statement is frue, explain your reasoning. If the statement is
faise, provide a counterexample.

'E Go Online You can complete an Extra Example ondine,

b Think About It

Can you think of a
rational number that
is not an integer?

Q) Talk About It!
What are some other
possible

counterexamples for
the statemeant alf

redfional numbers are
integers?

Lessan 2-3 « Beal Numbers 97




Example 6 Describe Sets of Real Numbers

[ Use the Venn diagram to determine whether the statement is true

or false. If the statement is true, explain your reasoning. If the
statement is false, provide a counterexample.

All irrational numbers are real numbers.
Real Numbers

Rational Numbers

Irratianal
Whale MNumbers
Mumbers

By definition, irational numbers are a subsetof _____ numbers.
So, irrational numbers are real numbers. So, the statement is true.

Check

Lise the Venn diagram abowve to determine whether the statement is

true or folse.

All natural numbers are whole numbers.

Part A

Determine whether the statement is frue or false.

PartB

If the statement is frue, explain your reasaning. If the statement is
) Go Online folse, provide a counterexample.
You can complete an
Extra Example Online.

!E! Faoldables It's ime 1o update your Foldabie, located in the
Module Review, based on what you leamed in this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FLI.

T O T TR R SRS, O N (L S S W O N S O RN g e
. 5 e Y
e e S S e et s |

o

-" Ml Busibers By

4

.

= bt O
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¥ I Breerimud 1
| EITReE L = — |

Practice B Go Online You can complete your homework onlline.

Identify whether each number is rational or irrational. {Example 1)

1. —/i0 2 2
3. 03 4. V81
5. 0 a—l;"a
T A7 m%

Select all the sets of numbers to which each real number belongs. (Examples 2-4)

| 7 7
9. V343 10. " —
(2 Rational () Rational (&) Rational
Irrational (8} trrational Irrational

(©) Integer @ Integer @ Integer
(©) Whole (@) Whale (©) Whole
(E) Natural (E) Matural (E) Matural

Determine whether each statement is true or faise. If the statement is true, explain
your reasoning. If the statement is false, provide a counterexample. [Examples 5 and 6)

12. A number cannot be irrational and an integer.

13. All integers are rational.

Lesson 2-3 - Real Mumbers ‘90




Test Practice

14. Multiselect Select the numbers that are part of the set of rational numbers.

15. @ Use Math Tools Explain how you could use a calculator to determine if /8
expressed as a decimal ever terminates.

17 Justify Conclusions Determine whether each statement Is true or folse. If the
statement is false, give a counteraxample or explain your reasoning.

16. The product of a non-zero rational number and an irrational number is rational.

17. Expressing ¥2 as the rﬂ'r.iﬂl?- means that V2 is a rational number.

1B. The product of two irrational numbers ks irrational.

100 Module 2 - Roal Mumbers
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Lesson 2-3

Estimate Irrational Numbers

Coyraafh 10 I G e S0 T ikis sl i

| Can... estimate irrational numbers by approximating their locations What Vocabulary
on a number line or by truncating their decimal expansions. Will You Leamn?
truncating

Explore Roots of Non-Perfect Squares

aﬂnliﬂe Activity You will use Web Sketchpad to explore how to
find the square root of a non-perfect square.

[ie e
|t

Learn Estimate Irrational Numbers Using
a Number Line

The decimal expansion of an irational number never repeats nor
terminates. To write the decimal expansion of an irrational number,

you can denote an approximation using the = symbol. Use more
place values to give more accurate approximations.

Q) Go Online Watch the animation to see how to estimate +/8 using
a number line using the following steps:

Step 1 Since B i between two perfect squares, 4 and 9,
4 < B < /9.

Step 2 Graph ¥4 = 2 and 49 = 3 on the number line.

Step 3 Since B s closer to 9 than to 4, graph 48 closer to 49 than
to V4.

& Talk About It!

How do you know that
VB is between 2 and 37
How do you kniow
that 48 is closer to

3 than 27

Lessan 2-4 - Estimate rrational Mumbers. 904




f# Think About It!
How would you begin
estimating the square
root? What are some
perfect squares that
are close to 837

102 Module 2 « Real Numbers

Example 1 Estimate Square Roots to the
MNearest Integer

Estimate v/83 to the nearest integer.

Step 1 Find two perfect squares between which B3 Hes. Find their
squarne roots.

The greatest perfect square lessthan 83is —_ and
LTI —

The least perfect square greater than 83is _________, and
VIOD=_____

Step 2 Piot 4/B1, /83 and /100 on the number line. Approximate
the location of V83,

381 4100
. . I t t \
§ 4925 95 875 10

Step 3 Estimate the square root
B1< 83 <100 Write an ineguality.
92 < B3 <10? 81 = 97 and 100 = 107
@ <8B3 < 'h"ﬁ Find the sguare root of each number.
C levE < Simipiify

So, /83 is between 9 and 10. Since +B3 is closer to ona
number line, the best integer estimate for +83 is 9.

Check
Estimate /135 to the nearest integer.

Bﬁu Omlime Yo can complete an Exira Example online

iy g gy
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Example 2 Estimate Square Roots to the
MNearest Tenth

Estimate v/83 to the nearest tenth.

Step 1 Determine the integer closest to VB83.
V83 ismuch closerto vBl,or ______ thanitis to 4100, or

Step 2 Test intervals close to 9. Start with the interval between
9and 91

9< ¥83 <91 Write an inequality.
92 < (B3R < 912 Square the values.
- | b

< 8 < Simpliby. ks the ineguality trus?

The inequality is not true because 83 is not between B1 and B2 B1.

Step 3 Test the next interval, 9110 9.2,

91< +B3 <92 White an inequality.
912 < (483 < 9.22 Square the valoes.
|2 7| |
< 83 <« Simphfy. Is the inegualty true?

The ineguality is true because 83 is betwesn 82.81 and B4.64.

So,vE3 is between 91 and 9.2. Since B3 s closerto — than it
is to B4.64, +/B3 = 91

Check
Estimate v106 to the nearest tenth.

Eﬁn Onling You can complete an Extra Example ondine.

b Think About It
Between what two

integers does 483 lie
on a number lins?

&) Talk About It
How can you use a
graph to verify that 483
is closer to 91 than 927
How could you continue
on ta get a better
approximation of YB3 7

Lessan 2-4 - Estimate Imational Members  $03




f# Think About It!

What are some perfect
cubes that are close
o 3207

104 Module 2 - Roal Mumbers

Example 3 Estimate Cube Roots to the Nearest
Integer

Estimate 4/320 to the nearest integer.

Step 1 Find two perfect cubes between which 320 lies. Find their
cube roots.

The greatest perfect cube lessthan 3200 and
Vv2Ie=_________
The least perfect cube greater than 320is ________ and

V33=__

Step 2 Piot V216, {."32:]_ and 4343 on the number line.
Approximate the location of Y320,

7. NETE]
B

Step 3 Estimate the cube root.

216 < 320 « 343 Write an ineguality
62 320 <P 216 = 6% and 343 = 72
il'ﬁ'-" < /320 < ﬁ Find the cube root of each number.
<320 < | | Simplify:
1

So, "u""' 320 is between 6 and 7. Since 320 is closer to the

best integer estimate for V320 is7

Check
Estimate /51 to the nearest integer.

Bﬁu Omlime Yo can complete an Exira Example online
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Learn Estimate Irrational Numbers by Truncating

You can estimate irrational numbers using a calculator by truncating

the decimal expansion. Truncating is a process of approximating a
decimal number by eliminating all decimal places past a certain point
without rounding.

Truncate V12 = 3464101615 1o the specified decimal places.

'3 Talk About It
Hovwe could you continue
truncating 42 to gat
better approximations?

Tenths Trurcate, or drop, the digits after
the tenths place.

Y12 = 3 AGHEES=

Hundredths Truncate, ar drop, the digits after
the hundredths place.

V12 =

Thousandths Truncate, or drop, the digite after
the thousandths place.

V12 =

Pause and Reflect

Explain how truncating can be used to estimate the value of w.

2 Talk About Itl

If you rounded V12 to
the nearest tenth,
what would be the
approximation?

If you truncated Y12 to
the nearast tenth,
what would be the
approximation?

What is the difference
between truncating
and rounding?

Lesson 2-4 - Estimate imational Numbers 905



Example 4 Estimate by Truncatin
f# Think About It! @ P Y J
Between which two Wyatt wants to fence in a square
whole numbers is ¥27 portion of the yard to make a play
area for his new puppy. The area
| covered is 2 square meters.
How much fencing should he buy?
The amount of fencing he will need is
the _________ of the square,
4. 42 meters.
& Talk About Iti
Wy will Wyatt need Step 1 Approximate 442 by first truncating the decimal expansion of
more than 5.6 meters, 42 to the tenths place.
but less than 6.0 meters
of fencing? A2 = Use a calculator
V2 = Truncate the digits after the tenths place.
So, V2 is between 1.4 and 15.
Step 2 Find the amount of fencing.
Since ¥2 is between 1.4 and 1.5, the perimeter, 4{+2), is between
414y and 4{1.5).
41.4) < 4{{;__}} < 415} Write the ineguality.
| < 447) < Mutbtiphy
% Talk About It! So, Wyatt will need between 5.6 and 6.0 meters of fencing.
Could you truncate the Therefore, he should buy & meters of fencing.
decimal expansion
differently? Explain how
it would affect the Check
ANSWer
Tobias dropped a tennis ball from a height of 60 feet The time in
seconds it takes for the ball to fall 60 feet is found using the
expression 025 - +/60. Determine the number of seconds it takes for
the ball to fall 60 feet. Truncate the value of 460 to the tenths place.
Eﬁu Omlime Yo can complete an Exira Example online

108 Module 2 - Roal Mumbers
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@@ Apply Goiden Rectangle

The golden rectongie can be seen in the structure of a
nautilus shell. The ratio of the longer side length to the

1+ 45
o

shorter side is equal to Estimate this value.

1 What is the task?

Make sure you understand exactly what question to
answer or problem to solve. You may want to read the
problem three times. Discuss these questions with a

partrer.

First Time Describe the context of the problem, in your own words.
Second Time What mathematices do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Use your strategy to solve the problem.

4 How can you show your solution is reasonable?

&Writn About It! Write an argument that can be used to defend

your solutioe. &) Talk About It

What i= another
estimate for the ratia?

Lessan 2-8 - Ectimate lrrational Mumbers 107



Math History
Minute

Hindu mathematician
Bhaskara Il {1114
HABS) is considered by
many o have been the
leading mathematician
of the 12th century.
One of his many
accomplishments was
to produce several
approximations of the
number w, including

%. wihich is still used
today.

108 Module 2 - Foal Mumbsers

Check
In Littie League, the bases are squares with sides of 14 inches. The

expression Vs? + 52 represents the distance diogonally across a

square of side length s. Estimate the diagonal distance across a
base to the nearest inch.

E Ga Online You can complete an Extia Example anding.

Pause and Reflect

Compare and contrast estimating rational numbers on a number line
with estimating irrational numbers on a number line.
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Practice

. Dats

B Go Online You can compleie your omework online.

Estimate each square root or cube root to the nearest integer. [Examples 1 4and 3)

1L y1285=___

3. vV7I0=___

2. yB5 = ___

4. V023 =

Estimate each square root to the nearest tenth. [Example 3)

B. 296 =

T Vn=___

6. V5 =

B. v62=__

9. The formula s = +18d can be used 1o find the speed s of a car in miles per
hour when the car needs d feet to come to a complete stop after stepping
on the brakes. If it took a car 25 feel to come to a comiplete stop after
stepping on the brakes, estimate the speed of the car Truncate the value

of V18d, when d = 25, to the tenths place. (Exampie 4}

10. If the area of a square is 32 square feet,
estimate the length of each side of the
square 1o the nearest whole number,

Test Practice

1. Equation Editor Estimate the sguare root
to the nearest tenth.

489

IIIIE
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Apply
12. The formula t = l;_ﬂ' represents the time | in seconds that it takes an object

to fall from a height of b feet. If a rock falls from 125 feet, estimate how long
it will take the rock to hit the ground. Estimate the square root to the nearest
integer.

13. The radius of a circle with area 4 can be approximated using the formula
r= E. Estimate the radius of a wrestling mat circle with an area of

452 square feet Round to the nearest Integer.

Q Higher-Order Thinking Problems

14. ({7 Find the Error A classmate estimated | 15. {17 Be Precise Explain how to write the

+/3597 to be about 200. Explain the mistake exact value for the square root of a non-
and cormect it. perfect square. Give an example.

16. Carrie is packing her clothes in moving 17 @’ Make an Argument Explain how you
boxes that are in the shape of a cube. Each could estimate v/20 to the nearest integer.

box has a volume of 3 cubic feet The
moving truck has shelwes that are 12 inches
in height. Will the moving boxes fit? Explain.

110 Module 2 - Beal Mumbers
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Lesson 2-5

Compare and Order Real Numbers

| Can... use rational approximations to compare and order real
numbers, including imational numbers.

Learn Compare and Order Real Numbers

You can compare and order real numbers by writing them in the
same form. One way to do this is 1o use or approximate the decimal
expansion of each number in order 1o compare or order a set of
numbers.

Complete the following to compare and order the set of numbers
shown.

L X

Write each number in decimal notation.

18
e L M=

Compare each set of numbers using <, >, or =,

314 |332] (386
[ |vA [ ¥

Graph each number an the number line.

1 [l L | Il ] L | | (] I
L] ] I I I ] ] I 1 W ]

20 31 32 33 34 35 36 37 3B 29 40

Order the set of numbers from least to greatest.

Coyraafh 10 I G e S0 T ikis sl i
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\oy Think About It

Between which two
integers does +8 lie?
To which integer is it
Closer?

@) Talk About It!

s VB closer to 2.8 or
297 Explain.

112 Module 2 - Beal Mumbers

Example 1 Compare Real Numbers

Which symbel, <, >, or =, would complete the statement
ﬁ_!%hmhntmﬂhmmﬂﬂungaphﬂn
numbers on a number line.

Part A Compare the numbears.
Approximate the decimal expansion of each number

I 1 -
'|.|"§ = | Estimate to the nearsst tenth.

= Winte using bar notation.

:.u'fm

Since 2.8 is greater than 26 V8 > 2%-

Part B Graph the numbers on the number line.
Approximate the location of each number.

1 1 1 ] L 1 I 1
T T T ] T I T L]

2223 24 25 26 27 28 28

Pause and Reflect

When you first saw this Example, what was your reaction? Did you
think you could solve the problem? Did what you already know help
wou solve the problem?

i R —— gy g
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Check
Which symbol, <<, >_or =, would complete the statement
+25

- — +6.25 to make a true statement? Then graph the
numbers on a number line.

Part A

Write the symhbol, <, >, or =, that makes ig_i — /6325 atrue
statement.

PartB

Which of the following is the correct graph |::|f"'f—d_:l!_E and v625 ona

number [ine?

22 24 25 26 27

VZE 5
®——+—¥

I
23 24 25 26 27

=
E ]

23 24 25 28 27

22 24 25 26 27

B Go Online You can complete an Extra Example online

Lesson 2-6 « Compare and Order Real Mumbers 113



f# Think About It!
How would you begin
comparing the
numbers?

114  Module 2 - Boal Mumbers

Example 2 Compare Real Numbers

Which symbol, <, >, or =, would complete the statement
—V6 _____ —to make a true statement? Then graph the
numbers on a number line.

Part A Compare the numbars.

Approximate the decimal expansion of each number.

-6 = Estimate to the nearest {enth.
i 314 |
——m —=— | Estmate to the nearest hundredih.

2 2

Since —2.4 s less than 157, —+6 < —-“’i‘-

Part B Graph the numbers on the number line.

Approxdimate the location of each number. When graphing numbers
on the number line, greater numbers are graphed farther to the right

i i i [ [ [l i i i i i
1 I I I ¥ L] L] 1 !

! I
=2 5= §=23=023 =21 =2 =189 =R =17 =16 =15

Pause and Reflect

How does graphing numbers on a number line help you know
whether to use <, >, or = when comparing them?

i R —— gy g
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Check

Which symbaol, <<, =, or =, would complete the statement

—/E ___ -210%to make a true statement? Then graph the
numbers on a number line.

Part A

Write the symbel, <, >, or =, thatmakes —/5 ____ -210% a
true statement.

Part B

Which of the following is the correct graph of —+/5 and —210% on a
number line?

—/5.  -210%
i i \" 'y i
@

T I * T I
=24 =23 =32 =21 =20

—/5 —210%
$ § b— - $
~24 =23 -2

3 =327 =3

i i i n i
@ 1 4 ¥ T

=2l =23 =223 =33 =20

LY Go Oniine You can complete an Extra Example cnfing.
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fg Think About It

How wauld you begin
ordering the numbers?

198 Module 2 - Boal Mumbers

Example 3 Order Real Numbers

Order the set (30, 6, 55, 5.38| from least to greatest. Then graph
the set on the number line.

Part A Order the set of numbers.
Approximate the decimal expansion of each number.

30 = Estimate to the nearest tenth
&6 =600 Write as a decimal.
4 .
EE = Wiite as a decimal.
E_EE = Write as a decimal to the nearest hundradih.

Write the decimals from least to greatest.

So, from least to greatest, the order is 5.35, 430, 5%_ and b.

Part B Graph the numbers on the number line.

Approximate the location of 430 and 5.36.

1 L L ] 1
L] T T T T

L ] 1
T 1 1
52 53 54 55 56 57 58 59 60

Pause and Reflect

How are comparing real numbers and ordering real numbers related
to ach other?

iy g gy
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Check
Oirder the set {-.I'ﬁ 3;- 160%, I-EE} from least to greatest, Then graph
the set on the number line.

Part A

Which of the following is the correct order of the set from least to
greatest?

(=) [1.3%. = 160%, ﬁ]
{1.35. V3, 160%, %}
© 135, 160%, 5, ¥3]
® [+, 1.35, 160%. 5}

Part B

Which of the following is the correct graph of the set of numbers?

1385 y, 160% ED

. h"l“

! | & [ L] ] 'S
@ 130 135 140 145 150 1585 160 165 170 175

w®
125 7 w0 v
: - — - - - i - - -
130 135 140 145 150 155 160 165 170 175

135 160% V3

' ! A !
!

1 'y [ L] []
@ 130 135 140 145 150 155 160 165 170 175

e ha |

T
135 ?\. 160% V3
-—— 4| =
© 130 135 140 145 150 155 160 165 170 175

LY Go Oniine You can complete an Extra Example cnfing.

Lesssn 2-56 - Compare and Order Beal Mumbers 117



f Think About It

How wauld you begin
solving the problam?

1B Moduls 2 - Boal Mumbers

@ Example 4 Use Real Numbers

On Wednesday, thera is an 33-;-% chance of rain. On Thursday, thera

s a % chance of rain. On Friday, there is a & out of 7 chance that it
will raim.

On which day is there the greatest chance of rain?

Step 1 Write each number in decimal notation. Round to the nearest
hundredth.

—— i _— _..:

1 [ f
335’%—-1. 0 . B outof 7=

Step 2 Order the decimals.

Since 0.9 > 0.86 > 083, then5 5|  833%

So, there is the greatest chance it will rain on Thursday.

Check

The table shows the on-base statistics for three players at a recent
baseball tournament. Which player had the greatest on-base statistic?

14
2 2

| 3 72.5%

Eﬁu Omlime Yo can complete an Exira Example online
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@ Apply Line of Sight

Oinca clear day, the number of miles a person can see to the horizon B Go Online

is about 1.23+/h, where h is the person’s height from the ground in Watch the animation.
feetl. Suppose Frida = at the Empire State Building observation deck
at 1,050 feet and Logan is at the Freedom Tower observation deck at
1,254 feaet. How much farther can Logan see than Frida from the
observation deck?

1 What is the task?

Make sure you understand exactly what question to
answer or problem to solve. You may want to read the
problem three times. Discuss these questions with a
partner.

First Time Describe the context of the problem, in your own wornds.
Second Time What mathematices do you see in the problem?
Third Time What are vou wondering about?

2 How can you approach the task? What strategies can you

use?
3 What is your solution? (&) Talk About It!
Usze your strategy to solve the problem. How could you use the
nearest parfect squares
to check for
feasonableness?

Coyraafh 10 I G e S0 T ikis sl i

4 How can you show your solution is reasonable?

'@ Write About It] Write an argument that can be used to defend
Wour solution.

Lesson 2-5 « Compare and Order Real Humbers 19
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Check
The time in seconds that it takes an object to fall o feet can be found

using the expression g_ Suppose Alden drops a tennis ball from a
height of 50 feet at the same time Mason drops a similar tennis ball
from a height of 20 feet. How much longer will it take Aiden’s tennis
ball to reach the ground than Mason's tennis ball? Round to the
mearest hundredth.

Dﬁu Onilne ¥ou can complete an Exiva Example online.

Pause and Reflect

Review the Examples from this module. Which one did you find most
challenging? What are the steps you would take to solve a problem of

this type?

iy g gy
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Practice

B Go Online You can complate your omework onlimne.

Complete each statement using <, >=, or =. Then graph the numbers on the

number line. [Exampies 1 and 2)

1.y 3%

32 23 34 35 36 37

1 T 1
=10 -99 -98 -97 -66 -95

245 Yo

=36 =35 =34 =33 =32 =31

5. Order the sat [3— - 1. % 13| from least to greatest. Than graph the

et on the number Irne. [Example 3

i i i [] i i i
! ! 1 L] !

!
3* 32 33 24 35 36 27

6. The table shows the foul-shot statistics for
three players in a recent basketball game.
Which player had the greatest foul-shot
statistic? [Example &)

Player . Foul-Shot Statistic

3 8 out of 10

Test Practice

7. Multiple Cholce Select the symbaol that

makes the sentaence true.

o
@<
(8) =

Lesaon 2-6 « Compare and Order Real Mumbers 124




Apply

8. The radius of a circle can be approximated

using the expression 1‘% where A represents
the area. & circutar kiddie swimming pool
has an area of about 28 square feet. An
inflatable full-size circular pool has an area
of about 113 square feet. How much greater
is the raedius of the full-size pool than the

radius of the kiddie pool? Round to the
nearest whole number.

the group. Explain your reasoning.

~333 —23-15- —73 —232

ANSWEeTr

Explain Kendra's mistake and correct it

9. The time in seconds that it takes an object

to fall d feet can found using the

expression 1:9'_ In an egg drop contest,

Clara successfully dropped her egg
container from a height of 35 feet, while
Viadimir successfully dropped his egg
container from a height of 23 feet. How
much longer did it take Clara's egg to reach
the fioor than Viadimir's egg? Round 1o the
nearest tenth,

10. Which One Doesn’t Belong? [dentify the number that does not belong in

1. ({7 Justify Conclusions Which number is greater, 334 or n? Justify your

12. ({7 Find the Error Kendra states that ¥3 > 2 because 3 is greater than 2.

13. ldentify two numbers, one rational and one irrational, that are between 1.6

and 1.8. Write an inequality to compare the two numbers.

122 Module 2 . Bogl Numbers
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Module 2 - Real Numbers

Review

fII Foldables Use your Foldable to help review the module.

Real Numbers

Examples

Rate Yourselfl Q ©Q @

Complete the chart at the beginning of the module by placing a checkmark in each

row that corresponds with how much you know about each topic after completing this
module.

i Write about ane thing you learned.

| Write about a question you still have.

Coyraafh 10 I G e S0 T ikis sl i
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Reflect on the Mudulé

Use what you learnad aboul real nuimbers to complate the graphic organizer.

£ Essential Guestion

i

Why do we classity numbers

What is it?

Rational Number Irrational HNumber

What is it? What is 7
g
3
=
S

Examples Examples E
£
]

Real-World Situations Real-World Situations
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Test Practice
1. Open Response The Jefferson football teams 4. Multiselect Simplify £4/1.69. Select all that

played several games this season. Each apply. (Lessan 2)
team’s record is shown in the table. Lessen 1) | —013
Foothall Team Wins : | 13
‘Warsity 8 3 )
Junior Varsity 7 3 E .

A, Find the winning average of each team
written as a decimal. Then determine if the L |13

winning averages are terminating decimals. e

‘ 5. Dpen Response A vertical shebving unit
consists of five equal-sized square shelves

arranged in a column to form a rectangle.

The 1otal area of all five shelves (s

500 square Inches. (Lesson 2)

B. Which team had a better season?

| A. What is the helght, in inches, of the
shehing unit?

2. Multiple Cholce Which decimai is equivalent
o —3%? {Leasan 1)
@ _363 B. Explain how to find the height of the
shelving unit

—363
© —3863
(B) —3.6363.

3. Eguation Editor A local store sefls bags of -
game pieces with varous colors. Four out of

evory 19 pleces are red. The store sold a bag 6. Multiselect Simplify — %- Select all that
with 76 game pleces. What number of the apply. (Lesson 2)
game pleces are red? |Lessen 1) | —0.66042

18

T

18

n
{—0.8181...
LR
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7. Tabla ltem Indicate whether cach real
number is rational ar brational. (Lessan 3)

Irrational

8. Open Response Use the Venn diagram.

[Lessary 3

Real Numbers

Ratizeal Hurmbem

A. Determine whether the statement ks frue
or folse.
All integers are natural numbears.

B. If the statement s frue, explain your

reasoning. If the statement is false, provide

a counterexample.

9, Table ltem Indicate the integer to which each

souare root s closest on a number line. (Lessan 4)

T | B | £

<
=

58 883

&

126 Module 2 - Beal Mumbsers

10. Equation Editor A shipping box, In the
shape of a cube, has a volume of 2 300
cubic inches. Estimate the length of the side
of the shipping box 1o the nearest integer.
[Lessad 4)

M. Open Response Consider the real numbers
—1% and —7_ {Lessen 5)

A Compare the numbers. Use < > or=
21 7

B. Graph —7 and —2% on the number line.

L] L] ] T L L]
-8 27 -26—-35 -24 -23 -23 —-21 —30

12. Open Responss The table shows the
number of aces per serving attempts for
three players at a recent volleyball
tournameant Order the players from least
aces per serving attempt 1o greatest aces
per serving attempl. (Lesson 5)

Player Mumber of Aces

Angela 8 put of 22
Jaylin 223%

3
Mya 0



Module 3
Solve Equations with Variables on Each Side

2 Essential Question

How can eguatiions with vanables on each side be used to represent everyday siiuations?

What Will You Learn?

Place a checkmark (+7) in each row that corresponds with how much you already Know
about each opic before starting this module.

KEY Before | After

O—Idnn‘tknuw. o—ﬁ.-eheamufit Q—mnnwi:u D 0 0 DO G

=olving equations with variables on each side

writing equations with variables on each side
S'E}I_\.I'ij:lg: mtﬁﬂuslep equaii-nns

solving equations with infinitely many solutions

solving equations with no solution

creating equations with infinitely many solutions

creating equations with no solution

|
|
|
|
wiriting multi-step equations |
|
I
|
|

Coyraafh 10 I G e S0 T ikis sl i

E| Foldables Cut out the Foidable and tape it to the Module Review at the end of the
module. You can use the Foldable throughout the module as you learn about solving
equations with vanables on each side.
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What Vocabulary Will You Learn?

Check the box next to the vocabulary term if you may already know about it

O like terms

Are You Ready?

Study the Quick Review to see If you are ready to start this module.

Then complete the Quick Check.

Exampia 1
Solve one-step addition and subtraction
equations.

Sole 34 = x — 12,

34 =k —12 ‘Write the equation
+12= +12 Addition Property of Equality
46 = x Simplify

1. Ana has B stamps. Together, Ricky and
Ana have 23 stamps. The aguation
23 = r + 8 reprezents this situation, whera
ris the number of stamps Ricky has. Sobve
the equation to find the number of stamps
Ricky has.

Howe Bid You Do?

Shade those exercize numbers at the right.

Quick Check

Which exercises did you answer correctly in the Quick Check?

Example 2
Solve one-step multiplication and division
equations.

Solve —hn = 35,

—5n =35 Write the eguation
_E';"'-'j = 35_' Drindision Property of Equality
n=-7 Gimpiify

2. A certain number of plates will be placed
on 8 tables. Each table will have & plates.
The Equatiﬂn-g- = B represents this
situation, where p is the total number of

plates. Salve the equation to find the total
number plates.

) @)
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Lesson 3-1

Solve Equations with Variables on Each Side

| Can... use the properties of equality to solve equations with
variables on each side that have rational coefliclents,

Explore Equations with Variables on Each Side

Bﬂnlhe Activity You will use Web Sketchpad to explore how using
a balance can help you solve equations with vartables on each side.

B el e ep REemi b g end g g rSE ey ey s

£ B b Lt Med R %

LY
,‘.‘I-—.-'

s — p— T p—— e — ——

Mcaage

Learn Equations with Variables on Each Side

Some equations, like B 4+ 3x = by + 2, have variables on each side of

the equals sign. To solve, use the properties of equality to write an
eqguivalent equation with vanables on one side of the eqguals sign.

Then sohlve the equation,

g8+ 3Ax= bx+ 2 Wiite the eqisston.
—3x = —3x Subtraction Property of Equality
a = 2x 42 Simphify
—2 = —2 Subtraction Property of Equality
E = E'E- Dinvision Property of Equality
2 2
3=x Simpfify.
{eortinued on next page)
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{3 Go Online Watch the animation to complete the steps to solve the
equation 8 + 3x = Hx + 2 using algebra tiles.

Step 1 Model the equation. Draw eight 1-tiles and three x-tiles to
model the B + 3x on the left side of the mat. Draw five x-tiles and two
Ttiles to model 5x + 2 on the right side of the mat.

Step 2 Draw the remaining tiles after removing three x-tiles from
each side of the mat, The resulting equation s B = 2x + 2.

Step 3 Draw the remaining tiles after remowving two 1-tiles from each
side of the mat. The resulting equation is & = 2x.

Step 4 Draw the tiles so that the tiles are separated into two equal
groups. There are three 1-tiles in each group, so x = 3.

1230 Modiule 3 - Solve Equalions with Varalles on Each Side
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Example 1 Solve Equations with Variables
on Each Side

Solve 6n — 1= 4n — 5. Check your solution.

Bn—1=4n—5 Wirite the squation.

— A = Subtraction Property of Equality
| |-1=-5 Simpiify.
+1=+1 Addition Property of Equality
= Simpiify.
% = FT‘ Division Property of Equality

= Simpiify.
S0, the solution to the equation s n = —2.

Check the solution.

en—1=4n-—-5% Write the equaton.

6 [)-1=4( |)-5 Replace nwith—2
-12-1=-HB-5h Mudtiply.

Simplify. The solution, —2, = cormect

E-Euﬂnhe ou can complete an Extra Example ondine.

(&) Talk About It!

Describe how you can
use algebra tiles to
solve the equation.
Does it matter that the
variable is n?
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Example 2 Sclve Equations with Rational
Coefficients
2 1
QThirlll About It Solve 3x — 1= 9 — —x. Check your solution.
What do you notice Method 1 Solve the equation using fractions.
about the coefficiants
in the equation? %_1- - W e -é-;- Write the equation.
_ _ L The common denominator of the
=] ik Bt S & * coeficents =6,
4 %x m %x Addition Property of Equality
[' "x_1=___| Simiplify.
+1=+1 Addition Property of Equality
5 =
=X = | Simphify.
615 =3
{E]E—‘ = 1[)[§} Multiplication Property of Equality
x=0""] Simplify.
@ Talk About It! Method 2 Solve the equation by using the LCD to eliminate the
Compare the two fractions.
methods used to solve . 1 _ _
the equation. 3N — I=9-— X Write the eguation
%ﬂd —1=9 - %}I‘ Rewrite with common denominators.
E{%x —1|= [El — %x}s Multiply by & to sliminate fractions.
. | — = ! |—I Distributive Property
+-x = + X Addition Property of Equality
~|-8= 54 Simpify,
+hGE=46 Addition Property of Equality
5x = :___| Simypify,
% = % Division Property of Equality
x={ | Simplify,
S0, using either method, the solution to the equation is ¥ = 12.
{continued o next poge)

132 Module 3 = Solve Equalions with Variables on Each Side
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2 1
X~ 1=0— B Write the eguation.
%. :_1=g_%. . Replace & with 12
[ |=1=9—] | Multiply.
=7 Simphfy. The salufion, 12, s comect
Check

< e By
Enhe___l,r+5—5x 3

'n Go Online You can complete an Extra Example ondine.

Pause and Reflect

Explain why you should use the original equation when checking the
solution of an equation.

Math History
Minute

Alicia Dickenstein
(1955- ) is an Argentine
mathematician and
professor al the
University of Buenos
Ajires. In 2015, she
received the TWAS
(The World Acadermy of
Sciences) Prize for
mathematics, which is
awarded o indiduals
from developing
countries who make
outstanding
contributions to science
ar mathematics. In
2018, Dickenstein was
invited to spaak &t the
World Meeting for
Waomen in Mathematics
in Rio de Janeiro, Brazil.
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Example 3 Sclve Equations with Rational
Coefficients

Solve 2.3x + 2.8 = —1.2x + 9.B. Check your solution.

23x+28=—-12x+98 Write the equation,

+12x = ] Addition Property of Equality

N L2728 = og Sirnplif'gr.
—28= — 28 Subtracticn Property of Equality
36x = [ ] Simplify.
35 _ T i .

=5t — 35 Division Property of Eguafity

= I_l Simplify.

50, the solution 1o the equation isx = 2.

Check the solution.

23x+2B8=—12x+98 Wite the equation.

23(2)+2B=—12(2) + 98  Replace x with 2

46+28B=-24+198 Mutiply.
T4 =74 Simphfy. The solution; 2, is comect

Check

Solve 4.06x + 322 = 2716 — 1.26x.

Eﬁn Onllme You can complate an Exira Example online.

124 Module 3 - Solve Equations with Variables on Each Side
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i mrms Period

. Dats

Practice E Ga Online You can complate your homework anline.

Solve each equation. Check your solution. (Examples 1-3)

L. 20-9=60+15 2. ¥M+3n=5n—6
X =gy & =
3. ox—5=10—-73x 4. Sy+1=gy+8
5. 54p+131=-26p+ 35 6. 015w + 035 = 022w — 014

Test Practice

7. Twelve more than seven times a numbser 8. Equation Editor Solve the eguation shown
equals the number less six. Solve the for x.
eguation 7x + 12 = x — 6 to find the Ix—15=1—-x
numbser, x.

GROAd
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Apply
9. A plumbing company charges $35 per hour plus a $25 travel charge for a
service call. Another plumbing company charges $40 per hour for a service

call with no travel charge. Solve the equation 35h + 25 = 40 to find how
many hours h a service call must be for the two companies to charge the

SHME AMMHoUmL

10. For an annual membership fee of $186, Jacy can join the local pool that
would allow him to take diving lessons for $10 each session with an
instructor. Without the membership, the pool charges $25.50 for each
diving lesson with an instructor. Solve the equation 186 + 10x = 25.5x to
find how many diving lessons x Jacy can take for the cost to be the same

1.

136 Module 3 = Solve Equalions with Variables on Each Side

with and without a membership.

@’ Identify Structure Explain how the
Distributive Property can be used to
eliminate the fractions in the equation

1 -1
5:~:+El—mx+'9.

2 =,$’ Justify Conclusions Determine if the

statement is frue or folse. Justify your
response.

To solve an equotion with variobles on each
side, such as —9 + 3x = 8x + 6, you always
first mead o odd or subtroct the varioble
terms from each side,

12. I.g?!:lml the Error A student solved the
equation 6n + B = 4n — 9. Find his
mistake and correct L

bn+8=4n—9
Gn+8—8B=4n—-9—8

bn =4n—1
6n—4n=4n—4n—1

2n=-—1

n=-05

14. Write an equation with variables on each
slde of the eqguals sign that has a solution
of —2.
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Lesson 3-2

Write and Solve Equations
with Variables on Each Side

| Can... write linear equations in one variable with raticnal coefficients
and use the properties of equality to solve them.

Explore Write and Solve Equations with Variables
on Each Side

aﬂniine Activity You will explore how to write an equation with
variables on each side 1o splve a real-world prablem.

— | -

Learn Write and Solve Equations with Variables on
Each Side

You can represent many real-world problems using equations.

A music streaming website offers two plans. The first plan costs
$0.99 per song plus an initial fee of $25. The second plan costs

$1.50 per song plus an initial fee of $10. Fer how many songs will the

Talk About It
two plans cost the scame? %

What will a salution to
Words the equation represent

within the context of
a fee of $25 plus $0.99 per song the problem?
is the same as

a fee of $10 plus $1.50 per song
Variables
Let s represent the number of songs.

Equsation

25+ 0995 =10+ 1.50s
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N

\ @ Example 1 Write and Solve Equations with
Variables on Each Side

Q Think About It Green’s Gym charges a one-time application fee of $50 plus $30 per
Whiat i= the unkniown in session for a personal trainer. Breakout Gym charges an annual fee of
this problem? $250 plus $10 for each session with a trainer.

For how many sessions is the cost of the two plans the same? Write
and solve an equation to represent this problem. Check your
solution.

Part A Write an equation to represent the proablem.

Let = represent the numberof . Write an equation that
models when the cost of the two plans are equal to each other.

Green's Gym Breakout Gym
50 + | = + 10s

Part B Solve the eguation.

50+ 30s =250+ 105 Write the equation,

— s = —10s Subtraction Property of Equality
50 + =0 Simaol
@ Talk About It | ity
Suppose a customers — B0 = — 50 Subtraction Property of Eguality
plans to have a — T
personal training 1= Simplify.
session once a month, 20 700 e
for ane year. Which >0 = 30 Divizion Property of Eguality
gym is more cost A -
effective for them to e | Simplify.
choose? Explain.

S0, the cost i= the same for 10 personal trainer sessions.

Check the solution.
Green's Gym Breakout Gym
Repiace =
50 + 30s = 50 + 30{10) weith 10 250 + 10s = 250 + 100110)
= B0+ 200 Multiphy = 250 + 100
== Simiplify, =

13E Module 3 - Solve Equalions with Variables on Each Side
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Check
A comtainer has 130 gallons of water and is being filled at a rate of
%—gaﬂlm each second. Another container has 200 gallons of water

and is draining at a rate uf-;- gallon each second.

Part A

Which equation could be used to determine s, the number of
seconds, when the two containers have the same amount of water?

Vou s =ik T - =1
(@130 + 35 = 200 — ¢ (€200 + 35 =130 - 35

lo= =k B e
(@130 + 35 =200 — 3= @4+ m55=3— 555
Part B

After how many seconds will the two containers have the same
amount of water?

m Go Online You can complete an Extra Example online.

@ Example 2 Write and Solve Equations with
Variables on Each Side
Ryan's Rentals charges $40 per day plus $0.25 per mile. Road Trips g Think About T
charges $25 per day plus $0.45 per mile.
How would you begin

For what number of miles is the daily cost of renting a car the solving the problem?
same? Write and solve an equation to represent this problem.

Check your solution.

Part A Write an egquation.

Let m represent the number of ___________ Write an eguation that
models when the cost of the two rentals are equal.

Ryan's Rentals Road Trips
40 + = | | +045m

{continued on next poge)
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& Talk About It
Which company is
maore cost effective to
use if you plan to drive
50 miles in one day?
150 miles? Explain,

Part B Solve the equation.

40 + 0.25m = 25 + 0.45m

—0.25m = —0.25m

Write the egquation.

Subtraciion Property of Equality

— 25 =—25

=25+

Simplify.

Subtraction Property of Eguality

15 _ 030m
020 020

Simiphify.

Divizion Proparty of Eguality

SEmiplify

S0, the cost is the same fior 75 miles in one day.

Check the solution.

Ryan's Rentals
40 + 0.25m

= 40 + (0.25)75

e
=40 +|
A

Check

Road Trips
25 + 0.45m
Replace m
with 75, =25 + (0.45)75
Multiply, =25+
Simplify. =

Annie is comparing the cost to ship a package. One shipping
company charges $7 for the first pound and $0.20 for each additional
pound a package weighs. Another shipping company charges $5 for
the first pound and $0.20 for each additional pound.

Part A

Which equation could be used to determine p, the number of pounds,
when the costs for the two shipping companies are the same?

(7 + 030p =5+ 020p
B 020+ 7p=030+5p

Part B

(©7+020p=5+030p
@7+ 20p=5+30p

For how many pounds is the cost of the two shipping companies the

sama?

=4

Eﬁn Online You can complete an Exira Example online.

140 Modile 3 = Solve Equations with Varables on Each Side
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@ Apply Home Improvement O Go Online

Suppose you are replacing the carpet in a living room where the Watch the animation.
length of the living room is five feet shorter than twice its width, .
Tack strip is placed around the perimeter of the room, which s equal
to five times the width. If carpet costs $2.99 a square foot, what is the
total cost to carpet the living room?

1 What is the task?

Make zure you understand exactly what question to answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are yvou wondering about?

2 How can you approach the task? What strategies can you

use?
3 What is your solution? Q@ Talk About It!
Uz your strategy 1o solve the problem. How could you solve
: this problem another
WayT

4 How can you show your solution is reasonable?

Q'Writu About It! Write an argument that can be used to defend
yvour solution.
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Check

A rectangular bathroom with the side lengths shown is being covered
with tiles, where x is the length, in feet, of a square tile. The perimeter
is equal to 48x — 6. If each square foot of tile costs $£8.49, what is the
total cost to tile the bathroom?

12x

Eﬂu Online ¥You can complefe an Exitra Example online

Pause and Reflect

How will you study the concepts in today’s lesson? Describe some
steps you can take.

12 Module 3 - Solve Equalions with Varaldes on Each Side
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Practice B Go Online You can complete your homework onlline.

Write and solve an equation for each exercise. Check your solution.
(Examples 1 and 2)

1. Marko has 45 comic books in his collection, and Tamara has 61 comic
books. Marko buys 4 new comic books each month and Tamara buys
2 comic books each month. After how many months will Marko and
Tamara have the same number of comic books?

2. A fish tank has 150 gallons of water and Is being drained at a rate
of -1- gallon each second. A second fish tank has 120 gallons of water and

is being filled at a rate of % gallon each second. After how many seconds
will the two fish tanks have the same amount of water?

3. Shipping Company A charges $14 plus $2.25 a pound to ship ovemight
packages. Shipping Company B charges $20 plus $1.50 a pound to ship
an overnight package. For what welght is the charge the same for the two
Ccompanies?

4. A bicycle rental company charges a $20 fee plus $5.50 per hour to rent a

bicycle. Another bicycle rental company charges a $15 fee plus $6.50 per
hour to rent a bicycle. For what number of hours is the cost for the rental
the same?

Test Practice

5. Open Response Deanna and Lulu are playing games at the arcade.
Deanna starts with $15. and the machine she is playing costs $0.75 per
game. Lulu starts with $13, and her machine costs $0.50 per game. After
how many games will the two friends have the same amount of money
remaining? Let g represent the number of games.

Equation: |

Number of Games:
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Apply
8. Aiden is replacing the tile in a rectangular kitchen. The length of the Sy — B

kitchen is nine feet shorter than three times its width, w. The
perimeter of the kitchen is six times the width. If tiles cost $1.69 a

W W

square foot, what is the total cost to tile the kitchen?
3w—19
7. Hailley is putting up a fence in the shape of an isoscelas triangle in

her backyard. The fence has side lengths as shown, where » [+ T
represents the number of feet in each fence section. The perimeter (2x + 41t
of the fence can be covarned using 8 total fence sections represented
by the expression 8x. If fencing costs $6.50 a foot, what would be [2x+ &) ft

the total cost of the fence?

B. Create Write a real-world problem that can be
solved using the equation 9 + 4x =21 — 2x.

9. Ling worked three more hours on Tuesday
than she did on Monday. On Wednesday,
she worked one hour more than twice the
number of hours that she worked on
Monday. The total number of hours is two
more than five times the number of hours
wiorked on Monday. Write and solve an
equation to find the number of hours she
worked on Monday.

10. {7 Find the Error A student wrote the
equation 22 + 4 = bs + 125 to represent
the problem shown at the right. Find his
mistake and correct it

144 Modile 3 - Solve Eguations with Varables on Each Side

Damell and Emma are colege students.
Damell currently has 22 credits and he
plans on taking & credils per semester
Emma has 4 credits and plans to take

12 credits per semester. After how many
semestars, s, will Darmell and Emma hawe
the same number of credits?
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Lesson 3-3

Solve Multi-Step Equations

| Can... solve multi-step linear equations with rational coefficients by What Vocabulary
using the Distributive Property and combining like terms. Will You Learn?
like terms

Learn Solve Multi-Step Equations

Some equations contain expressions with grouping symbols on one
or both sides of the equals sign.

To solve equations like this, first expand the expressions that contain
grouping symbols. Then solve the equation, combining any like terms
and using the Properties of Equality.

G Go Online Watch the animation to see how to sohlve the multi-step
equation —52% + 3} —x=d{x+ M+ 1.

The animation shows that you can use the Distributive Property and
the Properties of Equality to solve a multi-step equation that contains
expressions with grouping symbaols.

—H2x+ ) —x=4x+1M+1 Wnte the equation
Expand the expressions using the
=1 — =X =A-h A4 Distributive Property.
Combine the fike terms —10x and —x
Combine the ke lerms 44 and 1.

—Mx—15= 4x+ 45

+ 1ix = £ {lx Addition Property of Equality
—15 = 15x + 45 Simpiify.
— ) Talk About It
—fh = — 45 Subtraction Property of Eguality

How can you make
—60 = 15x Simplify. sure that you solved
-60 _ 15x the equation correctly?

i T

Division Property of Eguality

Coyraafh 10 I G e S0 T ikis sl i

—4=x Simplify.

The solution of the equation is x =
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Example 1 Solve Multi-Step Equations
Solve 3{Bx + 12) — 15x = 2{3 — 3x). Check your solution.

3(Bx + 12] — 18 = 2(3 — 3x) Wite the equation.
T My
| .+3E'|-=E—Ex Combine like terms.
+E' = 4 &x Addition Property of Eguality
| |isa=#& Simpfify.
e 36 =—36 Subtraction Property of Equality
= | Smplify.
E = i Division Property of Equality
] [
X=i Simplafy.

S50, the solution to the eguation isx = —2.

Check the solution.
3Bx +12) — 15x = 2(3 — 3x) Write the equation
alac )+ 12] —s )= 2[3 = ]J Repiice s with —2.
—12 — {—30) = 2{9) Multiply.
B -
Check

Solve B[—2 + x) — 3x = 6x + 13.

Eﬁn Onllme You can complate an Exira Example online.

& Modile 3 - Solve Equations with Varables on Each Side
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Example 2 Solve Multi-Step Equations
Solve 0.3(10 — 5x) = 31.5 — (8x + 9). Check your solution.

0.3{10 — 5x) = 315 — (Bx + 9) Write the equation.

P 5 =315 — [Bx + 9) Dastritmtive Property

3 —15x = 315 + (—8Bx — 9)

Rewrite using the additive inverse.

3—-15x= _l — Bx Combine ke terms.
—3 =—3 Subtraction Property of Equality
= I— Bx Simplify.
+8x = + Bx Addition Property of Eguality
. |=195 Simplify.
i E.Exi =- Lt Dvision Property of Equality
=] 1 Simplify

So, the solution to the equation s x = 3.
Check the solution.
To check your solution, replace x with 3 in the original equation.

Write the equabon.

0.3(%0 — 5x) = 315 — (Bx + 9)

nz[m =% _} = 35— [a [ ]+9) substue

D.B{"Fﬂ — J =315 — [l [+ 9} Multiphy,
n.:-\{ ] =315— | Simplify.
| =1 Simplify,

Check
Solve 15 — (7x + 20) = 0.5(6x — 14).

D-G-u Online You can complete an Extra Example online.

b Think About It
How would you begin
solving the equation?

(& Talk About It
How does the Additive

Inverse Property allow

the parentheses to be
removed in order ta

simplity the right side
of the equation?
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Example 3 Soclve Multi-Step Equations
m%{sx—n}+ﬁ=—ﬁ{%u+zi.mmmuﬁm.

I6x—4) + 6x = —12(%: + 2} Whike thia sl

—i i+Ex=: . | Distributive Property
[ =2 = <x=—2a Combine like terms.
-1-_2:!.' =+ 2Ix Addtion Froperty of Eguality
_| o, P Sirplify,
+2 =42 Additicn Property of Eguality
Ny = —| Simplify.
L| =22 Division Property of Equality
= Simplify.

S0, the solution to the equation isx = —2.

Check
Suhre%{—ﬁx— B) = —6lx + 4] + 1x.

m-ﬁn Online You can complete an Extra Example ondine.

(Tl Foldables It's time 1o update your Foldable, located in the

Module Review, based on what you leamed in this lesson. If you

haven't already assembled your Foldable, you can find the

instructions on page FLI.

i |
[ R
2';.-5- }

i S _Q?‘g
[ %
e A T %%‘1
e Frmar o Lot m
b e
e i

i :
i |
i?,?" b v D ?%
= Fosgaems ol Lipagrn,, -
i i
1 ]
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. Dats

Practice B Go Online You can complete your homework onlline.

Solve each equation. Check your solution. [Examples 1-3

1. —g+23+g)=—4g+1) 2. —B—x=—32x—4)+ 3

3. 0.6(4 — 2x) = 20.5 — (3x + 10) 4. 12 — (4y + B) = O.5(8y — 16)

5. 2(—4+6n=2n+2n+9) 'E.%tﬁx—ﬁi+3x=—9{';'r+4}

Test Practice

7. Equation Editor Solve the equation shown for q.

2(1g+1)=—3Rq-19+8g+4 |

()2)) ()

e
ae

o
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Apply

B. At 8 health club, 96 members participate in the moming workout, and this
number has been increasing by 2 people per weelk. In the aftermnoon
workout, there are 80 members, and this number has been decreasing by
3 people per week. Solve the equation 96 + 2w = B0 — 3w) to find in
how many weeks w the number of people working out in the morming will
be double the number of people working out in the afternoon.

9, The triangle and the sguare shown have the same
perimeter. Solve the equation 3x + 4x + by = 4{x + 2 Cx
to find the value of x. Then find the length of one side 3 x+2
of the square.
.
Ax x+2

10. ({7 Find the Error A student solved the
equation 3(—4 + x) — bx = 7x 4+ 15. Find
her mistake and correct it

11. ({7 Identify Structure Describe the role of
the Distributive Property when solving
mulii-step equations that contain
expressicns with grouping symbaols.

150 Module 3 = Solve Equations with Vaniables on Each Side

-4+ —Ex=Tx+ 15
24+ 3—1Gx=Tx+15

12 —12x=T7x+15
A2 — 2%+ 12x=Tx + 125+ 15

=12 =19x + 15
-2—-155=1G+15-15
—27 = 19x
g8 _
_‘l-ﬁ_x

1Z. Suppose your friend says he can solve
theequaﬁnn15—{2.u+ﬁ}=%t?x—4}
by first using the Multiplication Property

of Equality to multiply each side of the
equation by 2. I= he correct? Justify your
response.
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Lesson 3-3

Write and Solve Multi-Step Equations

| Can... write and solve multi-step linear equations with rational
coefficients by using the Distributive Property and combining ke terms.

Explore Translate Problems into Equations

Online Activity You will explore how to model a real-world
problem with a multi-step equation with variables on both sides.

AT P LE0F M) (e Tl CIRL P DR o AT N T St e o plapien W

Horwhae = R L .

oy Hans |

3 BEl s e

1 Efiae

Learn Write and Solve Multi-Step Equations
You can represent mamy real-world problems using multi-step equations.

Four friends bought zoo tickets and spent $9.50 each on wristbands
for the 200 rides. The same day, a group of 5 different friends bought
zoo tickets and spent $3 each on the sting ray exhibit. The group of 5
friends also rented a locker for $8. if both groups spent the same
amount, how much did each person pay for a 200 ticket?

i Q) Talk About It

H Waords De=scribe another

i 4 times the cost of a ticket and a $9.50 wrist band real-world situation in
2 is the same as which you might need
2 an $8 locker pius five times the cost of a ticket and a $3 to solve a multl-step

E exhibit equation in order to

e solve a problem.

Variables

Let ¢ represent the cost of each tickel

Equatian
4 4+ 950)=8 + 5{t+ 3)
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{# Think About It
What is the unknown in
the problem?

& Talk About It

What is another
equation you can write
to represent the
perimeber of the
garden, other than
P=2f+ 2w?

@ Example 1 Write and Solve Multi-Step
Equations

Mirs. Hill is designing a rectangular vegetable garden for her
backyard. The width of the garden is 11% feet shorler than twice
its langth.

If the perimeter of the garden is 37 feet, what is the length of the
garden? Write and solve an equation. Check your solution.

Part A Write an equation.

Let £ representthe __________ in feet, of the garden. The width of the
garden is twice the length ‘F‘Ir% feot. So, the expression
28 — 11% representsthe ____ of the garden.

Write an equation that models the perimeter.
P =2+ 2w

'=2£+2'| '
| I ]

Part B Solve the equation,

37T=2f+ E{EE — 'H-%} Wite the equation

37 =24+ ' e Distributive Property

7= |—-23 Combins like terms.
+23= o + 23 Addition Property of Equality
| |= & Simiplify.

% = i—f Division Property of Equality

SErmiplify.

So, the length of the garden is 10 feet.

Check the solution.
Length: | | feet
| M |

Width: 26 — 11% = 2(10) — 11% or feet

Perimeter: 2 — 2w = 2(10) + 2{B5)or|  |feet
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Check
The hallway in O=car's house is in the shape of a rectangle. The

length of the hallway is -;- foot longer than twice its width. The
perimeter of the hallway is 31 feet.

Part A

Which equation{s) can be used to find the width w of the hallway?
Select all that apply.

3 =7 + 4w J3t=1+6w [ AN=24+2w
;31=2{l+2w}|+1w MNat=dt+w | 31=:{l+3w}
2 2 2
Part B

What is the width of the hallway?

) Go Oniine You can complete an Extra Example onfine.

& Example 2 Write and Solve Multi-Step
Equations

M. Murphy's class of 20 students is going on a field trip to the
science center. Thay will also watch the 3-0 movie. Mrs. Todd's class
of 15 students is going on a field trip to the art museum and will take
the audio tour. Admission to the art museum is 2.5 times that of the
science center's entry fee, as shown in the table.

If the total cost is the same at both the science center and the art
museumn, what is the entry fee per student to the science center?
Check your solution.

Sclence Center Art Museum

Entry fee: $x per student | Admission: $2.8% per student

3-0 movie: 5250 per student Audio Tour: $1 per student

Part A Write an equation.

Let x represent the cost of the entry fee per student to the science
center. The cost of the trip to the science center can be represented
by the expression (x + 2.50) for each student to pay the entry fee and
3-D movie. The cost of the trip to the Art Museum can be represented
by the expression (2.5x + 1) for admission and the audio tour for each
student. Complete the equation that models the total cost.

{x + 250) = (2.5x + 1)

fcontinsed on next page)

4 Think About It
What quantity will the
variable represem?
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Part B Solve the equation.

Talk About It!
Can you solve the 20{x + 2.50) =15{25x + 1) Write the equation,
equation withouwt using
the Distributive G | = |+ Diistributive Property
Property? Why is the e : .
Distributive Property — 20 = — 20x Subtraction Property of Equality
el 50 =| +15 Sirmplitye
—15 = —15 Subtraction Property of Equality
1
|= 175x Simplify.
25 i 17.5x Dinvasion Property of Egualiy
[ |
f=x Simplify:

So, the entry fee per student to the sclence center is $2.

Check the solution.

Science Center: 20(x + 2.5) = 202 + 250} or §

Art Museum: 15(2.5x + 1) = 15(2.5(2) + or §

Check

A groupof & friends went to a basketball tourmament game. They
each bought a ticket for ¥ dollars and spent $8.50 each on snacks.

Another group of 4 friends went to the championship game and paid
twice as much for each of their tickets as the first group. The group of

4 friends also spent $6.50 each on snacks.

Part A

Which equation can be used to find the cost of each ticket for the
group of G friends?

(® 8.50(x + 6) = 4{2x + 6.50)

6(x + 8.50) = 2(4x + 6.50)

(©) 8.50{x + 6) = 5.50{2x + 4)

(D) 6{x + 8.50} = 4{2x + 6.50)

Part B

What is the cost of each ticket for the group of 6 friends?

GG@ Dnllne Yol can complete an Extra Example onfime.

154 Module 3 = Solve Equations with Varables on Each Side
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€ Apply Business Finance

The table shows the hours
worked by employees at a
coffee shop last month. If each Shantel 48
employee earns %15 per hour Lo Sk T
and the total number of hours

worked is represented by Jamie . 35|m—#)
7m + 19 where m represents Mal M

the number of hours Mai worked.

Employee | Hours Worked

What was the total payroll, or amount paid to the employees?

1 What is the task?

Make sure you understand exactly what guestion 1o answer or
problem to solve. You may want to read the problem three times.
Discuss these guestions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

@ Talk About It!

What method did you
L=e to solve the

. -
3 What is your solution? Brblon Bk iy
Use your strategy to solve the problem. you chase that method.

4 How can you show your solution is reasonable?

eWrHe About It Write an argument that can be used to defend
your solution.
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Check

The table shows the number of minutes Declan participated in
various activities last week. The total number of minutes he
participated in all of the activities was Bx + 15.75. What is the ratio of
the number of minutes Declan rode his bike to the number of minutes
he had soccer practice?

Time (minutes)
| Ride Bike X
is::...:mr '2.59:+3}+E.5
i Swim 155

| DogWalk | 3{x — 13.25)

mﬁu Omlime Yo can complete an Exira Example online

Pause and Reflect

Write one sentence about today’s lesson for each of the categories:
Who, What, Where, How, and Wiy,

158 Modile 3 =« Solve Equations with Varables on Each Side
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Practice B Go Online You can complete your homework onlline.

Write and solve an equation for each exercise. Check your solution.
(Examples 1 and 2)

1. M Reed is drawing a blueprint of a rectangular patio. The width of the

patio s 4{}% feet shorter than twice its length. The perimeter of the patio is
3&;- feet What is the length of the patic?

2. The Yearbook Club is going to an amusement park, and each of their
12 members will pay for admission and will also help pay for parking. The
Robotics Club is going to a waterpark, and each of their 14 members will
pay for admission and will also purchase a meal ticket. Admission to the
amusement park is 1.5 times that of the waterpark’s admission, as shown in
the table. If the total cost is the same at both the amusement park and the
waterpark, what is the admission per student to the waterpark?

Amusement Park Waterpark

Admission: $1.5x per student Admission: $x per student
Parking: $2 per student Meal Ticket: $10.50 per student

Test Practice

Coyraafh 10 I G e S0 T ikis sl i

3. Open Response Arjun purchased 5 tickets 1o a play, each with the same
price. He was also charged an online service fee of $3.50 per ticket.
Emilia purchased 3 tickets to the same play and paid twice as much fior
her tickets as Arjun. Emilia was also charged a service fee of $275 per
ticket. If they spent the same amount, what is the cost of each of the
tickets Arjun purchased? Let { represent the cost of each of Arjun’s tickets,

Equation:

Cost of a Ticket:

Lesson 3-8 « Write and Solve Multi-Step Equations 157




Apply

4. Four =siblings have a dog walking business. The table shows Sibling | Hours Worked
the hours worked by each sibling. Each sibling earns $25.50 :
per hour and the total number of hours worked is represented Martin | 25r +3
by 10h + 15, where b represents the number of hours Michael Emilio 4th — 2)
worked. What was the total amount the siblings eamed?
Michael h

| Mario 31

5. Create Write a real-world problem that can be solved using a multi-step equation.
Then write and solve an eguation for your problem.

B. 'E‘FEI‘H’J‘!E with Problems Elijah put 2x + 3 dollars in the bank the first week.
The following week he doubled the first week's savings and put that amount in the
bank. The next week, he doubled what was in the bank and put that amount in the
bank. He now has $477 in the bank. Write and solve an equation to find how much

monay he put in the bank the first week.

T r@*mecl the Error A student wrote the
equation 4{x + 5.5) = 3{1.5x + 475} to
represent the problem shown. Find her
misiake and comrect it

158 Modile 3 = Solve Equations with Varables on Each Side

Petra and her 4 friends went to the movies.
They each bought a ticket for x dollars and
spent $5.50 each on snacks. Valentina and
her 2 friends went to the movies and paid
15 times as much for each of their tickets as
Petra. Everyone in Valentina's group also
spent $475 each on snacks. If both groups
spent the same amount, what is the costof a
ticket for Petra's group?
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Lesson 3-5

Determine the Number of Solutions

| Can... identify the number of solutions of a linear equation in one
variable by simplifying each side and comparing coeflicients and

constants.

Explore Mumber of Solutions

anline Activity You will use Web Sketchpad to explore equations
with one solution, no solution, and infinitely many solutions.

0 Tl e am

Esli i wi b i# [P ks b, 3, P
u I prmwn L W 0
rurtics ! Choaie b ofte weian b o
wnet prEwn Check Weer oo pou noice
aiicad pach ikmsmE wEwnt

e raey vl thaes Puaerizn 1
T o o e ke s T

Learm MNumber of Solutions

The salution to an equation is the value of the variable that makes the
equation true. Some eqguations have one solution, while some

equations have no solution. When this occurs, no value will make the %‘ Talk About It!
equation true. Other equations may have infinitely many solutions. Study the structure of
When this occurs, the equation is true for every value of the variable. the equations with no
solution compared to
Mo Solution One Solution Infinite Solutions those with infinitely
many solutions. What
a=h r=d a+=a do you notice?
Examples 3w +4=3x 2x =20 x4+ 2=4x+ 2
4=10 x=10 2=2

Sinced £ 0,  Sincex =10,

there s no there is ane
solution. solution.

Since 2 = 2, all of the
values of x are
solutions.
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f Think About It
How will you kornow i
the equation has one
solution, no solution, or
infinitely many
solutions?

(& Talk About It
After simplifying each
side of the aquation,
the equation becomes
Bx — 8 = Bx — B, Why
is it not necessary o
finish solving to find
the number of
solutions?

Example 1 Equations with Infinitely Many
Solutions
Solve G{x — 3) + 10 = 2{3x — 4). Determine whether the equation

has one solution, no solution, or infinitely many solutions. Check
your solution.

Bix —3)+ 10 =23x — 4} Wirite the sguation.
= | . +10= == Distributive Property
Bx — _ = &Gx—8 Combine like terms
— By = —Bx Subtract &x from each side.
—8=-8 Sarmplify

The equation —8=—-8Bis________________ true hecause any value can
be substituted to make the equation true.

5o, the equation has infinitely many solutions.
Check the solution.
Replace x with any value to verify that amy soluticn will work.

B(x — 3) + 10 = 23Ax — 4] Wirite the equation.
. L=
E[ 5—3]+m=2{3-| |—4] Replace x with 4.
1B =16 Simplify
Check

Which equation has an infinite number of solutions?
(8 2{3c — 6) — 2c = 4lc + 4)
®3i2p - =2(p +10)+1

© 8ix — 9) = 6(2x —12) — 4x

© 5ix—2)— 20 = —5(x — 6)

Eﬁn Onllme You can complate an Exira Example online.

80 Module 3 = Solve Equations with Vaniables on Each Side
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Example 2 Equations with No Solution

b Think About It
Solve B(d — Zx) = 4({2 — 5x) + dx. Determine whether the equation M e Errhe
has one solution, no solution, or infinitely many solutions. possible first steps to
) solving this equation?
Bl4 — 2x) = &3 — Bx) + 4x Write the equation.
- | = - i+ 4 Disfributive Property
32 —16x =12 -— _ Combine [He temms:
+1i6x = +16x Addition Property of Eguafity
44 W— (&) Talk About It!
After simplifying each
side of the equation,
The equation 32 =12is ____________ true because no values can be the: equation becomes

32 —16x=12 — 16x
Without continuing to

S0, the equation has no solution. sobve, hiow can you
determine that the

equation has no
solution just by

Check studying it?

substituted to make the eguation true.

Which equation has no solution?

(@5 +3)—2b=2b+3
®ad -3 +5=3d+2)—7
©3px + 5)=5(x + 3) — 2x

® —10y +18 = —3(5y — 7) + 5y

Dﬁu Online You can complete an Extra Example ondine. L
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(& Talk About It!
What do you notice
about the relationship
betwean the number of
solutions and the
coefficients of each
side?

(@ Talk About Iti

How can you varify
that the equation
Bx—x+4+2x=
7x + 4 has infinitely
many solutions?

Learn Analyze Equations to Determine the
MNumber of Solutions
It is possible to determine the number of solutions to an equation

without actually solving it. The number of solutions to an equation
can be found after each side has been simplified.

Complete the table to indicate whether the coefficients and constants
are the some or different,

Infinite Solutions

Mo Solution One Solution

Gx+ 3= dun+ 1 Gx+3=6x+3

Equation By + 3 = Bx + 1

Coefficients the same the same

Constants different or the sama

Example 3 Create Equations with Infinitely
Many Solutions

What numbers would complete the equation so that it has infinitely
many solutions?

By —x+ 4+ 2x= ?ir+ 7 |

Gx—x+a4+2x=| 7 Xx+| 7 Write the equation.

+d=| 7 x+| 7 Combine like temms

The coefficients and consiants
musi be the same on each side.

Tx+4= x+

S0, Bx —x + 4 + 2x = Tx + 4 is the eqguation with infinitely many
solutions.

Check

Complete the equation with values that will result in an equation with
infinitely many solutions.

Ax—2x+ 5= |x—

i:}ﬁn Online You can complete an Exira Example online.

162 Modiile 3 - Solve Equalions with Varalles an Each Side
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Example 4 Create Equations with No Solution

What numbers would complete the equation so that it has no
solution?

311t+4}—x="? ::+'? |

—_—

3{2.-:+4'|—x=| ? |x+I 7 |

Wiris the equabon
I +=i |_I=| ? _”"‘! A Distributive Property

(+12=| 92 x4+ 7 Combine ke terms.
50, Bx + 12 = bx + 8 has no solution since they have the same
coefficient and different constanis.

Check

Complete the equation with values that will result in an eguation with
no solution.

—ax+Br—6—-x=| |x=| |
| |

Eﬁn Oinline You can complets an Exira Example online.

& Talk About It!
Howw can you verily that
the equation

2+ 4)—x=5x+8
has no solution?

Pause and Reflect

How does knowing the structure of equations with infinitely many
soluticns and equations with no solution help you create these types

of equations?

& Talk About Iti
What are same other
expressions, other than
By + B, that would
result in the equation
having no solution?
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Pause and Reflect

Create a graphic organizer that will help you study the concepts you
learned today in class.

1a4 Module 3 « Solve Equations with Variables on Each Sade
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& Apply School
Caden, Lilly, and Amelia are analyzing the expressions %mx + 24

and —{%x + 5] + B(x + 8], for all values of x. Each student claims the

expressions are related according to the results shown in the table.
Which student is correct?

cﬂfjﬂ'!l %{“H + I'ﬂ] —. —lilx + 5! + E:..- -+ E‘r
Lilly St + 24 > | ~xes)repsn
Sneta Sl + 24) < | fGx+5+6x+8

1 What is the task?

Make sure you understand exactly what guestion 1o answer or
problem to solve. You may want to read the problem three times,
Discu=s these guestions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Lise yvour strategy to solve the problem.

4 How can you show your solution is reasonable?

e-Writn About It! Write an argument that can be used to defend
your solution,

& Talk About It!
For all values of x,
%‘ﬂ‘lx + 24) <

i
= [—E—x ¥5 ]+ Bix + 8).
Generate twa different
expressions, A and B,
for the right side of the
inequality, according
to the guidelines
below.

Tt + 24) = A

%mx+24}}ﬂ
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Check
Olivia and Harry are analyzing the expressions %{E + 3x) + Hhand
—2[3x+7) + 23x + 24, for all values of x. Olivia claims that the value

of these expressions is always equal. Harry claims that the value of
the first expression is always less than the value of the second

expression. Which student is correct?

L} Go Online You can complate an Extra Example online.

Pause and Reflect

What questions do you still have about equations with infinitely many
solutions and equations with no solution?

188 Modile 3 -« Solve Equations with Varables on Each Side
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M mmis Period

. Dats

Practice B Go Online You can complete your homework onlline.

Solve each equation. Determine whether the equation has one solution, no solution,
or infinitely many solutions. (Examples 1and 2)

1. 4fx— B)+12 = 2[2x — 9) 2 32k — 5 =6k—4)+9

1—4y—3=-;7112y—9]—3}r 4. 6(3 — Sw) = 5[4 — 2w} — 20w

Complete each equation so that it has infinitely many solutions. (Exampie 3)

5. 2x — 7ix + 10} = o 6. 12x —x+B+3x= ix+'

Complete sach equation so that it has no solution. (Esample 4)

7. —1Ex+ax+2—x=| x4 B. 9x —4) —5x = *—

Test Practlce

9. Multiple Choice Which of the following explains why %{x + 3= %[x — 6
has no solution?

@ The coefficients are different, and the constants are different.
The coefficients are the same, and the constants are the sama.
@ The coefficients are different, and the constants are the same.

@ The coefficients are the same, and the constants are different
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Apply

10. Three students in the Math Club are analyzing the expressions %{1(}: + B)

and —[%—.Jr + 13} + 3x + 5}, for all values of x. Each student claims the
expressions are related according to the results shown in the table. Which

student s cofrect?

SOCIISRN (10x+8) | =  —fgx+ 13)+ 3px + 5)

SOEIOE A (10x +8) | > | —fgx+ 13)+ 30+ 5)

SRR {10x+8) | < —fgx+13)+ 30+ 5)

11. Daniel and Fatima are analyzing the expressions below for all values of x.
Daniel claims that the value of these expressions is always equal. Fatima
claims that the value of the expression on the left is always greater than
the value of the expression on the right. Which student is correct?

0.6(—7x + 9) and 4{x — 3) — [—8 + B.2x)

12. 'l Find the Error A student solved the
equation and determined that the solution
wias —2. Find her error and comect it

15x% — 2 = —2 4 15x
=3

14. Determine if the statement is true or folse.
Justify your response.

An eguation will ohways howve ot least one
soiution.

BB Modile 3 - Solve Equations with Varables on Each Side

13. '@f’ Make an Argument Supposze the
solution 1o an equation s x = 0. Explain
why it is incorrect to conclude that the
equation has no solution.

15. ({7 Identify Structure What values of o,
b, ¢, and d will make the equation have
one solution? Then alter your equation so
that it has no solution. Finally, alter the
equation again so that it has infinitely
many solutions.

ar+h=cx+d
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Review

JI Foldables Use your Foldable to help review the module.

Write About it Solve
&l - 3)+10 = 24x - 5)

Solving Equations

Tab1l
Tab 2

i
i Rate Yourselff O O ©
3 Complete the chart at the beginning of the module by placing a checkmark in each
z row that corresponds with how much you know about each topic after completing this
£ module.
Write about one thing you learned. i Write about a question you still have.
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Ri?,ﬂéct ﬂi_i the Module

L.I-ja-what you learned about squations with variables on each tide 1o complete the graphic organizer.

& Essential Guestion

How can equations with variables on each side be used to represent evenyday situations?

Equations with Variablez on Each Side

One Solution Mo Solution Infinitely Many
Solutions
Words Words Wards
s ] ]
F Symbals Symbols 1 1 Symbols 1
L A

T70 Module 3 - Solve Equations with Variables on Each Side
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Test Practice

1. Equation Editer Solve 3n — 2 = 4n — 6. 4. Muhiple Cholce A tank has 120 gallons of
fLessan A= wiater and is being drained at a rate of -;-
| | gallon each second. Another tank has 100

gallons of water and is being drained at a

rate of -‘1‘- gallon each second. Which equation
could be used to determine x, the number of
spconds, when the two lanks have the same

amount of water? {Lesson 2)

1= L ;
(@) 120x + 5 =100x + 5

ﬂ @® 120+ 2x=100 + 3x
o) )] © 120x — 3 = 100x — §
® 120 — 3% =100 — 5x

2, Multiple Choice Which of the following 5. Open Response Monique wants to rent
represents the solution to the equation online movies. Movies Plus charges a
34m — b6 =2.2m — 367 (Lesson ) one-time fee of $20 plus 55 per movie.
Movies-To-Go charges $7 per movie. For how
@ —2 many movies is the cost of renting movies
,;. from Movies Plus and Movies-To-Go the

SAINe? (Lesson I

© 2

A. Write an equation to represent the

@ 8 problem, where m & the number of movies
rented,
3. Open Response Consider the equation -
%ﬁ + 5= —;-b — 4, [Lessan 1)

A. Solve the equation.
B. Solve the equation.

B. Check the solution. Show your work.

6. Open Response Cell Phone Plan A charges
%25 per month plus $10 per gigabyte of data.
Cell Phone Plan B charges 350 per month
plus $5 per gigabyte of data. What number of
gigabytes of data results in the same cost for
one month? (Lessan 2

Madule 3 - Sohe Equations with Variables on Each Side  TH



7. Equation Editor Solve [ 0. Multiple Chalce The width of a rectangular

2{6x + 4) — 3x = 5x — 4, (Lesson 3) table top is 2{; feet shorter than three times

e its length. if the perimeter of the table top i
43 feet, whal is the length, £, of the table
Lop? [Lesson 4}

Which equation represents this situation?
1
EEGD0 @® 43 =2¢+2[3e - 23]
E]E]E] ® 43 =20+ 2{2 - 23
(s)(5]¢] © 43=t+2[3e— 24

@ 43= c+:{2£—z%]

1. Table tam Determine whether each
equation has one solution, no solution, or

O Rexp Corelcior the eyumicn ln?Inlte-r;r ATy smun:ns "; a0 5)
—2(3x — 5) — 2 = {6 — 3}, {Lesson 3) y e

A. Solve the equation. Show your work. Infinitedy

One Mo

Many
Solutions

Solution | Solution

4ix + B) = 2{4 + 2x) |
32x+ =3 + 6x
2x+ 5)=Sx+1

12. Equation Editor Complete the equation with
values that will result In an eguation with

B. Check the solution. Show your work. infinitely many solutions. (Lessan 5
Tx—3e—N=_x+__

Goolaseas
R e s % HEEER
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Module 4
Linear Relatlﬂnshlps and Slope

2 Essential Question

How are linear relatronships related 1o proportional relationshipsy

What Will You Learn?
Place a checkmark (+7) in each row that corresponds with how much you already Know
about each opic before starting this module.

KEY Before | After

D—rdun‘tlmuw. o—meheamum c;—mnuwiu 0 0. 0 D o Q

finding and interpreting the slope of a
proportional relationship

graphing proportional relationships

comparing proportional relationships

frh::llng the slnpe of a line
mmparlng 5|DDE5 of similar tiangles

wiriting direct variation equations
identifying slopes and y-intercepts
wiriting equations in slope-intercept form

Coyraafh 10 I G e S0 T ikis sl i

graphing linear equations |

ﬂ] Foldables Cut out the Foldable and tape it to the Module Review at the end of the
module. You can use the Foldable throughout the module as you learn about linear

relationzhips and slope.
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What Vocabulary Will You Learn?

Check the box next to each wocabulary term that you may already know.

O constant of proportionality O linear equation

O constant of variation O linear relationships
O constant rate of change O rate of change
O corresponding parts O rise
O direct variation O run

O initial value O similar figures

Are You Ready?

O slope

O slope-intercept form
O slope trianghes

O solution

O unit rate

O y-intercept

Study the Quick Review to see if vou are ready to start this modutbe.

Then complete the Quick Check.

Example 1 Example 2
Subtract integers. Evaluate expressions.
Find —24 — 9.

Evaluate Ef E ;
—24 —9=-—24 4+ -9 Tosibiac9 add —9,

B5+5 20 Simplify the numerator and

=—-33 Simplity 9—=5 "k denominator,
=h Smplify

Quick Check

. 40
2. The expression

1. Afish was 7 feetl below sea level and
descended 12 fest. The expression
—7 — 12 represents this situation.
Find —7 — 12 to determine the location of
the fish compared to sea level

earm?

How Did You Bo?
Which exercises did you answer cormectly in the Quick Check?

Shade those exercise numbers at the right

number of points Cla earned on an
assignment How many points did she

3
537 — 1g fepresents the

K

®
(

174 Meodule 4 - Linear Relationships and Slope
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Lesson 4-1

Proportional Relationships and Slope

| Can... graph and compare proportional relationships using What Viocabulary
words, equations, and tables and interpret the unit rate as the siope Will You Learn?
of the line. constant rate of change
linear equation
linear relationships
Explore Rate of Change rate of change
slope
Bﬂnline Activity You will explore how one quantity changes in solution
refation to another quantity. it rate
X

&l mns

Learn Proportional Relationships

Two guantities are proportional if they vary and have a constant ratio
of unit rate. The graph of 8 proportional relationship 1= a straight line
through the origin. Relationships that hawve straight-line graphs are
called linear relationships. Proportional relationships can be
represented using tables, graphs, words, or equations.

3 Words Table
i A linear relationship is - ] 0 1 2
H proportional when the ratio of y s ~ie -
T 3| 0|36
3 to x is & constant, m. | |
2 Symbols Graph
H m=£my=mx,wheremlglhe i,
g unit rate and m #+ 0.

Exsmple

Iy= ]
A
¥=3x ff

’

{continued on next page)
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@ Talk About It!

I= the ordered pair (1, 3)
a solution to the
equation y = 3x?
Explain why or why nol.
Name three other
solutions.

& Talk About It

How do the unit rate,
slope, and constant
rate of change of a
proportional linear
relationship compara?

An eguation such as y = 3x is called a linear equation. A linear
equation is an equation with a graph that is a straight line. Notice that
this equation also contains more than one variable. The solution of a
linear equation consists of two numbers, one for each variable, that
makes the equation true.

Learn Unit Rate and Slope

A rate of change is a rate that describes how one guantity changes
in relation to another guantity. In a linear relationship, the rate of
change betwean any lwo quantities is the same. or constant This is
called a constant rate of change.

The time to download songs is shown in the table. As the
number of songs increases by 2. the time in minutes increases by 1.

The unit rate is 2 per

Time Mumber of
Rate of Cha

[minutes), x | Songs, ¥ e

2 1;” 0] _H'I—:_l change in songs 2 songs
a change in mibiles 1 mimute
] 2 4 ~
+1( |42
= 3 6 &
In proportional relationships, Downloading Songs
the unit rate is the slope of the ¥
line. Slape s the rate of change ";
between any two points on 3
the lime. g 7
You can use the points (1, 2) 5 3.6}
and (2, 4) to find the slope. f V
3 ¥
Zz % |
change in songs 4-3 1l|f s 2
= i, 0 x

Eh-ﬂ-ﬂl.}{‘- in MiruUteEs = | ! 1 4 5 .78

Time [minubes)

176 Module 4 - Linear Relationshins and Slope
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@ Example 1 Proportional Relationships

b Think About It
I= this relationship
proporticnal? How do
you koo ?

and Slope
The graph shows the amount Ava's Savings
of money Ava saved over ¥ ¥
several weeks. :: A
Find and interpret the slope. 50 [
45
Then find the unit rate and Fan 3. 45|
compare it to the slope. 535 {
30
= 2,300
& 25
an UL
5E
10
v
x

123 4 568 7T8 910112
MNumber of Weeks

Part A Find and interpret the slope.

To find the slope, find the constant rate of change. Choose any two
points on the line, such as (1, 18).and (2. 30). Then find the rate of
change between the points.

change in savings _ %30 - 15)

change in weeks {2 = 1) weeks

The constant rate of change is $15 per week. So, the slope of the line
is # or 15. This means that Ava saved $15 every weak.

Part B Find the unit rate and compare it to the slope.

Avasaved 5 every week. So, the unit rate is $15 per week,
which is also the slope of the line.

(&) Talk About It

How would the slope
compare if you had
chosen tewo different
points?
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Check

The graph shows the Inches per Feet
relationship between feet and ¥ (A1 |
inches. =9 f X
5
s ]
e
s 30
5
g i 2. 24)
15 i
Z o [ 012
s i ;

123 4567 890
NHumber of Feet

Part A
Which of the following is the comrect interpretation of the slope?

@The slope of the line is % This means that there are 12 inches
in 1 foot

The slope of the line is é—. This means that there are 12 inches
in 1 foot.

@The slope of the line is % This means that there are 24 inches
in 1 foot.

@The slope of the line is % This means that there are 36 inches
in 2 feet.

PartB
Find the unit rate and compare it to the siope,

Bﬁ-ﬂ Onlkne ¥ou can compleie an Exira Example ankne.

Pause and Reflect

Refiect on what you have learned about ratios and rates in previous
grades. How do the terms rate of chaonge and slope relate to what

you already know?

178 Module 4 - Linear Relationshins and Slope
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(<] Example 2 Graph Proportional Relationships

The distance y in miles that a certain cyclist can ride and the time x in

hours are in a proportional relationship. This can be represented by Q Think About It!

the equation y = 12x. How does the siope
and unit rate compare,

Graph the equation. Then find and interpret the slope. for proportional
relationships?

Part A Graph the eguation.

Step 1 Make a table of values to find the distance for O, 1, and
2 hours.

Hours, x | ¥ ="12x | Mlilkes, ¥
0 y=12(0) |
1 y=120) |
2 v =12{2)

& Talk About It!
Hiowy ks the unil rate
represented in the
table? How is the unit
Graph the ordered pairs (0, 0], (1, 12}, and {2, 24) from the table. Then rate represented in
draw a line through the points. the graph?

Step 2 Graph the ordered pairs.

Cycling

-

Part B Find and interpret the slope.

In the equation of a proportional linear relationship vy = mx, m
represents the unit rate or slope. The equation y = 12x represents the
distance y in miles that the cyclist can ride in x hours.

So, the slope of the line is % or 12, This means that the cyclist can

ride __________ miles per hour.
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Check

The number of times y 8 honeybee can beat its wings and the time in
seconds X are in a proportional linear relationship. This situation can
be representad by v = 200x.

! Part A
Graph the equation on the coordinate plana.

Honeybees

=i hd L ods O s S

x

0 1234586785
MNumber of Seconds

Mumber of Beats (In hundreds)

PartB
Which of the following is the comrect interpretation of the slope?

| @The slope of the line is ﬁ This means the honeybee beats its
| wings 100 times per second.

The slope of the line = $ This means the honeybee beats its
wings 100 times per second.

@The slope of the line is 2—;3 This means the honeybee beats its
wings 200 times per second.

@The slope of the line is _1% This means the honeybee beats ite

wings 200 times per second.

Eﬁn Online You can complete an Exira Example online.

B0 Module & - Linsar Relaticnships and Slope
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% Example 3 Graph Proportional Relationships

An online music store charges $3.75 for purchasing three songs.
Assume the cost v in dollars is proportional to the number of songs x.

Graph this relationship on the coordinate plane. Then find and
interpret the slope.

Part A Graph the relationship.
Step 1 Find the unit rate.

$3.75
$375 for 3 songs = Cy White the rale as a fraction.
$1.25
= 1song Simeplifye
So.theunitrateis$___ per song.

Step 2 Make a table of values to find the cost for 1, 2, 3, and 4 songs.

MNumber of Sangs. x | Cost [($). v

1 125

2

3 35

4
Step 3 Graph the line. Online Music
Graph the ordered pairs &0 ¥
(1, 1.25), (2. 2.50), (3, 375}, and 55
(4. 5.00) from the table. Then 50
draw a line through the points. 4.5
Since you cannot purchase & 4.0

35

part of a song, use & dashed

line instead of a solid line. ;‘:

20

15

10

05

L g
1 2 3 4 5
Mumber of Songs

Part B Find and interpret the slope.
What Is the unit rate? $ per song.
What is the constant rate of change? %__________ persong.

So, the slope of the line is 135 or 1.25_ This means that the cost is

F
$1.25 per song.

% Think About It

Howw would you begin
solving the problem?
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Check

A manatee can swim an average of 10 miles every 2 hours. Assume
the distance v in miles is proportional to the number of hours x the
manates swam.

Part A Graph this refationship on the coordinate plane.

Manatee Swimming Speed

¥

X

Part B

01234567819

Time (h)

Find and interpret the slope.

Eﬁu DOniline Your can complate an Exfra Example online.

182 Modiule 8 - Linear Relalicnships and Slope

Learn Compare Proporticnal Relationships

You can use tables, graphs, words, or equations to represent and
compare proportional relationships.

« In the equation of a proportional linear relationship, ¥ = mx,
m represents the slope or unit rate.

+ In the table, the slope is the constant rate of change or unit rate.

= In the graph, the unit rate or slope is the constant rate of change or
the constant ratio ; You can also find the unit rate from the point
(1, i, wherne r is the unit rate.

{continued o next poge)
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Words Equation
The cost y is directly proportional to

the number of breakfasts, x. y=2ax
Table Graph
Mumber of | Cost (%), - School Br_iﬂalrfasl
Breakfasts, x ¥ n o
10 :
- 0 o --._II " T
+1 [\ }+2 z '
k 1 2 - | 7
+1( V2.8 7 ]
1 fr: £ 4 = o E B :
Ik*- 3 E 4)I 5 'r.
k(" Nyz r
- 4 g | 3
41 "‘r ‘\-'| +3 ¥ .
I“'l- E ']ﬂ A"‘I 1 :l -
12345678
Mumber of Breakfasts

@ Example 4 Compare Proportional
Relationships

The distance y in miles that can be Grizzly Bear Speed
coveraed by a rabbit in x hours can be ¥ #
represented by the equation 100
¥ = 35x. The distance that can be :E
covered by a grizzly bear is shown on E 0 /
the graph. ﬁ &0 T
BT
Which animal is faster? Explain. o 40
30
it 30)
Step 1 Find the speed of the rabbit. 2'3 ]
V x

e Think About It

How can you compare
the animals’ wnit rates
when the propordional
relationships are
showen in different

Ways?

The speed is the unit rate. In the equation

¥ = 3bx, the slope or unit rate is the Time (h)
coeffickent of x.
So, the unit rateis __________ miles per hour

Step 2 Find the speed of the grizzly bear.

In the graph, slope, or unit rate, is the constant rate of change, the
constant ratio %, or the point {1, f.

{continued on next page)
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) Talk About It

When finding the
spead of the grizziy
bear, three methods
were used. Which
method do you prefer?
Why?

Meathod 1 Find the constant rate of change.

Choose any two points on the line, such as (1. 30} and (2, 60). Then
find the rate of change between the points.

change in miles {60 — 30) miles miles

change in hours {2 — 1) howrs |

hour

Mathad 2 Use the constant ratic.
L distance
Wite the ratio e

such as (1, 30) and {2, 60).

distance __ 30 60
2

Method 3 Use the point (1, r).
On the graph, the p-coordinate (s 30 when x is

The point (1, 30) represents the unit rate, whichis __________ miles
per hour.

S0, using any of these methods, the grizzly bear travels
20 miles per hour

Step 3 Compare the unit rates,
The rate for the rabbit is greater than the rate for the grizzly bear.
Since 35 > 30, the _________is the faster animal

Check

The eguation ¥ = 1.5x represents the Cat Heart Rate
refaticnship between the number of
heartbeats v and the time in seconds
x for a dog. The graph shows the
heartbeats for a cat.

G, i 8)

Which animal has a faster heart rate?

oM am oo BE R

M, 2 | X
012345678
Time (s)

Mumber of Heartbeats

Eﬁn Online ¥ou can complate an Exira Example online.

184 Module & - Linsar Relalicnships and Slope

In simplest form for several points on the line,
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@ Example 5 Compare Proportional
Relationships
The cost v for computer repalrs at Computer Access for x hours is

shown in the table. Macro Repair charges $23.50 per hour for computer
repairs. Assume that the cost i proportional 1o the number of hours.

Which company has the lower repair cost? Explain.

Computer Access

Number of
Hours, x Cost ($),
+1(] 2 - :l 425
il
il 3 s ﬂj 425
1 4 100 [~ _
11 :.I-- 23
Ly 5 125 o

Step 1 Find the unit cost for Computer Access.

Because the relationship is proportional, the constant rate of change
is the same as the slope and unit rate.

change in cost $25

change in hours 1 howr

As the cost increases by $25, the number of hours increases by 1.

So,the unitcostis$__________ per hour.

Stap 2 Find the unit cost for Macro Repair and compare the
unit costs.

From the problem, we know that Macro Repair charges §.
per hour. So, the rate for repairs at Macro Repair is less than the rate
for repairs at Computer Access.

Since $23.50 < $25, has the lower repair cost.

4y Think About It

How would you bagin
solving the problem?
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Check

Annie’s current earnings are shown in the table. She was offered a
new job that will pay $7.95 per hour. Assume that her earnings are
proportional to the number of hours worked.

‘ Hours, x | Money Earned ($), v |

! 2 1450
l 3 2175
i 4 29.00
i 5 36.25

Which job pays more each houwr?

m-“ju DOnillne Your can complate an Exira Example online.

Pause and Reflect

Write a realwaorld problem that uses the concepts from today's
lesson. Explain how you came up with that problem. Exchange
problems with a classmate and solve each other's problem.

TBE Module & - Linsar Relationships and Slope
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@ Apply Utilities

Isabella is comparing rates for two
natural gas companies.

For Company A, the cost v for

Mumber af Total
| Cubic Feet, x | Cost {$). v |

X cubic feet of natural gas is shown
in the table. For Company B, the 5 3750
cost y can be represented by

the eguation v = 0.53x, where x
represents the number of cubic feat.
Which company charges less for
125 cubic feet of natural gas? How
much less?

1o 55.00

1 What is the task?

Make sure vou understand exactly what guestion to answer or

problem to solve. You may want to read the problem three times,
Di=cuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Lise yvour strategy to solve the problem.

4 How can you show your solution is reasonable?

@the About It! Write an argument that can be used to defend
your solution.

&) Talk About It
How did understanding

proportional relationships

healp you solve the
problem?
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Check

Moah = comparing the cost of two types of silicone wristbands.

For Styfe A, the cost can be represented by the equation y = 0.65x,
where ¥ represents the cost in dollars and x represents the number
of wristbands. For Style B, the costs are shown in the table. Which
wristband style costs less for 100 wristbands? How much less?

Number of Wristbands, x | Total Cost ($), ¥

| 50 23,50
| 150 70.50

GEH: Omnline ¥ou can complete an Exira Example online,

Lw Foldables It's time to update your Foldable, located in the
Module Review, based on what you leamed In this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FL1.

SR e e b e e e
A e e .

nonproporiional inesy
relationships

= = e 5
B e e e e e e g

iy g gy
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Periad . Date

Practice

1. The graph shows the amount of book sales
owver several days. Find and interpret the
slope. Then find the unit rate and compare it
to the slope. Example 1)

Book Sales
¥
4,000
# 3,000
Elﬂm e/
=
1000
; :
0 123456789

3. By the end of its fourth week, a movie had
grossed $9.2 million. Assume the revenue y
in millions of doliars is proportional to the
week x. Graph this relationship on the
coordinate plane. Then find and interpret
the slope. [Example 3)

Movie Sales

—a b W G B o~ 00 WO

Revenue [milllans of dollars)

=]
2]

3456788

) Go Online You can complete your homewark onfine.

2. The cost y of renting a snowmobile for x
hours is a proportional relationship. This can
be represented by the egquation y = 33 75x.
Graph the equation. Then find and interpret
the slope. [Example 2

Snowmaobile Rental

4. The amount of power ¥ solar panel A can
produce with an area of x square meters
can be represented by the eguation
¥ =1020x. The amount of power a solar
panel B can produce B shown on the graph.
Which solar panel can produce more
power? Explain. (Example 4)

Solar Panel B

/
V X
0 1234567878
Area of Solar Panels (sq m)

Lesaon 41 - Proportional Relationships and Slepe 189




Test Practice

5. Open Response The distance y that Craig biked on x day trips is
shown in the table. Rei biked 23.6 miles per day. Assume that
the number of miles is proportional to the number of days. Who
biked the lower number of miles each day? Explain. [Example 5)

.---

3

MNumber of :
Day Trips |

Distance {mi)

3 65.4
4 872

Apply

6. Madia s comparing costs for two brands of garden compost. For
Brand A, the cost vy for ¥ bags is shown in the table. For Brand B,
the cost v can be represented by the equation y = 1.99x, where
x represents the number of bags. Which brand costs less for
6 bags of compost? How much less?

Number of | Total Cost ($),

Bags, x

7. Explain how the unit rate and slope of a B. @’ Reason Abstractly Determine if the
proportional relationship are related to statement is true or folse. Justify your
each other. response.

The point (1, r} on the graph of o proportional

reiotionship shows the unit rote ¢
a. @ Find the Errar A student graphs the 10. @’ Identify Structure The relationship
relationship ¥ = x on a coardinate plana. ¥ = ax Is graphed on a coordinate plane.
She says the slope is O because there is no If @ > b, compare the graph of yr = bx to the
coefficient. Find her mistake and commect it graph of y = ax.

190 Module & - Linsar Relalicnships and Slope
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Lesson 4-2

Slope of a Line

| Can... identify the slope of a line and interpret it as the rate of What Viocabulary
change within the context of the problem. Will You Lean?
TS

mwn

Explore Develop Concepts of Slope

{0} Online Activity You will use Web Sketchpad to explare how to
send a point to a target using vertical and horizontal stepes.

Learn Slope of a Line

The term slope s used to describe the steepness of a line. Slope
is the rate of change between any two points on a line. The
vertical change (change in y-value) is called the rise while the
horizontal change {change in x-value) is called the run, So, slope is
the ratio of the rise to the run. In linear relationships, the slope is
always constant,

rise = wvertical change between any two points
slope = —

run =— horizonial change betwe=en the same two points

Slope can be positive or negative, The slope of a line that points
upward from, from left to right. is positive, and the slope of a line that
points downward, from left to right, s negative.

Positive Slope Negative Slope
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f Think About It

To travel from the paint
(2, 4) to the point (2, &),
whal is the vertical
rise?

A Talk About It}

How can you tell from
the graph that the
slope is positive?

Learn Find Slope from a Graph

The slope of a line can be found

from a graph by finding the ratio

of the rise to the run betwaen

any two points on the line.

T

rise «— wertical change between [—2, —1) and (2, 2)

slope = e p—

rum +— horrontal change between (=2, —1) and (2, 2)

When reading the rise and run from a graph, a rise up is positive, a
rise down is negative, a run to the right is positive, and a run to the

left i= negative.

@ Example 1 Find Slope from a Graph

The graph shows the cost of Muffins
miuffins at a bake zale. ¥ ¥ "
Find the slope of the line. g s
o T
To calculate the slope, find . i
the ratio of the vertical change 1'3 & 5G]
{rise) to the horizontal change = = g Ff
(run) between any two points E ; of (2 4|
on tha line. In this case, 3 2
the points (2, 4) and (3, 6) 3 ke
are used. 2 X
6 12345 678910
Muffins Purchased
rise
slope = Definition of siope

mn

rise =2, un=1

|_-

So, the slope of the line is 3 or 2.
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Check

Find the slope of the line.

E Go Dnline You can complete an Extra Example ondine.

&) Example 2 Find Slope from a Graph
The graph shows the amount of Water Loss

water in a leaking bucket over 7

time.

Find the siope of the line.

To calculate the slope, find the

ratio of the vertical change to the

horizontal change bebween any

two points on the line.

Amount of Water (gal)
-—N W Es Mo~y B
7B
ff

In this case, the points (3, 5)

and (9, 1) are used. i [N
123 45867 9 10
Time {h)
rise
slope = Definition of slope
rum
bz e Tise = =4, run= 6
B Simplity the ratio.
: =2 2
So, the slope of the line is 3 or—3

b Think About It

I= the slope negative
or positive?
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Check
Find the slope of the line. k¥

mﬁu Oniline You can compleie an Extra Example onfing.

Learn Find Slope from a Table

You can determine the slope from a table by finding the ratio of the
vertical change, y. to the horizontal change, x.

The table shows a linear relationship between the balance in a bank
account and the number of transactions. The relationship is linear
because there is a constant rate of change, or slope. The slope of the
relationship shown s —%10 per transaction.

Number of Balance (%),

{ Transactions, x ¥
i _.I:" 3 170 ‘H,JI_ 20
il 6 140 o
_j|: I::}—_,l:l
- = 1o B
J(L. }—30
12 BO o
! = change in y
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Example 3 Find Slope from a Table

The points given in the table lie on

a line. —b | —2 2

Find the slope of the line. Check
your solution.

Choose any two points from the table to find the changes in the

x- and yvalues. In this example, the points (—6, —2) and (—2. —1} are

used.
change in p
slopp = —88— Definition of slope
change in x
! »
= |— Use the points {—=6, =2Z) and [—2, =T
= — Simplify

So, the slope of the line is -T-.

4

To check, choose two different points from the table and find the
slope.

slope = g:é Use the points (6, 1) and {2, 0]
.. I - .
ol of 3 Semphfy
Check
The points given in the table lie -
on a line. Find the slope of the i 3
line. N | )
[ =7 -1
—15 -5
—23 -9

{a Go Online You can complete an Extra Example online.

b Think About It

How do you know that
this table shows a
linear relaticnship?
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used in the same order.

Words

through peinte [x,. y,) and

the y-coordinates to the

Symbols

. ¥a—K
i

, whers Xy

fine using the slope for

points (1, 3) and (5, B).

rise
imn=

mm

change in y

change in X

¥;:7K

S0, the slope of the line is

196 Module & - Linsar Relalicnships and Slope

The slope m of a line passing

(x5, )

i= the ratlo of the difference in

iy iyl

difference in the x-coordinates.

Learn Find Slope Using the Slope Formula

1-‘1- .I"_ﬂ

You can find the slope of a line from any two points on the line
using the siope formula. it does not matter which points you define as
{x;. ¥y and {x,, y.). However, the coordinates of both peoints must be

%

mula.

\lﬂl

D Go Online Watch the animation to learn how to find the slope of a

The animation shows how to find the slope of the line using the

A

Fjr
?./ a X
Elope formula
{5 il = (1. 3 (=5, ¥2) = (5, B)
Simpiify

4
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Example 4 Find Slope Using the Slope Formula

Find the siope of the line that F1
4
pauuumrm:;‘h R(1, 2), 5(—4, 3). bl L G‘I’I‘Link!.bnut Itl
Check your solution. 54, 1] 7';?""'-- What is the slope
1 farmula?
¥ H —4=3-10 4 x
m= Xy — % Slope formula ;I
LN — I
il S L *l
=, (%5 ¥3) = —4.3)
; 1
= or —g Simplify.
So, the slope of the line is —% )
&) Talk About Itl
To check, let {x, ¥,) = (—4, 3} and {x,. -} = {1. 2}, A classmate says that
Y, the slape of the lina
m=g—= Siope formula is —5, Describe the
B efrar they could have
== =& b 350 = (—4. 3% b ) = L3 made,

i |— Smplify,

Check
Find the slope of the line that passes through A{—3. 2), B{5, —4).

Dﬁn Online You can complele an Extra Example ondine. L
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Explore Slope of Horizontal and Vertical Lines

Qﬂrﬂlne Activity You will use Web Sketchpad to explore the slopes
of horizontal and vertical lines.

t- e

e ns - =

Learn Zero and Undefined Slope

Honzontal lines have a siope
Zero Slope

of

¥

o X
Vertical lines have an Undefined Slope
e Srﬂﬂl!'. g = i

¥ [

[s] X

b

198 Module & - Linsar Relationships and Slope
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Example 5 7ero Slope
Find the siope of the line that passes through A(—3, 4), B{2, 4).

ABEEL B
| A-3,4) BYZ. 4)
)
Pt LA
Wy =Xy
=.—1||:H'ﬂ

Slope formula

[ ¥ = (2, 4
ey v = (=3.4)

Simplify

S0, the slope of the line is 0.

Check

Find the slope of the line that passes through A(—4, B}, B2, 5).

o,

Dﬁn Online You can complete an Extra Example onling.

b Think About It
How can you describe

the steepness of a
horizontal line?

& Talk About It!
Why is the slope 2ana?

@ Talk About It
How can you determine
that the slope is 2erm
without using the slope
formula?
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f# Think About It!
What do you notice
about the coordinates
of the two points?

Example 6 Undefined Slope
Find the slope of the line that passes through T{1, 3), L1, O).

&) Talk About It!

Why is the slope
undefined?

) Talk About It}
How could you
determine that the
slope is undefined
without using the slope
formuia?

||
o| x
h |
¥
M= Slope formuls
- e
0—3

(e ) = 1L 30 e, o) = (1. 0)

= =

= %{ The slope is undaefined.

S0, the slope of the line is

Check

Which of the following represents the siope of the line that passes
through L{—2, 3}, M{—2, 87

®o
®s
©-3

(B) The slope is undefined.

Eﬂu Online You can complete an Extra Example onling.

200 Module & - Linear Relationships and Slope
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@ Apply Income

Wesley and Jane both earn money mowing lawns in the summer, and
wanted to keep track of their earnings. Wesley tracked his earnings
with a graph, while Jane tracked her earnings with a table. Whao s
eaming money at a faster rate? How much more per lawn does that
person earnm?

Wesley's Eamnings
7 o ————
a6 NMumber of
i‘ Lawns
E ; . Mowed, x

24
L

2 |+
¥ x
12 345678
Mumber of Lawns Mowed

1 What is the task?
Make sure you understand exactly what question to answer or

problem to solve. You may want to read the problem three times.
Discuss these guestions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

@ Talk About It!

In the graph of
Wesley's earnings,
why is the rise 24
and not 27

2 How can you approach the task? What strategies can you
use?

3 What is your solution?

Use your strategy to solve the problem.

4 How can you show your solution is reasonable?

@'Wrih About It! Write an argument that can be used to defend
vour solution.
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Check

Lisa and Greg were comparing the gas mileage on their cars. Lisa
recorded her gas mileage in a table, while Greg recorded his gas
mileage on a graph. Assume the points lie on a line. Whose car
gets batter gas mileage?

Gas [gal), x 4 B 12 1B
pSELLERGIN 108 216 324 | 432

Greg’s Gas Mileage

s00 A
450

= 00
E a0
E 300
250

§ 200 8
150
100
50 |4

0O 3 6 9 121518 21242730
Gas [gal)

L} Go Oniine You can complets an Extra Example onfine.

Pause and Reflect

; Compare and contrast each of the methods used to find siope: from a
graph, from a table, using the slope formuta.
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Practice B Go Online You can compléte your homework online.

1. The graph shows the depth in feet of snow 2. The graph shows the amount of money left

after each two-hour period during a after buying video games. Find the slope of
snowstorm. Find the slope of the line. the line. (Examgale 2)
{Exampie 1)
Remaining Money
Snow Depth a0 |
as[? r 3o
_ 30 Py 1
£ 25 *,
20 >3 .
15 o -
) £0 T“- =
05 - 0 1234567889
HMumber of Games
0 123456784910
Hours

3. The points given in the table lie on a line. Find
the slope of the line. {Example 3)

Find the slope of the line that passes through each pair of points. (Examples 4-8)

4. M(3, 5), N2, 6) 5. G{—3.2),H[7. 2) 6. E{6, 8), A6, —2)

Test Practice

Coyraafh 10 I G e S0 T ikis sl i

7. Multiple Chelce The points given in each table lie on lines. Which table, when graphed,
would show a negative slope?

3 13 5 6 B
—1 L) 1 -4 | —12
1 3 5 | =h.] -
0 2 4 —2 3] 2
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Apply

8. Malik and Mila are both mountain climbing. The graph shows Malik's altitude
at various points during the climb. The table shows Mila's altitude. Who is climbing
at a faster rate? How much faster does that person climb per hour?

Malik's Ascension

¥ | A
Altitude 1200
Time {h), x (), ¥ HO0

= 1400 {2, 1386]

Q . 0 -
1 72 2 "gx

2 1442 < 600 #‘ ot

200 P(
x
0 1234567849
Tirme [hj
9. Give three points that lie on a line with a 10. Explain why, when using the slope formula,
slope o __2,__ it does not matter which peint is {x,. y,) or
5 :‘E]! FI}'

" I@’Finunl the Error A student finds the slope | 12. .@’ Identify Structure Without computing,

of the line that passes through the points how can you tell by looking at the
(—3, BYand {2, —4). Find the mistake and ordered pairs that a line will ba horizontal
correct it. of vertical?
_ —3-8
B e ol
as =0
M=%
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Lesson 4-3

Similar Triangles and Slope

| Can... identify similar triangles that fall on the same line in a What Vocabulary
coordinate plane and show that the slopes of the lines are equal. Will You Learn
corresponding parts

simitar figures

Explore Right Triangles and Slope
slope triangles
Q.Dnliﬂe Activity You will use Web Sketchpad to explore why tha

siope of a line is the same between any two points on a non-vertical
line.

g SR s R e By e ari mames W I s Tun s il I
wwri gy f rriarn” Bered s e v

E'— Angar

B v gy e P URE T e AR D T T e LA
= e R e

e g I m ife smEr ' e e Fee Lammees by
R i e T

CEe bl =

o i

i .=

Cka msam

Learn Similar Triangles

& Talk About It

The two triangles shown
are similar. How do the

When figures hawve the same shape but not necessarily the same size,
they are called similar figures. Similar figures have corresponding

i
3 parts. side lengths of the small
3 triangle compare to the
: o Mo side lengths of the
E If two triangles are similar, C larger triangle?
) then their corresponding g
£ angles are congruent and the 3
ratios of their corresponding
sides are proportional. A 4 B
Z
Symbols
LAZLX LB=LY LC= 47 10 6
A BC AC
XY T ¥Z T XZ f
¥
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D Talk About It!
How can you use the

slope triangles to find
the slope of the line?

@ Talk About It

Is the slope of the line
the same no matter
which slope triangles
are used? Explaln.
Draw other slope
triangles to support
your explanation.

Learn Similar Triangles and Slope

Triangle ABC and S BDFE are both right triangles and they fall on the
same line on the coordinate plane. Theze right triangles are called

slope triangles. Slope triangles are similar, so thelr comesponding
sides are proportional.

¥

E| X
D)P E
The vertical and horizontal sides of the slope triangles are the same
a5 the rise and tha run of the line. You can use the properties of

similar triangles to show the ratios of the rise to the run for each
triangle are equal.

AC  BC ) ) :
B — DE Corresponding sides are proporiional .
BE AC BC BE
Bc "BE — DE " BC Multipdication Property of Equality
AC BE Simplis
BC ~DE gy
6 4 : ! 3
353 Subsituie the rise and run for each slope inangle.
| —
—_— T Cimpilify

Since the ratios % and % are equal, the slope s the same
anywhere on the line.

{continued o next poge)
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Woards

The ratio of the rse to the run of
two slope triangles formed by a
line = equal to the slope of tha
fire.

Erample
Larger Triangle:
rise - |
— i — O
rn 3 —
Smaller Triangke:
rise — |
= — or
TLm i ]

Slope of the Line:

=8 |
m=T,nr!

{3 Go Online Watch the video to leam why the slope s the same

J&L‘i{ﬁb
s
s \
5 N
5.
of 1734 %¢c78x

between any two points on a non-vertical line.

The video shows how 1o use
siope triangles ABC and CDE
to find the slope of the line.

.- —
BE‘__I—'
1 ]
t0n_8
DE &

[
i
_i|

¥ i
b j(
o
e
7
8 ;*/
__JF
B

E!A x
o
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& Talk About It!
What is the siope of
line 7 How does it
compare to the slopa
of segment AC and the
slope of segment CE?

@) Talk About It!

How can you use the
properties of similar
triangles to explain why
the slape is tha same
between any two
distinct points on a line?

‘DE

Example 1 Compare Slopes of Similar Triangles

The graph of line t is shown. Use ¥ ol ]

the similar slope triangles to E

compare the slope of segment AC o4

and the slope of the segment CE.

Step 1 Find the slope of segment AC.

=]

Lise triangle ABC to find the ratio of the

C
rise to the run. f/

AR

B 4
=j rise = 3, nm = 2 /{

So, the slope of segment AC is %

Step 2 Find the slope of segment CE.
Lse triangle CDE to find the ratio of the rise to the run.

—ize
Ch

=—Tumn

Simplhy

The slope of segment CE is % Since -‘;E = -E% the slopes of each
similar triangle are the same.

Check

The graph of line 4 is shown. Use the F
similar slope triangles to compare the d

slope of segment Ff and the slope of ;\

segment JK.

Eﬁn Online ¥ou can complate an Exira Example online.
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& Example 2 Verify Slopes Using Slope
Triangles
The pitch of a roof refers to the slope of the roof line.

Choose two points on the roof and find the pitch of the roof shown.

Then verify that the pitch is the same by choosing a different set of
points.

B f.,. _,-LE::
11

£

© 3

Step 1 Use points T and U to draw slope triangle TLE.

rise :
slope = = Diefimitiocn of slope
i —— rse=1Lmun=2

So, the pitch of the reof is 5.

Step 2 Verify that the pitch is the same using two other points, such
as 5 and R. Draw slope triangle SR4.

rise
slope = T Definition of stope

e r— fse =2, run=4

e —— Simiplify.

Since the slope is % the pitch is the same.

b Think About It
Which two points will
you choose to find the
pitch of the roof?

& Talk About It
Why is the siope of

segment TU equal to the
zlope of segment SF7?
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Check

The plans for a skateboard ramp are shown. Use two points to
determine the slope of the ramp. Then verify that the slope is the
same by choosing a different set of points.

]

=

B

mﬁn Online ¥ou can complete an Exira Example online,

Pause and Reflect

How will you study the concepts in today's lesson? Describe some
steps you can take.

290 Module & - Linsar Relalicnships and Slope

iy g gy



Coyraafh 10 I G e S0 T ikis sl i

Period . Date

Practice

1. The graph of ine m s shown. Use the

similar slope triangles to compare the slope
of segment BT and TV (Example 1)

¥y
ri
=¥
U
s
3 =7
T
[ —l
x
ok

3. Name the slope trisngles shown in the
graph. What is the slope of the line?

¥ 5 Flr

—
E= E

W

B

Test Practice

) Go Online You can complete your homewark onfine.

2. The plans for a zipline are shown. Use two
points to determine the slope of the zipline.
Then verify that the slope s the same by
choosing a different set of points. (Exampie 2)

¥

St

4. Draw two slope triangles on the line.
Determine the slope of the line.

¥

5. Multiselect The graph shows similar slope triangies on a line.

Select all of tha statements that are true.

The slope of the line = negative.

The slopes of each triangle are the same because they

lie on the same fine.

Triangle CDE has a greater slope because the triangle s larger.

The slope of each riangle is %

The slope of the line is positive.
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Apply

€. Lines rand s are parallel, meaning they will never intersect Draw ¥ r
similar slope trianoles on each line and find the slope of each line. |
What conclusion can you draw about the slopes of parallel lines? 1

.:,.-"
ol
1
F...-:'l""
L]
x
o

7. Lines m and 1 are perpendicular, meaning they form a right angle. ¥
Draw similar slope triangles on each line and find the slope of
each line. What conclusion can you draw about the slopes of
perpendicular lines?

".. r

B. '@Eﬂ Precizse How are slope triangles,

carresponding sides, ratios, and '-"ms-%
related?

10. Determine if the statement is irue or folse.
Justify your response.

If one wvertex of o siope triangle i of (0O, O), the
other vartex on the line will be the point that

represonis the simplified unit rote or slope.

212 Module & - Linear Relafionships and Slope
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9. ({7 Find the Error A student found the
zlope of one segment on a line to be 4 and
the slope of another segment on the same
fine to be -g-. He concludes that the slope is
different at different points on the lina.
Correct his thinking.

11. {17 Identify Structure Does the placement
of the slope triangles matter when finding
slope of a line? Explain your reasoning.
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Lesson 4-3

Direct Variation

| Can... derive the equation y = mx from the slope formula and use What Viocabulary
direct variation equations to represent and solve real-world and Will You Learn?
mathematical problems. constant of
proportionality
; ; constant of variation
Explore Derive the Equation y = mx i
direct variation

Bﬂnline Activity You will explore how to use the slope formula to
derive the equation y = mx.

Ee- o= ="r o

o aalainiy

Learn Direct Variation

When the ratio of two variable guantities is constant, a proportional
linear relationship exists. This proportional linear relationship is called
a direct variation. The constant ratio Is also called the constant of
variation or the constant of proportionality. In the direct variation
equation, ¥ = mx, m represents the constant of variation, the constant
of proportionality, the slope, and the unit rate.

i
= Words Example
‘i A direct varlation Is a linear y=2x
2 relationship in which the ratio of
z y 1o x 5 a constant, m. We say v Graph
£ waries directly with x. ¥
Symbals 4
jl 3

m =5 or ¥ = mx, where m is the 2

constant of variation and 1 = i

m+ 0. o i e ol 1 2 3 A x

k]
{continved on next page)
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ir Notes The slope of the graph of y = mx
Is m. Since (0, 0} is one solution of
¥ = mx, the graph of a direct
variation relationship always
passes through the origin.

You can use the slopa formula to derive the direct variation eguation.

i L e
=Xy ope fomula
W
—_—m e vy ) =10, OF: e, ) = B
X —
—=m Simplify
y= Muitiphcation Property of Eguality

Pause and Reflect

Dvd you struggle with any of the concepts in this Learn? How do you

feel when you struggle with math concepts? What steps can you take

to understand those concepts?

214 Module 8 - Linear Relationships and Slope
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@ Example 1 Write Direct Variation Equations
From Graphs

The cost y of gymnastics Gymnastics Lessons
lessons varies directly with the ¥ A
. 50

number of sessions x as shown o G

in the graph. 40 b
Write a direct variation E3§ 3
equation to represent this -*; . K.
relationship. Then identify the gzu i
constant of variation and o I L |
interpret its meaning. 10 &

g 102

12 345 6 T8 9%
Mumber of Sessions

Part A Write a direct variation equation.
Step 1 Find the slope m wsing the graph.

Choose any two points on the line and find the ratio of the rise to the
run between the two points.

rise

Diefmition of slope

slope =

rum

slope = —

So, the slope of the line is % or

Step 2 Use the value of m to write the eguation.
¥ = Mmx Dhirect vanation EequalEEn

y = | x Replace m with 10

S0, the direct variation equation Is y = 10x.

Part B Find the constant of variation and interpret its meaning.

The constant of variation is equal to the slope of the graph. 5o, the
constant of varlation is %‘- or

Thi= means that the unit rate, or cost per session, Is $10.

fy Think About It
How do you know that
this relationship is a
direct variation?

& Talk About It

I a direct variation
ralationship, how are
the slope, unit rate,
and constant of
variation related?
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Check

The time y it takes you to hear thunder varies directly with your
distance x from the lightning as shown In the graph.

Lightning and Thunder
¥

Time (s]

mERERSE

1a

(Ei

x|

0 12 345 678
Diistance {mi}

Part A
Write a direct varlation equation to represent this relationship.

PartB

Identify the constant of variation and interpret its meaning.

m- Ga Onlbne You can complete an Extra Example online.

Pause and Reflect

In this Example and Check, you found the constant of variation from a
graph. Using what you learned in previous lessons, explain how you
could find the constant of variation from words or a tabie if you are
not given the graph.

298  Modile 8 - Linear Relationships and Slope
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@ Example 2 Write Direct Variation Equations
from Words

The cost of bulk peanuts varies directly with the weight of the
peanuts. At a local grocery store, 2 pounds of peanuts cost $5.80.

Write a direct variation equation to represent this relationship.
Then identify the constant of variation and interpret its meaning.

Part A Write a direct variation equation.

Step 1 Find the unit rate m.

4$5.80 for 2 pounds = —— Wirite the rate as a fraction,
———— Simpl
1 pound G

So, the unit rate is $2.90 per pound.

Step 2 Use the unit rate to write the eqguation.

Let y represent the cost ($) of the peanuts and x represent the weight

of the peanuts in pounds.
¥=mx Diiract vanation eguation

¥= M Replace mwith $2.90 or 2.5

5o, the direct variation equation is y = 2.9x.
Part B Find the constant of variation and interpret its meaning.

The constant of variation is the unit rate.

So. the constant of variation is 2.9.

This means that the cost per pound of peanuts is %

ke Think About It

How would you begin
solving the problem?

&) Talk About It
How can you use the
direct wawriation
equabion = 2.9x to
determine the costof 7
pounds of peanuts?
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Math History
Minute

In 1925, Elbert Frank
Cox (1895-1969)
became the first
African American to
earn a Ph.D. in
mathematics. He was a
mathematics professor
at West Virginia State
College and Howard
University. After he
retired, Howard
University established
a scholarship fund in
his name lo encourage
young African
Americans to pursue
graduate studies in
mathematics.

Check

The amount of money Olivia eams varies directly with the number of
weeks she works. After 4 weeks, Olivia earned $3,000.

Part &

Write a direct variation equation to represent this relationship.

Part B

Identify the constant of variation and interpret its meaning.

m Ga Onlbne You can complete an Extra Example anline.

Pause and Reflect

Are you ready to move on to the next Example? If yes, what have you
leamed that you think will help you? If no, what questions do you still
have? How can you get those gquestions answerad?

ZIB  Module 8 - Linear Relalicnships and Slope
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@ Example 3 Write Direct Variation Equations
rrom lables

Aubrey is baking oatmeal cookies for the
school camival using the amounts shown
in the table. The number of cups of flour
varies directly with the number of cups
of cats.

Cups of | Cups of
Oats, Flour, v

Write a direct variation equation to
represent this relationship. Then
identify the constant of variation

and interpret its meaning.

Part A Write a direct variation equation.
Step 1 Find the slope m.

Choose any two points from the table and find the changes in

the x- and - values.

change in
e S W Y Definition of slope

slope

change in.«

slope = ———onu Use the points (2, 4) and {4, 8]

= —| Simplify

S0, the slope of the line is % or

Step 2 Use the value of m to write the eguation.
¥ =mx Dhirect varnation equation

¥= X Keplace mwith 2.

S0, the direct variation equation is y = 2x.
Part B Find the constant of variation and Interpret its meaning.

The constant of variation is egual to the slope. 5o, the constant of

variation is 2. This means that the unit ratels —_ cups of flour
per cup of cats.

4y Think About It
Haow would you begin
solving the problem?
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Check

The time it takes Madeline to swim laps is shown in the tahie.
The time spent swimming varies directly with the number of laps
che swims.

Number of | Time (seconds),

Laps, x W

135
180

| W K

Part A

Write a direct varlation equation to represent this relationship.

Part B

Identify the constant of variation and interpret its meaning.

mﬂu Online You can compleie an Extra Example anline.

Pause and Reflect

When you first saw this Check, what was your reaction? Did you think
you could solve the problem? Did what you already know help you
solve the problem?

220 Module & - Linsar Relationships and Slope
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& Apply Animal Care

A cat's heart can beat 220 times in 2 minutes, nearly twice as fast as
a human heart. Assume the number of heartbeats y varies directly
with the number of minutes x. Write and solve a direct variation
eguation to determine how many times a cat's heart beats in

5 minutes.

1 What is the task?

Make sure you understand exactly what guestion 1o answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
LUse your strateqy 1o solve the probiem.

4 How can you show your solution is reasonable?

g"h‘ritu About It! \Write an argument that can be used to defend
your solution.

Q) Talk About It

How can you solve the
problem another way?
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Check

A charter bus travels 210 miles in 3% hours. A=zsume the distance

traveled varies directhy with the time traveled. Write and solve a direct
variation equation to find how far the bus will travel in & hours.

|
h

" e
e

mﬁnm&n ou can complete an Exira Example onfing.

[Tl Faldables It's time 1o update your Foldable, located in the
Module Review, based on what you leamed in this lesson. If you

haven't aiready assembled your Foldable, you can find the

instructions on page FL1

S et d i s e A
e : e 2
.

proporional Hnesr

relationahips

nonproporiionsl lmear

relationships

]
r-.- .'::c.-:'.c'."-:':'s.-..' .'_Ic_.-.:_: S 5 e ]
e e s
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) Go Online You can complete your homewark onfine.

Practice

1. The cost y of movie tickets vanes directly 2. The number of miles y varies directly with

Coyraafh 10 I G e S0 T ikis sl i

with the number of tickets x as shown in the
graph. Write a direct variation eguation to
represent this relationship. Then identify the
constant of variation and interpret its
meaning. (Exampie 1)

Movie Tickets
|
o7 7
48 ~i
w10 o
= 33 -
g 24 e
16—t
a8 —*_.'f- T
0 123 456 7TH™S
Mumber of Movie Tickets

The cost of paper varies directly with the
number of reams bought. Suppose two
reams cost $5.10. Write a direct variation
equation to represent this relationship. Then
identify the constant of variation and
interpret its meaning. Example 2)

Test Practice

the number of hours x as shown in the
graph. Write a direct variation equation to
represent this relationship. Then identify the
constant of variation and interpret its

meaning. [Examgle 1

Miles per Hour
455 2
340
Ejzs
260
195
120
Z EB5 =
0 1234 5686 T8RS
Mumber of Hours

The amount of flour needed for a recipe
varies directly with the number of servings
planned. Three servings require 4-;- cups of

flour. Write a direct variation equation to
represent this relationship. Then identify the
constant of varlation and interpret its

meaning. [Examgple 2

5. Open Rezponse The distance a bus travels varies directly
with time as shown in the table: Write a direct variation
equation to represent this relationship. Then identify tha
constant of variation and interpret its meaning. (Example 3)

Distance
i), W

Time {h), x

15 9375
3 1875
““-| 45 28125

J & 375
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Apply

B. Water pressure k= measured in pounds per square inch (psi).
The number of pounds per square inch y varies directly with the
depth » of the water. Write and solve a direct variation equation to

Depth (ft), | Pressure

[psi), ¥

determine what the pressure is at a depth of 297 feet

99 | 435
132 58

7. A backyard fountain pumps 18 gallons of water in 4.5 minutes. Assume the
number of gallons varies directly with the time. Write and solve a direct
variation equation to find how many gallons of water the fountain pumps

in 6.5 minutes.

B. Write three ordered pairs that would be
found on the line that is graphed by the
direct variation eguation y = 3.5«

10. I@'Fh‘»ﬂ the Error The cost of apps varies

directly with the number of apps purchased.

Aditl bought four apps for a total of $5.16.
She found the direct variation equation
below for this relationship. Find her mistake
and correct it

y = 5.16x

228 Module & - Linsar Relationships and Slope

9. The graph of a relationship passes through
the points (2, 15.5) and (2, 27). Determine if
this is a direct varlation relationship. Explain
wihy or wihy not

1. How does a constant of variation in a direct
variation equation relate to the unit rate?
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Lesson 4-5

Slope-Intercept Form

| Can... write equations of the form y = mx + b when given a What Vocabulary
table, graph, or verbal description. Will You Learn?
initial value

slope-intercept form

Explore Derive the Equation y = mx 4+ b

w-intercept

Online Activity You will explore how to use the slope formula to
derive the equation y = mx + b.

Ee-Si- - rs
i " y +

i :

Lin 5

b ‘

[

"

L
Learn Slope-Intercept Form of a Line
Monproportional linear relationships ahnnt—l I—y—lnr.en:ept
can be written in the form y= mx+ b

¥ = mx + b. This is called the
slope-intercept form.

When an equation is written in this form, m is the slope and b is the
p-intercept. The y-intercept of a line is the y-coordinate of the point
where the line crosses the p-axis.

Eqreation Graph

Cogryr igh 10 N Cirie BN B chimaiia 1y

Fok| —af

bl

1
y=-x+1

J-IMEFCE

all

{continued on next page)
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f Think About It
How will using the

slope-intercapt form of
a linear equation help
identify the slope and
y-intercept?

) Talk About It

In the equation
y=2x— 4, whys the
y-intercept —4

and not 47

In a nonproportional linear relaticnship, the ¥
graph passes through the point (0, b), which

Is the y-intercept.
A ep 5

You can use the slope formula to derive the 0. bj
equation of a line in slope-intercept form., /

o OleD

¥a=™¥
Xy — N m Slope formuls
¥ —
—_—— [, vy} = (0.8 e, ] = P 3
i
x —_—
y —
| — =M Simpdify
= Mutiplication Property of
¥ S | Equality
y=mx+| | Addition Property of Equality

Example 1 |dentify Slopes and y-Intercepts

Identify the slope and y-intercept of the graph of the equation
i
¥= :j-x—-!L

To identify the slope and y-intercept of the equation, write the
equation in the form y = mx + b,

2
y= —é-: +l J Write the eqguation in the form y = mx + b

bh=—4

e

y=mx+ b m =

50, the slope of the graph is % and the y-intercept is —4.

226 Module & - Linear Relationships and Slope

Uy e 3y idos



Cgrye igh 13 M MU E b st 11

Check
Identify the slope and p-intercept of the graph of the equation

y=—2§x—1_

Example 2 Write Equations in Slope-
Intercept Form

Write the equation of a line in slope-intercept form with a slope of
—3 and a y-imercept of —4.

y= x+ b Slope-intercept fomm
y= l+(| ) Replace m with —3 and b with —4.
¥F=i Sumplify.

S0, the equation of the linels y = —3x — 4.

Check

Write the equation of a line in slope-intercept form with a slope
of 5 and a y-intercept of —7.

E-E-u Online You can complete an Extra Example onling.
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f Think About It
How wauld you begin
writing the equation?

Learn Write Equations in Slope-Intercept Form

From Graphs

You can wrile an eguation in slope-
Intercept form of a nonproporticnal linear
relationship from its graph using these
steps.

1. Find the location whete the line
crosses the y-axis to determine the
y-intercept.

2. Find the ratio of rise to run to
determine the slope.

3. Substitute the values for slope, m,
and y-intercept, b, in the equation
y=mx+ b

Example 3 Write Equations in Slope-Intercept Form

Write an equation In slope-intercept
form for the graph shawn.

Step 1 Find the y-intercept.

The line crosses the y-axis at (0, 4).
S0, the y-intercept s

Step 2 Find the slope.

From (0, 4), move down 1 unit and right 2
units to another point on the line.

S0, the slope of the line s ——

Step 3 Write the eguation.

Substitute the values for slope, m, and y-intercept, b, in the equation

¥

L LI

]

FEETCEp] = 4|

[=]]

y=mx + b
y=mx+b Slope-intercept form
El— g
y= e+ Replace m with —3 and b with 4.

S0, the equation of the line is y = —%.l.' + 4

228 Module & - Linsar Relationships and Siope
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Check

Write an equaticn in slope-intercept U
form for the graph shown.

B Go Online You can complets an Extra Example onding.

Learn Write Equations in Slope-Intercept Form
From Verbal Descriptions
When an equation in slope-intercept form applies to a real-world

situation, the slope represents the rate of change and the y-intercept
represents the initial value.

c} Go Online Watch the animation to learn how to write an eguation
in slope-intercept form given the following real-world situation.

Bamboo is one of the fastest growing plants on Earth. Suppose
a bamboo seedling is & centimeters tall and grows at a rate of
6.5 centimeters a day.

Step 1 Find the slope and y-intercepl.

change in height

Siope = change intime :

y-intercept: ___ centimaters

Step 2 Write the equation in slope-intercept form v = mx + b.

y=| x+
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fg Think About It

What is the slope-
intercept form of a ling?

@ Talk About It!
How would the
equation y = Gx + 20
be altered if the cost to
print each shirt was
increased to $77

@ Example 4 Write Equations in Slape-
Intercept Form

Student Council is selling T-shirts during spirit week. It costs $20 for
the design and $5 to print each shirt.

Write an equation in slope-intercept form to represent the total
cost y for printing any number of shirts .

Step 1 Find the slope and p-intercept.

The slope represents the rate of change or cost per T-shirt. It costs
%5 to print each shirt

The y-intercept represents the initial cost of the design. The one-time
charge for the design is %

So, the slope is $5 and the y-intercept is $20.

Step 2 Write the eguation in slope-intercept form = mx + b.

y=mx+ b Slope-intercept form

Replace m with the rate of change. 5, ard &

= X+
¥ L | with the initial cost, 20

S0, the equation that represents the total cost of printing amy number
of shirts is y = by + 20.

Check

Faith is saving money in order to purchase a new smartphone. She
started out with $30 in her savings account and is able to save an
additional $15 a weelk. Write an equation in siope-intercept form to
represent Faith's total savings v for x weeks she puts money toward
the purchase of a new smartphone.

Eﬁn Online You can complate an Exira Example onling.

Z30 Module & - Linsar Relationships and Siope
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Learn Write Equations in Slope-Intercept Form
From Tables

You can write an equation that

Time (s}, | Distance (ft),

represents a nonproportional x vy
linear relationship in slope- ) T - — 4
intercept form from a table +2 l‘,} _r}'+1._
of values. sa 2 22 Y
. s !‘ 4 34 .1.1 al
First, determine the slope and o Y12
y-intercept. Then write the - & 46 o
equation in the form
¥ = mx + b. The slope, or rate
of change, in the table is
The p<intercept, or initial value, is - 50, the eguation is
¥ = bBx + 10,
@ Example 5 Write Equations in Slope-
Intercept Form % Think About it
Amanda is reading a novel for her Language Arts class. The table W ;:Imegm
; wiriting the equation?
shows the number of pages that Amanda has left after a certain
number of hours she spent reading.
Write an equation in slope-intercept form that represents the data
in the table.
2 | a 6 8
280 | 200 120 40
Step 1 Find the slope.
As the hours increase by 2, the pages left to read decrease by B0,
. & Talk About It!
slopea=————  Definition of slope What does the slope

represent in the context
of this situation?

—— Change in y = —B; change inx = 2

i ———— Simplify.

So, the slope Is ;:"E or —40,
{continued on next page)
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&) Talk About It!
What does the
y-intercept reprasant
in the context of this
situation?

Step 2 Find the wintercept

Find the y value when x is 0. When v s 360, x s 0, =0 the wintercept
(or initial value) is

Step 3 Write the eguation,
Substitute the values for slope, m, and p-intercept, b, in the equation.

y=mx + b Slope-int=mcept form

¥= [ Replace m with —40 and b with 360.

S0, the equation that represents the data is y = —40x + 360,

Check

The relationship between the data in the table -—
.6

is linear. Write an equation in slope-intercept
form that represants the data in the table.

1 0
= 2 -3

i:}En Online ¥You can compleie an Extra Example onfine.

Pause and Reflect

Did you struggle with writing equations in slope-intercept form when
the information was given in different forms, such as graphs, words,
or tables? If so, what can you do to get help? If not, how could you
explain the process to another student?

Z32 Module & - Linear Relabonships and Slope
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@ Apply Consumer Science
Amir wants to ship a birthday present to Priority Postal

his brother. Express Shipping charges a ¥ Pl

%5 insurance fee to protect items that are

shipped and $0.50 for every ounce the

item weighs. Priority Postal's shipping

costs are shown in the graph. The

Cost ($)

presant Amir wants 1o ship weighs 14.2

ounces. Which company charges less 1o

= koW &N T ow W
N

ship the present? How much less?

X

68 1234567
Weight [oz)
1 What is the task?
Make sure you understand exactly what question 1o answer or
problem to solve. You may want to read the problem three times.
Discu=s these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What 1s your solution?
Lse your strateqy 1o solve the problem.

4 How can you show your solution is reasonable?

e-erta About It] Write an argument that can be used to defend
YO solution.

&) Talk About It

What does each slope
and y-irtercep!
reprasant in the context
of the problem?
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Check

Katie wants to attend fitness classes at a local gym. The costs of
attending Fitness For Life are represented in the graph shown.
Fitness World charges a registration fee of $90 plus $8 per month.
Katie wants a membership for 18 months. Which gym charges less for
18 months? How much less?

Fitness For Life
]."EHJT
oo =
160
140 i
» 120 :.-""#
§ sl
BQ
(]
40
m
|
D 123 4% 678910

Manth

Eﬁnmm& Wou can complete an Extra Example onding.

IJII- Foldables It's time to update your Foldable, located in the
Module Review, based on what you leamed In this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FL1.

. -sr.-ﬂ—ru-\.-r-_ -_.d------r_.-_;-r__.-nj..--_, q.__----—-_;-
e e e e E Al
proporticnal linear
relation=hips
-H"q.-l
nonproportional inear
relationships
I
l'{".-' - e -_.'-'.- - A e
B -{ja.w.f.ﬂi-’_a.ﬂ'-u&-&b} w-a.l.‘\hﬂ-\.'-:-a.uns.r"ﬂﬁ.da.u
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Hame Period Diat=

Practice B Go Online You can complete your homework onlline.

ldentify the slope and yintercept of the graph of each equation. [Exampte 1)
1
1‘_1.r=-2-x—5 2. y=3x—1

Write the equation of a line in slope-intercept form with each slope and y-intercept. (Exampla 2)

3. slope = ——;—, yintercept = 4 4. slope = -;- y-imtercept = —3
5. slope = 4, ydintercept = —2 6. slope = —1, y-intercept = &
7. Write an equation in slope-intercept form B. The Augello family is driving from Columbus to
for the graph shown. ([Examgle 3) St. Louis at a constant rate of 65 mies per
hour. The distance betweean the two cities s
¥ A 420 miles. Write an equation in slope-

intercept form to represent the distance v in
miles remaining after driving x hours. [Example 4)

o X
¥
Test Practice
9. The table shows the costs for art show 10. Multiselect Select all of the statements that
participants, including the $30 registration are true about the equation y = _-35-, + 8
fee. Write an eqguation in slope-intercept _
form that represents the data in the table. The slope of the line is negative.
S The slope of the line is B.
MNumber of R i .
Piacas of At Cost ($) The y-intercept of the line is 8.
0 30 The y-intercept of the line is —%.
2 S0 The slope of the line is _%_
4 150
B 210
2 270
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Apply

11. While on vacation, Santiago wants to go snorkeling. Sea Water Adventures
Coral Snorkeling charges $25 to rent equipment and ¥ A
%30 per hour of boat rental. Sea Water Adventures' ::3
costs are shown in the graph. Santiago wants @105
to snorkel for 3 hours. Which company costs less a0 Y
for 3 hours? How much less? g 5
E 60
2 45
30
15

12. Green's Flowers delivers standard flower

0 12345687849
Mumber of Hours

arrangements for a $15 delivery fee. Each standard Binder's Bouquets

flower arrangement costs $45. The table for

Binder's Bouguets shows the costs for different Mumber of Flower | o) caer ($), v

numbers of flower arrangements. Which florist
charges less for delivering B standard flower
arrangements? How much less?

13. Write an eguation of a line that does not
have an x-intercept.

15. The equation of a line = y = 3 6x + 2. What
is the rise and run of the slope?

Z36 Module & - Linsar Relatonships and Slope

Arrangements, x
' o0 20.00
1 59.99
2 9998
3 139.97
4 179.96

14. @Muk& a Conjecture Describe what
happens to the graph of a line if the slope is
doubled.

16. @Flnd the Error Thomas paid a one-time
registration fee of $15 and $10 for each
cycling class he took. He determined the
equation for this relationship s v = 15x + 10,
Find his error and correct it
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Lesson 4-6

Graph Linear Equations

| Can... interpret the slope and y-intercept of a line from an
equation of the form v = mx + b in order to graph the line on the
coordinate plane,

Learn Graph Equations in Slope-Intercept Form

'm' Go Online Watch the animation to learn the steps for graphing

2 .

the equation y = T + 1 using the slope and y-intercept. % Talk About It
When using the slope

Step1 Find the slope and y-intercept. ¥ to locate a second
paint, why wasn't tha

Step 2 Graph the y-intercept. 33 origin used?

P (& ¥ ep 5 1",1"
Step 3 Use the slope to locate a second “ ol x
point on the line. et
Step 4 Draw a line through the points.

&) Talk About It!

Why is it a good idea to
pkot three or mare

paints wsing the slape?

Example 1 Graph Lines Using Slope-Intercept Form
Graph y#—%x-l—d using the slope and wintercept.

g Step 1 I|dentify the slope and y-intercept.
i The slope of the line s —-;- and the wintercept s 4.
E_ &) Talk About It!
 J Step 2 Graph the equation. ] To locate the second
:’E paint, why was the
Graph the y-intercept at (0, 4). Write the slope rewritien as ——7
3

slope as -_—33 Use it to locate a second

point on the line. From the y-intercept
move down 2 units and right 3 units. L
Another point on the line is at o
{3, 2). Draw a line through the points and
extend the line.

Leasan 4-6 - Graph Linear Equations 23T



\gy Thirk About It

What are the rate of
change and initial value?

@ Talk About It!

Use the context of the
problem to explain why
the line does not
extend forever in bath
directions.

Check

Graph y = —4x + 5 using the slope and ¥

y-intercept.

EG@ Online ¥ou can complete an Exira Example onlne,

@ Example 2 Graph Lines Using Slope-
Intercept Form

A typical leopard gecko is 3 inches long at birth and grows at a rate

of about % inch per week for the first few months.

munmuﬂnnf=%x+3mprmnutulmgﬂ1yufn gecko after x
weeks. Graph this equation.

Step 1 Identify the slope and y-intercept.

slope = —— yintercept = |

S0, the slope of the line is % and the y-intercept is 3.

Step 2 Graph the equation.
Graph the y-intercept at (0, 3). Use Growth of a Gecko

the slope ;l__l‘- to locate a second point
on the line. From the y-intercept

move up 1 unit and right 3 units. ‘i
Another point on the line is at (3, 4).
Connect theze points and extend the -
lime to the right.

Z38B Module 4 - Linear Relationships and Slope
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Check
Jayden has written & pages of his novel. He plans to write 4 pages

per week until he has completed his novel. Graph the equation
¥ =4x + G that represents the total number of pages written y in x

number of weeks.

Novel Writing

Pages Written

B P ST . R

=3
-
[N]
Lk
S

B Go Online You can complete an Extra Example online.

&) Talk About It

Learn Graphs of Horizontal Lines Explain why it makes

The graph shows a horizontal line. =517 Cepalnini ﬂmt P exuaton
,_i'_— '*i of the line is y = 3.

All points on a harizontal line have the T o

same y-coordinates.
[+] X

You can use the slope-intercept form of !
a line to derive the equation of a
horizontal line.

y=mx+b Slope-intercept form

¥= . x+bh The slope m of any honzonial fine s O

¥= Simpdify

So, the equation of a horizontal line can be written as v = b, where b
is the value of the y-coordinates.
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ke Thirk About It
When a line is written
in the form p = b, what
ki of line = K7

@ Talk About It!
Describe the slope of
the line. Does the fine

hawve a y-intercept?
Explain,

Example 3 Graph Horizontal Lines

Graph y= —1.

The equation ¥ = —1 indicates that no matter what the x-values are,
the yv-values are always —1 Therefore, all points on the line are in the
form (x, —1).

Some points along this fine are (—2, —1), (0, —1), and (1, —1).

Graph these points. Then draw a line through the points.

¥

Check
Graph y= —b.

EE& Online You can complete an Exira Example online

Pause and Reflect

Before moving on, recall that the slope of a horizontal line is 0, and
the slope of a vertical line s undefined. Work with a partner to
develop a memary device that can be used to quickly recall this
information. Then share your device with other pairs of students.

240 Module 8 - Linsar Relationships and Slope
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Learn Graphs of Vertical Lines
The graph of a vertical line is shown.

T &
2. 5) %
I
2.3
LI
L
2.1
(5] T
=
i1
+2, <4
[

The slope of a vertical line = undefined, so you cannot use the
slope-intercept form to derive the equation of a vertical line.

All points on a vertical line have the same x-coordinates. In the graph
shown, no matter what v Is, x is always —2. 5o, the equation for the
line graphed is x = —2.

Therefore, the equation of any vertical line can be written as x = o,
where o is the value of the x-coordinates.

Example 4 Graph Vertical Lines
Graph x= 4,

The equation ¥ = 4 indicates that no matter what the ywalues are,
the x-values are always 4. Therefore, all points on the line are in the
form (4, ).

Some points along this line are (4, —23, (4, 0), and (4, 1).
Graph these points. Then draw a line through the points.

¥

b Think About It!
Whan a line is written
in the form x = &, what
kird of line is i(?

&) Talk About It!

Cescribe the stope of
the line. Does the line
have a y-intercept?
Explain,
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Check
Graph x= 7.
Yl

(=]
5

mﬁu Online ¥ou can complete an Exira Example anline.

Pause and Reflect

Create a graphic organizer that will help you study the concepts you
leamed today in class.

242 Module 8 - Linsar Relationships and Slope
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& Apply Travel

The Garcia family is driving from Philadelphia to Orlando for vacation.
The equation ¥y = —65x + 1,000 represents the distance y in miles B‘ Go Online

the Garcia family has left to drive after x hours. Their friends, the Watch the animation.
Snyders, are meeting them in Orlando, but are driving from Cincinnati.
The equation y = —70x + 900 represents the distance y in miles the

snyder family has left to drive after x hours. Which family has more ' o %u

miles left to drive after 7 hours? How many mone?

1 What is the task?

Make sure you understand exactly what guestion to answer or
problem to solve. You may want to read the problem three times.

Discuss these guestions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you

use?
Q@ Talk About It!
What method did you
use to solve the
3 What is your solution? prablem? Explain why
u strategy to solve the problem. kL Cciee Pt
se your strategy to solve the problem A

4 How can you show your solution is reasonable?
-e-"ﬂ'rite About Itl Write an argument that can be used to defend
your solution.
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Check

Sefina is tracking the growth of two different plants for an experiment.
The growth of Plant A can be represented with the egquation

p= %x+ 1. where y is the height of the plant after x number of days.
The growth of Plant B can be represented with the equation

¥= %x + 2. Which plant is taller after 12 days? How much taller?

—
h

Dﬂn Online You can complete an Extra Example anline,

Pause and Reflect

Compare what you learned today with something similar you learned

in an earlier module or grade. How are they similar? How are they
different?

244 Module & - Linsar Relationships and Slope
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Hame Period gtz

Practice ) Go Online You can complete your homewark onfine.

Graph each equation using the slope and y-intercept. [Example 1)

1‘_1.r=-§-x—3 2.y=—-§-x—2

¥ ¥

3. The equation y = r-_,l:x + 35can beusedto | 4. Alliyah's gift card balance can be represented

find the amount of accumulated snow y in by the equation y =—5x + 50, where y
inches x hours after 5 PM. on a certain day. represents the gift card balance after x number
Graph this equation. ([Example 2) of days. Graph this equation. {Example 2)
Snowdfall Gift Card Balance
4 ¥ a0 ¥
B g0
=T
3 &y
. §
85 s 50
i i
3 30
£, 20
1 0
x X
0 123456867848 0 1234567 E91D
Mumber of Houwrs Diay
Graph each equation. [Examples 3 and 4)
¥ ¥
o x L] X
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Test Practice

7. Multiselect Select all of the statements that are true for the graph. R

| The slope of the line is negative.
| The y-intercept is 3.
| The equation of the line isy = 7.
The equation of the line sy = —:‘r—x —F

3
| The slope of the line is —%.

_.L_E..--"".I

Apply

B. The altitude y In feet of a hawk that is descending can be represented
by the equation y = —20x + 350, where x represents the time in minutes.

The equation y = —10x + 400 represents the altitude y in feet of an eagle
after descending x minutes. Which bird is closer to the ground after B minutes?

How much closer?

8. E‘ Make an Argument Explain why the
equations of vertical lines cannot be in the
formy = mx + b.

. '@‘Ee Precise Explain why, when graphing
an eguation in slope-intercept form, you plot
the y-intercept first, rather than the slope.

248 Module & - Linsar Relationships and Slope

10. A line with a negative slope and a negative

12.

y-intercept is graphed on a coordinate
plane. Which quadrant will the line not pass
through? Justify yvour response.

{17 Find the Error When graphing the
equation y = —3x + 2, a student plotied tha
y-intercept at 2, then moved down 3 units
and to the left 2 units because the slope is
negative, so both rise and run are negative.
Find his error and correct it

o | ey 3y
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Module 4 « Linear Relationships and Slope

Review

JI Foldables Use your Foldable to help review the module.

Rate Yourselfl Q O

Complete the chart at the beginning of the module by placing a checkmark in each
row that corresponds with how much you know about each topic after completing this
madule.

Write about one thing you learned.

Write about a question you still have.
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Reflect on the Module

Use what you learned about linear relationships and slope to compléte the graphic organizer.

£ Essential Question

How are linear relationships related to proportional redationships?

Proportional Relationships Nonproportional Linear Relationships
Equation Equation
Slope Slope
L . o
- ] :
yintarcapt yintercapt E__
?
:
E
i ) ) 1 ) )
Description of Graph Description of Graph
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Hame

Period gtz

Test Practice

1. Grid Fluff and Fold charges $2.25 for each
load of laundry: [Lesson 1)

A. Draw the graph of the proportional
relationship between the two guantities,
whiere x is the number of loads of laundry
and y k= the total cost.

Laundry

Total Cost ($)
i b et B D o 0 WD

x

0 1234568 7849
Humber of Loads.

B. Describe how the unit rate is represented
in the graph,

2. Open Response Daniella makes apple pies
each fall. The cost at the local grocery store
for x pounds of apples i shown in the table,
What is the least amount of money Daniaella
will spend for 15 pounds of apples? Assume
the relaticnship is proportional. (Lessan 7

Mumber of Pounds, x otal Cost (3], v
2 f $£4.50 '
2 : $675

3. Muhtiple Cholce A turtle i= crawling up a hill
that rises 6 feet for every horizontal change
of 36 feet. Which of the following represents
the slope of the hill, as a fraction in simplest
form? (Lessan 2)

®% o
®: @%

4. Dpen Response The points in the table lie
on a line. Compute the slope of the line.

[LEesson &)
X | ¥
6 -3
-2 1
-4 2

5. Multiselect Which statement is true about
the graph? Select all that apply. {Lesson 3)

N
I\

o )ﬂ. -

| The ratio of the rse to the run of each
triangle Is the same,

| The smaller triangle and the larger riangle
shown are similar.,

| The slope of the line Is 2.
| The slope of the line s —2.

| The corresponding sides of the two
triangles are nof proportional.
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B. Open Response The graph of line m =
showrn. Use the similar slope triangles to
compare the slope of segment AD, the slope
of segment OF, and the slope of line m.
[Lesson 3)

7. Open Response The cost of ground beef
varies directly with the number of pounds
bought. Suppose 2 pounds cost $8.40. How
much would 10.5 pounds of beef cost?
[Lessar &)

B. Table tem Compiete the table if the cost y
wvaries directly with the number x_ [Lessen 4)

Number of Snacks, x | Cost ($), y
2 I 8 |
B w1
T
I !

0

9. Open Response What is the equation of the
line that passes through (O, 2} and {—3, 14} in
slope intercept form? Justify yvour reasoning.
[Lessan 5)

250 Modile & - Linear RFelaticnships and Slope

10. Open Response You are selling tickets,
You make $50 for signing up to sell tickets.
You also make $0756 for each ticket you

sl [Lessan 5)

A. Write an eguation In slope-intercept form
that represents how much money you
make, ¥, for selling x tickets.

B. How much money will you make for
selling 30 tckets?

. Grid Graph v = 2x — 4 using the slope
and y-intercept. (Lesson &)

¥

12. Grd Consider the equation ¥ = —3. [Lesson §)

A Graph y= —3.

¥

B. Describe the graph of y = —3.

(LR T T tnE s ] ||"l| M



Module 5
Functions

2 Essential Question

What does it mean for a relationship to be a function?

What Will You Learn?

Place a checkmark (+7) in each row that corresponds with how much you already Know
about each topic before starting this module.

KEY Before | After

O—Idnn‘tknuw. O—I"..IEhEEI:qui'L G—iknl:rw'rﬂ D 0 0 D o G

identifying whether relations are functions

creating function tables

graphing. .Iineaf-fun-cﬂm'rs

constructing linear functions

comparing two functions

identifying whether functions are linear or nonlinear

analyzing qualitative graphs

sketching qualitative graphs

Coyraafh 10 I G e S0 T ikis sl i

E| Foldables Cut out the Foidable and tape it to the Module Review at the end of the
module. You can use the Foldable throughout the module as you learn about functions.
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What Vocabulary Will You Learn?
Check the box next to each vocabulany term that you may already know.

O function O output

O function table O qualitative graphs
O input O relation

O linear function 0O vertical line test

O nonlinear function

Are You Ready?

Study the Quick Review 1o see f you are ready to start this module.
Then compieie the Quick Check.

Exampie 1 Example 2
Mame ordered pairs on the coordinate plane. | Evaluate expressions given the value of a
Name the ordered pair for point 8. variable,
Evaluate Tk + 3 ifx = =2.
Y i
b A 5 T4+ 3=T7-2)+3 Replace x with —2
i T T = —14+3 Musitipky 7 by —2
C B
a * » = -1 Add
2z
1

O 1234656«x

Start at the origin. Mowve right along the x-axis
until you reach 5. Then move up until you reach
the y-coordinate of 3. Point B is located at {5, 3).

Quick Check

1. Use the graph from Guick Review Example 1. | 2.Evaluate 3x — 2ifx = 4.
Suppose a park is located at point A. What
are the coordinates of the park?

How Did You Do?
Which exercises did you answer corectly in the Quick Check? .:’1_':, &3
Shade those exercise numbers at the right.

252 Meadule 5 - Functions

o g ey Oy



Coyraafh 10 I G e S0 T ikis sl i

Lesson 5-1

Identify Functions

| Can... determine whether or not a relation Is a function by
identifying the number of outputs assigned to each input

Explore Relations and Functions

Gﬂnlina Activity You will use Web Sketchpad to explore relations
and functions using mapping diagrams.

Jowr
P28 1]
1= 8
PSP
Poarart

Learn Relations and Functions

A mathematical relation exists when two mathematical values are related
in some way. A relation is any set of ordered pairs. The input of the
relation is the set of x-coordinates. The output is the set of y-coordinates. |
Relations can be represented as shown

What Vocabulary
Will You Leam?
function

input

output

relation

vertical line test

Ordered Pairs Table
2.3 EREE
o 2| s
: ] -1
£ ] :
1 2
3 1
Graph
¥

{continued on next page)
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254 Module s - Functions

A function is a specific type of relation that assigns exactly one
output to each input.

==

This is a function because each  This is not a function because 2
value is paired with exactly in the input s paired with two
output value. output values, 1 and

Learn |dentify Functions Using Mapping Diagrams

A mapping diagram can be used to determine whether the relation is
a function.

Mapping Diagran: Mapping Diagram
 Function Mot a Function

H =

The mapping diagram labeled "Mot a Function™ shows the input
is mapped to both 2 and 5. Because an input value is
mappedtomorethan _____ output, the relation isnot a
function.

M g 0yl
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Example 1 Identify Functions Using Mapping
Diagrams

Determine whether the relation is a function. Explain.

Input Output

Check each input value. If an input value Is mapped to more than oneg
output value, then the relation is not a function.

5o, the relation is not a function because the inputvalue __________is
mapped o more than one output value.

Check
Determine whether the relation is a function. Explain.

Input Output

Eﬂuﬂnhe ou can complete an Extra Example ondine.

ke Think About It!
How does a mapping
diagram help you
determine if a relation
is a function?

= Talk About It!

How can you alter the
relation so that it will

be a function?
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ey Think About It

What do you know
about the relationship
between the input
values and the output
values in a function?

@ Talk About It!

I this example, some
output values
correspond to more
than one input value.
Why is this retation still
a function?

256 Modules - Funclions

Learn |dentify Functions Using Tables

Tables can be used to represent relations and functions. To
determine whether a relation shown in a table is a function, consider
how the members of the input comrespond to the members of the

output.

‘ Input, x i Output, \

This 5 a function because each
member of the input corresponds

[ to exactly member of
! 1 | 2 | the output.
2 4
I 3 6 |
' 4 8 |
This is not a function because
m members of the input cormespond
I 1 2 | to more than one member of the
I 1 4 | ouput. Specifically, 1 corresponds
to both 2 and and 3
| 3 6 | corresponds to both 6 and
I 3 8 I

Example 2 |dentify Functions Using Tables

Determine whether the relation shown in the table iz a function.
Explain.

@

|2 |
| -3 |
| 3 I

1 B ¥ B R

Study the table. Are there any inpul (x} values that correspond to
more than one output value?

The relation Is a function because each input value corresponds to
exactly output value.

(LR T T tnE s ] ||"l| M
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Check
Determimne whether the relation shown in the table is a function.
Explain.

input, x | Output, y

Eﬁn Onling You can compleie an Extra Example ondine.

Learn Identify Functions Using Graphs

The ordered pairs of a relation can be graphed on the coordinate
plane. To determine whether the relation shown on a graph is a
functicn, you can apply the vertical line test. If, for each value of x, &
vertical line passes through no more than one point on the graph,
then the graph represents a function. If the line passes through more
than one paint on the graph, it is not a function.

To perform the vertical line test, you can use a pencil or a sraightadge
to represent a vertical line. Place the pencil at the left of the graph, and
then move it to the right across the graph.

¥

"

The graph is a function because the vertical line test shows that it
always intersects the graph at exactly one point This means that
each input carresponds to _one output.

{continved on next page)
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& Talk About It!
Before perdforming the
vertical line test make a
conjectura as o
whether or not the
graph shown is a
function. Explain your
reasoning. Then
perform the vertical fine
test with a pencil 1o test

your conjecture.

258 Modules - Functions

Perform the vertical line test on the following graph.

" >
_.P""'J?

e

i

The graph is not a function because the vertical line test shows that it
intersects the graph at more than one point This means that an input
corresponds to one output.

For the following graph, refer to the Talk About It!
_t\ | )1_

The graph a function because the vertical line test shows
that it always intersects the graph at exactly point. This
means that each corresponds to exactly one output.

Pause and Reflect

Are you ready to move on to the Example? Iif yes, what have you
learned about functions that you think will help you? i no, what
guestions do you still have? How can you get those guestions
answerad?

™
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Example 3 |dentify Functions Using Graphs

Determine whether the relation shown in the graph is a function.
Explain.

Lse the vertical line test. The relation is not a function because the
input __________ corresponds to more than one cutput

Check

Determine whether the relation shown in the graph is a function.
Explain.

E Gao Online You can complete an Extra Example online.
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Example 4 |dentify Functions Using Graphs

Determine whether the relation shown in ¥

the graph is a function. Explain.

Use the vertical line test on the graph of [

the line. Does the vertical line ever pass

through more than one point? E‘--

The redation is a function because each

; _ corresponds to exactly one

output.

Check

Determine whether the refation shown in

the graph is a function. Explain.

7]

Gﬁn Omlime You can complete an Exira Example online.

260 Meodules - Functions

[E} Foldables It's time 1o update your Foldable, located in the
Module Review, based on what you leamed in this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FL1.

B ey

oo

lirear
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7 Drerirrl TH=d
G FENHM e LA

Practice B Go Online You can complete your homework onlline.

Determine whether each relation is a function. Explain. [Examples +-3)
1. Input Output 2. Input Output

-5

cl
ﬂ- |
1

5

Dutput, v

in

1oTe I3
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Test Practice

6. Multiple Cholce Select the statement that correctly explains whether or not the

relation shown in the graph is a function. (Example 4)

@ The relation is a function because each input has
exactly one output.

The relation = a function because each output has

exactly one Input

@ The relation is not a function because at least one

input has more than one output,

@ The relation = not a function because at least one

output has more than one input.

7. Create Draw a graph to represent a real- 8.
world situation that represents a relation
that is a function. Describe the situation and
explain why the graph is a function.

17 Make an Argument Camilla walks at a
steady pace for 5 minutes, stops in the
same location for 2 minutes, then continues
on at a faster pace for 3 more minutes until
she reaches her destination. Camilla claims
that the relationship between the time spent
walking and the distance traveled is not a
function because of the time she stood still.
Explain why the relationship is a function.

9. Describe a math tool you could use to 0. @' Use a Counterexample If a refation is a

determine if a relation is a function. Explain
how you would use it

262 Meadule 5 - Functions

functicn, will reversing the input and output

also result in a function? If yes, explain winy.
If not, give a counterexample.
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Lesson 5-2

Function Tables

| Can... generate function tables from function rules and use the What Vocabulary
sets of ordered pairs to graph the functions. Will You Leamn?
function table

linear function
Explore An Introduction to Function Rules

Qﬂniine Activity You will use Web Sketchpad to explore how to
find outputs from a ghven input using function rules.

s e e prormmm Lo e e e e Am
=arie=s DFEFrEE \T ek i-logr = O uns

."-'.l___.u-u

e w A ey e —

Learn Function Tables

A function table is a table that organizes the input and output of a
function. You can create a function table from a function rule by
substituting appropriate input values into the rule, then simplifying to
find the output. An example of a function table is shown.

& Talk About It

i
E: Function Rule Function Table m:'ﬁ Eﬂ use the
3 = _ 2x + 3 1o determine
g’ y=2x+3 Ir1u[ | |_- | ':.'-'lJﬂlu'l i‘ré?:utput if the input
£ 1 2+ 3 5
: 2 |22 +3 7

3 2{3) + 3 9

4 2{4) + 3 1
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Example 1 Create Function Tables

Create a function table for y = 4x — 1. Use the input values —2, 0,
2, and 4.

The input values are substituted for x into the function rule. Simplify
the expression to find each output

It | Rule | Output
X dx —1 ¥
—2 4—2)—1
0 A0 —1
2 42 —1
4 44 —1

50, the values for ywhen xis —2.0, 2, and 4 are —9, —1, 7, and 15.

Check
Complete the function table for y = —4x — 3.
Input | Output
X ¥
—1
1
3
5

D-Gn Onllme ¥ow can complete an Exira Example onfine.

Pause and Reflect

How = a function rule represented in a function table?

(LR T T tnE s ] ||"l| M
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& Example 2 Choose Appropriate Input Values

It takes approximately 770 peanuts to produce one jar of peanut
butter. The total number of peanuts n is representad by the
function n = 770p, where p is the number of jars of peanut butter
purchased.

Determine appropriate input values for this situation. Then
complete a function table for n = T70p.
Part A Determine the appropriate input values.

Onby — numbers make sense for the input because you
cannot buy a fraction of a jar or negative jars of peanut butter. Some
appropriate input values could be 1, 2, 3, and 4 jars of peanut butter,

Part B Complete a function table.

Substitute the input values 1, 2, 3, and 4 for p into the function
n = T70p, then simplify to find each output.

Input, p | Output, n
1

2
3
4

Check

An online photo printing service charges $0.15 per photo and $2.99
for shipping. The total cost © for printing and shipping any number of
pictures p can be represented by the function ¢ = 015p + 2.99.

Part A

What input values for p make sense in this situation?
@ rational numbers

whaole numbers

(€) decimals

(D) irrational numbers

Part B
Complete the function table for ¢ = 015p + 299

Input, p | Output, ¢

o | LD [h

{a Gao Online You can complete an Extra Example online.

{g Think About It
Which variable
represants the input
value?

&) Talk About It!

What do the values 4
and 3,080 represent
in thi=s situation?
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Learn Graph Functions

The graph of a function is the set of ordered pairs, consisting of an
input and the corresponding output, that make the equation
representing the function true.

A linear function is a function in which the graph of the solutions
forms a straight line. Therefore, an equation of the form y = mx or

¥=mx + b is a linear function.

The function ¥ = x — 1is represented as a table, ordered pairs, and a
graph below.

Table Graph
Y
0 9
1 0 |
2 1| re) X
3 | 2 |
Ordered Pars

(0. —1. (1, 0), (2,11.(3. 2)

Pause and Reflect

Compare and contrast each of the different representations
{equation, table, graph, ordered pairs) of a linear function.

(LR T T tnE s ] ||fl|.||lﬂl'_h
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Example 3 Graph Linear Functions

Create a function table for the function y = x + 2. Then graph the
function.

Part A Create a function table.

Select any values for the input x, such as 0, 1, 2, and 3. Substitute
these values for & to find the value of y. Then write the correspanding
ordered pairs.

2 [202| [0
s | 3e2 ()

Part B Graph the function.

Graph the ordered pairs {0, 2), (1, 3), (2. 4) and (3, 5). Then draw a line
that passes through each point

The line is the compiete graph of the function. Each ordered pair of
any point on the line is a solution of the equation that represents the
fumctiomn.

b Think About It!

Which wvariable
represents the input
walue?

Talk About It!
Isthe point{(—1, Y a
solution to the function
y=x+ 27 How do
VoL know?

{continved on next page)
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Check

Create a function table for the function y = —3x + 4. Then graph the
function.

Part A
Create a function table for y = —3x + 4.

[ 0
I 1
| 2
PartB
Graph the function,
¥
1O x

Gﬂn{:une You can complele an Extra Example online.

Pause and Reflect
Did you ask guestions about today's lesson? Why or why not?

(LR T T tnE s ] ||fl|.||lﬂl'_h
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@ Apply Transportation ) o Online

A taxi service charges $2.50 plus $0.75 per mile. The function Watch the animation.
¥ = 075x + 250 represents the total cost y, of a taxi ride for any
number of miles x. If Adriana rode 10 miles in the taxi, and Alonso
rode 15 miles, how much more did Alonso spend on his taxi ride?

¥ =078x + 2,50

\ e
1 What is the task? ,ﬂﬁlﬁ > E
2 Bl 9 ;

Make sure you understand exactly what question to answer or : ! i :
problem to solve. You may want o read the problem three times. P 6‘ :
Discuss these guestions with a partner. % o el B

First Time Describe the context of the problem, in your own words.
Second Time What mathematices do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Use your strategy to solve the problem.

D Talk About It!

How could you solve
this problem another
way?

4 How can you show your solution is reasonable?

Q\'ﬁi‘u About It! Write an argument that can be used to defend
your solution.
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Check

An elephant weighs 200 pounds at birth and gains approximately

2 pounds per day. The function w = 2d + 200 represents the weight
wof an elephant on a given day o during his first year. How much
more does an elephant weigh on Day 60 than it does on Day 57

Gﬁumn& “ou can complete an Exdma Example onling.

@ Faoldables It's time to update your Foldabla, lacated in the
Module Review, based on what you leamed in this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FL1

i Bt T et P b

furctiong

i ¥t
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Practice B Go Online You can compléte your homework online.

Complete the function table for each function given. (Exampie 1)

1. y=25x—8 2. y=—Bx—1 3. y=2x+3
-5 | —3
0 =N 2
5 | o | | &
10 P 10

4. A single-engine plane can travel up to 140 miles per hour. The total number
of miles m is represented by the function m = 1404, where h is the number
of hours traveled. Determine appropriate input values for this situation.
Then complete the function table for m = 1300, Exsample 2)

Input, f Output, m

Test Practice
5. Create a function table for the function 6. Multiselect Select all of the possible
¥ = —2x + 1. Then graph the function. types of numbers that are appropriate
[Example ) input values for the given situation,
Input, x | Output, y A flower-delivery service charges $39.95

per flower arrangement and $2.99 for
delivery. The total cost yis represented by
the function y = 3995x + 299 where x s
tha number of fiower arrangements.

{whole numbers

¥ lintegers
| rational numbsers
| positive integers
o x | negative numbers
[onhy zero

Lesson §-2 - Function Tables 24




Apply

7. A baby giraffe is about 63 feet tall at birth and grows about 3 foot per
manth for its first year. The function i = %m + Ej;_ represants the total

height h, of a baby giraffe for any number of months m within its first year.
How much taller is the giraffe at the end of month 11 than at the end of
manth 27

B. A public swimming pool holds 250,000 gallons of water and is being
drained at a rate of 200 gallons per minute. The function g = —200m +
250,000 represents how many gallons remain in the pool g, after any
number of minutes m. How much more water remains after 5 minutes than
after 20 minutes?

9. 7 Identify Structure If a linear functionis | 10. {75 Justify Conclusions Lian's truck has a

continuous, it has an infinite number of 25 gallon tank and uses 0.05 gallon of gas
solutions. Which represemtation(s), equation, for every mile driven. When creating a table
table, or graph, show(s) all of the solutions? for the function ¥ = —00&x + 25, Lian
Explain. argues that he can only use positive

rational numbers for the input. s Lian
comect? Justify your answer.

1. Kai completed the function table for the 12. Create Write a real-world problem In which
function y = 3x as shown. Find his ermor and rational numbeors would be appropriate
correct it input values for the situation. Then write the

equation of the function.

Input, x | Output, v

272 Meodule 5 - Functions
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Lesson 5-3

Construct Linear Functions

| Can... write linear functions from graphs, tables, and verbal
descriptions by finding the rate of change and initial walue.

Learn Rate of Change and Initial Value

A linear function s a function that has an equation in the form y = mx
of y = mx + b. The graph of a linear function forms a straight line.

The slope, m, of a linear function is also known as the rate of change.
The rate of change between any two points in a linear relationship s
the same or constant.

The p-intercept, b, of a linear function is also known as the initial

value. The initial value is the corresponding y-value when x equals 0. @I Talk About It

T v 10 Why do you think the
i it _]— y-intercept is alsa
' e known as the initial
ﬁ value?

i
= g
Q
1

K+

-
Il
bl =

Pause and Reflect

How does this compare o what you have previously learned about
proportional and nonproportional relationships?

Coyraafh 10 I G e S0 T ikis sl i
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by Thirk About It

What i= true about the
rate of change of a
linear function?

274 Meodule s - Functions

Learn Construct Linear Functions from Graphs

You can construct a linear function from a graph by determining the
rate of change or slope, m, and initial value or y-intercept, b, then
writing it in the form y = mx + b.

B Go Online Watch the animation to see the steps for constructing
a linear function from the graph shown.

Step 1 Find the rate of change. Titid Cwl il Calt Fovaees P
— ot 14
1ida
300 * 100d
4 months — | g 00
| month B0
# mo
Step 2 Find the initial value. :E:
Initial cost: . 260
3 = x
Step 3 Write the eguation of the R T S R EE R
function. Tirrn |mvesativa]

y=mx+b—y="75x+ 100

@ Example 1 Construct Linear Functions From

Graphs
A shoe store offers free points when Shoes
You sign up far their rewards card. M
Then, for each pair of shoes 11:
purchased, you earn an additional .E 150
number of points. The graph shows 3 150 -]
the total points earned for several ’-:: LT o
pairs of shoes. E 60 |- 4"
Find and interpret the rate of 30 1= 2
change and initial value. Then write 0 1234567848
the equation of the function in the Pairs of Shoes Purchased

form y = mx + b.

Part A Find and interpret the rate of change.
Choose any two points from the graph.

change in points _ (90 — &0) points Ltee the points (2, 60) and
changeinpairs ~ (4 — 2) pairs {4, 90
_ 30 points 15 points Simplity

2 pairs o 1 pairs

The rate of change s =0 the number of points earned per

pair of shoes is 15. feantinued on next page)

(LR T T tnE s ] ||"l| M
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Part B Find and interpret the initial value.

The initial value is called the y-intercept. Determine where the fine
intersects the y-axis.

Whenx=0y= So, the initial number of points earned is 30.

Part C Write the eguation in the form y = mx + b.
The rate of change m, is 156 and the initial value b, is 30.

So, the equationin y=mx + bformis y = x4 L
Check Rental Costs
A conference center charges an il ¥
initial deposit plus an hourly rate e
for renting the space for an 400
event or party. The total cost for g 50 !
different numbers of hours, 300 —am
including the deposit, isshownin & 2o 2
the graph. e
w0 A
- x
G 1234567890
Hours
Part A

Find and interpret the rate of change.

PartB
Find and interpret the initial value.

PartC
Write the equation of the line in the form y = mx + b.

mﬁn Online You can complete an Extra Example ondine.

& Talk About It!

Howy can you verify that
the equation

¥ = 15x + 30 correctly
reprasents the function?

Lessan B-3 - Construct Linear Functions 275




276 Meodule s - Funchions

Learn Construct Linear Functions from Tables

To construct & linear function from a table of values, you need to
determine the rate of change and initial value. Then write the
equation of the function in the form y = mx + b,

The table shows the relationship between the cost of an amusement
park membership and the number of months.

Manths, x | Cost (3], ¥

1 35
2 | =0
3 65
4 80

)} Go Online Watch the animation to see how to construct a linear
function from the table using the following steps.

Step 1 Find the rate of change.

Lise any two points in the table to determine the rate of change.

changeiny 50-35
changeinx ~ 2 -—1

Use the poimts {1, 35) and (2, 50.)

15
] Simplify.

Step 2 Find the initial value.

Use the slope-intercept form of a linear eguation to find the
y-intercepl

y=mx+ b Slope-int=mcept form
y=1x+b Replace m with the slope, 15
AS=15{l}+ b Use the pomt (1, 35k s =1y =35
I/F=15+b Simpiify.
—15= —15 Subtract 15 from each side

=h Simplify.

Step 3 Write the equation of the function.
Substitute the rate of change for m and the initial value for b.

X+

(LR T T tnE s ] ||fl|.||lﬂl'_h
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€ Example 2 Construct Linear Functions From
tables
The table shows how much money

Ava has saved. Assume the
relationship bebween the two

Mumber of | Money

Months, x | Saved ($), v

quantities is linear. o 1o
4 130

Find and interpret the rate of change .'E : 151:]

and initial value. Then write the = 0

equation of the function in the
formy= mx+ b

Part A Find and Interprat the rate of change.

You can use any two points to determine the rate of change.

change in y _13o-—-10
changeinx ~ 4-—3

Use the points {3, 110} and (4, 120).
—_ % or | Smplity

The rate of change s 20. So, Avasaves%___ each month.

Part B Find and Interpret the initial value.

Since the value for y when x = 0 is not listed in the table, use the
shope-intercept form of a linear equation to find the v-intercept.
Substitute values for a1, %, and y. You can use any ordered pairs from
the table to substitute values for x and y.

y=mx+h Slope-intercept form
y= x4+ b Replace m with the rate of change,
20
= 20{ ] +b Use the paint (3, T10). x = 3, ¥ = 110
o= +b Simplifiy
=b Subtract 60 from each side.

The -intercept is 50, so Ava initially saved %

Part C Write the equation in the form y = mx + b.
The rate of change m, is 20 and the initial value b, is 50.

y= x+

Lessan 6-3 « Constroct Linear Functions 277

ko Think About It!

Does the table
currenthy shaw the
initial value? Explain.
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Check

The table shows the cost of a r———

: Cast ($) ¥
smartphone plan, based on the Gigabytes of Data, X

data used per month. Assume
the relationship between the
two quantities is linear.

Part A
Find and interpret the rate of change.

PartB
Find and interpret the initial value.

PartC
Write the equation In the form y = mx + b

E'En Onlbne ¥ou can compleie an Exira Example ankne.

Pause and Reflect

Did you make any errors when completing the Check exercise? What
can you do to make sure you don't repeat that error in the future?

o g ey Oy
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Learn Construct Linear Functions from Verbal
Descriptions

You can write the equation of a function in the form y = mx + b by
determining the rate of change and an initial value from a description
of the relationship. The rate of change is m, the slope. The initial
value is- b, the y-intercept.

m Go Online Watch the animation to see how to construct a linear
function for the following real-world situation.

A skding instructor charges an initial fee plus $30 per hour for
lessons. Tasha paid $205 for six hours of instruction.

Step 1 Find the rate of change.

Since the ski instructor charges $ per hour for lessons, the rate
of change is 30.

Step 2 Find the initial value.

Use the slope-intercept form of a linear eguation to find the
y-intercepl.

y=mx+ b Skope-irdercept form
y=30x+ b Replace m with the rate of change, 30.
205 = 30(6) + b Replace pwith 205 and x with &.
206=180+0b Simplify.
| Sakve for b

=b

Step 2 Write the equation of the function.
Substitute the rate of change for m and the initial value for b.

y=mx+b—y= x+|

Lessan B-3 - Construct Linear Functions 279




kg Think About It

What aspect of this
scenario describes the
rate of change?

&) Talk About It!

How would the
equation of the
function be alterad i
Joan planned to add
B photas 1o her phota
album each week?
Azsume that the
number of photos

at B weeks remains
120 photos.

&) Go Online You can
complete an Extra

Exampie online.

280 Meodules - Functions

@ Example 3 Construct Linear Functions From
verbal Descriptions
Joan plans to add 12 photos to her photo album each week. After

B weeks, there are 120 photos in the album. Assume the relationship
is linear.

Find and interpret the rate of change and initial value. Then write
the equation of the function in the form y = mx + b, where x
represents the number of weeks and y represents the total number
of photos in the album.

Part A Find and interpret the rate of change.

Since Joan adds 12 photos to her photo album each weelk, the rate of
change Is

Part B Find and interpret the initial value.

Substitute values from the problem for m, x, and

y=mx+b Slope-intercept form
y= | .1-‘" +b Replace m with the rate of change, 12,
I = E( ) + b Replace y with 120 and x with 8,
120= |+B SR
| = b Solve for b.

The initial value is 24, so the initial number of photos Joan
has is

Part C Write the equation in the form y = mx + b

y=| |x4 |

e —

Check

Julie i= tracking the growth of a plant for a science project. The height
of the plant on the 2nd day she measured was B inches and on the
Tth day it was 20.5 inches. Assume the relationship is linear.

Part A Find and interpret the rate of change.
Part B Find and interpret the initial value.

Part C Write the equation in the form y = mx + b,

(LR T T tnE s ] ||ﬁ|.|kil'_\
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@ Apply Depreciation

Roza wanis Lo buy a motor scooter,

The graph shows information about two
different scooters. Assuming the pattern
continues, what will be the difference in
values of the two scooters when they ane
each 8B years oid?

1 What is the task?

Make sure you understand exactly what guestion to answer of
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words,
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

& Talk About It

How can you sokve this
problem another way?

3 What is your solution?
Use your strateqy to solve the problem.

4 How can you show your solution is reasonable?

QWrHe About It! \Write an argument that can be used to defend
your solution.

Lessan 6-2 - Construct Lineas Functions 281
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Check

Jack and Ryan save money at the Money Saved
rates shown In the graph. How ¥ ’r
100
much more money will Ryan have a0
saved after 20 weeks? & a0 -1
0
&0
€ 50 Jack
— E 40
30
20
1
i [
0O 1T2I3IL&ASETES IO

Weeks

Gﬁu Oniline You can complefe an Exitra Example online

Pause and Reflect

Compare and contrast each of the methods used to construct linear
functions: from a graph, from a table, from a verbal description.

iy g gy
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Practice B Go Online You can complete your homework onlline.

1. A cleaning service charges an initial fee plus an hourly rate. Cleaning Costs
The total cost for different numbers of hours, including the o ¥
initial fee, is shown on the graph. Find and interpret the rate a0
of change and initial value. Then write the equation of the 70
function in the form y = mx + b, Example 1) ®Weo >
50
§ a0 m
30 12 36)
20 =1, 28)
10
¥
+]

2. The table shows the distance Penelope is from the
park as she walks to soccer practice. Assume the

Time [min), x Distance (m), ¥

relationship between the two quantities is linear. Find I = | 1930
and interpret the rate of change and initial value. Then 10 1380
write the equation of the function in the form 15 B30
¥ = mx + b. [Example 2} 20 280

3. A roller skating rink charges a skate rental fee and an hourly rate to skate.
The total cost to skate for 2 hours is $9.50 and for 5 hours is $18.50.
Assume the relationship is linear. Find and interpret the rate of change and
initial value. Then write the equation of the function in the form y = mx + b,
where x represents the number of hours and v represents the total cost.
[Example 3]

Test Practice

Coyraafh 10 I G e S0 T ikis sl i

4. Open Response A movie theater offers a reward program that charges a
yvearly membership fee and a discounted rate per movie ticket. The total
cost for a reward program member to see 5 movies is $40 and the total
cost for 12 movies is $75. Assume the relationship is linear. Write the
eguation of the function in the form ¥ = mx + b, where x represents the
number of movies and y represents the total cost.

Lesson §-3 - Construct Linear Functions 283




House Value

Apply OS5
B. The graph shows Information about the value of two houses o0 |— — HousEB "
in different locations. Assuming the pattern continues, what B0 2
will be the difference in values of the two houses when they :;g L1
are each 15 years old? % 10 il
= wo - o
B 130
2 120 £ -
O y23a4as567809
Years

6. The tables show the monthly costs for two different Internet service providers.
What will be the difference in the cost of the two plans after 18 months?

‘ Manth, x ‘ Total Cost ($), ¥ \

: 75
2 ' 10
3 | 145
4 180

T '@’ Identify Structure Determine the rate of

change for a horizontal line. Explain why this
rate of change makes sense.

8. Your class is given a real-world scenario of a
linear function in which the rate of change is
—3 and the initial value is 10, You wrote the
equation y = —3x + (-10) to represent the
function. Your classmate wrote y = —3x — 10,
Who is correct? Justify your response.

284 Meodule s - Functions

‘ Maonth, x i Total Cost ($), ¥ \

1 60
2 110
3 | 160
4 210

8. .ﬁ}' Find the Error A recreation center

charges $50 to rent the gym for 1 hour, and
$100 to rent the gym for 3 hours. Jon says the
price per hour is $50. Find and correct Jon's
mistake. Assume the relationship is linear.

10. Create Write a real-world problem in which

yvou would need to find the rate of change
of a linear function. Explain why it would be
useful to know the rate of change.

o g ey Oy
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Lesson 5-4

Compare Functions

| Can... compare functions that are represented in different ways
using their initial values and rates of change.

Explore Compare Properties of Functions

a‘

Online Activity You will use Web Sketchpad to explore how to
compare functions presented in different forms.

il
-
- 1
—
|
.
-
b — e
ey e =
.

Learn Compare Functions

Functions can be represented by a table, graph, equation, or words.
You can compare two functions represented in different forms by
comparing the rates of change and Initial values. Functions can be
compared to determine which is increasing or decreasing at a

faster rate, or 1o determine which function has a greater value for a
given nput

The function represented by the table has rate of change of 4. and
the function represented by the graph has a rate of change of %

Therefore, the function represented by the table has a greater rate s

of change. ) Talk About It
Which funclicn has a
greater output value
when the input value is 47

Input, x | Output, v

¥l
T
. ]
2 8 i 1
3 12 |
4 16 e
2-Tg, ) 5 6 7 § 9x
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f# Think About It
Without solving the
problem, how do you
know that the Chinese
train travels at a faster
rate than the Japanese
train?

286 Meodule s - Functions

@ Example 1 Compare Two Functions

The function m = 140h, where m is the
miles traveled in i hours, represents the
distance traveled by the first Japanese
high-speed train. The distance traveled

Chinesa
High-Speed Train

by a high-spead train operating in China
is shown in the table. Assume each
relationship is linear.

Compare the functions’ initial values and rates of change. Then
determine how much farther the Chinese train will travel than the
Japanese train, if you ride each train for & hours.

Part A Compare the initial values and rates of change.

At O hours, no distance has been covered, so the initial value for
each function is - The rate of change for the Japanese rain
s miles per hour. The rate of change for the Chinese train
Is — miles per hour.

S50, the initial values are the same, but the rate of change for the
Chinese train is than the rate of change for the Japanese
train,

Part B Determing how much farther the Chinese train will travel than
the Japanese train.

Find the distance of the lapanese train by substituting 5 for b into
the function.

m =140k Write the function
m = 140(5) Rapiace fwith 5
m =700 Simplify

Find the distance of the Chinese train by
extending the tabie to 5 hours. The hours
increase by 1 each time, and the miles

Chinesa

High-Speed Train

increase by 217, Hours Miles
) ) 1 217
Find the difference between the miles
traveled for each train. 434
651

1085 —T00 =

LA s | b

S0, after 5 hours, the Chinese train travels
385 miles farther than the Japanese train.

Wi gy g o Oy ey
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Check

Suppose you want to decide which
mowie streaming service you should

Mumber of | Total Cost

join. Company A charges $1.50 per MIEHIEE, X (3}, ¥
movie with a start-up fee of $5. The cost 2 ; a8
to stream movies from Company B is 4 ' 12
shown in the table. ' 6 ‘ 6

Part A Compare the initial values and rates of change.

Part B How much more will Company B cost than Company A if
15 movies are rented In one month?

) Go Oniine You can complete an Extra Example onfine.

] Example 2 Compare Two Functions

Angela and Benjamin each have a Benjamin’s Bill
manthly cell phone bill. Angeia's
monthly cell phone bill costs $015 per
minute plus an initial fee of $49.
Benjamin's monthly cost is shown in
the graph.

L~
T 200 80)
L [n20,72)

Cost ($)

Compare the functions® initial values
and rates of change. Then determine

{ Think About It

How can you
determing the initial
value for Benjamin's
cell phone plan?

ENEEEEaIBRE

the monthly cost for Angela and
Benjamin for 200 minutes,

0 40 120 200 280X
Part A Compare the initial values and Minutes

rates of change.

What is the Initial value of the function for Angela’s bill?
What is the Initial value for Benjamin's bill?

S0, Benjamin has a greater initial cost

What is the rate of change for Angela‘s bill?
What is the rate of change for Benjamin’s bill?

So, Angela pays more per minute.
{continved on next page)
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Talk About It!

At 200 minutes, who
has to pay mora? Will
thizs person always
have to pay more each
month? Explain,

288 Module S - Functions

Part B Determine the monthly cost for Angela and Benjamin for
200 minutes.

Lise the values given in the problem to find Angela's cost
At 200 minutes, Angela will pay 015{200) + 49, or §

Lise the graph to find Benjamin's cost.
At 200 minutes, Benjamin willpay %

Check

You and your friends want to go on 8 canoe trip. River Run Canoes
charges an initial fee of $10 plus $10 per hour. The cost for Clear
Water Canoes is represented by the graph.

Clear Water Canoes
! .

"
=1
o

Cost (%)

mmmaEHEEE

Part A

Which company has the greater initial value and which company has
the greater rate of change?

=

Part B

Determine the cost for each company if you want to canoe fior
4 hours.

Eﬁn Online You can complete an Exira Example online.

Wi = ||¢ulﬂ.l;|
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& Apply eBooks

Aisha [s researching three different online book subscription
companies. The cost y of each subscription is a linear function of the
number of books downloaded, x. The prices for three different

subscription companies are shown. Aisha plans to download 10 books

and wants to spand the lessar amount. From which company should
she purchase a subscription?

The Bookshelf: v = 4 5x + 20

We-Reads Bookwaorm
MNumber of Books | Cost([3) By 7
30 *J-‘
5 e
1 2375 & R
2 2950 E B[4
3 3525 =]
4 4 Bl x
o B 12 345 67

Mumber of Books
1 What is the task?

Make sure you understand exactly what question to answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Use yvour strateqy 1o solve the problem.

4 How can you show your solution is reasonable?

@Wrﬂu About It! Write an argument that can be used to defend
your solution.

Q) Talk About It!

How could you solve
the problem another
way?
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Check

Andrea s researching cell phone plans to determine which is the
least expensive. The cost y of each planis a linear function of the
number of months x that she has the pian. The prices for three
different plans are shown. Andrea expects to stay on the plan for
18 months and wants to spend the lesser amount. Which plan
should she choose?

Cell Phone Plan A: v = 50x + 50

Cell Phone Plan B Call Phone Plan C
Mumber of 300 ry
Cost (5) .?
Months | — ;i*; }/
0 . 1o | 710
1 145 & =0
2 190 x5 M
§ A
3 235 50
&l
30

0 1 2 3 45 67 884X
Mumber of Months

L) Go Online You can complete an Extra Example onfine.

Pause and Reflect

How do you feel when you are asked during class to answer a
question or to explain a solution?

Wi gy g o Oy ey
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¥ I Breerimud 1
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Practice B Go Online You can complete your homework onlline.

1. Gennaro is considering two job offers as a pari-time sales
person. Company & will pay him $12.50 for each item he
zells, plus a base salary of $500 at the end of the month.

Mumber of Tatal

ltems Sold, x Earned (%), ¥

The amount Company B will pay him at the end of the ! e ! 425
month is shown in the table. Compare the functions’ initial 10 | 500
wvalues and rates of change. Then determine how much 15 _ 575

more Gennaro would make at Company A if he sells
28 itemns by the end of the month. (Example 1)

2. The temperature in two different ovens increased at a steady Oven B
rate. The temperature in oven A is represented by the eguation | ¥ |
y = 28x + 72, where x represents the number of minutes and E o ﬂ'“V
represents the temperature in degrees Fahrenheit. The temperature 5o
of oven B is shown in the graph. Compare the functions’ initial values
and rates of change. Then determine how much greater the E, " . 110
temperature in oven B will be than oven A after B minutes. Example 1) E 70
-t &
i3 1 2 3
Minutes

Test Practice

3. Open Response Lomaine and Chila were riding their bikes to school. Lorraine’s
distance away from the school is shown in the graph. Chila's distance away from the

school i shown in the table. Compare the functions’ initial values and rates of change.

Then determine Lorraine’s and Chila's distance from school after 7 minutes. [Example 2)
Lomaine's Distance

[l

E aal N[¥E Time (min), x | Distance (mi), y
[ 1 | 15
k=
2 13
£ i Lt
o 3 11
- x
0 1234567
Time (min)
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Apply

4. Samuel is planning a walking tour of his city and is researching three different tour-guide
companies. The cost y of each company |s a linear function of the number of hours x
that someone spends on the tour. The prices for three different companies are shown. Samual
plans his tour for 6 hours and wants to spend the lesser amount of money. From which

company should he chooze to do his walking tour?

Hidden Treasures Road-Less-Traveled Tours Bowman Bros.
Walking Tour ¥
y =8k + 25 "
1 12 & 50
2 24 = L
8 an |
R v
0
X

5. ({7 identify Structure Explain why the
graph of the function y = Tx + 3 will never
intersect with the graph of the function
y="Tx+10.

7. Indicate whether the following statement is
alwoys, sometimes, or never true. Justify
Your reasoning.

When two functions hove different rates of
change, and different initial values, the
function with the greater rate of change will
have the greater cutput value for every
input volue.

292 Module 5 - Functions

6. -@J&mﬂﬁr Conclusions Tammy was

comparing information for two cell phone
plans. Plan A would cost $480 for one year.
Pian B would cost $250 for & months.
Tammy reasons that plan B must cost more
for one year. s there enough information to
know if she is cormect? Explain your
reasoning.

. Create Write a real-world problem in which

you would need to compare initial values for
three linear functions,

Wi gy g o Oy ey
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Lesson 5-5

Nonlinear Functions

| Can... determine if a function, represented In different forms, ks a What Vocabulary
linear or nonlinear function by using the rate of change, shape of the Will You Leam?
graph, or structure of the eguation. nonlinear functions

Explore Linear and Nonlinear Functions

aniine Activity You will use Web Skeichpad to explore how 1o
determine if a function is linear or nonlinear.

Learn |dentify Linear and Nonlinear Functions
from Graphs

Linear functions have graphs that are straight lines, because the rate
of change between any two data points is constant. Monlinear
functions are functions whose rates of change are not constant, and
therefore, their graphs are not straight lines.

Linaar Manlinaar
¥ vf 4
e
"
L
= E
L o K of 3
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N

{# Think About It

What are the
characteristics of a
linear function?

Example 1 Identify Linear and Nonlinear
Functions from Graphs

Determine whether the graph represents a linear or nonlinear
function. Explain.

71

&) Talk About It!
The graph is composed
of muitiple straight lines.
Why is it nonlinear?

Is the graph a straight line with a constant rate of change?
5o, the function is nonfinear because the graph is not a straight line.

204 Meodule s - Functions

Check
Determine whether the graph represents a linear or nonlinear
function. Explain.
¥ !
\ 7
\ -
‘\a_ [ A
x

Eﬁn Onllme You can complate an Exira Example online.

i R —— gy g
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Example 2 |dentify Linear and Nonlinear

Functions from Graphs

& Think About it
WHat do you need o

do befare graphing
Graph the function to determine if it is linear or nonlinear. Explain. the function?

A square has a side length of s inches, The area of the square s a
function of the side length.

Step 1 Make a table of values.

Complete the table to show the area of the square for side lengths of
1, 2, 3, 4, and 5 inches. The formula for the area of a square is A = 5.

Side length [in.) 1 2 3 | 4 c

Area (inc) |

Step 2 Graph the function.

Graph the values in the table as ordered pairs, where x is the side
length and y is the area. Then connect the points with a smooth

curve.
Area of a Square
It ¥
24
P,
20
18
T
W
i
10
]
&
4
4 x
0 { 23456783110
Side Length {in.)

Do the points lie on a straight line?

So, the graph is nonlinear.
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Check

A cube has a side length of £ meters. The volume of the cube is
represented by the expression 5. The volume of a cube is a function
of the side length. Does this situation represent a linear or nonlinear
function? Explain.

Violume of a Cube
U ; | |
i, 64)

f

Vi]. 27

i

_/j/u,m
inn | 1

123 45 &7 8910
Side Length

Volume
s nEASRBHESSERER

Gﬁu Omiline ¥ou can complate an Exira Example online

Learn |dentify Linear and Nonlinear Functions
from Tables

You can determine whether a function represented in a table is linear
or nonlinear. To do =o, find the rates of change. If the rate of change
i= constant, the refationship is linear.

x ¥ x ¥

b5 5 8 = cal| 1 1 N3
e e M o e i
:l,-ll“"' 15 4 ':I._ r} 3 g ‘}+:
F:I‘i. 20 5 :l'] rI":. a 16 :}!?

The rate of change is always —%. The rates of change, % % and %
So, the functionis are not the same. 50, the

function is

(LR T T tnE s ] ||fl|.||lﬂl'_h
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@ Example 3 [dentify Linear and Nonlinear
Functions from Tables

The table shows the minimum number of daily Calories a tiger cub
should eat based on its age in weeks.

Minimum

Calarie Intakea

1 825

2 | 1.000

3 1185

2 e

5 1420
Determine whether the function is linear or nonlinear. Explain.
From Week 1 to Week 2, the rate of change is
From Week 2 to Week 3, the rate of change is

The rates of change are not the same. 5o, the function is nonlinear.

Check

Datermine whather tha table represents a linear or nonlinear
function. Explain.

Distance, v

4 16
5 25
& 36

D Go Online You can complete an Extra Example online.

b Think About It!

What are the
characteristics af a
nanlinear function?

D Talk About It!

If the rates of change
wera the same
belwean Weelks 1 and
2, and between Weeks
2 and 3, would that be
enough Information to
determine that the
function is linear?
Explain.
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Learn Identify Linear and Nonlinear Functions
from Equations

In order for an equation to represent a linear function, the equation
must be able to be written in the form y = mx + b, where m

represants the slope or constant rate of change and b represents
the wintercept or initial value.

If an equation represents a nonlinear function, it will have one or
more of the following characteristics,

= powers other than one on the variable

= square or cube roots of variable expressions

= vanables in the denominator of a fraction

D Go Online Watch the animation to see the following examples of
different types of nonlinear equations.

y=x2+3 y = A
" .

!
;ZZ

-4-3-2 -Af ix

(LR T T tnE s ] ||ﬁ|.|kil'_\
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Example 4 Identify Linear and Nonlinear
Functions from Equations

Determine whether the equation represents a linear or nonlinear
function. Explain.

¥=g
The eguation y = % can also be written as y = %x I= the equation
f=%xinme form ¥ = mx + bY

S0, the equation y = %fepresems a linear function because it can be
writien in the form ¥ = mx + b, where m'ls.%andb =0

Lheck

Determine whether the equation represents a linear or nonlinear
function. Explain.

y="2%+5

Example 5 |dentify Linear and Nonlinear
Functions from Equations

Determine whether the equation represents a linear or nonlinear
function. Explain.

y=3x24+2x+5

The equation ¥ = 3x* + 2x + 5 cannot be written in the form
¥ = mx + b because the variable x is raised to a power other than 1.

So, the equation y = 3x® + 2x + 5 is nonlinear because it
be written in the form vy = mx + b.

Check

Determine whather the equation represents a linear or nonlinear
functicn. Explain.

y=+3x+5

E Go Online You can complete an Extra Example online.
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Pause and Reflect

Create a graphic organizer that will help you study the concepts you
learned today in class.

Math History
Minute

Amalie *Emmy™
Moether (1B82-1935)
was a German
mathematician. As a
pioneering female
mathematician, Nosther
helped explore the
mathematics behind
Albert Einstein's theory
of genesral relathvity. She
dAlso discoverad a
mathematical
relationship that applies
to physics, now known
a5 Noather's theorem.

(LR T T tnE s ] ||"l| M
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Apply Geometry

The circumference of a circle is a function of the circle's radius,
Similarly, the area of a circle is also a function of the circle's radius.
Which of these relationships is a linear function? Construct an
argument to justify your responsa.

1 What is the task?

Make sure you understand exactly what guestion to answer of
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?

Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Lise your strategy to solve the problem.

= & Talk About It

Howr can you solve the
problem another way?

4 How can you show your solution is reasonable?

IQ'Hli'ri:'tu About It] Write an argument that can be used to defend
your solution.

Lesson 6-5 - Maonlineas Functions 304
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Check

The area of a square is a function of its perimeter. Similarly, the
perimeter of a square [s a function of its side length. Which of these
refationships is a linear function? Construct an argument to justify

YOUr responsa.

E-Ei: Online You can compleie an Extra Example onfine.

m] Foldables It's time 1o update your Foldabie, located in the
Module Review, based on what you leamed in this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FLI

relntions

Tuncihans

iy g gy
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Practice B Go Online You can complete your homework onlline.

Determine whether each graph represents a linear or nonlinear function.

Explain. [Example 1)
i ¥ 2. _i.f
A
1
o X .q =
L
3. Arectangle has side lengths 5 and 2s. Its area is represented by the Area of a Rectangle
expression 252, The area of the rectangle Is a function of its side o al 31[1-"
length. Does this situation represent a linear or nonlinear function? -~ 28 :
Explain. (Examgle 2 A /
5 18
2 s / £5
P 12
1 g ';I.sr
4 N LA x
0y 23456
Side Length
Determine whether aach table represents a linear or nonlinear function.
Explain. (Example 3
4. Mumber of Total Earned = _— . .
- Time (min), x | Distance (mi), y
Items Sold, x {5). ¥
2 | A
3 60

Determine whether each eguation represents a linear or nonlinear function.
Explain. [Examples 4 and 5

B v+ 7Ix=23 7. v=+Bx
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Test Practice

B. Multisalact Select all equations that represent a linear function.

y=T = | y+ix=9
9=yp—42x | lp=x2 23=y— 58x
Apply

8. Catalina and Terri are each saving money to
buy a car. Catalina puts $1,000 in a safe at
home and adds $25 every month. Terri puts
%500 in a savings account at the bank that
eams 3.2% interest each month on the total
amount of money in the account. For each
person, the total amount saved is a function
of the number of months. Which of these
relationships is a linear function? Construct
an argument to justify your response.

. r'{Ejr'ﬁn:l the Error Semih says the graph shown is a linear function F ¥
because the graph lies in a straight line. Correct the error

12. @‘ Identify Structure Write the equations for two different
functions that are nonlinear. Then explain how the equations are i
different than the equations of linear functions.

10. The volume of a cube is a function of its
side length. Simitarly, the surface area of
a cube is a function of its side length.
Which of these relationships is a linear
function? Construct an argument to justify
YOUr response.

13. Determine if the following statement is frue or false. Explain your reasoning.

The graph of a non-vertical straight line is always o function, but the groph

of a furction is not afwiays a straight ne.

304 Modules - Functions
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Lesson 5-6

Qualitative Graphs

| Can... recognize a qualitative graph and interpret the scenario it What Vocabulary
represents as well as create a qualitative graph. Will You Learn?
gualitative grapns

Explore Interpret Qualitative Graphs

anuna Activity You will use Web Sketchpad to explore how 1o
interpret qualitative graphs.

Learn Analyze Qualitative Graphs

The graph shown is a qualitative graph. Qualitative graphs are
graphs used to represent situations that may not have numerical
values, or graphs in which numerical values are not included.

Yol can ses e
refationship Belwean
tirrie and penrcent o
phatos downloaded

Coyraafh 10 I G e S0 T ikis sl i

Percant
Dowend oaded

3
Axes are |abhelad But
dio nat include
rumeEncal valbes
{continued of next page)
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f Think About It!
How will the different
rates of change help
you describe the

changes in the water
lewel?

(& Talk About It!
Describe a real-world
scenario that would
resull in the waler level
of a bathtub changing
as shown in the graph.

306 Modules - Functions

The rate of change of a qualitative graph can provide useful
information between two values.

increasing at a decreasing at a no change
constant rate constant rate
¥ ¥ ¥
|
n ¥ n * L] T L L ¥ ﬂ L L L T ¥
increasing at a decreasing at a
varied rate varied rate

¥ 1!"\
\‘JI x ﬂ*rt:rt

@ Example 1 Analyze Qualitative Graphs

The graph displays the water
level in a bathtub. Describe the m
change in the water level over
time.

Am

The graph demonstrates how the
water level changes as time
increases,

Water Level

Time

S0, the water level at a constant rate. For a period
of time, there is no change in the water level. Then, the water level
at a constant rate.

Check

The graph represents revenue from
a local ciothing store. Describe the
sales over time.

Sales

Eﬁu Omlime Yo can complete an Exira Example online

(LR T T tnE s ] ||fl|.||lﬂl'_h
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Learn Sketch Qualitative Graphs

Qualitative graphs represent essential elements of a situation in a
graphical form. You can sketch qualitative graphs 1o represent many
real-world functions that are described verbalhy.

'm' Go Online Watch the video to leam how to sketch qualitative
graphs for the following scenarios.
Charlie's speed over time:

Charlie is riding his bike. He speeds up, rides at a constant rate, then
slows down.

Sketch a qualitative graph to represent the scenario.

Number of pencils sold over time:

A school store sells pencils. At the beginning of the year, they sell
a lot of pencils, then sales drop, and finally, pencils are sold at a
steady rate.

Sketch a qualitative graph to represent the scenario.

Mumber of Pencils Sold

Lesson 5-6 = Dualitative Graphs 307




f# Think About It!
What label would you
plot along the
horzontal axis? the
vertical axis?

308 Modules - Functions

@ Example 2 Sketch Qualitative Graphs

A tennis ball is dropped on the floor. On each successive bounce, it
rebounds to & height less than its previous bounce height until it
comes to rest on the floor.

Sketch a qualitative graph to represent the situation. Determine if
the graph is linear or nonlinear and where the graph is increasing
or decreasing.

Part A Sketch a qualitative graph to represent the situation.

Draw and label the axes. Label the
vertical axis "Distance from Floor™
Label the horizontal axis “Time™

Distance frem Floor

Time

Sketch the shape of the graph. The
distance from the floor staris out at a
high value, then falls to the floor. The
ball bounces and rebounds to a height
less than its drop height. This pattem s
repeated several times until the ball
comes o rest on the floor.

Distance fram Floor

Time

Part B Determine if the graph s linear or nonlinear and where the
graph is increasing or decreasing.

Is the rate of change in the graph constant?

S0, the graph is nonlinear.

Thegraphis ____  whenever the tennis ball travels up in the

air, because the distance from the floor is increasing. The graph is
whenever the tennis ball travels towards the ground,
because the distance from the fioor is decreasing.

(LR T T tnE s ] ||"l| M
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Check

A person riding a bike slowly decreases their speed. Then they
quickly speed up. Finally, they maintain a8 constant speed for a pericd
of time.

Part A

Sketch a qualitative graph to represent the situation.

PartB

Determine if the graph is linear or nonlinear and where the graph is

increasing or decreasing.

Bﬁuﬂnhe Wou can complete an Extra Example ondine.

Pause and Reflect

How does what you already know about rate of change help you with
sketching qualitative graphs?

Lesson 5-6 » Qualiative Graphs 300



fgy Think About It

How would you begin
sketching the graph?

310 Module 5 - Functlons

@ Example 3 Sketch Qualitative Graphs with
Values

Luis is biking to his friend Mathan's house. He increases his speed at
a constant rate for 2 minutes until he reaches a speed of & miles per
hour. He then decreases his speed at & constant rate for a minute
until he reaches a speed of 2 miles per hour. Finally, his speed
increases at a varied rate for 3 minutes until he reaches a speed of
E miles per hour.

Sketch a graph that accurately represents Luis's trip.

Draw and label the axes. Label the W
vertical axis "Speed (mph).” Label the g
horizontal axis “Time [min).” : g'":
LUse the information in the problem to E : & i
sketch the shape of the graph. E 4 /
3
2
5 x
123456 78
Time (min}
Check

Julian is riding his horse. The horse's speed increases at a constant

rate for 2 minutes until it reaches a speed of 10 miles per hour. Then,

it increases his speed at a varied rate for 1 minute until it reaches a
speed of 20 miles per hour. Finally, the horse decreases its speed at
a constant rate for 2 minutes until it comes to a stop. Sketch a graph
that accurately represents Julians’ horse ride.

Eﬁn Online You can complete an Exira Example online.

(LR T T tnE s ] ||ﬁ|.|kil'_\
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Mg Period _ Diat=

Practice B Go Online You can complete your homework onlline.

1. The graph displays the distance Wesley was from home as he
ran in preparation for his cross-country meet. Describe the
change in distance over time, [Example 1

Distance from
Home

Time

Z. The graph displays the population of bacteria in a petri dish. Describe

the change in population over time. ([Example 1) .E

i
Time

3. Ryan's heart rate was steady before exercising. While exercising, his heart

rate increased rapidly and then steadied. During cool down, his heart rate

decreased slowly then lowered quickly until becoming steady again.

Sketch a qualitative graph to represent the situation. Determine if the graph

is limear or nonlinear and where the graph is increasing or decreasing.

[Example 2]

7
350

4. An oven is being preheated. The temperature starts at

T5°F and increases at a constant rate for 8 minutes until 300

it reaches the deszired temperature, 350°F. It remains the E o

same temperature for 27 minutes. Then the temperature

decreases at a constant rate for 5 minutes until it 200

reaches 175°, where it remains steady to keep the food

warm. Sketch a graph to represent the situation. 150

(Exampie 3) =

100
50 i -~
@ 1 20 30 40 S0
Time {mim}
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Test Practice

5. Open Response A well is being dug on a piece of [and. The
graph displays the depth of the well over time. Describe the
change in the depth of the well over time.

Depth of Well

Time
6. ({7 Persevere with Problems The graph shows the speed of a
train as time increases. Draw a graph and describe how the
distance of the train changes as time increases. 3
Time

7. A plant grows steadily until it reaches its full height, at which time it stops growing.
Which graph displays this relationship? Explain your reasoning.

Graph A Graph B Graph C

e O

Height
Helght
Height

Time Time Time

B. Create De=zcribe a real-world situation in which a qualitative graph can be used to
represaent the function.

312 Medule 5 - Functions
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Module 5 - Functions

Review

Tab 3 Relations and Functions
Tab 2
Tab 1
Graph
| A% =
= =
b

Rate Yourselft Q © ©

Complete the chart at the beginning of the module by placing a checkmark in each
row that corresponds with how much you know about each topic after completing this
module.

Write about one thing you learned. Wite about a question you still have.

Coyraafh 10 I G e S0 T ikis sl i
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Reflect on the Module

Use what yvau learned about functions to camplete the graphic organizer,

& Essential Guestion

What does it mean for a relationship to be a function

Cwdered Pairs Table

Functions

(LR T T tnE s ] ||"l| M
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Hame Period gtz
Test Practice
1. Multiselect Which of the following refations 3. Grid Graph the function y = -x + 4,
are functions? Select all that apply. [Lessan 1) represented by the given function table.
— [Lessan 2}
. ‘o !
i Bl
0 — & -4 ' 8
[t B I i
2 10 -2 [
L r %, A ﬂ | 4
Input Output 2 2
e '
| 0 ¥
7 4
s
) LY +
o X

4. Multiple Cholce A county park charges
%12 per hour to rent a row boat, plus a $20
deposit. The total cost v to rent a boat for x
hours can be representad by the function

2. Open Response Determine wheather the ¥ =12x + 20 (Lessan 2)
relation shown in the table is a function.
Justify your reasoning. (Lesson 1)

{0, 4). {1, 5). {2, 5. (3, 6}

A. Which set of numbers represents sensible
input values for this situation?

Inpuet. x Outpert, ¥
P | PRI, | @) imegers

& 4 decimals
- =]
whole numbers
12 8 @

(6) irrational numbers

B. Complete the function table for y = 12x + 20,
by providing the v values.

Module & - Functions 315



5. Multiple Choice The table shows the total
cost for the flat delivery fee and purchase of
muich, based on the number of cubilc yvards of
mulch. Assume the relationship between the
bwo quantities is inear. (Lesson 3)

MNumber of Total Cost |5,
Cubic Yards, x ¥
2 no
3 145
4 0] IBCI
5 215

A. Which statement accurately describes the
rate of change?

(&) The rate of change is 25, so each
cubic yard of mulch costs $25.

The rate of change s 35, so each
cubic yard of muleh costs $35.

@ The rate of change is 40, =0 each
cubic yard of mulch costs $40.

@ The rate of change |z 55, so each
cubic yard of mulch costs $55.

B. Find and Interpret the initial value. Then
wirite the equation of the function.

6. Open Response Fitness Center A charges it
members 532 per month with a start-up fee
of $100. The membership cost of Fitness
Center B is shown in the table. Assume each
relationship is linear. Compare the functions’
initkal values and rates of change. (Lesson 4)

Number of Total Cost {$).

Months, x ¥

3 | 120
4 160

316 Module 5 - Functions

7. Tabie Itemn Determine whether each equation
represents a linear or nonlinear function.

|Lessan 5)

Monlinear

Linear

B. Multiple Choice Which one of the following
descriptions could be used o explain the
gualitative graph shown? [Lessan 6)

Height

Time

@ A hiker climbs a chiff at a constant rate for
a period of tme. Then the hiker
continued to climb at a varied rate,
before descending at a constant rate,

A hiker climbs a cliff at a constant rate for
a period of time. The hiker rests for a
period of time. Then the hiker continues
to ascend al a vared rate, before resting
again and then descending at a constant
rate.

@ A hiker descends a cliff at a constant
rate, stops to rest hall-way along the way
for a period of time, before descending at
a constant rate.

@ A hiker descends a cliff at a vaned rate,
stops to rest half-way along the way for a
period of time, before descending at a
constant rate.

o g ey Oy
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Module 6
Systems of Linear Equations

2 Essential Question

How can systems of equations be helpiul in solving everyday problems?

What Will You Learn?

Place a checkmark |+ in each row the corresponds with how much you already know
about each topic before starting this module.

L Before |  After

O—Idnn'tknnw. 0—I‘uehea:duer {:}—Iknnwiﬂ 00 {:} O {} | ﬁ

solving systems. of equations by graphing

determining the number of solutions to a system of
eguations

solving systems of equations by substitution

solving systems of equations by elimination

wiriting and solving systems of equations

;_"‘Lg Foldables Cut out the Foildable and tape it to the Module Review at the end of the
module. You can use the Foldable throughout the module as you learn about systems of
linear equations.,
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What Vocabulary Will You Learn?
Check the box next to each wocabulary term that you may already know.

O elimination O substitution

O solution O system of equations

Are You Ready?

Study the Quick Review to see if you are ready to start this module.
Then complete the Guick Check.

Guick Review

Example 1 Example 2
Graph linear eguations, Solve equations with variables on each side.
Graphy=—x+ 2. Solve 2x + 7 = —3x — 13 for x.
v Use the 2%+ T=—3x—13 Witz the aquation
{0, 2} slope, —1, and
na yeintercept, + e = 43 Addition Property of BEguality
= 2 o graph the b+ 7=-—13 Simplify.
K =
Equa“:';bﬂ:e —F=—7 Subtraction Property of Equality
of values. b =—20 Sirmdify.
Efx = ':?'n Division Property of Equslity
x=-—4 Simplify.
Guick Check
1. The equation ¥y = 2x + 3 represents 2. The equation 4x — 5 = 2x + 25 represents
the number of hits, v, a team has after the number of points, x, lack scored in the last
x games. Graph the equation. game. Solve the eguation for x.
Hits per Game
[LRF] L4
L 10
T8
Es
g 4
Zz 2 -
0 123456
Humber of Games

How Did You Do?
Which exercises did you answer correctly in the Guick Check? G} ,':5“:,
Shade those exercise numbers at the right. =

B Module 6 - Systems of Linear Equations
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Lesson &6-1

Solve Systems of Equations by Graphing

| Can... write equations in slope-intercept form In order to graph
them and use the graphs to solve a system of equations.

Explore Systems of Equations

iaﬂnlirle Activity You will use Web Sketchpad to explore what it
means when two inear equations intersect and make a conjectura
about the point of intersection.

;:-'-—i
-.-F._H_._,_,_,—-—"-I.-
-‘;ﬁ i =
=l

Learn System of Equations

Two or more equations with the same set of variables are called a

system of equations. For example, ¥ = bx and y = 2x + 30, together,
are a system of equations.

The selution of this system is (10, 50) because the ordered pair is a
solution of both eguations.

¥=hx Write the egquations

y=2x + 30

< E{ } Repiace {x, ) with (10, 50 | | & 2{: |] + 30

Simiplify |

The solution of the system is (10, 50). This means that when x = 10,

What Viocabulary
Will You Leam?
system of equations
solution

&) Talk About It}

Do you think (10, 50) is
the only solution to
this system of
equations? Why or
why not?

the expressions bx and 2x + 30 both have a value of 50. In other
words, v = 50 when x = 10.

Lesson 61 « Solve Systems of Equations by Graphing




kg Think About It

Analyze the equations.

In whiich quadrant do
you think the lines will

intersect? Explain your
reasoning.

&) Talk About It!

Why did vou use
algebra to check the
solution [—2, 17

Learn Solve System of Equations by Graphing

You can estimate the solution of a A V
system of equations by graphing the

equations on the same coordinate 45 . 509
plane. The ordered pair for the point

of intersection of the graphs is the 35

solution of the system. y = Guf

In the graph shown, the lines intersect

atonly _ point. The system has

solution. Al

Example 1 Solve Systems with One Solution

by Graphing

Solve the system of equations by graphing. Check the solution.
y=—-2x—3

y=2x+5

Step 1 Graph each equation on the ¥

same coordinate plane.

At what point do the graphs of the

lines appear to intersect?

1]

Step 2 Check the ordered pair.

To werify that the ordered pair is the
solution, replace x with —2 and y with 1

in each equation.
y=—2x—3 y=2x+h
1= -2(—-2)—3 1=21-2)+5

Since both sentences are true, the solution of the system of
equations = (—2, 1.
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Check

Solve the system of equations by graphing.
y=4x

¥y=x+3

E Go Online You can complete an Extra Example anding.

Example 2 Solve Systems with One Solution by

Graphing b Think About It
Withiout graphing.
Solve the system of equations by graphing. Check the solution. bt L et e
x=3 represented by each
y=-—6 equation? Explain how

ou determined this.
Step 1 Graph each eguation on the same coordinate plane. you

At whalt point do the graphs of the lines appear to intersect?

]

Step 2 Check the ordered pair.

Analyze the equations x = 3 and y = —6 from the system. Since x is
equalto _________ and yisequalto _________ the solution of the
system is {3, —B6).
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& Talk About It

In the fourth line of the
solution, why is it
impartarit to dhivide
each term of the
equation by 27

Check

Solve the system of equations by graphing.
x=-1
y=—4

Eﬁu Online ¥You can complefe an Exira Example online

Learn Write Linear Equations in Slope-intercept
Form

If a linear equation is not in slope-intercept form, you can use the
properties of equality to rewrite the equation.

Q) Go Online Watch the animation 1o see how to write
4y 4+ 2y = 16 in slope-intercept form.

The animation shows how you can use properties of equality, and
what you already know about solving equations, to solve the
equation 4x + 2y = 16 for y.

lhr + 2y =16
| | Subtraction Property of Eguality
2y = 1§ 4x Simplify.
| &= . Drivision Property of Equality
= =1 Simgalify
V= ! + | | Commutative Property
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Learn Systems of Equations with No Solution
(&) Talk About It

Some systems of equations have no solution. If the graphs of Use the graph and the

the lines are parallei, and therefore never intersect, then there is strueture of the

no solution, equations to explain
why it makes sense
that the system has no
solution.

In the graph shown, there is _________ Intersection point. The system

has __ solution.

Example 3 Solve Systems with No Solution o Think About It

by Graphin What do yvou need o

y P g do first before
Solve the system of equations by graphing. Check the solution. graphing the
7 equations?
y= e
y— ;x= —3

Step 1 Write both equations in slope-intercept form.

The equation y = %Jt‘ + 1is already in slope-intercept form. Write the

equation y — %x = —3 in slope-intercept form.

¥— E'Jf= —3 Write the eguation
| ! = Add %:r to.each side.
2 "
y=—3+ F Simpdify.
y= | Write in slope-intercapt fomm.

{continued on next poge)
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Step 2 Graph each equation on the same coordinate plane.

}f=§x+1
2
y=3x—3
¥
=] |

Do the lines appear to intersact?

The graphs of the lines appear to be parallel lines. Since there k= no
point that i= a solution of both equations, there Is no solution for this
system of equations.

Step 3 Check the solution.

Analyre the equations. Rewrite the equation y = -g-*x + 1.
. -
¥= ?Jl.' +1 Write the eguation.

| | = Subtract %:r from each side.

| =1 Simplify.

S0, the system of eguations can be written as follows.

Since y — %I cannot simultaneocusly be 1 and —3, thera is

solution,

324 Module & - Systems of Linear Equations

Wi = ||’:ulﬂ.l;|



Coyraafh 10 I G e S0 T ikis sl i

Check

Solve the system of equations by graphing.
y—2x=4

y=2x

E Go Online You can complete an Extra Example anding.

Learn Systems of Equations with Infinitely Many

Solutions

Some systems of equations have infinitely many solutions. If the

graphs of the lines are the same, and therefore intersect at every

point, then there is an infinite number of solutions.

(& Talk About Tt

4 Uze the graph and the

structure of the two

/ pog equations to explain
why it makes sense

that the system has an

/ infinite number of

solutions.

- .'.P- _-
¥
|
In the graph shown, the lines intersectat __ point. The system
has an number of solutions.
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f# Think About It

What do you need to
do first before graphing
the equations?

Example 4 Solve Systems by Graphing: Infinitely
Many Solutions

Solve the system of equations by graphing.
¥y=2x+1
y—3=2x—2

Step 1 Write both equations in slope-intercept form.

The eguation ¥ = 2x + 1is already in slope-intercept form. Write the
equation ¥ — 3 = 2x — 2 in slope-intercept form.

y—3= Ix —2 Write the equation.
+3= + 3 Add 3 to each side.
y = | + | Sirmpify.

Both equations are the same.

Step 2 Graph the equations on the same coordinate plane.

¥

Any ordered pair on the graph of the line will satisfy both equations.
So, there is an infinite number of solutions for this system of
equations,

Check

Solve the system of equations ¥

by graphing.

y+%.\;=1 i "

y=—3x+1 e e = -

Eﬁn Online You can complate an Exira Example onling.
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& Apply Bake Sale

The Spanish Club is having a bake sale. You can buy a bag of trail
mix and a loaf of pumpkin bread for $11 or three bags of trall mix and
two loaves of pumpkin bread for $24. This situation can be
represented with the system ¥ + v = 1M and 3x + 2y = 24 where x
represents the cost of a bag of trail mix and y represents the cost of a
loaf of pumpkin bread. How much does each bag of trail mix and
each loaf of pumpkin bread cost?

1 What is the task?

Make sure you understand exactly what question to answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Lise your strategy to solve the problem.

4 How can you show your solution is reasonable?

-@Wﬁt&.ﬁhntt It! Write an argument that can be used to defend
your solution.

D Talk About It!

How do you know the
solution cannot be $9
for each bag of trail mix
and %2 for each loaf of
pumpkin bread?
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Check

Chiloe skated an average speed of 10 miles per hour, while Avery
skated an average speed of 5 miles per hour. They skated a total of
20 miles in 2.5 hours. This situation can be represented with the
system x + y = 2.5 and 10x + 5y = 20, where x represents the

number of hours Chioe skated and y represents the number of hours

Avery skated. How long did each person skate?

=
h

mmmm You can complete an Exira Example online.

m} Foldables It's time 1o update your Foldabie, located in the
Module Review, based on what you leamed in this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FLL

T e | Bt

afe Frikfribes ol

s Tian sedulicns
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Hmme Period . Diat=

Practice ) Go Online You can complete your homewark onfine.

Solve sach system of equations by graphing. Check the solution. [Examples 1-4)

L y=x+4 1y—%x=—‘|
y=—2x-—1 y=_}x+4
¥
F
o ]
0 x
Boy+ax=1 4. x=-3
y=—i-x+1 ¥=5
¥
¥
o ] a ®
Test Practice
5. Grid The graph of a system of equations is rﬂ
shown. Plot and label the solution of the system on Y
the graph. N‘y(/m +5
o
j'=.:—lF-
X
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Apply Money
8. Salim has 9 five-dollar bills and ten-dollar bills In his
wallet. The total amount in his wallet is $60. This situation
can be represented with the system x + y = 9 and
by + 10y = 60, where x represants the number of fiwve-dollar
bills and y represents the number of ten-dollar bills.
How many five- and ten-dollar bills does Salim hawe?

x

Mumber of Ten-Dollar Bills
- B L B DR OO s 03D

i

2 3456 FfF8B9
Mumber of Five-Dollar Bills

7. Kaylee drove her scooter at an average speed of 15 miles Driving a Scooter
per hour. Sophia drove her scooter at an average speed of
10 miles per hour. They drove a total of 60 miles in 5 hours.
This situation can be represented with the systemx +y=5
and 15x + 10y = &0, where x represents the number of hours

Kaylee drove her scooter and y represants the number of

hours Sophia drowe her scooter. How long did sach person

drive thelr scooter?

Mumber of Hours [Sophia)
- MW B O s D

x

=

12345678835
Mumber of Hours (Kayles)

8. @'Hﬂﬂﬂfy Structure In a system of two equations, the graph of one line has a
positive slope and the graph of the other line has a negative slope. What can you

conclude about the system?

8. The system of equations ¥y = 2{x + 3) and y — 2Zx = B has infinitely many solutions.
Explain why the point (—1, —5) is not a solution of the system.

10. A system of equations is graphed on the coordinate plane.

A student concludes that the solution of the system is (—0.5, 1.5).

I= this correct? Justify your response.
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Lesson 6-2

Determine Number of Solutions

| Can... use the slope-intercept form of lines in order to determine
whaether a system of equations has zero, one, or infinitely many
solutions.

Explore Systems of Equations: Slopes and
y-Intercepts

Online Activity You will use Web Sketchpad to explore the
relationship between the slopes and y-intercepts of systems of
equations and the number of solutions to the system.

Pause and Reflect

Compare and contrast the graph of a system of equations with one
solution to the graph of a system of equations with no solution.
Include discussion about slopes and p-intercepts in your answer.
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N

\gy Thirk About It
What do you know
about the slope and
wintercepts when a
systeim has no solution?
one solution? an infinite
number of soltions?

&) Talk About It!
Check the salution by

graphing the system.
How does the graph
illustrate the solution?

Learn Systems of Equations: Compare Slopes and

y-Intercepts

You can determine the number of solutions of a system of equations
by comparing the slopes and y-intercepts.

Suna- slupe Ifﬂﬂaruﬂﬁupei
Different y-intercepts
Parallel Lines Intersecting Lines
Mo Solution One Solution
Same y-intercept

Same Line
Intersecting Lines
* Infinitely Ma = k3
¥ Moy One Solution
Solutions

Example 1 Find the Number of Solutions

Determine if the system of equations has no selution, one solution,

or an infinfte number of solutions.
y=—-2x+4

3
F-EI-FI

Are the slopes the same?
Are the y-intercepts the same?

Since the lines have different slopes and different y-imercepts, they

intersect in exactly
one solution.

point So, the system of eguations has

Check

Dwoes the system of equations have no sofulion, ane solution, or an
infinite number of solutions?

y=58—x
y=13x

Eﬁn Online You can complate an Exira Example onling.
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Example 2 Find the Number of Solutions

Determine if the system of equations has no solution, one selution,
or an infinite number of solutions.

2
¥= ;r+ 3
3y=2x+15
Step 1 Write both eqguations in slope-intercept form.

The equation y = %Jl.' + 3 is already in slope-intercept form. You need
to write 3y = 2x + 15 in slope-intercept form.

Iy = 2x+1H Write the equation
3y = 2x+15 ,
- Divide each side by 3
¥ = + Smiplity

Step 2 Analyze the equations.

¥= %—x +3
¥= -i-.h: +5
The equations have slopes. The eguations have

y-intercepts. 5o, the linesare ________________ and
there Is no solution of this system.

Check

Does the system of equations have no solution, one sofutfon, or an
infinite number of solutions?

2
y=—%x
y—9=—%x

E Go Online You can complete an Extra Example online.

% Think About It
Are both equations
wirittern in a form in
which It is easy to
compare the slopes
and y-intercepls?

& Talk About It!
Check the solution by

graphing the system,
How does the graph
illustrate the soluticn?
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& Think About It
How would you begin
solving the problam?

& Talk About It!

Deascribe a method you

can use to verify the
system has infinitely
many solutions.

Example 3 Find the Number of Solutions

Determine if the system of equations has no solution, one solution,
or an infinite number of solutions.

3
y=73x

Ax—4y=0
Step 1 Write both equations in slope-intercept form.

The equation y = %x is already in slope-imtercept form. Write the
equation 3x — 4y = 0 in slope-intercept fonm.

Ax—4dy =0 Wirita the equation.
—3x = —3x Subtract 3x from each side
! = | Samplify.
. R . Divide each side by —4.
¥ = Simplify.

Step 2 Analyze the equations.

=3
F_q_x
-3
: g

The equations have slopes. The equations have

— y-intercepis. So, the lines are the same line and there
ara infinitely many solutions of this system.

Check

Does the system of equations have no solulion, ane solution, or an
infinite number of solutions?

¥y—8=2x

2y =16+ 4x

Eﬁn Online You can complate an Exira Example onling.
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Pause and Reflect

Review Examples 1-3. What are the steps you would take to
determine how many solutions a system of equations has?

Example 4 Analyze Systems of Equations

A system of equations consists of two lines. One line passes through
(0, 4) and (3, 2Z). The other line passes through (3, —3) and (9, — 7} Q Think About It!
How would you begin

Determine whether the line through the first pair of points
s . g pe pod solving the problem?

intersects the line through the second pair of points.
Step 1 Find the slope of each line.

Find the slope of the line that passes through (0, 4) and (3, 2).

¥a— ¥
m = X, — Xy Shope formuda
m=— ey ) = (0 8) ey w) = B, 2)

I ' o
m= Sirmplify.

Find the slope of the line that passes through (3, —3) and (9, —7).

¥a—W
m= X, — X, Skope formula
m= |_ P =03 3 ey, ) = (8. —7)
. P
m= —gor Simplefy

The lines have the same slopes.
{continued on next poge) L
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Step 2 Find the ywintercept for each line.

The y-intercept is the y value when x = 0. 50, the y-intercept of the
line that passes through (0, 4} and (3, 2} is 4.

Use the slope-intercept form of a linear eguation to find the
y-intercept b of the line that passes through (3, —3) and (9, —7).

¥y=mx+h Slope-intercept form
¥= x+b Replace m with —%_
| :=—§{|._:)+t:— Use the paint {3, —3). ¥ = 3,y = —3
—3= :_ﬂ + b Simplify.
| = b Add 2 to each side.

The lines have different y-intercepts.

Step 3 Analyze the slopes and p-intercepts.

Since the slopes are the same and the y-intercepts are different, the

lines are _ - Sp, the line through the first pair of points
does not intersect the line through the second pair of points.

Check

A system of eguations consists of two lines. One line passes through
(0, 6) and (2, 2). The other line passes through [(—1, —B) and (3, 4).

Crioes the fine through the first pair of points intersect the line through
the second pair of podnts?

Eﬁn Online You can complate an Exira Example onling.
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€@ Apply Hiking

Two friends are hiking along linear paths at a state park. On a map of
the trails, Grayson's path passes through the coordinates (2, 3) and
(0, 5). Xander's path passes through the coordinates (1, 1) and (0, —1).
Do the friends pass through a common coordinate, hike along the
same path, or never cross paths?

1 What is the task?

Make sure you understand exactly what question to answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
LIse your strateqy 1o solve the probiem.

4 How can you show your solution is reasonable?

@Wﬁu About It! Write an argument that can be used to defend
yiour solution.

& Talk About It!

How can you solve the
problem another way?
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Check

Ellie and Samuel are riding bikes along linear routes in their town_
On a map of their town, Ellie's route passes through the coordinates
(—1, 3) and (0. 1). Samuel's roule passes through the coordinates (1, 4)
and (0, 2). Do the friends pass through a common coordinate, ride

along the same route, Of Never cross routes?

E‘Eﬂ Onlkse ¥ou can compleie an Exira Example ankne.

Pause and Reflect

How well do you understand the concepts from today's lesson? What
guestions do you still have? How can you get those questions
answered?
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Practice ) Go Online You can complete your homewark onfine.

Determine if each system of equations has no solution, one solution, or an
infinite number of solutions. (Examples 1-3)

1. —bx+y=-—1 2. y=—4x+ 9 3. ¥+ 1=23x
—EBx+y=10 y=§w—5 2y=86x—2
4 i 1
d.y=—§x 5._1.r=-ix+ﬁ B y=—2x
4% + By =0 Jy=x—8 y=xk3d

A system of equations consists of two lines. A line passes through each pair of
points. Determine whether the line through the first pair of points intersects the
line through the second pair of points. (Exampie 4)

7. {0, —5) and {2, —4); 8. (0. 4) and (1, 7): 9. (0, 2) and (9. —1);
(4, —3) and (B, —2) {(—1, —5} and (5, 13) (12, 7) and (—6, —5)

Test Practice

10. Equation Editer Enter values for o and b, so that the sy=tem of eguations has one solution.

y=—6bx —4
CR28a0

C _ 23 CORE
Socliae e

N, &
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Apply

1.

13.

15.

Ethan and Camila are walking along linear routes in their town. On a map of
thair town, Ethan's route passes through the coordinates (0, —2) and (5, 1B).
Camila's route passes through the coordinates (—3, —12) and {0, 3). Do the
friends pass through a common coordinate, walk along the same route, or
never cross routes?

. The Taylor family and the King family are each camping at a different

national parl. Let ¥ represent the number of nights camping and y reprosent
the total cost ($). The linear equation that represents the Tayior's total cost
passes through the points (0, 15) and (5, 90). The linear eqguation that
represents the King's total cost passes through the points {0, O) and (7, 105).
Betarmine if the national parks ever charge the same amount for a certain
number of nights, always charge the same amount, or never charge the

samea amowunt for the same number of nights.

@Hnmlﬁr Structure Without comparing 14. Which One Doesn't Belong? Circle the
the slopes and y-intercepts of the system system of equations that does not belong
shown, explain why the system of equations with the other two. Explain your reasoning.
has no solution. i
¥y=x+6 xt+y=—1|y=—4x—3
—Tx4+3y=-5 — 4 o
—?x+3i=9 ¥)=—x+2 |y=4x+6 y+4x=-5

Eﬂenﬂﬁr Structure Systems of 16. Write a system of equations that has one
equations that have the same slope and solution. Then describe how you can modify
different y-intercepts are parallel lines. How one of the equations in your system so that
do the slopes of a system of equations that it has infinitely many solutions.

consist of perpendicular lines (lines that
intersect at right angles) compare?
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Lesson &6-3

Solve Systems of Equations by Substitution

| Can... use substitution to solve a system of linear equations, What Vocabulary
including those that have zero or infinitely many solutions. Will You Learn?
substitution

Explore Solve Systems of Equations by Substitution

Qﬂnliﬂe Activity You will explore how to solve systems of
equations by using the substitution method.

e L ma e o R gy
ik el MR L el e b
o e e | i "

P TR S, RE e i
CECR N

Learn Solve Systems of Equations by Substitution

Substitution is an algebralic model that can be used to find the exact
soluticn of a system of eguations. It involves replacing one of the
variables in one equation with an eguivalent algebraic expression
from the other equation, In order to solve for one of the variables.

G Go Online Watch the animation to see how to solve the system
¥y =4dx — T and y = 2x + b using substitution and these steps,

i
E; Step 1 Solve one equation for a variable.
g In this example, both equations are already solved for .
¥
'y Step 2 Substitute the expression into the other equation.
E; y=2x4+5
= dy — T =2x+5 Replace y with 45 — 7.
Step 3 Sobve the eguation 1o find the value of a variable.
dx—T= 2x+5
— 2% = — Subtract 2x from each side
22—7= 5
+ 7=+ Add 7 to each side.
1; = 13 Divide each side by 2.
XK=8

{continued on next page)
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{# Think About It
If ¥ equals x — 3 and y
aleo equals 2x_ what
does that tell you about

the expressionsx — 3
and 2x7

(& Talk About It!
How can you verify that
{(—3, —6) is the solution
of the systemy =x— 13
and y = 2x7?

&Y Go Online

You can complete an
Extra Example online.

Step 4 Substitute the value of the variable into one of the original
equations and solve.

y=4ax -7 Write the equation
y=4E -7 Replace x with B.
¥y=1 Simphify

Step 5 Check that both equations are true whenx =6 and y = 17,
and write the solution as an ordered pair.

=4 -7 y=2xr+Hh Write the aguation.
N <46 —7 (TN £ 2(6) +5 Replace ¥ with & and y with 17
17=1 7=17 Simpdify. Both sentences are true.

Since both sentences are true, the solution of the system of
equations & (6, 17).

Example 1 Solve Systems by Substitution
Solve the system of equations by substitution.

y=x—3

y=2x

Step 1 Since y is equal to 2x, replace y with 2x in the other equation,
y=x — 1. Then solve the aguation.

¥y= x—3 Write the equation
= ¥—13 Raplace y with 2x.
—¥ = —X Subiraction Property of Eguality

Simplify

=L

Step 2 Since ¥ = —3, substitute —3 for x in either equation to find

the value of y.
y=x—3 Write the first equation
¥ = !— 3 Replace x with —3.
¥= | Simplify.

50, the solution of this system of equations is (—3, —6).

Check

Solve the system of equations by substitution.
y=—6+x

y=3x
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Learn Rewrite Equations to Solve Systems by
Substitution

Sometimes one or both equations in a system may not be written in
siope-intercept form. When solving a system by substitution, one of

the eqguations may need to be solved for either x or y. This is
important in order to be able to eliminate one of the variables.

The equation 2x + ¥ = —10 is =solved for x and solved for y. shown
balow,

x=—E—E;f y=-—10—2x

Example 2 Rewrite One Equation to Solve
Systems by Substitution

Solve the system of equations by substitution.
¥y=3x+8
Bx+4y=12

Step1 Since y is equal to 3x + B, replace y with 3x + 8 in the other
equation, Bx + 4y = 12. Then solve the eguation.

Bx +4y =12 Write the eguation
Bx + 4{. D =12 Repiace y with 3x + B,
Bx 4+ ' + : =12 Distributive Property
|_| +32=12 Combine like terms.
20x = | | Subtract 32 from each side.
X = | | Diwvide sach side by 20

Step 2 Since x = —1, substitute —1 for x in either equation to find the

valoe of p.
¥y=3x+8 Write the equation
y=3{ U+B Replace x with —1
¥= Simpdify.

So, the solution of this system of equations s (—1, B).

by Think About It

Is one of the eguations
solved for either x or
37 How will this hedp
you efiminate ane of
the variables?

& Talk About It!

In Step 2, you
substituted —1 for x
into the equation
¥=23x+ 8. You can
also substitute —1 for x
into the other equation
Bx + 4y = 12. Why is
either method correct?
Which do you prefer?
Explain.
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fgy Think About It

I= one of the eguations
solved for either x or p?
Which equation will ba
easier to solve, and for
which variable?

&) Talk About It

In Step 3, you
substituted 4 for x into
the equation

¥ — 3% =—13. You can
also substitute 4 for x
into the other equation
4x + Sy = 1. Why is
either method correct?
Compare the methods.

Check

Solve the system of equaticns by substitution.
2% + By =44
y=6x—4

mﬁn Ownline ¥iou can complete an Exira Example online.

Example 3 Rewrite Both Equations to Solve
Systems by Substitution

Solve the system of equations by substitution.
y—3x=-13
4x+5y=H

Step 1 Solve the equation y — 3x = —13 for .

¥ =-13 Write the equation.
+3x=+3x Addition Property of Eguality

y= Sirmepdify

Step 2 Since y is equal to —13 + 3x, replace y with —13 + 3xin the
other equation, 4x + 5y = 11. Then solve the equation.

4+ 5v=1 Write the equation.
4x + 5(! |] =11 Reptace p with —13 4+ 3x
4y — + | =n Distributive Property
—E5=11 Comtbine Hke tesms.
H
19x = Add 65 to each side
X = Dibvide =ach side by 18,
Step 3 Since x = 4, substitute 4 for x in either equation to find the
value of y.
y—3y=-—13 Write the eguation.
¥— 3( ] =-—13 Replace x with 4.
v— |= —13 Semiplify.
¥F= l Add 12 1o each side

S0, the solution of this system of equations is {4, —1).
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Check

Sobve the system of equations by substitution.

Xx+dy=73
2x— 3y =17

Example 4 Solve Systems with Infinitely Many

Solutions

Solve the system of equations by substitution.

¥y=x+5
2y —2x=10

Since y is equal to x + 5, replace y with ¥ + 5 in the eguation
2y — 2% = 10. Then solve the equation.

2y —2x =10

2[ D—ll!='|ﬂ‘
+ —2x=10
=10

Write the egualion.

Replace ywith x + 5.

Diistnbutive Property

Simplify.

10 =10 is a8 true statement. S0, there = an infinite number of

solutions.

Check

Solve the system of equations by substitution.

Eﬁu Online You can complete an Extra Example ondine.

by Think About it

Compare the like
terms in the system of

equations. What do
you notice?

Q) Talk About It
Without ueing
substitution, how can
yau rewrite the
equation 2y — 2x =10
to verify that the

system Has infinitely
many solutions?
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fp Think About It
What do you notice
about the laft side of
each equation? Do you
think that the expression
x — y can be equal to
both —4 and £2

& Talk About It

Withoul using
substitution, how can
you rewrite both
equations to verify that
the system Has no
solution?

Example 5 Solve Systems with No Solutions
Solve the system of equations by substitution.

x—y=—14
2
X—y=g

Step 1 Solve either equation for x.

¥E—y=—4 Wirite the equation.
+y=+V Additon Property of Equality
Xx= Simplify.

Step 2 Since x is equal to —4 + y, replace x with —4 + y in the other

equation, ¥ — y=§~. Then solve the eqguation.

£
[
=
[

WWrite the eguaton

Replace x with —4 + y

Simnplify.

1 1
' I
g
Il
LSRR TSI [

The statement —4 = % is never true. So, there is no solution.

Check
Solve the system of equations by substitution.

Tx+y=9
yt+ix=-—2

Eﬁu Onllme You can complate an Exira Example online.
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@ Apply Greeting Cards

Mei pald $15.75 for 6 greeting cards. Some of the cards cost

%2 50 each, and some cost $3.25 each. Let x represent the number
of cards that cost $2.50 each, and y represent the number of cards
that cost $3.25 each. This situation can be represented by the
system x + y= 6and 2.5x + 325y = 15.75. How many of each type
of card did Mei purchase?

1 What is the task?

Make sure you understand exactly what question to answer or

problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words,
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

4 How can you approach the task? What strategies can you
use?

3 What is your solution?
Use your strategy to solve the problem.

4 How can you show your solution is reasonable?

@Writc About It] Write an argument that can be used to defend
yvour salution.

& Talk About It!

How can you solve the
problem another way?
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Check

Mi! rthIEistmjr The length of a rectangle is 2 meters more than the width. The
The . perimeter is 26 maters. This situation can be represented with the
MOSE KERICORN system £ —w = 3 and 2{ + 2w = 26, where { represents the length

mﬁ:fmﬂ: of the rectangle and w represents the width. Find the dimensions of
the rectangle.

Sections which dates
back to the Han Dynasty
RO0OBCE —220CE). _
In this text, several b
problems include two
unknown quantities and
can be sohlved using a
system of eqguations. The
method of sohving these
problems is not stated in
the text, bul historans
have thought that the
Chinese may have used
bamboo computing rods.

G Ga Dnlkne You can complete an Extra Example online.

[Tl} Faldables It's time to update your Foldable, located in the

Module Review, based on what you leamed in this lesson. If you
haven't already assembled your Foldable, you can find the
instructions on page FL1

- B 'ﬁ:&wm'ﬂrmvmmwm R
: ‘ﬁ- o "\.':-\.'\-rl‘ﬂ-x‘:?-'\-:::;.ﬁ:'\-ﬁ:ﬁ-?c.ﬂf_'::\f_x"- o 5

nfinite

aal} ns mmbet ol

o labing BT (T TLETad gLt
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. Dats

Practice

E Ga Online You can complete your homewark onfine.

Solve each system of equations by substitution. Check the solution.

(Examples 1-5)

L y=x—14 2.x—y=1—5 A y+T=12x
y=—6x x—y=3 2y=4x — 14

4 y—bx=12 | B, y=3x—7 6. y=—bx+ 8
y=6&x+5 dr+y=—14 2y +12x =16

7. —3x+4y =6 [ B. y+N=2x 9. 9% +y=19
—x+2y=8 3y — bx = —33 y+9%="h

10. Solve the system of equations by
substitution.

y=-}x—‘|

2_1-r=-33~x+5

Test Practice

1. Open Response What i= the solution of the
system of equations?

y=2x—4
—-2Ix+ 3y =13
By

rF
L i
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Apply

12. In one basketball game, Zaid made 7 two-point and three-point baskets
to score 17 points. Let x represent the number of two-point baskets, and
¥ represent the number of three-point baskets. This situation can be
represented by the system x 4+ vy = 7 and 2x + 3y = 17. How many of

each type of basket did Zaid make?

13. The length of a rectangle = 4.6 feet more than the width. The perimeter s
38 feel. This situation can be represented with the system £ — w = 46 and
2E + 2w = 3B, where [ represents the length of the rectangle and
w represents the width. Find the dimensions of the rectangle.

14. {{J7 Be Precise Describe the difference
between solving a system of equations by
graphing and solving by substitution.

16. Order the steps to solve a system of
equations by substitution.

Write the x- and y-values as an
ordered pair.

Soive the equation to find the
value of a varable.

Solve one eguation for-a variable.

Substitute the value of the
variable into one of the original equations
and solve.

Substitute the expression into
the other equation,

350 Module B = Systems of Linear Equations

15. ({17 Find the Error The first steps for
sofving the system of equations y=x —1
and y — x = —1 by substitution are shown.
A student concliudes that there is no
solution. Find the mistake and correct it

y—x=-—1
E—N—x=—1
-1=-1

17. When sohlving a system of equations by
substitution, does one of the two equations
always, sometimes, or never need to ba
written in siope-intercept form? Explain your
reasoning.
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Lesson 6-3

Solve Systems of Equations by Elimination

| Can... use elimination to solve a system of linear equations. What Viocabulary
will You Learn?

elimination

Explore Solve Systems of Equations by Elimination

i:aﬂniine Activity You will explore how to solve systems of
eguations by eliminating one of the variables.

Uy b TRV R O R O P R R

u Li-i il P
- ]

1y —— i ey 4 wrm—

Learn Solve Systems by Elimination: Addition

The use of addition or sublraction to eliminate one variable ina
system of equations is called elimination. Elimination s an algebraic
method you can use to solve a system of equations.

m Go Online Watch the animation to see how to solve the system
X + 3y = —3 and 4x — 3y = 1B using efimination and these steps.

Because the coefficients of y, 3 and —3 are opposites, add the
equations to eliminate the variable.

Steps 1 and 2 Add the equations. Then solve for one of the
variables.

&) Talk About It

How cauld you check
the solution of the
X+ 3y=—3 system by graphing?
(+)4x — 3y = 18
Ev+0= 15 Add; the variable y is eliminated.

x= 3 Divide sach side by 5

Step 3 Substitute the value of the variable into one of the original
eguations and solve for the other variable.

¥4+ 3= —3 Write the eguabon.

i+3y= -3 Replace x with 3
p=—2 Solve the equstion

Step 4 Write the x- and y-values as an ordered pair.
The solution of the system of equations is (3, —2).
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by Thirk About It
Which terms, if any,
have opposile
coefficients? How can

this help you decide
how to aliminate one of
the variablas?

&) Talk About It!
In Step 2, you
substituted 4 for x

into the equation
Zx + 5y = 3. You can
also substitute 4 for x
into the other equation
4x — Sy = 1. Explain
why either method is
camect

Example 1 Solve Systems by Elimination; Addition

Solve the system of equations by elimination.

2x+5y=3
gx—5y=2

Step 1 Eliminate the variable y by adding the eqguations.

2x+ by = 3 Alrgn like terms.
(H4x—5y = 2

= fdd; the vanable yis elimnaied

% e Dhwision Property of Eguality

X = Simiplify.

Step 2 Substitute 4 for x in either of the original equations to find the

value of y.
2x+ 5y = 3 Wite the eguation.
2[| D+ 5y = 3 Repiace x with 4.
| |+ By = 3 Simplify.
By = j Subtract B from each side
¥ = I Divide sach side by 5.

50, the solution of this system is (4, —1).

Check

Sohve the system of equaticns by elimination.
qy—y=-—-8B

Ta+y=—14

Eﬂn Onlbse ¥ou can comglete an Extra Example anihe.
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Learn Solve Systems by Elimination: Subtraction

When the coeflicients of & varlable are the same, subtracting the
eqguations will eliminate the variable. When subtracting integers, you
add the opposite. The same process is used when subtracting one
equation from another.

G Go Online Watch the animation to see how to solve the system
4x + By = 18 and —2x + Sy = 6 by elimination using subtraction and

these steps.

Step 1 Subtract the equations.

Subtraction is the opposite of addition, so add the opposite of

—2dx+5y=6.

Ax+5y =18 — 4% +5y = 18
—{—2x+5y= B — (+) Zx—By = —6

Step 2 Solve for one of the variables using the resuiting equation.
&) Talk About It

bx =12 Wirite the eguation. In Step 2, a student
% = % Divide sach side by &, mistakenly wrote
e x = 12. What was the
= Simplify. student's solution of
the system? How could
the student recognize
Step 3 Substitute the value of the variable into one of the original e s s::luﬂnn 5
eguations and solve. MCEATCER
—2x+8y =6 Wiite the eguation.
—2[: ] +8y =106 Replace x with 2
|+ by = b Stmplify:
+ 4 = 4+ 4 #dd 4 to each side.
5 10 TH
T Chvide each side by 5
y= Stmplitfy,

Step 4 Write the x- and p-values as an ordered pair.
The solution of the system of equations is (2, 2).
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f# Think About It
If you add the twa

equations, will army
wvariables be

eliminated? Explain.

&) Talk About It!

Im Step 2, you
substituted 2 for y into
the equation

Bx + 2y =12, You can
also substitute 2

for v into the other
equation Bx + 4y =16
Why is either method
comect? Compare the
methods.

Example 2 Solve Systems by Elimination:
Subtraction

Solve the system of equations by elimination.

8x+ 2y =12
8x+ 4y =16

Step 1 Subtract the equations to efliminate the variable x.

Subtraction Is the opposite of addition, so add the opposite of
Bx + 4y = 16. The opposite of Bx + 4y =16 Is —8Bx — 4y = —16.

Bx+ 2y = 12
[+]— Bx — 4y = —16 Adign like terms
. - | | The variable x is efiminated.
-2y  —4 :
—_2 = _—2 Divizion Property of Eguality
¥ = | | Sirmplify.

Step 2 Substitute 2 for y in either of the original equations to find the
value of x.

Bx + Ey 12 Write the equation.

Bx + 2( J = 12 Replace y with 2.

Bx + | = 12

Simphfy.

Subtract 4 from each side.

ax = |

NS

So, the solution of this system of equations is (1, 2).

Dhvide each side by 8.

Check
Solve the system of equations by elimination.

—6x + 5y = 26
—6x + 2y =1

Bﬂ-ﬂ Online ¥ou can comg@lete an Exira Example onfine.
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Learn Solve Systems by Elimination: Multiplication

When neither variable in a system of equations can be eliminated by
adding or subtracting, you can use multiplication.

a Go Online Watch the animation to see how 1o solve the system
Ax + 2y =12 and —x + 4y = 10 by elimination using multiplication.

The animation shows these steps.

Step 1 Muliply each term in one equation by a constant to create

opposite coefficients. 1% Talk About Tt!
- What property of
I+ dy =12 =# I+ 2y =12 equality aflows you ta
| miultiply each side of an
H—x+qy=100 — =1 ] equation by the same
constant?

The equations now have opposite coefficients of x, 3 and —3.

Step 2 Add the equations and solve for one of the variables.

Ix+ 2y = 12

(+)—3x+12y = 30

= ‘ Add: the variable ¥ is eliminated.

14y 42

F =— ﬁ Davide sach side by 14
y = | Simplify.

Step 3 Substitute the value of the variable into one of the original

egquations and solve.

3x+2y = 12 Write the equation.
I + 2( f = 12 Replace y with 3.
3x +| = 12 Simplify.
—bB = —h Subtract & from each side
3 _ B Divide each side by 3.
3 3

¥ = i] Simplify.

Step 4 Write the x- and p-values as an ordered pair.

The solution of the system of equations is (2. 3L
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f¥ Think About It
If you add or subtract
the two equations, will
any variables be
eliminated? Explain.

Example 3 Multiply One Equation to Eliminate a
Variable

Solve the system of equations by elimination. Check the selution.

2x + 5y = —13
x+3y=-5

Step 1 Multiply one equaticn by a constant

What constant can you multiply the equation ¥ + 3y = —5 by to
create oppasite x coefficients?

2% 4 5y =—13 — 2%+ 5y = —13

“2x+3) =25 — =

Step 2 Add the eguations to eliminate a variable. Then solve the

equation.
Ix+ 6y = —13
[+}—2x — 6By = 10 Align ke tems
== | | Add; the vaniable ¥ is eliminated
_TT: = :—? Diviszon Property of Equality
¥ = | | Simplify

Step 3 Substitute 3 for y in either of the original equations to find the

value of x.
X+ 3y = —b Write the equation.
X+ 3( } = —§ Replace ¥ with 3.
x4+ = —5 Simplify.
x = | Subtract 9 from each side

S0, the solution of this system of equations is (—14, 3).

{continued o next poge)
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Step 4 Check the solution.
Replace x with —14 and y with 3 in both of the original equations.

2x+ By =—12 Write the equations x+3y=-5

2(! B+5(' gé—ﬂ x=—M.y=3 +3{| )é—ﬁ
I | + = —13 Simplify. —14 + | =-5

= —13 The sentence is true. | =-—h

Since both of the sentences are true, the solution of the system of
equations is (—14, 3).

Check
Solve the system of equations by elimination.

x+2y=—1
Tr—3y="10

L} Go Online You can complete an Extra Example oniine.

& Talk About It

In Step 1, you mubtiplied
the equation x+ 3py=—5
by —2, =0 that you can
add the equations to
eliminate the vaniable x.
It you wanted to
eliminate the variable y
instead, what can you
do? Which method is
more efficient, in this
cass? Explain why.

Pause and Reflect

Review the three methods for solving systems of equations that you
learned in this module: graphing, substitution, and eliminaticn.
Explain when it would be most advantageous to use each method.
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fy Think About It

Will multiphying onlby
one of the equations
by a constant eliminate
one of the variables?

Explain.

&) Talk About It!

In this Example, tha
variable y was
eliminated. How can
the variable x be
eliminated instead?

Example 4 Multiply Both Equations to Eliminate a
Variable

Solve the system of equations by elimination.

6x+2y=14
4x + 3y=1

Step 1 Multiply both equations by constanis.

Sometimes, you need to multiply both equations by constants in
order to eliminate one of the variables. Multiply Gx + 2y = 14 by
3 and 4x + 3y = 1by —2 In order to eliminate the variable y.
Hex+2¢) = ) — 18x + 6y = 42
—20x + 3y} = —Z2(N) — —8x + (—6y) = -2

Step 2 Add the equations to eliminate a variable. Then solve the
equation.

18x + By = 42

[+]—8Br —By= -2 Afign fike terms=
WM+ 0= 40 fAdd: the variable y i= eliminated
x= Crvide ach side by 100

Step 3 Substitute 4 for x in either of the original equations to find the

value of y.
Gy + 2y= 14 Write the egustion
B9+ 2y = 14 Replace x with 4

24 +2y= 14 Simplify

r
¥y= | | Solve the eguation.

So, the solution of this system of equations is (4. —5).

Check
Solve the system of equations by elimination.
—Bx—4y =6

Bx + 3y = —4

Bﬁn Onllme You can complate an Exira Example online.
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€@ Apply Packaging

Andre is mailing packages that contain video games and DVDs.
Three video games and one DVD weigh a total of 19 ounces. Five
video games and two DVDs weigh a total of 33 ounces. This situation
can be represented with the system 3x + v = 19 and bx + 2y = 33,
where x represents the weight of each video game and y represents

the weight of each DVD. What is the weight of one video game and
one DVD?

1 What is the task?

Make sure you understand exactly what question to answer or
problem to solve. You may want to read the problem three times.
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own wornds.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
Use yvour strateqy to solve the problem.

4 How can you show your solution is reasonable?

Qme About It! Write an argument that can be used to defend
your solution.

QD Talk About It!

How can you solve the
problem another way?
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Check

The cost of 8 muffins and 2 quarts of milk is $18. The cost of 2 muffins
and 1 guart of milk is $750. This situation can be represented with tha
system Bx + 2y = 18 and 3x + y = 750, where x represents the cost

of each muffin and y represents the cost of one guar of milk. Find the

oost of a muffin and a quart of milk.

m- Ga Dnlbne You can complete an Extra Example online.

Pause and Reflect

What constitutes a solution of a system of equations?

Lise mathematical language from this module in your explanation.
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Hame

Period gtz

Practice

) Go Online You can complete your homewark onfine.

Solve each system of equations by elimination. Check the solution.

(Examples 1-4)
1. —-6Bx+y=-—3 2. —3Ex+12y=18 3. —bGx—2y=-12
Gx — 2y =—8 —Gx + 24y = 36 2x+2y=8
4. Bx+ 5y=—10 B. x+3v=6 6. Bx+ 4y =6
2x — 3y =—9 ¥—3y=12 Gr + 2y =12
7. Ix—0hy="1 B. —18Bx+6y=—-6 9 —4x—By=8

¥ —dy=—8 —24x + 6y = —18 3x — by =16

Test Practice

10. Solve the system of eguations by

elimination.
¥= —%x —~5
1

X +oy=—9

1. Open Response What is the solution of the

gystem of equations?
—2x + dy=—10
25+ 2y = —8

S
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Apply

12. Jose and Caroline are shopping for school supplies. Caroline spent $15.50
on 5 notebooks and 3 folders. Jose bought 4 notebooks and 4 folders and
spent $14. This situation can be represented with the system Gx + 3y = 15.50
and dx + dy = 14, where x represents the cost of each notebook and

y represents the cost of each folder What ks the cost of one notebook and
one folder?

13. The admission fee at a camival (s $5 for children and $8 for adults. On Friday,
1,250 people attended the camival and $7,300 was collected. This situation
can be represented with the system by + By = 7300 and x + v = 1250,
where x represents the number of children that attended the camival and
y represents the number of adults that attended the carnival. Find the number
of children and the number of adults that attended the camival on Friday.

14. f]7 Identify Structure Describe the
structure of a system of equations for which
it is more efficient to solve using elimination
rather than substitution.

15. ({¥ Find the Error The first steps for solving
the system of equations by elimination using
subtraction are shown. Find the mistake and
comect it

Bk—y=-10 — Bx—y=-10
Bx—y=4 — —bx+y=4
2x+0=-6

16. Write a system of two equations that canbe | 17, fﬁ’ldenﬂl‘y Repeated Reasoning Supposeo

solved by elimination, in which one or both
of the equations first needs to be multiplied
by a constant. Explain how one of the
wvariables can be eliminated.

362 Module & = Systems of Linear Equations

the x-variables of a system of equations can
be eliminated by adding the equations.
What is the relationship between the
coeflicients? What is the value of o?

ax +Mw=c
bSx + by =12

o | ey 3y



Lesson 6-5

Write and Solve Systems of Equations

| Can... write and solve a system of equations that models a
real-world scenario.

Learn Write and Solve Systems of Equations
You can write a system of equations to solve real-world problems.

Benjamin and Harper went shopping at the school store. Benjamin
spent $7 on 2 packages of pencils and 5 folders. Harper bought

1 package of pencils and 4 folders, and spent $4.25. What is the cost
of a package of pencils and a folder?

Wards &) Talk About It

Describe the situation. Use only the most important words, Campare and contrast
the methods you could
use to solve the system
2x 4+ 5y =T and
x+dy =435

2 packages of pencils and 5 folders cost §7.

1 package of pencils and 4 folders cost $4.25.
Variables
Define variables to represent the unknown quantities.

Let x represent the cost of a package of penciis.

Let y represent the cost of a folder.

Equations

Tramslate your verbal model into algebraic equations.
Benjamin: 2x + Sy =7
Harper. x + 4y = 425
You can use graphing, substitution, or elfimination to solve a system of

equations. After representing the situation with a system, analyze the
eguations to determine which method is most efficient

Cogryr igh 10 N Cirie BN B chimaiia 1y

Pause and Reflect

Are there methods for solving systems of equations that you are not
yvet comfortable with using? What could you do to better understand
each method?
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..........

@ Talk About It

Elimination was usad to
zolve this system of
equations. Explain why
this is the most efficient
method.

Example 1 Write and Solve Systems of Equations
The sum of two numbers is 329, Their difference is 7.

Write and solve a system of equations to find the two numbers.

Part A Write a system of eguations.

‘Words
The sum of two numbers is
The difference between the two numbers is
Variables
Lat x represant one number.
Let ¥ represent the other number,
Eguations

5um:| [+ = |

Difference: - ! =

Part B Solve the system of equations.

Add the equations, eliminating the variable y. Then solve the
equation.

¥+y=139
[+Hx—wy= 7 HAfign like terms.
22+ 0=46 Add; the variable y is efiminated.

Ix = 46 Sirreplify.

= Divide each side by 2.

Substitute 23 for x in either of the criginal equations to find the
value of y.

}I"=

Part C Interpret the solution.
The solution is (23, 16). This means the numbers are 23 and 16.
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Check

The sum of two numbers is 14.5, and their difference s 5.5. Write and
salve a system of equations to find the two numbers.

Part A Select the two equations that represent the situation,
where x represents one number and y represents the other number.

(B 145+ 655 =x

x+_-|.f =145
@x+y= hh
@x—y= B
@x—y=ﬂ.5

Part B What s the solution of the system of eguations?

Part C Interpret the solution.

E Go Online You can complete an Extra Examphe online.

Pause and Reflect

Did you make any emors when completing the Check exercise?
Without performing a check, how can you determine whether your
solution is reasonable?
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f Think About It!

@ Talk About It
You can use graphing,
substitution, of
elimination to solve this
system of equations.
Which methad{s) do
you prefer to use?
Explain.

& Example 2 Write and Solve Systems of
Equations

Creative Crafts offers scrapbooking lessons for $15 per hour plus a
$10 supply charge. Scrapbooks Incorporated offers lessons for $20
per hour with no additional charges.

Write and solve a system of equations to determine for what
number of hours the cost of lessons is the same at each store.

Part A Write a system of eguations.

Words
The total cost at Creative Craftsis$__ per hour plus a
$____ charge.
The total cost at Scrapbooks Incorporated is $— per hour.
Variables

Let » represent the number of hours.

Let y represent the total cost.

Equations

Creative Crafts. y = |

Scrapbooks Inc: y = |

Part B Solve the system of equations.

Graph both equations on the same coordinate plane.

Scrapbooking Lessons
L

BO
Fit
8o
50
Z 40
Ll |
20
10

&

0t 234567189

Hours
The graphs of the lines appear to intersect at ( L )

{continued o next poge)
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Part C Verify and interpret the solution.

Check the solution by replacing x with 2 and y with 40 in each
edquation.

y = 15x + 10 y = 20x
515(| _)+m ;zu( )

40 40 =

Since both of the sentences are true, the solution of the system is
(2. 40). This means that if you take lessons for 2 hours, the cost at
both stores is the same, $40.

Check

Amanda pays a one-stime fee of $100 and a monthiy fee of $10 to
belong to a gym. Maria pays only a monthly fee of $20 to belong to
her gym. Write and solve a system of equations that can be used to
determine when each person will pay the same amount

Part A Select the two equations that represent the situation, where x
represents the number of months and ¥ represents the total amount

paid.
B y = 20x + 10x

@& y = 100 + 10x
(©) y = 20x + 100
@y=2ﬂx

(E)y = 100 + 10x + 20y
Part B What is the solution of the system of equations?

Part C Interpret the solution.

i:i Go Online You can complete an Extra Example ontine.
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@ Example 3 Write and Solve Systems of

Equations
Q Think About It! A total of 75 loaves of banana bread and bags of popcom were
Herw would you begin donated for a bake sale to raise money for the football team. There
writing the system? were four times as many bags of popcorn donated as loaves of
banana bread.

Write and solve a system of equations to determine how many of
each item was donated.

Part A Write a system of equations.

‘Words
The total number of loaves of banana bread and

bags of popcom is

Therewere ______ times as many bags of
popcorn as loaves of bread.
ariables
Let x represent the number of loaves of banana bread.

Let y represent the number of bags of popcorm.

Equstions

Total items donated: x + y =
Four times as many bags of popcorn as loaves of bread: y =

(& Talk About It! _

Cb AT s et Part B Solve the system of equations. Use substitution.

to sobve this system of Since y is equal to 4, replace y with 4x in the other equation,
equations. Explain why x + y = 75. Then solve the equation.

this method is more
efficient than using

graphing or elimination kt+y= T5 Write the eguation.
x+ =7h Raplace vy with 4x
=75 Comhbine lile te2rms
X =| | Divide each side by 5.

Substitute 15 for » in either of the orginal eqguations to find the
value of y.

-

Part C Interpret the solution.

The solution is {15, 60). This means that 15 loaves of banana bread
and &0 bags of popcorn were donated.

368 Module & = Systems of Linear Equations
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Check

Mr. Bowler cooked a total of 45 hamburgers and hot dogs at a
cookout He cooked twice as many hot dogs as hamburgers. Write
and solve a system of eguations that can be used to find the number
of each item he cooked.

Part A Select the two equations that represent the situation,
where ¥ represents the number of hamburgers and y represents the

number of hot dogs.

@x=2y @4E+p=x
_',-'=.'l.u: @x+y=45
@45 +x=y

Part B What s the solution of the system of eguations?

i L) Go Online
You can complete an
Part C |I'I'[EI"D'I"E"|: the solution. Extra Examp[e online.
@ Example 4 Write and Solve Systems of
Equations & Think About It
' How would you begin
= Mot s has mot I heel d AT (f
reqgory's orspo s motorcycles (two wheeals) an (fowr wilting tha sisten?

wheels) in stock. The store has a total of 45 vehicles that, together,
have 130 wheels.

Write and solve a system of equations to determine how many of
each vehicle the store has in stock.

Part A Write a system of eguations.

Words
The total number of motorcycles and ATVs is

The number of motorcycle wheels (2) and ATV wheels (4) s
Variables
Let x represent the number of motorcycles.

Let v represent the number of ATWs.

Equartions

Total wvehicles: x + y =

Total wheels: 2x + 4y =

{continued an next poge)
Leason 6-5 « Wiite and Solve Systems of Eguations 369



@) Talk About It!
Eliminaticn was used to
solve this system all
equations, Explain why
this method is more
efficient than using
graphing.

Part B Solve the system of equations.
Multiply the equation x + ¥ = 45 by —2 to eliminate the variable x.

I+ y)= —2(45) — —2x—32y=—90
Jx+dy =130 — 2x+dy= 130

Add the equations, eliminating the variable x. Then continue to solve
the system.

—2x — 2y = —90

{+) 2% + 4y = 130 Align lile tErms.
O+ 2y = 40 Add; the variable x iz eliminaied.
= | Divide each side by 2
X = | Find the value of x

Part C Interpret the solution.

The =olution is (25, 20). This means that the store has 25 motorcycles
and 20 ATVs.

Check

The cost of 2 bagels and 1 can of orange juice is $8. The cost of

3 bageis and 2 cans of orange juice is $13. Write and solve a system
of equations that can be used to find the cost of a bagel and an
orange julce.

Part A Select the two equations that represent the situation, whera

x represents the cost of each bagel and y represents the cost of a
can of orange juice.

@2x+y=8 @3x+2y=13
(E)3+8x=y E13x+2y=3
©ex+13y="5

Part B What is the solution of the system of equations?

Part C Interpret the solutlon.

i:}ﬁ'-u Online You can complete an Exia Example onling.
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Uy e 3y idos



Cgrye igh 13 M MU E b st 11

& Apply Yogurt Shop

At a yogurt shop, the Miller family purchased 4 frozen yogurts and
2 smoothies and spent a total of $24. The Patel family purchasad
1 frozen yogurt and 2 smoothies and spent a total of $12.75. The
Reese family purchased 1 frozen yogurt and 3 smoothies. If each
frozen yoqurt costs the same and each smoothie costs the same,
how much did the Reese family spend?

a Go Online
Watch the animation.

1 What is the task?

Make sure you understand exactly what guestion 1o answer or
problem to solve. You may want to read the problem three times,
Discuss these questions with a partner.

First Time Describe the context of the problem, in your own words.
Second Time What mathematics do you see in the problem?
Third Time What are you wondering about?

2 How can you approach the task? What strategies can you
use?

3 What is your solution?
LUise your strategy to solve the problem.

& Talk About It!

Explain the method you
used to solve the
prablem. Then explain
how you could solve the
problem another way.

4 How can you show your solution is reasonable?

e“‘ril:u About It! Write an argument that can be used to defend
your solution.

Lesson 6-5 « Write and Solve Systems of Equations. 3T



Check

M. Signet tracked the number of Calories he consumed from drinking
tea and coffee over three weeks. In the first week, he drank 4 cups of
tea and 5 cups of coffee, for a total of 35 Calaries. In the secomnd
wizek he drank 4 cops of tea and 3 cups of coffee, for a total of

25 Calories. In the third week, he drank 3 cups of tea and 2 cups of
coffee. f each cup of tea contained the same number of Calories,

and each cup of coffee contained the same number of Calories, how
many Calories did he consume from drinking tea and coffee in the
third weaek?

mﬁnmm You can complete an Extva Example onding.

Pause and Reflect

How do you know when a system of equations is needed to model a
real-world situation?

372 Module B - Systems of Linear Equations
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Practice ) Go Oniine You can complete your homewark online

Write and solve a system of equations that represents each situation. Interpret
the solution. [Exampies 1-4)

1. The sum of two numbers is 20.5. Their 2. Tadeo volunteered at the library 6 times as
difference is 6.5. Find the two numbers. many hours over the weekend as Dyvlan.
Together, they volunteered a total of 14 hours.
How many hours did each person volunteer

over the weakend?

3. Tiana placed two arders for flowers and | & Mrs. Adesso wants to take her class on a trip
bushes. The first order was for 24 fiowers to either the science center or natural history
and 6 hushes. The total of the first order museum. The science center charges 57 per
was $144. The second order was for 18 student, plus $75 for a guided tour. The
flowers and 3 bushes. The total of the natural history museum charges $8 per
second order was $90. What is the cost of student, plus $50 for a guided tour. For what
each plant? number of students s the cost of the trip the

came at each museum?

Test Practice

Cogryr igh 10 N Cirie BN B chimaiia 1y

5. Open Response It costs $5 per hour to rent a snowboard from a certain
ski rental company, plus a $50 deposit. Another ski rental company
charges $10 per hour to rent a snowboard, plus a $25 deposit. For what
number of hours s the cost to rent a snowboard the same at each
company? What is the cost of renting a snowboard for this number of
hours?

Hours, x: [:|

Cost, v |

Leason 6-5 « Wiite and Solve Systems of Equations  3T3




Apply

&. At a farmer's market, Amar purchased 4 jars of salsa and 3 cucumbers and
spent a total of $12.25. Dylan purchased 1 jar of salsa and 2 cucumbers and
cpent a total of $4. Dakota purchased 1 jar of salsa and 5 cucumbers. If each
jar of salsa costs the same and each cucumber costs the same, how much

did Dakota spend?

7. The table shows the number of days and the total number of miles Sydney
ran and cycled each week. Each day that she ran, she ran the same number
of miles. Each day that she cycled, she cycled the same number of miles.
Complete the table to find the total number of miles Sydney ran and cycled

in Weak C.

Humber of Days

Ran

Mumber of Days

Total Mumber of

Cycled Miles

B. Create Write a real-world problem that can
be solved using a system of equations. Then

soblve the prablemt.

10. @‘ Find the Error A classmate wrote the
sy=tem of equations to represent the

problem shown at the right. Find the mistake

and comect it

374  Module 6 - Systems of Linear Equations

a9, @ Perzevere with Problems A chemist s

mixing solutions. Solution A is 15% acid, and
solution B Is 30% acid. She mixes the two
solutions to make 12 liters of a new solution
that is 25% acid. How many liters of each
type of solution did the chemist use to make
the new solution?

A concession stand sells hot dogs and
hamburgers, At the football game, 84 hot
dogs and 36 hamburgers were sald for
2276. At another football game,

18 hamburgers and 60 hot dogs were sold
for $174. What is the cost of each hot dog
and each hamburger?

B4x + 36y = 276
18x + 60y = 174

U O (oS



Module 6 - Systems of Linear Equations

Review

[II Foldables Use your Foldable to help review the module.

Solve Systems of Equations

Solve Graphically Solve Graphically Solve Graphically

Rate Yourselft Q © ©

Complete the chart at the beginning of the module by placing a checkmark in each
row that corresponds with how much you know about each topic after completing this
module.

Write about one thing you learned. Wite about a question you still have.

Coyraafh 10 I G e S0 T ikis sl i
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Y,

Reflect on the Module

Lisa what you learnad about systems of linear equations to complete thagraphicorganirer

2 Essential Guestion

How can systems of equations be helpful in solving everyday problems?

Solve Systems by Solve Systems by Solve Systems by
Graphing Substitution Elimination
How do you solve? How do you solve? How do you solve?
What is the solution? What is the solufion? What is the solution?
Real-World Exampla

IT6 Maodule & - Systems of Linesr Equations
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Hame

Period Diat=

Test Practice

1. Grid Consider the system of equations.

{Lesson 1)
y=2x
y=x—1

A Graph the system of equations on the
coordinate plane.

¥

B. Name the solution of the system.

2. Open Response Consider the graph of the

system of equations. What number of
solutions, If any, does this system have?
Justify your response. (Lesson 1)

¥

3. Table Item Indicate whether each of the
following systems of eguations has no
soiution, one solutan, or an infinite number
of saluthons. {Lessan 21

Systems of | Mumber of Solutions
Equations none  one  irdinge

¥= %x +1

Sy=3x+5

¥=3—-x

¥=—2ax

¥F=2x+3

qy=8Bx -1

2x +y=4

x=y=1

4. Open Response Ramona and Malika are
walking along linear routes n their county.
On a map of their county, Ramona's route
passes through the coordinates {2, 1) and
10, —2). Malika's route passes through the
coordinates (0, 3) and (—2, 0L Do the friends
pass through a common coordinate, walk
along the same roule, of never cross routes?
Explain your answer. |Lesson 2

Module & « Systems of Linear Equations 377



5. Multipls Cholce Which of the following = the
solution of the system of equations? (Lessan 3)

y=x+6
y=2x

&) 2.9
(—2, —4)
© (6.12)
@© (—6.-12)
6. Multiselect Suppose you are asked to solve

the following system of equations by
substitution. (Lesson 3)

y=2x+5
Ak + 2y=—4

Which of the following statements are accurate
regarding the situation? Select all that apphy.

| You can replace x with 2x + 5in the
equation 3x + 2y = —4.

| You can replace ¥ with 2% + 5 in the
equation 3x + 2y = —4.

| The solution of the system of equations iz
—2.1

| The soluthon of the system of equations is
2. -1

| There = no solution of the system of
equations.

7. Multiple Choice Which of the following
arlthmetic operations would be best used to
solve the system of equations by elimination?

[Lessesn 4)

Bx + 2y=4
Ax—2v=1

(z) addition
subtraction
@ multiplication
(@) division

I7B Module 6 - Sysiems of Linear Equalions

B. Open Response Consider the system of
equalions. [Lesson 4)

Ix+ 4y =2
2x—y=58

A. Solve the system of equations by
elimination.

(L)

SN Ay S

B. Check the solution.

9. Multiselect At Tools Plus, there s a one-time
fee of $20 and an hourly fee of $10 to rent a
rototiller. At Tools Unlimited. there is only an
hourly fee of $15 per hour to rent a rototiller.
Write and solve a system of equations that
can be used to determine the number of
hours for which the rental fee would be the
zame at hoth places. [Lesson 5)

A Select the two equations that represent
the situation, where x represents the
number of hours and p represents the total

amount paid.
[ = T + 16
ly=15x + 20

¥ =10x + 15x + 20
y =10x +20
¥ =15bx

B. What Is the solution of the system of
equations?

(LR T T tnE s ] ||"l| M
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Lesson 1-1 Powers and
Exponents, Practice Pages 11-12

1L(-7¢-5 3.65 5.7 7>

9.[—3) 3 — 104 (9.8F — 10° 11.8.200 lakes
13. Sample answer: He substituted —4 for

x, but should hawve taken —4 to the second
power, not just 4. Placing paremntheses around
—& would have helped him to take the cormect
value to the second power. The correct value
of the expreszion s 729. 15, tis incomect.
Because 4= 2* | the first set of expressions

are equal. This is not the case for %}J and {%}1
because %r= % and {%r = %-

Lesson 1-2 Multiply and Divide
Monomials, Practice Pages 23-24

1 For19683 3. 24m*n® S.0° T iPor
1.000 9. o0c* M. DishB 13. 4% Sample
answer: four times 4% transkates to 4 - 4 which
simplifies o 4. 18.n =5

Lesson 1-3 Powers of Monomials,
Practice Pages 31-32

1L 7or 17649 3. g9 5. 64m™

7. —243wSz" 9. (6% (6% = 46,656 and
46,656 > 1,000 11. 495" tiles

13. Sample answer: Using the Power of a
Power law of exponents, both expressions
simplify to 4%. Multiplication is commutative, so
2. 4isthe same as 4-2. 15, [[—4)T. Sample
answer: Using the Power of a Power property,
[[—4YF simplifies to (—4F°, a posithve number.
The expression —{[4%F] simplifies to —{47%), a
negative numbser.

Selected Answers

Lesson 1-4 Zero and Negative
Exponents, Practice Pages 41-42

11 3.4 5.d° 73 9. M1
13. 10" times larger 15.5°7, 5°, 5% Sample
answer: Written with a positive exponent, 57
|s 5> and is less than 1, 5° equals 1, and 5*

is greater than 1. 17. They are equivalent;
Sample answer: Both expressions simplify to 1.

Lesson 1-5 Scientific Notation,
Practice Pages 53-54

1.1,600 3.0.0000083 &.2204 x10°

7. 5 kilometers: Sample answer: The number
5 = 10° millimeters is unnecessarily large and
would be difficult to visualize. Choosing the
larger unit of measura is more appropriate.
9. about 2 x 10 %inch M.1,089822

Insects 13.15 x 10°F 45, Sample answer:
Katrina did not take Inlo account place value
and the powers of ten. The number 3.5 x 07,
in standard form, i 35,000. The number

21 =106 Iz 2100,000. Therefore, 21 x 108

I= greater.

Lesson 1-6 Compute with Scientific
MNotation, Practice Pages 61-62

13«10 3120913 x10° 5. about

272 x WP seconds 7.96 x 10 “gram

8, Sample answer: Each number has a factor
that i= a power of 10. Since the bases are the
same, these properties can be applied to
multiply or divide the powers of 10,

. Sample answer: He found 578 4+ 2 as 289,
but incorrectly found the power of len. The
numerator s 10° and the denominator s 105
When dividing, the resulting power of ten is
10" The correct answer should be 2. 89 x 10"

Selected Answers SA1



Module 1 Review Pages 65-66

1. B 3. Harrisburg, Liberty Crossing, Glemdaw

5.
true false
@r=a | x
(09" =n* X
W=k | X

6% 9. A MN0O007T2 13.775 =107

Lesson 2-1 Terminating and Repeating
Decimals, Practice Pages 7/7-78

1. —0.6875: terminating 3. 4.375; terminating
5.8 7-12 9.05 152 13. Miia
would save about 517 shote on goal out of
600 shots. 15. Sample answer: 0.268; This
decimal written as a fraction s %. Because

it can be written in fraction form, It is a rational
number. 1T Sample answer: | predict that %
s a non-terminating decimal, because 162 i<
divizible by 9. and fractions written in
simplest form with 2 denominator of 9 are
non-terminating when written in decimal
fnrm.% written in decimal form s 0.0TES,
which is a non-terminating decimal.

Lesson 2-2 Roots, Practice
Pages 89-90

119 3. —% 5. x02 7.—8 9.14plants
11 24 feel 13, Sample answer: The rational
numbeer, 2, when cubed, results in 8, Howewer,
there is not a rational number that, when
multiplied by Itself, results in B.  15. 9.261

Lesson 2-3 Real Numbers,
Practice Pages 99-100

1 irrational 3. rational 5. rational
Tirational 9. A CDE 1A C 13 true;
Sample answer: All integers can be expressed

a5 a ratio %. where g and b are integers and

SA2 Selected Answers

b+ 0, which is the definition of a rational
number. Therefore, all integers are rational
numbers.  15. Sample answer: | would use

a calculator to find V8. The calculator shows
2 EB2842 2474619, Then | would multiply that
answer by itself, without using the »° button.
if the solution is B, then it & a terminating
decimal. If the solution is not B, then | know
that the onginal sohition was rounded by

the calculator, and it is not a terminating
decimal. 17 false, The definition of a rational
number is 8 number expressed as a ratlo % :

where o and b are integers and b # 0. In the

ratio ﬁ +/2 is not an integer, therefare, it does

not satisfy the definltion of a rational number.

Lesson 2-4 Estimate Irrational
Numbers, Practice Pages 109-110

111 3.4 5172 7.33 9 212 miles per
hour 1221 13 about 12 feet 15 Sample
answer: To write the exact vadue for the square

root of a non-perfect square, such as ¥13, |

would leave It written as 413. The decimal

form would have 1o be rounded. no matter

how many decimal places | wrote. 17 Sample
answer: In the same way | can estimate square
roots and cube roots, | could find the nearest
fourth root of 20. Since 16 < 20 < 81, the fourth
root is between 2 and 3. Since 20 & closer lo
16, the fourth root of 20 Is about 2.

Lesson 2-8 Compare and Order Real
Numbers, Praclice Pages 121-122

1. =
a2
Tl 3
- e l e
22 33 34 35 36 37
3 <
2 —+/93
—t

=10 -98 —98 -9JF 95 —95
5.[n, 2, 33, ¥13)

0 3L
= 3 7 13
.t oy 5 -
31 232 33 34 35 36 37
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TB 9 03second M. w Sample answer:
314 can be extended to 314000 . Tha
numhber © written as a decimal i= 3141... and

211 =340, 13, Sample answer 17 and
V317 <43

Module 2 Review Pages 125-126

1A Varsity: 0.77: not terminating; Junior
Varsity: 07 terminating 18, Varsity

3.16 5A.50 5B Sample answer:

Let x = side length of each square. Solve the
equation 5x* = 500, x = 10. Height of shelving
unit =10 x 5, or 50 inches,

7.

Rational | Irrational
-6 X
A7 X
37 x
9,

7 8 9
Y70 ®
79 *
788 X
V52 *
V60 x
47 *
+B5 %
HA. >
18.

-7 -2g
e

=28 =27 =25 =25 =24 =23 =23 =21 =210

Lesson 3-1 Solve Equations with
Variables on Each Side, Practice
Pages 135-136

1.—-3 3.12 512 7.—-3 9 5hours
11. Sample answer: You can multiply each

side of the equation by the least commaon
denominator, 10, wsing the Distributive
Property. Doing =0 will ellminate the fractional
coeflicients.  13. false; Sample answer: You
can also solve the equation by first adding or
subtracting the constants to both sides of the
equation.

Lesson 3-2 Write and Solve Equations
with Variables on Each Side, Practice
Pages 143-144

SFRMTU Y BO3O [0S

1. Let m = the number of months: 45 4+ 4m =
61 + 2m: B months. 3. Let p = the number of
pounds: 14 + 2. 25p = 20 + 1.50p; B pounds
B.16-075g = 13- 050g, 8 games 7. 3780
8, Let m = the number of hours worked on
Monday:m+(m+3+2Zm+N=5m+ 2;
2 hours

Lesson 3-3 Solve Multi-Step
Equations, Practice Pages 149-150

L-2 3.45 54 -5 S x=13unis
. Sample answer: The Distributive Proparty
allows you to expand the expressions that
contain grouping symbols. Then you can
combine any like terms and solve the equation
using the properties of equality.

Lesson 3-4 Write and Solve Multi-Step
Equations, Practice Pages 157-158

1. Let £ = the length; 861 = 2¢ + 2{2:—40%}:
28 feet 3. Equation: 5{t + 3.5) = 3{21 + 2.75);
Cost of a Ticket: $9.25 5. Sample answer!
Andrea bought 4 identical snacks and 15
batting cage tokens. Each token costs $2.25
less than each snack. She spent a total of
%£18.50. What was the cost of each snack? 4x +
16(x — 228) =18.50: 275 7. Sample answer:
She did not include Petra and Valentina in

their groups. The cormect equation Is Bix + 5.5)
= 4(1.5x + 4.75).



Lesson 3-8 Determine the Number of
Solutions, Practice Pages 167-168

1. no splution 3. infinitely many solutions

B. —Gx — 70 7. Sample constant —12x+ 6
9.0 MN. Fatima 13.S5ample answer: The
solution x = 0 means that 0 is the solution

1o the equation and the equation has one
solution, 0. 15. Sample answer: one solution
—4x+ 7 = —hx + 9 no solution: —4x + 7 =

—4x + B infinite solutlons: —dx + 7= -4z + 7

Module 3 Review Pages 171-172

14 3A.b=-9
38. 2b+5=—2b-4

BASm+20=Tm SB.m=10 7 -3
9. x=2

Movie Sales

R

 HERAY

%7

B

= F.

E.;_?;

gz

1 i

“a£113455139
Week

5. Craig: Sample answer: The unit rate of
Craig's day trips is 21.8 miles per day. Since
Red biked 236 miles per day, and 236 > 21.8,
Craig biked the lower number of miles each
day. T Sample answer, The unit rate of a
proporticnal relatienship is the comparizson of
one guantity to one unit of another quantity.
The slope of that relationship is that same
comparison, 9. Sample answer: The equation
¥ = X can be written as y = Ix bocause 1 - x =
X 5o, the clope is 1, not Q.

1mw
One No Infinitely Lesson 4-2 Slope of a Line,
Solution | Selution | Many Practice Pages 203-204
1 4
24 + 2x) c
2 + N = % x 3 5 6 B
3 + Bx ¥ 8 0 —4 | —-12
2x+ 5=
B 4 1 X 9, Sample answers: (O, 0), (5, —2), (10, —4)
M. Sample answer: The student did not
subtract the y-coordinates and x-coordinates,
_ The numerator should be —4 — B and the
Lesson 4- 1 Proportional denominater should be 2 — (=3). The slope
Relationships and Slope, i %
Practice Pages 185-190
1. The slope of the fine is 33?;33- or 333.35.

This means the book sales were about $333.33
each day. The unit rate is about $333.33 per
day, which is the same as the slope. 3. The

slope of the line & % or 2.3. This means that
the movie grossed $2.3 million each weel:
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Lesson 4-3 Similar Triangles and
Slope, Practice Pages 211-212

1. The slope of segment RT is 5 or 0.5. The
zlope of segment TV is % ar 0.5, The slopes
of each segment are equal. 3. Triangles
AHE, BID, and CGF. The slope of each is 1 or
05. 5. The slope of the line i negative. The
slopes of each triangle are the same because
they lie on the same line. 7 Sample slope
triangies shown. The slope of line m is —%

or —15. The siope of line n is 3 or 0. The
slopes of perpendicular lines are opposite
reciprocals.

: B
]

Bz

x

2]

8. Sample answer: Eecause% simplifies to

4 the triangles are similar slope triangkes on
the same line. Therafore, the slope of the

line iz always 4. M. No; Sample answer: The
placement of the slope trlangles does not
matier because even If the triangle is placed
above or below the line, the ratio of the vertical
zide to the honizontal side will always be the
same-as the siope of the line.

Lesson 4-4 Direct Variation,
Practice Pages 223-224

1. ¥ = 8x; The constant of variation is B.

This means that the cost per ticket is $8.
3. y = 2 5hy; The constant of variation is 2.55.

This means that the cost per ream s $2.55.
5. ¥ = 62 .5x; The constant of variation |s 62.5.
This means that the bus travels 62.5 miles per
hour T y=4x 268gal 9.1 isnota direct

varation relationship. Sample answer: The
ratio between the y-values and x-values is not
constant. The points form a lne, but the line
does not pass through the origin. 1. Sampla
answer: The constant of variation in a direct
varnation eqguation is the constant multiplied by
x. The unit rate is also the constant multiplied

by

Lesson 4-5 Slope-intercept Form,
Practice Pages 235-236

LiamMEuy pol3ais

lsluper%y—lnlmcept—ﬁ 1y=—%.1r+4
B.y=4x—2 y=2x—3 B.y=30x+ 30
. Coral Snorkeling; $5 less 13, Sample
answer. ¥y = —3 15. Sample answer. rise = 18,
run=>5

Lesson 4-6 Graph Linear Equations,
Practice Pages 245-246

8

o T LT

L

Snowiall

\

Inches of Snow
wi Pt Ll B WO s 00D
L}

2 34656789
Mumber of Hours

=1
P



7. The slope of the line is negative.

The equation of the line is ¥y = —%x— i

9, Sample answer: Vertical lines will never
have a y-intercept, unkess the vertical line s
the y-axis. 5o, there will be no b, Vertical lines
have an undefined slope, so they will not have
anm. 11 Sample answer: If the slope Is used
to start graphing an equation, then the slope is
comparing the first point plotted to the origin,
and not 1o the y-intercepl

Module 4 Review Pages 249-250

1A.

Laundry
ot £
B re
& J'
ﬁﬁ
5 ¥
1:HA
S
2 r
11: x
o0 123456789
Mumber of Loads

1B. Sample answer: The unit rate is
represented by the point (1, 2.25), which lies on
the line. 3.B 5. The ratio of the rise (o the

run of each triangke is the same. The smaller
riangle and the larger triangle shown are
similar. The slope of the line & —2.

7. 54410 9.y = —dx + 2| used the slope

farmula to find m = —4. The p-intercept was
glven.

Lesson 5-1 Identify Functions,
Practice Pages 261-262

1. The refation is a function because every
input value is mapped to exactly one oulput
value. 3. The relation is a function because
every input value corresponds 1o exactly one
output value. 5. The relation is a function
because every input value corresponds to
exactly one output value, 7. Sample

answer. This graph shows the distance y in feet
that a snall travels in x minutes. The vertical
line test shows that the graph & a function
because for every value of x, there s only ane
walue for .

Distance Traveled
YL I

/

0 12 3 4 5 &
Mumber of Minutes

Distance (ft)
wa Bd lab & WV OO

X

9. Sample answer: | could use a mapping
diagram. If more than one arrow points from an
input value to the output values, | know it s not
& function.
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Lesson 5-2 Function Tables,
Practice Pages 271-272

1.

Input, x | Output, y
-5 —205
-8
45
10 17
3.
Input, x | Output. y
2 4
& &
10 8
5.
Input,x | Output, y
-1 3
0 1
—1
¥
AN
\'|
I
X

7. A giraffe 4% feat taller in month 11 than
Inmonth 2. 9. Sample answer: Graphs
represent all solutions by using lines to show
that solutions continue on In bath directions.
Equations represent all of the solutions of a
function by using varables 1o represent amy
number, 1. Sample answer: Kal switched the
input and the output in the table. The values
should be:

L | b | == | b
oo | W

Lesson 5-3 Construct Linear
Functions, Practice Pages 283-284

1. The rate of change is B, 20 the hourly rate
is $8. The value for y when x = 0 is 20, so the
initial fee is $20: y = Bx + 20 3. The rate of
change is 3, so the hourly cost is $3. The initial
value is 3.5, so the skate rental fee = $3.50;
y=3x+350 5.%22,000 7 0;Sample
answer: On a horizontal line, the y-coordinate
never changes: so the rate of change s 0.

9, Both are corect: Sample answer: The
properties of operations show that both are
corract

LiamMEuy pol3ais

Lesson 5-4 Compare Functions,
Practice Pages 291-292

1. The function for Comparmy A has an initial
value of 500, while Company B has an initial
value of 350, Company A has the greater initial
valee. The function for Company A has a rate of
change of 12.5, while Company B has a rate of
change of 15, so Company B has the greater rate
of change: $80 3. The function for Lorraine
has an inktial value of 2.4. The function for Chila
has an initial value of 1.7, 50 Lomaine started

from farther away. The function for Lorraine

has a rate of change of —02_ while Chila also
has a rate of change of —0.2_ so the rales of
change are the same. After 7 minutes, Lomainge
i= 1 mile from school and Chila s 0.3 mile from
school. 5. Both functions have the same rate
of change, but different initial values. The graphs
of the functions are parallel lines that will newver
intersect. T sometimes; Sample answer: [ the
function with the greater rate of change has a
lessor inftial value, it will start with a lower output
value. As the Input values increase, the function
with the greater rate of change will eventieally
have a greater output value.

Selected Answers SAT



Lesson 5-5 Nonlinear Functions,
Practice Pages 303-304

1. The function & linear because the graph s a

straight line and has a constant rate of change.

3. The function & nonfinear because on the
graph of the function, the ordered pairs (side
length, area) do not lie on a straight line.

5. The rates of change are the same, so the
function is linear. 7. The equation cannot be
written in the form y=mx + b, soitis
noniinear. 9. The relationship between the
amount of money Catalina saves and the
number of months is linear. The relationship
between the amount of money Terr saves
and the number of months is nonlinear. Ses
students” arguments. 1L Sample answer:
Although It is a straight line, the graph is not a
function because there 5 more than one value
of y where x = —3_ 50, the graph s not a linear
function. 13, rue; Sample answer: A non-
vertical stralght line ls always a function, but a
function does not have o be a stralght line. A
function can be curved.

Lesson 5-6 Qualitative Graphs,
Practice Pages 311312

1. Sampie answer: Wesley ran in & direction
away from home, and then sped up as he
continued away. He then slowed down while
still continuing away from home. Finally, he
headed back in the direction of home at a
steady pace until he reached home,

3. Sample answer: The graph is nonlinear.
The graph is increasing when his heart rate is
Increasing. The graph |s decreasing when his
heart rate is decreasing.

Heart Rate

Time {minutes)

5. Sample answer: The team digs at a constant
rate, takes a break for lunch, and then
continues digging at a slower constant rate.

7. Graph A; Sample answer: The graph of this
relationship should Increase al a constant rate,
and then remaitn level Only Graph A does this.

Module 5 Review Pages 315-316

1
Input Output
1 10
Fi 4
9 1

S8A B B5B. The Initial value s 40, so the flat
delivery fee for the mulch purchase s $40.
y=35x + 40
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rA T. Kaylee drove 2 hours and Sophia drove

Linear | Monlinear 3 hours.
vy =2x—9 " _ Driving a Scooter
¥
y=x X i:
y =3 X L)
[
ax+y=7 X 5 5
X I
i ® 4
y=3 5 5
y =Vx+3 X E 3 =5] 2
1 a
z A P
6 123456789 B
MHumber of Hours {Kayles)
Lesson 6-1 Solve Systems of e o §
Equations by Graphing, 9. Sample answer. The point (—1, —5) does nat
Practice Pages 329-330 lie on the line of either equation.

Lesson 6-2 Determine Number of
Solutions, Practice Pages 339-340

1. no solution 3. an infinite number of
solutions 5. no solution 7. does intersect

9, does intersect 11 The friends pass through
a common coordinate. 13, Sample answer:

& Since —7x 4+ 3y cannot simultaneously be

—5 and 9, there is no solution. 15, Sample
answer: Perpendicular lines have slopes that
are the negative reciprocal of one another.

3. an infinite number of solutions

Lesson 6-3 Solve Systems of
| 4 % Equations by Substitution,
Practice Pages 349-350

1.{Z. —12) 3. an infinite number of solutions
5. B (-1 —-10) Z.(10.9) 9 no solution

¥ ﬂ . (—1,—6) 13. The width is 7.2 feet and the
length is 11.8 feet. 15, Sample answer:

y=—Ir45
ki}"— The equation —1 = —1I5 always a true
statement, <o the system has infinitely many
al | solutions. 1. sometimes; Sample answer,
= When solving a system of equations by
substitution, one of the equations neads to
be solved for a variable. 50 one of the
equations may not necessarily be written in
slope-intercept formm.




Lesson 6-4 Solve Systems of Module 6 Review Pages 377-378
Equations by Elimination,

Practice Pages 361-362 e ;
! ¥
1.{2.9) 3.(2,0 5.(9.-1 7.012.5) | ¥=2x

LY

o9.{2 —2) N.[—1,—-3) 13. 5900 children and
350 adults 15 Sample answer: The opposite
of 4 was not used when taking the opposite .. x
of the equation Bx — v = 4. The cormrect

equation i —6x 4+ y = —-4. The corract sum is

2y = —14. 11 Sample answer: Tha ¥
coefficients of the variable x are opposites. The

1B. (—1, —2)
value of o is —5,
3.
Systems of Number of Solutions
Lesson 6-5 Write and Solve Systems Equations | none | one | infinite
of Equations, Practice Pages 373-374 y= %x +1 i
EBy=3x+5
1. Sample answer. x + = 205 and =3 %
x —y =65 0135 7). The two numbers are 13.5 v =—2x X
and 7. 3. Sample answer:. 24x + By = 144 and
18x + 3y = 90: (2. 12); It costs $3 for each y=2+3 ¥
flower and $12 for each bush. 5. 5 hours; $75 Ay=By 1
7 i"_: x 5 : X
Week | Number | Mumber Total
of Days | of Days | Number 5.C 7T A 94 y=10x+ 20,y = 15x
Ran Cycled of Miles 9B. (4, 60)
A 2 3 40
B 3 4 55
4 2 40

9, Sample answer: x + ¥ = 12 and
015x 4+ 0.3y = 3; (4, 8); 4 liters of solution A
and 8 liters of solution B

SA10 Selected Answers
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Glossary

The Glossany contains words and definitions in the following 14 languages:

Arabic English Hmang Russian Urdu
Bengali French Kaorean Spanish Vietnamese
Brazilian Portuguese Haitian Creole Mandarin Tagalog

English Espanol

algebra [Lesson9-1) A branch of mathematics that
involves expressions with variables.

alternate exterior angles (Lesson 7-1)  Exterior angles
that lie en opposite sides of the ransversal.

alternate Interior angles [Lesson 7-1)  Interior angles
that lie on opposite sides of the ransversal.

angle of rolation (Lesson 8-3) The degres measure of
the angle throwgh which a figure |s rotated.

Angle-Angle Simitarity (Lesson 9-4) I iwo angles of
one triangle are congruent to two angles of another
triangle, then the triangles are similar.

dlgebra Rama de las matematicas gue trabaja con
expresiones con variables,

dngulos alternos externos  Anqulos externos que se
encuentran en lados opuestos de la transversal.

dngulos alternos infernos  Angulos internos que se
encuentran en lados opuestos de la ransversal.

dngulo de rotacion  Medida en grados del dngulo
sobre el cual se rota una figura.

similited dngulc-dngulo S dos dngulos de un
tridngulo son congruentes con dos dngubos de otro
tridnguio, entonces os trlianguios son similares.

bar notation (Lesson 2-1)  In repealing decimals, the
line or bar placed owves the digits that repeal.

base (Lesson1-1) In a power, the number that is
the commaon factor. In 10¢, the base is 10, That is,
10° =10 x 10 = 10

bivariate data (Lesson 1-1)  Data with two varlables, or
pairs of numerical observations.

notackan de barra  Linea o barra que se coloca sobre
los digitos gue se repiten en decimales perddicos.

base  Enuna potencia, el ndmero gue es el
factor comiin. En 10°, la base o5 10. Es decir,
10° =10 x 10 x 10

datos bivarantes  Datos con dos variables, o pares de
observaciones numéscas.

center of dilation (Lesson B-4) The center point from
which dilations are performed.

center of rotationt (Lesson B-3) A fiked point around
which shapes move in a drcular moton 1o o new position.

centro de B homotecia  Punto o en torno al cual se
realizan las homobecias.

centro de rotacion  Punto fijo alrededor del cual se
giran las figuras en movimlento circudar alrededor de wn

purito fijo.

Glassary GL1
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Glossary

The Multiingual eGlossary contains words and definitions in the following 14 languages:

Arabic English Hmong
Bengali French Korean
Braziian Portuguese Haitian Creole

English

Russian Urdui
Spanish Vietnamese

Mandarin Tagalog

Espanol

algebra [Lesson9-1) A branch of mathematics that
involves exprossions with vartsbles.

allernate exterior angles (Lesson 7-1)  Bderior angles
that lie en opposite sides of the ransversal.

alternate Interior angles [Lesson 7-1)  Inferior angles
that lie on opposite sides of the transversal.

angle of rotation (Lesson 8-3) The degree measure of
the angle throwgh which a figure s ratated.

Angle-Angle Similardty (Lesson 9-4) i two angles of
one rangle are congruent 1o two angles of another
triangle, then the triangles are similar

dlgebra Rama de lac matemdticas que trabaja con
exprasiones con variables:

dngules allernos externas - Anguios externos que se
encuentran en lados opuestos de la transversal.

dngulos alternos infernas  Angulos internos que sa
encuentran en lados opuestos de la transversal

dngulo de rotacion  Medida en grados del dngulo
sobre el cual se rota una figura.

similited angule-angule 5l dos dngudos de un
tridnguio son congruentes con des dngubos de otro
tridngulo, entonces los Idnguios son similares.

bar notation [Lesson 2-1)  In repeating decimals, the
line ar bar placed over the digits that repeat.

base (Lesson1-1) In & power, the number that (s
the common factor. In 107, the base is 10. That is,
10° =10 x 10 x 10.

bivariate data [Lesson 1-1) Data with two variables, or
pairs of numerical observations.

notackan de barra  Linea o barra que se coloca sobre
los digitos gue se repiten en decimales periddicos.

base  Enuna potencia, el nimero que es of
factor comtin. En 10°, la base es 10. Es decir,
10° =10 x 10 x 10.

datos bivarantes  Datos con dos variables, o pares de
observaciones numesicas.

center of dilation (Lesson B-4) The center point from
which dilations are performed.

center of rolation (Lesson B-3) A fixed point around
which shapes move in a dreular moton to & new position.

contro de la homoteckls  Punto fijo en torno al cual se
realizan las homolecias.

ceniro de rolackan  Punto filo alrededor del cual se
glran las figuras en mavimlento circular alrededor de wn

punto fijo.
Glossary GL1



cluster (Lesson 131 A collection of points that are
close together in & scatter phot.

coefficient (Lesson 3-1) The numerical factor of 8
term that contains a variable.

composite solid (Lesson 10-5) An object made up of
miore than one solid.

composition of ransformations (Lesson 9-1)

The resulting transformation when a transformation ks
apphled to a figure and then another transformation is
apphied to s mage.

cone (Lesson 10-2} A three-dimensional figure with
one chrcular base connected by & curved surface to a

single poinL

congruent (Lesson 9-1)  Hawving the same measure, if
one image can be obtained from another by a sequence
of rotations, reflactions, of Iranslations.

constant (Lesson 3-1) A term without a variable.

constant of proportionality (Lesson 4-4) The
constant ratio in a propertional [inear relationship.

constant of varation [Lesson 4-4) A constant ratio in
& direct varkation.

constant rate of change (Lesson 4-1) The rate of
change between any two points in a linear relationship
is the same or consion.

converse (Lesson 7-4) The converse of a theorem s
formed when the /Fand then stalements are reversed.

comverse of the Pythagorean Theorem [Lesson T-4)

A theorem thal can be wsed 10 test whether a triangle is
a right trianghe. If the side< of the triangle have lengths
a, b, and ¢, such that ¢ = 2* + b2, then the triangle is a
right triangle.

coordinate plane (Lesson 4-1) A coordinate system in
witich a horizontal number ine and a vertical number
ling intersect at their zero points.

carfesponding angles (Lesson 7-1)  Angles that are in
the same position on two paradled lnes in relation o a
transversal.

racimo  Una coleccidn de puntos que estan may juntos
en un diagrama de dispersion.

coeficiente  Factor numérion de un término que
contiene una varable.

sdlido complejo  Cuerpo compuesto de mas de un
siflido.

composicidn de transformaciones  Transformackan
gue resulta cuando se aplica wna transformacidn a una
figura v luego se le aplica otra transformacidn a su

imagen.

cono  Una figura tridimensional con una circular base
conectada por una superficie curva para un-solo punto.

copgruente  Que tlenen la misma medida; si una
imagen puede oblenerse de otra por una secuencla de
rotaciones, refiexiones o trasiaciones,

constante  Término sin variahles.

constante de proporcionalidad  La razdn constante en
una relacidn lineal propoarcional.

conslante de varlackon  Rardn constante en una
relackin de varlacldn directa.

taza constante de cambio  La lasa de cambio entre
dos puntos cualesquiera en una relacidn lineal
permanece igual o consionte.

reciproco  El reciproco de un leorema se forma
cuando las declaraciones de si'y luego se invierten.

&l reciproco del learema de Pildgoras Uin tearema
que puede usarse para probar sl wn wWangulo es un
tridgngulo rectangula. 5i los lados del tridnguio Henen
longitudes a, b, y ¢, tales que ¢ = ¢* + B, entonces al

trigngulo e un tridnguo rectdngulo.

plano de coordenadas  Sistema de coordenadas en
qQue una recta numérca horzontal y una recta numérica
vertical se intersecan en Sus punlos Ceno.

angulos correspondientes  Angulos que estdn en la
misma posicidn sobre dos rectas paralelfas en relacion
con la transversal.
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comresponding parts [Lesson 4-3)  Parts of congruent
or similar figures that are in the same relative position.

counterexample (Lesson 2-3) A statement or
example that shows a conjecture is false.

cube root (Lesson 2-2)  One of three equal factors of
& number. If & = b, then @ |s the cube root of b. The
cube raol of 64 s 4 since #¥ =64

cylinder (Lesson 10-1) A three-dimensional figure
with two parallel congruent drcular bases connected by
& curved surface.

partes comespondientes  Partes de figuras congruentes
0 similares gue estan en b misma posicon relaliva.

contragdemplo  Elemplo o enunciado que demuestra
que una conjetura es falksa.

raiz chbica Uno de tres factores iguales de un
nimero. 51 &' = b, entonces a es la rafz cibica de b. La
raiz clibica de 64 es 4, dado gue 4° = 64

cilindro  Una fiqura tridimensional con dos paralelas
congruentes circulares bases conectados por una
suparficie curva.

dilation {Lesson 8-3) A transformation that enlarges
or redeces a figure by a scale faclor.

direct variation [Lessond-4) A relationship
between two variable quantities with a constant ratio.
A proportional linear redationship.

homolecia  Transiormacion gue produce la ampliacion
o reduccan de una imagen por un facior de escala;

varacidn directa  Redacion entre dos cantidades
varlables con ena razdn constante. Una relacidn lineal
proparcional.

elimination (Lesson6-4) An algebraic method that
can be used to find the exact solution of a system of
equations by eliminating one of the varlables.

evaluale (Lesson t1) Tofind the value of an expression,

exnponent (Lessan 1-1)  In a power, the number of Himes
the base is used a< a factor. In 0¥, the exponent s 3.

ewterior angle [Lesson 7-2)  An angie between one
side of a polygon and the extension of an adjacent side.

exterior angles (Lesson 7-1)  The four owter angles
farmed by two lines cut by a transversal,

eliminacidn  Un mélndo algebralco que <o puedse wsar
para enconlrar ks solucidn exacla de un sistema de
ecuaciones madiante la eliminackdn de una de ias varables,
evaluar  Cabcular el valor de una expresion.

exponents  En una polencia, o ndmero de veoes que
Ia base se usa como factor. En 10°, el exponente es 3.

angulo exterior  Un angulo entre wn lado de un
poligono y 1a extension de un lado adyacente.

dngulo externo  Los cuatro dngulos exteriares gue se
farman cuando wna transversal corta dos rectas.

function (Lesson 5-1) A relation in which each
member of the inpul is paired with exactly one member
of the aulpul

function table [Lesson 5-2) A lable organizing the
input, rule, and output of a function.

funchtn  Relackdn en la que cada alemento de la
entrada le corresponde exactamente con un dnico
alemento de la salida.

tabla de funciones  Tabla que organiza la regla de
entrada y de salida de una funcidn.

@
s
&
2
@
2
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hemisphere (Lesson 10-3)  One of two congruent
hahves of a sphere.

hypolenuse (Lesson 7-3) The side opposite the right
angle in a right triangle.

hemisferio  Una de dos mitades congruentes de una
eslera.

hipotenusa  El lado opeesto al dngulo recto de un
tridingulo recténgulo,

image (Lesson B-1)  The resulting figure after a
transformation.

indirect measurement [Lesson 9-5) A technigue
using properties of similar pohygons to find distances or
lengths that are difficult to measure directly.

initial value (Lesson 4-5) The starting value in & real-
wirld situation in which an equation can be written. The

pintercept of a linear function.

input (Leszon5-1) The et of ¥-coordinates in a
relabon.

imtegers (Lesson 2-1)  The sed of whole numbers and
their opposites.

interior angle [Lesson 7-2)  An angle inside a polygon.

interior angles [Lesson T-1) The four inside angles
formed by two lines cul by a transversal.

inverse operations (Lesson 2-2)  Pairs of operations
that undo each other. Addition and subtraction are
imverse pperations. Multiplication and division are
inverse operations,

irrational number (Lesson 2-3) A number that cannot
bemﬂssednsm.ﬂ_raun% . 'where o and b are inlegers.
and b # 0.

imagen Flgura que resulta después de una
transformacion.

medickon indirecta  Técnica gue usa las propeedades
de paligonos semejantes para calcular distancias o
lengitudes dificiles de medir directamente.

valor indcial Bl vakor inkcial en una situacién real on ks
que se puede escriblr una ecuacion. La interseccidn p
de una funcidn fineal.

entrada  El conjunio de y-coordenadas en una
redacion,

enteros  El conjunto de nimaras enteros y sus
opuestos.

angulo interno ﬁ.nguln dentro die un poligono.

dngulo interng  Los cualro dngulos internas formados
pat dos rectas Intersecadas pos una transversal.

peraciones inversas  Pares de operaciones gue se
anudan mutuamente, La adicidn y la sustraccidn son
operaciones Inversas. La multiplicacidn y la divisidn son
operaciones inversas,

numeros irscionales  Namero gue no se pueds
axpresar como ka wn-pnrti&n% . donde ay b son
enteras y b # 0.

fege [Lesson T-3)  The two sides of a rght triangle
that form the right angle.

GLA Glossary

catetos  Los dos lados de un Iridngulo rectangulo que
forman el dngulo recto.
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liketermz [Lesson 3-3) Terms that contain the same
variablels) 1o the same powers.

linear (Lesson 4-1)  Tofall in a straight line.

linear equation (Lesson 4-1)  An eguation with a
graph that is a straight line.

lingar function {Lesson 5-2) A function in which the
graph of the solutions forms a line.

linear relationship (Lesson 4-1) A relationship that
has a straight-line graph.

lime of fit [Lesson 1-2) A line that is very close 1o
most of the data points In a scatter ploL

line of reflection (Lesson B-2) The line over which a
figure is reflected in a ransformation.

ling segment (Lesson 7-2)  Part of a line containing
two endpaints and all of the points batween them.

términas semejantes  Términos que contienen la
misma variahle o varables elevadas a la misma
potencia.

lineal Qe cae en una linea recta.

ecuacion ineal  Ecuacidn cuya grafica es una recta

funchtn lneal  Funckdn en la cuaf la grafica de las
soluciones forma una recta.

relacidn lineal  Relacidn cuya grafica es una recta.

linea de juste  Linea que mas se acesca a la mayora
de puntos de los datos en un diagrama de dispersidn.

linea de rellexidn  Linea a través de ka cual se reflaja
una figura en wna ransformacion.

segmento de linea  Parte de una linea gue contiene
dos extremos  todos los puntos entre ellos.

monomial (Lesson 1-2) A number, a variable, or a
product of a number and one or more varlables,

monomio  Un nimero, una varisble o el producto de
un Nmero por una o mas varkabhes,

natural numbers (Lesson 2-1)  The set of numbers
used for counting.

negalive exponent (Lesson1-4) The result of
repeated division used 1o represent very smaf
numbars.

nonfinear function (Letson 5-5) A function whosa
rate of change is not constant. The graph of a nonlinear
function is not a straight fine.

ndmeras naturales  El conjunto de ndmeros utilizado
para e recuento.
exponenie negative  El resultado de |a divisidn repetida

se utiliza para representar ndmeras muy pequefios.

funcitn no lineal  Funddn cuya tasa de cambilo no es
constante. La grafica de una funcidn no lineal no es una
recta.
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Order of Operations (Lesson -1 When evaluating
expressions with powers or more than one operathon,
use these rules.

L Simplify the expression inside the grouping symbaods,

2. Evaluate all powers.

3. Perfarm multiplication and divicion in order from left
1o right.

4 Perform addition and subtraction in order from left to
right.

ordered pair [Lesson4-1) A pair of numbers used to
locate a polnt in the coordinete plane. The ordered pair
is wiritten in this form: (x-coordinate, y-coordinate).

oflgin (Lesson 4-1)  The point of intersection of the
x-pxds and y-auis in a coordinate plane.

puther [Lesson T1-T) A data point that is distinctly
separate from the rest of the data.

output (Lesson 5-1) The set of y-coordinates in a
relation.

orden de operaciones Al evaluar expresiones con
paderes o mas de una operackon, utilice estas reglas.

1. Simplifique fa expresidn dentro de los simbolos de
BOrupackn.
2. Evaluar todos los podenes.

3. Realizar multiplicacidn y divisién en orden de
lzquierda a derecha.

4 Realizar la suma y resta en orden de izqulerda a
derecha.

par ordenado  Par de nimeros que se ullliza para
ubdcar un punto en un plano de coordenadas, Se
escribe de la sigubente forma: (coordenada x,
coordenada y.

grigen  Punlo en que f aje x v el eje y se Intersecan
en un plano de coordenadas.

valor atipico  Un punto de datos gue esta claramenie
separado del resto de kos datos.

salida  El conjunis de y-coordenadas en una relacin,

parallel lines (Lesson 7-1)  Lines in the same plane
that neves intersect or cross. The symbal || means
paratiel,

perfect cube (Lesson 2-2) A number whose cube
rool is an integer. 27 i a perfect cube bacause its cube
ool is 3.

perfect square (Lesson 2-2) A number whose square
root is a whole number. 25 is a perfect sguare because
t= squars root is 5.

perpendicular lines (Lesson 7-1)  Two lines that
intersect io form rght anglhes.

power [Lesson 1-1) A product of repeated factors
using an exponent and a base. The power T° is read
sevean 1o the third power, or seven cubed,

GLE Glossary

rectas parabelas  Reclas gue yacen en un mismo plano
¥ que no se intersecan. E| simbolo || significa paralela a.

cubo perfecta  Mimero cuya rair cibica es un ndmero
entera. 27 o5 un cubo perfecty porque Su rad? clbica es 3.

cuadrados perfectos Nomero cuya raiz cuadrada es
un niemero entero. 25 < un cuadrado perfecto parque
5u ralz cuadrada es 5.

rectas perpendicidares  Dos reclas gue se intersecan
formanda dngules rectos.

potencia  Producto de factores repelidos con wn
epanente y una base. La potencia 7° se loe siote o fo
tercerns polencha o siefe al cubo.
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Power of a Power Property (Lesson1-3) A property
that slafes to find the power of a power, multiply the

expanents,

Power of a Product Property [Lesson 1-3} A property
that states to find the power of a product, find the
power of each factor and mudtiply.

preimage (Lesson B-1)  The original figure before a
transformation,

principal square root (Lesson 2-2)  The positive
square root of a number.

Product of Powers Property (Lesson1-2) A property
that siates to multiply powers with the same base add

their exponents,

procf (Lesson 7-4) A loqgkcal argument in which each
statement that is made i supported by a stalement that
is accepted as true.

Pythagorean Theorem (Lesson7-3)  |na right
trizngle, the square of the length of the hypotenuse ¢
Iz equal to the sum of the sguares of the lengths of the
legs aand b. a* + b = ¢*

potencia de una propledad de potencia  Una
propiedad que declara encontrar el podor de un poder,
maltiplicar los exponentes.

potencia de una propledad de producio  Una propledad
gue declara encontrar el poder de un producto, encuentra
el poder de cada factor y se multiplica.

oS s « AREsopn

preimagen  Figura orginal antes de una transformacitn.

raiz coadrada principal  La raiz cuadrada positiva de
wn AEmern.

producto de la propledad de los poderes  Una
propledad que declara multiplicar poderes con la
misma base, afiade sus exponentes.

prueba  Argumento lbgico en el cual cada enunciado
hecho se respalda con un enunclado que se acepla
como verdadero.

Teorema de Pitagoras  En un trangulo recténgubo, el
cuadrado de la longitud de la hipotenusa es igual a la
suma de los cuadrados de fas longitudes de los catetos.
agd+b=c

guadrants [Lesson 4-1)  The four sections of the
coordinate plane.

gualitative graph |Lesson 5-6) A graph used o
represent situations that do not necessarily have
numerical values.

Quotient of Powers Property (Lesson 1-2) A property
that states to divide powers with the same base, sublract

thiedr exponents.

cuadrantes  Las cuatre secclones del plann de
coordenadas,

grafica cualitaliva Grafkca que se usa para
representar siluaciones que no ienen valores
numericos necesariamedte.

propiedad del codlente de poderes  Una propledad
gue declara dividir pederes con la misma baze, resta

Sus gxponentes.

radical sign (Lesson 2-2) The symbol used to indicate
a positive square root, v .

rate of change (Lesson 4-1) A rale that describes how
one guantity changes in relalion to another guantity.

signo radical  Simbelo que se usa para indicar una ralz
cuadrada no positiva, 4 -

taca de cambio  Una tasa gue describe como cambia
una cantidad en relacidén con atra cantidad.

Gloasary GL7



rational numbers [Lesson 2-1)  Numbers that can be
written as the ratio of two integers in which the
denominator is not zero. All integers, fractions, mixed
numbers, and percents are rational numbers.

real numbers (Lesson 2-3)  The set of rational
numbers together with the set of rrational numbers.

reflection [Lesson 8-2) A transformation where a
figure is flipped over a line. Also called a flip.

relation (Lesson 5-1)  Amy set of ardered pairs.

relative frequency (Lesson 114} The ratio of the
number of experimental successes 1o the total number
of expenmental attempls.

remote interior angles (Lesson 7-2) The angles of a
triangle that are not adjacent 1o a given exterior angle.

repeating decimal (Lesson 2-1) A decimal In which 1
of more digits repeat.

right triangle (Lesson 7-3) A trlangle with one right
angle.

rise (Lesson 4-2) The vedtical change between any
twio paints on a line.

rotation (Lesson 8-3) A transformation in which a
figure i wrned about a fixed pont.

run [Lesson4-2)  The horizontal change belween any
bwio pobnts on & line.

numeras racionales  Nidmeros que pueden escriblrse

come la razdn de dos enteros en bos que e
denominador no o5 cero. Todas |os enteros, fracciones,

ngmercs mixos y porcentajes son nimeros racionabes.

nimeros reales  El conjunto de nikmeros racionales
|unto con el conjunio de numeros iraclonales.

reflexion  Transformacién en la cual una figura se
voltea sobre una recta. También se conoce coOMmo

simetria de espeopn.
relacién  Cualguier conjunto de pares ordenados.

frecuencia refativa  Razdn del mimera de éxitos
experimentales &l nimero Lolal de intentos
experimentales.

angulos internos no adyacentes  Angulos de un
trigngulo gue no son adya centes a un angubo exterior
dado.

decimal periodico  Un decimal en el que se repiten 1o
myis digitos.

tridngulo rectangulo  Tridngulo con un dngulo recto,

elevacidn  El cambio vertical entre cualquier par de
pLentos en una recta.

rotacion  Transformacidn en la cuad una figura se gira
aglrededor de un punio fhio.

carrera  El cambio horlzontal entre cualquier par de
puntos en wna recla.

scale factor (Lessan 8-4)  The ratio of the lengths of
two corresponding sides of two similar polygons.

seatter plot (Lesson 11-1) A graph that shows the
relationship between hivarlate data graphed as ordered

pairs on a coordinate plane.

schentific notation (Lesson 1-5) A compact way of
writing numbers with absolute values that are very large
or very small, In schentific notation, 5,500 s 5.5 x 107

GLE Glossary

factor de escala  La razdn de las lengitudes de dos
lados correspondientes de dos poligonos semejantes.

diagrama de dispercidn  Grifica que muestra la
relacidn entre datos bivariados graficadas como pares
ordenados en un plana de eoordenadas.

notacion clentiflca  Manera abrewiada de escribie
numeros con valores absolutos que son muy grandes o

muy pequefios. En notacidn cientifica, 5,500 es 5.5 = 10°
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shmilar [Lesson 5-3)  If one image can be obtained
from anather by a sequence of transformations amd
dilations.

shmilar figures [Lesson 4-3)  Figures that have the
same shape but nol necessarily the same size.

skope (Lesson 4-1)  The rate of change between any
two points on-a ine. The ratio of the rise, o vertical
change, to the run, or horzental change.

shope-imercept form (Lesson 4-5)  An equalion
writtan In the form y = mx + b, where m |s the slope
and his the y-intercepl.

slope triangles (Lesson4-3)  Righl triangles that fall
on the same line on the coordinate plang.

solution [of an equation) [Lesson 4-1) A value that
makes an equation e,

solution (of a system of equations) (Lesson B-1)
An ordered pair that &-a solution of both equations.

solid [Lesson 10-1) A three-dimensional figure formed
by intersecting planes.

sphere [Lesson 10-3)  The sel of all points in space
that are a given distance from a given paint called the
center.

sguare rool (Lesson 2-7)  One of the two equal
factors of a number. If &* = b, then a is the sguare root
of 5. A sgquare rool of 144 5 12 since 12° = 144,

standard form [Lesgon 1-5)
exponents.

Mumbars waritten without

substitution (Lesson &-3)  An algebraic moded that
can be used to find the exact solution of a system of
equations.

system of equations (Lesson 6-1) A sel of two or
more equations with the same variables.

shmilar 5 una imagen puede obtenerse de ofra
mediante una secuencia de transformacionss v
dilataciones.

figuras semejantes  Flouras que tienen la misma
farma, pero no necesaramente el mismo lamadio.

pendiente  Razdn de camblo entre cualguber par de
puntos en una recta_ La razon de la altura, o cambio
vertlcal, & la carrera, o cambio horizontal

forma pendiente interseccién  Ecuacion de la forma
¥ =mx + b, donde m es la pendiente y boes la
interseccian v

tridgngubos de pendiente  Tridngulos rectos que caen
e fa misma linea en e plano de coordenadas.

solucion (de una ecuacion]  Un valor que hace gque
una ecuacion sea verdadera,

solucion (de wn sistema de ecuackones) LUn par
ordenado gue e< una solucidn de ambas ecuaciones.

sdlido  Figura tnidimensional formada por planos que
5@ intersecan,

esfera  Conjunto de todes los puntos en el espacio
que estdn a una distancia dada de un punto dado
llamado centro.

raiz cuadrada - Uno de dos faciores iguales de un
nimero. Sl &' = b, la @ es la raiz cuadrada de b. Una
raiz cuadrada de 144 25 12 porque 12 = 144,

forma estdndar  MNdmeros escritos sin exponentes.

sustitucidén  Modelo algebraico gue se puede usar
para cabcukar la solucién exacta de un sistema de
ecuaciones.

sistema de ecuaciones - Sislema de ecuaciones con
las mismas varlables.

Glossary GLD
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term (Lessoni-2) Each parl of an algebraic
expression separated by an addition or subtraction slgn,

terminating decimal (Lesson2-1) A decimal where
the repeating digit is zero.

theorem (Lesson 7-3) A statement of conjecture that
can be proven.

transformation (Lesson 8-1) An operation that maps
& geomelric figure, preimage, onto a new figure, image.

tranzlation (Lesson B-1) A transformation that shides
& figure from one position to another without turning.

transversal (Lesson 7-1) A line thal intersects two of
more ather lines.

triangle ([Lesson¥-2) A figure formed by three line
seqgments that intersect only at thelr endpoints.

truncating (Lesson 2-4) A process of appraximating a
decimal number by eliminating all decimal places past a
certain point without rounding.

two-way table (Lesson T14) A table that shows data
from one sample that pertain o two different
categonies.

tirming Cada parte de un expresidn Mgebraica
separada por un siono adicién o un signo susiraccion.

decimal finitoe Un decimal donde ef digito que se
repite es coro.

teorema  Un enunciado o conjetura que puede
probarse,

transformacidn  Operacion que comvierte una figura
geométrica, [a pre-imagen, en una figura nueva, ka

imagen.

traslacidn  Transformacidn en la cual una figura se
desliza de una posicidn a otra sin hacerla girar

transversal  Hecta gue intersecs dos o mAs reclas.

tridnguie  Flgura formada por tres segmentos de recta
que se irtersecan solo en sus exiremos.

truncands  Proceso de aproximacion do un ndmero
decimal eliminands todos los decimales mas alld de un
cierta punto sin redondear.

tabla de doble entrada  Una tabla gue muesira datos

de una muestra que perlenecen a dos categonas
diferentes.

urit rate (Lesson 4-1) A rate in which the first guantity
= compared 10 1 unit of the second quantity.

unil ratio (Lesson 4-1) A ratio i which the first
guantity is compared to every 1unit of the second

quantity.

tasa unitaria  Una tasa en la gue la primera cantidad
se compara con 1 unidad de Ia segunda cantidad.

razdn unitaria  Una relacién en la gue la primera
cantidad se compara con cada 1 unidad de la segunda
cantidad.

variable [Lesson 3-1) A symbol, usually a letter, used
to represent a number in mathematical expresslons of
semlences.

GLI0 Glossary

variable  Un simbola, por lo general, una ketra, que se
USA PAEFA representar nimeras en expresiones o
enunclados matematicos.
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verlex (Lesson 7-2)  The point where the sides of an
angle meet.

vertical line test (Lesson 5-1) A test used 1o seo
whether a graph is a function. If, for each value of x. a
vertical line passes through no more than one point on
the graph, then the graph represents a function. If the
line passes through more than one point on the graph,
it s mot a Tunction,

volume [Lesson 10-1)  The measure of the space
occupled by a solid. Standard units of measure are
cubic units such as in or ft'.

viértice  Punto donde se encuentran los lados.

prueba de Hnea vertical Una prueba utllizada para
ver <l un grafico es una funcidn. 5, para cada valor de
x. una linea vertical no pasa mas de un punto en al
grafico, entonces el grafico representa una funcdn. S|
la linea pasa por mas de un punto en el grafico, no es
una funcian.

oS s « AREsopn

volumen Medida del espacio que ocupa un solida.
Unidades de medida estindar son unldades ciblcas

tales coma pubg® o ples®.

whole numbers (Lesson 2-7)  The set of numbers
used for counting and 2ero.

ndmeros enteros Bl conjpunto de ndmeros utilizado
para conlar y cero.

x-adis (Lesson 4-1)  The horizontal number fine that
helps to form the coordinate plane,

s-coordinate (Lesson 4-1)  The first numbes of an
ardered pair.

w-intercept (Lesoon 4-1) The x-coordinate of the point
where the line crosces the r-axis.

eley  Larecta numérica horizontal que aywda a
farmar el plano de coordenadas.

coordenada x  El primer ndmero de un par ordenado.

interseccidn x  La conrdenada x del punto donda
cruza la gréfica el eje x.

y-ais (Lesson 4-1) The vertical number line that
hetps to form the coordinate plane.

p-coordinate (Lesson4-1)  The second number of an
ordered pair.

peintercept (Lesson 4-5) The p-coordinate of the
point where the fine crosses the y-axis.

ejey Larecta numérica vertical que ayuda a formar el
plano de coordenadas.

coordenada ¢ El sequndo ndmeno de un pas
ordenado,

interseccign ¢ Lo coordenada y del punto donde
cruza la grifica el efe y.

Zero Exponent Rube (Lesson 1-4) A rule that states
that any nonzero numbser to the 2ero power is
equivalent to1,

regla de exponente cero  Una regla que establece
que cualguier nikmearo diferente de cero & la potencia
cero s aquivalents a 1.

Glossary GLT
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Algebra tiles, 128-130

Algebraic expressions
evaluating, 8
like terms, 145, 151154
Alternate exieror angles, 383
Alternate interior angles, 383
Angles
altemate exterior, 383
allemate imtesior, 383
caresponding, 383
exterian, 382, 397400
interior, 382, 393
missing measwres of,
386388, 355396, 400
remote Interior, 397-398
sum of in a riangle. 354

Angle-Angle (A4) Similarity,
515-516

Appropriate units, 50

Bar notation, 70
Base of a power, 3. &
negative bases, &

Bivariate data, 581

Center of dilation, 466
Center of rotation, 455
Cluster, 583

Composite solids, 567
volume of, 568-570

Composition of
transformations, 483

Comes, 544
missing dimensions of, 561
wodume of, B43-546

Congruence statements, 494
Congruent, 483-450

Constant of proporticnality,
213-214

Constant of variation, 213-214
Constant rate of change, 176
Converse, 417

Converse of the Pythagorean
Theorem, 417—420
Coordinate plane. Ses also
graphing
dilations on, 465470
distance on, 423424
reflections on, 445—452
rotations on, 455—460
transiations on, 435440

Comesponding angles, 383

Corresponding parts, 205,
493455, 513-514

Counterexample, S5-93

Cube roots, B4-86
estimating, 104
solving equations, 86

Cylinders, 535
missing dimenshons of,

558560
wodume of, 535-538

Decimals

as fractions, 73

as mixed numbers, 74
Dilations, 465470
Direct variation, 213-220
Distance

with the Pythagorean
Theorem, 423—424

Efimination methad, 351

Equations
miufti-step, M5-148
number of soluthans of, 159-154
using cube roots to sobee, 86
using sguare roots to solve, 83

Index

with rational coefficients,
132134

with variables on each side,
29-134, 137440

writing, 1371440, 151-154

Estimating

cube roots, 104

scientific notation, 49-50

square roots, 102103

truncating, 105

Evaluate, 7

Exponent, 3
negative, 36
of zero, 33
Exterior angles, 382
of a triangle, 397—400

Factors, 3-4

Foldables®, 22 30, 63, 75,
98, 123, 148, 1659, 188, 222,
234, 247,200, 270, 302, 313,
328, 348, 375, 414, 420, 426,
425, 442, 452, 462, 472, 475,
450, 498, 510, 520, 529, 540,
548, 556, 575, 5BE, 596, 606,
616, 626, 629
Fractions

as decimais, 71

Function table, 263-265

Functions, 254

as equations, 273-280,
258-300

as graphs, 257-260,
266268, 254256

a5 mapping diagrams,
254-255

as tables, 256257, 263—265,
256297

comparing properties of,
285288

identifying limearity, 293-300

nondinear, 283

vertical line test for, 257-258



Graphic organizers, &4, 124, 770,
248, 314, 376, 430, 476, 530, 575,
&30

Graphing
eguations in slope-intercept
form, 237-239

horizontal lines, 239-240

linear functions, 266-268

proportional relationships,
ra-182

right tiangles, 423424

scafter plofs, 581-583,
LO93-5094

systems of eguations,
320-326

transformations, 436,
446—448, 456, 468465,
485486, 488, 502-503,
S05-506

wertical lines, 241-242

Hemizphere, 554
volume of, 554

Hypotenuse of a right
triangle, 405

Image, 435

Indirect measurement, 523-526
Initial value, 229, 273

Input, 253

Integers, 69

Interlor angles, 382
of a wrangle, 3933585

Inverse operations, B3

Irrational numbers, 91-52,
1-106
estimating, 101—106

Legs of a right triangle, 405
Like terms, #45, 151-154

Line of reflection, 445
Line segment, 353
Linear equations, 76
graphing, X37-242
of horizontal nes, 239
of wertlcal lines, 242

wiriting in shope-intercept farm.

225232 322

Linear functions, 266
constructing, 273—280
from graphs, 274375
from tables, 276278
from verbal descrptions,

279-280
graphing, 266—268

Linear relationships, 175

Limes
parailel, 382
perpendicular, 381

Lines of fit, 591-596, 599604
conjectures with. 595-595_

Gl2-o04
drawing, 593-594
equations for, 5849601

Missing dimensions

of angles, 386—388, 395-396,

400
of cones, 561
of cylinders, 559-560
of spheres, 562

Mixed numbers
as decimals, 72

Monomials, 13
division of, 20
muitiplication of 16

Matural numbers, 69
Megative exponent, 36-38
Monlinear functions, 293

Mumerical expressions
evaluating, 7

Order of operations, 7
Outlier, 583

Output, 253

Parallel lines, 382
Perfect cube, B84
Perfect square. TS
Perpendicular lines, 381
Power of a Power Property, 25
Power of a Product Property, 27
Powers, 3

as products, 3-5

dividing, 17-18

multipdying, H-16

of a product, 27-28

product of, 14-1&

quotient of, 17-18

fo a power, 25-26

Preimage, 435

Principal square root, 80
Product of Powers Property, 14
Proof, 412

Proportional relationships,
175-185
and slope, 176177
comparing, 182-186
direct variation, 213-220
graphing, 179-182
Pythagorean Theorem, 406—410
comverse of, 417420
finding distance with, 423424
proof of, 413
proof of converse, 420

Qualkitative graphs, 305-310
Guotient of Powers Property, 17
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Radical sign, B0
Rate of change, 176, 273

Rational numbers, 69
imtegers, 69
natural numbers, &9
repeating dedmal, 70
terminating decimal, 70
whole numbers, 69

Real numbers, S1-58
classifying, 53-595
comparing, M1i-15
ordering, 111, 116118
rational numbers, 69
irational numbers, S

Refiections, 445452

Relation, 253

Relative frequency, 612-616,
619524

Remuate interior angles, 397-398
Repeating decimal, 70

Right triangle, 405
ypotenuse of 405
legs of, 405

Rise, 191
Rotations, 455460

Rumn, 191

Scale factor, 465, S07-5048,
51518

Scatter plots, 581
and Enes of fit, 591-596
constructing, 581-582
interpreting, 583586

Scientific notation, 43-50
addition, 57-58
and technology, 46
computing with, 5558
divtsion, 56
esfimating, 4%-50
muitipdication, 55
subtraction, 57-58
weniting numbers in, 47-48

Simiar figures, 205
similar triangles, 205-206

Simidar polygons, 513, 517-518
Simidarity, 501-504

dngle-Angle (A4} Simiarity,
515-516

Similarity statements, 514

Slope, 176—178, 191200

and eguations for ines of fit,
595601, 603-604

and direct variation, 213—-214

and proporthonal
relationships, 176

and systems of eguations, 332

formula, 196

of limear functions. 273

undefined, 198, 200

zero, 198199

Slope-intercept form, 225-232,
237-242
constructing linear functions,
273280
equations for lines of fit,
595604
graphing using, 2X37-235

Slope triangles, 206-210

Solution
number of, 1559164, 322-336
of a linear equation, 176
of a system of equations, 318

Spheres, 551
miissing dimensions of, 562
vodume of, 551-553

Square roots, 7982
estimating, 102103
sobving equations, 83

Standard form, 43-45

Substitution method, 341

Systems of equations, 315

number of solutions, 320, 323,
325, 332-334

solving by efimination,
351358

solving by graphing, 320-326

sobving by substitution,
3i-348

writing, 363370

Term, 13

Terminating decimal, 70

Transformations, 435
and congruence, 481450
composition of, 483
dilations, 465470
identifying for congruent
figures, 489—4490

identifying for similar figures,
S05-506
reflections, 445452
rotations, 455460
transkations, 435—440
Transiations, 435440
Transwersal, 382
Triangle, 353
extenior angles of, 397400
right trizngle, 405
sum of interior angles,
I54-395

Truncating, 105106

Two-way table, 6059
associations in, 615624
comstructing, 605961
relative freguenches i,

612-616, G19-624

Unit rate, 175
Vertex, 393

Vertical line test, 257-258

Volume
of composite solids, 568570
of cones. 543-546
of cylinders, 535-538
of hemispheres, 554
of spheres, 551-553

Whole numbers, 659

Y-intercept, 225
and equations for lines of fit.
558601, 603504

and systems of eqguations, 332
of linear functions, 273

Zero exponent, 33-35
Zero Exponent Rule, 33
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m Foldables Study Organizers

What Are Foldables and How Do | Create Them?

Foldables are three-dimensional graphic organizers that help you create study
quides for each module in your book,

Step 1 Go 1o the back of your book to find the Foldable for the module vou are
currently stedying. Follow the cufting and assembly instructions at the top of
the page.

Step 2 Go to the Module Review at the end of the module you are currently
studying. Match up the tabs and attach your Foldable to this page. Dotted tabs

show where to place your Foldable. Striped tabs indicate where to tape the
Foldable.

Step 1
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How Will | Know When to Use My Foldable?

You will be directed to work on your Foldable at the end of selected
lessons. This lets you know that it is time to update it with concepts
from that lesson. Once you've completed your Foldable, use it to
study for the module test.

Foldables Study Organizers FL1



How Do | Complete My Foldable?

Mo two Foldables in your book will look alike. However, some will ask you to fill
in similar Information. Below are some of the instructions you'll see as you
compiote your Foldable, HAVE FUN learning math using Foldables!

Instructions and What They Mean |
Best Used to... Compilete the sentence explaining |

when the concept should be used. i

Definition Write a definition in your own words.
Description Describe the concepl using words. |
Equation Write an equation that uses the concept. e

You may use one already in the text or you
can make up your own.

Example Write an example about the concept. You may use
ane already In the text or you can make up your own.

Formulas Write a formula that uses the concepl You may use
one already in the text.

How do | .7 Explain the steps involved in the concept.

Models Draw a model to llustrate the concepl

Picture Draw a picture to llustrate the concepl

Solve

Algebraically Write and sobve an eqguation that uses the concept.
Symbols Write or use the symbols that pertain o the concept.
Write About It Write a definition or description in your own words.
Words Write the words that pertain 1o the concepl.

Meet Foldables Author Dinah Zike

Dinah Zike Is known for designing hands-on
manipulatives that are used nationally and
internationally by teachers and parents. Dinah is
an explosion of energy and Ideas. Her
exciternent and joy for learning Inspires everyone
she touches.

FL2 Foidables Study Organizers
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Product of Powers

Quotient of Powers

Power of Powers

Power of Products

Module 1 Foldable FL3
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Real Numbers

o

Rational Irrational

Module 2 Foldable FLS
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| tape in page 169

B B S D B B S DB DA EIA 5|
Tab 2

FL8 Foidables Study Organizers

Distributive Property

Addrhion or Subtrachon
Property of Equalrty

Puthplication or Division
Property of Equalrty
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proportional linear
relationships

nonproportional linear
relationships

T
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I/ Relations and Functions ]

relations

functions

linear | nonlinear

Module 5 Foldable FLT1
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one no number of

solution solution solutions
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