ARCHITECTURE CQuadratic equations can be used
to'model the shape of architectural structures. 2
9

‘of exponents and _
exloedexponental | * 0% uotrach and
functions. i :

= Factor trinomials.

= Factor differences
of'squares.

= Graph guadratic
functions.

= S0lve quadratic
equations.

¥, connectED.megraw-hill.com [ReN Ll o ' A——

A o Personal Virtual Graphing : - Self-Check
Animation  Vocabulary  eGlossary Tutor Manipulatives  Calculator Audio Foldables Practice Worksheets

- N




Gét Ready for the Chapter

piagnose Readiness | You have two options for checking prerequisite skills.

| 1 Texthook Option Take the Quick Check below. Refer to the Quick Review for help.

L=

| . QuickCheck QuickReview @
Rewrite each expression using the Distributive Property. dimpie

Then simplity. Rewrite 6x(—3x — 5x — 5x2 + x°) using the Distributive
1. ala+ 5) 2. 23+ X Property. Then simplify.

6x(—3x — 5x — 5x% + x%)

. n(n— 3% +2 4. —6(x*—5
3. nln = 3" +2) 0 = Sx+6) — BX(—3X) + 6X(—5X) + 6x(—5x3) + BX(x°)
5. FINANCIAL LITERAGY Five friends will pay $9 per ticket, = —18x° — 30%* — 30x° + 6x*
$3 per drink, and $6 per popcorn at the movies. Write an = —48x2 — 303 + 6x4

expression that could be used to determine the cost for
them to go to the movies.

Simplify each expression. If not possible, write simplified. I Exam_p]e 2
6. 3u+ 10u 7. 5a— 2+ 6a Simplify 8¢ + 6 — 4¢ + 2¢2.
8¢c+6—4c+2c2=2c2+8c—4c+6

— 2 2

8. 6m? —8m 9, 4w? + w+ 15w _ 224+ (8— 4)c+6
10, 202 + 5 — 11x2 11. 83 — 27 =2"+40+6 |
12. 4k% + 2k — 2k + 1 13. # —4a—4a+ 16 r‘
14. 6y2 + 2y — 3y — 1 15. 992 —3g—6g+2 |
Simplify. __Example 3
16. HtP) 17. 4n3(n? Simplify (—2y3)(9y4).
. ) . @) (—2y4 = (=2 9% v

. 8m(4m?) 19. —52%(32°) — (=2 93+

= 7

20. 5x4x3) 21. (—2a%c%)(7acY =—18y

22, GEOMETRY A square is 6x2 inches on each side. What is
the area of the square?

‘ 2 Online Option Take an online self-check Chapter Readiness Quiz at connectED.mcgraw-hill.com. @
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Get Started on the Chapter

You will learn several new concepts, skills, and vocabulary terms as you study
Chapter 8. To get ready, identify important terms and organize your resources.
You may wish to refer to Chapter 0 to review prerequisite skills.

J:ME| StudyOrganizer W-l NewVocabulary
Quadratic Expressions and Equations Make this Foldable to English Espaiiol
help you organize your Chapter 8 notes about quadratic polynomial p.465 polinomio
expressions and equations. Begin with five sheets of binomial p.465 binomio

grid paper. trinomial p. 465 trinomio

degree of a monomial p.465 grado de un monomio
degree of a polynomial p. 465 grado de un polinomio
standard form of p.466 forma estandar
a polynomial de polinomio
leading coefficient p.466 coeficiente lider
FOIL method p.481 método foil
quadratic expression p.481 expression cuadratica
factoring p.494 factorizacion
First Sheets Second Sheets factoring by grouping p.495 factorizacion por
agrupamiento
Zero Product Property p.496 propiedad del producto

: de cero
&@- = (3 E=Zen i quadratic equation p.506 ecuacion cuadratica

prime polynomial p.512 polinomio primo
difference of two p.516 diferencia de cuadrados
squares
perfect square trinomial p.522 trinomio cuadrado perfecto
Square Root Property p.525 Propiedad de la raiz
cuadrada

1 Foldin half along the width. On the first three sheets,
cut & centimeters along the fold at the ends. On the
second two sheets cut in the center, stopping 5
centimeters from the ends.

— = - L
2 Insert the first sheets through the second sheets and ReviewVocabulary ﬁ@-‘
align the folds. Label the front Chapter 8, Quadratic '

Expressions and Equations. Label the pages with lesson
numbers and the last page with vocabulary.

- absolute value valor absoluto the absolute value of any
number nis the distance the number is from zero on a
number line and is written | n|

2 units

The absolute value of —2 is 2
because itis 2 units from 0.

perfect square cuadrado perfecto a number with
a square root that is a rational number

462 | Chapter 8 | Quadratic Expressions and Equations




“Algebra Lab

Adding and Subtracting
Polynomials

. . o F e =
Algebra tiles can be used to model polynomials. A polynomial is a GES,S Common Gore State Standards
: ; ; e Content Standards
monomlal or the sum of monomials. The diagram below shows the models. A.APR.1 Understand that polynomials form a system analogous to the
integers, namely, they are closed under the operations of addition,
polynomial Models subtraction, and multiplication; add, subtract, and multiply polynomials.

« Polynomials are modeled -
using three types of tiles. m :‘

o Each tile has an opposite.

Activity 1  Model Polynomials
Use algebra tiles to model each polynomial.
* 5x

To model this polynomial, you will need 5 green x-tiles.

o —2x24+x+3

To model this polynomial, you will need 2 red —x*tiles,
1 green x-tile, and 3 yellow 1-tiles.

\.

Monomials such as 3xand —2x are called /ike terms because they have the same
variable to the same power.

Polynomial Models

o Like terms are represented by tiles
that have the same shape and size.

* A zero pair may be formed by pairing one tile
with its opposite. You can remove or add zero like terms zero pair
pairs without changing the polynomial.

Activity 2 Add Polynomials
Use algebra tiles to find (2x> — 3x + 5) + (x2 + 6x — 4).

Model each polynomial.

_(continued on the next page)
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Adding and Subtracting Polynomials continued

| il sten2
it [ Combine like terms and
‘ remove zero pairs.

m Write the polynomial. (2x2 — 3x + 5) + (x? + 6x — 4) =32 +3x+1
polyn
.

11l —
|

Activity 3  Subtract Polynomials

Bl | Use algebra tiles to find (4x + 5) — (—3x + 1).
‘ | m Model the polynomial 4x + 5.

) ‘ o To subtract —3x + 1, remove 3 red
i | , —x-tiles and 1 yellow 1-tile. You can
i | i remove the 1-tile, but there are no
| | —x-tiles. Add 3 zero pairs of x-tiles.
' Then remove the 3 red —x-tiles.

|
| m Write the polynomial.
(4x+5)—(-3x+1)=7x+4

Il \_

i Model and Analyze

‘ ' . Use algebra tiles to model each polynomial. Then draw a diagram of your model.

| 1. —2x2 2. 5x — 4 3. x%—4x

|, Write an algebraic expression for each model.
|
[ 4, = = 5 E ——— -
I B | ; g by
l . - | e = . ' B! __
, . 6. (x2+5x—2)+(3x2—2x+6) 7. (2x2+8x+1)—(x2—4x—2) 8. (—4x2+x)—(x2+5x)

| Use algebra tiles to find each sum or difference.

464 | Explore 8-1 | Algebra Lab: Adding and Subtracting Polynomials




; You identified

n

@ Write polynomials in @ In 2017, sales of digital audio players are

monomials and their
characteristics.

(G4 NewVocabulary
B olynomial

binomial

trinomial

degree of a monomial

degree of a polynomial

standard form of a
polynomial

leading coefficient

7o\ Common Core
l State Standards

phy/Taxi/Getty Images’

yos Photogra

o

Content Standards
A.SSE.1a Interpret parts of
an expression, such as
terms, factors, and
coefficients.

A.APR.1 Understand that
polynomials form a system
analogous tfo the integers,
namely, they are closed
under the operations of
addition, subtraction, and
multiplication; add, subtract,
and multiply polynomials.

Mathematical Practices

3 Construct viable
arguments and critique
the reasoning of others.

standard form. expected to reach record numbers. The

sales data can be modeled by the equation
G ITIIET, U= —2.72 + 49.4t + 128.7, where Uis
polynomials.

y

Adding and Subtracting Polynomials

the number of units shipped in millions:and
tis the number of years since 2005.

The expression —2.7¢% + 49.4f + 128.7 is
an example of a polynomial. Polynomials
can be used to model situations.

B

.

Polynomials in Standard Form A polynomial is a monomial or the sum of

monomials, each called a term of the polynomial. Some polynomials have special
names. A binomial is the sum of fwo monomials, and a trinomial is the sum of three
monomials.

Monomial Binomial Trinomial
5% 22 +7 x> —10x + 1
The degree of a monmpial is'the sum Degree | Name
of the exponents of all its variables. A
0 constant

nonzero constant term has degree 0, and :
zero has no degree. 1 - linear
The degree of a polynomial is the 2 quadr.altlc
greatest degree of any term in the 3 cubic
polynomial. You can find the degree of a 4 quartic
polynomial by finding the degree of each 5 quintic
terI.n. Polynomlals are named based on 6 ormore | 6thdegree, 7th degree, and so on
their degree.

Determine whether each expression is a polynomial. If it is a polynomial, find
the degree and determine whether it is a monomial, binomial, or trinomial.

Monomial, binomial,

Expression Is it a polynomial? Degree o trinomial?
a. dy—5xz Yes; 4y — 5xzis the sum of 4y and —5xz. 2 binomial
b. —6.5 Yes; —6.5 is a real number. 0 monomial
c. 7a 3+ 09p No; 7873 = %, which is not a monomial. — ————
d. 6x° +4x+x+3 Yes; 6x° + 4x+ x+ 3 =16x3 + 5x+ 3, 3 trinomial
the sum of three monomials.

P GuidedPractice

1A. x
1C. 5rx + 7tuv

1B. =32 — 2y +4y—1
1D. 10x™* — 8x*

A .
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StudyTip

Vertical Method Notice that
the polynomials are written
in standard form with like
terms aligned. Since there is
no y2-term in the first
polynomial, 0y? is used as a
placeholder.

The terms of a polynomial can be written in any order. However, polynomials in one
variable are usually written in standard form. The standard form of a polynomial
has the terms in order from greatest to least degree. In this form, the coefficient of the
first term is called the leading coefficient.

[ leading coefficient ] greatest degree

Standard form: 43 —5x2 4 2x + 7

Write each polynomial in standard form. Identify the leading coefficient.

a. 3x2 + 425 — 7x b. 5y — 9 — 2y* — 63>
Find the degree of each term. Find the degree of each term.
Degree: 2 5 1 Degree: 1 0 4 3

Y 4 4 I S
Polynomial: 3x? + 4x° — 7x Polynomial: 5y — 9 — 2y* — 6y°
The greatest degree is 5. The greatest degree is 4.
Therefore, the polynomial can be Therefore, the polynomial can be
rewritten as 4x® + 3x% — 7x, with rewritten as —2y* — 6% + 5y — 9,
a leading coefficient of 4. with a leading coefficient of —2.
» GuidedPractice
2A. 8 — 2x? + 4x* — 3x 2B. y +5y° — 242 — 746 + 10

N
2 Add and Subtract Polynomials Adding polynomials involves adding like
terms. You can group like terms by using a horizontal or vertical format.

* Example 3|

Find each sum.
a. (2¢*+5x—7) + (3 — 4x2 + 6x)
Group and combine like terms.
(242 + 5¢x — 7) + (3 — 4x? + 6x)
= [Zx2 + (—4x2)] + [5x + 6x] + [—7 + 3] Group like terms.
=—2x2+1lx — 4 Combine like terms.
b. (3y + % —5) + (4y? — 4y + 24° + 8)

Vertical Method

> Align like terms in columns and combine.

v+ 0y2+3y—5 Insert a placeholder to help align the terms.
(+) 2]/3 + 4};2 —4y+8 Align and combine like terms.
3P+ 4y>— y +3

b GuidedPractice
3A. (5x2 —3x +4) + (6x —3x2 —3)
3B. (y*—3y +7) + (25 + 2y — 2% — 11)

]
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| inverse of a polynomial, write the opposite of each term, as shown.
—(3x% +2x — 6) = —3x - 2x + 6

—_—

B

' giudyTip
pgditive Inverse When
finding the additive inverse
of a polynomial, you are
multiplying every term by —1.

EYou can subtract a polynomial by adding its additive inverse. To find the additive

Additive Inverse

Find each difference.
| a. (3—2x+2x?) — (ax — 5+ 3x?)
Horizontal Method
Subtract 4x — 5 + 3x? by adding its additive inverse.
| (3 —2x + 2x2) — (4x — 5+ 3x?)

‘ IO YT S e e
= [2x2 + (—3x2)] + [(—2x) + (—4x)] + [3 + 5] Group like terms.
=—x?>—6x+8 Combine like terms.

b. (7p + 4p® — 8) — (3p> + 2 — %)

| Vertical Method

‘ | Align like terms in columns and subtract by adding the additive inverse.
4>+ 0p*+7p—8 43+ 0p*> + 7p — 8

() 3 -9p+2 () -3’ +9p - 2

4p% — 3p% + 16p — 10

» GuidedPractice

A, (4x® — 3x2 + 6x — 4) — (—2¢® + x2 — 2)
4B. (8y — 10 + 5y%) — (7 — y® + 12y)

\,

Adding or subtracting integers results in an integer, so the set of integers is closed
. under addition and subtraction. Similarly, adding or subtracting polynomials results
in a polynomial, so the set of polynomials is closed under addition and subtraction.

) \i AT 1:World Example 5 1. _ gaalisviieg
<" S )
¢ " Ny ELECTRONICS The equations P = 7m + 137 and C = 4m + 78 represent the
- ' number of cell phones P and digital cameras C sold in m months at an
electronics store. Write an equation for the total monthly sales T of phones and

cameras. Then predict the number of phones and cameras sold in 10 months.

To write an equation that represents the total sales T, add the equations that
represent the number of cell phones P and digital cameras C.

T=7m+ 137 +4m + 78
’ =1lm + 215
ReaI-WorIdink Substitute 10 for m to predict the number of phones and cameras sold in 10 months.

Sales of digital cameras T=11(10) + 215

recently increased by =110 + 215 or 325
42% in one year. Sales are
€Xpected to increase by

“

Therefore, a total of 325 cell phones and digital cameras will be sold in 10 months.

3 . .
;E at least 15% each year as GuidedPractice

| = Consumers upgrade their . .

| & cameras. 5. Use the information above to write an equation that represents the difference
B Source: 5 . in the monthly sales of cell phones and the monthly sales of digital cameras.
B ce: Big Planet Marketing

Company Use the equation to predict the difference in monthly sales in 24 months.

. S
£

E-cunnectED.mcgraw-hill.comI 467




Check Your Understanding @ = step-by-Step Solutions begin on page R13.

Example 1 Determine whether each expression is a polynomial. If itis a polynomial, find the
degree and determine whether it is a monomial, binomial, or trinomial.

1. 7ab + 6b* — 24° 2.2y —5+ 3
3. 3x2 g, Am

3p
5. 5m?p3 + 6 6. 5574 + 69

Example 2  Write each polynomial in standard form. Identify the leading coefficient.
7. 2x° — 12 + 3x 8. —4d*+1—d?
9, 4z — 272 — 5z* 10. 22 + 443 — 542 — 1

Examples 3-4Find each sum or difference.
1. (623 — 4) + (=223 +9) 12, (g3 —2¢2 + 5 + 6) — (g% + 2g)

(4 + 2% — 2a) — (362 — 8a +7) 1. (8y — 4%) + (3 — %)
15. (=423 — 22 + 8) — (423 + 322 — 5) 16. (=342 — 8 +2d) + (4d — 12 + 4?)
17. (y +5) + (2y + 42 - 2) 18. (313 — 5n + n?) — (—8n2 + 3n°)

Exampie 5 19. B@ SENSE-MAKING The total number of students T who traveled for spring break
consists of two groups: students who flew to their destinations F and students who
drove to their destination D. The number (in thousands) of students who flew and
the total number of students who flew or drove can be modeled by the following
equations, where 7 is the number of years since 1995.

T=14n+21 F=8n+7

a. Write an equation that models the number of students who drove to their
destination for this time period.

b. Predict the number of students who will drive to their destination in 2012.
¢. How many students will drive or fly to their destination in 2015?

Practice and Problem Solving Extra Practice is on page R8.

Example 1 Determine whether each expression is a polynomial. If it is a polynomial, find
the degree and determine whether it is a monomial, binomial, or trinomial.

517> S
20. 7+ 4x 21, 21

X
22. ¢t —2c% +1 23. d +34°
24. g — a? 25. 51 + ng®

Example 2 Write each polynomial in standard form. Identify the leading coefficient.

26. 5x2 — 2 + 3x 27. 8y + 7y°

28. 4 — 3¢ — 5¢? 29. —3 + 3y — 32 +2
30. 11t + 24> -3+ £° N.2+7—13

32. %x —3xt+7 33, —9b2 + 10b — b6

=
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36.

p{ 38.

40.
42,

44.

48.

51.

52.

| 53.

| 58.

gxamples 3-4Find each sum or difference.
- 34,

2c2 + 6¢ + 4) + (5¢2 — 7) (2x + 3%%) — (7 — 8x2)

(3c3 —c+11) — (¢ + 2¢c + 8) 37. (z22+2) + (z2 - 11)

(2x — 2y + 1) — (3y + 4x) 39, (4a — 5b2 + 3) + (6 — 24 + 3b2)

(x% — 322+ y) + (3y — 2x%) M. (—8xy + 3x2 — 5y) + (4x2 — 2y + 6xy)
(5n — 2p% + 2np) — (4p° + 4n) 43. (4rxt — 8r% + x2) — (6rx2 + 5rat — 2x2)
PETS From 1999 through 2009, the number of dogs D and the number of cats C

(in hundreds) adopted from animal shelters in the United States are modeled by
the equations D = 2n + 3 and C = n + 4, where n is the number of years since 1999.

a. Write a function that models the total number T of dogs and cats adopted in
hundreds for this time period.

b. If this trend continues, how many dogs and cats will be adopted in 2013?

Classify each polynomial according to its degree and number of terms.
45.

4x —3x%>+5 46. 11z° 47. 9+ y*

33 -7 49, —2x° — x> +5x — 8 50. 10t — 42 + 613

ENROLLMENT In a rapidly growing school system, the numbers (in hundreds) of
total students is represented by N and the number of students in Kindergarten
through 5th grade is represented by P. The equations N = 1.25t> — t + 7.5 and

P = 0.7t2 — 0.95¢ + 3.8, models the number of students enrolled from 2000 to 2009,
where t is the number of years since 2000.

a. Write an equation modeling the number of students S in grades 6 through 12
enrolled for this time period. : -

b. How many students were enrolled in grades 6 through 12 in the school system
in 2007?

B@} REASONING The gerimeter of the triangle can be represented iy i &
by the expression 3x — 7x + 2. Write a polynomial that represents

the measure of the third side.

2x2—10x+6

GEOMETRY Consider the rectangle. 4+ 20— 1

a. What does (4x2 + 2x — 1)(2x? — x + 3) represent? E
b. What does 2(4x? + 2x — 1) + 2(2x?2 — x + 3) represent? ]

Find each sum or difference.
54,

55,
Vo

97.

(4x + 2y — 62) + (5y — 2z + 7x) + (—9z — 2x — 3y)
(5a% — 4) + (2% — 22 + 12) + (4a® — 62 + 8)

(3¢2~7) + (4c +7) — (c* + 5c — 8)

(313 + 3n — 10) — (4n2 — 5n) + (4n® — 3n2 — 9n + 4)

FOOTBALL The National Football League is divided into two conferences, the
American A and the National N. From 2002 through 2009, the total attendance T
(in thousands) for both conferences and for the American Conference games can be
modeled by the following equations, where x is the number of years since 2002.

T = —0.69x> + 55.83x2 + 643.31x + 10,538 A = —3.78x° + 58.96x% + 265.96x + 5257

Estimate how many people attended National Conference football games in 2009.
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CAR RENTAL The cost to rent a car for a day is $15 plus $0.15 for each mile driven.

60.

a. Write a polynomial that represents the cost of renting a car for m miles.
b. If a car is driven 145 miles, how much would it cost to rent?

¢. If a car is driven 105 miles each day for four days, how much would it cost
to rent a car?

d. If a car is driven 220 miles each day for seven days, how much would it cost
to rent a car?

s%" MULTIPLE REPRESENTATIONS In this problem, you will explore perimeter

and area.

a. Geometric Draw three rectangles that each have a perimeter of 400 feet.

b. Tabular Record the width and length of each rectangle in a table like the one
shown below. Find the area of each rectangle.

Rectangle | Length | Width | Area
1 100 ft
2 50 ft
3 751t
4 xft

c. Graphical On a coordinate system, graph the area of rectangle 4 in terms of
the length, x. Use the graph to determine the largest area possible.

d. Analytical Determine the length and width that produce the largest area.

H.O.T. Problems  use Higher-Order Thinking Skills

61.

62.

63.

64.

65.

@GRITIOUE Cheyenne and Sebastian are finding (2x2 — x) — (3x +3x2 - 2).
Is either of them correct? Explain your reasoning.

Cheyenne Sebastion
(25" —x) = (35 + 3" ~ 2) (2 ~x) = (3x + 35" ~ 2)
= (2 —x) + (-3x+3x* — 2) = (2 = x) # (~3x— 3" — 2)
=5 —4x—2 : =" —x—2

REASONING Determine whether each of the following statements is true or false.
Explain your reasoning.

a. Abinomial can have a degree of zero.

b. The order in which polynomials are subtracted does not matter.

CHALLENGE Write a polynomial that represents the sum of an odd integer 2n + 1
and the next two consecutive odd integers.

E) WRITING IN MATH Why would you add or subtract equations that represent
real-world situations? Explain.

WRITING IN MATH Describe how to add and subtract polynomials using both the
vertical and horizontal formats.
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standardized Test Practice

66. Three consecutive integers can be represented 69. Which ordered pair is in the solution set of the
by x, x + 1, and x + 2. What is the sum of system of inequalities shown in the graph?
these three integers?

A x(x+Dkx+2) C3x+3
B x3+3 Dx+3

67. SHORT RESPONSE What is the perimeter of a
square with sides that measure 2x + 3 units?

68. Jim cuts a board in the shape
of a regular hexagon and
pounds in a nail at each vertex,
as shown. How many rubber
bands will he need to stretch a
rubber band across every possible |
pair of nails? |

F 15 G 14 H 12 Jo

Spiral Review

I 70. COMPUTERS A computer technician charges by the hour to fix and repair
computer equipment. The total cost of the technician for one hour is $75, for

‘ two hours is $125, for three hours is $175, for four hours is $225, and so on.

| Write a recursive formula for the sequence. (Lcsson 7-8)

Determine whether each sequence is arithmetic, geometric, or neither, Explain. ( csson 7-7)

71.8,—32,128, =512, ... > 72. 25,8, =9, —26, ... 73. 1, % % %
74, 43,52,61,70, ... 75. —27,-16, =5, 6, ... 76. 200, 100, 50, 25, ...
77. JOBS Kimi received an offer for a new job. She wants to compare the C‘N‘l‘l‘N‘PI‘Nl’f'l‘l‘l‘[‘”ﬁf“ﬂ”“”ﬁ
offer with her current job. What is total amount of sales that Kimi must N
get each month to make the same income at either job? (lesson6-2) $z\g g}%r ” 3
mo 2% commission
; Current Job
| Determine whether each sequence is an arithmetic sequence. $1000/mo 15% commission
‘ If it is, state the common difference. (Lesson 3-5)
. 78.24,16,8,0, . 79, 3%, 6%, 13,26, ... 80.7,6,5,4, ...
i -]
81. 10,12, 15,18, ... e 82. —15,—-11,-7,-3, ... 83. —03,0.2,0.7,1.2, ...

| Skills Review

:| Simplify.
L uO)() W 85. n*(n)(~2n?) 86. (5t°0)(101%%) 87. (~8u'z") (5z")
8. [(3)2]° 2 89. [(2)3] 90. 2m*%3)X(-3mk2)® 91, (6xy?)X(2xy*2)°
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J

Multiplying a Polynomial

by a Monomial

¥ --Now ' :-Why? =
@ You multiplied & Multiply a polynomial @ Charmaine Brooks is opening a fitness 3 &
‘ monomials. by a monomial. club. She tells the contractor that the
Solve equations length of the fitness room should be
| RarC three times the width plus 8 feet
I involving the products _
| ‘ of monomials and To cover the floor with mats for exercise:
l polynomials. classes, Ms. Brooks needs to_ kpow the
[ area of the floor. So she multiplies the >
| width times the length, w(3w + 8). P
' — " - | r-‘---l--—--- B
@‘ Common Core 1 Polynomial Muitiplied by Monomial To find the product of a polynomial
| - State Standards and a monomial, you can use the Distributive Property.
Content Standards

| AAPR.1 Understand that
polynomials form a system

analogous to the integers, g 22
‘ namely, they are closed Find —3x"(7x x +4).

| o
Horiz
| addition, subtraction, and orizontal Method

SExample i

multiplication; add, subtract, —3x2(7x% — x + 4) Original expression
[ | and multiply polynomials. 9 9
i _ = —3x (7x2) . (—3x )(x) + (—-sz)(él) Distributive Property
| Mathematical Practices 4 3 2 .
1 5 Use appropriate tools = —21x* — (=3x) + (-12x?) L
| strategically. = —21x% 4 323 — 1242 Simplify.
L
| Vertical Method
|
a2 —x+4
(x) —3x2 Distributive Property

—21x% 4+ 3x3 — 122 Multiply.

|
|

|

| P GuidedPractice
| Find each product.

1A. 50%(—4a% + 22 — 7) 1B. —6d3(3d* — 243 — d + 9)

N

We can use this same method more than once to simplify large expressions.

b | " Example 2 : f _

)| | Simplify 2p(—4p? + 5p) — 5(2p® + 20).
| ' | 2p(—4p2 + 5p) — 5(2;)2 + 20) Original expression

|

| : I ‘ ' = (2p)(—4p?) + @p)(Gp) + (=5)(2p?) + (=5)(20) Distributive Property
| ' :
|‘. i | | = —8p® + 10p% — 10p? — 100 Multiply. |
| = —8p3 + (1002 — 10p?%) — 100 Commutative and Associative Properties
‘ il P (2 P
” | B = —8p> — 100 Combine like terms.
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[',@5, Tools Many
standardized tests provide
formula sheets with
commonly used formulas. If
you are unsure of the correct
formula, check the sheet
before beginning to solve the
problem.

GuidedPractice
Simplify each expression.

2A. 3(5x2 +2x — 4) — x(7x2 + 2x —3)  2B. 15¢(10y%5 + 5y2t) — 2yt + 4?)

We can use the Distributive Property to multiply monomials by polynomials and
solve real world problems.

_____ [EELNERE 3600 () Write and Evaluate a Polynomial Exp
GRIDDED RESPONSE The theme for a school dance is
“Solid Gold.” For one decoration, Kana is covering
a trapezoid-shaped piece of poster board with
metallic gold paper to look like a bar of gold.

If the height of the poster board is 18 inches,

how much metallic paper will Kana need

in square inches?

2h+4

Read the Test Item

> The question is asking you to find the area of the trapezoid with a height of h and

basesof i + 1 and 2h + 4.

Solve the Test Item

Write an equation to represent the area of the trapezoid.
Letb, =h +1,letb, = 2h + 4 and let h = height of the trapezoid:

Real-WorldLink

In a recent year, the pet
Supply business hit an
estimated $7.05 billion in
Sales. This business ranges
from gourmet food to
rhinestone tiaras, pearl
Collars, and cashmere coats.

Sourge: Entrepreneur Magazine

A= %h(b1 + by) Area of a trapezoid

5|3]1
=%h[(h+1)+(2h+ 4] by=h+1landb,=2h+4 01 OJIO)

S TOTE o6
=%h(3h+5) Add and simplify. [OJNOAR NEONNO)

Q0@
=%h2+%h Distributive Property % 5 % % %

30z 5 218|838

- 2 .
_5(18) +E(18) h=18 Q20 Q|@
=531 Simplify. ORNORIONEONKO)

Kana will need 531 square inches of metallic paper.
Grid in your response of 531.

» GuidedPractice

3. SHORT RESPONSE Kachima is making triangular bandanas for the dogs and cats
in her pet club. The base of the bandana is the length of the collar with 4 inches

added to each end to tie it on. The height is % of the collar length.

A. If Kachima’s dog has a collar length of 12 inches, how much fabric does she
need in square inches?

B. If Kachima makes a bandana for her friend’s cat with a 6-inch collar, how
much fabric does Kachima need in square inches?

N _
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Solve Equations with Polynomial Expressions We can use the
Distributive Property to solve equations that involve the products of
monomials and polynomials.

s StudyTip ~ Example 4

Combining Like Terms When Solve 2a(5a — 2) 4+ 3a(2a + 6) + 8 = a(4a + 1) + 2a(6a — 4) + 50.

o 2a(50 — 2) + 3a(2a + 6) + 8 = a(4a + 1) + 2a(62 — 4) + 50  Original equation

circle around one set of like 1002 — 40 + 6% + 182 + 8 =442 4+ a + 1242 — 84 + 50 Distributive Property

terms,  rectangle around 16a% + 14a + 8 = 16a% — 7a + 50 Combine fike terms.

another set, a triangle around

another set and o on. 14a +8=—-7a+ 50 Subtract 16a? from each sidg,
\ 2la+ 8 =50 Add 7ato each side.

2la =42 Subtract 8 from each side.
a=2 Divide each side by 21,

CHECK

2a(5a — 2) + 3a(2a + 6) + 8 = a(4a + 1) + 2a(6a — 4) + 50
2(2)[5(2) — 2] + 3(2)[2(2) + 6] + 8 £ 2[4(2) + 1] + 2(2)[6(2) — 4] + 50

4(8) + 6(10) + 8 £ 2(9) + 4(8) + 50 Simplify.
324+60+8<L18+32+50 Multiply.
100 =100 v Add and subtract.

P GuidedPractice

Solve each equation.

4A. 2x(x +4)+ 7 =(x+ 8) + 2x(x + 1) + 12
4B. d(d +3)—dd—-4)=94—-16

A

Check Your Understanding : = Step-by-Step Solutions begin on page R13.
Example 1 Find each product.
1. 5w(—3w? + 2w — 4) 2. 6¢%(3¢% +4g2+10g — 1)
A 3. 4km?(8km?2 + 2k2m + 5k) 4. —3p*r32p** — 6p®r® — 5)
2ab(7a*b? + a% — 2a) 6. c?d3(5cd” — 3c3d2 — 4d°)
Example 2  Simplify each expression.
7. H4t2 + 15t + 4) — 43t — 1) 8. x(3x%+ 4) + 2(7x — 3)
/L 9, —2d(d%? — 4dc?® + 2d2c) + c2(dc? — 3d4)
10. —5w?(8w?x — 11wx?) + 6x(Swx* — 4w — 3x?)
Example 3 11. GRIDDED RESPONSE Marlene is buying a new plasma television. The height of
the screen of the television is one half the width plus 5 inches. The width is
30 inches. Find the height of the screen in inches.
Example 4  Solve each equation.

W

12.
14.
16.
17.

—6(11 — 2¢) =7(—2 — 2¢) 13. +(2t + 3) + 20 = 2¢(t — 3)
2w+ ) +w=7—4w 15. 3(y —2) + 2y =4y + 14
a@+3)+a@—6)+35=a(@—5)+a@@+7)
nn—4)+nn+8=nn—-13)+nn+1)+16

A
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Practice and Problem Solving Extra Practice is on page R8.

Example 2

Exzinple 3

Exawiple 4

Find each product.

18. b(b2 — 126 + 1) 19. f(2 + 2f + 25)

20. —3m32m® — 12m? + 2m + 25) 21, 2j4(5;° — 15/ + 2j + 2)

22. 2pr*(2pr + 5p?r — 15p) 23. 483u(2t%u” — 10tu* + 2)

Simplify each expression.

24. —3(5x% + 2x + 9) + x(2x — 3) 25. a(—8a% + 2a + 4) + 3(6a% — 4) l

26. —4d(5d2 — 12) + 7(d + 5) 27. —9g(—2g + g + 3(g2 + 4) |
I

28, 2j(7j%” + jk? + 5K) — 9k(~2j%k?2 + 2k2 + 3)
29. 471(2113;72 — 3np? + 5n) + 4p(6n’p — 2np? + 3p)

30. DAMS A new dam being built has the shape of a trapezoid.
The length of the base at the bottom of the dam is 2 times the height.
The length of the base at the top of the dam is % times the height

minus 30 feet.

R

L1

Wi

M

l:i!—:_rf'l:j

a. Write an expression to find the area of the trapezoidal cross /
section of the dam. !

b. If the height of the dam is 180 feet, find the area
of this cross section.

Solve each equation.

@D 72 +5t—9) +t =17t —2) +13

32. w(dw + 6) + 2w = 2Qw? + 7w — 3)

33.5(4z +6) —2(z —4)=7z(z + 4) — z(7z — 2) — 48

34. 9¢c(c — 11) + 10(5¢ — 3) = 3¢(c + 5) + c(6c — 3) — 30
35. 2f(5f — 2) — 10(f2 — 3f + 6) = —=8f(f + 4) + 4(2f2 — 7f)
36.,7]2k(—3k + 4) + 6(k? + 10) = k(4k + 8) — 2k(2k + 5)

Simplify each expression.

37. %np2(30p2 +9n%p — 12) 38, %ﬂt(wﬁ + 573 + 15¢2)
39. —57%w3(4q + 7w) + 4qwi(7q%w + 29) — 3qw(3q°w? + 9)

40. —x°z(22% + 4x2%) + xz%(xz + 5x°2) + x%23(Bx%z + 4x2)

41. PARKING A parking garage charges $30 per month plus $0.50 per daytime hour and
$0.25 per hour during nights and weekends. Suppose Trent parks in the garage for

47 hours in January and % of those are night and weekend hours. bed
+

a. Find an expression for Trent’s January bill.
b. Find the cost if Trent had 12 hours of night and weekend hours.

42. @ MODELING Che is building a dog house for his new puppy. The upper
face of the dog house is a trapezoid. If the height of the trapezoid
is 12 inches, find the area of the face of this piece of the dog house.
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ENNIS The tennis club is building a new tennis court L.
with a path around it. P e e

a. Write an expression for the area of the
tennis court. -
X+6
b. Write an expression for the area of the path.

c. If x = 36 feet, what is the perimeter of the outside
Of the path? el — L =Mk el il

44, 55 MULTIPLE REPRESENTATIONS In this problem, you will investigate the degree of
the product of a monomial and a polynomial.

a. Tabular Write three monomials of different degrees and three polynomials of
different degrees. Determine the degree of each monomial and polynomial.
Multiply the monomials by the polynomials. Determine the degree of each
product. Record your results in a table like the one shown below.

Product of Monomial

Monomial and Polynomial

Degree Polynomial Degree Degree

b. Verbal Make a conjecture about the degree of the product of a monomial and a
polynomial. What is the degree of the product of a monomial of degree a and
a polynomial of degree b?

H.O.T. Problems use Higher-Order Thinking Skills

45. ERROR ANALYSIS Pearl and Ted both worked on this problem. Is either of them
correct? Explain your reasoning.

Pearl Ted
23 (3F + 4x + 2) 2x%(3x% + 4x + 2)
6x* + 85 + 6xt + 8 +
6x* + 12x*

46. (SSYPERSEVERANCE Find p such that 3xP(4x% * 3 + 2x%% = 2) = 1212 + 6210,
47. CHALLENGE Simplify 4x ~3y2(2x%y~* + 6x~7y® — 4x%~2).

48. REASONING Is there a value for x that makes the statement (x + 2)2 = x2 + 22 true?
If so, find a value for x. Explain your reasoning.

49. OPEN ENDED Write a monomial and a polynomial using n as the variable. Find
their product.

50. WRITING IN MATH Describe the steps to multiply a polynomial by a monomial.
el
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standardized Test Practice

51. Every week a store sells j jeans and ¢ T-shirts. 53. GEOMETRY A triangle has sides of length
The store makes $8 for each T-shirt and 5 inches and 8.5 inches. Which of the following
$12 for each pair of jeans. Which of the cannot be the length of the third side?
following expressions represents the total A 3.5 inches
amount of money, in dollars, the store makes )
every week? B 4 inches
A g +12¢ C 20+t i

] (7 ) D 12 inches
B 12 + 8¢ D 96jt

52. Ifa =5x + 7y and b = 2y — 3x, whatisa + b? 54. SHORT RESPONSE Write an equation in

F 2 — 9 H 2x + 9 Whlch x varies directly as the cube of y and
inversely as the square of z.
G 3y +4x J 2x — 5y

\
Spiral Review

Find each sum or difference. ‘cssona-1;
55. (2x2 —7) + (8 — 5x?) 56. (322 +2z — 1) + (z° — 6) 57. (2a — 4a® + 1) — (5a% — 2a — 6)
58. (2% — 3a% + 4) — (4a®> +7) 59. (2ab — 3a + 4b) + (5a + 4ab) 60. (8¢ —3c®>+c—2)— (3c3+9)

Write a recursive formula for each sequence. (Losson 7-8)

61. 16,2, 12, =26, ... 62. -5,3,11,19, ... 63. 27, 43,59, 75, ...
64. 80, —200, 500, =1250, ... 65. 100, 60, 36, 21.6, ... 66. 1_16’ %, 1,4, ...

67. TRAVEL In 2003, about 9.5 million people took cruises. Between 2003 and 2008, the number
increased by about 740,000 each year. Write the point-slope form of an equation to find the total
number of people y taking a cruise for any year x. Estimate the number of people who took
a cruise in 2010. {Lesson 4-3)

68. yIj 69. y
[

AR
% X [6] \l;

Skills Review

Simplify.
70. b(b2)(b3) 7. 2y(3y°) 72, —y*(=2y%)
73, —323(—5z% + 22) 74. 2m(—4m*) — 3(—5m3) 75. 4p%(—2p3) + 2p*(5p°)
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Algebra Lab

Multlplymg Polynomials

Ry |
f | .“ | You can use algebra tiles to find the product of two binomials ﬁs Common Core State Standards
BfAi |1 ’ =2 Content Standards

A.APR.1 Understand that polynomials form a system analogous to the
integers, namely, they are closed under the operations of addition,
| subtraction, and multiplication; add, subtract, and multiply polynomials,

Activity 1 Multiply Binomials
Use algebra tiles to find (x + 3) (x + 4).

tiles to mark off the dimensions on a product mat. Then complete the
rectangle with algebra tiles.

[
|
' |
|
| | } The rectangle will have a width of x + 3 and a length of x + 4. Use algebra
|
o |
ih X 3F i i

| ‘ | The rectangle consists of 1 blue x’-tile, 7 green x-tiles, and 12 yellow 1-tiles.
| The area of the rectangle is x> + 7x + 12. So, (x + 3)(x + 4) = x> + 7x + 12.

,I_l_ L

| |
g |
i Activity 2 Multiply Binomials

n| Use algebra tiles to find (x — 2)(x — 5).

1 || The rectangle will have a width -
i . of x — 2 and a length of x — 5.
| ‘ : Use algebra tiles to mark off the «
_ dimensions on a product mat.
[ ] Then begin to make the rectangle i
" with algebra tiles. i
‘ EEH Determine whether to use 10 yellow 1-tiles or

10 red —1-tiles to complete the rectangle. The

' ' area of each yellow tile is the product of —1

' | and —1. Fill in the space with 10 yellow 1-tiles
to complete the rectangle.

|

l The rectangle consists of 1 blue x*-tile,

\ | ‘ 7 red —x-tiles, and 10 yellow 1-tiles.

' . The area of the rectan%!e is x2 — 7x + 10.
i . ‘ SO, (I == 2) (x — 5) =X

— 7x + 10.
L
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Activity 3 Multiply Binomials
Use algebra tiles to find (x — 4)(2x + 3).

m The rectangle will have a X X Fy Tyl
width of x — 4 and a length ' R
of 2x + 3. Use algebra tiles x
to mark off the dimensions
on a product mat. Then -1
begin to make the rectangle —1|
with algebra tiles. =1

=1

BT Determine what color x-tiles and what color 1-tiles to
use to complete the rectangle. The area of each red x-tile
is the product of x and —1. The area of each red —1-tile is
represented by 1(—1) or —1.

Complete the rectangle with 4 red x-tiles and 12 red —1-tiles.

Step 3| Rearrange the tiles to simplify the polynomial you
have formed. Notice that a 3 zero pair are formed
by three positive and three negative x-tiles.

There are 2 blue x*-tiles, 5 red —x-tiles, and 12 red
—1-tiles left. In simplest form, (x — 4)(2x + 3) =
2x? — 5x — 12.

Model and Analyze

Use algebra tiles to find each product.
L(x+Dkx+4) 2 x-3)(x—-2) 3 (x+5x-1)
4 (x+2)(2x+3) 5 (x—1D2x—-1) 6. (x +4)(2x — 5)

Is each statement true or false? Justify your answer with a drawing of algebra tiles.

7. (x—4)(x—2)=x*—6x+8 8 (x+3)(x+5 =x2+15

9. WRITING IN MATH You can also use the Distributive Property to find the
product of two binomials. The figure at the right shows the model for
(x + 4)(x + 5) separated into four parts. Write a sentence or two explaining
how this model shows the use of the Distributive Property.
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—t

. Then

@ You multiplied
polynomials by
‘ monomials.

°1

* FOIL method
quadratic expression

&‘s‘s Common Core
\ J State Standards
Content Standards
A.APR.1 Understand that
| polynomials form a system
analogous to the integers,
| namely, they are closed
under the operations of
addition, subtraction, and
|I multiplication; add, subtract,

and multiply polynomials.

Mathematical Practices
7 Look for and make use of
structure.

| :*Now

:=WIy

Multiply binomials ©® Bodyboards, which are used to ride waves, are made

by using the FOIL of foam and are more rectangular than surfboards.
method. A bodyboard’s dimensions are determined by the

] . height and skill level of the user.
Multiply polynomials 4
by using the The length of Ann’s bodyboard should be Ann’s height e
Distributive Property. hrminus 32 inches or h — 32. The board’s width X

should be half of Ann's Ileight plus 11 inches or
%h + 11.To approximate the area of the bodyboard,

you need to find (h — 32)(15!1 + 11). i
. e e

-

Multiply Binomials To multiply two binomials such as & — 32 and %h + 11,

the Distributive Property is used. Binomials can be multiplied horizontally
or vertically.

1

“Examplo 1.

Find each product.
a. (2x + 3)(x + 5)

Vertical Method

Multiply by 5. Multiply by x. Combine like terms.
2x + 3 2x + 3 2x + 3
(X)x + 5 (X)x+5 (X)x+5
10x + 15 10x + 15 10x + 15
2x% + 3x 2x% + 3x

52x + 3) = 10x + 15 2x? + 13x + 15

Horizontal Method

(2x +3)(x + 5) =2x(x + 5) + 3(x + 5)
=2x2 4+ 10x + 3x + 15
=2x2 4+ 13x + 15

x(2x + 3) = 2x% + 3x

Rewrite as the sum of two products.
Distributive Property
Combine like terms.

b. (x —2)(3x + 4)

Vertical Method

480 | Lesson 8-3

Horizontal Method

(x—2)(3x+4)=x(?§x+4) —2(3x + 4)
=3x +4x—6x—8
=3x2—2x—8

Multiply by 4. Multiply by 3x. Combine like terms.
x—2 x—2 x—2
(X)3x + 4 (X)3x + 4 (X)3x+ 4
4x — 8 4x — 8 4x — 8
3x2 — 6x 3x? — 6x
4(x —2)=4x—8 3x(x — 2) = 3x% — 6x 3x2—2x—8

Rewrite as the difference of two products.
Distributive Property
Combine like terms.




GuidedPractice
1A. (3m + 4)(m + 5) 1B. (5y — 2)(y + 8)

A shortcut version of the Distributive Property for multiplying binomials is called

the FOIL method. |
a
KeyConcept FOIL Method _ |
Words To multiply two binomials, find the sum of the products of Fthe Firstterms, .
0the Outerterms, Ithe /nnerterms, L and the Lastterms. |
_ Example Product of Product of Product of Product of |
! ReadingMath F L First Terms Outer Terms Inner Terms Last Terms
Polynomials as Factors The (X"/F?)(X(—\; - (X)+(X) + (x)(+—2) + (4)& + (4)%_2)
expression (x + 4)(x — 2) U
is read the quantity x plus 4 = X _9x+4x—8
times the quantity x minus 2. I _
) 0 = xX+2x—38

Find each product.
I a. 2y — 7@y +5)
l F L
‘ 2y = 7)@By + 5) = (2y)By) + 2y)©G) + (=7)By) + (=7)(5)  FOIL method
=6y% + 10y — 21y — 35 Multiply.
| I =6y> — 11y — 35 Combine like terms.
| 0
‘ b. (4a —5)(2a —9)
! ‘ (42 — 5)(2a — 9)
! = (42)(2a) + (4a)(—9) + (—5)(2a) + (=5)(—9) FOIL method
\ = 8a® — 36a — 10a + 45 Multiply.
! ;| = 8a% — 464 + 45 Combine like terms.
|
¥ GuidedPractice
| 2A. (x + 3)(x — 4) 2B. (4b — 5)(3b + 2)
' 2€. (2 — 5)(y — 6) 2D. (50 + 2)(3a — 4)

3

Notice that when two linear expressions are multiplied, the result is a quadratic
expression. A quadratic expression is an expression in one variable with a degree
of 2. When three linear expressions are multiplied, the result has a degree of 3.

The FOIL method can be used to find an expression that represents the area of a
rectangular object when the lengths of the sides are given as binomials.

SaGi) ANRD/Ea00\BTLY 12184
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The cost of a swimming peol
depends on many factors,
including the size of the pool,
whether the pool is an above-
| ground or an in-ground pool,
and the material used.

Seurce: American Dream Homes

|| | Multiplying Polynomials
| If a polynomial with ¢ terms
h I and a polynomial with o
’ terms are multiplied together,
there will be ¢ - dterms
l | before simplifying. In Example
i | ‘ 4a,thereare 2 - 3or

6 terms before simplifying.

! | L
|
I
| l: I
i
[ A I =

| .

E

" JReal-World Example 3 ;
SWIMMING POOL A contractor is building a deck
around a rectangular swimming pool. The deck

is x feet from every side of the pool. Write an
expression for the total area of the pool and deck.

Understand We need to find an expression for the
total area of the pool and deck.

Plan Find the product of the length and width of the pool with the deck.

Solve Since the deck is the same distance from every side of the pool, the
length and width of the pool are 2x longer. So, the length can be
represented by 2x + 20 and the width can be represented by 2x + 15.

Area = length - width Area of a rectangle
= (2x + 20)(2x + 15) Substitution
= (2x)(2x) + (2x)(15) + (20)(2x) + (20)(15) FOIL Method
= 4x? 4 30x + 40x + 300 Multiply.
= 4x* + 70x + 300 Combine like terms.

So, the total area of the deck and pool is 4x? + 70x + 300.

Check Choose a value for x. Substitute this value into (2x + 20)(2x + 15) and
4x? 4 70x + 300. The result should be the same for both expressions.

P GuidedPractice
3. If the pool is 25 feet long and 20 feet wide, find the area of the pool and deck.

A

2 Multiply Polynomials The Distributive Property can also be used to multiply
any two polynomials.

Find each product.

a. 6x+5)(2x2—3x—5)
(6x + 5)(2x* — 3x — 5)

= 6x(2x2 —3x— 5) + 5(2x2 —3x — 5) Distributive Property
= 12x3 — 18x2 — 30x + 10x2 — 15x — 25 Multiply.
=12x3 — 8x2 — 45x — 25 Combine like terms.

D b (292 43y —1)(3y> — 5y +2)

(242 + 3y = 1)(3y% — 5y + 2)
- 2y2(3y2 -5y + 2) i 3y(3y2 — 5y + 2) . 1(3y2 -5y + 2) Distributive Property
= 6y* — 109> + 4y + 9y° — 15y% + 6y — 3y> + 5y — 2 Multiply.
=6y* —y® — 14y% + 11y — 2 Combine like terms.

P GuidedPractice
4A. (3x — 5)(2x2 + 7x — 8) 8. (m? + 2m — 3)(4m> — 7m + 5)

%
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check Your Understanding @) = Step-by-Step Solutions begin on page R13.

gxamples 1-2Find each product.
1. (x +5)(x + 2) 2. (y—2)y +4) 3. b—=7)b+3)
/Z/ 4. (4n + 3)(n +9) 5. (8h — 1)(2h — 3) 6. (2a + 9)(5a — 6)
20 in.

gxample 3 7. FRAME Hugo is designing a frame as shown at the right.
The frame has a width of x inches all the way around. Write
an expression that represents the total area of the picture
and frame.

pxample 4 Find each product. 16 in.

8. (20— 9)(3a2 + 40 — 4)

9. (49> —3)(42 + 7y +2)
PR (x2 — 4x + 5)(5x% + 3x — 4)
‘ 1. (202 +3n — 6)(5n2 — 21 — 8)

‘ Practice and Problem Solving Extra Practice is on page R8.

‘ ‘ Exzriples 1-2Find each product.

12. (3¢ — 5)(c + 3) 13. (g + 10)(2g — 5) 14. (6a + 5)(5a + 3)
| A @5) (4x + 1)(6x + 3) 16. (5y — 4)(3y — 1) 17. (6d — 5)(4d — 7)
| | 18. (3m + 5)(2m + 3) 19. (7n — 6)(7n — 6) 20. (12t — 5)(12f + 5)
21. (5r + 7)(br —7) 22, (8w + 4x)(5w — 6x) 23. (11z — 5y)(3z + 2y)

' Example 3 24. GARDEN A walkway surrounds a rectangular garden. The width of the garden is
I 8 feet, and the length is 6 feet. The width x of the walkway around the garden
|I is the same on every side. Write an expression that represents the total area of

the garden and walkway.
‘ Example 4  Find each product.
25. (2y — 11)(y? — 3y + 2) 26. (4a + 7)(942 + 20 — 7)
‘ 27. (m? — 5m + 4)(m?® + 7m — 3) 28. (x2 + 5x — 1)(5x2 — 6x + 1)
| ) 29, (363 — 4b — 7)(2b2 — b — 9) 30. (622 — 5z — 2)(32% — 2z — 4)
| 1 - Simplify.

| 31. (m + 2)[(m? + 3m — 6) + (m2 — 2m + 4)]
| 32 [(2+3t—8) - (2—2t+6)]¢ —4)

@STRUCTURE Find an expression to represent the area of each shaded region.

:

2 | 33. 34,

Z

g ax+1

z

g [

2 2 w3
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VOLLEYBALL The dimensions of a sand volleyball court are represented by a width
of 6y — 5 feet and a length of 3y + 4 feet.

a. Write an expression that represents the area of the court.

b. The length of a sand volleyball court is 31 feet. Find the area of the court.

36. GEOMETRY Write an expression for the area of a triangle with a base of 2x + 3

and a height of 3x — 1.
Find each product.
37. (a — 2b)? 38. (3c + 4d)? 39, (x — 5y)?
40. (2r — 3t)3 M, (5¢ + 2h)3 42. (4y + 3z)(4y — 3z)2
43. CONSTRUCTION A sandbox kit allows you to build a X2
square sandbox or a rectangular sandbox as shown. 5_ 2

a. What are the possible values of x? Explain.
b. Which shape has the greater area?

¢. What is the difference in areas between the two? Y e

I 44, %5 MULTIPLE REPRESENTATIONS In this problem, you will investigate the square
| of a sum.

|
il - a. Tabular Copy and complete the table for each sum.
|

At | Expression [ (Expression)?
: X+5
R | 3y + 1
f z+q
[
| b. Verbal Make a conjecture about the terms of the square of a sum.
' | ¢. Symbolic For a sum of the form a + b, write an expression for the square of
the sum.

‘. | H.0.T. Problems  use Higher-Order Thinking Skills

. 45. REASONING Determine if the following statement is sometimes, always, or never true.
£ Explain your reasoning.

The FOIL method can be used to multiply a binomial and a trinomial.

46. CHALLENGE Find (x™ + xP)(x™~1 — x1 =7 4 xP).

f' 47. OPEN ENDED Write a binomial and a trinomial involving a single variable. Then
i ' find their product.

| | 48. @REGULARITY Compare and contrast the procedure used to multiply a trinomial
Bl | by a binomial using the vertical method with the procedure used to multiply a
‘ l ‘ three-digit number by a two-digit number.

| I 49. WRITING IN MATH Summarize the methods that can be used to multiply
| \ ‘ polynomials.

Ry
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standardized Test Practice

50. What is the product of 2x — 5 and 3x + 4? 52. Which point on the number line represents
ASy—1 a number that, when cubed, will result in a
number greater than itself?
B 6x% — 7x — 20 : —
I +—t+—t——¢-—o———
C6x2,20 —5—4—_;,—I2—;01I2345 |
6x° + 7x — 20 .
P AP CR '
51. Which statement is correct about the B Q DT l '
symmetry of this design?
y 53. SHORT RESPONSE For a science project, Jodi
(18 ji selected three bean plants of equal height.
Then, for five days, she measured their f ‘
4 ) heights in centimeters and plotted the f
I e e values on the graph below. |
Bean Plant
Growth
o X
10 P
; /
£ 7 (5.7)
(=3,—6) 3,-6) £ )&
F The design is symmetrical only about the = : Y :
y-axis. 2 —::
G The design is symmetrical only about the R V00
x-axis. 0 12345¢6%
D
H The design is symmetrical about both the v .
y- and the x-axes. She drew a line of best fit on the graph.
J The design has no symmetry. What is the slope of the line that she drew?

N

Spiral Review

54, SAVINGS Carrie has $6000 to invest. She puts x dollars of this money into a savings account
that earns 2% interest per year. She uses the rest of the money to purchase a certificate of
deposit that earns 4% interest. Write an equation for the amount of money that Carrie will
have in one year. (Lesson 8-2)

Find each sum or difference. (Lesson 8-1)

85. (742 — 5) + (=342 + 10) 56. (87 — 2n?) + (4n — 6n?)

57. (4 + 1 + 3n2) + (2n® — 912 + 6) 58. (—4u? — 9 + 2u) + (6u + 14 + 2u?)

59, (b +4) + (c+3b—2) 60. (323 — 6a) — (343 + 54)

61. (—4m3 — m + 10) — (3m® + 3m2 —7) 62. (32 + 4ab + 3b) — (2b + 5a + 8ab)
Skills Review

Simplify.

83, (—2:4° —3(—219)* 64 (—3n2)°—2(—h3)2 5. 2(~5°)" + (—3y?)>  66. 3(—6n?)” + (—2n2)?
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-ahen

@ You multiplied @ Find squares of sums @ Colby wants to attach a dartboard to a

binomials by using
the FOIL method.

cf@s Common Core

L State Standards
Content Standards
A.APR.1 Understand that
polynomials form a system
analogous to the integers,
namely, they are closed
under the operations of
addition, subtraction, and
multiplication; add, subtract,
and multiply polynomials.

Mathematical Practices

8 Look for and express
regularity in repeated
reasoning.

m 486 | Lesson 8-4

Special Products

< Now Why2 z

and differences. square piece of corkboard. If the radius of
the dartboard is r + 12, how large does
the square corkboard need to be? ‘

Colby knows that the diameter of the
dartboard is 2(r + 12) or 2r + 24. Each side
of the square also measures 2r + 24. To find
how much corkboard is needed, Colby must
find the area of the square: A= (2r + 24)2,

Find the product of a
sum and a difference.

1 Squares of Sums and Differences Some pairs of binomials, such as

squares like (2 + 24)?, have products that follow a specific pattern. Using the
pattern can make multiplying easier. The square of a sum, (4 + b)?or (a + b)(a + b),
is one of those products.

' a
44 KeyConcept Square of a Sum |

Words The square of a + bis the square of a plus twice the
product of a and b plus the square of b.

Symbols (@a+hb2=(a+ba+b  Example (x+ 4)°=(x+4)(x+4)
= a% + 2ab + b? =x*+8x+16

. Exampled” -

1l i "

Find (3x + 5)2.
(a +b)2 =a? + 2ab + b2 Square of a sum
Bx +5)2=(3x)2+2B0(5) +52  a=3xb=5
=9x2 + 30x + 25 Simplify. Use FOIL to check your solution.

P GuidedPractice
Find each product.

1A. (8¢ + 3d)2 1B. (3x + 4y)?

\




There is also a pattern for the square of a difference. Write a — b as a + (—b) and square
it using the square of a sum pattern.

(@—1b)?2=[a+ (-b)?
=4+ 2(a)(=b) + (=b)2  Square of asum
=g2 — 2ab + b2 Simplify.

5 KeyConcept Square of a Difference

Words The square of 8 — bis the square of a minus twice the
product of a and b plus the square of b.

Symbols (@a— b?>=(a—ba— b Example (x—3)>=(x—3)(x—13)
= a* — 2ab + b? =x*—6x+9

rf.-—f—"'__ P o e T B
Il watchOut! e
y @ Regularity Remember Find (2x — 5y)*
that (x — 7)* does not equal (a2 — b)2=a? — 2ab + b? Square of a difference
R =72 0r X2 — 49, (2x — 5y)2 = (20)2 — 22%)(5y) + (5y)2  a=2xand b=>5y
(=77 = 4x? — 20xy + 25y Simplify.
=x=7(x=7)
i g ) GuidedPractice
e
Find each product.
' 2. (6p — 1)2 2B. (z — 2b)2
N .

The product of the square of a sum or the square of a difference is called a petfect
square trinomial. We can use these to find patterns to solve real-world problems.

~* JReal-World Example 3.
PHYSICAL SCIENGE Each edge of a cube of aluminum is
4 centimeters less than each edge of a cube of copper.

Write an equation to model the surface area of the
aluminum cube.

Let ¢ = the length of each edge of the cube of copper.
So, each edge of the cube of aluminum is ¢ — 4.

SA = 6s? Formula for surface area of a cube
| SA = 6(c — 4)? Replace s with ¢ — 4.

SA = 6[c? — 2(4)(c) + 4?] Square of a difference

SA = 6(c? — 8¢ + 16) Simplify.

l » GuidedPractice

3. GARDENING Alano has a garden that is g feet long and g feet wide. He wants to
add 3 feet to the length and the width.

A. Show how the new area of the garden can be modeled by the square of a
binomial.

B. Find the square of this binomial.

safiew en eskeiimeod st

'

T
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Product of a Sum and a Difference Now we will see what the result is
when we multiply a sum and a difference, or (z + b)(a — b). Recall thata — b can
be written as a + (—b).

a+{(—b)

—
a —b

Notice that the middle terms are opposites and add to a zero pair.
So(a+b)a—b)=a%>—ab+ab—b2=42— b2

e — = — - i o
StudyTip 5" KeyConcept Product of a Sum and a piff(_er_ence_ - e 2 _ @
Patterns When using any of Words The product of a + band a — bis the square of a minus
these patterns, aand b can e T
be numbers, variables, or q )
expressjons with numbers Symbols @+ ba—b=(@—ba+b
and variables. =22— p2

| k )

_ Example 4.
Find (2x? + 3)(2x2 — 3).
(a+b)a—b)=a®>—1? Product of a sum and a difference
@2x2+3)2x*—3) = 2¥)2—(3)2  a=2"%andb=3
=4x*—-9 Simplify.

» GuidedPractice
Find each product.

4A. (31 + 2)(3n — 2) 4B. (4c — 7d)(4c + 7d)

\_

'k J = Step-by-Step Solutions begin on page R13.

Check Your Understanding

Examples 1-2Find each product.

1. (x + 5)2 2. (11 — g)2 (3) 2x + 7y)2
” 4. 3m — 4)(3m — 4) 5. (g — 4h)(g — 4h) 6. (3c + 6d)2 D Y
" | Example 3 7. GENETICS The color of a Labrador retriever’s fur is genetic. Dark genes D Dl pp| Dy
I are dominant over yellow genes y. A dog with genes DD or Dy will have —
! dark fur. A dog with genes yy will have yellow fur. Pepper’s genes for fur y| by | w

a. Write an expression for the possible fur colors of Pepper’s and Ramiro’s puppies.
b. What is the probability that a puppy will have yellow fur?

|

| l ‘ color are Dy, and Ramiro’s are yy. =
| |

I A
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grample 4 Find each product.
8. (a—3)a+3) 9. (x + 5)(x —5)
10. (6y — 7)(6y + 7) 11. (9t + 6)(9t — 6)

Practice and Problem Solving Extra Practice is on page R8.

gxamples 1-2Find each product. ‘
12, (a + 10)(a + 10) 13. b —6)(b—6) ‘

— 14. (h+7)? 15. (x + 6)?
é 16. (8 — m)? 17. (9 — 2y)? -
18. (2b + 3)2 19. (5t — 2)2 ’
20. (8h — 4n)? |
" pxample 3 21. GENETICS The ability to roll your tongue is inherited - ,
'I genetically from parents if either parent has the dominant rlm | n |
trait T. Children of two parents without the trait will not
be able to roll their tongues. e | 7|
a. Show how the combinations can be modeled by the
| square of a sum.
! b. Predict the percent of children that will have both dominant
genes, one dominant gene, and both recessive genes.
| ‘ Example 4 Find each product.
| e
[ 22. (u+3)u —3) 23) (b + 7)(b~7) 24. (2 + x)(2 — x)
| 25. (4 — x)(4 + x) 26. (2q + 57)(2q — 57) 27. (34% + 7)(3a% = 7b)
| 28. (5y +7)2 29. (8 — 10a)? 30. (10x — 2)(10x + 2)
‘ 31. (3t + 12)(3t — 12) 32. (a + 4b)? 33. (39 — 51)?
sl 34. (2c — 9d)? 35. (g + 5h)2 36. (6y — 13)(6y + 13)
| > 37. (3a* — b)(3a* + b) 38. (522 — y?)* 39, (842 — 9b3)(8a + 903)
3 2 2 2
| 0. (3 + ) 41. (2y-4) a2. (722 + 59%)(72% — 542)
i | 43. 2m + 3)(2m — 3)(m + 4) 44, (r + 2)(r — 5)(r — 2)(r + 5)
‘ I 45. @%NSE-MAKING Write a polynomial that represents the area of el .
1 the figure at the right. - L
i ; x+2
| I 46. FLYING DISKS A flying disk shaped like a circle has a radius of

{ i x + 3 inches.
a. Write an expression representing the area of the flying disk.
| b. A hole with a radius of x — 1 inches is cut in the center of the disk. Write an

expression for the remaining area.
GEOMETRY Find the area of each shaded region.

47. 48. S

| x—1 x+6 \
| x+2 \\

x—3 X+ =
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H.O.T. Problems

/Z/_

Find each product.

49. (c + d)(c + d)(c + 4d) 50. (2a — b)3 51. f+ 9(f —9)(f+ 9

52. (k — m)(k + m)(k —m)  53. (n —p)2(n + p) 54. (g + g —7)

WRESTLING A high school wrestling mat must be a square with
38-foot sides and contain two circles as shown. Suppose the
inner circle has a radius of r feet, and the radius of the outer
circle is nine feet longer than the inner circle.

a. Write an expression for the area of the larger circle.

b. Write an expression for the area of the portion of

| | 388

the square outside the larger circle.

56. %5’ MULTIPLE REPRESENTATIONS In this problem, you will a
investigate a pattern. Begin with a square piece of b
construction paper. Label each edge of the paper 4. In i
any of the corners, draw a smaller square and label the edges b. I

a. Numerical Find the area of each of the squares.

b. Concrete Cut the smaller square out of the corner. a—b
What is the area of the shape?

¢. Analytical Remove the smaller rectangle on the bottom. 2

Turn it and slide it next to the top rectangle. What is the
length of the new arrangement? What is the width?
What is the area? ?

d. Analytical What pattern does this verify?

Use Higher-Order Thinking Skills

57. WHICH ONE DOESN’T BELONG? Which expression does not belong? Explain.

(2c — d)(2¢ — d) (2c+ d)2c — d) (2c+ d)(2c + d) (c+ d)(c+ d)

58. t‘@)& STRUCTURE Does a pattern exist for the cube of a sum (2 + b)3?
a. Investigate this question by finding the product (2 + b)(a + b)(a + b).
b. Use the pattern you discovered in part a to find (x + 2)3.
¢. Draw a diagram of a geometric model for (a + b)3.

d. What is the pattern for the cube of a difference, (a — b)3?
59. REASONING Find c that makes 25x2 — 90x + ¢ a perfect square trinomial.

60. OPEN ENDED Write two binomials with a product that is a binomial.
Then write two binomials with a product that is not a binomial.

61. WRITING IN MATH Describe how to square the sum of two quantities,
square the difference of two quantities, and how to find the product
of a sum of two quantities and a difference of two quantities.

1
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standardized Test Practice

62. GRIDDED RESPONSE In the right triangle, DB 64. Myron can drive 4 miles in m minutes.
bisects ZB. What is the measure of ZADB At this rate, how many minutes will it
in degrees? take him to drive 19 miles?
A 4m
F 76m H 9
19m 4
p G 19m i
A 65. What property is illustrated by the equation
g¥ c 2x + 0 =2x? ‘
63. What is the product of (22 — 3) and (2a — 3)? A Commutative Property of Addition N
A 422+ 12249 C 4z% — 122 — 9 B Additive Inverse Property ]
4a* D 44— 12 |
L & L D Associative Property of Addition

= ——

|
C Additive Identity Property l

Spiral Review

Find each product. (1550080

66. (y — 4)(y — 2) 67. (2c — 1)(c + 9) 68. (4 — 9)(d + 5)

69. (4h — 3)(2h —7) 70. (3x + 5)(2x + 3) 1. (5m + 4)(8m + 3)

Simplify. (lescon -2
72. x(2x — 7) + 5x 73. c(c — 8) + 2c(c + 3) 74. 8y(—3y +7) — 112

75. —24(5d) — 3d(d + 6) 76. 5m(2m® + m? + 8) + 4m 77. 3p(6p — 4) + 2(Lp2 — 3
p(6p 5p°—3p

Use substitution to solve each system of equations. ([ess015-2)

78. 4c=3d+ 3 79.¢c—5d=2 80. 5r—t=5
c=d-1 2c+d=4 —4r+ 5t =17

81. BIOLOGY Each type of fish thrives in a specific range of temperatures. The best temperatures for
sharks range from 18°C to 22°C, inclusive. Write a compound inequality to represent
temperatures where sharks will not thrive. ( esson 5-4)

Write an equation of the line that passes through each pair

of points. (Lesson4-2) /~ $6.40/Ib /~ $7.28/Ib
82. (1,1), (7, %) 83. (5,7), (0, 6) 84. (5,1), (8, —2) A A A B -
85. COFFEE A coffee store wants to create a mix using two coffees. T @

How many pounds of coffee A should be mixed with 9 pounds
of coffee B to get a mixture that can sell for $6.95 per pound? (Lesson 2-9)

Skills Review

Write each polynomial in standard form. Identify the leading coefficient.

86. 2x2 —x* -8+ x 87. —5p*+p2+12+2p° 88. —10 + a3 —a + 6a® |

—

1
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& ~Mid-Chapter Quiz
& |lessons 8-1 through 8-4
Determine whether each expression is a polynomial. If it is a

polynomial, find the degree and determine whether it is a
monomial, binomial, or trinomial. (L esson 8-1)

1. 3P -2

2. 42+ 312+ ¢

3x
3. 5y

4. ax3
5. 32

6. 2x 3 —4x+ 1

7. POPULATION The table shows the population density for
Nevada for various years. (Lesson 8-1)

Year Years People/
Since 1930 | Square Mile
1930 0 0.8
1960 30 2.6
1980 50 7.3
1990 60 10.9
2000 70 18.2

a. The population density d of Nevada from 1930 to 2000
can be modeled by d = 0.00572 — 0.127n + 1, where
nrepresents the number of years since 1930. Identify
the type of polynomial for 0.005n2 — 0.127n + 1.

b. What is the degree of the polynomial?

¢. Predict the population density of Nevada for 2020 and
for 2030. Explain your method.

Find each sum or difference. (Lesson 8-1)

8 (2+2y+3)+ (2 +3y—1)
9. 3 —2n+7)—(n2—2n+8)
10. (5d+ d?) — (4 — 449
1. (x+4) + Bx+ 242 —7)
12. (3a— 3b+ 2) — (4a + 5b)
13. Bx—y2+3)+(9—3x+2y?

492 | chapter 8 | Mid-Chapter Quiz

Find each product. (lesson 8-2)

14,
15.
16.
17.
18.
19,

20.

6y(y2 + 3y + 1)

3n( — 50 + 2)

ad%—4 — 3d + 2d?)
—2xy(3x2 + 2xy — 4y?)
ab’(12a + 5b — ab)
X2y43xy? — x+2y9)

MULTIPLE CHOICE Simplify x(4x + 5) + 3(2x% — 4x + 1 ).
(Lesson 8-2)

A 10x2+17x+3 C 2x2—7x+3

B 10x2—7x+3 D 2x2+17x+3

Find each product. (Lesson 8-3)

21,
22,
23.
24,
25,

26.
27.

X+ 2)(x + 5)

(3b—2)b—4)
(n—15)(n+3)
(dc—2)(c+ 2
(k— 1)k — 3k?

(8d — 3)(2d2 + d+ 1)

MANUFACTURING A company is designing a box for dry
pasta in the shape of a rectangular prism. The length is
2 inches more than twice the width, and the height is

3 inches more than the length. Write an expression, in
terms of the width, for the volume of the box. (Lesson 8-3)

Find each product. (Lesson 8-4)

28.
29.
30.
31.
32.
33.

34.

(x+ 2)

(n—11)?2

(4b— 2

(B¢ + 3)?

(5d — 3)(5d + 3)

9k + 1)9k—1)

DISC GOLF The discs approved for use in disc golf vary in

size, (Lesson 8-4)
Smallest disc

a. Write two different expressions for the area of the
largest disc.

b. If xis 10.5, what are the areas of the smallest and
largest discs?

Largest disc

(x+3.25) in.




Algebra Lab

Factoring Using
‘the Distributive Property

when two or more numbers are multiplied, these numbers are factors of the @(wmmon Core State Standards

. ; ; i Content Standards
roduct. Sometimes you know the product of binomials and are asked to find ASSE.2 Use the structure of an expression to identiy

the factors. This is called factoring. You can use algebra tiles and a product mat to factor  ways to rewrite it.
pinomials.

Activity 1  Use Algebra Tiles to Factor 2x — 8

m Model 2x — 8. S  Arrange the tiles into a rectangle. The
total area of the rectangle represents

:. = E = E the product, and its length and width

represent the factors.

o N 5 S EE

—

X —1-1-1-1
x I -l-1-1-=1

The rectangle has a width of 2 and a
length of x — 4. Therefore, 2x — 8 =
2(x — 4).

Activity 2 Use Algebra Tiles to Factor x*> + 3x

Bl Model x? + 3x. EB¥] Arrange the tiles into a rectangle.

Bl Bl B

X+3

The rectangle has a width of x and a
length of x + 3. Therefore, x> + 3x =

x(x + 3).
Mo
Model and Analyze
Use algebra tiles to factor each binomial.
1. 4x + 12 2, 4x—6 3. 3x% 4 4x 4. 10 — 2x

Determine whether each binomial can be factored. Justify your answer with a drawing.

5 6x—9 6. 5x — 4 7. 4x24+7 8. x2+3x

9. WRITING IN MATH Write a paragraph that explains how you can use algebra tiles
to determine whether a binomial can be factored. Include an example of one
binomial that can be factored and one that cannot.
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Using the Distributive Property

@® Used the Distributive @ Use the Distributive @ The cost of rent for Mr. Cole’s store
Property to evaluate Property to factor is determined by the square footage
expressions. polynomials. of the space. The area of the store

can be modeled by the equation

A= 1.6w?2 + 6w, where wis the

width of the store in feet. We can

use factoring and the Zero Product

Property to find possible dimensions

of the store.

Solve equations
of the form
ax’ + bx=0.

0| Jz NewVocabulary | < Use the Distributive Property to Factor You have used the Distributive

Bl ™ factoring . Property to multiply a monomial by a polynomial. You can work backward to
-'E ;aCtogngdetQI;OUPir'?y | express a polynomial as the product of a monomial factor and a polynomial factor.
I | ero Product Prope _
.l : 1.6w? + 6w = 1.6w(w) + 6(w)

il = w(l.6w + 6)

A

—, . 2 . . .
‘ 1 . /\S\ Common Core Sp, w (1.6w + 6) is the factored form of 1.6w* + 6w. Factoring a polynomial involves
008 State Standards | finding the completely factored form.
Content Standards

ASSE.2 Usethe structure of | | 361k} |

-

|
i, || |
|| | an expression to identify
| | ways to rewrite it. 5 Use the Distributive Property to factor each polynomial.
" ' | A.SSE.3a Factor a quadratic a. 27y* + 18y
I:| 0. expression to reveal the ! .
' zeros of the function it ' Find the GCF of each term.
| defines.
' I 27y2 = 0 -y Factor each term.
il - Mathematical Practices _
IRl | | 2 Reason abstractly and | 18y = Circle common factors.
[ | Ll quantitatively. | GCF=3.3. .y or 9]/

- [ || Write each term as the product of the GCF and the remaining factors. Use the
| Distributive Property to factor out the GCFE.
e | 27y% + 18y = 9y(3y) + 9y(2) Rewrite each term using the GCF.

-' =9y(3y +2) - Distributive Property

|
“ | | b. —4a%b — 8ab2 + 2ab
| Factor each term.

Circle common factors.

‘ " 5 GCF=2-a-bor2ab

—4a%b — 8ab? + 2ab = 2ab(—2a) — 2ab(4b) + 2ab(1) Rewrite each term using the GCF.
=2ab(—2a—4b+1) Distributive Property

\

‘ { | 1A 15w —3v 1B. 7u’t? + 21ut? — ut
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Using the Distributive Property to factor polynomials with four or more terms is
called factoring by grouping because terms are put into groups and then factored.
The Distributive Property is then applied to a common binomial factor.

g KeyConcept Factoring by Grouping

Words A polynomial can be factored by grouping only if all of the following conditions exist.

e There are four or more terms.
» Terms have common factors that can be grouped together.
e There are two common factors that are identical or additive inverses of each other.

Symbols ax+ bx+ ay+ by=(ax+ bx) + (ay + by)
—Xa+ b+ yHa+ b
= (x+ Ha+b

i

* Example 2§

Factor 4gr + 8r + 3q + 6.

4gr +8r+ 39+ 6 Original expression
= (4qr + 8r) + (39 + 6) Group terms with common factors.
=4r(qg +2) + 3(g + 2) Factor the GCF from each group.

Notice that (g + 2) is common in both groups, so it becomes the GCF.
= (4r + 3)(q + 2) Distributive Property

» GuidedPractice

Factor each polynomial.
2A. m+5n—r—5 2B. 3np + 15p — 4n — 20

%

It can be helpful to recognize when binomials are additive inverses of each other. For
example 6 —a = —1(a — 6).

i B
StudyTip SExample 387
0 .
fahcet!g:(ederfgvsglr(sY?:lzltiply > Factor 2mk — 12m + 42 — 7k.
' your factor_s gut. You shoyld 2mk — 12m + 42 — 7k
get your original expression )
B aresult. = 2mk — 12m) + (42 — 7k) Group terms with common factors.
P — J =2m(k — 6) + 7(6 — k) Factor the GCF from each group.
=2m(k — 6) + 7[(—=1)(k — 6)] 6 — k= —1(k—6)
| =2m(k — 6) — 7(k — 6) Associative Property
‘ =(2m = 7)(k — 6) Distributive Property

» GuidedPractice
[ Factor each polynomial.
3A. c—2cd+8d—4 3B. 3p — 2p% — 18p + 27

% —
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2 Solve Equations by Factoring Some equations can be solved by factoring,
Consider the following.

3(0)=0 02-2)=0 —312(0) =0 0(0.25) =0

Notice that in each case, at least one of the factors is 0. These examples are
demonstrations of the Zero Product Property.

a —

“a' KeyConcept Zero Product Property

Words If the product of two factors is 0, then at least one of the factors must be 0.

Symbols For any real numbers aand b, if ab = 0, then a= 0, b= 0, or both aand b equal zero,
e

Recall that a solution or root of an equation is any value that makes the
equation true.

~ Example 4 _
( WatchOut! Solve each equation. Check your solutions.
Unkngwn Value It may be' a. 2d+6)(3d—15)=0
LG‘&;i)\’iliz?n’;oes:g\éesﬂeel;}yu:t«.l;:n (2d+6)(3d —15)=0 QOriginal equation
\\:Z:::E:Z.hi?gviﬁlﬁg?}wn 2d+6=0 or 3d—15=0 Zero Product Property
\tl)?h(f’v:I?ig’I?LijsTJ%;‘?ngg.ldmg 2d=—6 3d =15 Solve each equation.
N d=-3 d=5 Divide.

The roots are —3 and 5.

CHECK Substitute —3 and 5 for d in the original equation.

(2d + 6)(3d —15) =0 (2d +6)(3d —15)=0

[2(=3) + 6][3(—3) —15] £ 0 [2(5) + 6][3(5) — 15] £ 0

(—6+6)(—9—15) =0 (10+6)(15—-15)£0

0)(—24) £ 0 16(0) £ 0

0=0v 0=0v
b. ¢*=3c
2=3c Original equation
c?—3c=0 Subtract 3¢ from each side to get 0 on one side of the equation.
cc—3)=0 Factor by using the GCF to get the form ab = 0.

c=0 or ¢c-3=0 Zero Product Property
c=3 Solve each equation.

The roots are 0 and 3. Check by substituting 0 and 3 for c.

} GuidedPractice
4A. 3n(n +2)=0 4B. 8b2 — 40b =0 4C. x> = —10x
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CApple-Tree Housa/LiresizaGoetty Images

" pog agility tests a person’s
" kills as a trainer and handler.

AGILITY Penny is a Fox Terrier who competes with her trainer in the agility
course. Within the course, Penny must leap over a hurdle. Penny’s jump can be
modeled by the equation h = —16t* + 20t, where F is the height of the leap in
inches at £ seconds. Find the values of t when i = 0.

h=—16t2 + 20t Original equation

ng 0= —1682 + 20t Substitution, h =0
3 0 = 4+(—4t + 5) Factor by using the GCF.
I > 4 =0 or —4t+5=0 Zero Product Property
| Real-WorldLink . t=0 —4t=-5 Solve each equation.

t= % or 1.25 Divide each side by —4.

competitors race through an Penny’s height is 0 inches at 0 seconds and 1.25 seconds into the jump.
obstacle course that includes
hurdles, tunnels, a see-saw, (}, GuidedPractice
and line poles.
ource: United States Dog Agilty 5. KANGAROOS The hop of a kangaroo can be modeled by i = 24t — 16t> where
Rssocation represents the height of the hop in meters and ¢ is the time in seconds. Find the
£ values of t when h = 0.
, “SR—

A

Check Your Understanding @) = step-by-Step Solutions begin on page R13.

Exaiple 1 Use the Distributive Property to factor each polynomial.

1. 21b — 15a 2. 14c? + 2c
3. 10g%h? + 9gh? — g%h 4. 12jk 2 + 6j%k + 2j%k ?
Exauiples 2-3 Factor each polynomial.
@ +2n+8p+16 6. xy — 7x + 7y — 49
7. 3bc — 2b — 10 + 15¢ 8. 9fg — 45— 7g + 35

Exariple 4 Solve each equation. Check your solutions.
9. 3k(k+10)=0 10. 4m +2)(3m —9)=0
11. 20p2 — 15p =0 12. 2 = 14r

Exzample 5 13. SPIDERS Jumping spiders can commonly be found in homes and barns throughout
the United States. A jumping spider’s jump can be modeled by the equation
h = 33.3t — 16t2, where t represents the time in seconds and # is the height in feet.
a. When is the spider’s height at 0 feet?
b. What is the spider’s height after 1 second? after 2 seconds?

14, @ REASONING At a Fourth of July celebration, a rocket is launched straight up
with an initial velocity of 125 feet per second. The height & of the rocket in feet
above sea level is modeled by the formula h = 125t — 16#2, where t is the time in
seconds after the rocket is launched.

a. What is the height of the rocket when it returns to the ground?
b. Let & = 0 in the equation and solve for .
¢. How many seconds will it take for the rocket to return to the ground?
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Practice and Problem Solving Extra Practice is on page Rg

Example T Use the Distributive Property to factor each polynomial.

15. 16t — 40y 16. 300 + 50x

il M! 17. 2k2 + 4k 18. 522+ 10z

i 19. 4a%h2 + 2% — 10ab2 20. 5¢2 — 15¢%02 + 5c¢%°
‘ | | ‘ Examples 2-3 Factor each polynomial.

il | @ fz — 55 +4f— 20 22, g2 — 4a — 24 + 6a
'I 'l’l | 23. hj — 2 + 5j — 10 2, xy—2x—2+y

| 25. 45pg — 27 — 50p + 30 26. 24ty — 18t + 4y — 3
|| ! | 27. 3dt — 21d + 35 — 5t 28. 82 + 12r
! il 29, 21th— 3t —35h + 5 30. vp + 120+ 8p + 96
il . 31. 5br — 25b + 2r — 10 32. 2nu — 8u + 3n — 12
| | 33. 5¢f2 + g%f + 15¢f 34. rp—9r+9p — 81
o ! 35. 27cd? — 18¢24% + 3cd 36. 1832 + 12r212 — 672
l 1 37. 48tu — 90¢ + 32u — 60 38, 16gh + 24g — 2h — 3
+||; ; Example 4  Solve each equation. Check your solutions.
| i | 39. 36(9b — 27) = 0 40. 2n(3n +3) =0
il 41, (8z + 4)(5z + 10) = 0 42. (7x +3)(2x — 6) = 0
",|] L] 43, b2 = —3b 44, 42 = 4q
: It !" Example 5  46. ﬁ@ SENSE-MAKING Use the drawing at the right. 3 I
| : m a. Write an expression in factored form to represent L "
|

b. Write an expression in factored form to represent
the area of the region formed by the outer edge.

the area of the blue section. ‘ a —e

¢. Write an expression in factored form to represent
the yellow region.

46. FIREWORKS A ten-inch fireworks shell is fired from ground level. The height
of the shell in feet is given by the formula h = 263t — 16t%, where ¢ is the time in
seconds after launch.

| s
| a. Write the expression that represents the height in factored form.
" | b. At what time will the height be 0? Is this answer practical? Explain.

¢. What is the height of the shell 8 seconds and 10 seconds after being fired?
| & | d. At 10 seconds, is the shell rising or falling?
{

' 47. ARCHITECTURE The frame of a doorway is an arch that can be modeled by the graph
| of the equation y = —3x2 + 12x, where x and y are measured in feet. On
a coordinate plane, the floor is represented by the x-axis.

a. Make a table of values for the height of the arch if x =0, 1, 2, 3, and 4 feet.

|
l o | b. Plot the points from the table on a coordinate plane and connect the points to
|l form a smooth curve to represent the arch.

¢. How high is the doorway?
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48. RIDES Sui)pose the height of a rider after being dropped can be modeled by
h = —16t* — 96t + 160, where h is the height in feet and t is time in seconds.

a. Write an expression to represent the height in factored form.
b. From what height is the rider initially dropped?

¢. At what height will the rider be after 3 seconds of falling? Is this possible?
Explain.

(49) ARCHERY The height / in feet of an arrow can be modeled by the equation
h = 64t — 16t2, where ¢ is time in seconds. Ignoring the height of the archer,
how long after the arrow is released does it hit the ground?

50. TENNIS A tennis player hits a tennis ball upward with an initial velocity of 80 feet
per second. The height & in feet of the tennis ball can be modeled by the equation
h = 80t — 16t% where t is time in seconds. Ignoring the height of the tennis player,
how long does it take the ball to hit the ground?

51. %5 MULTIPLE REPRESENTATIONS In this problem, you will
explore the box method of factoring. To factor x? + x — 6,
write the first term in the top left-hand corner of the box,
and then write the last term in the lower right-hand corner. E ? 6
a. Analytical Determine which two factors have

a product of —6 and a sum of 1.

b. Symbolic Write each factor in an empty square in the box. Include the positive or
negative sign and variable.

¢. Analytical Find the factor for each row and column of the box. What are the
factors of x2 + x — 6?2

d. Verbal Describe how you would use the box method to factor x? — 3x — 40.

H.O.T. Problems  use Higher-Order Thinking Skills

52 i‘-@} CRITIQUE Hernando and Rachel are solving 2m? = 4m. Is either of them
correct? Explain your reasoning.

Hernando Rachel
2m2=4m 2m2=4m
2 2
e W 2m’ ~qm =0
m 2m
2m(m - 2) =0
2m =2 ¢ )
Zm=00vm -2 =20
m=17

m =00v2

53. CHALLENGE Given the equation (ax + b)(ax — b) = 0, solve for x. What do we know
about the values of 2 and b?

54, OPEN ENDED Write a four-term polynomial that can be factored by grouping. Then
factor the polynomial.

55. REASONING Given the equation c = a2 — ab, for what values of @ and b does ¢ = 0?

56. WRITING IN MATH Explain how to solve a quadratic equation by using the Zero
Product Property.
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Standardized Test Practice

57. Which is a factor of 622 — 3z — 2 + 4z?

A2z+1 Cz+2
B 3z—2 D2z—-1

58. PROBABILITY Hailey has 10 blocks: 2 red,
4 blue, 3 yellow, and 1 green. What is the
probability that a randomly chosen block will
be either red or yellow?

3 1
F 10 H 3

1 7
G§ 10

\.

59. GRIDDED RESPONSE Cho is making a 140-inch
by 160-inch quilt with quilt squares that
measure 8 inches on each side. How many
will be needed to make the quilt?

60. GEOMETRY The area of the right triangle
shown below is 5h square centimeters. What is
the height of the triangle?

A2cm
B 5cm 2h |
C 8cm

D 10 cm

Spiral Review

61. GENETICS Brown genes B are dominant over blue genes b. A person with genes BB
or Bb has brown eyes. Someone with genes bb has blue eyes. Elisa has brown eyes
with Bb genes, and Bob has blue eyes. Write an expression for the possible eye
coloring of Elisa and Bob’s children. Determine the probability that their child

would have blue eyes. (Lesson 8-4)

Find each product. (Lesson 8-2)
62. n(n? —4n + 3)

64. —c(4c2 +2c —2)

66. 2ab(4a%b + 2ab — 2b%)

Simplify. (Lesson7-1)
68. (ab?)(ab2)
7. (9xy7)?

69. (p°r*)(p*)
72. [39)*]°

63. 2b(1% + b — 5)
65. —dx(x3 +x2+2x—1)
67. —3xy(x? + xy + 2y?)

70. (—7c33%)(4cd®)
73. [(42°]°

74. BASKETBALL In basketball, a free throw is 1 point and a field goal is either 2 or 3
points. In a season, Tim Duncan of the San Antonio Spurs scored a total of 1342
points. The total number of 2-point field goals and 3-point field goals was 517, and
he made 305 of the 455 free throws that he attempted. Find the number of 2-point
field goals and 3-point field goals Duncan made that season. (Lesson 6-4)

Solve each inequality. Check your solution. (Lesson 5-3)
76. —55 +9>24
79. % +7=-5

75. 3y —4 > =37
78.50+7<3(@g+1)

77. —2k+12 <30
80. 8c—(c—5)>c+17

Skills Review

Find each product.
81. (a +2)a +5)
84. (c +9)(c —3)

82. (d +4)(d + 10)
85. (x —7)(x—6)

83 (z—1)(z—8)
86. (g —2)(g+11)



Algebra Lab

Factoring Trinomials

You can use algebra tiles to factor trinomials. If a polynomial represents the area of a ﬁ@common Core State Standards

. ) ' “== Gontent Standards
rectangle formed by algebra tiles, then the rectangle’s length and width are factors of ASSE.2 Use the structure of an expression to .

the area. If a rectangle cannot be formed to represent the trinomial, then the identity ways to rewtite it
trinomial is not factorable.

Activity 1 Factor ¥ + bx+ ¢

Use algebra tiles to factor x> + 4x + 3.

1 B ] L]
2 X2 X ] :'l X E
| GG Model x= + 4x + 3. | 5

| Place the x*-tile at the corner of the product
| mat. Arrange the 1-tiles into a rectangular
array. Because 3 is prime, the 3 tiles can be
arranged in a rectangle in one way, a

1-by-3 rectangle.

| Step 3 Complete the rectangle with the x-tiles.

The rectangle has a width of x + 1 and
alength of x + 3.

‘ Therefore, x* + 4x + 3 = (x + 1)(x + 3).

Activity 2 Factor X2 + bx+ ¢

‘ Use algebra tiles to factor x% + 8x + 12. " [fdflf]
«| [EN/EREN/EN

KN EREN

||| S| I
x| xllxx] xl x| x!

SR Model x2 + 8x + 12.

Place the x?-tile at the corner of the product
mat. Arrange the 1-tiles into a rectangular
) array. Since 12 = 3 X 4, try a 3-by-4 rectangle.
Try to complete the rectangle. Notice that
there is an extra x-tile.

SEUR] Arrange the 1-tiles into a 2-by-6 rectangular
array. This time you can complete the
I rectangle with the x-tiles.

The rectangle has a width of x + 2 and
a length of x + 6.

| Therefore, x2 + 8x + 12 = (x + 2)(x + 6).
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Algebra Lab

FaCtOrlng Trlnomials Continued

_q" ; I Activity 3 Factor x2 — bx + ¢
] | Use algebra tiles to factor x* — 5x + 6.

' Model x% — 5x + 6.

|i i ’ EE&H Place the x2-tile at the corner of the product
fi | mat. Arrange the 1-tiles into a 2-by-3
' ‘ rectangular array as shown.

| BGEOR] Complete the rectangle with the x-tiles. The
| rectangle has a width of x — 2 and a length
it of x — 3.

\ ' Therefore, x2 — 5x + 6 = (x — 2)(x — 3).

I

|

i Activity 4 Factor x> — bx — ¢

|

|

1 Use algebra tiles to factor x> — 4x — 5.
|

m Model x2 — 4x — 5.

| | product mat. Arrange the 1-tiles into

1
|
I |
f _ BT Place the x2-tile at the corner of the
a 1-by-5 rectangular array as shown.

ETE] Place the x-tile as shown. Recall that you
. can add zero pairs without changing the
| ‘ value of the polynomial. In this case, add

| a zero pair of x-tiles.
I The rectangle has a width of x + 1 and a
length of x — 5.

| Therefore, x> — 4x — 5 = (x + 1)(x — 5).

zero pair

: Model and Analyze

" ‘ Use algebra tiles to factor each trinomial.

502 | Explore 8-6 | Algebra Lab: Factoring Trinomials

R | 1. o2 4 3x+2 2. x%+6x+8 3. x2+3x—4 4 x—7x+12
l 5. x2 + 7x + 10 6. x2—2x +1 7.224x-12 8. x*—8x+15
: | Tell whether each trinomial can be factored. Justify your answer with a drawing,.

il | 9. x2+3x+6 10. x> —5x — 6 M. x2—x—4 12, x2— 4
‘ i | : 13. WRITING IN MATH How can you use algebra tiles to determine whether

|l a trinomial can be factored?
|




' . You multiplied
pinomials by using
the FOIL method.

NewVocabulary
quadratic equation

/== Common Core
| %) state Standards

Content Standards
A.SSE.3a Factor a quadratic
expression to reveal the
zeros of the function it
defines.

AREL4b Solve quadratic
equations by inspection (e.g.,
for x% = 49), taking square
roots, completing the square,
the quadratic formula and
factoring, as appropriate to
the initial form of the
equation. Recognize when
the quadratic formula gives
complex solutions and write
them as a + b for real
numbers a and b.

, Mathematical Practices
| 7 Look for and make use of
structure.
8 Look for and express
regularity in repeated
reasoning.

OUtPix/Phatolibrary.

o=

4 =,

| .. _ _::'6! __ ~ |:*Why?

@ Factor trinomials

A e

Solving x2 + bx+c¢=0

@ Diana is having a rectangular
in-ground swimming pool installed - -

and she wants to include a 24-foot I = | :

fence around the pool. The pool | i

requires a space of 36 square feef, —— v
What dimensions should the e

of the form
X+ bx+c

Solve equations
of the form
X+ bx+c=0.

o

pool have? =

To solve this problem, the landscape
architect needs to find two numbers
that have a product of 36 and a sum
of 12, half the perimeter of the pool.

S

Factor x? + bx + € You have learned how to multiply two

binomials using the FOIL method. Each of the binomials was a factor of
the product. The pattern for multiplying two binomials can be used to factor
certain types of trinomials.

(x+3)(x+4)=x>+4x+3x+3-4
=x>+@+3)x+3-4
=x2+7x+12

Use the FOIL method.
Distributive Property
Simplify.

Notice that the coefficient of the middle term, 7x, is the sum of 3 and 4, and the last
term, 12, is the product of 3 and 4.

Observe the following pattern in this multiplication.
(x+3)x+4)=x2+@E+3)x+ (3-4)

(x +m)(x +p)=x*+ (p + m)x + mp Let3=mand 4 = p.

=x2+ (m + p)x +mp Commutative (+)
——

——

P+ bx + ¢ b=m+pand c=mp
Notice that the coefficient of the middle term is the sum of m and p, and the last term
is the product of m and p. This pattern can be used to factor trinomials of

the form x2 + bx + c.

«§" KeyConcept Factoring x2 + bx + ¢
Words To factor trinomials in the form x2 4+ bx + ¢, find two integers, m and p, with a sum of
band a product of ¢. Then write X2 + bx + cas (x + m)(x + p).
Symbols X+ bx+c=(x+ m(x+ pwhenm+ p=band mp=c.
Example X2 +6X+8=(x+2)(x+4),because 2+ 4 =6and 2.4 =8.
.9 -

When c is positive, its factors have the same signs. Both of the factors are positive
or negative based upon the sign of b. If b is positive, the factors are positive. If b is

negative, the factors are negative.
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-
S 2
Problem-SolvingTip | | Factorx”+9x+20.
Guess and Check When In this trinomial, » = 9 and ¢ = 20. Since c is positive and b is positive, you need
factoring a trinomial, make to find two positive factors with a sum of 9 and a product of 20. Make an organizeq
an educated guess, check for list of the factors of 20, and look for the pair of factors with a sum of 9.
reasonableness, and then
adjust the guess until the Factors Sum of
correct answer is found. of 20 Factors
h 1,20 21
2,10 12
4,5 9 The correct factors are 4 and 5.
x2 +9x + 20 = (x + m)(x + p) Write the pattern.
=(x+4)(x +5) m=4andp=5
CHECK You can check this result by multiplying the two factors. The product
should be equal to the original expression.
(x+4)(x+5 =x>+5x+4x+20  FOIL Method
=x2+9x+20V Simplify.
P GuidedPractice
Factor each polynomial.
1A, d2 +11d + 24 1B. 9 + 10t + #*
X
When factoring a trinomial in which b is negative and c is positive, use what you
know about the product of binomials to narrow the list of possible factors.
Example 2. '
Factor x*> — 8x + 12. Confirm your answer using a graphing calculator.
In this trinomial, b = —8 and ¢ = 12. Since c is positive and b is negative, you need
to find two negative factors with a sum of —8 and a product of 12.
Factors Sum of
- ~ of 12 Factors
StudyTip -1,-12 —13
B@Regularity Once the > —2,—6 —8
correct factors are found, it is —3,—4 —7 IheleorrecRiactor e e
not necessary to test any '
other factors. In Example 2, x? —8x + 12 = (x + m)(x + p) Write the pattern.
—2 and —6 are the correct =(x—2)(x—6) m=—2and p=—6
factors, so —3 and —4 do not
need to be tested. CHECK Graphy =x2—8x + 12and y = (x — 2)(x — 6)
= J on the same screen. Since only one graph
appears, the two graphs must coincide.
Therefore, the trinomial has been factored
correctly. v/
} GuidedPractice [—10,10] scl: 1 by [—10, 10] scl: 1
Factor each polynomial.
2A. 21 — 22m + m? 2B. w? — 11w + 28
& —

oy
LY) s04 | Lesson 8-6 | Solving X2 + bx+ ¢ =0




B When c is negative, its factors have opposite signs. To determine which factor is
[ geviewVocabulary positive and which is negative, look at the sign of b. The factor with the greater

| absolute value the distance Nabsolute value has the same §nes b.
pumber is from zero on a
aumber line, written [l

Example 3

Factor each polynomial. Confirm your answers using a graphing calculator.
a x*+2x—15

In this trinomial, b = 2 and ¢ = —15. Since c is negative, the factors m and
p have opposite signs. So either m or p is negative, but not both. Since b is
positive, the factor with the greater absolute value is also positive.

List the factors of —15, where one factor of each pair is negative. Look for
the pair of factors with a sum of 2.

Factors Sum of

of —15 Factors

~1,15 ‘ 14

=3,5 2 The correct factors are —3 and 5.
x2+2x —15= (x + m)(x + p) Write the pattern.
=x—=3)(x+5) m=-3andp=5
CHECK (x —3)(x + 5) =x*+5x —3x— 15  FOIL Method
=x2+2x—15v Simplify.
b. x2—7x—18

In this trinomial, b = —7 and ¢ = —18. Either m or p is negative, but not both.
Since b is negative, the factor with the greater absolute value is also negative.

List the factors of —18, where one factor of each pair is negative. Look for the
| pair of factors with a sum of —7.
| Factors Sum of
of —18 Factors
1,-18 —-17
2,—9 -7
3,—6 —3 The correct factors are 2 and —9,
x2—7x — 18 = (x + m)(x + p) Write the pattern.
=(x+2)(x—9) m=2and p=—9

CHECK Graphy = x? — 7x — 18 and ¥y = (x + 2)(x — 9) on the same screen.

[—10, 15] scl: 1 by [—40, 20] scl: 1

The graphs coincide. Therefore, the trinomial has been factored correctly. v/

P GuidedPractice
3A. y? + 13y — 48 3B. 12— 2r — 24
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Solve Equations by Factoring A quadratic equation can be written in

the standard form ax? + bx + ¢ = 0, where a # 0. Some equations of the form
x% + bx + ¢ = 0 can be solved by factoring and then using the Zero Product Property,

Example 4%

Solve x* + 6x = 27. Check your solutions.

| before factoring.

x=3 x=-9 Solve each equation.

| -'. il StudyTip x% + 6x =27 Original equation

| | Solving an Equation By _ 4+e6x—27=0 Subtract 27 from each side.
Factoring Remember to get - (x=3)x+9)=0 Factor.

| I 0 on one side of the equation ¥x—3=0 ofr x+9=0 Zero Product Property

i | The roots are 3 and —9.

‘ CHECK Substitute 3 and —9 for x in the original equation.

| (3)* +6(3) £ 27 (=92 + 6(=9) £ 27
| 9+ 18 =27 81— 5427

" 27 =27 ¢ 27 =27 ¢

» GuidedPractice
i Solve each equation. Check your solutions.

| 4A. 22 — 3z =70 4B. x2 +3x—18=0

Factoring can be useful when solving real-world problems.

DESIGN Ling is designing a poster. The top of - h
the poster is 4 inches long and the rest of the GO TIGERS| ¢
poster is 2 inches longer than the width. If the T
poster requires 616 square inches of poster
board, find the width w of the poster.

Understand You want to find the width of the poster.

Plan Since the poster is a rectangle,
width - length = area.

‘ '. | = _ | ‘v _ | Solve Letw = the'width of the poster. I " I
! Bl || Real-WorldLink T The lengthisw + 2 + 4 or w + 6. | |
i| i ‘ A company that produces w(;u +6) =616 MiECHGCIEqEaron
|| event signs recommends w* + 6w = 616 Muitiply.
’ ‘ foamcore boards for event w?+ 6w —616 =0 Subtract 616 from each side.
;! | ‘ signs that will be used only (w+28)(w—22)=0 Factor.
- once. For signs used more w+28=0 or w—22=0 Zero Product Property
| bR I w = —28 w=22 Solve each equation.
type of foamcore board. . ) i } ) ) ]
Source: . Since dimensions cannot be negative, the width is 22 inches.
ource: MegaPrint Inc.

‘ v Check If the width is 22 inches, then the area of the poster is 22 « (22 + 6) or
| 616 square inches, which is the amount the poster requires. v’

|| . » GuidedPractice

| I 5. GEOMETRY The height of a parallelogram is 18 centimeters less than its base.
' If the area is 175 square centimeters, what is its height? -
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check Your Understanding :\ = Step-by-Step Solutions begin on page R13.

gxaripies 1-3Factor each polynomial. Confirm your answers using a graphing calculator.
1. x2+ 14x + 24 2. y2—7y—30
3. n?+4n—21 4. m*> — 15m + 50

pxaieple 4 Solve each equation. Check your solutions.

| 5, x> —4x—21=0 6. n2—3n+2=0
' , 7. x2—15x + 54 =0 8. x2+ 12x=—32
]

. : 9. x2—x—72=0 10. x2 — 10x = —24

| fxariple 5 11, FRAMING Tina bought a frame for a photo, but the photo is too big for the frame.
Tina needs to reduce the width and length of the photo by the same amount. The

area of the photo should be reduced to half the original area. If the original photo
‘ is 12 inches by 16 inches, what will be the dimensions of the smaller photo?

'I Practice and Problem Solving Extra Practice is on page R8.

| Factor each polynomial. Confirm your answers using a graphing calculator.

12, x2 + 17x + 42 13. y2 - 17y + 72

| 2 14. 4 + 82 — 48 15. n? —2n — 35
/ 16. 44 + 15k + K2 17. 40 — 22x + x2

.. 18. —24 — 10x + x? 19. 42 — m + m?

Exziple 4 Solve each equation. Check your solutions.

20. x2 —7x+12=0 @ 2+y=2
22, x? — 6x =27 23. a2 + 1la=—18
| 3/) 24, 2+ 10c+9 =0 25. x% — 18x = —32
2 26. n2 — 120 ="7n 27. d2 + 56 = —18d
: : 28. 42 - 90 = 13y 29. 12 + 48 = 16K

- Exomple5 30, GEOMETRY A triangle has an area of 36 square feet. If the height of the triangle
is 6 feet more than its base, what are its height and base?

31. GEOMETRY A rectangle has an area represented by x? — 4x — 12 square feet.
If the length is x + 2 feet, what is the width of the rectangle?

32. SOCCER The width of a high school soccer
field is 45 yards shorter than its length.

a. Define a variable, and write an expression
for the area of the field.

Gl

;ﬁj b. The area of the field is 9000 square yards.

g Find the dimensions.

. -

g | (ES5 STRUCTURE Factor each polynomial.

| 33. g%+ 11gr + 1872 34, x2 — 14xy — 513>
i B

‘ | 35. x2 — 6y + 5y 36. a% + 10ab — 39}?

' @;onnectED.mcgraw-hilI.comI 507




7) SWIMMING The length of a rectangular swimming pool is 20 feet greater than its
~ width. The area of the pool is 525 square feet.

a. Define a variable and write an equation for the area of the pool.
b. Solve the equation.

¢. Interpret the solutions. Do both solutions make sense? Explain.

GEOMETRY Find an expression for the perimeter of a rectangle with the given area.

38. A =x2+ 24x — 81 39. A=x%+13x—90

40. 57 MULTIPLE REPRESENTATIONS In this problem, you will explore factoring when the
leading coefficient is not 1.

a. Tabular Copy and complete the table below.
Product of Two
Binomials
(2 + 3)(x + 4) 2x2+ 8x + 3x + 12 22+ 11x + 12 24 24
(x + 1)(3x + 5)
(2x — 1)(4x + 1)
(3x + 5)(4x — 2)

ax* +mx+px+c | ax®>+ bx+c mxp X c

b. Analytical How are m and p related to a and ¢?
¢. Analytical How are m and p related to b?

d. Verbal Describe a process you can use for factoring a polynomial of the
form ax? + bx + c.

H.O.T. Problems use Higher-Order Thinking Skills

41. ERROR ANALYSIS Jerome and Charles have factored x? + 6x — 16. Is either of them
correct? Explain your reasoning.

Chawles

X tbx—T16=(x+2)x—8) X2 +6x~16=(x-2)(x +8)

Jerome

@ARGUMENTS Find all values of k so that each polynomial can be factored using

integers.
42, x>+ kx — 19 43. x% + kx + 14
44, x2 —8x+k k>0 45. x> —5x +k, k>0

46. REASONING For any factorable trinomial, x> + bx + ¢, will the absolute value
of b sometimes, always, or never be less than the absolute value of c? Explain.

47. OPEN ENDED Give an example of a trinomial that can be factored using the factoring
techniques presented in this lesson. Then factor the trinomial.

48. CHALLENGE Factor (4y — 5)2 + 3(4y — 5) — 70.

49. WRITING IN MATH Explain how to factor trinomials of the form x? + bx + ¢ and how
to determine the signs of the factors of c.
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standardized Test Practice

50. Which inequality is shown in the graph 52. GEOMETRY Which expression represents the
below? length of the rectangle?
i
Ay= —%x +3
~ Al v AR
B y}<—%x+3 . A=x —3x—18 x+3
s
Cy> —%x +3 ot
3 S N Fx+5
Dy2_1x+3 o "s* Gx+6
H x.—6
Jx-=5
51. SHORT RESPONSE Olivia must earn more than 53. The difference of 21 and a number 7 is 6.
$25.4 frqm el Cfandy e ord.er L soven Which equation shows the relationship?
a trip with the National Honor Society. If each
candy bar is sold for $1.25, what is the fewest A2l-n=6 C2ln=6
candy bars she must sell? B2l+n=6 D 6n=-21

Spiral Review

Factor each polynomial. (Lesson 8-5)

54. 104> + 40a 55. 11x + 44x%y /1_/ 56. 2m3p? — 16mp? + 8mp
57. 2ax + 6xc + ba + 3bc 58. 8ac — 2ad + 4bc — bd 59. x* — xy — xy + y?
60. Write a polynomial that represents the area of the shaded region in the d+4
figure at the right. (Lesson 8-4)
d d+4
d

Use elimination to solve each system of equations. (lesson6-3)

61.—-x+y=9 62. 5a+2b=4
x+2y=230 —5a—b=-7

63.2c+d=12 64. 6x + 2y = 14
c—d=-3 5x —2y =28

65. LANDSCAPING Kendrick is planning a circular flower garden with a low fence
around the border. He has 38 feet of fence. What is the radius of the largest garden
he can make? (Hint: C = 27t) (Lesson 5-2)

Skills Review

Factor each polynomial.

86. 6mx — 4m + 3rx — 27 67. 3ax — 6bx + 8b — 4a 68. 2d2¢ + 2fz + 4d2h + 4fh
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‘ n - Solving ax* + bx +¢c =0

:-Then :*Now :*Why?

@ You factored <] Factor trinomials @ The path of a rider on the amusement
trinomials of the of the form park ride shown at the right can be
form X + bx + c. ax’ + bx+c. modeled by 162 — 5¢ + 120.

Solve equations Factoring this expression can help the
of the form ride operators determine how long a
ax’> + bx+c=0. rider rides on the initial swing.

|L i NewVocabulary 1 Factor ax® + bx + € In the last lesson, you factored quadratic expressions of
f prime polynomial the form ax? + bx + ¢, where a = 1. In this lesson, you will apply the factoring
| I | methods to quadratic expressions in which a is not 1.

| The dimensions of the rectangie formed by the

algebra tiles are the factors of 2x2 + 5x + 3. The
Commo &

State Stgl(l:((l);?ds factors of 2x% + 5x + 3are x + 1 and 2x + 3.

Rl - Content Standards You can also use the method of factoring by

i ASSE.3a Factora quadratic | grouping to solve this expression.
) expression to reveal the

| .
al kel IR EED G Apply the pattern: 2x2 + 5x + 3 = 2x% + mx + px + 3.
| es.
| )
I | LBl Il QUL 84 Find two numbers that have a product of 2 « 3 or 6 and a sum of 5.
g I|_. | equations by lnspectlon (e.g.,
| :g:)t’;z - 49}' :,ak"l% Sg“arere Factors Sum of
, completing the square,
N \ ‘ the quadratic formula and of 6 Factors

the initial form of the
! equation. Recognize when
| ‘ the quadratic formula gives

factoring, as appropriate to 1,6 ‘ 7

2,3 5

complex solutions and write m Use grouping to find the factors.

i l ‘ ;rLenTb:rssaai;nléi[f;)r jeal 2%2 +5x + 3 =2x% + mx + px +3 Write the pattern.

i | | Mathematical Practices =2x?+2x +3x +3 m=2andp=3

| '."; '_ < ) T e, = (2x% + 2x) + (3x + 3) Group terms with common factors.
1 =2x(x+1)+3x+1) Factor the GCF.

'I \ | =2x+3)(x+1) X+ 1is the common factor.

| Therefore, 2x? + 5x + 3 = (2x + 3)(x + 1).

——

| | &"'i KeyConcept Factormg ax? + bx+ c

|| Words To factor trinomials of the form ax2 + bx + ¢, find two integers, m and p, with a sum
! of band a product of ac. Then write ax® 4+ bx + cas ax® + mx + px + ¢, and factor
i [ ' by grouping.

I |
|| ] ‘ Example 5x2 —13x+6=5x2—10x—3x+ 6 m=—10and p=—3
l| ' =5xx—2) + (=3)(x— 2)

i = (Bx—3)x—2)




Example 1 |

Factor each trinomial.
a. 7x2+29x+4

In this trinomial, a = 7, b = 29, and ¢ = 4. You need to find two numbers with a
sum of 29 and a product of 7 « 4 or 28. Make a list of the factors of 28 and look
for the pair of factors with the sum of 29.

Factors Sum of
of 28 Factors
1,28 | 29 The correct factors are 1 and 28.

7x%2 + 29x + 4 = 7x2 + mx + px+4 Write the pattern.
=7x>+ 1x + 28x + 4

= (72 + 1x) + (28x + 4)
=x(7x+1)+4(7x + 1)

=(@x+4)(7x+1)

m=1and p=28

Group terms with common factors.
Factor the GCF.

7x 4+ 1 is the common factor.

3x% + 15x + 18
The GCF of the terms 3x2, 15x, and 18 is 3. Factor this first.

3x2 + 15x + 18 = 3(x% + 5x + 6)
=3x+3)(x+2)

StudyTip b.
Greatest Common Factor
Always look for a GCF of the
terms of a polynomial before
you factor.

Distributive Property
Find two factors of 6 with a sum of 5.

» GuidedPractice

1A. 5x2 + 13x + 6 1B. 6x2 + 22x — 8

\

) Sometimes the coefficient of the x-term is negative.

Factor 3x? — 17x + 20.
.eal W ﬁdC ,, In this trinomial, 2 = 3, b = —17, and ¢ = 20. Since b is negative, m + p will
DEgLAIECE be negative. Since c is positive, mp will be positive.
Urban Planner Urban
planners design the layout of To determine m and p, list the negative factors of ac or 60. The sum of m and
an area. They take info p should be —17.
consideration the available
land and geographical and Factors Sum of
environmental factors to of 60 Factors
design an area that benefits -2 =30 —-32
the community the most. City !
planners have a bachelor’s =3, -20 —23
| 1_'5,._ degree in planning and —4,—15 -19
| & almost haif have a master's
- 2 degree, -5, —-12 —-17 The correct factors are —5 and —12.
=N
: 3 _-" 3x2 — 17x + 20 = 3x* — 12x — 5x + 20 m=—12and p=—5
g ‘ § = (3x2 — 12x) + (—5x + 20) Group terms with common factors.
E £
21z =3x(x — 4) + (=5)(x — 4) Factor the GCF.
% g = (3x - 5)}(x — 4) Distributive Property
2
2 | E » GuidedPractice
% ' 2A. 2n% —n—1 2B. 10y> —~ 35y + 30
/ ' .
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|
A polynomial that cannot be written as a product of two polynomials with integral
’ coefficients is called a prime polynomial.

|' I |' -J ’ Factor 4x? — 3x + 5, if possible. If the polynomial cannot be factored using
M!:‘ fi'l integers, write prime.

Factors Sum of
| In this trinomial, 2 =4, b = —3,and ¢ = 5. of 20 Factors
‘ | Since b is negative, m + p is negative. Since —20, —1 21

; { ¢ is positive, mp is positive. So, m and p are _4 5 9
]_ both negative. Next, list the factors of 20. ’

Look for the pair with a sum of —3. —2,-10 —12
! There are no factors with a sum of —3. So the quadratic expression cannot be

factored using integers. Therefore, 4x> — 3x + 5 is prime.

Factor each polynomial, if possible. If the polynomial cannot be factored using
integers, write prime.

|
|
| (
it | b GuidedPractice

3B. 2x2 +3x—5

-'. | | LSA. 42 —r+7

Solve Equations by Factoring A model for the height of a projectile is given
by h = —16t* + vt + hy, where h is the height in feet, t is the time in seconds,
v is the initial upward velocity in feet per second, and 5, is the initial height in feet.
Equations of the form ax? + bx + ¢ = 0 can be solved by factoring and by using
the Zero Product Property.

orld EXample 4

WILDLIFE Suppose a cheetah pouncing on an antelope leaps with an initial
upward velocity of 19 feet per second. How long is the cheetah in the air if it

L EYAN L
% Real-WorldLink

'\ Cheetahs are the fastest land
animals in the world, reaching
' speeds of up to 70 mph. It
can accelerate from 0 to

40 mph in 3 strides. It takes
just seconds for the cheetah

h=—16t> + vt + h,
3=-16t>+ 19t + 0
0=-16t>+ 19t — 3
0=16t2— 19t +3

0=(16t—3)t—1)

lands on the antelope’s hind quarter, 3 feet from the ground?

Equation for height
h=3,v=19,and h;=0
Subtract 3 from each side.
Multiply each side by —1.
Factor 162 — 19t + 3.

to reach the full speed of 16t—3=0 or t—1=0 Zero Product Property
70 mph. 16t =23 t=1 Solve each equation.
Source: Cheetah Conservation Fund f=  5a

J 16

antelope.

-
WatchQut!

Keep the —1 Do not forget
to carry the —1 that was
factored out through the rest
of the steps or multiply both
sides by —1.

\

» GuidedPractice

o~ \.

=
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The solutions are % and 1 seconds. It takes the cheetah 13_6 second to reach a

height of 3 feet on his way up. It takes the cheetah 1 second to reach a height of
3 feet on his way down. So, the cheetah is in the air 1 second before he catches the

> 4. PHYSICAL SCIENGE A person throws a ball upward from a 506-foot tall
building. The ball’s height k in feet after ¢ seconds is given by the equation
h = —16t% + 48t + 506. The ball lands on a balcony that is 218 feet above the
ground. How many seconds was it in the air?




s 1-3 Factor each polynomial, if possible. If the polynomial cannot be
integers, write prime.

1. 3x2 4+ 17x + 10 2. 2x2 4+ 22x + 56

E!a mp @

3.5x2—3x+4 4. 3x2 — 11x — 20

5.2x>+9x+9=0 6.3x>+17x +20=0

7.3x>~10x +8 =0 8. 2x2—17x+30=0

9. (SYMODELING Ken throws the discus at a school meet.
a. What is the initial height of the discus?

b. After how many seconds does the discus hit
the ground?

Practice and Problem Solving

Exanies 1-3 Factor each polynomial, if possible. If the polynomial cannot be
integers, write prime.

Gheck Your Understanding O = Step-by-Step Solutions beginon page R13,

2

factored using

Examﬁiji[ o b4 Solve each equation. Confirm your answers using a graphing calculator.

Extra Practice is on page Rg,

factored using

/ " 10, 5x2 + 34x + 24 2x2 4+ 19x + 24 12. 4x2+ 22x + 10
“ 13, 4x%+38x +70 4. 2x* —3x — 9 15, 4x% — 13x + 10
| 16./2x% + 3 + 6 A7.5x2 4+ 3x + 4 18. 12x2 + 69x + 45
| N )
' 19452 — 5x + 7 20. 5x2 + 23x + 24 21. 3x2 — 8x + 15
| (N

I | per second and from an initial height of 6 feet.

Examiple 4 22. SHOT PUT An athlete throws a shot put with an initial upward velocity of 29 feet

a. Write an equation that models the height of the shot put in feet with respect to

time in seconds.

b. After how many seconds will the shot put hit the ground?

Solve each equation. Confirm your answers using a graphing calculator.

' 23. 22+ 9x — 18 =0 24, 4x2 +17x+15=0
L 25. —3x2 4+ 26x =16 26. —2x2+13x =15
27. —3x2+4+5x=-2 28. —4x2 +19x = —-30

29. BASKETBALL When Jerald shoots a free throw, the ball is 6 feet

from the floor and has

an initial upward velocity of 20 feet per second. The hoop is 10 feet from the floor.

a. Use the vertical motion model to determine an equation that models Jerald’s

free throw.

30. DIVING Ben dives from a 36-foot platform. The equation # = —

SN M MMAT LN TR

b. How long is the basketball in the air before it reaches the hoop?

¢. Raymond shoots a free throw that is 5 foot 9 inches from the floor with the same
initial upward velocity. Will the ball be in the air more or less time? Explain.

1612 + 14t + 36

models the dive. How long will it take Ben to reach the water?
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NUMBER THEORY Six times the square of a number x plus 11 times the number
equals 2. What are possible values of x?

Factor each polynomial, if possible. If the polynomial cannot be factored using

integers, write prime. -

32, —6x%2 —23x —20 33, —4x2 — 15x — 14 34, —5x2+18x + 8
35. —6x2 + 31x — 35 36, —4x2 + 5x — 12 37. —122% + x + 20

38. URBAN PLANNING The city has commissioned the building of a rectangular park. The
area of the park can be expressed as 660x2 + 524x + 85. Factor this expression to find
binomials with integer coefficients that represent possible dimensions of the park. If
x = 8, what is a possible perimeter of the park?

3. 45" MULTIPLE REPRESENTATIONS In this problem, you will explore factoring a special
type of polynomial.

a. Geometric Draw a square and label the sides 4. Within this square, draw a
smaller square that shares a vertex with the first square. Label the sides b. What
are the areas of the two squares?

b. Geometric Cut and remove the small square. What is the area of the remaining
region?

¢. Analytical Draw a diagonal line between the inside corner and outside corner of
the figure, and cut along this line to make two congruent pieces. Then rearrange
the two pieces to form a rectangle. What are the dimensions?

d. Analytical Write the area of the rectangle as the product of two binomials.
e. Verbal Complete this statement: > — b2 = ... Why is this statement true?

H.0.T. Problems use Higher-0rder Thinking Skills

40. @CRITIQUE Zachary and Samantha are solving 6x? — x = 12. Is either of them
correct? Explain your reasoning.

Zachary Samantha L

bx* —x =12 6x’ —x =12
xéx—1)=12 ‘ 6x’ -x-12=0 |
x=12oréx—1=12 (26-3)3x+8) =0 |
bx=13 2x-3=00r3x+4=0 |
x=—7§ x=% x=—§ |
|

41. REASONING A square has an area of 9x2 -+ 30xy + 25y square inches. The
dimensions are binomials with positive integer coefficients. What is the perimeter
of the square? Explain.

42. CHALLENGE Find all values of k so that 2x2 + kx + 12 can be factored as two
binomials using integers.

43. @ WRITING IN MATH What should you consider when solving a quadratic
equation that models a real-world situation?

44. WRITING IN MATH Explain how to determine which values should be chosen for m
and p when factoring a polynomial of the form ax* + bx + c.

s
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standardized Test Practice

45. Gridded Response Savannah has two sisters. 47. What is the solution set of x2 + 2x — 24 = 0?
One sis.ter is: 8 years older than her and the T (—4, 6) H (-3, 8)
other sister is 2 years younger than her. The
product of Savannah'’s sisters” ages is 56. How G (3,8} J 4, -6
old is Savannah?

46. What is the product of % 2365 and % 25527 48. Which is the solution set of x = —27?
A 2,87 A e———

5 —6—5—4—3—2—1 0 1 2 3 4
Bga2b3 B O
5 —6~5—4—3—2—1 0 1 2 3 4
C 2483 O i e
5 —6—5—4—3-2—1 0 1 2 3 4
D 2.2p7 D <t ——————

5 —6—5—4—3—2—1 0 1 2 3 4

-~

Spiral Review

Factor each polynomial. (esson8-4)
49, X2 —9x + 14 50. n2 — 8n + 15 51, x2 —5x — 24
52. 22 + 15z + 36 53. r2 4 3r — 40 54. v2 4+ 160 + 63

| Solve each equation. Check your solutions.  csson o5

55. a(a —9) =0 56. 2y +6)(y—1)=0 57. 10x2 —20x =0
I 58. 8b2 — 12b =0 59. 154° = 60a 60. 33x% = —22x
61. ART A painter has 32 units of yellow dye and 54 units of blue dye to Units of Units of
make two shades of green. The units needed to make a gallon of light Color Yellow Dye Blue Dye

green and a gallon of dark green are shown. Make a graph showing light green 4 1
the numbers of gallons of the two greens she can make, and list three

possible solutions. lezsin &4 ark green ! g
Solve each compound inequality. Then graph the solution set. (csson 54
62. k+2>12and k+2<18 63. d—-4>3o0rd—4<1 64. 3<2x—-3<15
65. 3r—7>=5and 2t + 6 <12 66. » —10< —-2lorh+3<2 67. 4 <2y—2<10

68. FINANCIAL LITERACY A home security company provides security systems for $5 per
' week, plus an installation fee. The total cost for installation and 12 weeks of service
] is $210. Write the point-slope form of an equation to find the total fee y for any
number of weeks x. What is the installation fee? (i =s5004-2)

Skills Review

Find the principal square root of each number.
69. 16 70. 36 7. 64
72. 81 73. 121 74. 100
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Differences of Squares

]_—T——'—“
| :*Now --Why? -
@ You factored s} Factor binomials that ® Computer graphics designers
trinomials into two are the difference of use a combination of art and
binomials. squares. mathematics skills to design
images and videos. They use
equations to form shapes and
lines on computers. Factoring
can help to determine the
dimensions and shapes of

the figures. @ " . - =

Use the difference
of squares to solve
equations.

s e il

1 Factor Differences of Squares You have previously learned about the
product of the sum and difference of two quantities. This resulting product is
referred to as the difference of two squares. So, the factored form of the difference o
squares is called the product of the sum and difference of the two quantities.

954 NewVocabulary

"% difference of two squares

@ Common Core 1% KeyConcept Factoring Differences of Squares
J State Standards o — -
Content Standards Symbols a—b‘=(a+b(a— bor(a— bla+ b

A.3SE.3a Factor a quadratic Examples  x* — 25 = (x + 5)(x — 5) or (x — 5)(x + 5)

expression to reveal the

ée;st of the function it 2 — 64 = (t+ 8)(t— 8) or (t— 8)(t + 8)

etines.

A.REL4b Solve quadratic
equations by inspection (e.g.,
for X2 = 49), taking square
roots, completing the square,
the quadratic formula and
factoring, as appropriate to
the initial form of the

Factor each polynomial.

equation. Recognize when a. 16h2 — 942

the quadratic formula gives )

complex solutions and write 16h2 — 9a% = (4h)2 — (3a)2 Write in the form of a> — b2

them as a % bi for real _ . .

qumbers aand b. = (4h + 3a)(4h — 3a) Factor the difference of squares.

Mathematical Practices b. 121 — 4b2

L m‘g esrzf:’zr‘;flf"ggl"‘fmg 121 — 4b2 = (11)2 — (2b)2 Write in the form of &% — b2.
them. = (11 — 2b)(11 + 2b) Factor the difference of squares.

c. 27¢° — 3¢

Because the terms have a common factor, factor out the GCF first.
Then proceed with other factoring techniques.

27¢% — 3¢ = 3¢(9¢% — 1) Factor out the GCF of 3g.
= 3¢2[(32)%2 — (1)?] Write in the form a2 — b2
=3¢(3g —1)(3g + 1) Factor the difference of squares.

» GuidedPractice
1A. 81 — ¢? 1B. 64¢2 — h2

1C. 9% — 4x 1D. —4y3 + 9y

N
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To factor a polynomial completely, a technique may need to be applied more than
once. This also applies to the difference of squares pattern.

~ Example 2

Factor each polynomial.
a. bt —16

b4 — 16 = (b2)2 — (4)2

watchOut!

sum of Squares The sum of
squares, a° + b?, does not
factor into (a2 + b)(@ + b).
The sum of squares is a
prime polynomial and cannot
be factored.

= b2+ 4)(b2—4)
= (b2 + 4)(p2 — 29
=2+ 9B +2)(b —2)

>

b. 625 — x*
625 — x* = (25)2 — (x2)?

S

AR I (S W )

= (25 + x?)(25 — x?)

= (25 + x%)(5% — x?)

= (25 + x2)(5 — x)(5 + x)
» GuidedPractice

27yt —1

2C. 81 — x4
e N

Sometimes more than one factoring technique needs to be applied to ensure that

a polynomial is factored completely.

_ Example 3

Factor each polynomial.
a. 5x° — 45x

5x° — 45x = 5x(x* — 9)
= 52[(x)” = (3]
= 5x(x% — 3)(x% + 3)

b. 7x3 + 21x% — 7x — 21
7x3 +21x% — 7x — 21

=7(x®+3x2—x—3)
= 7[(x® + 3x%) — (x + 3)]
= 7[x%(x + 3) — 1(x + 3)]
=7(x + 3)x2 — 1)
=7(x+3)(x+ D(x—1)

P GuidedPractice

3A. 2y* — 50

3C. 2m® + m? — 50m — 25

=

. Factor out GCF.

x? — 3 is not a difference of squares because 3 is not a perfect square.

Write b* — 16 in a® — b2 form.
Factor the difference of squares.
b? — 4 is also a difference of squares.

Factor the difference of squares.

Write 625 — x* in a° — b form.
Factor the difference of squares.
Write 25 — x% in a2 — b2 form.

Factor the difference of squares.

2B. 4a* — b*
2D. 16y* — 1

Write x* — 9in the form a° — #°.

Factor the difference of squares.

Original expression

Factor out GCF.

Group terms with common factors.
Factor each grouping.

x + 3 is the common factor.

Factor the difference of squares.

3B. 6x* — 96
3D. 3 + 6r2 + 117 + 66




2 Solve Equations by Factoring After factoring, you can apply the Zero Prodycy
Property to an equation that is written as the product of factors set equal to 0.

* Standardized Test Example 4 -

-~ ~ 0 2 9 1. N
. . In the equation y = x* — —, which is a value of x when y = 0?
Test-TakingTip ntheequationy =x"— ¢ Y
.
S Sense-Makin > e 3 9
0CSy g A~ B 0 o D
Another method that can be
used to solve this equation is Read the Test ltem
to substitute each answer .
choice into the equation. Replace y with 0 and then solve.
% Solve the Test ltem
y= x2 = % QOriginal equation
L=~ e :
O0=x 0 Replace y with 0.
2
0=ux?— (%) Write in the form a% — b2
0=|x+ %) (x — %) Factor the difference of squares.
3 _ 3
O=x+ 7 Or O0=x— 1 Zero Product Property
= —% x= % The correct answer is C.
b GuidedPractice
4. Which are the solutions of 18x% = 50x?
5 _25 _55 _55
|| F O’§ G 3’3 H 3’3’0 J 3’3’1
|r | '
it |
|||'| ‘
|
1 ’ ‘
il | —
|l Il I! Check Your Understandmg () = Step-by-Step Solutions begin on page R13.

Examples 1-3 Factor each polynomial.

|

'| ‘ 1.x2-9 2. 40 — 25

|

k| il 3. 9m? — 144 4. 2p° — 162p

: 4_ ol

ﬂ.|‘ | M 5. ut— 81 6. 244 — 3274

” il @ 20r* — 45n* 8. 256n* — c*

R 9. 263 +3c2 —2c — 3 10. f3 — 42 — 9f + 36

- ‘ 11. 313 + 22 — 48t — 32 12. w® — 3w? — 9w + 27

|

|
|
i | ! Example 4 EXTENDED RESPONSE During an accident, skid marks may result from sudden

‘I breaking. The formula ?14-s2 = d approximates a vehicle’s speed s in miles per hour
I

given the length d in feet of the skid marks on dry concrete.

f ‘ 13. If skid marks on dry concrete are 54 feet long, how fast was the car traveling when
the brakes were applied?

| | 14. If the skid marks on dry concrete are 150 feet long, how fast was the car traveling
Ll | when the brakes were applied?
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18

practice and Problem Solving

21.
24.
27.
30.
33.
36.
38.
40.
42.
Example 4 44,

45,

46.

gxamples 1-3Factor each polynomial.

g% — 121 16. r* — k4 17. 6n* — 6

w* — 625 19, 12 — 942 20. 2c? — 3242

h3 — 100k 22, 14— 256 23. 2x® — x2 — 162x + 81
x% — 4y? 25, 7ht — 7pt 26. 3c® + 2c2 — 147c — 98
6k2h4 — 54k4 28. 52% — 20a 29, f3 + 2f2 — 64f — 128
3r® — 192r 31. 104° — 12104 32. 3xn* — 27x3

p3r® — p3r 34. 8¢ — 8¢ 35. r® — 5r2 — 100r + 500
33 —712 -3t +7 37. 2> — 49

4m® + 9m? — 36m — 81 39. 3m* + 243

3x% + x? — 75x — 25 41, 1243 + 24> — 1920 — 32

x* + 6x3 — 36x2 — 216x 43. 15m® + 12m? — 375m — 300
GEOMETRY The drawing at the right is a square @n+1)em

with a square cut out of it.

a. Write an expression that represents the area

of the shaded region. 5 (4n+1)cm

b. Find the dimensions of a rectangle with the 5
same area as the shaded region in the drawing.
Assume that the dimensions of the rectangle
must be represented by binomials with integral
coefficients.

DECORATIONS An arch decorated with balloons was used to decorate the gym
for the spring dance. The shape of the arch can be modeled by the equation

y = —0.5x? + 4.5x, where x and y are measured in feet and the x-axis represents
the floor.

a. Write the expression that represents the height of the arch in factored form.
b. How far apart are the two points where the arch touches the floor?

¢. Graph this equation on your calculator. What is the highest point of the arch?

@SENSE-MAKING Zelda is building a deck in her backyard. The plans for the
deck show that it is to be 24 feet by 24 feet. Zelda wants to reduce one dimension
by a number of feet and increase the other dimension by the same number of feet.
If the area of the reduced deck is 512 square feet, what are the dimensions of the
deck?

| SALES The sales of a particular CD can be modeled by the equation

S = — 25m? + 125m, where S is the number of CDs sold in thousands,
and m is the number of months that it is on the market.

a. In what month should the music store expect the CD to stop selling?
b. In what month will CD sales peak?

¢. How many copies will the CD sell at its peak?

Extra Practice is on page R8.
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Solve each equation by factoring. Confirm your answers using a graphing

calculator.
48. 36w? = 121 @ 100 = 25x2
) 50, 6422 —1=0 51, 42 — 2= 0
= Lo _1.2_
52. ;b2 =16 53. 81 — z2” =0
281 = 29 1)
54. 942 — 81 =0 55. 4 = =

56. 45" MULTIPLE REPRESENTATIONS In this problem, you will investigate perfect
square trinomials.

a. Tabular Copy and complete the table below by factoring each polynomial.
Then write the first and last terms of the given polynomials as perfect squares.

b. Analytical Write the middle term of each polynomial using the square
roots of the perfect squares of the first and last terms.

Polynomial Factored Polynomial First Term Last Term Middle Term

il 4x2 4+ 12x+ 9 @2x +3)(2x + 3) 4x? = (2x)?
F | ox? — 24 + 16
| | 4x? — 20x + 25

B | 16x2 + 24x + 9

I‘tj il 25x% + 20x + 4

|

:l c. Algebraic Write the pattern for a perfect square trinomial.
‘ A d. Verbal What conditions must be met for a trinomial to be classified as a
' 1 perfect square trinomial?

i
i
_.|. | 10 H.O0.T. Problems use Higher-Order Thinking Skills
I

; 57. ERROR ANALYSIS Elizabeth and Lorenzo are factoring an expression. Is either of
|| I them correct? Explain your reasoning.
| |

o |

| Elizabeth Lovenzo
|'| | ‘ | 1ex* — 25/ = 16x* - 25y° = !
e |

| | ‘ . (4x - Sy)(4x + 5y) (4% - 57)(4x2 +5%) ‘

| _
‘ 58. CHALLENGE Factor and simplify 9 — (k + 3)?, a difference of squares.
" 50, (US55 PERSEVERANCE Factor x'¢ — 81.
|

60. REASONING Write and factor a binomial that is the difference of two perfect squares
and that has a greatest common factor of 5mk.

|
|
: 61. REASONING Determine whether the following statement is true or false. Give an
II example or counterexample to justify your answer.
|

All binomials that have a perfect square in each of the two terms can be factored.

in 62. OPEN ENDED Write a binomial in which the difference of squares pattern must be
' \ ‘ repeated to factor it completely. Then factor the binomial.

|

|

|

! 63. WRITING IN MATH Describe why the difference of squares pattern has no middle
term with a variable.

-
CV) 520 | Lesson 8-8 | Differences of Squares




Standardized Test Practice
64. One of the roots of 2x? + 13x = 24 is —8. 67. EXTENDED RESPONSE Two cars leave Cleveland
What is the other root? at the same time from different parts of the
A3 c2 city and both drive to Cincinnati. The distance
2 3 in miles of the cars from the center of
B _% D 2 Cleveland can be represented by the two
2 equations below, where t represents the time
65. Which of the following is the sum of both in hours.
solutions of the equation x> + 3x = 54?
Car A: 65t + 15 Carx B: 60t + 25
F 21 H3
G -3 J 21 a. Which car is faster? Explain.
b. Find an expression that models the distance
66. What are the x-intercepts of the graph of between the two cars.
y = —3x% + 7x + 207 ¢. How far apart are the cars after 2—;— hours?
5 _ 5
A 3 4 C 54
S5 O 5
B 3/ 4 D 3 4

Spiral Review

Factor each trinomial, if possible. If the trinomial cannot be factored using integers,
write prime. (Lesson 8-7)

68. 5x2 — 17x + 14 69. 5a% — 3a + 15 70. 10x2 — 20xy + 10y2

Solve each equation. Check your solutions. (Lesson 8-6)

M. n2—9n=-18 72. 10+ 4a2=—-7a 73. 22x — x2 =96

74. SAVINGS Victoria and Trey each want to buy a scooter. In how many Trey Victoria
weeks will Victoria and Trey have saved the same amount of money, z?spse(: ‘f";‘:ek g;SPsec’) ‘;‘;‘?ek
and how much will each of them have saved? (Lesson 6-2) -

Solve each inequality. Graph the solution set on a number line.
{Lesson 5-1)

75.t+14=18 76. d+5<7 7. -5+k>-1
718.5<3+¢g 719.2<-1+m 80. 2y > —-8+y
81. FITNESS Silvia is beginning an exercise program that calls for 20 minutes of

walking each day for the first week. Each week thereafter, she has to increase her

daily walking for a week by 7 minutes. In which week will she first walk over an
hour a day? (Lesson 3-5)

Skills Review

Find each product.
8. (x — 6)2 83. (x — 2)(x — 2) 84. (x + 3)(x +3)
85. (2x — 5)2 86. (6x — 1)2 87. (4x + 5)(4x + 5)
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Perfect Squares

I

product of a sum
and difference.

@4 NewVocabulary

perfect square trinomial

7/ State Standards

@ Common Core

Content Standards
A.SSE.3a Factor a quadratic
expression to reveal the
zeros of the function it
defines.

A.REl.1 Explain each step in
solving a simple equation as
following from the equality of
numbers asserted at the
previous step, starting from
the assumption that the
original equation has a
solution. Construct a viable
argument to justify a solution
method.

Mathematical Practices
6 Attend to precision.

:*Now .

°1
trinomials.

Factor perfect square @ In a vacuum, a feather and a
piano would fall at the same
speed, or velocity. To find about

§olve 'equatmns how long it takes an object to hit
wohiing perfact the ground if it is dropped from an
squares. g PP

initial height of h, feet above
ground, you would need to solve
the equation 0 = —162 + h;,
where tis time in seconds after
the object is dropped.

1 Factor Perfect Square Trinomials You have learned the patterns for the
products of the binomials (2 + b)? and (a — b)2. Recall that these are special
products that follow specific patterns.

(@+ b2 =(a+b)a+bh) (@ —b)2=(a — b)(a — b)

=a%+ab+ ab + b2 =a?2—ab—ab+ b2

=a? + 2ab + b2 =a% — 2ab + b2
These products are called perfect square trinomials, because they are the squares of
binomials. The above patterns can help you factor perfect square trinomials.

For a trinomial to be factorable as a perfect square, the first and last terms must be
perfect squares and the middle term must be two times the square roots of the first
and last terms.

The trinomial 16x? + 24x + 9 is a perfect square trinomial, as illustrated below.

"’,,,",.716952 + fo +9 \

Is the first term a Is the middle term twice the Is the lastterm a
perfect square? Yes, product of the square roots perfect square? Yes,

because 16x2 = (4x)2 of the first and last terms? because 9 = 32.
Yes, because 24x = 2(4x)(3).

o5 KeyConcept Factoring Perfect Square Trinomials

Symbols a’+2ab+ b*>=(a+ bla+ b =(a+ b?
a’—2ab+ b>=(a— b(a— b =(a— b?
Examples X2+ 8x+ 16 = (x + 4)(x + 4) or (x + 4)2

X2 —6Xx+9=(x—3)(x—3)or (x— 3)2




safiewy Aag uoisin ewBia/enel uog

(studyTip

gecognizing Perfect Square
frinomials If the constant
term of the trinomial is
negative, the trinomial is not
a perfect square trinomial, so
it is not necessary to check
the other conditions.

b

._wﬂ_

~ Example 1)

Determine whether each trinomial is a perfect square trinomial. Write yes or no.
If so, factor it.

a. dy?+12y+9
@ Is the first term a perfect square? Yes, 4y* = (2y)2.
@ Is the last term a perfect square? Yes, 9 = 32.
© Is the middle term equal to 2(2y)(3)?  Yes, 12y = 2(2y)(3)

Since all three conditions are satisfied, 4y* + 12y + 9 is a perfect
square trinomial.

4y% + 12y + 9 = (2y)2 + 2(2y)(3) + 32 Write as a2 + 2ab + b2
=2y + 3)2 Factor using the pattern.
b. 9x* — 6x + 4
@ [s the first term a perfect square? Yes, 9x% = (3x)2
9 Is the last term a perfect square? Yes, 4 = 22.

© Is the middle term equal to —2(3x)(2)? No, —6x # —2(3x)(2).

Since the middle term does not satisfy the required condition,
9x% — 6x + 4 is not a perfect square trinomial.

) GuidedPractice
1A. 9y* + 24y + 16 1B. 24% + 10z + 25

e

A polynomial is completely factored when it is written as a product of prime
polynomials. More than one method might be needed to factor a polynomial
completely. When completely factoring a polynomial, the Concept Summary can
help you decide where to start.

Remember, if the polynomial does not fit any pattern or cannot be factored, the
polynomial is prime.

ConceptSummary Factoring Methods
Number
Steps of Terms Examples
ETR Factor out the GCF. any 4x% + 2x2 — 6x = 2x(2x% + x — 3)
G4 Check for a difference of squares 20r3 9x2 — 16 = (3x + 4)(3x — 4)
or a perfect square trinomial. 16x% + 24x + 9 = (Ax + 3)?
m Apply the factoring patterns for 3oréd X2 —8x+ 12 = (x — 2)(x — 6)
X?+ bx+ corax® + bx+ ¢ .
(general trinomials), or factor by 2 T bEN g G 0)
grouping. 12y2 4+ 9y + 8y +6
= (12y% + 9y) + (8y + 6)
= 3ydy+ 3)+ 24y +3)
=@y+3By+2
\ -
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| ‘ Example 2
Factor each polynomial, if possible. If the polynomial cannot be factored,
| write prime.
| a. 5x2 — 80

Ll l| ! J,, ‘ BTl The GCF of 5x% and —80 is 5, so factor it out.
‘ ! ‘ | B4 Since there are two terms, check for a difference of squares.
| ' 5x2 — 80 = 5(x% — 16) 5 is the GCF of the terms.
|| = 5(x? — 42 X=xexand16=4.4
“ f | =5(x —4)(x + 4) Factor the difference of squares.
| . 9x% — 6x — 35

il | b. 92
¢|| | I SICWl The GCF of 9x2, —6x, and —35is 1.
'| 5 RIGWPY Since 35 is not a perfect square, this is not a perfect square trinomial.

SGEUR] Factor using the pattern ax? + bx + c. Are there two numbers with a

g p
| product of 9(—35) or —315 and a sum of —6? Yes, the product of 15 and
| | —21 is —315, and the sum is —6.

i i 9x% — 6x — 35 = 9x? + mx + px — 35 Write the pattern.

i =9x2 + 15x — 21x — 35 m=15and n=—21
| f B = (9x2 + 15x) + (—21x — 35) Group terms with commion factors.
| StudyTip = 3x(3x + 5) — 7(3x + 5) Factor out the GCF from each grouping.
e Check Your Answer You can > = (3x + 5)3x — 7) 3x+ 5 is the common factor.
‘ check your answer by:
r | * Using the FOIL method. ,
l -
! | ' ‘ * Using the Distributive » GuidedPractice
| Property. 2A. 2x*— 32 2B. 12x2 + 5x — 25
s | e Graphing the original N

expression and factored
expression and comparing

L the graphs. Solve Equations with Perfect Squares When solving equations involvin
i | geq g
‘ repeated factors, it is only necessary to set one of the repeated factors equal to zero.

| ! If the product of the factors
i | does not match the original

L | vt koot SEcipleE

']. Ll . /| Solve 9x% — 48x = —64.

‘: ' | 9x? — 48x = —64 Original equation

| 9x* — 48x + 64 =0 Add 64 to each side.

i (Bx)2 —2(3x)(8) + (8)2=0 Recognize 9x* — 48x + 64 as a perfect square trinomial.
It : [ Bx—8)2=0 Factor the perfect square trinomial.
il Bx—8)(Bx—8)=0 Write (3x — 8)? as two factors.

'I | 3x—8=0 Set the repeated factor equal to zero.
i ’ | 3x=28 Add 8 to each side.

‘lll { x= % Divide each side by 3.

|

"' » GuidedPractice

‘|f| Solve each equation. Check your solutions.

4 4
."'| | \3A.a2+12a+36=0 3B-y2—§y+§=0

' Y
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You have solved equations like x* — 16 = 0 by factoring. You can also use the
definition of a square root to solve the equation.

x2—16=0 Original equation
' peadingMath x2=16 Add 16 to each side.
square Root Solutions D x=*V16 Take the square root of each side.

++/16 is read as plus or
minus the square root of 16.

Remember that there are two square roots of 16, namely 4 and —4. Therefore, the
solution set is {—4, 4}. You can express this as {+4}.

5" KeyConcept Square Root Property

Words To solve a quadratic equation in the form x? = n, take the
square root of each side.

Symbols For any number n = 0, if X¥* = n, then x = /7.

Example X2 =25

X==xvV250r+5

In the equation x? = 7, if n is not a perfect square, you need to approximate the
square root. Use a calculator to find an approximation. If n is a perfect square, you
will have an exact answer.

- )
StudyTip Solve each equation. Check your solutions.
Solving by Inspection ' a. (y— 6)> =81
Equations involving square
roots can often be solved @/ et 6)2 =81 Original equation
| mentally. For x2 = n, think:
The square of what number y—6=xV8l Square Root Property
is n?When nis a perfect .
square, x is rational. y—6=4%9 81=9.9
Otherwise, x is irrational. y=6+9 Add 6 to each side.
L A
y=6+9 or y=6-9 Separate into two equations.
=15 =-3 Simplify.
The roots are 15 and —3. Check in the original equation.
b. (x+6)2=12
| o
| (x+6)2=12 Original equation
|
I x+6==xvV12 Square Root Property
x=—6xvVI12 Subtract 6 from each side.

The roots are —6 = V12 or —6 + V12 and —6 — V12.

. Using a calculator, —6 + /12 ~ —2.54 and —6 — V12 ~ —9.46.

» GuidedPractice
aA. (a —10)2 =121 aB. (z +3)2 =26

L 8 N
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Math HistoryLink

Galileo Galilei (1564—1642)
Galileo was the first person to
prove that objects of different
weights fall at the same
velocity by dropping two
objects of different weights
from the top of the Leaning
Tower of Pisa in 1589.

X

PHYSICAL SCIENCE During an experiment, a ball is dropped from a height of
205 feet. The formula h = —16t? + h, can be used to approximate the number
of seconds ¢ it takes for the ball to reach height i from an initial height of

h, in feet. Find the time it takes the ball to reach the ground.

At ground level, h = 0 and the initial height is 205, so hq = 205.

h=—16t + hy Original Formula
0= —16t2+205  Replace /with 0 and hy with 205.

—205 = —16#2 Subtract 205 from each side.
12.8125 = ¢2 Divide each side by —16.
+36=t Use the Square Root Property.

Since a negative number does not make sense in this situation, the solution
is 3.6. It takes about 3.6 seconds for the ball to reach the ground.

» GuidedPractice /

5. Find the time it takes a ball to reach the ground if it is dropped from a bridge
that is half as high as the one described above.

Check Your Understanding

§ = Step-by-Step Solutions begin on page R13.

Example 1  Determine whether each trinomial is a perfect square trinomial. Write yes or no.
1f so, factor it.

1. 25x% + 60x + 36 2. 6x% 4+ 30x + 36
Example 2 Factor each polynomial, if possible. If the polynomial cannot be factored,
write prime.
3. 2x* —x—28 4. 6x* — 34x + 48
5. 4x* + 64 6. 4x2+9x — 16

Examples 3-4 Solve each equation. Confirm your answers using a graphing calculator.
7. 4x* =36
9. 64y> — 48y + 18 =9 10. (z +5)2 =47

8. 2542 — 400 = —16

P

Example 5  11. @REASDNING While painting his bedroom, Nick drops his paintbrush off his
ladder from a height of 6 feet. Use the formula h = —16t2 + hy to approximate the
number of seconds it takes for the paintbrush to hit the floor.

Practice and Prohlem Solving

Extra Practice is on page RS

Example 1 Determine whether each trinomial is a perfect square trinomial. Write yes or no.
If so, factor it.

12. 4x2 — 42x + 110 13. 16x2 — 56x + 49

14. 81x% — 90x + 25

5) x> + 26x + 168
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Factor each polynomial, if possible. If the polynomial cannot be factored,

write prime.

16. 24d2 + 394 — 18

18. 2b2 + 12b — 24

20. 1642 — 121b>

22. 8c? — 88c + 242
ZU4 - ZU2

26. 164° — 4842 + 36¢

28. x° + 2x%y — 4x — 8y

30. 213 — 72 — 72 + 36

32. 4c*d — 10c3%d + 4c%d® — 10cd®

17. 8x%2 + 10x — 21

19. 8y? — 20022

21. 12m® — 22m? — 70m

23. 12x% — 84x + 147
(25. 12p° - 3p

27. 4t3 + 10t — 84t

29, 24%h% — 2a% — 2ab® + 2ab
31. 3k — 24k2 + 48k

33. g% +2¢ — 3h% + 4h

gramples 3-4 Solve each equation. Confirm your answers using a graphing calculator.

| @ —42=7

- 34, 4m? —24m + 36 =0

|

2, 10 25 _ 2_3 9 _
: 36. a +—7u+—49 0 37. x 2x+—16 0

38. x*+ 8x + 16 =25 39. 5x% — 60x = —180

40. 4x* = 80x — 400 M. 9 — 54x = —81x?

42, 4> +4c+1=15 43. x> —16x + 64 =6

44, PHYSICAL SCIENCE For an experiment in physics class, a water balloon is dropped
from the window of the school building. The window is 40 feet high. How long
does it take until the balloon hits the ground? Round to the nearest hundredth.

45. SCREENS The area A in square feet of a projected picture on a movie screen can be
modeled by the equation A = 0.25d2, where d represents the distance from a
projector to a movie screen. At what distance will the projected picture have an
area of 100 square feet?

Example 46. GEOMETRY The area of a square is represented by 9x* — 42x + 49. Find the length of
each side.

47. GEOMETRY The area of a square is represented by 16x* + 40x + 25. Find the length
| of each side.
|

48. GEOMETRY The volume of a rectangular prism is represented by the expression
8y + 40y? + 50y. Find the possible dimensions of the prism if the dimensions are
represented by polynomials with integer coefficients.

@ POOLS Ichiro wants to buy an above-ground swimming pool for his yard. Model A
is 42 inches deep and holds 1750 cubic feet of water. The length of the rectangular
pool is 5 feet more than the width. |

a. What is the surface area of the water? |
b. What are the dimensions of the pool?

¢. Model B pool holds twice as much water as Model A. What are some possible |
dimensions for this pool? '

d. Model C has length and width that are both twice as long as Model A, but the
height is the same. What is the ratio of the volume of Model A to Model C?
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51,

52 ELECTION For the student council elections, Franco

B 1 54,

| | 55.

|
|

| ‘ 56.
|

57.

58.

1‘ i E

i | 60.
f

50. GEOMETRY Use the rectangular prism at the right. ‘ 7
a. Write an expression for the height and width of : 8
the prism in terms of the length, £. :
b. Write a polynomial for the volume of the prism in — 4

terms of the length.

ﬁ@ PRECISION A zoo has an aquarium shaped like a rectangular prism. It has
a volume of 180 cubic feet. The height of the aquarium is 9 feet taller than the
width, and the length is 4 feet shorter than the width. What are the dimensions
of the aquarium?

is building the voting box shown with a volume of
96 cubic inches. What are the dimensions of the voting box?

H.O0.T. Problems use Higher-Order Thinking Skills

%D ERROR ANALYSIS Debbie and Adriano are factoring the expression x® — x*

completely. Is either of them correct? Explain your reasoning.

Debbie Adriano

=Xt =XE i) 1) | X -kt =k - ) + 1)

CHALLENGE Factor x" * 6 + x" *2 + x™ completely.

OPEN ENDED Write a perfect square trinomial equation in which the coefficient of
the middle term is negative and the last term is a fraction. Solve the equation.

REASONING A counterexample is a specific case in which a statement is false. Find a
counterexample to the following statement.

A polynomial equation of degree three always has three real solutions.

S

ESLEJ REGULARITY Explain how to factor a polynomial completely.

WHICH ONE DOESN’T BELONG? Identify the trinomial that does not belong. Explain.

A2 —36x+81 || 254 + 10x+ 1 A% +10x + 4 9x% — 24x+ 16

OPEN ENDED Write a binomial that can be factored using the difference of
two squares twice. Set your binomial equal to zero and solve the equation.

WRITING IN MATH Explain how to determine whether a trinomial is a perfect square
trinomial.

el
| | _*’)): 528 | Lesson 8-9 | Perfect Squares




Standardized Test Practice

61. What is the solution set for the equation 63. At an amphitheater, the price of 2 lawn seats
(x — 3)2 =257 and 2 pavilion seats is $120. The price of
Atsa cu e
B (-2, 8) D (—4, 14] p seats cost?

F $20 and $41.25
62. SHORT RESPONSE Write an equation in slope- G $10 and $50
intercept form for the graph shown below. H $15 and $45
Y y J $30 and $30
|
64. GEOMETRY The circumference of a circle is
o
5 %T units. What is the area of the circle?
9 a2 3™ 2
A o5 units B 5 Units
Al C %ﬂ units? D HTW units?

Spiral Review

Factor each polynomial, if possible. If the polynomial cannot be factored,
write prime. (Lesson 8-8)

85. x> — 16 66. 4x2 — 81y> 67. 1 — 100p?
68. 322 — 20 69. 2512 — 1 70. 36 — 9¢>

Solve each equation. Confirm your answers using a graphing calculator. (Lesson 8-7)
| 7a?-sx-32=0 72 6x* —48x + 90 =0 73. 14x% + 14x = 28
74. 2x* — 10x = 48 75. 5x% — 25x = =30 76. 8x? — 16x = 192

SOUND The intensity of sound can be measured in Watts Per Square Meter | Common Sounds

watts per square meter. The table gives the watts per - .
10~ rustling leaves
square meter for some common sounds. (Lesson 7-2)
10710 whisper |
77. How many times more intense is the sound from . 5
. 10 normal conversation
busy street traffic than sound from normal |
cOnE S 1075 busy street traffic
. . ) 1074 vacuum cleaner
78. Which sound is 10,000 times as loud as a
busy street traffic? 107" front rows of rock concert
. . . 10" threshold of pain
79. How does the intensity of a whisper compare to 5 —
that of normal conversation? 10 military jet takeoff

Skills Review |

Find the slope of the line that passes through each pair of points.

80. (5,7), (—2, —3) 81. (2, -1),(5 -3 82. (-4, -1), (=3, -3)

83. (-3, —4), (5, -1) 84. (—2,3),(8,3) 85. (-5,4), (-5 -1)
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| Study Guide and Review

" Study Guide

ol | KeyConcepts KeyVocabulary

Operations with Polynomials (Lessons 8-1 through 8-4)
» To add or subtract polynomials, add or subtract like terms.
e To multiply polynomials, use the Distributive Property.

binomial (p. 465) polynomial (p. 465)
degree of a monomial (p.465) prime polynomial (p.512)

degree of a polynomial (p. 465) quadratic equation (p. 506)

| e Special products: (a + b2 = & + 2ab + 12
H (a—b2=a—2ab+ PP
t | (@a+ ba— b =a — P
I factoring (p. 494)

l Factoring Using the Distributive Property (Lesson 8-5) . .
' , L ) _ factoring by grouping (p. 495)
 Using the Distributive Property to factor polynomials with

FOIL method (p. 481)

four or more terms is called factoring by grouping.
ax+ bx+ay+by=xa+ b+ya+b
=@+ bix+y

difference of two squares
{p.516)

quadratic expression (p. 481)

Square Root Property (p.525)

standard form of a polynomial
(p. 466)

trinomial (p. 465)

leading coefficient (p. 466) Zero Product Property (p. 496)

perfect square trinomial (p.522)
_, J Solving Quadratic Equations by Factoring
(Lessons 8-6 through 8-8)

e To factor X2 + bx + ¢, find mand p with a sum of band a
, product of c. Then write x> + bx + cas (x + m)(x + p).
|
e To factor ax? + bx + ¢, find mand p with a sum of band a VocabularyCheck
o | product of ac. Then write as ax> + mx + px + cand factor
by grouping.
o - =(@-ba+bh

State whether each sentence is frue or false. If false, replace
the underlined phrase or expression to make a true sentence.

1. x2 4 5x+ 6is an example of a prime polynomial.

Perfect Squares and Factoring (L esson 8-9)

Ml | ¢ For a trinomial to be a perfect square, the first and last terms
! 5 must be perfect squares, and the middle term must be twice
the product of the square roots of the first and last terms. 3. 4x2 — 2x+ 7 is a polynomial of degree 2.

2. (x+ 5)(x — 5) is the factorization of a difference of
squares.

|
il
1 e For any number n= 0, if x> = n, then x = +/n.
I‘ . ‘ 4. (x+ 5)(x — 2)is the factored form of X2 — 3x—10.
|

|

|

|

i WStudy()rganizer 5. Expressions with four or more unlike terms can sometimes
' be factored by grouping.

| Be sure the Key Concepts
are noted in your Foldable. 6. The Zero Product Property states that if ab = 1.then aor

bis 1.

7. x* —12x+ 36 is an example of a perfect square
trinomial.

Bl 8. The leading coefficient of 1 + 6a + 9a2is 1.
9. x%2 — 16 is an example of a perfect square trinomial.

|
| l |
_ ‘ 10. The FOIL method is used to multiply two trinomials.
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0 Addmg and Subtractmg Polyncmla!s

b

Write each polynomial in standard form.

18. PICTURE FRAMES Jean is
framing a painting that is
a rectangle. What is the
perimeter of the frame?

11, X+ 2 + 3x2 12 1 - x4

13. 2+ 3x+ X2 14. 30 —2+6x— 20+ x°
Find each sum or difference.

15. (X +2) + (=3x* — 5)

16. @ +5a—3 — (28 —4a+3)

17. (4x—3x2 +5) + (2x2 —5x+ 1)

5x +3

_ Example 2

Write 3 — x? + 4xin standard form.
BT Find the degree of each term.

3: degree 0
—x%  degree 2
4x degree 1

EE3 Write the terms in descending order of degree.
3— X +4x=—x>+4x+3

Find (8r2 + 3r) — (10r2 — 5).

(8r2 + 3r) — (10r2 - 5)
= (8r2 + 3r) + (—10r2 + 5) Use the additive inverse.
e (8r2 — 10!2) +3r+5 Group like terms.
= —2r2 +3r+5 Add like terms.

Mu[tup!ylng a Polynomlal by a Monumlal

Solve each equation.

19. X(x+2) = XX + 2x + 1)

20. 2x(x + 3) = 2(x2 + 3)

21. 204w+ w?) — 6 = 2w(w— 4) + 10

22. GEOMETRY Find the
area of the rectangle.

3x

m— mp—— —— — m——

Example 3
Solve m(2m —5) + m=2m(m — 6) + 16.
m@2m—>5+ m=2m(m—6)+ 16
2m? —5m+ m=2m?—12m+ 16

2m? — 4m=2m? — 12m + 16

—4m=—12m+ 16
8m=16
m=2

'3 Multlplylng Po]ynomlais

Find each product.
23, (x—3)x+7)
25. (3r— 7H(2r + 51
27. PARKING LOT

24. (32— 2)(6a + 5)
26. (2x + 5)(5x + 2)

The parking lot = (Bx)(x) + (6x)(4) + (—5)(x) + (=5)4)
shown is to be ey - ;
paved. What is 2 +3 =6x"+24x—5x— 20 Multiply.
the area to be =6x2+ 19x— 20 Combine like terms.
paved?
. = = - _

Exampled
Find (6x — 5)(x + 4).
(6x — 5)(x + 4)

F 0 1 L
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! Special Products

Find each product.

28. (X + 5)(x— 5) 29. (3x — 2)2
30. (5x+ 4) 31. 2x—3)(2x+ 3)
32. (2r+ 51)2 33. 3m—2)(3m+2)

34. GEOMETRY Write an expression to represent the area
of the shaded region.

Example 5

Find (x — 7)2.

(a— b2 = a® — 2ab + b?

X—72=x2=20)(7) +(=7)> a=xandb=7
= x2 — 14x+ 49 Simplify.

| Exampleb6

Square of a Difference

£ " Using the Distributive Property
Use the Distributive Property to factor each polynomial.
35. 12x+ 24y

36. 14x%y — 21xy + 35xy?

37. 8xy— 16y + 10y

38. a® — 4ac + ab— 4bc

39, 2x° — 3xz— 2xy + 3yz

40. 24am — 9an + 40bm —15bn

Solve each equation. Check your solutions.
41. x(3x—6)=0 42, 6x>=12x
43. x> =3x 44. 3x% = 5x

45. GEOMETRY The area of
the rectangle shown is
X3 — 2x% + 5xsquare units.
What is the length?

o

2% +5 Find (5a — 4)(5a + 4).
(@a+ ba— by = a* — b2 Product of a Sum and
oS 2 —5 Difference
X—2 (5a— 4)5a+ 4) = (5382 — (42 a=5aandb=4
= 25a° — 16 Simplify.
~ —— . — . B —— . e

Example 7
Factor 12y2 + 9y + 8y + 6.
12y + 9y + 8y +6

= (12y% + 9y) + (8y + 6)

Group terms with common

factors.
=3y(dy+3)+ 24y + 3) Factor the GCF from each

group.
=dy+3)3y+2 Distributive Property

Solve x2 — 6x = 0. Check your solutions.

Write the equation so that it is of the form ab = 0.

x2—6x=0

xx—6)=0

x=0 or x—6=0
X=0 Solve,

The roots are 0 and 6. Check by substituting 0 and 6 for xin
the original equation.

Original equation
Factor by using the GCF.
Zero Product Property

—
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& Solving X+ bx+c=0
w s

Factor each trinomial. Confirm your answers using a

graphing calculator.

46. x> —8x+ 15
48. X2 —5x—6

a7. x2+9x+ 20
49, x?+3x—18

Solve each equation. Gheck your solutions.

50. x>+ 5x—50=10

51, x> —6x+8=0

52. x>+ 12x+32=0

53. x> —2x—48=0

54. x>+ 11x+10=0

55. ART An artist is working on a painting that is 3 inches

longer than it is wide. The area of the painting is 154
square inches. What is the length of the painting?

" Example9 |
Factor X2 + 10x + 21

b=10and ¢ = 21,s0 m + pis positive and mp s positive. |
Therefore, mand p must both be positive. List the positive
factors of 21, and look for the pair of factors with a sum

of 10.
1,21 22
3,7 10

The correct factors are 3 and 7.
x24+10x+ 21 = (x+ m)(x + p) Write the pattern.

=Xx+3)x+7) m=3andp=7

Factor each trinomial, if possible. If the trinomial cannot be
factored, write prime.

56. 12x° + 22x — 14
57. 2> — 9y +3
58. 3x°> — 6x— 45
59. 24° + 13a— 24

Solve each equation. Confirm your answers using a
graphing calculator.

60. 40x? + 2x=24

61, 2x2 —3x—20=0

62. —161>+36t—8=0

63. 6x2 —7x—5=0

64. GEOMETRY The area of the rectangle shown is

6x° + 11x — 7 square units. What is the width of
the rectangle?

Example 10

Factor 12a° + 17a+ 6

a=12,b=17,and ¢ = 6. Since bis positive, m+ pis
positive. Since ¢ is positive, mp is positive. So, mand p are
both positive. List the factors of 12(6) or 72, where both
factors are positive.

Factors of 72 | Sum of 17

1,72 73
2,36 38
3,24 27
4,18 22
6,12 18
8,9 17

The correct factors are 8 and 9.

1222 +17a+6 = 122>+ ma+ pa+ 6
=124°+8a+9a+6
= (124° + 8a) + (9a + 6)
=443a+2)+ 33a+2)
= (3a+ 2)(da + 3)

So,128% + 172+ 6 = (3a + 2)(4a + 3).
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“ "‘ Differences of Squares
Factor each polynomial.
65. y° — 81

66. 64 — 25x2

67. 16a° — 21b?

68. 3x° — 3

Solve each equation by factoring. Confirm your answers
using a graphing calculator.

69. 2 —25=0 70. 9x2 —25=0
71. 81 — )2 =0 72. *—5=20

73. EROSION A boulder falls down a mountain into water
64 feet below. The distance dthat the boulder falls in
tseconds is given by the equation d = 16t2. How long
does it take the boulder to hit the water?

Example 11
Solve x> — 4 = 12 by factoring.
X¥—4=12 Original equation
X —16=0 Subtract 12 from each side.
X — @2 =0 16 =42

x+4x—4=0 Factor the difference

of squares.
Xx+4=0 or x—4=0 Zero Product Property
xX=—4 x=4 Solve each equation.

The solutions are —4 and 4.

LN

™

"‘ Perfect Squares

Factor each polynomial, if possible. If the polynomial
cannot be factored write prime.

74. X2 +12x+ 36
75. x> +5x+ 25

76. 92 — 12y + 4
77. 4 — 28a + 494°
78. x*—1

79. x* —16x°

Solve each equation. Gonfirm your answers using a

graphing calculator.

80. (x— 5% =121 81. 4% +4c+1=9

82. 4> =64 83. 160% +40d+25=9

84. LANDSCAPING A sidewalk
of equal width is being built

around a square yard. What
is the width of the sidewalk?

Total ares, 900 f2

Example 12

Solve (x — 9)2 = 144,

(x—9)? = 144 Original equation
X—9=+VvVi144 Square Root Property
X—9=1:+12 144 =12.412

x=9+12 Add 9 to each side.

Xx=9+12 or x=9—12 Zero Product Property

x=21 x=-=3 Solve.

CHECK

(x— 9> =144 (x—9)2 =144
@1 —9°% L 144 (—3—92 <144
(122 £ 144 (—12)2 £ 144

144 =144 v 144 =144 v

534 | Chapter 8 | Study Guide and Review




- Practlce Test

|

) v

find each sum or difference.
1. x+5+&2-3x+7)
9. (7m — 8n2 + 3n) — (—2n% + 4m — 3n)

3. MULTIPLE CHOICE Antonia is carpeting two of the
rooms in her house. The dimensions are shown.
Which expression represents the total area to be
carpeted?

B 2x2 + 6x — 10 D 8 + 12

Find each product.
4. a(a® + 2a — 10)
2a — 5)(3a + 5)
X — 3)(x2 +5x —6)

-
-
. (x+3)2
. (2b —5)(2b + 5)

. FINANCIAL LITERACY Suppose you invest $4000 in
a 2-year certificate of deposit (CD).

a. If the interest rate is 5% per year, the expression
4000(1 + 0.05)2 can be evaluated to find the
total amount of money after two years. Explain
the numbers in this expression.

. Find the amount at the end of two years.

. Suppose you invest $10,000 in a CD for 4 years
at an annual rate of 6.25%. What is the total
amount of money you will have after 4 years?

- MULTIPLE CHOICE The area of the rectangle shown
below is 2x? — x — 15 square units. What is the
width of the rectangle?

F x-5
Gx+3
Hx-3
J 2x-3

Solve each equation.

11.
12.

3t +2) = 5t — 2)
3(x2 - 2)

5(12 —
3x(x +2) =

Factor each polynomial.

13.
14,

Sxy — 10x
7ab + 14ab? + 21a°b

15. 4x2 +8x+x +2

16.

1042 =500 —a + 5

Solve each equation. Confirm your answers using a
graphing calculator.

17.
18.
19, 42 =

20.

yy —14) =

3x(x + 6) =
12a

MULTIPLE CHOICE Chantel is carpeting a room that

has an area of x% — 100 square feet. If the width

of the room is x — 10 feet, what is the length of
the room?

A x—10ft
B x+10ft
C x—100 ft
D 10 ft

Factor each trinomial.

21,
23,
25.
27. 9x* —12x + 4 28.

x> —3x — 28
15x% + 7x — 2
4x? — 81

16x? + 40x + 25

2+7x+6 22.
10x2 —x—3 24.
x2—25 26.

Solve each equation. Confirm your answers using a
graphing calculator.

29, x2 —4x =21
31.

30. x2—2x—24=0

6x2—5x—6=0 32. 2x2—13x+20=0

33. MULTIPLE CHOICE Which choice is a factor of

x* — 1 when it is factored completely?
F x2-1 H x
Gx—1 J 1
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Solve Muiti-Step Problems

Some problems that you will encounter on standardized tests
require you to solve muitiple parts in order to come up with

| the final solution. Use this lesson to practice these types of
problems.

| Strategies for Solving Multi-Step Problems

Read the problem statement carefully.

1 | Ask yourself:
| e What am | being asked to solve? What information is given?

i | ‘ * Are there any intermediate steps that need to be completed before | can
: | solve the problem?

|

{3 Organize your approach.

I o List the steps you will need to complete in order to solve the problem.

R * Remember that there may be more than one possible way to solve the problem.

f Solve and check.

e Work as efficiently as possible to complete each step and solve.

|
; e [f time permits, check your answer,
|
|

| Standardized Test Example

Read the problem. Identify what you need to know. Then use the information
in the problem to solve.

A florist has 80 roses, 50 tulips, and 20 lilies that he wants to use to create
bouquets. He wants to create the maximum number of bouquets possible
and use all of the flowers. Each bouquet should have the same number of
each type of flower. How many roses will be in each bouquet?

A 4 roses C 10roses

' B 8 roses D 15 roses
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: Read the problem carefully. You are given the number of roses, tulips, and lilies
and told that bouquets will be made using the same number of flowers in each.
You need to find the number of roses that will be in each bouquet.

m Find the GCF of the number of roses, tulips, and lilies.
b4 Use the GCF to determine how many bouquets will be made.
iR Divide the total number of roses by the number of bouquets.

Step1  Write the prime factorization of each number of flowers to find the GCE.
80=2-2-2.2-.5
50=2-5:5
20=2.2-5
GCF=2-5=10
Step2 The GCF of the number of roses, tulips, and lilies tells you how many

bouquets can be made because each bouquet will contain the same
number of flowers. So, the florist can make a total of 10 bouquets.

Step 3 Divide the number of roses by the number of bouquets to find the
number of roses in each bouquet.
80
10
So, there will be 8 roses in each bouquet. The answer is B.
, —

Read each problem. Identify what you need to
know. Then use the information in the problem
to solve.

3. What is the area of the square?

1. Which of the following values is not a solution to
x3 — 3x% — 25x + 75 = 0?

Ax=5 Cx=-3
B x=3 Dx=-5

A x2+16
B 4x — 16
C x2—-8x—16

. There are 12 teachers, 90 students, and 2
X . . D x*—8x+16
36 parent volunteers going on a field trip.

Mrs. Bartholomew wants to divide everyone

into equal groups with the same number of
teachers, students, and parents in each group.
If she makes as many groups as possible, how
many students will be in each group?

F 6 H 12
Go9 ] 15

. Students are selling magazines to raise money for

a field trip. They make $2.75 for each magazine
they sell. If they want to raise $600, what is the
least amount of magazines they need to sell?

F 121 H 202
G 177 J 219
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Multiple Choice

Read each question. Then fill in the correct answer
on the answer document provided by your teacher
or on a sheet of paper.

1. Each year a local country club sponsors a tennis
tournament. Play starts with 256 participants.
During each round, half of the players are
eliminated. How many players remain after
6 rounds?

A 128
B 64
C 16
D 4

_55

56
2. Evaluate 1

F 56
G 5°
5
HZ
25
I

3. Factor mn + 5m — 3n — 15.
A (mn — 3)(5)
B (n—3)m+5)
C (m—5)n+3)
D (m —3)(n+5)
4. Which of the following is a solution to
X2 +6x—112=0?
F -14
G -8
H 6
J 12

3. Which of the following polynomials is prime?
A 5x? + 34x + 24
B 4x? + 22x + 10
C 4x? 4 38x + 70
D 5x*+3x +4
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6. Which of the following is not a factor of the
polynomial 454> — 80522

F 5

G 3a—4b
H 22 —5b
J Ba+4b

7. Arectangular gift box has dimensions that can }
represented as shown in the figure. The volume
of the box is 56w cubic inches. Which of the
following is not a dimension of the box?

A 6in.
B 7in.
C 8in.
D 12 in.

8. Factor the polynomial y* — 9y + 20.
F (y=2)(y - 10)
G (y—4(y—5)
Hy-2F-7
J v=-5y+2)

9. Which of the following numbers is less
than zero?

A 1.03 x 10~%
B 7.5 x 102
C 821543 x 1010

D none of the above

Test-TakingTip

Question 4 If time permits, be sure to check your answer.
Substitute it into the equation to see if you get a true number
sentence.




IResponse/Gridded Response

Record your answers on the answer sheet provided
by your teacher or on a sheet of paper.

10. GRIDDED RESPONSE Mr. Branson bought a total of
9 tickets to the zoo. He bought children tickets at
the rate of $6.50 and adult tickets for $9.25 each.
If he spent $69.50 altogether, how many adult
tickets did Mr. Branson purchase?

11. What is the domain of the following relation?
{(2/ _1)/ (4/ 3)/ (7/ 6)}

- 12. Ken just added 15 more songs to his digital

media player, making the total number of songs
more than 84. Draw a number line that represents
the original number of songs he had on his
digital media player.

13. Carlos bought a rare painting in 1995 for $14,200.
By 2003, the painting was worth $17,120. Assuming
that a linear relationship exists, write an equation
in slope-intercept form that represents the value V'
of the painting after t years.

14. The equation /i = ~16+2 + 40t 4+ 3 models the
height 1 in feet of a soccer ball after ¢ seconds.
What is the height of the ball after 2 seconds?

15. Marcel spent $24.50 on peanuts and walnuts for a
party. He bought 1.5 pounds more peanuts than
walnuts. How many pounds of peanuts and
walnuts did he buy?

Product Price per pound
Peanuts p $3.80
Cashews ¢ $6.90
Walnuts w $5.60

e

16. GRIDDED RESPONSE The amount of money that
Humberto earns varies directly as the number of
hours that he works as shown in the graph. How
much money will he earn for working 40 hours
next week? Express your answer in dollars.

®
70

60
50
40
30
20
10

Wages Earned

0 1T 2 3 4 5 6 7
Hours Worked

Extended Response .

Record your answers on a sheet of paper. Show
your work.

17. The height in feet of a model rocket ¢ seconds
after being launched into the air is given by the
function h(t) = —16t2 + 200¢.

a. Write the expression that shows the height of
the rocket in factored form.

b. At what time(s) is the height of the rocket
equal to zero feet above the ground? Describe
the real world meaning of your answer.

¢. What is the greatest height reached by the
model rocket? When does this occur?
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