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States vary?

Can the number of
states in the United

(© Content Standar<!
. ASSE.1.a Interpret parts of an expression, such as
VCI l'l G bleS Cl n d terms, factors, and coefficients,

Expressions

o — ———r m e e - R L —

Objective  To write algebraic expressions

3| | Getting Ready!

Consider the population of Florida, the area of Colorado, and the flight
time from Philadelphia to San Francisco. Which of these has a value
that varies? Explain.

Using Variable

@Dynumic Activity\

Expressions

|
|

Lesson \.
@Vocabulcry
* quantity n
* variable ;
. algebra'ic ;
expression i
* numerical
expression

Plan
How can a diagram
help you write an

algebraic expression? -

Models like the ones
shown can help

you to visualize the
relationships described
by the word phrases.

MATHEMATICAL
PRACTICES

A mathematical quantity is anything that can be measured or counted. Some quantities
remain constant. Others change, or vary, and are called variable quantities.

Essential Understanding Algebra uses symbols to represent quantities that
are unknown or that vary. You can represent mathematical phrases and real-world
relationships using symbols and operations.

A variable is a symbol, usually a letter, that represents the value(s) of a variable
quantity. An algebraic expression is a mathematical phrase that includes one or more
variables. A numerical expression is a mathematical phrase involving numbers and
operation symbols, but no variables.

@ ) -1ET I ) Writing Expressions With Addition and Subtraction
What is an algebraic expression for the word phrase?
Word Phrase Model Expression
(332morethananumbersn  b-ceereneneennn 7 RETTTTTTTIPRNES t n+ 32
n 32
(3 581less anumber n pommemennenenans Y. REPEEPERSTEPR 58 — n
n ?
0 Got It? 1. What s an algebraic expression for 18 more than a number n? _J

4 Chapter 1 Foundations for Algebra



@ 211 Writing Expressions With Multiplication and Division

What is an algebraic expression for the word phrase?

*#s there more than Word Phrase Model Expression
one way to write an : ?
algebraic expression . [ 8times anumber n S 1 8 Xn8-n8n

with multiplication? '
Yes. Multiplication can

be represented using a (@ the quotient of anumber  +--------------- N =as asee s { n =25, g
dot or parenthesesin nand5 .
addition to an X, ' ? ? ? 7 ?

@ 0 Got It? 2. What is an algebraic expression for each word phrase in parts (a) and (b)?
a. 6 times a number n b. the quotient of 18 and a number n
c. Reasoning Do the phrases 6 less a number y and 6 less than a number y
mean the same thing? Explain.

@ 73 11 B ) Writing Expressions With Two Operations

What is an algebraic expression for the word phrase?

Word Phrase Expression
3 3 more than twice a number x 3+ 2x
How can | represent |
the phrases visually? (3 9 less than the quotient of 6 and a number x 2 =g
Draw a diagram.Youcan -
represent the phrase in the product of 4 and the sum of anumberxand7 4(x + 7)
Problem 2, part (A), as
shown below. @ Got It? 3. What is an algebraic expression for each word phrase?
boe---- Pesnacs 1 a. 8 less than the product of a number x and 4
3T xTx] : b. twice the sum of a number xand 8

c. the quotient of 5 and the sum of 12 and a number x

In Problems 1, 2, and 3, you were given word phrases and wrote algebraic expressions.
You can also translate algebraic expressions into word phrases.

Tl L @ 7 I K 9 Using Words for an Expression

Is there only one What word phrase can you use to represent the algebraic expression 3x?

way to write the .

expression in words? Expression 3x<_ A number and a variable side by side }

No. The operation 3.y | indicate a product. 1

performed on 3 and -

x can be described b ‘

different words like L y Words three times anumberx or the product of 3 and a number x
“multiply,” “times,” and

“product.” 0 Got It? 4. What word phrase can you use to represent the algebraic expression?
e a.x + 8l b. 10x + 9 .3 d.5x - 1

Lesson 1- 1 Varlables and Expressmns
e T




You can use words or an algebraic expression to write a mathematical
rule that describes a real-life pattern.

@ G BEY Writing a Rule to Describe a Pattern

Hobbies The table below shows how the height
above the floor of a house of cards depends on the
number of levels.

oong oo,

30 0ag o,

) Whatis a rule for the height? Give the rule in

words and as an algebraic expression. 35in.[ 9 uunu BE i
—_— =y “M
House of Cards e
Number
of Leels . Height (in.) _
L2 LulaBaR) e L s
b et e B LT

o4 ] B

¥ f‘:'*n oy 4 \-? -
| s

Numerical expressions for A rule fot ﬁnding the. . _Look fora pattern in the table. Describe
the height given several " height givena house. | “the pattern in words. Then use the
different numbers of levels with n levels | wordsto write an‘algebraic expression.
Rule in Words Multiply the number of levels by 3.5 and add 24.

Rule as an Algebraic Expression  The variable n represents the number of levels in
the house of cards.

3.5n + 24 This expression lets you |
f nd the helght for n levels. |

Ba group of students built another house of cards that had 10 levels. Each card was
4 inches tall, and the height from the floor to the top of the house of cards was
70 inches. How tall would the house of cards be if they built an 11th level?

Since each card was 4 inches tall, adding 1 more level would increase the total
height of the house of cards by 4 inches.

The house of cards would be 70 + 4, or 74 inches tall if the 11th level were added.

Another group of students built a third house of cards with n levels. Each card was
5inches tall, and the height from the floor to the top of the house of cards was
34 + 5ninches. How tall would the house of cards be if the group added 1 more
level of cards?

Since each card was 5 inches tall, adding 1 more level would increase the total
height of the house of cards by 5 inches.

The house of cards would be 34 + 5n + 5 in. tall if the next level were added.

Chapter 1 Foundations for Algebra



0 Got If? 5. Suppose you draw a segment from any one vertex of a regular polygon to
the other vertices. A sample for a regular hexagon is shown below. Use the
table to find a pattern. What is a rule for the number of nonoverlapping
triangles formed? Give the rule in words and as an algebraic expression.

Triangles in Polygons

Number of Sides | Number of
of Polygon | Triangles

Lesson Check

MATHEMATICA
Do you know HOW? Do you UNDERSTAND? @pncncsé
1. Is each expression algebraic or numerical? @ 7. Vocabulary Explain the difference between
a7+02 b. 4m + 6 . 2(5 — 4) numerical expressions and algebraic expressions.

2. What is an algebraic expression for each phrase?

Use words to describe each algebraic expression.
3. 6¢ 4. x -1

5.'2- 6.3t — 4

@ 8. Reasoning Use the table to decide whether
49n + 0.75 or 49 + 0.75n represents the total cost to

a. the product of 9 and a number ¢ rent a truck that you drive n miles.
b. the difference of a number x and % Truck Rental Fees

¢. the sum of a number m and 7.1 Number of Miles |

e
d. the quotient of 207 and a number n

. . . MATHEMATICAL
Practice and Problem-Solving Exercises @PRACTICES

e ee——

Q Practice Write an algebraic expression for each word phrase. 4 See Problems 1-3. »
N 9. 4 more than p \\ 10. y minus 12 |
11. the quotient of nand 8 12. the productof 15and ¢ :

13. anumber ¢ divided by 82 14. the sum of 13 and twice a number h f

15. 6.7 more than the product of 5 and n 16. 9.85 less than the product of 37 and ¢ i

Write a word phrase for each algebraic expression. 4 See Problem4d. ;

17.4+5 18.% 19. 12¢ 20.49 + m ;

21.9n + 1 22.2-9 23.15 - 12 24.2(5 - n) 5

o

Lesson 1-1 Vaibles an Exrio ‘ e



Write a rule in words and as an algebraic expression to model the relationship 45 See Problems,

in each table.

25. Sightseeing While on vacation, you rent 26. Sales Atashoe store, a salesperson earns
a bicycle. You pay $9 for each hour you use aweekly salary of $150. A salesperson is
it. It costs $5 to rent a helmet while you use also paid $2.00 for each pair of shoes he
the bicycle. or she sells during the week.

Bike Rental Shoe Sales

Number of Hours |  Rental Cost Pairs of Shoes Sold Total Earned

9 Apply Write an algebraic expression for each word phrase.
== 27. 8 minus the productof9 and r 28. the sum of 15 and x, plus 7
29. 4 less than three sevenths of y 30. the quotient of 12 and the product of 5 and ¢

@ 31. Error Analysis A student writes the word phrase “the quotient of n and 5" to
describe the expressnon . Describe and correct the student’s error.

(® 32. Think About a Plan The table at the right shows the number
of bagels a shop gives you per “baker’s dozen.” Write an
algebraic expression that gives the rule for finding the
number of bagels in any number b of baker’s dozens.

* What is the pattern of increase in the number of bagels?
¢ What operation can you perform on b to find the number
of bagels?

33. Tickets You and some friends are going to a museum. Each
ticket costs $4.50.

a. If n is the number of tickets purchased, write an expression that gives the total
cost of buying n tickets.

b. Suppose the total cost for n tickets is $36. What is the total cost if one more ticket
is purchased?

34. Volunteering Serena and Tyler are wrapping gift boxes at the same pace. Serena
starts first, as shown in the diagram. Write an algebraic expression that represents
the number of boxes Tyler will have wrapped when Serena has wrapped x boxes.

P e e T A A - e 7 S 5 R e T

-
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35. Multiple Choice Which expression gives the value in dollars of d dimes?
A& 0.10d B 010 +d @ U0 @ 10d

@ Open-Ended Describe a real-world situation that each expression might model.
Tell what each variable represents.

36. 5¢ 37.b + 3 38. ‘j!—"

@ Challenge 39. Reasoning You write (5 — 2) + n to represent the phrase 2 less than 5 divided
by a number n. Your friend writes (5 <~ n) — 2. Are these both reasonable
interpretations? Can verbal descriptions lack precision? Explain.

Write two different expressions that could both represent the given diagram.

40. X 1 1 1 1 41. X 1 1 1 1

X 1 1 1 1 X 1 1

X 1 1 1 1

—_—q
Standardized Test Prep

SAT/ACT 42. What is an algebraic expression for 2 less than the product of 3 and a number x?
@ 3x-2 @ (3-2)x @3 -2 @2 -3

43. Which word phrase can you use to represent the algebraic expression n =~ 8?
(P the product of a number n and 8 (® the difference of a number n and 8
(& the quotient of a number n and 8 D the quotient of 8 and a number n

44, A state park charges an entrance fee plus $18 for each night of Camping
camping. The table shows this relationship. Which algebraic
expression describes the total cost of camping for n nights?

B> 20n + 18 @ 18n + 20n ot 1
18n + 20 (D> 18n — 20 = . ¥
B e ———— *
Mixed Review
Find each sum or difference. Write each answer in simplest form. 49 See p.803.
1.1 8 _2 2,3 S _2
45. 3 + 3 46. a7 47. + 10 48. 6 3
Get Ready! To prepare for Lesson 1-2, do Exercises 49-52.
Find the greatest common factor of each pair of numbers. 4 See p.799.

49. 3and 6 50. 12and 15 51. 7and 11 52.8and 12

( PowerAlgebra com I Lesson 1-1 Varlables and Expressvons | 9



(© Content Standord
ASSE.1.a Interpret parts of an expression, such as

Order of Operations and s
Evaluating Expressions

J— — J— R g A o~

Objectives To simplify expressions involving exponents
To use the order of operations to evaluate expressions

P — ) s =Tk
QWE,
s Getting Ready! L X LA
What is your plan
for making a good
choice?
MATHEMATICAL
PRACTICES
&, Dynamic Activity\
8“’“ :?; Essential Understanding You can use powers to shorten how you represent
pefations y repeated multiplication, suchas2 X 2 X 2 X 2 X 2 X 2,
A power has two parts, a base and an exponent. The exponent tells
Lesson ‘ ou how many times to use the base as a factor. You read the power 23 SApOTiE
Vocabulary y y ' P —
* power as “two to the third power” or “two cubed.” You read 5% as “five to the ol WY
« exponent second power” or “five squared.” -~
: ?i‘:;lify You simplify a numerical expression when you replace it with its @
s evaluate | single numerical value. For example, the simplest form of 2 - 8 is 16.
’ To simplify a power, you replace it with its simplest name.
CLIETURY Simplifying Powers
; " —_
Whatidoas the What is the simplified form of the expression?
exponent indicate? Q107 B0.2)5
It shows the number of / .
fimes you use the base 107 =10-10+10+10- 10+ 10+ 10 (02)=02:02-02-0.2-0.2
as a factor. = 10,000,000 = 0.00032
0 Got It? 1. What is the simplified form of each expression?
a. 34 b. (§f c. (0.5)3

10 Chapter 1 Foundations for Algebra



Essential Understanding When simplifying an expression, you need to
perform operations in the correct order.

You might think about simplifying the expression 2 + 3 X 5 in two ways:
Add first. Multiply first.
2+3X5=5X5=25X 24+43X5=2+15=17 ¢

Both results may seem sensible, but only the second result is considered correct. This is
because the second way uses the order of operations that mathematicians have agreed
to follow. Always use the following order of operations:

Key Concept Order of Operations ]

| 1. Perform any operation(s) inside grouping symbols, such as parentheses ( ) and
brackets [ ]. A fraction bar also acts as a grouping symbol.
2. Simplify powers.
3. Multiply and divide from left to right.
4. Add and subtract from left to right. ’

. J

@ L EL W) Simplifying @ Numerical Expression

What is the simplified form of each expression?
How do you simplify B6—-2)3=+2
arl expression that 3 -
contains a fraction? (6-2)° =2
You start by simplifying

43 = 2 Subtract inside parentheses.
64 ~ 2 Simplify the power.

the numerator and =32 Divide.
denominator. Then you . i
divide the numerator by (g pai=m
% p 5
the denominator. ' s
2 = L 165— L Simplify the power.
= 15—5 Subtract.
=3 Divide.

@ 0 Got It? 2. What s the simplified form of each expression?
a.5-7-4%2+2

b.12 -25+5
4 + 34
ol %)

d. Reasoning How does a fraction bar act as a grouping symbol? Explain.

(a=rrerewrrm Mmoo



How is this Problem
like ones you've seen

before?

You begin by

su numbers
for the variables. After
substituting, you have
numerical expressions
just like the ones in
Problem 2.

I m | ™
1% Lo

How can a model
help you write the -
expression?

This model shows that
spending money equals

your wages w minus the
amount you save: §w.

12

When two or more variables, or a number and variables, are written together, treat them
as if they were within parentheses. So 4xy is equivalent to (4xy), and xy? = (x32). You
evaluate an algebraic expression by replacing each variable with a given number, Then
simplify the expression using the order of operations.

@ LK Evaluating Algebraic Expressions

What is the value of the expression for x = 5and y = 2?

D O +x-12+y?

1

x2+x-12+y2=52+4+5-"12+22
=25+5-12+4

B (x)? + (xy

()% + xy

)

=25+5-3
= 27

(s 2)% +(5-2)
2+ 10

100 = 10

10

Substitute 5 for x and 2 for y.
Simplify powers.

Divide.

Add and subtract from left to right.

Substitute 5 for x and 2 for y.
Multiply inside parentheses.
Simplify the power,

Divide.

a Got It? 3. What s the value of each expressionwhen a = 3and b = 4 in
; parts (a)-(b)?
a. 3b - a®

@ Y Evaluating a Real-World Expression

Banking What is an expression for the spending money you have left after depositing
% of your wages in savings? Evaluate the expression for weekly wages of $40, $50, $75,

. Write

b. 2b% - 7a

and $100.
. Saﬁngs equals % of . Expressfon for spending Wﬁte an algebraic expression j
wages, , money “and evaluate it for each amount
* Various weekly wages o Amount of spendingmoney = of weekly wages. Use a table to
: Bl for various we_ekly.wages ' organize your results,
Relate spending money equals Spending Money
wages minus = of wages Total Spendifig
Money (S)
Define Let w = yourwages. S ——
40 .,*.40—%(40) g
e - g% N ——
, & | s0-260) 30
The expression 5 * w represents ik e O
the amount of money you have left after B 575 = %-(75)- B Ly
deposiﬁng%of your wages in savings. ; 7 T TR
[ 100- (1000

Chapter 1 Foundations for Algebra




a Got It? 4. The shipping cost for an order at an online store is ,io the cost of the items

you order. What is an expression for the total cost of a given order? What are
the total costs for orders of $43, $79, $95, and $103?

Lesson Check
Do you know HOW?

What is the simplified form of each expression?

THEMATICAL

MA
Do you UNDERSTAND? @PRACTICES
@ 7. Vocabulary Identify the exponent and the base in 4%,

1. 52 2. 2% 3. (%)2 @ 8. Error Analysis A student simplifies an expression
as shown below. Find the error and simplify the
Evaluate each expression for x = 3and y = 4. expression correctly.
x4z y) 23.8-2+3%:23-8
- . + - - .
5. (w)? e =g
6. 4x2 — 3xy 9
F
O
x . . . MATHEMATICAL
& Practice and Problem-Solving Exercises PRACTICES
Q Practice Simplify each expression. 4 SeeProblems 1and 2.
9.3% 10. 43 1. 28 12. 108
13. (3)° 1. (3)' 15. (0.4)° 16. 74
17.20 — 2 - 32 18.6 + 4+ 2 + 3 19. (62 — 33) = 2 20.5-22 -2+ 8
4 . 22
21.80 — (4 — 1)3 22.52 + 82 - 34 —2)3 23. £33 2427 24
Evaluate each expression for s = 4 and ¢t = 8. 49 See Problem 3.
25. (s + t)3 26. s + 12+ 5+ 2 27. (st)? = (st?)
28. 3st2 = (st) + 6 29. (t — s)° 30. (25)2t
3
31. 2512 — 2 32.22 - £ + 16 g
34. Write an expression for the amount of change you will get when you pay 49 See Problem 4.

35.

for a purchase p with a $20 bill. Make a table to find the amounts of change you
will get for purchases of $11.59, $17.50, $19.00, and $20.00.

An object’s momentum is defined as the product of its mass m and velocity v.
Write an expression for the momentum of an object. Make a table to find the
momentums of a vehicle with a mass of 1000 kg moving at a velocity of 15 m/s,
20 m/s, and 25 m/s.

and Evaluating Exgressionsi

=
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Apply

(® 36. Geometry The expression 7r2h represents the volume of a
cylinder with radius r and height h.
a. Whatis the volume, to the nearest tenth of a cubic inch, of the
juice can at the right? Use 3.14 for 7.
b. Reasoning About how many cubic inches, to the nearest
tenth of a cubic inch, does a fluid ounce of juice fill?

Simplify each expression.

37. 2[(8 — 4)° + 8] 38. 3[(4 — 2)° - 20] 39.10 — (23 +4) +3 -1
3 4 _ =2 — 26)3

a0 21! ;“ ) a1. 3[42 - 2(10% — )] et — 2l ]

@ 43. Think About a Plan The snack bar at your school has added sushi to its menu.
The ingredients for one roll include sushi rice, seaweed sheets, cucumbers, cream
cheese, and 3 oz of smoked salmon. One roll can be cut into 8 servings. Write
an expression for the amount of salmon needed to make s servings of sushi.

How much salmon is needed to make 16 servings? 24 servings? 80 servings?

100 servings?

* What operations are needed in your calculations?

e Use a table to help you organize your results. What will you use for the column
headings in your table?

44. Salary You earn $10 for each hour you work at a canoe rental shop. Write an
expression for your salary for working the number of hours h. Make a table to find
, how much you earn for working 10 h, 20 h, 30 h, and 40 h.

Evaluate each expression for the given values of the variables.

45.3(s — % s=4,t=1 46.2x — Y% x =17,y =35
47.3m* - m;m=2,n=6 48. (2a + 2b)%,;a=3,b=14
49. 2p% + (29)%p =4, =3 50. (4c — d + 0.2)2 — 10c;c = 3.1,d = 4.6
51. 8 2 g =5h=7 52. 330y — 6w =1

@ 53. Writing Consider the expression (1 + 5)? — (18 + 3). Canyou perform the
operations in different orders and still get the correct answer? Explain.

@ 54, A student wrote the expressions shown and claimed they were equal for all
values of xand y.
a. Evaluate each expression forx = 1 and y = 0.
b. Evaluate each expression forx = 1and y = 2.
¢. Open-Ended Choose another pair of values for x and y. Evaluate each
expression for those values.
d. Writing Is the student’s claim correct? Justify your answer.

(x+y)?
x2+y2 J

55. Find the value of 14 + 5 - 3 — 32, Then change two operation signs so that the
value of the expression is 8.



G Challenge  Use grouping symbols to make each equation true.
56.9+3—-2+4=6 57.16 -4 +2+3=9
1 59.3-4+5—-6+7=28

58.42 - 5.2 + 1

@ 60. a. Geometry A cone has a slant height ¢ of 11 cm and a radius r of 3 cm. Use the
expression zr(€ + r) to find the surface area of the cone. Use 3.14 for 7. Round

to the nearest tenth of a square centimeter.
b. Reasoning Does the surface area of the cone double if the radius doubles? If the

slant height doubles? Explain. A

Standardized Test Prep

61. What is the simplified form of 4 + 10 + 4 + 6?

\ SAT/ACT
@14 @B 9.5 @ 125 D 24

62. What is the value of (2a)%b — 2c? fora = 2,b = 4,and ¢ = 3?
@ 14 @ 28 @@ 32 D 46

63. A shirt is on sale for $25 at the local department store. The sales tax equals 2—15 of the
shirt’s price. What is the total cost of the shirt including sales tax?

@ $17 $26 © $27 D> $33 ;

64. You can find the distance in feet that an object falls in ¢ seconds using the
expression 16¢2. If you drop a ball from a tall building, how far does the ball fall

in3s? .
P 16ft G 48t D 96 ft - dD 1441t —
r ) —
Mixed Review \
Write an algebraic expression for each word phrase. 4 Seelesson 1-1.
65. 4 more than p 66. 5 minus the product of yand 3 —
67. the quotient of mand 10 68. 3 times the difference of 7 and d
Tell whether each number is prime or composite. 4b See p.798.
69. 17 70. 33 71.43 72.91
Get Ready! To prepare for Lesson 1-3, do Exercises 73-80.
Write each fraction as a decimal and each decimal as a fraction. 4 See p. 802 :
3 7 2 4
73. ¢ 74. 5 75. 3 76. 5
77.0.7 78. 0.07 79. 4.25 80. 0.425 ;

Lesson 1-2 Order of Operations and Evaluating Expressions |




© Content Standard
Prepares for N.RN.3 Explain why the sum or
ReCI I N U m be rs of two rational numbers is rational; that the sumpgfogm

rational number and an irrational number is irrational

S S VAP B T i s R e

Objectives To classify, graph, and compare real numbers
To find and estimate square roots

— " A e 3 - - B —— -

[3
Sy Getting Ready! |« LJL.

b\
Al

This problem
involves a special
group of numbers.

MATHEMATICAL
PRACTICES

; ‘—\ The diagrams in the Solve It model what happens when you multiply a number by itself
@ Dynamic Activity

: to form a product. When you do this, the original number is called a square root of
Exploring Square
Roots . the product.

The Real Number |

Line :

S Key Concept Square Root | W
Lesson \ Algebra A number a is a square root of a number b if a> = b.
Vocabulary ,

il l Example 72 = 49, s0 7 is a square root of 49.

* radicand |

« radical .

s perfect square - 2

o set . Essential Understanding You can use the definition above to find the exact

= elebment ofaset | square roots of some nonnegative numbers. You can approximate the square roots of

i ‘ other nonnegative numbers.

« rational numbers |

¢ "a';‘ul"“ "U"Qze"s ; The radical symbol V' indicates a nonnegative square root, also called a principal

] .

. i\:’\t:geer';um = square root. The expression under the radical symbol is called the radicand.

* irrational radical symbol — \/a « radicand
numbers - ;

* real numbers )

* inequality ; Together, the radical symbol and radicand form a radical. You will learn about negative

Y. square roots in Lesson 1-6.

16 Chapter 1 Foundations for Algebra




@ 15 R Y Simplifying Square Root Expressions

What is the simplified form of each expression?
How can you find a | ,

square root? B V8l =9 92 = 81,509isasquare root of 81.
Find a number that you 9 3 /2 9 3. g
can multiply by itself 0 \/% =3 (3) = j§. 50 3 is a square root of 1¢.

to get a product that is
equal to the radicand. a Got It? 1. What is the simplified form of each expression?

a. V64 b. V25 c. \/3% d. . {%

The square of an integer is called a perfect square. For example,
49 is a perfect square because 72 = 49. When a radicand is not a
perfect square, you can estimate the square root of the radicand.

©’ LW Estimating a Square Root GED 386 square microns

Biology Lobster eyes are made of tiny square regions. Under
a microscope, the surface of the eye looks like graph paper.
A scientist measures the area of one of the squares to be

386 square microns. What is the approximate side length of
the square to the nearest micron?

How can you get
started? Method 1 Estimate V386 by finding the two closest perfect squares.
The square root of the

area of a square is equal The perfect squares closest to 386 are 361 and 400.

to its side length. So, find 192 = 361
V386 e 386
=, 202 = 400 ’

Since 386 is closer to 400, V386 = 20,
and the side length is about 20 microns.

Method 2 Estimate V386 using a calculator.
V386 = 19.6  Use the square root function on your calculator.

The side length of the square is about 20 microns.

\a Got It? 2. Whatis the value of V/34 to the nearest integer?

Essential Understanding Numbers can be classified by their characteristics.
Some types of numbers can be represented on the number line.

You can classify numbers using sets. A set is a well-defined collection of objects. Each
object is called an element of the set. A subset of a set consists of elements from the
given set. You can list the elements of a set within braces { }.

Lesson 1

(,".__.._.__.._____*__.""
3 PowerAlgebra.com




g §

¢ i
Think

What clues can o el ' .
¥ -, @15 natural numbers, whole numbers, integers, rational numbers

use to dassify real
numbers?

Look for neganves&gns,

fractions, decimals that
do or do not terminate

 orrepeat, and radicands

that are not perfect
i

R

A rational number is any number that you can write in the form %. where a and b are
integers and b # 0. A rational number in decimal form is either a terminating decimal
such as 5.45 or a repeating decimal such as 0.41666 . . ., which you can write as 0.416.
Each graph below shows a subset of the rational numbers on a number line.

Natural numbers {1,2,3,...} _; _{. [; 1 2 3§
0~

Whole numbers {0,1,2,3,.. .} -2 =1 0 1 2 3

Integers e =2 =10, 12, B o 2 <f 0 1 Z 3

An irrational number cannot be represented as the quotient of two integers. In
decimal form, irrational numbers do not terminate or repeat. Here are some examples.

0.1010010001 .. m = 3.14159265 ...

Some square roots are rational numbers and some are irrational numbers. If a whole
number is not a perfect square, its square root is irrational.

Rational V4 =2 V25 =5

Irrational V3 = 1.73205080 ... V10 = 3.16227766 . ..

Rational numbers and irrational numbers form the set of real numbers.

@ LUK Classifying Real Numbers

To which subsets of the real numbers does each number belong?

() -1.4583 rational numbers (since —1.4583 is a terminating decimal)

@ V57

irrational numbers (since 57 is not a perfect square)

0 Got It? 3. To which subsets of the real numbers does each number belong?
a. V9 b. 15 ¢ -0.45 d. Vi2

Concept Summary Real Numbers

Real Numbers
Rational BT T N AR Irrational
Numbers Numbers
3 Vi -\
03 0.1010010001...
Vo5 *
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An inequality is a mathematical sentence that compares the values of two expressions
using an inequality symbol. The symbols are

<, less than =, less than or equal to
>, greater than =, greater than or equal to
@ L ET R Y Comparing Real Numbers
How can you What is an inequality that compares the numbers \/17 and 4%?
compare numbers? _ . :
Wiite the numbéret 7 V17 = _4.12310 ... Wirite the square root as a decimal.
the same form, such as 4% = 4.3 Write the fraction as a decimal.
decimal form, : :
b V17 < 4% Compare using an inequality symbol.

@ a Got It? 4. a. What is an inequality that compares the numbers V129 and 11.52?
' b. Reasoning In Problem 4, is there another inequality you can write that
compares the two numbers? Explain.

You can graph and order all real numbers using a number line.

@ L EN Y Graphing and Ordering Real Numbers

Multiple Choice What is the order of V4, 0.4, —2, V/2, and — 1.5 from least

to greatest?
@ -2,04,-15,V2, V4 © -15,-3,04,V2, V4
@ -15, V2,04, V4, -2 @ V4, V2,04,-3-15
Know ' Need Plan
Fivereal numbers Orderofnmﬁels 5 wmum
_ ki e fromleastto ‘ammhuh
gl'eatﬂst Nt AR, -

Why is it useful to
rewrite numbers in First, write the numbers that are not in decimal form as decimals: V4 = 2, —% = —0.67,

decimal form? | and V2 = 1.41. Then graph all five numbers on the number line to order the numbers,

It allows you to compare :
and read the graph from left to right.
numbers whose values ¢ ERE gh

are close, like 1; and 0.26.

2
-1573 0.4 V24
01—+ O0—+0—O0—+—
-2 -1 0 1 2 3

From least to greatest, the numbers are —1.5, -3, 0.4, V2, and V4. The correct
answer is C.

0 Got It? 5. Graph3.5, —2.1, V9, —, and V5 on a number line. What is the order of
the numbers from least to greatest?




Lesson Check

MATHEMATICAL
Do you know HOW? Do you UNDERSTAND? @ PRACTICES
Name the subset(s) of the real numbers to which each @ 5. Vocabulary What are the two subsets of the real
number belongs. numbers that form the set of real numbers?
1. V11 2. =7 @ 6. Vocabulary Give an example of a rational number

ve atis not an integer.
3. Order :—(',, 4.1, -5, and V16 from least to greatest. th g

4. A square card has an area of 15 in.2. What is the @ Reasoning Tell whether each square root is rational or
approximate side length of the card? irrational. Explain.
7. V100 8. V0.29
@ Practice and Problem-Solving Exercises PRACTICES
@. Practice Simplify each expression. 4 See Problem;
9. V36 10. V169 11. V16 12. V900 13. /38
TRV 15/} 16. \/ 2 17. V196 18. V0.25
Estimate the square root. Round to the nearest integer. 4 See Problem)
19. V17 20. V35 21. V242 22. V61 23. /320

Find the approximate side length of each square figure to the nearest whole unit.
24. a mural with an area of 18 m?

25. a game board with an area of 160 in.?

26. a helicopter launching pad with an area of 3000 ft?

Name the subset(s) of the real numbers to which each number belongs 4 Sce Problems
2 19
27. 3 28. 13 29, -1 30. —150 31. n
32. —2.38 33. .1 34. VIaa 35. VI3 36. 32
Compare the numbers in each exercise using an inequality symbol. 4 See Problemd
37.5%,v29 38. -3.1, ¢ 39.3v2 40.9.6, /96
41. -, —0.63 42. V115,10.72104... 43. -3, -08 44. \/184, 15.56987 ...
Order the numbers in each exercise from least to greatest. 4 See Problems -
45.3, -2, V5, 1,24 46. -3, V31, V1,55, -2 47. -6, V20,43, -2
10 A3 5, 2% 9 i 27
48. 7,3, VB,29,V7 49, - -8, -5~ 50. ~5 03, VL, —15:3

o e g g ————r T
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9 Apply @ 51. Think About a Plan A stage designer paid $4 per square foot for flooring to be used
in a square room. If the designer spent $600 on the flooring, about how long is a
side of the room? Round to the nearest foot.

¢ How is the area of a square related to its side length?
¢ How can you estimate the length of a side of a square?

Tell whether each statement is true or false. Explain.
52. All negative numbers are integers.

53. All integers are rational numbers.

54. All square roots are irrational numbers.

55. No positive number is an integer.

@ 56. Reasoning A restaurant owner is going to panel a square portion of the restaurant’s
ceiling. The portion to be paneled has an area of 185 ft?. The owner plans to use
square tin ceiling panels with a side length of 2 ft. What is the first step in finding
out whether the owner will be able to use a whole number of panels?

Show that each number is rational by writing it in the form ,whereaand b
are integers.

57. 417 58. 0.37 59. 2.01 60. 2.1 61. 3.06

@ 62. Error Analysis A student says that \/7 is a rational number because you can write
V7 as the quotient ¥i . Is the student correct? Explain.

QLD 63. Construction A contractor is tiling a square patio that has the area shown

at the right. What is the approximate side length of the patio? Round to
the nearest foot.

@ 64. Open-Ended You are tutoring a younger student. How would you explain
rational numbers, irrational numbers, and how they are different?

65. Geometry The irrational number 7, equal to 3.14159.. . ., is the ratio
of a circle’s circumference to its diameter. In the sixth century, the
mathematician Brahmagupta estimated the value of 7 to be V/10. In the
thirteenth century, the mathematician Fibonacci estimated the value of 7

864 o s : :
to be 57z. Which is the better estimate? Explain.

66. Home Improvement Ifyou lean a ladder against a wall, the length of the ladder
should be V/(x)? + (4x)? ft to be considered safe. The distance x is how far the
ladder’s base is from the wall. Estimate the desired length of the ladder when the
base is positioned 5 ft from the wall. Round your answer to the nearest tenth.

@ 67. Writing Is there a greatest integer on the real number line? A least fraction?
Explain.

@ 68. Reasoning Choose three intervals on the real number line that contain both
rational and irrational numbers. Do you think that any given interval on the real
number line contains both rational and irrational numbers? Explain.




@ Challenge  69. Reasoning Sometimes the product of two positive
numbers is less than either number. Describe the
numbers for which this is true.

@ 70. Antennas Guy wires are attached to an antenna tower
at the heights h shown at the right. Use the expression
V h? + (0.55h)? to estimate the wire length for each
height. If three wires are attached at each height, what is
the minimum total amount of wire needed?

71. Cube Roots The number a is the cube root of a number
bif@® = b. For example, the cube root of 8 is 2 because
23 = 8. Find the cube root of each number.
a. 64 b. 1000 C. 343 d. 2197

Standardized Test Prep

SAT/ACT 72. A square picture has an area of 225 in.2. What is the side length of the picture?
@ 5in. B> 15in. @ 25in. @D 225in.
73. To simplify the expression 9 - (33 — 5%) + 2, what do you do first?
¢(F> Divide by 2. G Subtract 5. CHD Multiply by 9. (I Square 5.
74. The table at the right shows the number of pages you can read Reading

per minute. Which algebraic expression gives a rule for finding
the number of pages read in any number of minutes m?

@ m © 2m
B m+2 DG o
Mixed Review |

Evaluate each expression for the given values of the variables. 4 5ee Lesson 1-2.
75.(r—-0%r=11,t=7 76.3m? + m;m=5n =3 77. (Zx)zy;.t=4,y=8 ‘
Write an algebraic expression for each word phrase. 4 Seelesson 1-1.
78. the sum of 14 and x 79. 4 multiplied by the sum of y and 1
80. 3880 divided by z 81. the product of t and the quotient of 19 and 3

Get Ready! To prepare for Lesson 1-4, do Exercises 82-85.

Simplify each expression. 4 See lesson 1-2.
82.4+7-2 83. (7+1)9 84.2 +22-20 85.6 +18 + 6

S bl o _-._J
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(@ Content Standard |
Properties of e s

rational number and an irrational number is irational . ...

Real Numbers

Objective To identify and use properties of real numbers

Tell whether each pair of expressions
is equal by completing each statement 34+12212+34 18 +-118-z1
with = or #. Explain your answers. 100-121-100 45-1245
0+1802180  6x%21

Remember that
# means "is not
equal to."

THEMATICAL
@ PRACTICES The solve It illustrates numerical relationships that are always true for real numbers.

6’ Essential Understanding Relationships that are always true for real numbers
Lesson
> ‘ -«

are called properties, which are rules used to rewrite and compare expressions.
i Vocabulary

e equivalent Two algebraic expressions are equivalent expressions if they have the same value

szress.ions for all values of the variable(s). The following properties show expressions that are
5 eea sg;ti'r\:; equivalent for all real numbers.

* counterexample
@ Properties Properties of Real Numbers B

Leta, b, and c be any real numbers.

Commutative Properties of Addition and Multiplication
Changing the order of the addends does not change the sum. Changing the order of the
factors does not change the product.

Algebra Example
Addition a+b=b+a 18 + 54 = 54 + 18
Multiplication a-b=b-a 12 % = ,l, <12

Associative Properties of Addition and Multiplication

Changing the grouping of the addends does not change the sum. Changing the

grouping of the factors does not change the product.

Addition (@a+b)+c=a+ (b+ 0 (23+9) +4=23+(9+4)
Multiplication (@a<b)-c=a-(b-c) (7-9)-10=7-(9-10)

TS -
@ PowerAlgebra.com

m——

S ' 4 -y




What math symbols
give you clues about
the properties?
Parentheses, operation
symbols, and the
numbers 0 and 1

may indicate certain
properties.

Y | e

How can you make

the addition easier?
Look for numbers having -

decimal parts you can
add easily, such as 0.75
and 0,25.

Properties Properties of Real Numbers

Let a be any real number.
Identity Properties of Addition and Multiplication
The sum of any real number and 0 is the original number. The product of any real
number and 1 is the original number.
Algebra Example
Addition a+0=a 5+ 0 =5
Multiplication a*l1=a 67 -1 =67
Zero Property of Multiplication
The product of aand 0is 0. a-0=0 18-0=0
Multiplication Property of —1
The product of —1 and ais —a. =l»q = =g -1:9=-9
N
€ Probi i -
AL LR Identifying Properties
What property is illustrated by each statement?
042 -0 =10 Zero Property of Multiplication
By + 25) +28=y+ (25 + 28) Associative Property of Addition
10x + 0 = 10x Identity Property of Addition
Q Got It? 1. What property is illustrated by each statement?
a.4x-1=4x b.x+(Vy+2) =x+(z+ VYy)

You can use properties to help you solve some problems using mental math.

@ 1)) Using Properties for Mental Calculations

Movies A movie ticket costs $7.75. A drink costs $2.40. Popcorn costs $1.25. What is

the total cost for a ticket, a drink, and popcorn? Use mental math.

(7.75 + 2.40) + 1.25 = (2.40 + 7.75) + 1.25 Commutative Property of Addition
= 2.40 + (7.75 + 1.25) Associative Property of Addition
=240 +9 Simplify inside parentheses.

= 11.40 Add.
The total cost is $11,40.

\0 Got It? 2. A can holds 3 tennis balls. A box holds 4 cans. A case holds 6 boxes. How

et

many tennis balls are in 10 cases? Use mental math.
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@ 211 ET Y Writing Equivalent Expressions

Simplify each expression.

A 5(3n)
Anexprssvon e Gmdpéofnumbers Usebropaﬁesmmorrem
_# thatcan besimplified ~  parts of the expression.
5(3n) = (5 - 3)n Associative Property of Multiplication

15n Simplify.
B@+7)+8
(4 + 7b) + 8 = (7b + 4) + 8 Commutative Property of Addition

7b + (4 + 8) Associative Property of Addition

= =7b+ 12 Simplify.
6xy
05
S%y - Glx .' ; Rewrite denominator using Identity Property of Multiplication.
= GTx . % Use rule for multiplying fractions: § - & = £2.
=6x-1 x+1=xandy-y=1
= 6x Identity Property of Multiplication

0 Got It? 3. Simplify each expression.

a. 2.1(4.5%) b. 6 + (4h + 3) s

In Problem 3, reasoning and properties were used to show that two expressions are
equivalent. This is an example of deductive reasoning. Deductive reasoning is the
process of reasoning logically from given facts to a conclusion.

To show that a statement is not true, find an example for which it is not true. An
example showing that a statement is false is a counterexample. You need only one
counterexample to prove that a statement is false.

©/ YR Y Using Deductive Reasoning and Counterexamples

Is the statement true or false? If it is false, give a counterexample.

g @ For all real numbersaand b, a - b = b + a.

d el

~an False. 5 + 3 # 3 + 5 isa counterexample.

Look for a -

counterexample toshow B For all real numbers a, b,and ¢, (a + b) + ¢ = b + (a + o).

;tzs;;eﬂ::; ::nleze'y'tz A | True. Use properties of real numbers to show that the expressions are equivalent.
use properties to show (a+ b) + c=(b+ a) + c Commutative Property of Addition

thatitistrue. ‘A‘.'v‘ = b+ (a+ c) Associative Property of Addition

PowerAIgebra com | Lesson 1-4 Properties of Real Numbers




@ 0 Got It? 4. Reasoning Is each statement in parts (a) and (b) true or false? If it is
E false, give a counterexample. If true, use properties of real numbers to
show the expressions are equivalent,
a. For all real numbersjand k, j - k = (k + 0) - j.
b. For all real numbers mand n, m(n + 1) = mn + 1.
¢. Is the statement in part (A) of Problem 4 false for every pair of real
numbers @ and b? Explain.

_
Lesson Check

MATHEMATICAL
Do you know HOW? Do you UNDERSTAND? @ PRACTICES
Name the property that each statement illustrates. @ 5. Vocabulary Tell whether the expressions in each pair

are equivalent,
TL.x+12=12 +x uuivaient

a.5xv+land1 + 5x

b.1+ (2t+1)and2 + 2t

3. You buy a sandwich for $2.95, an apple for $.45, and a 6. Justify each step.
bottle of juice for $1.05. What is the total cost?

2.5:(12:x)=(5-12) - x

3.(10-12) =3- (12 - 10)
- . 24cd
4. Simplify <. =(3-12)-10
=36-10
= 360

. . . MATHEMATICAL
Practice and Problem-Solving Exercises @PRACTICES
@Practice Name the property that each statement illustrates. ® See Problem 1.
7.75+6=6+175 8.2.-1=1 9.h+0=h
10.389-0=10 M.27n=n+27 1229 (-1+x) =9+ (—x)
Mental Math Simplify each expression. 4 See Problem 2.
13.21 + 6+ 9 14.10-2-19+5' 15.01 + 3.7 + 5.9 |
16.4+5-13-5 17.553 + 02 + 238 + 07 18.0.25-12-4 i

19. Fishing Trip The sign at the right shows the costs fora
deep-sea fishing trip. How much will the total cost be for
1 adult, 2 children, and 1 senior citizen to go on a fishing DEEP"S[ H F I S H I N G
trip? Use mental math. AAUIS e e
Children (12 & under)

Seniors (65 & up)....cien
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Simplify each expression. Justify each step. 4 See Problem 3.

20. 8 + (9t + 4) 21. 9(2x) 22. (4 + 105x) + 5 23. (10p)11

24. (12-r) - 13 25.(2+ 3x) + 9 26.4 - (x-6.3) 27.1.1 + (7d + 0.1)
56ab 1.5mn 13p 33xy

28. =, 29, == 30. 5g 31. 53

Use deductive reasoning to tell whether each statement is true or false.

If it is false, give a counterexample. If true, use properties of real numbers to
show the expressions are equivalent.

4 See Problem 4.

32. Forallreal numbersz s,and ¢, (r-s) -t =¢t-(s-r).
33. Forallreal numberspand g, p ~ g = g + p.
34, For all real numbers x, x + 0 = 0.

35. Forallreal numbersaand b, —a - b = a - (—b).

@ Apply @ 36. Error Analysis Your friend shows you the problem at the

N right. He says that the Associative Property allows you to
change the order in which you complete two operations. Is
your friend correct? Explain.

37. Travel Itis 258 mi from Tulsa, Oklahoma, to Dallas, Texas. It is !
239 mi from Dallas, Texas, to Houston, Texas. }
a. What is the total distance of a trip from Tulsa to Dallas to Houston? i
b. What is the total distance of a trip from Houston to Dallas to Tulsa?

¢. Explain how you can tell whether the distances described in parts (a) and (b) are
equal by using reasoning.

Tell whether the expressions in each pair are equivalent.

PP PP P

38.2+h+4and2-h-4 39.9y-0and1 40. 3xand 3x - 1

41. m(1 — 1) and 0 42. (9 — 7) + wrand 21 43. 3+ 7))+ mand m + 10 !
63ab 11x 7t _:

44. = = and 9ab 45. 2+5-7 and 11x 46.4—8+\/§and7‘

@ 47. Think About a Plan Hannah makes a list of possible
gifts for Mary, Jared, and Michael. She has two plans
and can spend a total of $75 for all gifts. Which plan(s)
can Hannah afford?
¢ What property can you use to make it easier to find

the total cost of different gifts?
¢ What number do you compare to the total cost of
each plan to decide whether it is affordable?

@ 48. Writing Suppose you are mixing red and blue paint in
a bucket. Do you think the final color of the mixed paint will be the same whether

you add the blue paint or the red paint to the bucket first? Relate your answer to a
property of real numbers.




Simplify each expression. Justify each step.
49.25:39-4 50. (4.4 = 4.4)(x + 7) 51. (7% - 6°)(8 — 8)

@ Reasoning Answer each question. Use examples to justify your answers.
52. Is subtraction commutative? 53. Is subtraction associative?
54. Is division commutative? 55. Is division associative?
@ Challenge  56. Patterns The Commutative Property of Addition lets you rewrite addition
N expressions. How many different ways can you write @ + b + ¢? Show each way.

@ 57. Reasoning Suppose you know that a(b + ¢) = ab + ac is true for all
real numbers a, b, and c. Use the properties of real numbers to prove that
(b + c)a = ba + ca is true for all real numbers a, b, and c.

e ETT—————

Standardized Test Prep

\ SAT/ACT 58. What is the simplified form of (1.2 + 0) + 4.6 + 3.8?
@ 1.2 B> 8.0 @ 84 D 9.6
59. Which expression isequalto3 -3 -8 8 - 3?
@38 @ 3B @ 33 - g2 a»3-3+2-8
60. There are four points plotted on the number line below.
J K L M
+-+H—o—8—+—+—0—>
0 1 2 3 4 5 6
Which expression represents the greatest amount?
@M+ L @&M-1 @7 +K D@DL-K
61. Lane 1 at your local track is 0.25 mi long. You live 0.5 mi away from the track. Which
of the following results in the shortest jog?
B> jogging 6 times around the track in Lane 1
(G jogging to the track and then 5 times around the track in Lane 1
(HD jogging to the track, 3 times around the track in Lane 1, and then home
1D jogging 8 times around the track in Lane 1
r

Mixed Review

Order the numbers in each exercise from least to greatest. € Seelesson 1-3.

62. -6, 63, 1.6, V6 63. 2, 1.4, -17,10% 64. 1.75, —4.5, V3, 141

Get Ready! To prepare for Lesson 1-5, do Exercises 65-68. ‘
Find each sum or difference. 4 Secep.803. |

65.3 + 11 66. 3 +

X|Ww

5
67.9.7 — 86 68. 9 10

X
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Do you know HOW?
Write an algebraic expression for each phrase.
1. anumber n divided by 4
2. 2less than the product of 5 and n

3. The table shows how the total cost of a field trip
depends on the number of students. What is a rule
for the total cost of the tickets? Give the rule in words
and as an algebraic expression.

Field Trip

Number of Students t

Total Cost

4. The sign shows the costs associated with a whitewater
rafting trip. Write an expression to determine the
cost of 3 children and 1 adult renting equipment for a
whitewater rafting trip that lasts h hours.

Whitewater Tours

Simplify each expression.

5.24 + (3 + 2%)

6. V144
Evaluate each expression for the given values of the
variables.

7.3x-2+y;x=3andy =6

8 (4a) - (b—2);a=2andb =4

. ) Mid-Chapter Quiz

MathXL’ for School |

@\ Go to PowerAlgebra.com /j

9. Name the subset(s) of real numbers to which each
number belongs. Then order the numbers from least

to greatest.
V105, -4, 5

10. Estimate V14 to the nearest integer.

11. What property is shown in the following equation?
(5+8) +11=5+(8+11)

12. Use the table below. If the total cost for n sandwiches
is $16.50, what is the total cost when 1 more sandwich
is bought?

Lunch Menu

Do you UNDERSTAND?

13. What word phrases represent the expressions
—2 + 3x and 3x + (—2)? Are the two expressions
equivalent? Explain.
14. Use grouping symbols to make the following
equation true.
2 +2-3=54
15. Choose the correct word to complete the following

sentence: A natural number is (always, sometimes,
never) a whole number.

16. How many natural numbers are in the set of
numbers from —10 to 10 inclusive? Explain.

17. What is the simplified form of %, when abc # 0?
Explain using the properties of real numbers.

(® 18. Reasoning Are the associative properties true for all

integers? Explain.

19. Use the Commutative Property of Multiplication to
rewrite the expression (x - y) - z in two different ways.




(© Content Standard

Real Numbers

Objective  To find sums and differences of real numbers

Q,<>\-\/l~' —_ :
| /B [ Getting Ready! 4> X | U a
0 0 ep 0 0 e d on a g 9/3 get gif" card $50
/ ard. ¢ 0 0 e rig e values are 9/4 buy new game $19- |
/__/’ 2Qd p g . 0 nend monev and 9/7 buy new jacket  $29
,y find using ! ? ] 9/10 Aunt Sue adds $ $25 ,t
ou may Ti o A bt b 13 buy new £
a number line : : : : 9 hggdphones $;3
helpful here. v 3 LY d. Ro need toadd to be $25 _2_

U - U d(ale U U 3 g ard £ T ——

MATHEMATICAL 0 b olfe 0 2Aaso q
@PRAC"CES

rational number and an rrational number is irrational , .,

. M Prepares for N.RN.3 Explain why the sum or product
Add | ng G nd S U bh'CICfl ng of two rational numbers is rational; that the sumofa |

Vocabulary number line model. You can also add or subtract real numbers using rules involving
* absolute value | absolute value.
* opposites

¢ additive inverses
I / @ ZCER Y Using Number Line Models

What is each sum? Use a number line.

@m Essential Understanding You can add or subtract any real numbers using a

———

B@3+5 "Startat3. | 3+5=8
How do you know iy

which direction to —————t—— +§\(Move5units rigr@
move along the | 0 1 2 3 45 6 7 8
number line? )
If the number added is panOVE 5 Units left —
positive, move to the B3+ (-5) — T, 3+(-5)=-2
right. If the number -4 -3 -2 -1 0 1 2 3 4
added is negative, move
to the left. . _move 5 units right
@-3+5 o I -3+5=2
-4 -3 -2-1 0 1 2 4

__move 5 units left
B-3+ (-5 ~o—t—r—+—+—0—+—+— —3+(-5) = -8
-8 -7 —6 -5 -4 -3-2-1 0

0 Got It? 1. Whatis —8 + 47 Use a number line.
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The absolute value of a number is its distance from 0 on a number line. Absolute value
is always nonnegative since distance is always nonnegative.

For example, the absolute value of 4 is 4 and the absolute value of —4 is 4. You can write
thisas |[4| = 4and | —4| = 4.

) 4 units 4 units
' -

B
4-3-2-1 0 1 2 3 4

You can use absolute value when you find the sums of real numbers.

Key Concept Adding Real Numbers
. ﬁm Adding Numbers With the Same Sign

Adding Real To add two numbers with the same sign, add their absolute values. The sum has the 1
Numbers same sign as the addends.
Examples 3 +4=7 -3+ (-4) = - 1

Adding Numbers With Different Signs

To add two numbers with different signs, subtract their absolute values. The sum has
the same sign as the addend with the greater absolute value.

Examples -3 +4=1 3+ (—4)

N =" |

@x {1 W) Adding Real Numbers

1an

What is the first step ' Whats each sum(t

in finding eachsum? = @ -12 +7

Identify whetherthe = f The difference of the absolute values is 5. The negative addend has the greater
addends have the | =12 + 7 = =5 absolute value. The sum is negative.

same sign or different

signs. Then choose the B-18 +(-2)

approptiatanuicty _us_e; ~18 + (=2) = —20 The addends have the same sign (negative), so add their absolute

values. The sum is negative.
—-4.8 + 9.5

_ The difference of the absolute values is 4.7. The positive addend has the
—4.8 + 95 = 4.7 - .-
greater absolute value. The sum is positive.

3 5
O+ (_ 6)
3,.(-5=2 _Q) ;
2t ( 6) = 75 ¥ ( 12) Find the least common denominator. ‘
= L The difference of the absolute values is 3. The negative addend
12 has the greater absolute value. The sum is negative.

aGot It? 2. What is each sum?
a.-16 + (-8 b.-11+9 .9+ (—11) gd. =6 + (=2)

Lesson 1- 5 Addmg and Subtractmg Real Numbers
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Two numbers that are the same distance from 0 on a number line but lie in opposite
directions are opposites.

3 units 3 units

J’ -3 and 3 are the same
» = distance from 0. So —3

+—+——+ | and 3 are opposites. |
1 2 3 4 U %

) 8 1

-2 -1

o+ +

-3

-4

A number and its opposite are called additive inverses. To find the sum of a number
and its opposite, you can use the Inverse Property of Addition.

Property Inverse Property of Addition

For every real number g, there is an additive inverse —a such that
a+(-a)=-a+a=0.

Examples 14 + (-14) =0 -14+14=0

You can use opposites (additive inverses) to subtract real numbers. To see how, look at
the number line below, which models 3 — 5 and 3 + (-5).

I i JStart at3 and move)
i 5 units left. )
-4 -3-2-1 0 1 2 3 4 N

3 — 5and 3 + (—5) are equivalent expressions, illustrating the rule below.

Key Concept Subiracting Real Numbers

To subtract a real number, add its opposite:a — b = a + (=b).

Examples 3-5=3+(-5) = -2 3-(-5)=3+5=8
@ - 1 ET Y Subtracting Real Numbers

1S ?
Why g , What is each difference?
subtraction as . @ -8 — (-13) = -8 + 13 The opposite of —13 is 13. S0 add 13.
addition? a _ .

: =5 Use rules for addition.
You can simplify
expressions using the B35 - 124 = 35 + (—12.4) The opposite of 12.4 is —12.4. So add —12.4.
rules for adding real - -89 Use rules for addition.
numbers that you leamned ) ]
earlier in this lesson, @9 -9=9+(-9) Theoppositeof 9is —9. 50 add 9.
=0 Inverse Property of Addition

® a Got It? 3.a. Whatis4.8 — (-8.7)?

b. Reasoning For what values ofaand bdoesa — b = b — a?
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All of the addition properties of real numbers that you learned in Lesson 1-4 apply
to both positive and negative numbers. You can use these properties to reorder and
simplify expressions.

@u LT R Y Adding and Subtracting Real Numbers

Scuba Diving A reef explorer dives 25 ft to photograph brain coral and then rises 16 ft to
travel over a ridge before diving 47 ft to survey the base of the reef. Then the diver rises 29 ft
to see an underwater cavern. What is the location of the cavern in relation to sea level?

Need

 locationinrelationto the diver’s
T sealevelafterchanges  trip with an expression.

—— KRB i A Reorder the values to make
represent the m‘ “.
problem with an
expression? 0—25+16 —47 + 29 Write an expression.
St'art your expression ’ =0+ (—-25) + 16 + (—47) + 29 Use rule for subtracting real numbers.
with zero to represent
sea level. Subtract for =0+ 16 + 29 + (—25) + (—47) Commutative Property of Addition
dives, and add for rises. =0+ (16 + 29) + [(—25) + (—47)] Group addends with the same sign.

=0+45+ (-72) Add inside grouping symbols.

=45 + (-72) Identity Property of Addition

= =27 Use rule for adding numbers with different signs.

The cavern is at —27 ft in relation to sea level.

a Got It? 4. A robot submarine dives 803 ft to the ocean floor. It rises 215 ft as the water

. gets shallower. Then the submarine dives 2619 ft into a deep crevice. Next,
it rises 734 ft to photograph a crack in the wall of the crevice. What is the
location of the crack in relation to sea level?

@ Lesson Check

Do you know HOW? Do you UNDERSTAND? @Fﬁ%’c‘?ﬁ

Use a number line to find each sum. (@ 7. Vocabulary What is the sum of a number and its
1. -5+2 2, 2+ (1) opposite?

Find each sum or difference. @ 8. Compare and Contrast How is subtraction related to
3.-12+9 4. -4 + (-3) addition?
5. =3 = [=5) 6.15 — 85 @9. Error Analysis Your friend says that since —a is the

opposite of a, the opposite of a number is always
negative. Describe and correct the error.

# PowerAlgebra.com Lesson 1-5




. . . MATHEMATICAL
Practice and Problem-Solving Exercises @PRACTICES

@ |

Qwactice Use a number line to find each sum. 49 See Problem 1,
10. 2 +5 11. -3 +8 12. 4 + (-3) 13.1 + (—6)
14. 6 + 9 15. -4 + 7 16. —6 + (—8) 17. -9 + (-3)
Find each sum. 4 See Problem),
18.11 + 9 19. 17 + (—28) 20. 12 + (—9) 21. -2 + 7
22. -14 + (-10) 23.-9+1(-2 24.32 + 1.4 25.5.1 + (-0.7)
1 _7 2, (3 7 5
26. —2.2 + (—3.8) 21.3+ (<) 28. -2+ (-3) 2.7+ (-5)
Find each difference. 4 See Problem3,
30.5 - 15 31.-13-7 32.-19 -7 33.36 — (—12)
34. —29 — (-11) 35. =7 = (-5) 36. 85— 7.6 37.-25 — 17.8
1 3 7 1
38. —2.9 — (-7.5) 39.35 - 1.9 a0.§ - 3 a1. & - (—5)
42. Bird Watching An eagle starts flying at an elevation of 42 ft. Elevation is the €@ See Problemy,

distance above sea level. The diagram below shows the elevation changes during
the eagle’s flight. Write an expression representing the eagle’s flight. What is the
elevation at the brook?

Up 144 ft

43. Stock Market A stock’s starting price per share is $51.47 at the beginning of the
week. During the week, the price changes by gaining $1.22, then losing $3.47,
then losing $2.11, then losing $.98, and finally gaining $2.41. What is the ending
stock price?

@Apply Evaluate each expressionfora = —2,b = —4,1,and ¢ = 5.
4.a-b+c 45. v b —-a 46. —a + (—c)

@ 47. Error Analysis Describe and correct the error in finding the difference
shown at the right.

(® 48. Writing Without calculating, tell which is greater, the sum of ~135
and 257 or the sum of 135 and —257. Explain your reasoning.

3 (A e AT Y T O 7 N 3 SO I 0 | PP
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Simplify each expression.

49.1-1-1-1 50. 7 + (22 — 3?) 51. —2.1 — [2.3 — (35 - (—1.9))]

@ 52. Think About a Plan In golf, the expected number of strokes is called Golf Scorecard
“par” When the number of strokes taken is more than par, your Naaber
score is positive. When the number of strokes is less than par, your Par | of Strokes . Score
score is negative. The lowest score wins. g g #ﬁ REIRIT 0V T

The scorecard shows par and one golfer’s score for the first four

holes played on a nine-hole golf course. The golfer’s scores on the

remaining five holes are —1, 0, —1, + 1, 0. Par for the nine holes

is 36. What is the golfer’s total number of strokes for the nine holes?

o Can you solve the problem by adding the strokes taken on each
hole?

« How is the sum of the golfer’s scores related to the total number of strokes taken?

@Reasoning Use reasoning to determine whether the value of each expression is
positive or negative. Do not calculate the exact answers.

53. —225 + 318 54. L + 3 55. 34.5 + 12.9 — 50

QD se. Temperature Scales The Kelvin temperature scale is related to the degrees Celsius
(°C) temperature scale by the formula x = 273 + y, where x is the number of
kelvins and y is the temperature in degrees Celsius. What is each temperature
in kelvins?

a. —22°C b. 0°C € —32°C

@ 57. Writing Explain how you can tell without calculating whether the sum of a positive
number and a negative number will be positive, negative, or zero.

Decide whether each statement is true or false. Explain your reasoning.
58. The sum of a positive number and a negative number is always negative.
59. The difference of two numbers is always less than the sum of those two numbers. ;

60. A number minus its opposite is twice the number.

@ 61. Meteorology Weather forecasters use a barometer to measure air pressure and
make weather predictions. Suppose a standard mercury barometer reads 29.8 in.
The mercury rises 0.02 in. and then falls 0.09 in. The mercury falls again 0.18 in. ,
before rising 0.07 in. What is the final reading on the barometer? {

62. Multiple Choice Which expression is equivalent to x — y?
@y-x @& x - (-y) © x + (-y) @y + ()

63. Chemistry Atoms contain particles called protons and electrons. Each proton
has a charge of +1 and each electron has a charge of —1. A certain sulfur ion has
18 electrons and 16 protons. The charge on an ion is the sum of the charges of its 3
protons and electrons. What is the sulfur ion’s charge?

e e
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@Challenge 64. Reasoning If |x| > |y|, does |x — y| = |x| — |y|?]ustify your answer.

@65 Reasoning A student wrote the equation —|m| = | =m|. Is the equation always,
sometimes, or never true? Explain.

Simplify each expression.

66.5 — § 67. %+ (-%) 68.2 - (-2

@ 69. Reasoning Answer each question. Justify your answers.
a.Is |a — b| alwaysequalto |b — a|? b.Is |a + b| alwaysequalto |a| + |b|?

Standardized Test Prep

SAT/IACT 70. What is the value of -b — awhena = —4and b = 7?
@ -11 @ -3 @3 @ 11
71. Which expression is equivalent to 19 — 41?
@ |19 — 41| @ |19 + 41| a —-|19 - 41| @ —|19 + 41|

72. Which equation illustrates the Identity Property of Multiplication?
@ x-0=0 @x-1=x @©x(y2)=(y)z Dx-y=y-x

73. What is an algebraic expression for the perimeter
of the triangle?
@ 8+x @8 4 ’
@ 4 @4+x
74. Which point on the number line below is the best estimate for V/8?
P Q

e S
-5 -4-3-2-1 0 1 2

:
@ P @Q O©R @S

R

W ==
SO wn

Mixed Review

Tell whether the expressions in each pair are equivalent. 4 Seelesson 14
75.3-d-4and3d 76.(2.1-h)-3and63+h  77.(6+b) + aand 6 + (a + b)

Name the subset(s) of real numbers to which each number belongs. 4 Seelesson1-3.

78. % 79. —5.333 80. V16 81. 82.0371 82. V21

Get Ready! To prepare for Lesson 1-6, do Exercises 83-85.
Evaluate each expressionfora = 2, h = 5,and w = 8. Q See Lesson 1-2.

83.4h — 5a + w 84. a*w — h* + 2h 85. (w?h — a®) + 12 + 3a
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Concept Byte

Use With Lesson 1-5

A statement can be always, sometimes, or never true. For each activity, work with a
group of 4 students. Take turns predicting each answer. If the predictor gives a correct
answer and explanation, he or she scores 1 point. Otherwise, the first person who

proves the predictor incorrect scores 1 point. Whoever has the most points at the end
of an activity wins.

Is each description always, sometimes, or never true about the members of

your group?
1. takes an algebra class 2. lives in your state
3. plays a musical instrument 4, is less than 25 years old
5. speaks more than one language 6. is taller than 5 m
7. has asibling 8. plays basketball

Suppose each member of your group takes one of the four cards at the right.
Will a group member always, sometimes, or never have a number that fits each

description?

9. greater than 2 10. greater than 25
11. even 12. irrational number
13. prime number 14. rational number
15. divisible by 2 16. less than 10

Each member of your group substitutes any integer for x in each statement. Will a
group member always, sometimes, or never have a true statement?

17. x — 2 is greater than x. 18. | x|isless than x.
19.7+x=x+7 20.13=x=x~13

2. x+ 0 =x 22. 4+ 3+ x)=x+ (-4 +13)
23. x-0=0 24. | x|is greater than x.
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(® Content Standard
Prepares for N.RN.3 Explain why the sum or produq :

MUIprI)’Ing Gnd : : olfwo;ation::nun:’bers.is r:?tion'al th?:e th.e isun;' ofa'
Dividing Real Numbers

e SRR Al e
Obiedive To find products and quotients of real numbers
SMVES
" Getting Ready! 4 X U
You may not know a e sign o e prod 0 2 neaative W
the answer, but
you can make a T L —
conjecture. 2:3=6 -33=-6 ;
» 22=4  |-22=-4
MATHEMATICAL S A
PRACTICES 2= . 1=21==2 -}
©2.0=m | -20-m
2(-1)=M|-2(-1)=m

W

Vocabulary

* multiplicative
inverse

* reciprocal

The patterns in the Solve It suggest rules for multiplying real numbers.

Essential Understanding The rules for multiplying real numbers are related to
the properties of real numbers and the definitions of operations.

You know that the product of two positive numbers is positive. For example,
3(5) = 15. You can think about the product of a positive number and a negative
number in terms of groups of numbers, For example, 3(—5) means 3 groups of —5. So,
3(-5) = (-5) + (=5) + (-5), or3(-5) = -15.
You can also derive the product of two negative numbers, such as —3(—5).
3(—5) = —15 Start with the product 3(=5) = =15.
—[3(=5)] = —(—15) The opposites of two equal numbers are equal.
—=1[3(-5)] = —(—15) Multiplication Property of —1
[—1(3)](=5) = —(—15) Associative Property of Multiplication
—=3(=5) = —=(—15) Multiplication Property of —1
-3(-5) =15 The opposite of =15 is 15.

These discussions illustrate the following rules for multiplying real numbers.

38 Chapter 1 Foundations for Algebra



Words The product of two real numbers with Model 2(-3) = —
different signs is negative. 3 3
Examples 2(-3) = -6 -2-3= -6 EPAFIS S r
-6 -5 -4 -3 -2 -1 0 1
Words The product of two real numbers with the Model 2-3 =6
same sign is positive. 3 3
Examples 2 -3 =6 -2(-3) =6 4
-1 0 1 2 3 4 5 6
. _

C AL C NP Multiplying Real Numbers
Whatis your firststep | Whatis each product?
in finding a productof 12(—8) = — - N .
il nuGEs o B 12(-8) 96 The product of two numbers with different signs is negative.
Identify the signs of the 324(05) = 12 The product of two numbers with the same sign is positive.
factors. Then determine
the sign of the product. -—Z . % = —% The product of two numbers with different signs is negative.
®(-3)2 = (=3)(—3) = 9 The product of two numbers with the same sign is positive.
a Got It? 1. What is each product?
a. 6(—15) b. 12(0.2) ¢ (2) d. (—4)?
Notice that (—3)2 = 9 in part (d) of Problem 1. Recall from Lesson 1-3 that a is a square
root of bif a> = b. So, —3 is a square root of 9. A negative square root is represented by
—V/ . Every positive real number has a positive and a negative square root. The symbol ‘
+ in front of the radical indicates both square roots. ,
_ @ L1151 Simplifying Square Root Expressions
HOV;Z;;?;OH find | What is the simplified form of each expression?
a negative square 5 B@-V25=-5 (-5)! =255 —-V25 = 5. |
root? > \4( o
Look for a negative ; 4 _ 42 22 _ 4 22 _ 4 4 a2
numberthatygoucan’ : Bi\/;; =7 (P -dend () =035 = £} |
multiply by itself to geta i
product that is equal to a Got It? 2. Whatis the simplified form of each expressnon? _ :
the radicand. e a. V64 b. +V/16 -Viz1 d.ty3 |
}

=~ P ————
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Essential Understanding Rules for dividing real numbers are related to the
rules for multiplying real numbers.

For any real numbers a, b, and cwhere a # 0,ifa* b = c,then b = ¢ + a.
For instance, —8(—2) = 16, so =2 = 16 + (—8). Similarly —8(2) = —16, so
2 = =16 + (—8). These examples illustrate the following rules.

N ﬁ
Key Concept Dividing Real Numbers
Words The quotient of two real numbers with different signs is negative. !
Examples -20 +5= —4 20 +~ (-5) = —4 !
Words The quotient of two real numbers with the same sign is positive. [
Examples 20 ~ 5 =4 -20 + (-5) =4 |
Division Involving 0 '
Words The quotient of 0 and any nonzero real number is 0. The quotient of any real
number and 0 is undefined.
Examples 0+8=0 8 + 0is undefined.
N y,
L EL kY Dividing Real Numbers
Think D Sky Diving A sky diver’s elevation changes by —3600 ft in 4 min after the parachute
Howisdividing . opens. What is the average change in the sky diver’s elevation each minute?
:ﬂﬂﬂ to 2 -i» s —3600 = 4 = —900 The numbers have different signs, so the quotient is negative.
You find the sign ofa : The sky diver’s average change in elevation is —900 ft per minute.
quotient using the signs
°f| thel ; mimy;;u"‘ :l\d i ,\0 Got It? 3. You make five withdrawals of equal amounts from your bank account. The
the sign of a product total amount you withdraw is $360. What is the change in your account :
usingthe signs of the balance each time you make a withdrawal? ;
factors, } Y,
£ ;
The Inverse Property of Multiplication describes the relationship between a number ,
and its multiplicative inverse. ‘;

Property Inverse Property of Multiplication
Words For every nonzero real number g, there is a multiplicative inverse L such that

a(z) =

1 Examples The multiplicative inverse of —4 is — 4 because —4(— ) 5 A

\

&
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The reciprocal of a nonzero real number of the form a,; is ,'-i. The product of a number
and its reciprocal is 1, so the reciprocal of a number is its multiplicative inverse. This
suggests a rule for dividing fractions.

Here’s Why It Works Let g, b, ¢, and d be nonzero integers.

a
% + 5 = -’cl Write the expression as a fraction.
d
d
_ B e Multiply the numerator and denominator by g. Since this is equivalent to
B 5 .d multiplying by 1, it does not change the quotient.
(4
a,d
=5 n £ Inverse Property of Multiplication
—a.,d imoli
=5z Simplify.
This shows that dividing by a fraction is equivalent to multiplying by the reciprocal of
the fraction.

@ L1 EN Y Dividing Fractions

Multiple Choice What is the value of X when x = — and y = —3?
1 9
@ 3 ® ©3 @5
Think Write
ite the i x 5

Rme the expression. y=X*y

Substitute — forxand _ 3. (_g

—2 fory. T T4T\3

Multiply by the reciprocal

=-3.(3
of-%. : T T T4 ( 2)

Simplify. Since both
factors are negative, the
product is positive.

Il
®@|\0

The correct answer is D.

@ @ GotI? 4. a. Whatis the value of 3 + (-3)?
o b. Reasoning IS% - (—g) equivalent to _(% = g)7 Explain.

| Lesson 1-6 Multiplying and Dividing Real Numbers
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Lesson Check

MATHEMATICAL
‘ Do you know HOW? Do you UNDERSTAND? @ PRACTICES
|
:l Find each product. Simplify, if necessary. (© 5. vocabulary Whatis the reciprocal of —£?
5
1. -3(-12) 2. 5(“%) @6. Reasoning Use a number line to explain why

-15 + 3 = -5,
Find each quotient. Simplify, if necessary. i v
@ 7. Reasoning Determine how many real square roots

3.-48 =3 4 07 (‘5) each number has. Explain your answers.
a. 49 b. 0

@ Practice and Problem-Solving Exercises PRACTICES

@'Practice Find each product. Simplify, if necessary. 4 See Problem1.
8. —8(12) 9. 8(12) 10. 7(-9) 11.5 - 4.1
12. -7+ 11 13. 10(-2.5) 14. 6(—) 15. —3(-3)
16 3.3 17. -2(-1) 18. (-2)* 19. (-1.2)2
Simplify each expression. 4 See Problem?2,
20. /300 21.VIes 22 -Vi6 23. ~\/300 24. /36
25. -2 26. -3 27. & 28. +V196 29. +1V0.25
Find each quotient. Simplify, if necessary. 4 Sece Problem3,
30. 48 + 3 31. -84 = 14 32, -39 = (-13) 33. 5
34, —46 + (-2) 35, 81+ 9 36. S 37.75 + (—0.3)

Q) 38. Scuba Diving A scuba diver’s vertical position in relation to the surface of the
water changes by —90 ft in 3 min. What is the average change in the diver’s vertical
position each minute?

39. Part-Time Job You earn the same amount each week at your part-time job. The
total amount you earn in 4 weeks is $460. How much do you earn per week?

b Find each quotient. Simplify, if necessary. 4 Sece Problemd.
. 1 (=3 3ol 4 _12 . 12

40.20 + ¢ a. -5+ (53) 4235+ (-3) B.3+13

Find the value of the expression§ for the given values of x and y. Write your

answer in the simplest form.

2 1 - 5.,-3 -2, 2 -

W

—— o ——r Y - — P A ————————
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@ Apply

.l-

@ 48. Think About a Plan A lumberjack cuts 7 pieces of equal length
from a log, as shown at the right. What is the change in the log’s g
length after 7 cuts? —......
¢ What operation can you use to find the answer?

* Will your answer be a positive value or a negative
value? How do you know?

49. Farmer’s Market A farmer has 120 bushels of beans for sale at a farmer’s market.
He sells an average of 15% bushels each day. After 6 days, what is the change in the
total number of bushels the farmer has for sale at the farmer’s market?

50. Stocks The price per share of a stock changed by —$4.50 on each of 5 consecutive
days. If the starting price per share was $67.50, what was the ending price?

@ Open-Ended Write an algebraic expression that uses x, y, and z and simplifies
to the given value when x = —3, y = —2, and z = —1. The expression should
involve only multiplication or division.

51. -16 52.1 53. 12

Evaluate each expressionform = =5, n = %, and p = —8.

54. —7m — 10n 55. —3mnp

56. 8n + (—6p) 57.2p%(-n) = m

58. Look for a Pattern Extend the pattern in the diagram to six factors of f
—2. What rule describes the sign of the product based on the number of -2(-2)=4
negative factors? -2(-2)(-2)=-8

59. Temperature The formula F = gc + 32 changes a temperature reading
from the Celsius scale C to the Fahrenheit scale F. What is the temperature
measured in degrees Fahrenheit when the Celsius temperature is —25°C?

@ 60. Reasoning Suppose a and b are integers. Describe what values of @ and b make the

statement true.
a. Quonent is positive. b. Quotient % is negative.
¢. Quotient  is equal to 0. d. Quotient j is undefined.

@61. Writing Explain how to find the quotient of —l% and —2%.

@ 62. Reasoning Do you think a negative number raised to an even power will be
positive or negative? Explain.
63. History The Rhind Papyrus is one of the best-known ,l \
examples of Egyptian mathematics. One problem N
solved on the Rhind Papyrus is 100 + 78 What is the
solution of this problem?

-2(-2)(-2)(—2) 16 |
4

= 4




e —

@ 64. Error Analysis Describe and correct the error in dividing the fractions at a

the right. ed=-FE
@ 65. Reasoning You can derive the rule for division involving 0 shown on page 40. / ]
a. Suppose 0 + x = y, where x # 0. Showthaty = 0. (Hint: If0 ~ x = y,
then x + y = 0 by the definition of division.) - .
b. If x # 0, show that there is no value of y such that x + 0 = y. (Hint: Suppose
there is a value of y such that x + 0 = y. What would this imply about x?)

Q Challenge  Determine whether each statement is always, sometimes, or never true. Explain
your reasoning.
66. The product of a number and its reciprocal is —1.
67. The quotient of a nonzero number and its opposite is —1.
68. If the product of two fractions is negative, then their quotient is positive.

@ 69. Reasoning What is the greatest integer n for which (—n)3 is positive and the value
of the expression has a 2 in the ones place?

Standardized Test Prep
\SA;I’IACI’ 70. Which expression does NOT have the same valueas =11 + (-11) + (—11)?
@ -33 @ 3(-11) @ (-11)3 @ 33 — 66

71. Miguel measured the area of a piece of carpet and figured out that the approximate
error was 3| —0.2 |. What is the decimal form of 3| —0.2|?

P —0.6 @ —0.06 D 0.06 a> 0.6
72. What is the perimeter of the triangle shown? N

@D 6y + 24 @15y + 15 by

@ 21y + 9 @ 30y

m
Mixed Review

Find each difference. 4 Scelessonis.
73. 46 — 16 74.34 — 44 75. =37 — (—27)

Get Ready! To prepare for Lesson 1-7, do Exercises 76-78.
Name the property that each statement illustrates. €@ Seelesson 14 |

76. -x + 0 = —x 77. 13(-11) = -11(13) 78. -5 (m+8) =(-5-m) -8
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Use With Lesson 1-6

Concept Byte Operahons Wil'h

Rahonal and

For each sum, determine whether the result is a rational number or an
irrational number.

1.2+3 2. -1+2
3.3+ V2 8.5+ (-3)
5.1+ VIZ 6. -2 +(-3)

For each product, determine whether the result is a rational number or an
irrational number.

1 2 2
7.5'—15 8‘\/53

3 4 5
9.—§'§ 10.§’\/7

3 2 4
11. ~2°'9 12. —g'—\/g

For Exercises 13-16, predict whether the sum or product will be a rational or
irrational number. Explain.

13. The sum of two rational numbers.
14. The product of a nonzero rational number and an irrational number.
15. The product of two rational numbers.

16. The sum of a rational number and an irrational number.

17. Can the sum of two irrational numbers be rational? If so, give an example. If not,

explain why not.

18. Can the product of two irrational numbers be rational? If so, give an example. If
not, explain why not.

&
5
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@ Content Standard
The Distributive ASTRS6 e oo an epresson, i

Property

SPR—— R

Objective  To use the Distributive Property to simplify expressions

£y
5 | Getting Ready!

In your favorite video game, you rotate shapes as
they fall to make them fit together in a rectangle.
When you complete an entire row, you score 1 point
for each square in that row.

There's more The screen at the right shows your latest game in
than one way to pause mode. Using only the shapes shown, what is the
figueyimamy. maximum possible score for this game? Explain your

MATHEMATICAL reasoning.
@ PRACTICES

Lesson

Vocabulary
* Distributive

. To solve problems in mathematics, it is often useful to rewrite expressions in simpler
PIOpEY ' forms. The Distributive Property, illustrated by the area model below, is another

* term

* constant

¢ coefficient
¢ like terms

property of real numbers that helps you to simplify expressions.

The model shows that
8(x + 5) = 8(x) + 8(5).

x+5

Essential Understanding You can use the Distributive Property to simplify the
product of a number and a sum or difference.

=T R
Property Distributive Property
Leta, b, and ¢ be real numbers.
Algebra Examples
a(b + ¢) = ab + ac 4(20 + 6) = 4(20) + 4(6)
(b + c)a = ba + ca (20 + 6)4 = 20(4) + 6(4)
a(b - c¢) = ab - ac 7(30 = 2) = 7(30) — 7(2)
(b—c)a=ba—ca (30 — 2)7 = 30(7) — 2(7)
" | | C »
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How do you read
expressions like
3(x + 8)?

Read an expression
inside parentheses as
"the quantity.” Read
3(x + 8) as "3 times

the quantity x plus 8."

yo o Lo

How can you get
started?

Think of division as
multiplying by the

reciprocal. So change =~

the division by 5 to
multiplication: by -;-

Think

What does the

negative sign in front

of the parentheses
mean?

It indicates the opposlte :
of the entire expression
inside the parentheses,

@ RLLLURD simplifying Expressions

What is the simplified form of each expression?

A / B3(x + 8) B (sb - 4)(-7)
i 3(x + 8) = 3(x) + 3(8) Distributive Property  (5b — 4)(—7) = 5b(-7) — 4(~7)
f =3x+ 24 Simplify. = —35b + 28
; a Got It? 1. What is the simplified form of each expression?
a.5(x+7) b. 12(3 - t) ¢ (04 + 1103  d.(2y - 1)(—y)

Recall that a fraction bar may act as a grouping symbol. A fraction bar indicates
division. Any fraction % can also be written as a - %. You can use this fact and the
Distributive Property to rewrite some fractions as sums or differences.

@/ 7119 1B 8 Rewriting Fraction Expressions

What sum or difference is equivalent to - =tz x+ 2,
7x 5+ 2 5(-,x +2) Write division as multiplication.
1 = §(7x) s 5(2) Distributive Property
g = gx - % Simplify.

Q Got It? 2. What sum or difference is equivalent to each expression?
4x — 16 11 + 3x 15 + 6x
a —3— b. =% [ VI d. —3

The Multiplication Property of —1 states that —1 - x = —x. To simplify an expression
such as —(x + 6), you can rewrite the expression as —1(x + 6).

@ ) 1EN I Y Using the Multiplication Property of —1

Multiple Choice What is the simplified form of —(2y — 3x)?

T, @y +x @ -2y + (-3x) © -2y + 3x @2y - 3x
) —(2y - 30) = —1(2y - ) Muttiplication Property of — 1
' {( = (—=1)(2y) + (—1)(—3x) Distributive Property
! = =2y + 3x Simplify.
‘ The correct choice is C.

3. What is the simplified form of each expression?
a. —(a +5)

@ Got It?

b. —(—x + 31) € ={4x - 12)




You can use the Distributive Property to make calculations easier to do with mental |
math. Some numbers can be thought of as simple sums or differences.

l

@ el G Using the Distributive Property for Mental Math

Eating Out Deli sandwiches cost $4.95 each. What is the total cost of 8 sandwiches?

Use mental math.
« Sandwiches cost $495. .+ Total costof Express $4.95 as a difference and

* You are buying 8 sandwiches. ' r 8 sandwiches - use the Distributive Property.

The total cost is the product of the number of sandwiches you buy, 8, and the cost per |

7

Nk sandwich, $4.95.
How can you -
express decimals 2 8(4.95) = 8(5 — 0.05)  Thinkof 4.95as 5 — 0.05.
as simplesumsand 3 o
differences? : = 8(5) — 8(0.05) Distributive Property
Think of a decimal asthe =40 - 04 Multiply mentally.
mnﬂmm : = 39.6 Subtract mentally.
and its decimal g The total cost for 8 sandwiches is $39.60.

a Got It? 4. julia commutes to work on the train 4 times each week. A round-trip ticket
) costs $7.25. What is her weekly cost for tickets? Use mental math.

Essential Understanding You can simplify an algebraic expression by
combining the parts of the expression that are alike.

In an algebraic expression, a term is a number, a variable, or the product of a number
and one or more variables. A constant is a term that has no variable. A coefficient is
a numerical factor of a term. Rewrite expressions as sums to identify these parts of an

expression.
(;az, —5ab, 3b, and —12 are terms. ]
N\

\S N
6a® — 5ab + 3b — 12 = 6a? + (—f‘Sab) +3b + (—sz)

coefficients constant

In the algebraic expression 6a® — 5ab + 3b — 12, the terms have coefficients of 6, —5,
and 3. The term —12 is a constant.

Like terms have the same variable factors. To identify like terms, compare the variable
factors of the terms, as shown below.

Terms 7aand -3¢ 4x’and12x?  6aband —2a xy? and x2y
Variable Factors aanda x? and x? aband a xy? and x2y
Like Terms? yes yes no no )
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An algebraic expression in simplest form has no like terms or parentheses.

Not Simplified  Simplified
2(3x — 5 + 4x) 14x — 10

You can use the Distributive Property to help combine like terms. Think of the
Distributive Property as ba + ca = (b + c)a.

@ SACLIELIEY Combining Like Terms

tis the simplified f f ?
What terms can 08 What is the simplified form of each expression

combine? 0 8x2 + 2x2

You can combine any !

terms that have exactly 8x% + 2x2 = (8 + 2)x? Distributive Property
the same variables inl2 -

with exactly the same = 10x Simplify.

exponents. ' Bs5x-3-3x+6y+4
5x -3 —-3x+6y+ 4

5x + (—=3) + (—3x) + 6y + 4  Rewrite as a sum.

5x + (—3x) + 6y + (—3) + 4 Commutative Property
=(5-3)x+6y+(-3)+4 Distributive Property
=2x+ 6y +1 Simplify.

@ 9 Got It? 5. What is the simplified form of each expression in parts (a)-(c)?
‘ a.3y—y b. —7mn* — 5mn* c 73z — 6yz3 + y3z
d. Reasoning Can you simplify 8x2 — 2x* — 2x + 2 + xy further? Explain.

Lesson Check

@ !

Do you know HOW? Do you UNDERSTAND? @?‘R’A"‘c‘r‘?’c"e‘é
1. What s the simplified form of each expression? Use @ 6. Vocabulary Does each equation demonstrate the
the Distributive Property. Distributive Property? Explain.
a. (j +2)7 a. 2(x+1)=-2x-2
b. -8(x — 3) b. (s — 4)8 = 8(s — 4)
¢ (4 -0 c.5n — 45 =5(n — 9)
d. —(11 + 2b) d.8+(t+6)=(8+1) +6
Rewrlteeachexpression as asum. @ 7. Mental Math How can you express 499 to find the

product 499 X 5 using mental math? Explain.
2. -8x2 +3xy —9x — 3 @8

. Reasoning Is each expression in simplified form?
3. 2ab — 5ab* — 9a’b

Justify your answer.
3 3
Tell whether the terms are like terms. a. 4xy” + 5xvy
b. -(y -1
4. 3aand —5a 5. 2xy? and —x?y »-1
¢. 5x2 + 12xy — 3yx

@ PowerAlgebra.com Lesson 1-7 _The Distributive Prope




@ Practice and Problem-Solving Exercises @PRACTICES

@ Practice

@ Apply

MATHEMATICAL

Use the Distributive Property to simplify each expression. 4 Sce Problem1
9. 6(a + 10) 10. 8(4 + x) 11. (5 + w)5 12. (2t + 3)11

13.10(9 - 1) 14. 12(2j - 6) 15. 16(7b + 6) 16. (1 + 3d)9

17. (3 - 8915 18. (5w — 15)2.1 19.1(4r - 9) 20. 6(3h + 1)

21. (-8z — 10)(~1.5)  22. 0(3.7x — 4.21) 23.(3-19) 24.3(Ly - D

Write each fraction as a sum or difference. i 4 See Problem?2

25 &7 26, 12+ 5n 27, 8% 28, % 12

29. 5 8 30, 181 51 39, 22 32, 42w+ 14

Simplify each expression. 4 See Problem3

33. —(20 + d) 34, —(-5 — 4y) 35. —(9 - 7¢) 36. —(—x + 15)

37. —(18a — 17b) 38. —(2.1c — 4d) 39. (—-m+n+1) 40. —(x + 3y — 3)

Use mental math to find each product. 4 See Problemy,

41.51 X 8 42.3 X 7.25 43.299 X 3 44. 4 X 197

45.39 X 6 46. 5 X 2.7 47.6.15 X 4 48.6 X 9.1

49. You buy 50 of your favorite songs from a Web site that charges $.99 for each song.
What is the cost of 50 songs? Use mental math.

50. The perimeter of a baseball diamond is about 360 ft. If you take 12 laps around the
diamond, what is the total distance you run? Use mental math.

51. One hundred and five students see a play. Each ticket costs $45. What is the total
amount the students spend for tickets? Use mental math.

52. Suppose the distance you travel to school is 5 mi, What is the total distance for
197 trips from home to school? Use mental math,

Simplify each expression by combining like terms. 4 See Problems.
53. 11x + 9x 54. 8y — Ty 55. 5t = Tt

56. —n + 4n 57. 5u* + 12u? 58. 242 — 9x?

59. —4y? + 9y 60.6c — 4+ 2c -7 61.5-3x+y+6

62.2n+ 1 —4m —n 63. ~7h + 3h* - ah - 3 64. 10ab + 2ab® — 9ab

Write a word phrase for each expression. Then simplify each expression.

65. 3(¢t - 1) 66. 4(d + 7) 67. z(6x — 1)

o
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@G 68. Physiology The recommended heart rate for exercise, in beats per minute, is given
by the expression 0.8(200 — y) where y is a person’s age in years. Rewrite this
expression using the Distributive Property. What is the recommended heart rate for
a 20-year-old person? For a 50-year-old person? Use mental math.

@ 69. Error Analysis Identify and correct the error

SR e ———

shown at the right. -
@ 70. Error Analysis A friend uses the Distributive Property to simplify =80x i
4(2b — 5) and gets 8b — 5 as the result. Describe and correct the error. n—

Geometry Write an expression in simplified form for the area of each rectangle.

. - 72. 73.
n 5+ 2y 7

3x + 2 5 Sy =

@ 74. Think About a Plan You are replacing your regular shower head with
a water-saving shower head. These shower heads use the amount
of water per minute shown. If you take an 8-min shower, how many
gallons of water will you save?
¢ Which would you use to represent water saved each minute,
an expression involving addition or an expression involving

subtraction?
* How can you use the Distributive Property to find the total amount
of water saved?
Simplify each expression.
75. 6yz + 2yz — 8yz 76. —2ab + ab + 9ab — 3ab
77. —9m3n + 4m3n + 5mn 78. 3(—4cd - 5)
79. 122y — 82 + 112y — 432 — 97 80.a -2 +3a
@81. Reasoning The Distributive Property also applies to division, as shown.
+b_a_ b
o=ttt
Use the Distributive Property of Division to rewrite 9 +312". Then simplify.

82. Lawn Game You play a game where you throw a pair of e
connected balls at a structure, as shown at the right. When a 10 points
pair wraps around a bar, you earn the points shown. You toss
3 pairs, and all of them wrap around a bar. Which expression 20 points

could represent your total score if a pairs of balls wrap _—
around the blue bar?
@ 30 + 10a @ 10a + 20(3 — a)

B> 20a + 3 — 10a D 30a + 10

e T s o
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@ 83. Open-Ended Suppose you used the Distributive Property to get the expression
3m — 6n — 15. With what expression could you have started?

@ Challenge  84. Writing Your friend uses the order of operations to find the value of 11(39 — 3).
4 Would you prefer to use the Distributive Property instead? Explain.

Simplify each expression.

85. 5(2d + 1) + 7(5d + 3) 86. 6(4t — 3) + 6(4 — 31) 87.9(5+1¢t) — 7(¢t + 3)
88. 4(r + 8) — 5(2r - 1) 89. —(m + 9n - 12) 90. -6(3 —3x — 7y) + 2y — x
Standardized Test Prep
\ SAT/ACT 91. What is the simplified form of the expression 2(7c — 1)?
@ l4c -1 @ 9 -3 @ l4c -2 D% -1
92. You have already traveled 2.3 mi in a canoe. You continue to travel 0.1 mi each
minute. The expression 0.1m + 2.3 gives the distance traveled (in miles) after m
minutes. What is your distance traveled after 25 min?
B> 2.5 mi @& 2.55 mi @ 4.8 mi D 27.3 mi
93. The table at the right shows the depth several submersible Depth of Submersibles
vehicles can reach. Which of the submersibles are s
capable of diving to 12,500 ft? bmersible | DEth ()
@ Clelia and Pisces V £l
(B> Alvin, Clelia, and Pisces V
@ Alvin and Mirl
@D Mirl
Souce: National Oceanic and
94. Which expression gives the value in dollars of n nickels? AbmisphercAdministeition
> 0.05n @ 0.05 + n @D 0.5n @D 5n
— —
Mixed Review
Find each product. 4 See Lesson 1.
95. —52 9. (-3)° 97. (-1.2)2
Get Ready! To prepare for Lesson 1-8, do Exercises 98-100.
Write a word phrase for each algebraic expression. 49 Seelessonil
98. x — 10 99, 5x — 18 100. 5 + 12
B - .

P PN Ay o S —
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(& Content Standard

An Introduction e
equations arising from linear and quadratic functions,

fo Equations st sl st st entl s

S ——— p— S— PSRRI EOINCNT TS SRS IS oS

Ob|echve To solve equations using tables and mental math

I —

v

SVE, -
| / Getting Ready! 4> X L
g Q as @ dra qQ gqoal o U0 aqra 0
Thediﬂgrﬂms : are ate a ‘ DTI0 and 0 2Aaso q
show one way
to look at the i i
problem.Try to
think of other
ways you could
represent it.
MATHEMATICAL - 550 b5 SSRGS : -‘a»%»‘-r' i e et
PRACTICES — T
B0, Dynamic Activity \
\ Using 'Algebraic The problem in the Solve It can be modeled by an equation. An equation is a
Eqpations mathematical sentence that uses an equal sign (=).
5?’ Essential Understanding You can use an equation to represent the relationship
| Vocabulary between two quantities that have the same value.
: ig:?\t;::tence An equation is true if the expressions on either side of the equal sign are equal
e solution of an (} + 1 = 2,x + x = 2x). An equation is false if the expressions on either side of the equal
equation signarenotequal (1 + 1 = 3,x + x = 3x). An equation is an open sentence if it contains

one or more variables and may be true or false depending on the values of its variables.

@ ZCUICTIRY Classifying Equations

How do you classify ~ Is the equation true, false, or open? Explain.

an equation? 324 + 18 = 20 + 22 True, because both expressions equal 42
If an equation contains

only numbers, simplify (@7 -8 =54 False because 7 - 8 = 56 and 56 # 54

the expressions on either

side to determine if they 2x — 14 = 54  Open, because there is a variable

are equal. If there is a
variable in the equation, 0 Got It? 1. Is the equation true, false, or open? Explain.

itis open, a.3y+6=5y—8 b.16 -7=4+5 ¢.32+-8=2-3

owerAlgebra.com




A solution of an equation containing a variable is a value of the variable that makes

the equation true.
Bl ey @ 2 E0 Y Identifying Solutions of an Equation
Mmymﬂﬁi Is x = 6 a solution of the equation 32 = 2x + 12?
:""""“'““";'“ﬂ / 32 = 2x + 12
Substitute the number T 32 X 2(6) + 12  Substitute 6 for x.
for the variablein the 32 # 24 Simplify.
equation. Sinnpmyadv %

sidetoseelfyoum No, x = 6 is not a solution of the equation 32 = 2x + 12,

e i

° Gotlt? 2.1sm =3 asolunon of the equation 6m — 8 = —5?

In real-world problems, the word is can indicate equality. You can
represent some real-world situations using an equation.

@ LAY Writing an Equation

Multiple Choice An art student wants to make a
model of the Mayan Great Ball Court in Chichén
Itz4, Mexico. The length of the court is 2.4 times its
width. The length of the student’s model is 54 in.
What should the width of the model be?

Plan @ 2.4in. @ 225in.
Why do you need B 11.25in. @ 129.6in.
to test each answer The
choice? e / Relate length is 24 times thewidth
You should test each 3
you made a colculation Define Let w the width of the model. ‘
emot. If yougettwo . _ )
comctaswesthen o rte 54 24 ¥ ﬁ
Mx& ! Test each answer choice in the equation to see if it Sate""e view of Ch'd’é" Itz _/‘
RS 2 is a solution.

Check A: Check B: Check C: Check D:

54 = 24w 54 = 24w 54 = 24w 54 = 24w

54 2 2.4(2.4) 54 2 2.4(11.25) 54 2 2.4(22.5) 54 2 2.4(129.6)

54 ¥ 5.76 54 # 27 54 =54 v 54 # 311.04

The correct answer is C.

0 Got It? 3. The length of the ball court at La Venta is 14 times the height of its walls.
Write an equation that can be used to find the height of a model that has a

length of 49 cm.
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@ I ETIRE Y Using Mental Math to Find Solutions

-1 What is the solution of each equation? Use mental math.
How canyoufind Think

the solutionofan Solution Check
equation? ~/ Ox+8=12 Whatnumber plus 8 equals 12? 4 4+8=12V
You can use mental i ! a 2
math to find a value that (B 8=9 What number divided by 8 equals 9? 72 3 =-9v
makes the equation tmé

0 Got It? 4. What is the solution of 12 — y = 3? Use mental math.

@ & {1111 8-) Using a Table to Find a Solution
Thinl What is the solution of 5n + 8 = 48? Use a table.

How can you start? '; ‘ } Make a table of values. Choose a starting value using mental math. 5(1) + 8 = 13 and
You can use mentalmath . 5(10) + 8 = 58, so 1is too low and 10 is too high.
to quickly check values

like 0,1,and 10.Use | Value of The value of 5n + 8

these results to choosea = 5n+8 | 5n+8
reasonable starting value : s iS5 e, o

for your table. ok ‘ try greater values of n.

|
3
|
;

Whenn =8,5n + 8 = 48
So the solution is 8.

S—

Q Got It? 5. a. What is the solution of 25 — 3p = 552 Use a table.
b. What is a good starting value to solve part (a)? Explain your reasoning.

@ K- ) Estimating a Solution

What is an estimate of the solution of —9x — 5 = 282 Use a table.

To estimate the solution, find the integer values of x between which the solution must
lie. =9(0) — 5 = —5and —9(1) — 5 = —14. If you try greater values of x, the value of
Think —9x — 5 gets farther from 28.

Can identifyinga }395;"?::

patternhelpyou Try lesser values, Now the values of —9x — 5 |

;n;l;:;:fye;:&n&:ﬁl E suchasx = —1 are getting closer t028. |
! andx = —2.

of the rss!on.dmg&m 1

as youes’:lpbsﬁmforﬁlé ‘

variable, Use the pattem - 28 is between 22 and 31,

you find to work toward / so the solutnomsbetween

the desired value, Pl —3and —-4.




Lesson Check

MATHEMATICAL
Do you know HOW? Do you UNDERSTAND? @ PRACTICES
1.Isy = —9asolutionof y + 1 = 8? @4. Vocabulary Give an example of an equation that is

true, an equation that is false, and an open equation.
2. What is the solution of x — 3 = 12? Use mental math. ' q J p q

5. Open-Ended Write an open equation using one

3. Reading You can read 1.5 pages for every page your variable and division.

friend can read. Write an equation that relates the

number of pages p that you can read and the number @ 6. Compare and Contrast Use two different methods to

of pages n that your friend can read. find the solution of the equation x + 4 = 13. Which
method do you prefer? Explain.

\

@ Practice and Problem-Solving Exercises PRACTICES

@'Practice Tell whether each equation is true, false, or open. Explain. 4 See Problem1,
7.85 + (—10) = 95 8.225 - t—4=064 9.29 - 34 = -5

10. 8(-2) - 7=14-5 11.4(-4) + (-8)6= -3+5(3) 1291+ (-7) —5=35 +7+3
13. 4a - 3b = 21 14.14+ 7+ (-1) =21 15.5x + 7 = 17
Tell whether the given number is a solution of each equation. € See Problem2.
16. 8x + 5 =29;3 17.5b + 1 = 16; -3 18.6 =2n — §;7
19.2 = 10 — 4y;2 20. 9a — (-72) = 0; -8 21.-6b + 5 =1;1
22.7 + 16y = 11;1 23.14=1x + 52 2.3t +2=42
Write an equation for each sentence. 4® See Problem3.
25. The sum of 4xand —3 is 8. 26. The product of 9 and the sum of 6 and x is 1.

27. Training An athlete trains for 115 min each day for as many days as possible. Write
an equation that relates the number of days 4 that the athlete spends training when
the athlete trains for 690 min.

28. Salary The manager of a restaurant earns $2.25 more each hour than the host of
the restaurant. Write an equation that relates the amount h that the host earns each
hour when the manager earns $11.50 each hour.

Use mental math to find the solution of each equation. 4 See Problemi
29.x-3=10 30,4=7-y 31.18+d =24

32.2-x=-5 33.% =4 34.7=5

35. 6t = 36 36. 20a = 100 37.13¢ = 26
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Use a table to find the solution of each equation. 4 See Problem5.

38.2t - 1=11 39.5x +3 =23 40. 0 = 4 + 2y 41.8a — 10 = 38

42.12 = 6 — 3b 43.8 — 5w = —12 44. 48 = -9 - 13n  485.1x - 5= -1

Use a table to find two consecutive integers between which the solution lies. 4 See Problemsé.

46. 6x + 5 = 81 47.33 = 1.5 — 0.4y 48. —115b + 80 = —489 :
Apply 49. Bicycle Sales In the United States, the number y (in millions) of bicycles sold with ﬁ

wheel sizes of 20 in. or greater can be modeled by the equation y = 0.3x + 15, “
where x is the number of years since 1981. In what year were about 22 million !
bicycles sold? i

@ 50. Error Analysis A student checked whether d = —2 is a solution of ]
—3d + (—4) = 2, as shown. Describe and correct the student’s error.

@ 51. Writing What are the differences between an expression and an equation?
Does a mathematical expression have a solution? Explain.

52. Basketball A total of 1254 people attend a basketball team’s championship ___ ezl
game. There are six identical benches in the gymnasium. About how many
people would you expect each bench to seat?

Find the solution of each equation using mental math or a table. If the solution
lies between two consecutive integers, identify those integers.

53.x+4= -2 5.4m +1=29 55.105=3n -1 56. 3 +t=19

57.5a — 4 = —16 58.9 =4 + (—y) 59.1= —4n + 1 60.17 = 6 + 2x

@ 61. Open-Ended Give three examples of equations that involve multiplication and
subtraction and have a solution of —4.

Ice drill
@ 62. Think About a Plan Polar researchers drill into an ice sheet. The drill s v ‘h
is below the surface at the location shown. The drill advances at a - i
rate of 67 m/h. About how many hours will it take the drill to reach a 67 mh s

depth of 300 m?
¢ What equation models this situation?
¢ What integers do you need?

63. Deliveries The equation 25 + 0.25p = c gives the cost c in dollars
that a store charges to deliver an appliance that weighs p pounds. Use
the equation and a table to find the weight of an appliance that costs
$55 to deliver.

(© 64. Look for a Pattern Use a table. Evaluate 2x + 2 for x = —2, —1,0,1,2,and 3.
What pattern do you notice in your results? Use this pattern to find the solution of
2x + 2 = 28. Check your solution.

Lesson 1-8 An

Introduction to Equations
— e ———
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G 6.

65.

Reasoning Your friend says that the solution of 15 = 4 + 2t is between two
consecutive integers, because 15 is an odd number and 4 and 2 are both even
numbers. Explain your friend’s reasoning.

Construction A construction crew needs to install 550 ft of curbing along a street.
The crew can install curbing at a rate of 32 ft/h. Yesterday the crew installed 272 ft
of curbing. Today it wants to finish the job in at most 10 h, which includes a 15-min
drive to the job, an hour lunch break, and 45 min to break down the equipment.
Can the crew achieve its goal? Explain.

Standardized Test Prep
\ SAT/ACT 67. Which equation is false?
@2+1-1=1 @8i-25-59 @51-(-57)=-6 D 3(-3)+3=-6
68. Which equation has a solution of 4?
@ 0=8+2y @ 5x+3=23 @ 8a — 10 = 42 A2t-1=9
69. At 7 p.M., the temperature is 6.8°C. Over the next4 h, Temperature Changes
the temperature changes by the amounts shown in the Change in
table. What is the final temperature? Time Temperature
@ -12.6°C @ 1°C 8em. | —04°C
@ 3.9°C @ 5.8°C QI'P!'M' LA 109G
70. Monique has ordered 32 pizzas to serve at the student 10em. | —13°C
government picnic. If each person will get 41 of a pizza, T1eM: 1 —2:0°C
how many people will she be able to serve? L ot e e e
D8 G 64
@& 32 @ 128
Mixed Review
Use the Distributive Property to simplify each expression. 4 See lessont]
71. 7(4 + 2y) 72. —6(3b + 11) 73. (8 + 2t)(—2.1) 74. (-1 + 5x)5
Evaluate each expressionform = 4,n = —1,and p = -%. 4 Seelessonit
75.2m ~ 2n 76. pm — n 77.6mp . 78.7m + (—4n)
79. 8p — (—5n) 80. 2m — n 81. —1.5m + 6p 82.3n2 - (—10p?)
Get Ready! To prepare for Lesson 1-9, do Exercises 83-86.
Use a table to find the solution of each equation. 4 See Lessonid
83.4x-1=7 84.0 = 10 + 10y 85.55 =7 - b 86.3t — (—5.4) = 54
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You can solve equations by making a table using a graphing calculator. MATHEMATICAL
PRACTICES

A raft floats downriver at 9 mi/h. The distance y the raft travels can be modeled by
the equation y = 9x, where x is the number of hours. Make a table on a graphing
calculator to find how long it takes the raft to travel 153 mi.

Step1 Enter the equation y = 9x into a graphing calculator. —
« Press @. The cursor appears next to Y;. | TABLE SETUP

| TbiStart =1
« Press 9 XX to enter y = 9x. ATbY = 1

Step 2 Access the table setup feature.
gle2nd [window }
« TbiStart represents the starting value in the table. Enter 1 for TbiStart.

« ATbl represents the change in the value of x as you go from row to row.
Enter 1 for ATbl.

Indpnt: Ask
Depend: - Ask

Step 3 Display the table and find the solution.
« Press @) CED) . Use = to scroll through the table until you find the
x-value for which y = 153. This x-value is 17. It takes the raft 17 h to
travel 153 mi.

_—

Exercises
Solve each problem by making a table on a graphing calculator.

1. A town places 560 t of waste in a landfill each month. The amount y of waste in
the landfill can be modeled by the equation y = 560x, where x is the number
of months. How many months will it take to accumulate 11,200 t of waste in the
landfill?

{ 2. A coupon gives $15 off a customer’s purchase. The total amount y of the
customer’s purchase can be modeled by y = x — 15, where x is the amount of the
purchase before the coupon is used. A customer using the coupon pays $17 for a
shirt. What was the original price of the shirt?

oo e
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_ @ Content Standard

Pranes for A.CED.2 Create!q
~ two or more variables to represen

Review
Use With Lesson l‘-9'

Two number lines that intersect at right angles form a coordinate plane. The FETRE T
horizontal axis is the x-axis and the vertical axis is the y-axis. The axes intersect at BERRON
the origin and divide the coordinate plane into four sections called quadrants. Quadra ht n
An ordered pair of numbers names the location of a point in the plane. These T
numbers are the coordinates of the point. Point B has coordinates (-3, 4). AEEERCN x-ak
‘ " The first coordinate | e The second coordinate Quadrant IjI Quadrant | ‘
IS the x-coordinate. | (=34)< y

|s the y-coordinate. =

To reach the point (x, y), you use the x-coordinate to tell how far to move right
(positive) or left (negative) from the origin. You then use the y-coordinate to tell how
far to move up (positive) or down (negative).

Play against a partner using two number cubes and a coordinate grid. One cube
represents positive numbers and the other cube represents negative numbers.

* During each turn, a player rolls both cubes and adds the numbers to find an
x-coordinate. Both cubes are rolled a second time, and the numbers are added to
find the y-coordinate. The player graphs the resulting ordered pair on the grid.

* The two players take turns, with each player using a different color to graph

points. If an ordered pair has already been graphed, the player does not graph a
point, and the turn is over.

¢ Play ends after each player has completed 10 turns. The player with the most
points graphed in a quadrant scores 1 for Quadrant I, 2 for Quadrant II, and so on.
Points graphed on either axis do not count. If both players graph an equal number
of points in a quadrant, both players score 0 for that quadrant.

m

Exercises
Describe a pair of number cube rolls that would result in a point plotted at the given
location.
1. (-3,4) 2. (4, -3) 3. in QuadrantIII 4, the origin

e = & O —— SESE— S s e o - - IS ,‘,,.*_.._a"
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} Patterns, Equations,

e s

(@ Content Standards

A.REL10 Understand that the graph of an equation in
two variables is the set of all its solutions plotted in the
coordinate plane; often forming a curve (which could be
2 line).

Also A.CED.2

and Graphs

P — W Y S s e o,

Ob|echve To use tables, equations, and graphs to descnbe relanonshlps

T ——————— e

SVE4

Getting Ready! > X L&
D D DA ap » Q ouid » Q
You can use
patterns to make J i ‘ a :
predictions. - 5Ribbons | 10 Ribbons | 15 Ribbons | 20 Ribbons
MATHEMATICAL
PRACTICES

Vocabulary
solution of an
equation

¢ inductive
reasoning

Lesson \
L ]

17/
38!

How can you tell

whether an ordered
pair is a solution?

In the Solve It, you may have described the pattern using words. You can also use an
equation or a graph to describe a pattern.

Essential Understanding Sometimes the value of one quantity can be found
if you know the value of another. You can represent the relationship between the
quantities in different ways, including tables, equations, and graphs.

You can use an equation with two variables to represent the relationship between two

varying quantities. A solution of an equation with two variables x and y is any ordered
pair (x, y) that makes the equation true.

@ AR Identifying Solutions of a Two-Variable Equation

s (3, 10) a solution of the equation y = 4x?
A

Replace x with the first

value in the ordered pair
and y with the second =
value in the ordered pair. -

Is the resulting equaﬁon
true?

y = 4x
10 £ 4 -3 Substitute 3 for x and 10 for y.
i 10 # 12 So, (3, 10) is not a solution of y = 4x.

! 0 Got It? 1. Is the ordered pair a solution of the equation y = 4x?
a(520) b. (-5, —20) c. (=20, -5)

, PowerAIgebra com

d. (1.5, 6)

Lesson 1-9 Patterns Equatuons and Graphs




You can represent the same relationship between two variables in several
different ways.

@ L1 ) Using a Table, an Equation, and a Graph

Ages Both Carrie and her sister Kim were born on October 25, but Kim was born
2 years before Carrie. How can you represent the relationship between Carrie’s age
and Kim's age in different ways?

Knew _______  Need ______  Plgn
Kim was bomn 2 years - Different ways torepresent Useatab1e,anequat|on, ;
before Carie. ‘m» ' andagraph.

o e kA 0 PRETERIT ¢ S KPS UPSHE LA

Step 1 Make a table.

Step 2 Write an equation.
Let x = Carrie's age. Let y = Kim's age. From the table, you can see that
yis always 2 greater than x.
Soy=x+2.

Step 3 Drawa graph.

Carrie's and Kim's Ages

62

12
- 10 "
& First, graph each
5 g irst, graph eac
= . ordered pair
& 6 _ \from the table.
<
-“ 4
£ S| Then connect the
., . points with a line.

0 5 A

0 2 4 6 8 10
Carrie’s Age (years)

@ \9‘ Got It? 2. a. Will runs 6 laps before Megan joins him at the track. They then run
together at the same pace. How can you represent the relationship
between the number of laps Will runs and the number of laps Megan
runs in different ways? Use a table, an equation, and a graph.

b. Reasoning Describe how the graph in Problem 2 above would change if
the difference in ages were 5 years instead of 2 years.

R e g T e - To— o "
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Inductive reasoning is the process of reaching a conclusion based on an observed
pattern. You can use inductive reasoning to predict values.

@ L1 ET Y Extending a Pattern

The table shows the relationship between the number

of blue tiles and the total number of tiles in each figure. Number of Total Number
Extend the pattern. What is the total number of tiles in a Blue Tiles, x of Tiles, y
figure with 8 blue tiles? 4

Think
Should you connect ';» e
the points on the i hod1 D h.
graph with asolid - ’,(' Mgtho ks i
line? Number of Tiles
No. The number of tiles = -
must be a whole number ; 72 :IT -

Use a dotted line tosee i | '\\I Step 2 The points fall on a
thetrend ey w 54 T + \ line. Extend the pattern |
RESSESEE ot = e with a dashed line.

E 3% ' LA 1
= (RN A\
° * !
= 18 *—— { "Step3Fndthepomtonthe
@ep 1 Graph the pomts/m il \ line with x-coordinate 8.
0 2 4 6 8 The y-coordinate of
Blue Tiles \ this point is 72.

The total number of tiles is 72.
Method 2 Write an equation.
y = 9x  The total number of tiles is 9 times the number of blue tiles.
= 9(8) Substitute 8 for x.
=72  Simplify.

The total number of tiles is 72.

Got It? 3. Use the tile figure from Problem 3.
a. Make a table showing the number of orange tiles and the total number
oftiles in each figure. How many tiles in all will be in a figure with 24
orange tiles?
b. Make a table showing the number of blue tiles and the number of
yellow tiles in each figure. How many yellow tiles will be in a figure with
24 blue tiles?




Lesson Check
MATHEMATICAL
Do you know HOW? Do you UNDERSTAND? @ PRACTICES
1. Is (2, 4) a solution of the equation y = x — 27 @ 5. Vocabulary Describe the difference between

2. Is (-3, —9) asolution of the equation y = 3x? _ inductive reasoning and deductive reasoning.

Compare and Contrast How is writing an equation
to represent a situation involving two variables
similar to writing an equation to represent a situation
involving only one variable? How are they different?

(® 7. Reasoning Which of (3, 5), (4, 6), (5, 7), and (6, 8)
are solutions of y = x + 2? What is the pattern in the
solutionsof y = x + 2?

3. Drinks at the fair cost $2.50. Use a table, an equation, @ 6.
and a graph to represent the relationship between the
number of drinks bought and the cost.

4. Exercise On a treadmill, you burn 11 Cal in 1 min,
22 Cal in 2 min, 33 Cal in 3 min, and so on. How many
Calories do you burn in 10 min?

. . . MATHEMATICAL
@ Practice and Problem-Solving Exercises PRACTICES
@.Pncﬁce Tell whether the given equation has the ordered pair as a solution. 4 See Problem1.
8.y = x + 6;(0,6) 9.y=1-x;(21) 10.y=—x+ 3;(4,1)
11. y = 6x;(3,16) 12. —x=1y;(-3.1,3.1) 13. y = —4x; (—2,8)
14.y=x+%; (1,%) 15.y=x—%;(2, 1%) 16.J5—[=y;(—10, —-2)
Use a table, an equation, and a graph to represent each relationship. 4 See Problem2

17. Ty is 3 years younger than Bea.
18. The number of checkers is 24 times the number of checkerboards.
19. The number of triangles is 3 the number of sides.

20. Gavin makes $8.50 for each lawn he mows.

Use the table to draw a graph and answer the question. 4 See Problem:
21. The table shows the height in inches of stacks 22. The table shows the length in centimeters of
of tires. Extend the pattern. What is the a scarf you are knitting. Suppose the pattern
height of a stack of 7 tires? continues. How long is the scarf after 8 days?
Stacks of Tires Knitted Scarf

Number | Height of
of Tires, x | Stack, y

Number | Length of
of Days, x | Scarf, y

o .
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Use the table to write an equation and answer the question.

23. The table shows the heights in inches of trees 24. The table shows amounts earned for pet

after they have been planted. What is the sitting. How much is earned for a 9-day job?
height of a tree that is 64 in. tall in its pot? Pet Sitting
Tree Height

Days, x | Dollars, y

i v

Height in Pot, x Height Without Pot, y

Refer to the drawing of houses for Exercises 25 and 26.

AN\

8| FEPEF| EAEAER
0 AREREE ENNENNE

@ 25. Patterns Make a table and draw a graph to show the relationship between the
number of houses and the number of windows.
a. What is the number pf windows in 9 houses?

b. If n houses have k windows, write an expression to represent the number of
windows for n + 1 houses.

26. Bobby says that a subdivision similar to the one above has a total of 202 windows.
Is 202 a reasonable number of windows? Explain.

G Apply Tell whether the given ordered pair is a solution of the equation.
27.y=2x+ 7;(-2,3) 28. —ix +6=y(24) 29. y = —1.2x — 2.6;(3.5,6.8)
' @ 30. Think About a Plan The table shows how long it takes Kayla to Kayla’s Piano Practice
learn new songs. How many hours does Kayla need to practice Hours, h | Songs Learned, s

to learn 9 songs?

e From row to row, how much does the number of hours h
increase? How much does the number of songs s increase?

¢ By how many rows would you need to extend the table to
solve the problem?

31. Air Travel Use the table at the right. How long will the jet take
to travel 5390 mi? Passenger Jet Travel

o B

Np—

e T 1
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@ 32. Reasoning Savannah looks at the table shown and says the equationy = x — 6
represents the pattern. Mary says y = x + (—6) represents the pattern. Who is
correct? Explain.

@ 33. Open-Ended Think of a real-world pattern. Describe the pattern using words and
an equation with two variables. Define the variables.

@ Challenge 34. Temperature Suppose the temperature starts at 60°F and rises 2°F every 45 min.
Use a table, an equation, and a graph to describe the relationship between the
amount of time that has passed in hours and the temperature.

35. Use a table, a graph, and an equation to represent the ordered pairs (2, —5.5),
(=3, -0.5), (1, —4.5), (0, =3.5), (-3.5,0), and (-1, -2.5).

*

Standardized Test Prep
Seed Cost
SAT/ACT 36. Use the graph. What is the total price for 4 bags of seeds?
\l 6 } !
$.50 @ $4.00 - | ;
@ $2.00 @ $8.00 = 4
(=] |
N E I ) |
37. What s the simplified form of the expression —5(n — 2)? = B 3 [
@ -n @D —5n + 10 S 1% 1
@ —5n -2 @n+10 0y |2 1
Number of Bags
38.1fa = 3and b = -2, whatdoes —2b - a equal?
@ -9 @ -7 © -1 @1
39. Whatis the value of —3%?
@ -8l @ -12 @ 12 @ 81
_ T
Mixed Review
Tell whether the given number is a solution of each equation. 49 See lessoni-d
40.3x + 7 =10;0 41. 80 = 4a; 20 42. 10 = —5¢; —2
Give an example that illustrates each property. 4 Secelessonid
43. Commutative Property of Addition 44. Associative Property of Multiplication
45. Identity Property of Multiplication 46. Zero Property of Addition
Get Ready! To prepare for Lesson 21, do Exercises 47-54.
4 Seelessonis
Find each sum or difference.
47. 12 + (-3) 48. -7 + 4 49, -8 + (-6) 50. —42 + 15
51. 32 — (-8) 52. —18 — 12 53. 15 - (-14) 54. —76 — 5

VR 280 1 A S P DA ARSI A e i T 8 ey . E - — T——
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problems,

you will pull
together many
concepts and
skills related
to expressions,
real-number
properties and
operations, and
equations.

To solve these

="

Pull It All Together @xs

BIGidea Variable

You can use variables to represent quantities that are unknown or vary and to write
expressions and equations.

@ Performance Task 1
Solve. Show all of your work and explain your steps.

A riding-stable manager is planning a nutritional diet for 6 horses. The manager finds the :
table below in a guide about horse health. The cost of 1000 Calories of horse feed is $.15. '
a. What is an expression for the total cost of feeding h horses? ;
b. Explain why your expression will give the total cost. Use a number for & as you :
explain your expression. :

Calories Needed

- NumberofHorses | 1 | 2 SRy §
Daily Calories Needed | 15,000 | 30,000 | 4

© Performance Task 2

Use the table at the right to complete each part.
a. Copy the table. Extend the table by writing expressions for y when
x=5,6,and7.

b. Write an equation that relates x and y. Use your equation to find the value of
ywhen x = 15.

BiGidea Properties

The properties of real numbers describe relationships that are always true. The
properties of real numbers are true in both arithmetic and algebra. You can use them to
rewrite expressions.

@©Performance Task 3
Solve. Show all of your work and explain your steps.

You are buying gifts for 10 people. You decide to buy each person either a CD ora DVD.
A CD costs $12 and a DVD costs $20.

a. Let ¢ = the number of CDs you decide to buy. What is an expression in terms of ¢
for the number of DVDs you buy?
b. What is an expression in terms of ¢ for the cost of the CDs? For the cost of the DVDs?
¢. Write and simplify an expression in terms of ¢ for the total cost of all the gifts
you buy. What properties of real numbers did you use to simplify the expression?




@ Chapter Review

Connecting BIG ideas and Answering_the Essential Questions
— N T P T T e R,

1 Variable ‘ Variables and Expressions (Lesson 1-1) | Patterns and Equations
You can use variables to . anumbernplus3 p.-ee ... | _ (Lessons 1-8 and 1-9)
represent quantitiesandto [ 5 4+ 3 1 R [ 1variable:x + 3 =5

write algepraic expressions il 2 variables: y = 2x
and equations. :
e ——————— Operations With Real T
2 Properties | Numbers (Lessons 1-2, 1-5, and 1-6) ;
The properties of real iy 2° 0-3 2 + (-5) 7(-3) ‘
numbers describe .‘ - S
relationships that are always Properties (Lessons 1-4 and 1-7) |
true. You can use them to *
rewrite expressions. r @b=b-a fa-b-c=a-(b-q |
- alb+¢=ab+ac i
J
@ Chapter Vocabulary
e absolute value (p. 31) * equivalent expressions * natural number (p. 18) * rational number (p, 1§)
* additive inverse (p. 32) (p. 23) * numerical expression ¢ real number (p. 18)
« algebraic expression (p. 4) ¢ evaluate (p. 12) (p.4) e reciprocal (p. 41)
¢ base (p. 10) e exponent (p. 10) * open sentence (p. 53) *set (p. 17)
» coefficient (p. 48) * inductive reasoning * opposite (p. 32) « simplify (p. 10)
« constant (p. 48) (p. 63) * order of operations ¢ solution of an equation
« counterexample (p. 25) * inequality (p. 19) (p. 1) (p. 54, 61)
» deductive reasoning (p. 25) * integer (p. 18) * perfect square (p. 17) e square root (p. 16)
» Distributive Property (p.46) * irrational number (p. 18) ¢ power (p. 10) * subset (p. 17)
o element of the set (p. 17)  * like terms (p. 48) * quantity (p. 4) * term (p. 48)
» equation (p. 53) » multiplicative inverse * radical (p. 16) e variable (p. 4)
(p. 40) * radicand (p. 16) ¢ whole number (p. 18)

Choose the correct term to complete each sentence.

1. Real numbers that you cannot represent as a quotient of two integers
are _?_numbers.

2. The sum of a number and its _?_ equals zero.
3. You can simplify an expression by combining _?_.
4. _?_isanumber's distance from zero on a number line.

5. When you make conclusions based on patterns you observe, youuse _? .
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1-1 Variables and Expressions

Quick Review
A variable is a symbol, usually a letter, that represents

- values of a variable quantity. For example, d often
represents distance. An algebraic expression is a
mathematical phrase that includes one or more variables.

A numerical expression is a mathematical phrase
involving numbers and operation symbols, but no variables.

4

Example

What is an algebraic expression for the word phrase 3 less
than half a number x?

You can represent “half a number x” as 3. Then subtract 3 to
get % - 3.

K - ) ) A

Exercises
Write an algebraic expression for each word phrase.

6. the product of a number w and 737

7. the difference of a number g and 8

8. the sum of a number x and 84

9. 9 more than the product of 51 and a number ¢
10. 14 less than the quotient of 63 and a number &
11. a number b less the quotient of a number k and 5

Write a word phrase for each algebraic expression.

12.12 + a 13.r - 31
14. 19t 15. b + 3
16.7¢ — 3 7.2+5%
18. % — 6 19. 21d + 13

1-2 Order of Operations and Evaluating Expressions

Quick Review

To evaluate an algebraic expression, first substitute a given
number for each variable. Then simplify the numerical
expression using the order of operations.

1. Do operation(s) inside grouping symbols.
2. Simplify powers.

3. Multiply and divide from left to right.

4. Add and subtract from left to right.

Example

A student studies with a tutor for 1 hour each week

and studies alone for h hours each week. What is an
expression for the total hours spent studying each week?
Evaluate the expression for h = 5.

The expression is h + 1. To evaluate the expression for
h = 5, substitute 5 for h: (5) + 1 = 6.

m

Exercises |
Simplify each expression. l'
20. 92 21.5° 22. (37

23.72+5 24. (2% - 6)? 25. (3% - 4) + 52

Evaluate each expression forc = 3and d = 5.

26.4d% + 15 27. (2 + d)? - 32

28. cd? + 4 29. (3¢2 — 3d)?2 - 21

30. The expression 6s” represents the surface area of a
cube with edges of length s.
a. Whatis the cube’s surface area when s = 67?
b. Reasoning Explain how a cube’s surface area

changes if you divide s by 2 in the expression 6s°.

31. Arace car travels at 205 mi/h. How far does the car
travel in 3 h?

PowerAlgebra.com




1-3 Real Numbers and the Number Line
. Quick Review Exercises

The rational numbers and irrational numbers form the set Tell whether each number is rational or irrational.
of real numbers.

A rational number is any number that you can write
as §, where a and b are integersand b # 0. The rational 3.
numbers include all positive and negative integers, as well

as fractions, mixed numbers, and terminating and repeating

1
32. 7 33. )

w(nd]

35. 0.57

Estimate each square root. Round to the nearest intege,

decimals. 36. V99 37. V48 38. V30
Irrational numbers cannot be represented as the quotient Name the subset(s) of the real numbers to which each
of two integers. They include the square roots of all positive number belongs.

. integers that are not perfect squares. |39, -17 40, (1;_; 41. \oi
Example 42 VIO 43. 4.288 44. 1%
Is the number rational or irrational? ' Order the numbers in each exercise from least to greates.

2 4 i

B-5.422 rational 45.-15,16, -1 46. 5, —0.8, V3
ev7 irrational

A

1-4 Pwrﬁes of Real Numbers

Quick Review . Exercises
You can use properties such as the ones below to simplify ' Simplify each expression. Justify each step.
and evaluate expressions.
£ g 47. -8 + 9w + (—23)
Commutative Properties -2 + 7 =7 + (-2) 6
3X4=4x3 4. 5+ (-10-8)
Associative Properties 2 X (14 X 3) = (2 X 14) X 3 49. (% . 0) - (—20)
3+(12+2)=(3+12) +2 50. 53 + (—12) + (—4¢)
Identity Properties —6 + 0 = —6 ' 5, 843
9
21 X1 =21

Tell whether the expressions in each pair are equivalent.
52.(5 - 2)candc-3
-{ 53.41+z+9and4l-z-9

Example 54, %—xq and 9xy

Use an identity property to simplify —7—:!'-. 55 11t and t

7ab _ e 2 *5+7-11)
Tab . _9p.2= 7b.1= -7 (

Zero Property of Multiplication -7 X 0 =10
- Multiplication Property of -1 6 - (—1) = —6
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Quick Review

- To add numbers with different signs, find the difference of
their absolute values. Then use the sign of the addend
- with the greater absolute value.

. 3+ (-4)=-(4-3)=-1
- To subtract, add the opposite.
9-(-5)=9+5=14
The product or quotient of two numbers with the same sign
§ is positive: 5 + 5 = 25 (=5)+-(-5) =25
'V ~The product or quotient of two numbers with different signs
. isnegative: 6 - (—6) = —36 —36 -6 = —6

Example

Cave explorers descend to a site that has an elevation of
—1.3 km. (Negative elevation means below sea level.) The
explorers descend another 0.6 km before they stop to rest.
What is the elevation at their resting point?

-1.3 + (-0.6) = —1.9

The elevation at their resting point is —1.9 km.

e T T T oty .

1-7 The Distributive Property
Quick Review

You can combine like terms and use the Distributive
Property to simplify expressions.

Distributive Property a(b + ¢) = ab + ac
"L a(b - c) = ab — ac
i
Example
Simplify 7¢ + (3 — 4¢).
7t+ (3 —4t) =7t + (—4t + 3) Commutative Property
= (7t + (—4t)) + 3  Associative Property
=7+ (—4))t+3 Distributive Property
=3t+3 Simplify.

Terms with exactly the same variable factors are like terms.

1-5and 1-6 OEerations With Real Numbers

Exercises {
Find each sum. Use a number line. i
56.1 + 4 57.3 + (—-8) 58. -2+ (-7
Simplify each expression.

59. —5.6 + 7.4 60. —122

61. —5(—8) 62. 45 ~ (—15)

63. —13 + (—6) 64. -9 — (—12)

65. (—2)(—2)(-2) 66. —54 + (—0.9)

Evaluate each expressionfor p = 5and g = —3.

67. -3g + 7 68. —(4g)
69.9g — 8 70.5p — 6
71. —(2p)? 72.7g - 7p
73. (pq)* 74. 2 + (4p)

,VI

Exercises

Simplify each expression.

75. 5(2x — 3) 76. —2(7 — a)
77. (= + 8)3 78. 312 — 22
79. 2(3y — 3) 80. (6y — 1)}
81. (24 — 24y)} 82.6y — 3 — 5y
83.1y +6— 2y 84. —ab® — ab®

85. Music All 95 members of the jazz club pay $30 each
to go see a jazz performance. What is the total cost of
tickets? Use mental math.

86. Reasoning Are 8x%y and —5yx? like terms? Explain.




1-8 An Introduction to Esuaﬁons

Quick Review Exercises
An equation can be true or false, or it can be an open Tell whether the given number is a solution of each
sentence with a variable. A solution of an equation equation.
is the value (or values) of the variable that makes the §7. 19 w5 @i fim 28 B 658000
g .17 =37 + 4f;f = -5 . —3a2 = 2%a =3
| 89.3p-9=2L;b=-10 90. —2b + 4 =3b=]
Exomple Use a table to find or estimate the solution of each
Is ¢ = 6 a solution of the equation 25 = 3¢ — 2? equation.
25=3c-2 9. x+(-2) =8 92.3m — 13 = 24
252 3-6-2 Substitute6 forc. L 03.4-2=9 94. 6b — 3 = 17
25 # 16 Simplify.

No, ¢ = 6 is not a solution of the equation 25 = 3¢ — 2.

1-9 Patterns, Eﬂuaﬁons, and Grths

Quick Review Exercises

You can represent the relationship between two varying Tell whether the given ordered pair is a solution of each
quantities in different ways, including tables, equations,and | equation.
graphs. A solution of an equation with two variables is an

ordered pair (x, y) that makes the equation true. 95. 3¢+ 5 = 3(1,8)

A

96. y = —2(x + 3);(-6,0)

Example 97. y = (x - 1.2)(—3);(0,1.2)

Bo makes $15 more per week than Sue. How can you 98. 10 — 5x = y; (4, 10)

represent this with an equation and a table?

99. Describe the pattern in the table using words,
an equation, and a graph. Extend the pattern for

x=25,6and7.

First write an equation. Let b = Bo’s earnings and
s = Sue’s earnings. Bo makes $15 more than Sue, so
b = s + 15. You can use the equation to make a table for

s = 25, 50, 75, and 100. | nn
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y Chapter Test
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- "
Do you know HOW?

1. Write an algebraic expression for the phrase the
quotient of n and 6.

2. Write a word phrase for —12¢ + 2.

3. Evaluate the expression —(pg)? + (—8) for p = 2
and g = 4.

4. Dance The table shows how the total cost of dance
classes at a studio depends on the number of classes
you take. Write a rule in words and as an algebraic
expression to model the relationship.

Dance Classes

Number of Classes
17% e T s ) -

Total Cost

Simplify each expression.
5. —20 — (-5) - (—2?)

]
.—Tab 440

6

7

8. —|—25|
16

9 25

Is each statement true or false? If false, give a

counterexample.

10.

a. For all real numbers a and b, a - b is equivalent to
b-a.
b. For all real numbersaand b, a(b * ¢) = ab - ac

11. Is the ordered pair (2, —5) a solution to the equation
4 + 3x = —2y? Show your work.

12. Order the numbers —%, %, —1%, and — }—2— from least

to greatest.

PowerAlgebra.com
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Soccer There are t teams in a soccer league. Each team
has 11 players. Make a table, write an equation, and
draw a graph to describe the total number of players p
in the league. How many players are on 17 teams?

Simplify each expression.

14.
15.
16.
17.

18.

19.

5x2 — x?

: 3
12 + ()
—(—-2 + 6¢)
=3[b - (-7)]
Name the subset(s) of the real numbers to which
each number belongs.
a. —2.324
Identify each property.
a.a(b+c)=ab + ac
b.(a+b)+c=a+ (b+¢c)

b. V46

Do you UNDERSTAND?

20.

@2

22.

® 2.

Is the set of positive integers the same as the set of
nonnegative integers? Explain.

Error Analysis Find and
correct the error in the work
shown at the right.

Is the following statement
true or false? If the product
of three numbers is negative,
then all the numbers are
negative. If false, give a counterexample.

Reasoning You notice that 10°C = 50°F,

20°C = 68°F, and 30°C = 86°F. Use inductive
reasoning to predict the value in degrees Fahrenheit
of 40°C.

. Reasoning When is the absolute value of a

difference equal to the difference of the absolute
values? Explain.
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TIPS FOR
Some test questions ask you to
enter a numerical answeron a
grid. In this textbook, you will
record answers on a grid like the
one shown below,

000!
Qlolololo]c

TIP 1
An answer may be either

a fractionor adecimal.

If an answer is a mixed
number, rewrite itasan
improper fractionorasa

n——

SUVCOESS

What is the value of % + 2—7

Solution
1, 32,35
I Bl Sl Sl Sl

Record the answer as % or 1,25,

B B
8 QOODL
(oJoloy XOI o

=900

Do not record the answer as 1 because the
test-scoring computer will read itas 3 4

-

Vocabulary Builder

As you solve test items, you must understand the

4—

Cumulative Standards Review @

I8 2

You do not have to simplify
a fraction unless the .
question asks for simplest *
form or the fraction does |
not fit on the grid. /‘

Think It Through

You can add the fractions as
shown in the solution on the
left, or you can convert the
fractions to decimals and add.

1 3 e
§+3—0.5+0.75—1.25

Record the decimal answer on
the grid.

Multiple Choice

Read each question. Then write the letter of the correct

meanings of mathematical terms. Select the correct

term to complete each sentence.

answer on your paper.

1. Which expression shows the product of zand x — y?

@ z(x-y)

A. An algebraic (expression, equation) is a

mathematical sentence with an equal sign.

B. A (coefficient, constant) is a numerical factor of

aterm.

C. The (exponent, base) of a power tells how many
times a number is used as a factor.

D. To (simplify, evaluate) an algebraic expression, you
substitute a given number for each variable.

@ -3
@ -1

@ -9

@ z+x-y

@ x(z—y) +x
i-x

2. What is the solution of the equation 7d + 7 = 147
@ 1
a 3

3. What is the value of the expression 8(—9) — 6(—3)?
© 54
@ 90

@ 54

E. A(n) (rational, irrational) number is any number
that you can write in the form %, where a and b are

integers,and b # 0.

Chapter 1 Cumulative Standards Review



4. You ship an 8-1b care package to your friend at college.
It will cost you $.85 per pound, plus a flat fee of $12, to
ship the package. Which equation can you use to find
the total cost C?

CF>OC=(8-12)+085 CH> C=28"-(085+ 12)
@ C=(8+085 12 @ C=(8-0.85) + 12

5. The graph of y = x — 3 is shown below. Which
ordered pair is NOT a solution of the equation
y=x-—3?

1Y
" o«
AX
-4 [0] /4
//
)4
@ (_41 _7) © (01 —3)

6. Which property does the equation
4+ x+7=4+ 7+ xillustrate?

P> Identity Property of Addition

(G Distributive Property

(H> Commutative Property of Addition
1> Associative Property of Addition

7. Bill has a $10 coupon for a party store. He needs to buy
some balloons for a birthday party. If each balloon
costs $2 and Bill uses his coupon, what is an equation
that gives the total price y of his purchase?

@ y =2

@ y=2x-10
@ y=2x+10
@ y=10-2x

8. You own 100 shares of Stock A and 30 shares of
Stock B. On Monday, Stock A decreased by $.40 per
share and Stock B increased by $.25 per share. Which
equation can be used to find the total change in value
of your shares?
> V = (100 - —0.40) + (30 - 0.25)
@ V = (100 - —0.40) + (30 - —0.25)
@ V = (100 - 0.40) + (30 -+ 0.25)
> V = (100 - 0.40) + (30 - —0.25)

9. The table shows the relationship between the number
of laps x you swim in a pool and the distance y, in
meters, that you swim. Which equation describes the
pattern in the table?

~
Laps, x 2 4 5 8
Distance (m), y | 100 | 200 | 250 | 400
\ J

A y = 50x @ y=x+50

@B y = 100x @ y=x+ 100

10. A store is having a sale on cases of juice. The first two

cases of juice cost $8 each. Any additional cases of
juice cost $6 each. Which expression can be used to
find the cost of buying 9 cases of juice?

@ (2-8)+(9-6) @ (2-8) + (7-6)

@ (2-6) +(7-8) D9-14

11. The graph below shows the depth of water in a leaking

tank.
LAyl
Swortes—
£ 8- "o
%—&,————4———«
a < | X
Of 24638
Time (h)

If the tank continues to leak at the same rate, what will
be the depth of water after 10 hours?

@ 5ft @ 7fi
@ 6ft @ 10ft

12. Chris spends $3 per square foot on carpet for a square
room. If he spends about $430 on carpet, what is the
approximate length, in feet, of a side of the room?

@ 12t @@ 721t
@ 36ft @ 215ft
13. What is an algebraic expression for 4 more than the
product of 3 and a number x?
@ (4 +3)x @ 4-3x
@ 4 + 3x @ 3x - 4

PowerAIgebra.com'
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14. A blank CD can hold 80 min of music. You have
bumed m minutes of music onto the CD. Which
equation models the amount of time ¢ that is left on
the CD?

@ t=8-m @ t=80+m
@ t=m— 80 D t = 80m

15. What is an expression for the sale price of a shirt that
is sold at 40% off the original price p?

@A 0.4p @ 04p - p
@ p+ 04p @ p-04p

16. A clock originally costs x dollars. After you apply a
$3 discount to a clock that costs greater than $3,
the clock costs y dollars. Which graph models this
situation?

v'"a"-“'"—_‘_‘_‘_’*‘ 4 | T

BTz T

Ot 1234 Ot 2468
@& | yT 1 ] ar y [

Rt 4 T

e ‘ ; | 2o

%f ‘ % ‘1 —o— X

ot 1234 (FRE)

17. To order movie tickets online, John has to pay $10 per
ticket plus a $2 handling fee for the whole order. Which
equation can be used to determine the total cost C for
t tickets?

@ C=2t+ 10 @O C=10t+2
@ C=10¢ @ C =12t

18. The monthly cost C for a cell phone is $20 each month
plus $.10 for each minute used. Which equation can
be used to find the total cost (in dollars) for a month
when m minutes are used?
P C=m+ 2

@ C=0.1m+ 20

@ C=10m + 20
D C=20m
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GRIDDED RESPONSE

Record your answers in a grid.
19. Use the graph. What is the total cost, in dollars, for
8 bags of balloons?

Balloon Cost
y

N

X

012468
Number of Bags

Cost (dollars)

20. Cole has $15 to spend on notebooks. Each notebook
costs $3.99. What is the greatest amount, in dollars,
that Cole can spend on notebooks?

21. Simplify the expression 3ab + 4ab — 5ab. What is the
coefficient of the simplified expression?

22. Use mental math to find the solution of the equation
4t = 64.

23. A student recorded the temperature change over time.
The table below shows the results.

Time (h) 0.0/05[1.0[15]]
Temperature (°F) | 76 | 73 | 70 | 67 ]
\__ J

If the temperature change continues at the same rate,
what will the temperature be 3 hours after the start?

24, The formula F = %C + 32 changes a temperature
reading from the Celsius scale C to the Fahrenheit
scale F. What is the temperature measured in degrees
Fahrenheit when the Celsius temperature is —5°C?



Get Ready!

lesson14 49 Describing a Pattern
Describe the relationship shown in each table below using words and using

an equation.
Number of | Money = Number of
Lawns Mowed | Earned Hours Read
1 $7.50 1 30
2 $15.00 2 60
3 $22.50 X 90
4 $30.00 L] 120

TR0
tesson15 40 Adding and Subtracting Real Numbers

Simplify each expression.
3.6+ (-3) 4 -4 -6 8 =5==18 -7+
7.-451 + 1165 8.85— (-7.9) 9.5 —3 10.1 + (-3

tesson1-6 49 Multiplying and Dividing Real Numbers
Simplify each expression.

1. -85 + (-5) 12. 7(-5 13. 4%(—6)? 14.22 = (-8)

tesson1-7 49 Combining Like Terms
Simplify each expression.

15. 14k%2 — (—2k?) 16. 4xy + 9xy 17.6t + 2 — 4t 18.9x — 4 + 3x

5 \

Looking Ahead Vocabulary

19. If you say that two shirts are similar, what does that mean about the shirts? What
would you expect similar to mean if you are talking about two similar triangles?

20. A model ship is a type of scale model. What is the relationship of a model ship to
the actual ship that it models?
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