Rational Numbers and Exponents

. Lesson 1-4

Properties of Numbers

T ——

@ <diInteractive What You'll Learn h‘

2 Study Guide | « Identify and use properties of addition
See pages 11-12for: | | and multiplication.
+ Getting Started |+ Use properties to simplify algebraic
= Real-World Link : expressions.
= Notes J

— {M
"/ Real-World Link
\ Ezcential | Crafts _Duct tapehhas been used to create
Question | everything from flip-flops and prom dresses

o | towallets and homemade flotation devices.
numbersf:\d symbols | Algebraic properties can be used to find the
to represent | amount of duct tape needed to make an item.

mathematical ideas? '

:woc, Common Core

oSS | Properties of Addition and Multiplication

ContentStandards | |, 3igebra, properties are statements that are true for any numbers. For example, the
7.EE1, 7.EE2 expressions 30 + 10and 10 + 30 have the same value, 40. This illustrates the
Mathematical | Commutative Property of Addition. Likewise, 30 - 10 and 10 - 30 have the same
Practices . value, 300. This illustrates the Commutative Property of Multiplication.
1,347 5—!5‘:_-:52-{5 =fﬂ-l"5-:f§,0

) h,a el Commutative Properties

In’dj vm.uhmm I Words The order in which numbers are added or multiplied does not change
Hiopaiics , the sum or product.

Commutative Property | 4 6 l}’(
Associative Property Symbols Forany numbersaandb,a+b=>b+a. ,fl G .( g’P/
e Forany numbersaand b,a-b=b-a. Mu‘ﬂk 69‘{ o r

simplify | |Examples 6+9=9+6 4.7=7.4 ol’"‘ﬁa"{ 6 £
deductive reasoning " 15=15 28=128 ‘PF’OF 0P€6# of

&’ To evaluate the expression 16 + (14 + 58), use mental math by grouping the numbers
as (16 + 14) + 58 since 4 + 6 = 10. This illustrates the Associative Property of
Addition. There is also an Associative Property of Multiplication.

= (125+49)+ 51 = jase(49+57) = 125+4(00° 235
ﬁ,’ (TR Associative Properties

Words The way in which numbers are grouped when added or multiplied
does not change the sum or product. * .;q

| Symbols Forany numbersa, b,andc, (a+ b) +c=a+ [b + o). 'ﬁs (ﬂ?'

For any numbersa, b,andc, (a-b)-c=a-(b- 4’## ,de ffff'
| o
= | Examples 3+6)+1=34+6+1) (5:9)«2=5+(9-2) g
2 | 9+1=3+7 45.2=5.18
2 ; 10=10 90 =90
5 R* o

connectED.megraw-hill.com | Lesson 1-4 Properties of Numbers 19
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In addition to the Commutative and Associative Properties, the Identity and Zero
Properties are also true for any numbers.

h‘ (Ol Number Properties

Identity

The word identity means

sameness of essential
character. The additive
identity, 0, and

multiplicative identity, 1,
allow the original number

to remain the same.

@

Counterexample
You can disprove

a statement by
finding only one
counterexample.

Property Words Symbols Examples
Additive Identity When 0 is added to any For any number a, 5+0=5
number, the sum is the number. | a+0=0+a=q 0+5=5
Multiplicative When any numberis multiplied | For any number a, 8-1=8
Identity by 1, the product is the number. | a-1=1-a=a. 1:8=8
Multiplicative When any number is multiplied | For any number a, 3:0=0
\fropertyonero by 0, the product is 0. a-0=0.-a=0 0-3=0 =3

Do these properties apply to subtraction or division? One way to find out is to look
for a counterexample. A counterexample is an example that shows a statement is

not true. 5 [2| 1©
FREINT;
EI

Is division of whole numbers associative? If not, give a counterexample.
The Associative Property of Multiplication states {(a - b) ¢ = a « (b - ¢). To determine
whether the Associative Property applies to division, check (a = b) + ¢ < a = (b + ¢).
27+9 +3L27+(9+3)  Pick 64 -5

(3 +3L27+(3) Simplify. »?'-5 =3

1£9 Simplify

We found a counterexample. So, division of whole numbers is not associative.

Example 1

values for a, b, and ¢

Iﬁaf H? Do this problem to find out.

1. s subtraction of decimals associative? If not, give a counterex?nple_
o /6.5 - (864D
(/6.5 -8.6) -43 = 7.9-43:3&

/6.5 -43 )22
| Example 2

Name the property shown by each statement.

]
a4+ (@+3)=(@+3)+4

The order of the numbers and variables changed. This is the Commutative Property
of Addition.

b. 1+(3¢c)=3c

The expression was multiplied by 1 and remained the same. This is the
Multiplicative Identity Property.

::E;af__!f? Do these problems to find out.

2a.d+0=d Aoomve Loarinf

2¢. 14+ (9+10)=(14+9)+ 10
ﬂssoamﬂm' FHFEETY

AT
2b.8-1=8 m‘”’%"ﬁ

2d. 5 X7 X 2=T%2%5
DaopceT
ContmurA7ve

20 cChapter 1 The Language of Algebra
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h. Simplify Algebraic Expressions

To simplify an algebraic expression, perform all possible operations. You can use the
properties you learned in this lesson. Using facts, properties, or rules to reach valid
conclusions is called deductive reasoning.

Vocabulary Link
simplify

Everyday Use to make
easier to understand

Math Use to shorten

an algebraic expression
by performing all
operations. A simplified
expression is often easier
to understand.

—

% YGuided practice

' Example 3

Tutor

Simplify each expression.
a. 3+e)+7

B+e+7=(e+3)+7
=e4+(347)
=e+ 10\

b. 8+ (x«5)

8+(x+5)=8-(5-x)
=(85)-x
= 40x

¢. 94+(0+q)
9+(0+qg)=(9+0)+gq
=9+g

d. 4+(a+0)
4.(@a-0)=4-0
=0

Commutative Property of Addition
Associative Property of Addition

Simplify.

Commutative Property of Multiplication
Associative Property of Multiplication

36 (15+w) tll  Lomlit

Simplify.
+/
( L+ a‘“ﬁ’) 6 s50bp
Assaciative Property of Addition
; 4 -rfé)é,
Additive Identity Property ) Ci s
ewt 3

Multiplicative Property of Zero

. /Q+CPHB) ”
o8 €

Multiplicative Property of Zero

| Got It? Do these problems to find out.

559

3a. 12+(10.2)
3c. 11+(b:0)

(/g + )P b’}’;p
A8+P

3b. (15+w) + 16
3d. 10+ (p+18)

1. Is subtraction of whole numbers commutative? If not, give a counterexample. (Example 1)

Name the property shown by each statement. (Bample2)

2.8.-4=4.8

4. 9+34+20=3+9+20

6. 13+12=12+13

Simplify each expression. (fample 1]

8.9+ (5+y)
10. (15+5)+4
12. (1-d)-14

3.6-1=6
5.74+0=7

7.6X(1 X9 =(Bx1)x9

9. 3+ (k+8)
1. (124+m) + 4

13. (z-11)-3

Lesson 1-4 Properties of Numbers 21
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h'ld ependent practice ] ! o online for Step-by-Step Salutions

State whether each conjecture is true. If not, give a counterexample. (Bample )
14. The sum of two odd numbers is always odd.

15. The product of odd numbers is always even.
16. Division of whole numbers is commutative.
17. All multiples of 3 are odd.

Name the property shown by each statement. (ample?)

18. 0+ 14=14 19. 8-1=8

20. 15+ 17=17+15 21. (2+8)+5=2-(8+3)
22, 14x0x3=0 23, 4+ (9+2)={4+9) +2
24, 74+ x+1=x+74+11 25, 5k X 1 =5k

Simplify each expression. (Fample?)

26. (d+12)+ 16 m(54+p]+16 28. 14+(27+m)
29, (r+32)+ 24 30. (B-5)-9 31. g-(5-7)
32, 11 -(t-4) 33. 15b(5) 34. 6(12¢)

35. (7+p)+13 36. 29+(1+1¢) 37. 4-(x-2)

38. Use the table to write an expression that shows

; : Cavaliers' Baskets
how many total baskets the Cavaliers made during = o ==
the season. Simplify the expression. | free throws 1484
| g
39. Moreno likes to do her social studies homework before | 2-pointfield goals | ¢
she does her math homework. Is doing social studies 3-paint field goals 404

homewaork and math homework commutative? Explain
your reasoning.

—

ﬁﬁ-_}ﬁ Justify Conclusions Ming said,”12, 20, and 36 are all divisible by 2 and by 4.

So any whole number that is divisible by 2 is also divisible by 4." Do you agree? If yes,
explain your reasoning. If not, give a counterexample.

&

41. A ceramics class needs to buy blocks of clay for an activity. Use the table at the 2
] h < < Ceramics Class
right to write an expression that represents the total cost of clay, in dollars, for
the activity. Simplify the expression. number of students 19
blocks of clay per student &
Translate each verbal expression into an algebraic expression. Then simplify orice per blockof day (§) | 6

the expression.
42, the product of seven and four times a number multiplied by three
m‘ the sum of two times a number and five added to six times the number

44, eight more than six times a number added to one more than nine times
the number

45, the product of eleven and five times a number multiplied by four
46, the difference of twelve times a number and nine times the number

47. the sum of four times a number and seven less than two times the number

22 chapter 1 The Language of Algebra
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Rational Numbers and Exponents

48. Denzel wants to know jche total number of boys in Club Membership
the three clubs shown in the table.
) Club Boys Girls
a. What expression should Denzel evaluate in order : :

to find the total number of boys? chess _ 17 19

b. Explain how you can use properties of numbers drama 2 23
to make the expression easier to evaluate using music 13 7
mental math.

49. Financial Literacy The Center of Wonders science |

center has the rates shown. Center of Wonders

a. Write an algebraic expression for the total cost | A cilickes ﬂ_
for five people to get into the center, visit the admission a
planetarium, and watch a 3-D movie.

planetarium 4.50
b. If the cost of admission to the center is $12, how |
much will it cost for four people to get into the
center and watch a 3-D movie?

3-0 movie 175

c. Children get a discount of $2.50 on their tickets to the planetarium if they also
see a 3-D movie, Write an expression to find the cost for two adults and two
children to get into the center, see a 3-D movie, and visit the planetarium.

@ ”H.OI.T. "Prob.lems Higher Order Thinking .H]

gl

50. ﬁﬁ} Identify Structure Write an algebraic expression that can be simplified
using at least two different properties. Simplify the expression showing each step
and provide a justification for each step.

51. Gﬁ.} Construct an Argument s the following statement true or false?
Explain your reasoning.

15+(4-6)=(15+4)-6

52, ﬂ@ Find the Error Meghan is simplifying the expression 8(3) - 4 - 2(3).
Find her mistake and correct it.

23] -4- 23] =24 -4%-2

:?6&
= 19

=~

53. T-E':i} Persevere with Problems If you take any two whole numbers and add them
together, the sum is always a whole number, This is the Closure Property for Addition.
The set of whole numbers is closed under addition.

a. Is the set of whole numbers closed under subtraction? If not, give a
counterexample.

b. Suppose you had a very small set of numbers that contained only 0 and 1.
Would this set be closed under addition? If not, give a counterexample.

¢. There is also a Closure Property for Multiplication of Whole Numbers. State this
property using the addition property above as a guideline,

d. Isthe set {0, 1} closed under multiplication? Explain.

54, @ Building on the Essential Question The number 1 is the identity for
multiplication. Do you think that division has an identity? Explain your reasoning.

MASA and The Hubble Heritage Team (STScl/ALRA)

Lesson 1-4 Properties of Numbers 23
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gff Standardized Test Practice

55. Which statement is an example of the Identity | 57. Which property is illustrated by the statement
Property? | below?
A3-x-0=0 I 12-(n-5)=(12-n)-5
B 7(4x) = (4. 7)x I', A Commutative Property
C5+4+x=05+4+x . B Associative Property
D 4x+0=4x C Identity Property

56. Which expression can be used to find the B Zera Propery

perimeter of the rectangle below?

F 2x+7 Hx+7
G 2x+14 J x+14

58. Short Response Simplify the expression.
Show and justify each step.

10« (x+3)

Common Core Review

Translate each phrase into an algebraic expression, 6.EE.2a
59. Bianca's salary plus a $200 bonus

60. three more than the number of cakes baked
61. six feet shorter than the mountain’s height

62. eight less than the quotient of the number of quarters and four

63. EI 13171 The number of times a cricket chirps can be used to estimate the

temperature in degrees Fahrenheit. The expression ¢ + 4 + 37, where c is the number

of chirps in 1 minute, shows this relationship. 6.EE.2¢
a. Find the approximate temperature if a cricket chirps 136 times a minute,

b. What is the temperature if a cricket chirps 100 times in a minute?

Evaluate each expression. 5.0A.1

64. 50 +2x5 65. 6(B—4)+3.7 66. 16 —2-4
67. 18 +2:3 68. 49 —25+5 69, 3(7+5)-2
70.90+-6+3 71. 90+ (6 + 3) 72. 20+8+ 4

Convert each measurement to the given units. 5.mMD.1

73. 7 centimeters to meters 74. 72 inches to feet

75. 300 milliliters to liters 76. 24 gallons to quarts

77. 12 kilograms to grams 78. 2 miles to feet

79. 18 yards to feet 80. 9 millimeters to centimeters

24 Need more practice? Download Extra Practice at connectED.mecgraw-hill.com.

iy

@, Interactive
@) Study Guide
See page 13 for:

= Mid-Chapter Check
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2+ 304 ¢
g (5 v =1

x 2+(3t9)°
a+71 *
sumrrRACTIo)
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