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Unit 1: Are These Numbers Real?

This unit recalls the relationships between sets of real numbers and the
rules involved when working with them.

Unit Focus

Reading Process Strand

Standard 6: Vocabulary Development

e LA910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e LA910.1.6.2

The student will listen to, read, and discuss familiar and
conceptually challenging text.

e LA910.1.6.5
The student will relate new vocabulary to familiar words.

Writing Process Strand

Standard 3: Prewriting

e LA910.3.1.3
The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.




Algebra Body of Knowledge

Standard 10: Mathematical Reasoning and Problem Solving

* MAJ912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.

e MA912.A.10.3
Decide whether a given statement is always, sometimes, or
never true (statements involving linear or quadratic expressions,
equations, or inequalities, rational or radical expressions, or
logarithmic or exponential functions).




Vocabulary

Use the vocabulary words and definitions below as a reference for this unit.

absolute value .................. a number’s distance from zero (0) on a number
line; distance expressed as a positive value
Example: The absolute value of both 4, written
|4, and negative 4, written |-4/, equals 4.

«—— 4 units —><—— 4 units ——

| | | | F | | | !
i i i i i i i i i i

|
I
5 4 3 2 4 0 1 2 3 4 5

addend ... any number being added
Example: In 14 + 6 = 20, the addends are 14
and 6.

additive identity ................ the number zero (0); when zero (0) is added to

another number the sum is the number itself
Example:5+0=15

additive inverses ............. a number and its opposite whose sum is zero
(0); also called opposites
Example: In the equation 3 + (-3) = 0, the
additive inverses are 3 and -3.

algebraic expression ......... an expression containing numbers and
variables (7x) and operations that involve
numbers and variables (2x + y or 34> — 4b + 2);
however, they do not contain equality (=) or
inequality symbols (<, >, <, >, or =)

associative property .......... the way in which three or more numbers are
grouped for addition or multiplication does not
change their sum or product, respectively
Examples: (5+6) +9=5+(6+9) or
2x3)x8=2x(3x8)
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braces{} ... grouping symbols used to express sets

commutative property ......the order in which two numbers are added
or multiplied does not change their sum or
product, respectively
Examples: 2 +3 =3+ 2 or

4x7=7x4
counting numbers
(natural numbers) ............ the numbers in the set {1, 2, 3, 4, 5, ...}
cube (power) .................... the third power of a number
Example: 4° =4 x4 x4 = 64;
64 is the cube of 4
decimal number .............. any number written with a decimal point in

the number

Examples: A decimal number falls between
two whole numbers, such as 1.5, which falls
between 1 and 2. Decimal numbers smaller
than 1 are sometimes called decimal fractions,

such as five-tenths, or % , which is written 0.5.

difference ......cccccoeveeeeeeene... a number that is the result of subtraction
Example: In 16 — 9 =7, the difference is 7.

digit ..o any one of the 10 symbols 0,1, 2, 3,4,5,6,7, 8,
or9
element or member ........... one of the objects in a set

empty set or null set (o) ....a set with no elements or members

equation ..........cccoceeecuenes a mathematical sentence stating that the two
expressions have the same value
Example: 2x = 10
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even integer ....................... any integer divisible by 2; any integer with
the digit 0, 2, 4, 6, or 8 in the units place; any
integer in the set {..., -4,-2,0,2,4, ...}

exponent

(exponential form) ............ the number of times the base occurs as a factor
Example: 23 is the exponential form of
2 x 2 x 2. The numeral two (2) is called the base,
and the numeral three (3) is called the exponent.

eXPression ..........ooeeeeeune. a mathematical phrase or part of a number
sentence that combines numbers, operation
signs, and sometimes variables
Examples: 4r%; 3x + 2y; \/25
An expression does not contain equal (=) or
inequality (<, >, <, =, or #) signs.

finite set .......c.cccovveveccnennnee a set in which a whole number can be used to
represent its number of elements; a set that has
bounds and is limited

fraction ... any part of a whole
Example: One-half written in fractional form
is %

grouping symbols ............. parentheses (), braces { }, brackets [ ], and
fraction bars indicating grouping of terms in
an expression

infinite set .........coevveennee. a set that is not finite; a set that has no
boundaries and no limits

integers .......c.ccovveveiecnnne. the numbers in the set
{..,-4,-3,-2,-1,0,1,2,3,4, ...}

irrational number .............. a real number that cannot be expressed as a
ratio of two integers
Example: 2
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member or element ........... one of the objects in a set

multiples ... the numbers that result from multiplying
a given whole number by the set of whole
numbers
Example: The multiples of 15 are 0, 15, 30, 45,
60, 75, etc.

natural numbers

(counting numbers) ......... the numbers in the set {1, 2, 3, 4, 5, ...}
negative integers ............... integers less than zero
negative numbers ............. numbers less than zero

null set (9) or empty set....a set with no elements or members

numberline .........cccoeeueee.... a line on which ordered numbers can be
written or visualized
< | | | | |

I I I I I I I
3 2 1 0 1 2 3

odd integer ........................ any integer not divisible by 2; any integer with
the digit 1, 3, 5, 7, or 9 in the units place; any
integer in the set {..., -5,-3,-1,1,3,5, ...}

OppoOSsites ..........cccccevinuennne two numbers whose sum is zero; also called
additive inverses
Examples: -5 +5=0 or % +(—%)= 0
f

opposites opposites
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order of operations ...........

pattern (relationship) .......

positive integers ...............

positive numbers ..............

power (of a numbery) .........

Unit 1: Are These Numbers Real?

the order of performing computations in
parentheses first, then exponents or powers,
followed by multiplication and/ or division (as
read from left to right), then addition and/or
subtraction (as read from left to right); also
called algebraic order of operations
Example: 5+ (12-2)+2-3x2=

5+10+2-3x2=

5+5-6=

10-6=

4

a predictable or prescribed sequence of
numbers, objects, etc.; may be described

or presented using manipulatives, tables,
graphics (pictures or drawings), or algebraic
rules (functions)

Example: 2,5, 8,11 ... is a pattern. Each
number in this sequence is three more than
the preceding number. Any number in this
sequence can be described by the algebraic
rule, 3n — 1, by using the set of counting
numbers for .

the symbol designating the ratio of the
circumference of a circle to its diameter;
an irrational number with common

. . . 22
approximations of either 3.14 or 7
integers greater than zero
numbers greater than zero

an exponent; the number that tells how many
times a number is used as a factor
Example: In 23, 3 is the power.



rational number ............

real numbers .................

repeating decimal ........

.....

.....

.....

the result of multiplying numbers together
Example: In 6 x 8 = 48, the product is 48.

the result of dividing two numbers
Example: In 42 + 7 = 6, the quotient is 6.

the comparison of two quantities

Example: The ratio of a and b is a:b or 3, where
b=0.

a number that can be expressed as a ratio 3,
where a and b are integers and b = 0

the set of all rational and irrational numbers

a decimal in which one digit or a series of

digits repeat endlessly

Examples: 0.3333333... or 0.3
24.6666666... or 24.6
5.27272727... or 5.27
6.2835835... or 6.2835

an equal factor of a number
Examples:
In /144 =12, the square root is 12.

In 525 = 5, the cube root is 5.
a collection of distinct objects or numbers

to perform as many of the indicated operations
as possible
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value (of a variable) .........

variable .....ccccooovviieeiiienennn.

Venn diagram .....................

whole numbers ..................

Unit 1: Are These Numbers Real?

to find all numbers that make an equation or
inequality true

the result when a number is multiplied by
itself or used as a factor twice
Example: 25 is the square of 5.

the result of adding numbers together
Example: In 6 + 8 = 14, the sum is 14.

a decimal that contains a finite (limited)
number of digits

Example: % =0.375
2 -04

any of the numbers represented by the variable

any symbol, usually a letter, which could
represent a number

a diagram which shows the relationships
between sets

the numbers in the set {0, 1, 2, 3, 4, ...}






Unit 1: Are These Numbers Real?

Introduction

The focus of Algebra I is to introduce and strengthen algebraic skills.
These skills are necessary for further study and success in mathematics.
Algebra I fosters

* an understanding of the real number system
¢ an understanding of different sets of numbers
¢ an understanding of various ways of representing numbers.

Many topics in this unit will be found again in later units. There is an
emphasis on problem solving and real-world applications.

Lesson One Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e LA910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e LA910.1.6.2

The student will listen to, read, and discuss familiar and
conceptually challenging text.

¢ LA.910.1.6.5
The student will relate new vocabulary to familiar words.
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Writing Process Strand

Standard 3: Prewriting

e LA9103.13
The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.

Standard 10: Mathematical Reasoning and Problem Solving

* MA912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.

e MAJY912.A.10.3
Decide whether a given statement is always, sometimes, or
never true (statements involving linear or quadratic expressions,
equations, or inequalities, rational or radical expressions, or
logarithmic or exponential functions).

The Set of Real Numbers

A set is a collection. It can be a collection of DVDs, books, baseball cards,
or even numbers. Each item in the set is called an

element or member of the set. In algebra, we are
most often interested in sets of numbers.

The first set of numbers you learned when
you were younger was the set of counting
numbers, which are also called the natural
numbers. These are the positive numbers

you count with (1, 2, 3, 4, 5, ...). Because this
set has no final number, we call it an infinite
set. A set that has a specific number of elements is
called a finite set.

A set can be a collection of books
or numbers.
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Symbols are used to represent sets. Braces { } are the symbols we use to
show that we are talking about a set.

A set with no elements or members is called a null set (8) or empty set. It is
often denoted by an empty set of braces { }.

The set of counting numbers looks like {1, 2, 3, ...}.

@@TC—=> Remember: The counting numbers can also be called the natural
numbers, naturally!

The set of natural number multiples of 10 is {10, 20, 30, ...}.
The set of integers looks like {..., -4,-3,-2,-1,0,1,2,3,4, ...}.

The set of integers that are multiples of 10 is
{...,-30,-20,-10, 10, 20, 30, ...}.

As you became bored with simply counting, you learned to add and
subtract numbers. This led to a new set of numbers, the whole numbers.

The whole numbers are the counting numbers and zero
{0,123, ...}.

Remember getting negative answers? Those negative numbers made
another set of numbers necessary. The integers are the counting numbers,
their opposites (also called additive inverses), and zero.

The integers can be expressed (or written) as
{...,-3,-2,-1,0,1,2,3, ...}.

Even integers are integers divisible by 2. The integers
{...,-4,-2,0,2, 4, ...} form the set of even integers.

@@™"> Remember: Every even integer ends with the digit 0, 2,
4, 6, or 8 in its ones (or units) place.
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Odd integers are integers that are not divisible by 2. The integers
{...,-5,-3,-1,1, 3,5, ...} form the set of odd integers.

@@ —=> Remember: Every odd integer ends with the digit 1, 3, 5,
7, or 9 in its units place.

Note: There are no fractions or decimals listed in the set of integers above.

When you learned to divide and got answers that were integers, decimals,
or fractions, your answers were all from the set of rational numbers.

Rational numbers can be expressed as fractions that can then be
converted to terminating decimals (with a finite number of digits)
or repeating decimals (with an infinitely repeating sequence of
digits). For example, % =-0.6, % =3, '% =-2 and % =0.333... or
0.3.
As you learned more about mathematics, you found that some numbers
are irrational numbers. Irrational numbers are numbers that cannot

be written as a ratio, or a comparison of two quantities because their
decimals never repeat a pattern and never end.

Irrational numbers like r (pi) and V5 have non-terminating,
non-repeating decimals.

If you put all of the rational numbers and all of the irrational numbers
together in a set, you get the set of real numbers.

The set of real numbers is often symbolized with a capital R.

A diagram showing the relationships among all the sets mentioned is
shown on the following page.
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@@T—> Remember: Real numbers include all rational numbers and all
irrational numbers.

The diagram below is called a Venn diagram. A Venn diagram shows the
relationships between different sets. In this case, the sets are types of

numbers.
The Set of Real Numbers
rational numbers a irrational numbers
(real numbers that can be expressed as a ratio 7, (real numbers that
where a and b are integers and b # 0) cannot be expressed
as a ratio of two
integers)
J0.16 %
integers
(whole numbers and their opposites)
{...,4,-3,-2,-1,0,1,2, 3,4, ...} o
3
-3 9
whole numbers 9
zero and natural numbers
( {0,1,2,3,4,..) ) 0.010010001...

% 0
natural numbers
or
counting numbers
-7 {1,2,3,4, ...}
7 . 8
\/120
0.83

0.09
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Practice

Match each definition with the correct term. Write the letter on the line provided.

10.

11.

12.

. the numbers in the set

{...,4,-3,-2,-1,0,1,223,4,...}

. the numbers in the set

{1,2,3,4,5, ...}

. anumber that can be expressed

as a ratio %, where a and b are
integers and b = 0

a set in which a whole number can
be used to represent its number

of elements; a set that has bounds
and is limited

. the numbers in the set

{0,1,23,4,...}

. a real number that cannot be

expressed as a ratio of two
integers

any integer not divisible by 2

. a set that is not finite; a set that has

no boundaries and no limits

. any integer divisible by 2

the numbers that result from
multiplying a given whole number
by the set of whole numbers

the set of all rational and irrational
numbers

the symbol designating the ratio of
the circumference of a circle to its
diameter

A.

Unit 1: Are These Numbers Real?

even integer

finite set

infinite set

integers

irrational number

multiples

natural numbers
(counting numbers)

odd integer

pi (M)

rational number

real numbers

whole numbers



Practice

Match each description with the correct set. Write the letter on the line provided.

1. {2,3,4,5, 6} A. {counting numbers
between 1 and 7}

2. {0,1,2,3} B. {even integers between
-3 and 4}

3.13,6,9,12,...} C. {first five counting
numbers}

4. {-2,0,2} D. {first four whole
numbers}

5. {6,12,18, ...} E. {integers that are
multiples of 6}

6. {1,2,3,4,5} F. {natural-number
multiples of 3}

7. {-3,-1,1, 3} G. {odd integers between
-4 and 5}

8. {...,-18,-12,-6,0,6,12,18, ...} © H. {whole number
multiples of 6}
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Practice

Write finite if the set has bounds and is limited. Write infinite if the set has no

boundaries and is not limited.

10.

18

{whole numbers less than 1,000,000}
{natural numbers with four digits}

{whole numbers with 0 as the last
numeral}

{real numbers between 6 and 8}
{counting numbers between 2 and 10}
{first five counting numbers}
{natural-number multiples of 5}
{integers less than 1,000,000}
{counting numbers with three digits}

{whole numbers with 5 as the last
numeral}
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Practice

Write True if the statement is correct. Write False if the statement is not correct.

1. 7is arational number.

2. % is a real number.

3. -9is a whole number.
4. 0is a counting number.
5. V4 isirrational.

6. 7 isa rational number.
7. % is a whole number.
8. -9is a natural number.

9. 0isan even integer.

10. mis a real number.

Unit 1: Are These Numbers Real? 19
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Practice

Use the list below to write the correct term for each definition on the line provided.

additive inverses
element or member
negative numbers

null set (g) or empty set repeating decimal
positive numbers terminating decimal

1. aset with no elements or members

2. adecimal that contains a finite (limited)
number of digits

3. adecimal in which one digit or a series of
digits repeat endlessly

4. anumber and its opposite whose sum is
zero (0)

5.  numbers less than zero
6. numbers greater than zero

7. one of the objects in a set
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Lesson Two Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e [LA910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e [LA910.1.6.2

The student will listen to, read, and discuss familiar and
conceptually challenging text.

¢ LA.910.1.6.5
The student will relate new vocabulary to familiar words.

Algebra Body of Knowledge

Standard 10: Mathematical Reasoning and Problem Solving

* MAJ912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.

e MAO912.A.10.3
Decide whether a given statement is always, sometimes, or
never true (statements involving linear or quadratic expressions,
equations, or inequalities, rational or radical expressions, or
logarithmic or exponential functions).
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The Order of Operations

Algebra can be thought of as a game. When you know the rules, you have

a much better chance of winning! In addition to knowing how to add,

subtract, multiply, and divide integers, fractions, and decimals, you must

also use the order of operations correctly.

Although you have previously studied the rules for order of operations, here

is a quick review.

Rules for Order of Operations

4 Always start on the left and move to the right.

2. Then do all powers (exponents)
or roots.

3. Next do multiplication or division—
as they occur from left to right.

4. Finally, do addition or subtraction—
as they occur from left to right.

1. Do operations inside grouping symbols first. (), [ ], or 5

x2 or Vx

*or -+

+ or —

/

@@T—=> Remember: The fraction bar is considered a grouping symbol.

38+ 8 _ (an .
Example: = — = (3% +8)+2

Note: In an expression where more than one set of grouping symbols

occurs, work within the innermost set of symbols first, then work your

way outward.

The order of operations makes sure everyone doing the problem correctly

will get the same answer.
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Some people remember these rules by using this mnemonic device to help
their memory.

KPIease Pardon My Dear Aunt Sally* h
~Please................... Parentheses (grouping symbols)
p Pardon................... Powers

My Dear.................. Multiplication or Division
KAunt Sally............... Addition or Subtraction )

*Also known as Please Excuse My Dear Aunt Sally—Parentheses,
Exponents, Multiplication or Division, Addition or Subtraction.

@@C=> Remember: You do multiplication or division—uas they occur
from left to right, and then addition or subtraction—uas they occur
from left to right.

Study the following.
25-3e2=

There are no grouping symbols. There are no powers (exponents) or
roots. We look for multiplication or division and find multiplication. We
multiply. We look for addition or subtraction and find subtraction. We
subtract.

25-3 2=
25 - 6=
19

Study the following.

12+3+6+2=

There are no grouping symbols. There are no powers or roots. We look
for multiplication or division and find division. We divide. We look for
addition or subtraction and find addition. We add.

12+3+6+2=

4 + 3=
7
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If the rules were ignored, one might divide 12 by 3 and get 4, then add 4
and 6 to get 10, then divide 10 by 2 to get 5—which is the wrong answer.
Agreement is needed—using the agreed-upon order of operations.

Study the following.

30-3°=

There are no grouping symbols. We look for powers and roots and find
powers, 3% We calculate this. We look for multiplication or division and
find none. We look for addition or subtraction and find subtraction. We

subtract.

30-3°=
30-27 =
3

Study the following.
2-5+2+7e6+2=

We look for grouping symbols and
see them. We must do what is inside
the parentheses first. We find addition
and a power. We do the power first
and then the addition. There are no
roots. We look for multiplication or
division and find both. We do them

in the order they occur, left to right,

Please Parentheses
Pardon Powers

My Multiplication or
Dear Division

Aunt Addition or
Sally Subtraction

so the multiplication occurs first. We look for addition or subtraction
and find both. We do them in the order they occur, left to right, so the

subtraction occurs first.

22— (5+2)+76+2=
22-(5+16)+7 ¢ 6+2=
2 -21+7e6+2=
22-21+42+2=

22-21+21=
1+21=
22

22_(5+20)+76:2=
22-(5+16)+7°6+2=
22-21+7°6+2=
22 - 21 +42 + 2 =%
22-21+21=
1+21=

22

5,

oA

~

(>

an—
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Adding Numbers by Using a Number Line

After reviewing the rules for order of operations,
let’s get a visual feel for adding integers by using a
number line.

Example 1 10

Add2+3

1. Startat 2.
2. Move 3 units to the right in the positive direction.
3. Finish at 5.

So,2+3=5.
-1 0 1 2 3 4
- | | | | |
D | | | | |

(start) ®

3 units
Example 2
Add -2 + (-3)

1. Start at -2.

2. Move 3 units to the left in the negative direction.

3. Finish at -5.

So, -2 + (-3) = -5.
-6 5 4 3 2 1 0
e L I S B
| <
o 3 units o (start)
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Example 3

Add-5+2
1. Start at -5.

2. Move 2 units to the right in a positive direction.

3. Finish at -3.

So,-5+2=-3.
-5 -4 -3 -2 -1 0 1
L e B A
o
(start) 2 units !
Example 4
Add 6 + (-3)
1. Start at 6.

2. Move 3 units to the left in a negative direction.
3. Finish at 3.

So, 6 + (-3) = 3.

@ W

ry
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Addition Table

Look for patterns in the Addition Table below.

+( 4/ 3/ 2/ 1/ 0{-1|-2|-3| -4|<«— addends

4|8 7/ 6|5/ 43 2 1 0]\ (any numbers being added)
3| 7| 6|5 4|32 0| -1

2/ 6| 54| 3 21| 0/-1]-2

11 5| 4| 3/ 2,1, 0(-1]-2|-3

0| 4| 3| 2/ 1] 0(-1-2/-3|-4 > sums

1,32 1, 0/-1|-2|-3|-4|-5 (the result of adding
221, 0/-1/-2|-3|-4|-5|-6 numbers together)
31/ 0[-1-2|-3|-4|-5|-6|-7

4| 0]-1]-2[-3]-4]-5/-6|-7| -8|

p— _——

addends sums

e Look at the positive sums in the table. Note the addends
that result in a positive sum.

e Look at the negative sums in the table. Note the addends
that result in a negative sum.

e Look at the sums that are zero. Note the addends that
result in a sum of zero.

e Additive Identity Property—when zero is added to any
number, the sum is the number. Note that this property is
true for addition of integers.

e Commutative Property of Addition—the order in which
numbers are added does not change the sum. Note that
this property is true for addition of integers.

e Associative Property of Addition—the way numbers are
grouped when added does not change the sum. Note that
this property is true for addition of integers.
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Opposites and Absolute Value

Although we can visualize the process of adding by using a number
line, there are faster ways to add. To accomplish this, we must know two
things: opposites or additive inverses and absolute value.

Opposites or Additives Inverses

5 and -5 are called opposites. Opposites are two numbers whose points on
the number line are the same distance from 0 but in opposite directions.

opposites

|

1

-5 -4 -3 -2 -1 0 1 2 3 4 5
The opposite of 0 is 0.

Every positive integer can be paired with a negative integer. These pairs
are called opposites. For example, the opposite of 4 is -4 and the opposite of
-5is 5.

The opposite of 4 can be written -(4), so -(4) equals -4.
-(4)=-4

The opposite of -5 can be written -(-5), so -(-5) equals 5.
-(-5)=5

Two numbers are opposites or additive inverses of each other if their sum is
Zero.

For example: 4 +-4=0
5+5=0
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Absolute Value

The absolute value of a number is the distance the number is from the origin
or zero (0) on a number line. The symbol | | placed on either side of a
number is used to show absolute value.

Look at the number line below. -4 and 4 are different numbers. However,
they are the same distance in number of units from 0. Both have the same
absolute value of 4. Absolute value is always positive because distance is
always positive—you cannot go a negative distance. The absolute value of
a number tells the number’s distance from 0, not its direction.

|_4| - |4 | = 4 The absolute value of a
number is always positive.

<—4 units ,i‘ 4 units—>§

| | | | | f | | | i |
| | | | | | | | | | |

-5 -4 -3 -2 -1 0 1 2 3 4 5

However, the number 0 is neither positive nor negative.
The absolute value 0 is 0.

|-4| denotes the |4 | denotes the
absolute value of -4. absolute value of 4.
|-4]=4 |4|=4

The absolute value of 10 is 10. We can use the following notation.
|10 | =10

The absolute value of -10 is also 10. We can use the following notation.
|-10 =10

Both 10 and -10 are 10 units away from the origin. So, the absolute value of
both numbers is 10.

The absolute value of 0 is 0.
10]=0
The opposite of the absolute value of a number is negative.

8]=-8
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Now that we have this terminology under our belt, we can introduce two
rules for adding numbers which will enable us to add quickly.

Adding Positive and Negative Integers

There are specific rules for adding positive and negative numbers.

1. If the two integers have the same sign, add their absolute values,
and keep the sign.

Example
-5+ (-7)

g%ﬁ Think: Both integers have the same signs and the signs are negative.
‘@ Add their absolute values.

|-5]=5
|-7]=7
5+7=12

Keep the sign. The sign will be negative because both signs were
negative. Therefore, the answer is -12.

S5+-7=-12
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2. If the two integers have opposite signs, subtract the absolute
values. The answer has the sign of the integer with the greater
absolute value.

Example
-8+3

5% Think: Signs are opposite. Subtract the absolute values.
|-81=8

|3]=3

8§-3=5

The sign will be negative because -8 has the greater absolute value.
Therefore, the answer is -5.

-8+3=-5

Example
-6+8

% F~ Think: Signs are opposite. Subtract the absolute values.

|-61=6

|18]=8
8-6=2

The sign will be positive because 8 has a greater absolute value.
Therefore, the answer is 2.

-6+8=2
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Example
5+ (-7)

ﬁ Think: Signs are opposite. Subtract the absolute values.
15]=5
|-7=7
7-5=2

The sign will be negative because -7 has the greater absolute value.
Therefore, the answer is -2.

5+-7=-2
/ Rules for Adding Integers \
¢ The sum of two positive integers is (+)+(+) =+
positive.
¢ The sum of two negative integers is (O+¢) =-
negative.
ign of
e The sum of a positive integer and a () +(#) = ﬁﬁ?n?)lg:] v?ith
negative integer takes the sign ofthe  (+) + (-) = J greater
number with the greater absolute value. absolute value
¢ The sum of a positive integer and a (@ +(a=0
negative integer is zero if numbers (-a)+(a) =0
\ have the same absolute value. /

J Check Yourself Using a Calculator When Adding Positive and
Negative Integers

sign-
change

key Use a calculator with a sign-change key.

For example, for -16 + 4, you would enter (for

most calculators) 16 4 |E| and get

the answer -12.
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Subtracting Integers
In the last section, we saw that 8 plus -3 equals 5.
8+(-3)=5
We know that 8 minus 3 equals 5.
8- 3 =5
Below are similar examples.
10+ (-7)=3 12+ (-4) =8
10- 7 =3 12- 4 =8

These three examples show that there is a connection between adding and
subtracting. As a matter of fact, we can make any subtraction problem
into an addition problem and any addition problem into a subtraction
problem.

This idea leads us to the following definition.

Definition of Subtraction
a-b=a+ (-b)

Examples 8-10=8+(-10) =-2

12-20=12 +(-20) =-8

2-3=2+(3)=-5

Even if we have 8 — (-8), this becomes
8 plus the opposite of -8, which equals 8.
8+ [-(8)] =

8+ 8 =16
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And -9 — (-3), this becomes

-9 plus the opposite of -3, which equals 3.
-9+ -(-3)

9+ 3=-6

Shortcut Two negatives become one positive!
10 — (-3) becomes 10 plus 3.

10+3=13

And -10 — (-3) becomes -10 plus 3.

10+ 3=-7

Generalization for Subtracting Integers

Subtracting an integer is the same as adding its opposite.

a-b=a+(-b)

\ /

Check Yourself Using a Calculator When Subtracting Negative
Integers

Use a calculator with a sign-change key.

For example, for 18 — (-32), you would enter

18[-]32 [=]and get the answer 50.
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Practice

Answer the following.

1. On May 22, 2004, in Ft. Worth, Texas, Annika Sorenstam became

the first woman in 58 years to play on the PGA Tour. Par for the
eighteen holes was 3 for four holes, 4 for twelve holes, and 5
for two holes, yielding a total par of 70 on the course.
Sorenstam’s scores on Day One in relation to par are

provided in the table below. Determine her total for Day

One. :

Note: Par is the standard number of strokes a good golfer is
expected to take for a certain hole on a given golf course. On this
course, 70 is par. Therefore, add the total number of strokes in
relation to par.

Annika Sorenstam’s Golf Scores for Day One

Hole 112(3|4|5(6 |78 |9 |10]|11(12|13|14(15(16|17|18

Total
Score
Relative
to Par o(ojo|o0|+1|0|0O|O|+1|O|O|O|-1|O|O|0O]|O]|O

Answer:

Sorenstam’s scores on Day One qualified her to continue to play on
Day Two. However, her scores on Day Two did not qualify her to
continue to play in the tournament. Sorenstam’s scores in relation
to par are provided in the table below. Determine her total for Day
Two.

Annika Sorenstam’s Golf Scores for Day Two

Hole 112|13|4|5|6|7|8|9 |10(11|12|13|14|15|16({17|18

Total
Score
Relative
to Par 0O|-1{0|O0|+1|+1/0|+1|0 [+1|O|+1|O0|O0O|O|O|O]| O

Answer:
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Answer:

3. When an unknown integer is added to 12, the sum is less than -2.
Give three examples of what the unknown number might be.

Complete the following statements.

The sum of two positive numbers is (always,

sometimes, never) positive.

The sum of two negative numbers is (always,

sometimes, never) positive.

The sum of a number and its opposite is (always,

sometimes, never) positive.

The sum of a positive number and a negative number

is (always, sometimes, never) positive.
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5. Complete the following statements.
a. When a positive integer is subtracted from a positive integer,

the result is (always, sometimes, never) positive.

b. When a negative integer is subtracted from a negative integer,

the result is (always, sometimes, never) positive.

c. When a negative integer is subtracted from a positive integer,

the result is (always, sometimes, never) positive.

d. When a positive integer is subtracted from a negative integer,

the result is (always, sometimes, never) positive.
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Practice

Simplify the following.

6-4

5-(-3)

14 +5

-12-(-2)

57+3

10.

18-24

21 + (-3)

26 —(-26)

-37+17

-37 - (-17)
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Practice

Simplify the following expressions. Show essential steps.

Example: 5 — (8 + 3)
5-(8+3)
5- 11

-6

1. 9-(5-2+6)

2. (7-3)+(-5+3)

3. 5+32-36)+(12+5-10)

4. (26 +15-13)-(4-16 +43)

5. (-15+3-7)-(26-14 + 10)

J Check yourself: The sum of the correct answers from numbers 1-5
above is -86.

Unit 1: Are These Numbers Real? 39



Multiplying Integers

What patterns do you notice?

Ask yourself:

40

What is the sign of the product of two positive integers?
3(4) =12 204=8 positive

What is the sign of the product of two negative integers?
-1(-4) =4 -2e-4=8  positive

What is the sign of the product of a positive integer and a negative
integer or a negative integer and a positive integer?
3(-4)=-12 -2e4=-8  negative

What is the sign of the product of any integer and 0?
0e4=0 0e-4=0 neither; zero is neither
positive nor negative
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You can see that the sign of a product depends on the signs of the numbers
being multiplied. Therefore, you can use the following rules to multiply

integers.
/ Rules for Multiplying Integers \
» The product of two positive integers is positive. (H)(+) =+
e The product of two negative integers is positive. ()-) =+

The product of two integers with different signs (+)(-)
is negative. ()(+)

The product of any integer and O is 0. (@) =0

(-a)0) =0
_ )

J Check Yourself Using a Calculator When Multiplying Integers
Use a calculator with a sign-change key.

For example, for -13 e -7, you would enter

13 7 [=] and get the answer 91.
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Practice

Simplify the following. Do as many mentally as you can.

1. 5x6 5. 3x(-18)
2. 6x(-7) 6. 2x4
3. -4x8 7. -20x (-20)
4. -5x(-20) 8. -6x(-6)

9. The temperature was 83 degrees at 9:00 PM and dropped an

average of 1.5 degrees per hour for the next 9 hours. What was the
temperature at 6:00 AM?

Answer: degrees
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Dividing Integers

Jg@ Think:

1. What would you multiply 6 by to get 42?
6e?=42
Answer: 7 because 6 ® 7 =42

2. What would you multiply -6 by to get -54?
6 7=-54
Answer: 9 because -6 ® 9 = -54

3. What would you multiply -15 by to get 0?
-15?2=0
Answer: 0 because -15 ¢ 0 =0

@@C=> Remember: A quotient is the result of dividing two numbers.
Example

42 divided by 7 results in a quotient of 6.
42 +7=6
f

quotient

To find the quotient of 12 and 4 we write:

A2 or 12+4 or &

Each problem above is read “12 divided by 4.” In each form, the quotient
is 3.

quotient
M divisor dividend
3 v v
divisor -4)12  or 12+4=3 or L2 =3« quotient
4 4 ¢ A
dividend dividend  quotient divisor
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12 . . . .
In 74, the bar separating 12 and 4 is called a fraction bar. Just as subtraction
is the inverse of addition, division is the inverse of multiplication. This means
that division can be checked by multiplication.

3
4)12 because 3 e 4=12

Division of integers is related to multiplication of integers. The sign rules
for division can be discovered by writing a related multiplication problem.

For example,

%=3because3°2=6 %=-3because-3°2=-6

:% =3 because 3 ® -2 = -6 _% =-3because-3®-2=6

Below are the rules used to divide integers.

/ Rules for Dividing Integers \

e The quotient of two positive integers is positive. (+) + (+)=+
e The quotient of two negative integers is positive. (-) + (-) =+

* The quotient of two integers with different signs  (+) + (-)
is negative. () =+ (+)

* The quotient of O divided by any nonzero integer 0 +a =0
is 0.

\ /

Note the special division properties of 0.

0+9=0 0+-9=0

0 _ 0 _

L =0 0 =0
0 0

15) 0 -15)0
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@@T=> Remember: Division by 0 is undefined. The quotient of any
number and 0 is not a number.

9 5 15 9 S5 a5 1
We say that 0,0, 0, 0, 1, and =g are undefined.

Likewise, % is undefined.

For example, try to divide 134 by 0. To divide, think of the related
multiplication problem.

?x0=134

Any number times 0 is 0—so mathematicians say that division by 0 is
undefined.

Note: On most calculators, if you divide by 0, you will get an error
indicator.

J Check Yourself Using a Calculator When Dividing Integers

Use a calculator with a sign-change key.

For example, for _574, you would enter

54 [+] 9[=]and get the answer -6.
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Practice

Simplify the following. Do as many mentally as you can.

1. 35+5 6. -400 + 25

2. 49+(-7) 7. -625+(-25)

3. 225+ (-15) 8. 1,000 + (-10)

4. -121+11 9. -1,000 + 100

5. 169 + (-13) 10. -10,000 + (-100)

11. The temperature of 69 degrees dropped to 44 degrees at an average
rate of 6.25 degrees per hour. How many hours did the total drop of
25 degrees require?

Answer: hours

46 Unit 1: Are These Numbers Real?



Practice
Simplify the following. Show essential steps.

Example: 2(_? 4. 6)

2(-3 ¢ 6) _
4 -
2(-18) _

4
=36 _
-4

9

L ©5)0)
9

2. (3)5)(3)(-2)

3. ()4)0)5)
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-3(4)(-2)(5)
(-16)

e

6(%)(-3)(-2)
-(3)

S

*

[7 - (-3)} [4 + (-8)}
5-3 || 3-5

N

[12 + (-2)} [6 + (45)}
3+(-8)]| 8-5

33+2)-33+2
3e2+2(2-1)

®

48
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Practice

Use the given value of each variable to evaluate each expression. Show
essential steps.

Example: Evaluate 5( F _932) Replace F with 212 and simplify.
F_oD 5(2129—32) _
5(@) =
9
5(20) =
100

2. |P=1000 r=0.04 t=5

P + Prt

3. |r=8 h=6

2r(r + h)

Unit 1: Are These Numbers Real? 49



Practice

Simplify the following. Show essential steps.

Example: (4 +1)> - 4°T32

441p- 43
4+1) G

52_4.92
6
36 _
25- 36 _
25— 6 =
19
1. 82 L (3e1)

42

2, _52; 3 _(2+1)?

5 e L ()P
7 —2? 6-3
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7-6 , 89 (2)
10+3 (-2)*

(5)°-3", (32

> 4-6 5+1

Use the given value of each variable to evaluate the following expressions.
Show essential steps.

7. (x+yl+@x-y)
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Practice

Match each definition with the correct term. Write the letter on the line provided.

1.

the order in which two numbers are
added or multiplied does not change
their sum or product, respectively

. the order of performing

computations in parentheses first,
then exponents or powers, followed
by multiplication and /or division (as
read from left to right), then addition
and /or subtraction (as read from left
to right)

. anumber’s distance from zero (0) on

a number line; distance expressed as
a positive value

. the number of times the base occurs

as a factor

. any symbol, usually a letter, which

could represent a number

. the way in which three or more

numbers are grouped for addition or
multiplication does not change their
sum or product, respectively

the number zero (0); when zero (0) is
added to another number the sum is
the number itself
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additive
identity

associative
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commutative

property

exponent
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operations
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Lesson Three Purpose

Writing Process Strand

Standard 3: Prewriting

e LA910.3.1.3
The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.

Standard 10: Mathematical Reasoning and Problem Solving

e MAO912.A.10.3
Decide whether a given statement is always, sometimes, or
never true (statements involving linear or quadratic expressions,
equations, or inequalities, rational or radical expressions, or
logarithmic or exponential functions).
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Algebraic Expressions

A mathematical expression with a letter in it is called an algebraic
expression. The letter represents an unknown or mystery number. The
letter used can be any letter in the alphabet.

For example: 7n means 7 times some number, 7.

We use algebraic expressions to help us solve equations. Before we can use
them, we must be able to translate them. Look at the following expressions
translated into algebraic expressions.

e eight more than a number is expressed as

r+8

® sixteen less than a number is written as

y—16

e the product of a number and 12 looks like

12x

¢ the difference between 19 and e is written as

19 —e¢

e 4 Jess than 6 times a number means

6d -4

e the quotient of 18 and a number is

18 +y or 1y

e four cubed is written as

43

* three squared is written as

32
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Practice

Translate the following expressions into algebraic expressions.

1. four times a number

2. anumber times four

3. eleven more than a number

4. eleven increased by a number

5. the quotient of 15 and a number

6. the quotient of a number and 15

7. seven squared

8. eight cubed

9. three more than twice a number
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10.

11.

12.

13.

14.

twice a number less three

three less than twice a number

twice the sum of a number and 21

one-half the square of a number

22 increased by 4 times the square of a number
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Practice

Translate the following algebraic expressions into words.

1. 6y

2. ¢-5

3. 5-c¢

4. s+21
5. 21+s
6. 107

7. 3d+7
8. 8x-11
9. 6(v+9)

10. (5 + %°)
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Lesson Four Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e [A910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e [LA910.1.6.2
The student will listen to, read, and discuss familiar and
conceptually challenging text.

e LA.910.1.6.5
The student will relate new vocabulary to familiar words.

Algebra Body of Knowledge

Standard 10: Mathematical Reasoning and Problem Solving

* MA.912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.
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Working with Absolute Value

As discussed earlier in this unit, the absolute value of a number is actually
the distance that number is from zero on a number line. Because distance
is always positive, the result when taking the absolute value of a number is
always positive.

The symbols for absolute value | | can also act as grouping symbols.
Perform any operations within the grouping symbols first, just as you
would within parentheses.

Look at these examples. Notice the digits are the same in each pair, but the
answers are different due to the placement of the absolute value marks.

|-7|+15]=7+5=12 |6]-]-10|= 6-10 = -4
|-7 + 5|=|-2| =2 |6--10] =|6+10]|=|16|=16
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Practice

Answer the following. Perform any operations within the grouping

symbols first.
1. |-23+37]
2. |21-44|

3. |16+4|-|32]

4. |16+4|-|-32|

5. 22—|-10]+]56 |

J Check yourself: The sum of the answers from numbers 1-5 is | -81 |.
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Practice

Use the given value for each variable to evaluate the following expressions.
Perform any operations within the grouping symbols first.

L fal+]b]|-]c|

2. la+b|-|c|

3. |c—al|-|b]|

4. |b+c|+|a]

5. |lc=b|+]|a]
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Use the given value for each variable to evaluate the following expressions.
Perform any operations within the grouping symbols first.

6. |la+c|-|-c]|

7. la+b+c|-|c-b]

8. |al|+]|b|+]|c]|

9. a—-|b|-|c]

10. a+|-b|—]|c|
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Practice

Use the given value for each variable to evaluate the following expressions.
Perform any operations within the grouping symbols first.

a=6 b=-7 C=-8

—_

lal+]b]-]c]

2. la+b|-|c]

3. |c—al|-|b]

4, la+b+c|-|c-b]|

6. a—|b|-|c]

7. a+|-b|-|c|
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Answer the following. Perform any operations within the grouping

symbols first.

8. |-33+57|

9. |16-34|

10. |26 +4]|-]|36]|
11. |26+4|-]-36]|
12. 22120 +|32]

64
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Practice

Use the list below to complete the following statements.

element or member irrational rational
even finite real numbers
grouping symbols odd variable

1. The color green is a(n) of the set of colors

in the rainbow.

2. A(n) a real number that cannot be

expressed as a ratio of two integers.

3. {}and [ ] are examples of

4. Rational numbers and irrational numbers together make up the set of

5. Any symbol, usually a letter, which could represent a number in a

mathematical expression is a

6. A is a number can be expressed as a ratio

7, where a and b are integers and b = 0.

7. Any integer not divisible by 2 is called a(n)

integer.

8. Any integer divisible by 2 is called a(n) integer.

9. A set that has bounds and is limited and a whole number can

represent its number of elements is a set.
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Unit Review

Specify the following sets by listing the elements of each.

1. {whole numbers less than 8}

2. {odd counting numbers less than 12}

3. {even integers between -5 and 6}

Write finite if the set has bounds and is limited. Write infinite if the set has no
boundaries and is not limited.

4. {the colors in a crayon box]}

5. {rational numbers}

6. {negative integers}

Write True if the statement is correct. Write False if the statement is not correct.
7. mis rational.
8. 0is a whole number.

9. -9is a counting number.
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Complete the following statements.

10. The sum of a positive number and a negative number

is (always, sometimes, never) positive.

11. The difference between a negative number and its opposite is

(always, sometimes, never) zero.

Simplify the following. Show essential steps.

@@TC=> Remember: Order of operations—Please Pardon My Dear Aunt
Sally. (Also known as Please Excuse My Dear Aunt Sally.)

b B
10

(-6)(4) - (8)(2)

13. o4

16 —(-4)|| 19 + (-8)
1 [ 10-6 } {<-z>(3> }
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Use the given value of each variable to evaluate each expression. Show
essential steps.

15.

16.

17.

Simplify the following. Show essential steps.

18.

19.

68

P =100 r=0.02 t=6
Prt
r=6 h=8
2r(r + h)
x=-2 y=3
2
. 2xy?

5+ (2*-1)°

3*-5
3% e 2(4) 52+7
32-22+1 2°
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Translate the following expressions into algebraic expressions.

20. eight more than a number

21. 16 less than 2 times a number

22. four more than the sum of 13 and the square of a number

Translate the following algebraic expressions into words.

23. 8-5
24. 4(x*+7)
25. 13(x +9)
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Answer the following. Perform any operations within the grouping
symbols first.

26. |13-24|

27. |-19+17|-|41+8|

28. 36-|14-10]+|3-15]|

Use the given value for each variable to evaluate the following expressions.
Perform any operations within the grouping symbols first. Show
essential steps.

a=-6 b=-2 c=4

29. |a+b|-|c—a]

30. |b+c|+|-a-b]

70 Unit 1: Are These Numbers Real?



Unit 2: Algebraic Thinking

This unit emphasizes strategies used to solve equations and understand
and solve inequalities.

Unit Focus

Reading Process Strand

Standard 6: Vocabulary Development

LA.910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

LA.910.1.6.2
The student will listen to, read, and discuss familiar and
conceptually challenging text.

LA.910.1.6.5
The student will relate new vocabulary to familiar words.

Writing Process Strand

Standard 3: Prewriting

LA.910.3.1.3

The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.

Standard 3: Linear Equations and Inequalities

MA.912.A.3.1
Solve linear equations in one variable that include simplifying
algebraic expressions.

MA.912.A.3.2
Identify and apply the distributive, associative, and commutative
properties of real numbers and the properties of equality.




e MAO912.A3.3
Solve literal equations for a specified variable.

e MAO912.A34
Solve and graph simple and compound inequalities in one variable
and be able to justify each step in a solution.

Standard 10: Mathematical Reasoning and Problem Solving

e MA912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.




Vocabulary

Use the vocabulary words and definitions below as a reference for this unit.

additive identity ................

additive inverses ...............

area (A) ..o,

associative property ..........

commutative property ......

Unit 2: Algebraic Thinking

the number zero (0); when zero (0) is added to
another number the sum is the number itself
Example:5+0=5

a number and its opposite whose sum is zero
(0); also called opposites

Example: In the equation 3 + (-3) = 0, the
additive inverses are 3 and -3.

two rays extending from a common
endpoint called the vertex;
measures of angles are &

described in degrees (°) vertex
ray

the measure, in square units, of the inside
region of a closed two-dimensional figure;
the number of square units needed to cover a
surface

Example: A rectangle with sides of 4 units by 6
units has an area of 24 square units.

the way in which three or more numbers are
grouped for addition or multiplication does not
change their sum or product, respectively
Examples: (5+6) +9=5+(6+9) or
2x3)x8=2x(3x8)

the order in which any two numbers are added
or multiplied does not change their sum or
product, respectively
Examples: 2 +3 =3 + 2 or

4x7=7x4
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cube (power)

cubic units ..

decrease .......

degree (°) ....

difference ....

........................

........................

distributive property ........

equation ......

equivalent

(forms of a numbery) ..........

even integer

in order
Example: 6, 7, 8 are consecutive whole numbers
and 4, 6, 8 are consecutive even numbers.

the third power of a number
Example: 4 =4 x 4 x 4 = 64;
64 is the cube of 4

units for measuring volume
to make less
common unit used in measuring angles

a number that is the result of subtraction
Example: In 16 — 9 =7, the difference is 7.

the product of a number and the sum or

difference of two numbers is equal to the sum

or difference of the two products

Examples: x(a + b) = ax + bx
510+8)=510+58

a mathematical sentence stating that the two
expressions have the same value
Example: 2x = 10

the same number expressed in different forms
Example: %, 0.75, and 75%

any integer divisible by 2; any integer with
the digit 0, 2, 4, 6, or 8 in the units place; any
integer in the set {..., -4,-2,0,2,4, ...}
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exXPpression ...........cceeeeeene

formula .............coooeiil

graph of a number ............

INCrease ......ccooooovvvvveniennnnn.,

inequality ...

integers ...

inverse operation ..............

irrational number ..............

length (I) .....cooviniininns

Unit 2: Algebraic Thinking

a mathematical phrase or part of a number
sentence that combines numbers, operation
signs, and sometimes variables

Examples: 4r%; 3x + 2y;

An expression does not contain equal (=) or
inequality (<, >, <, >, or =) signs.

a way of expressing a relationship using
variables or symbols that represent numbers

the point on a number line paired with the
number

to make greater

a sentence that states one expression is greater
than (>), greater than or equal to (=), less than
(<), less than or equal to (<), or not equal to (=)
another expression

Examples: a=5o0rx <7 or2y +3 =11

the numbers in the set
{...,4,-3,-2,-1,0,1,2,3,4, ...}

an action that undoes a previously applied
action

Example: Subtraction is the inverse operation of
addition.

a real number that cannot be expressed as a
ratio of two integers
Example: V2

a one-dimensional measure that is the
measurable property of line segments
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measure (m)

.........................

of an angle (/) ..................

multiplicative identity .....

multiplicative inverse .....

multiplicative

property of -

T i

multiplicative

property of zero .................

negative numbers .............

number line

odd integer

terms that have the same variables and the
same corresponding exponents

Example: In 5x* + 3x2 + 6, the like terms are 5x?
and 3x2.

the number of degrees (°) of an angle

the number one (1); the product of a number
and the multiplicative identity is the number
itself

Example:5x1=5

any two numbers with a product of 1; also
called reciprocals

Example: 4 and % ; zero (0) has no
multiplicative inverse

the product of any number and -1 is the
opposite or additive inverse of the number
Example: -1(a) = -a and a(-1) = -a

for any numbera, ae0=0and 0 ¢ a=0
numbers less than zero

a line on which numbers can be written or
visualized

any integer not divisible by 2; any integer with
the digit 1, 3, 5, 7, or 9 in the units place; any
integer in the set {..., -5,-3,-1,1,3,5, ...}
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order of operations ........... the order of performing computations in
parentheses first, then exponents or powers,
followed by multiplication and/or division (as
read from left to right), then addition and/or
subtraction (as read from left to right); also
called algebraic order of operations
Example: 5+ (12-2)+2-3x2=

5+10+2-3x2=

5+5-6=
10-6=
4
perimeter (P) ... the distance around a figure
positive numbers .............. numbers greater than zero
power (of a number) ......... an exponent; the number that tells how many

times a number is used as a factor
Example: In 2%, 3 is the power.

product .......ccccovecceininecnes the result of multiplying numbers together
Example: In 6 x 8 = 48, the product is 48.

quotient ... the result of dividing two numbers
Example: In 42 + 7 = 6, the quotient is 6.

atio .o the comparison of two quantities
Example: The ratio of a and b is a:b or 3, where
b=0.

rational number ................. a number that can be expressed as a ratio %,

where a and b are integers and b = 0

real numbers ..................... the set of all rational and irrational numbers
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reciprocals ... any two numbers with a product of 1; also
called multiplicative inverse

1 .
Examples: 4 and 7 are reciprocals because
4 1 3 4 .
1 x 7 =1; 7 and 3 are reciprocals because
3 4 T
7 X 3 = 1; zero (0) has no multiplicative

inverse

il

rectangle ...........cccccceiiinnns a parallelogram with four right |-
angles 1, []

S1de e the edge of a polygon, the face of a
polyhedron, or one of the rays that make up an
angle
Example: A triangle has three sides.

‘\be'
side

Side side
edge of a polygon ray of an angle
face of a polyhedron

simplify an expression .....to perform as many of the indicated operations
as possible

solution ............cccoceevernnne. any value for a variable that makes an
equation or inequality a true statement
Example:Iny =8 +9
y=17 17 is the solution.

SOIVE ..o to find all numbers that make an equation or
inequality true

. . T O
SQUATE ....evvriiacecierenreeaeaes a rectangle with four sides the same
length
square (of a number) ........ the result when a number is multiplied by

itself or used as a factor twice
Example: 25 is the square of 5.
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square units .............c.....c.... units for measuring area; the measure of the
amount of an area that covers a surface

substitute ... to replace a variable with a numeral
Example: 8(a) + 3
8(55) +3

substitution property

of equality ... for any numbersaand b, ifa =,
then a may be replaced by b

SUIM ..ot the result of adding numbers together
Example: In 6 + 8 = 14, the sum is 14.

symmetric property

of equality ... for any numbers a and b, if a = b, then
b=a
table (or chart) ................... a data display that organizes information

about a topic into categories

triangle ..o, a polygon with three sides
variable ... any symbol, usually a letter, which could

represent a number

width (w) ..o a one-dimensional measure of something side
to side
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Unit 2: Algebraic Thinking

Introduction

Algebraic thinking provides tools for looking at situations. You can

state, simplify, and show relationships through algebraic thinking. When
combining algebraic symbols with algebraic thinking, you can record
information or ideas and gain insights into solving problems.

In this lesson you will use what you have learned to solve equations and
inequalities on a more advanced level.

Lesson One Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e [A910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e [A910.1.6.2
The student will listen to, read, and discuss familiar and
conceptually challenging text.

¢ LA.910.1.6.5
The student will relate new vocabulary to familiar words.

Writing Process Strand

Standard 3: Prewriting

e LA910.3.1.3
The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.
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Algebra Body of Knowledge

Standard 3: Linear Equations and Inequalities

* MA912.A31
Solve linear equations in one variable that include simplifying
algebraic expressions.

e MA912.A32
Identify and apply the distributive, associative, and commutative
properties of real numbers and the properties of equality.

e MAY912.A34
Solve and graph simple and compound inequalities in one variable
and be able to justify each step in a solution.

Standard 10: Mathematical Reasoning and Problem Solving

¢ MA912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.
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Solving Equations

A mathematical sentence that contains an equal sign (=) is called an
equation. An equation is a mathematical sentence stating that the two
expressions have the same value. An expression is a mathematical phrase,
or part of a number sentence that contains numbers, operation signs, and
sometimes variables.

We also learned the rules to add and subtract and to multiply and divide
positive numbers and negative numbers.

Rules for Adding and Subtracting Positive and Negative Integers
+) + +) = + +) - (+) = positive if first
number is greater,
otherwise it is
negative
G« = - (<) - () = positive if first
number is greater,
otherwise it is
negative
use sign of
(+) + (=) =) integer (+) - -) = +
with
greater
=)« (+) = ) absolute - - ) = -
value

Rules for Multiplying and Dividing Positive and Negative Integers

® + 6= - 6 - 0 = =
O+ = O + O = =+
+ o+ = - + -+ O = -
O ¢ = - O + @ = -
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To solve the equation is to find the number that we can substitute for the
variable to make the equation true.

Study these examples. Each equation has been solved and then checked
by substituting the answer for the variable in the original equation. If the
answer makes the equation a true sentence, it is called the solution of the

equation.
Solve: Solve:
n+l4= -2 y—(-6)= 2
n+14-14= -2-14 y+6-6=2-6
n= -2+-14 y=2+-6
n= -16 y= -4
Check: Check:
n+l4= -2 y—(-6)= 2
16 +14= -2 4-(-6)= 2
-2 = -2 It checks! 4+6=2
= 2 It checks!
Solve: Solve:
-6x = -66 40 =5
-6 -66
=% (-10)5i5 = 5(-10)
x=11 y= -50
Check: Check:
6x = -66 45 =5
-6(11) = -66 -5
-66 = -66 It checks! 5 = 5 It checks!
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Practice

Solve each equation and check. Show essential steps.

1. y+12=2

3. r+15=-25

4. 0=y +-46

5. 15y =-30
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86

-9y =270

3+x=-3
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11. 5 =-2

12. -55=-5a
13. 12=-6+x
14. t-20=-15

Unit 2: Algebraic Thinking
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Interpreting Words and Phrases

Words and phrases can suggest relationships between numbers and
mathematical operations. In Unit 1 we learned how words and phrases
can be translated into mathematical expressions. Appendix B also contains
a list of mathematical symbols and their meanings.

Relationships between numbers can be indicated by words such as
consecutive, preceding, before, and next. Also, the same mathematical
expression can be used to translate many different word expressions.

Below are some of the words and phrases we associate with the four
mathematical operations and with powers of a number.

Mathematical Symbols and Words

+ - X + power
add subtract multiply divide power
sum difference product quotient square
plus minus times cube
total remainder of

more than less than twice

increased by | decreased by | doubled
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Practice

Write an equation and solve the problem.

Example: Sixteen less than a number # is 48. What is the number?

@@T—=> Remember: The word is means is equal to and translates to
an = sign.

16 less than a number n = 48

T ———

n—16= 48 Note: To write 16
n—-16+16= 48 + 16 less than 1, you
n= 64 write n — 16.

So 64 — 16 = 48 or 16 less than 64 is 48.

1. A number increased by 9 equals -7. What is the number?
(Let d = the number).

2. Anumber times -12 equals -72. What is the number?
(Let x = the number.)

3. A number decreased by 5 equals -9. What is the number?
(Let y = the number.)
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A number divided by 7 equals -25. What is the number?
(Let n = the number.)

In a card game, Ann made 30 points on her first hand.
After the second hand, her total score was 20 points.
What was her score on the second hand?

A scuba diver is at the -30 foot level. How many feet
will she have to rise to be at the -20 foot level?
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Solving Two-Step Equations

When solving an equation, you want to get the variable by itself on one
side of the equal sign. You do this by undoing all the operations that were
done on the variable. In general, undo the addition or subtraction first.
Then undo the multiplication or division.

Study the following examples.

A. Solve:
2y +2= 30
2y+2-2= 30-2 <— subtract 2 from each side
2 B . {ivide each side by 2
y= 14
Check:
2y +2= 30
2(14) + 2= 30 < replace y with 14
28+2= 30
30= 30 It checks!
B. Solve:
2x-7=-29
2x -7+ 7= -29 +7 <— add 7 to each side
Z _ & «— divide each side by 2
x=-11
Check:
2x-7= -29
2(-11) -7 = -29 < replace x with -11
22-7=-29
-29 = -29 It checks!
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1 118-18=20-18

D% = 20)
n= 14
Check:
7 +18= 20
B +18= 20
2+18= 20
20= 20
D. Solve:
L +4=-10
L +4-4=-10-4
DL~ 14(2)
t= 28
Check
L +4=-10
2 +4=-10
-14+4 = -10
-10= -10

92

-—

subtract 18 from each side

multiply each side by 7
simplify both sides

replace n with 14

It checks!

subtract 4 from each side

multiply each side by -2
simplify both sides

replace t with 28

It checks!
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Practice

Solve each equation and check. Show essential steps.

1. 4x+8=16

2. 4y-6=10

3. 5n+3=-17

4. 2y-6=-18

5. -8y-21="75

6. §-17=13

Unit 2: Algebraic Thinking 93



7. 13+ 5 =-4

8. §+1=4
9. -3b+5=20
10. 6=7 —14

1. -7y +9=-47

12. % -17=-8
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Use the list below to decide which equation to use to solve each problem. Then
solve the problem.

Equation A:

Equation B:

Equation C:

Equation D:

13.  Two more than the product of 4 and Ann’s age is 10.

Equation:

How old is Ann? n =

14. If you multiply Sean’s age by 4 and then subtract 2, you get 10.

Equation:

What is Sean’s age? n =
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15. If you divide Joe’s age by 4 and then add 2, you get 10.

Equation:

What is Joe's age? n =

16. Divide Jenny’s age by 4, then subtract 2, and get 10.

Equation:

What is Jenny’s age? n =

Circle the letter of the correct answer.

17. The sentence that means the same as the equation

Ty +8=45is

a. Eight more than one-third of y is 45.
b.  One-third of y is eight more than 45.
c. yis eight less than one-third of 45.
d. yis eight more than one-third of 45.
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Special Cases

Reciprocals: Two Numbers Whose Product is 1

Note:5¢ + =land 2 =1

When you multiply 5 by + and divide 5 by 5, both equations yield 1.
We see that 5 is the reciprocal of % and % is the reciprocal of 5. Every
number but zero has a reciprocal. (Division by zero is undefined.) Two

numbers are reciprocals if their product is 1.

Below are some examples of numbers and their reciprocals.

Number Reciprocal
i % -4
1 1
2 3
3 2
7 8
8 7
1
-2 2
1 7
1
X x

Multiplication Property of Reciprocals

any nonzero number times its reciprocal is 1

1
xex=1

Ifx=0

@@C=> Remember: When two numbers are reciprocals of each other,
they are also called multiplicative inverses of each other.
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Study the following two examples.

Method 1: Division Method Method 2: Reciprocal Method
5x-6=9 5 —-6= 9
Bx-6+6=9+6 5x-6+6=9+6
5x= 15 5x= 15
%= 15_5 % ® 5x % 15
x= 3 x=3

Both methods work well. However, the reciprocal method is probably easier
in the next two examples, which have fractions.

-3x-1=9
Ax-1+1=9+1
-%x =10
50 -%x =-510 <«— multiply by reciprocal of -1§ which is -5
x=-50

Here is another equation with fractions.

-3 x+12=36
-3x+12-12=36-12
-3 x=24
-2 . -%x = -% e 24 «<—— multiply by reciprocal of -% which is -%
1ex=-32
x=-32
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Multiplying by -1
Here is another equation which sometimes gives people trouble.
5-x=-10

@(C—> Remember: 5 - x is not the same thing as x — 5. To solve this
equation we need to make the following observation.

Property of Multiplying by -1
-1 times a number equals the opposite of that number

] ex=-x

This property is also called the multiplicative property of -1, which says
the product of any number and -1 is the opposite or additive inverse of the
number.

See the following examples.

1e 5 =5
1e(-6)= 6

Unit 2: Algebraic Thinking 99



Now let’s go back to 5 — x = -10 using the property of multiplying by -1.
We can rewrite the equation as follows.

5-1x=-10
5-1x-5=-10-5 <—— subtract 5 from both sides to
-lx = -15 isolate the variable
-lx -15
1 = 1
x=15

This example requires great care with the positive numbers and negative

signs.
11— Lx=-45
11 - %x —11=-45-11 <— subtract 11 from both sides
- %x = -56 to isolate the variable

-9e -Lx— _9e.56 <«— multiply by reciprocal of - which is -9
5 9
x = 504

Consider the following example.

@T=> Remember: Decreased by means subtract, product means multiply,
and is translates to the = sign.

Five decreased by the product of 7 and x is -6. Solve for x.

Five decreased by the product of 7 and x is -6.

l‘ig’;xl* —~ ||

5 -
5- 7x-5 = -6-5 <— subtract 5 from both sides to
-7x = -11 isolate the variable
-7x A1
7 _ b4
X = Sor 17
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Practice

Write the reciprocals of the following. If none exist, write none.

1. 10
2. -6
3. ¢
4 -9
5. 0

Solve the following. Show essential steps.

6. +x+3=9 9. 10-6x=11
7. tx-7=2 10. 15-x=10
8. -Fx-7=23 1. tx+4=-6
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12. 6-x=10 14. 4-3x=10

13. 2+ 2x=-8

Check yourself: Use the list of scrambled answers below and check
your answers to problems 6-14.

Gao 60 -16 -14 -12 -3 5 30 39

Answer the following.

15. The difference between 12 and 2x is -8. Solve for x.
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Practice

Match each definition with the correct term. Write the letter on the line provided.

1. to find all numbers that make an A. equation
equation or inequality true

2. numbers less than zero B. expression

3. a mathematical phrase or part of

a number sentence that combines C. negative
numbers, operation signs, and numbers
sometimes variables
4. any value for a variable that makes D. positive
numbers

an equation or inequality a true
statement

5. any symbol, usually a letter, which E. reciprocals

could represent a number

. . E. solution
6. to replace a variable with a numeral

7. a mathematical sentence stating that G. solve
the two expressions have the same
value

H. substitute
8. numbers greater than zero

9. any two numbers with a product of 1; I. variable
also called multiplicative inverse
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Practice

Use the list below to write the correct term for each definition on the line provided.

additive inverses multiplicative inverses
decrease multiplicative property of -1
difference product

increase

1. any two numbers with a product of 1; also
called reciprocals

2. the result of multiplying numbers together

3. to make greater

4. tomake less

5. the product of any number and -1 is the
opposite or additive inverse of the number

6. anumber that is the result of subtraction

7. anumber and its opposite whose sum is
zero (0); also called opposites
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Lesson Two Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e [A910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e [LA910.1.6.2

The student will listen to, read, and discuss familiar and
conceptually challenging text.

¢ LA.910.1.6.5
The student will relate new vocabulary to familiar words.

Writing Process Strand

Standard 3: Prewriting

e LA910.3.1.3
The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.

Algebra Body of Knowledge

Standard 3: Linear Equations and Inequalities

e MA912.A3.1
Solve linear equations in one variable that include simplifying
algebraic expressions.

e MA912.A3.2
Identify and apply the distributive, associative, and commutative
properties of real numbers and the properties of equality.
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e MA912.A34

Solve and graph simple and compound inequalities in one variable
and be able to justify each step in a solution.

Standard 10: Mathematical Reasoning and Problem Solving

e MA.912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.

The Distributive Property

Consider 4(2 + 6). The rules for order of operations would have us add
inside the parentheses first.

42+6) =
4(8) =
32

@@T=>> Remember: Rules for the order of operations
Always start on the left and move fo the right.
1. Do operations inside grouping symbols first.
2. Then do all powers (exponents) or roots.

3. Next do multiplication or division—as they occur from left to
right.

4. Finally, do addition or subtraction—as they occur from left to
right.
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However, there is a second way to do the problem.

42 +6) =

4(2) + 4(6)

8 +24 =
32

In the second way, the 4 is distributed over the addition. This second way
of doing the problem illustrates the distributive property.

The Distributive Property

For any numbers a, b, and c,
alb+c)=ab+ac

Also, it works for subtraction:
alb—c)=ab-ac

This property is most useful in simplifying expressions that contain
variables, such as 2(x + 4).

To simplify an expression we must perform as many of the indicated
operations as possible. However, in the expression 2(x + 4), we can’t add
first, unless we know what number x represents. The distributive property
allows us to rewrite the equation:

20+ 4) =
2x + 2(4)
2x + 8

The distributive property allows you to multiply each term inside a set of
parentheses by a factor outside the parentheses. We say multiplication is
distributive over addition and subtraction.

AN

53+1) =(53)+(5e1) 53-1) = (53)-(51)
5(4) =15+5 5(12) = 15-5
20 =20 10 = 10

Unit 2: Algebraic Thinking 107



Not all operations are distributive. You cannot distribute division over

addition.
14+(5+2) =14+5+14+2
14+7 =28+7
2 #9.8
Study the chart below.
Properties
Addition Multiplication
Commutative: a+b=b+a Commutative: ab = ba
Associative:  (a+b)+c=a+ (b+c)| Associative: (ab)c = a(bc)
Identity: 0 is the identity. Identity: 1 is the identity.
at0=aand0O+a=a a*1=aand1-a=a
Addition Subtraction
Distributive: a(b + c)=ab + ac and | Distributive: a(b-c)=ab-acand
(b +c)a=bha+ca (b—-c)a=ba-ca

These properties deal with the following;:

order—commutative property of addition and commutative property of
multiplication

grouping—associative property of addition and associative property of
multiplication

identity—additive identity property and multiplicative identity property
zero—multiplicative property of zero

distributive—distributive property of multiplication over addition and
over subtraction

Notice in the distributive property that it does not matter whether a is
placed on the right or the left of the expression in parentheses.

ab+c)=0b+caoralb-c)=({b-c)a
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The symmetric property of equality (if a = b, then b = a) says that if one
quantity equals a second quantity, then the second quantity also equals
the first quantity. We use the substitution property of equality when
replacing a variable with a number or when two quantities are equal and
one quantity can be replaced by the other. Study the chart and examples
below that describe properties of equality.

Properties of Equality

Reflexive: a=a

Symmetric: Ifa=>b,thenb=a.

Transitive: Ifa=band b=c,thena=c.
Substitution: If a = b, then a may be replaced by b.

Examples of Properties of Equality

Reflexive: 8-e=8-¢
Symmetric: If5+2=7,then7=5+2,
Transitive: If9-2=4+3and4+3=7,then9-2=7.
Substitution: If x=8,then x +4 =8 + 4. x is replaced by 8.
or
If 9+ 3 =12, then 9 + 3 may be replaced by 12.

Study the following examples of how to simplify expressions. Refer to the
charts above and on the previous page as needed.

56x + 3) +8
56x + 3) +8= <— use the distributive property to
5(6x) + 5(3)+ 8 = distribute 5 over 6x and 3
30x + 15 +8= <«—— use the associative property to
30x + 23 associate 15 and 8
and
6 + 2(4x-3)
6 + 2(4x-3) = <— use order of operations to multiply

before adding, then
6 + 2(4x) + 2(-3) = <«— distribute 2 over 4x and -3
6+ 8 + -6 = <« use the associative property to
associate 6 and -6
8x + 0 = <«—— use the identity property of addition
8x
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Practice

Simplify by using the distributive property. Show essential steps.

1. 10(x +9)

2. 16(z-3)

3. a(b+5)

4. 5(x+3)+9

5. 4(x-5)+20

6. 53+x)-9

7.

10.

11.

4Bx +7) -2

-6(x +3) + 18

30 + 2(x + 8)

x(x + 3)

a(b + 10)
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Circle the letter of the correct answer.

12. Mrs. Smith has 5 children. Every fall she
buys each child a new book bag for $20, a
new notebook for $3.50, and other school
supplies for $15. Which expression is a correct
representation for the amount she spends?

a. 5(20+3.50+15)
b. 5+ (20+3.50 + 15)
c. 5(20 ¢ 3.50 * 15)

d. 5¢20+350+15

Number the order of operations in the correct order. Write the numbers 1-4 on
the line provided.

13. addition or subtraction
14. powers (exponents)
15. parentheses

16. multiplication or division
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Simplifying Expressions

Here’s how to use the distributive property and the definition of
subtraction to simplify the following expressions.

Example 1:

Simplify
-7a-3a
-7a—-3a = -7a+-3a
= (-7+-3)a «<— use the distributive property

= -10a
Example 2:
Simplify
10c-c
10c—c = 10c-1c
= 10c + -1c
= (10 +-1)c «<— use the distributive property
= 9¢c

The expressions -7a — 3a and -10a are called equivalent expressions. The
expressions 10c — ¢ and 9c are also called equivalent expressions. Equivalent
expressions express the same number. An expression is in simplest form
when it is replaced by an equivalent expression having no like terms and
no parentheses.

Study these examples.

-5x +4x =(-5+4)x
= -x

S5y -5y = 5y + -5y

= (5 +-5)y
= Oy <—— multiplicative property of zero
=0

The multiplicative property of 0 says for any number a,
a*0=0-a=0.
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The following shortcut is frequently used to simplify expressions.
First
e rewrite each subtraction as adding the opposite

¢ then combine like terms (terms that have the same
variable) by adding.

Simplify
o360

2a+3—-6a= 2a + 3+-6a <+— rewrite —6a as + -6a
= -4a + 3 *— combine like terms by adding

Simplify
o-7-b-6

8 +7-b-6=8+7+-1b+-6 «— rewrite—bas+-1band -6 as + -6

=7b+1 <«—— combine like terms by adding
| like terms |
Simplity
7x+5+3x =10x+5 <—— combine like terms
| like terms |
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Practice

Simplify by combining like terms. Show essential steps.

1. 5n+3n

4., 7n+3n-6

5. -7n-3n-6

6. 6n-3+7

7.

10.

11.

12.

4x + 11x

4y — 11x

4dx —11x

10y — 4y +7

10y +4y -7

10y-4-7
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13. 8c-12-6c¢ 20. 20n-6n-1+8
14. 8c—-12c-6 21. 12¢-15-12¢-17
15. -10y -y -15 22. 12¢—-15¢-12-18

16. -10y +y-15

17. 15x-15x + 6

18. 15x-15+ 8x

19. 20n-6-n+8
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Practice

Match each definition with the correct term. Write the letter on the line provided.

1. alb+c)=ab+ac o
A. associative property

2.a+b=b+a .
B. commutative property

3.(a+b)+c=a+b+0c) o
C. distributive property

4. ael=a A. additive identity

5.a+0=a B. multiplicative identity

6.a0=0 C. multiplicative property
of zero

7.ifa=b,thenb=a A. substitution property of
equality

8. if a = b, then a may be B. symmetric property of

replaced by b equality
9. terms that have the same A. like terms

variables and the same
corresponding exponents

10. to perform as many of the B. order of operations
indicated expressions as
possible

11. the order of performing C. simplify an expression

computations in parentheses
first, then exponents or
powers, followed by
multiplication and / or
division (as read from left to
right), then addition and/or
subtraction (as read from
left to right)
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Equations with Like Terms

Consider the following equation.
2x+3x+4=19

Look at both sides of the equation and see if either side can be simplified.

Always simplify first
by combining like terms.

2x+3x+4 =19

5x+4 =19 <—— add like terms
5x+4—-4 =19-4 <«— subtract 4 from each side
5x =15
% = 15—5 <— divide each side by 5
x =3

Always mentally check your answer by substituting the solution for the
variable in the original equation.

Substitute 3 for x in the equation.

2x+3x+4 =19
2(3) +3(3)+4 =19
6+9+4 =19

19 =19 It checks!

Unit 2: Algebraic Thinking 117



118

Consider this example.

The product of x and 7 plus the product of x and 3 is 45.

@@T™—>> Remember: To work a problem like this one, we need to
remember two things. The word product means multiply and the
word is always translates to =.

The product of x and 7 plus the product of x and 3 is 45.

l_'ll¢

7x +3x =45
10x =45 <— add like terms
10x _ 45 e ;
T I <—— divide both sides by 10
x =45

Check by substituting 4.5 for x in the original equation.

7x +3x =45

7(4.5) + 3(4.5) =45

31.5+13.5 =45
45 =45 It checks!

Here is another example which appears to be more challenging.

3x-2-x+10 = -12
3x-2-1x+10 = -12 <— remember: 1+ x=x
3x-1x-2+10 = -12 <—— add like terms

2x+8 = -12
2x + 8 =8 = -12 — 8 «<—— subtract 8 from both sides
2x = -20
%x = % <— divide both sides by 2
x = -10

Check by substituting -10 into the original equation.

3x-2-x+10 = -12
3(-10) =2 -(-10) + 10 = -12
-30-2+10+10 = -12
-32+20 = -12

-12 = -12 It checks!
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Practice

Solve these equations by first simplifying each side. Show essential steps.

1. 4x+ 6x=-30 5. 3y-y-8=30

2. 2x+10x - 6x =-12 6. x+10-2x=-2

3. 12m—-6m+4=-32 7. 13x+105-8x=0

4. 3=4x+x-2 8 2x+10+3x-8=-13

Check yourself: Add all your answers for problems 1-8. Did you
get a sum of -7? If yes, complete the practice. If no, correct your work
before continuing.
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Write an equation fo represent each situation. Then solve the equation for x.
Show essential steps.

9. The sum of 2x, 3x, and 5x is 50.
10. The difference of 3x and 8x is -15.
11. The sum of 6x, -2x, and 10x, decreased by 15 is 13.

12. Your neighbor hired you to babysit for $x per hour. Here is a record
of last week:

—Tr—r— T [ [ — @m |

Sunday Monday Tuesday | Wednesday | Thursday Friday Saturday
S
S s 5 O\)(‘ No baby
60U 16 hoU™S | 5 fopng |y 1OV |\ sitting
B today!
Kﬂ\d{ Monday Tuesday | Wednesd i Saturd

Your total salary for the week was $198.00. How much do you earn
per hour?

120 Unit 2: Algebraic Thinking



13. The perimeter (P) of the triangle is 48 inches. What is x?

@@T=> Remember: The perimeter of a figure is the distance around a
figure, or the sum of the lengths (I) of the sides.

4x
3x

14. Use the answer from problem 13 to find the length (1) of each side of
the triangle. Do the sides add up to 48 inches?

15. The perimeter of the rectangle is 58 inches. What is x?
2x +3

x+2 x+2

2x +3

16. Use the answer from problem 15 to find the length and
width (w) of the rectangle. Do the sides add up to 58 inches?
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17. In any triangle, the sum of the measures (m) of the angles () is
always 180 degrees (°). What is x?

(4x + 20)°

(4x - 10)° (2x + 20)°

18. Using the answer from problem 17, find the measure of each
angle (£). Do the angles add up to 180 degrees?

Circle the letter of the correct answer.

19. You and your friend go to a popular theme %
park in central Florida. Admission for
two comes to a total of $70. Both of you
immediately buy 2 hats to wear during the

day. Later, as you are about to leave you decide to buy 4 more hats
for your younger brothers and sisters who didn’t get to come. The
total bill for the day is $115.00. Which equation could you use to find
the cost of a single hat?

a. 6x=115

b. 70+ 2x+4x =115
c. 70-6x=115

d. 70+2x=115+6x
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Complete the following.

20. A common mistake in algebra is to say that
3x +4x =7x?,
instead of
3x +4x =7x.
Let x = 2 and substitute into both expressions below.

(> Remember: When you are doing 7x? the rules for the order of
operation require that you square before you multiply!

x=2

3x+4x=7x 3x +4x =7x?

Are you convinced that 3x + 4x is not equal to (#) 7x??
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Putting It All Together

Guidelines for Solving Equations

1. Use the distributive property to clear parentheses.

2. Combine like terms. We want to isolate the variable.

3. Undo addition or subtraction using inverse operations.
4

. Undo multiplication or division using inverse operations.

5. Check by substituting the solution in the original equation.

SAM = Simplify (steps 1 and 2) then
Add (or subtract)
Multiply (or divide)
Example 1

Solve:

6y +4(y+2) = 88

6y +4y+8 = 88 <«—— use distributive property
10y +8-8 = 88 -8 <—— combine like terms and undo addition
by subtracting 8 from each side
10
2 = % «— undo multiplication by dividing by 10
y =8

Check solution in the original equation:

6y +4(y+2) = 88
6(8) +4(8+2) = 88
48 + 4(10) = 88
48 +40 = 88

88 = 88 It checks!
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Example 2
Solve:
-2 (x+8) = 10
-%x -4 =10 <«—— use distributive property
-%x -4+4 = 10+4 <—— undo subtraction by adding 4 to
both sides

Fx = 14

(-2)-%3( = 14(-2) <—— isolate the variable by multiplying

x = -28 <—— each side by the reciprocal of -15

Check solution in the original equation:

-+ (x+8) = 10
~5(-28+8) = 10
-+(-20) = 10
10 = 10 It checks!
Example 3
Solve:

26 = +(9x- 6)
26 = %(9x) - %(6) < use distributive property

26 = 6x—4
26+4 = 6x—4+4 <—— undo subtraction by adding 4 to
each side
30 6x T .
6 = 6 <—— undo multiplication by dividing
each side by 6
5 =«

Check solution in the original equation:

26 = 5(9x - 6)
26 = 5(95-6)

26 = 3(39)
26 = 26 It checks!
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Solve:

x—(2x+3) = 4
x-12x+3) = 4 <— use the multiplicative property of -1
x-2x-3 = 4 <—— use the multiplicative identity of 1
and use the distributive property
-Ix-3 = 4 <—— combine like terms
-Ix-3+3 = 4+4+3 <— undo subtraction
lx 7 o
1 = 7 <— undo multiplication
x = -7

Examine the solution steps above. See the use of the multiplicative property
of -1 in front of the parentheses on line two.

linel: x-(2x+3) =4
line2: x-12x+3) = 4

Also notice the use of multiplicative identity on line three.
line3: 1Ix-2x-3 =4

The simple variable x was multiplied by 1 (1 ® x) to equal 1x. The 1x
helped to clarify the number of variables when combining like terms on
line four.

Check solution in the original equation:

x—-(2x+3) =
7-2e-7+3)
-7 —(-11)

4 =

4
4
4
4 It checks!
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Practice

Solve and check. Show essential steps.

1. 10(2n +3) =130

2. 4(y-3)=-20

3. 3+4=-10

4. 6x+6(x—4)=24
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5. 6

5 (3n-6)

6. 10p—4(p—7) =42

7. 28=+(x—8)

8. x-Bx-7)=11
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Solve and Check. Show essential steps.

9. Write an equation for the area of the rectangle. Then solve for x.

@@T=> Remember: To find the area (A) of a rectangle, multiply the
length (I) times the width (w). A = (Iw)

8

x+2

The area is 64 square units.

10. Write an equation for the area of the rectangle. Then solve for x.
3x -1

The area is 56 square units.

11. Write an equation for the measure of degrees (°) in the triangle. Then
solve for x.

@@T™=> Remember: For any triangle, the sum of the measures of the

angles is 180 degrees.
X +4°
2(8x + 5)° 2(x +2)°
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Practice

Use the list below to write the correct term for each definition on the line provided.

area (A) rectangle triangle
length (1) sum width (w)
perimeter (P)

1. aone-dimensional measure that is the
measurable property of line segments

2. aparallelogram with four right angles

3. aone-dimensional measure of something
side to side

4. the result of adding numbers together

5.  the distance around a figure

6. the measure, in square units, of the inside
region of a closed two-dimensional figure;
the number of square units needed to cover
a surface

7. apolygon with three sides
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Practice

Use the list below to write the correct term for each definition on the line provided.

angle (£) side
degree (°) square (of a number)
inverse operation square units

measure (m) of an angle (£)

1. two rays extending from a common
endpoint called the vertex

2. the number of degrees (°) of an angle

3. units for measuring area; the measure of
the amount of an area that covers a surface

4. common unit used in measuring angles

5. the edge of a polygon, the face of a
polyhedron, or one of the rays that make
up an angle

6. an action that cancels a previously applied
action

7. the result when a number is multiplied by
itself or used as a factor twice
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Lesson Three Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e [A910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e [LA910.1.6.2

The student will listen to, read, and discuss familiar and
conceptually challenging text.

¢ LA.910.1.6.5
The student will relate new vocabulary to familiar words.

Writing Process Strand

Standard 3: Prewriting

e LA910.3.1.3
The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.

Algebra Body of Knowledge

Standard 3: Linear Equations and Inequalities

e MA912.A3.1
Solve linear equations in one variable that include simplifying
algebraic expressions.
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e MAJY912.A32
Identify and apply the distributive, associative, and commutative
properties of real numbers and the properties of equality.

e MAY912.A34
Solve and graph simple and compound inequalities in one variable
and be able to justify each step in a solution.

Standard 10: Mathematical Reasoning and Problem Solving

¢ MA912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.

Solving Equations with Variables on Both Sides

I am thinking of a number. If you multiply my number 7229,
by 3 and then subtract 2, you get the same answer that 2
you do when you add 4 to my number. What is my
number?

To solve this riddle, begin by translating these words i
into an algebraic sentence. Let x represent my number. Y, ~ ' /

If you multiply my number by 3 and then subtract 2
3x -2

you get the same answer

that you do when you add 4 to my number
4 +x

Putting it all together, we get the equation 3x — 2 = 4 + x. Note that this
equation is different from equations in previous units. There is a variable
on both sides. To solve such an equation, we do what we’ve done in

the past: make sure both sides are simplified, and that there are no
parentheses.
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Strategy: Collect the variables on one side. Collect the numbers on the

other side.

Now let’s go back to the equation which goes with our riddle.

Solve:
3x-2=4+x <— both sides are simplified
3x-2=4+1x <— multiplicative identity of 1
3x—-2-1x=4+1x - 1x <— collect variables on the left

2x-2=4 <— combine like terms; simplify

2x-2+2=4+2 <— collect numbers on the right

z_ L <~ divide both sides by 2
x=3

Check solution in the original equation and the original riddle:

It checks!
Study the equation below.
Solve:
2(B3x +4) = 5(x-2)

6x +8 =5x-10 «— distributive property
6x + 8 —5x = 5x — 10 — 5x <— variables on the left

x+8=-10 < simplify
x+8-8=-10-8 <— numbers on the right
x=-18

Check solution in the original equation:

2(Bx +4) = 5(x-2)
2(3 ¢ -18+4)=5(-18-2)
2(-50) = 5(-20)
-100 = -100 It checks!
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Let’s work this next example in two different ways.

1. Collect the variables on the left and the numbers on the right.

Solve:
6y = 4(5y-7)
6y = 20y — 28 <— distributive property
6y — 20y = 20y — 28 — 20y <«—— variables on the left
14 = -14 <—— divide both sides by -14
y=2

Check solution in the original equation:

6y = 4(5y-7)
6e2=45e2-7)
12=443
12=12 It checks!

2. Collect the variables on the right and numbers on the left.

Solve:
6y = 4(5y-7)
6y = 20y — 28 <— distributive property
6y —6y =20y —28 -6y <«—— variables on the right
0=14y-28 «~—— simplify
0+28=14y-28+28 <«—— numbers on the left
14

B _ <~ divide both sides by 14

2=y

We get the same answer, so the choice of which side you put the variable
on is up to you!
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Practice
Solve each equation below. Then find your solution at the bottom of the page.

Write the letter next to the number of that equation on the line provided above
the solution. Then you will have the answer to this question:

Which great explorer’s last words were,

“T have not told half of what I saw!”

I 1. 2x-4=3x+6 P 5 2ri6-ux

1 2 2(12-6x)=-6x m 6 7x=3Gx-8)

a 3 x-3=2(l+x O 7. 2(12-8x)=1x—1lx

C 4. -7(1-4m)=132m-3)
3 19 10 -16 4 6 4 -4 4

Check yourself: Use the answer above to check your solutions
J to problems 1-7. Did your solutions spell out the great explorer’s
name? If not, correct your work before continuing.
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Solve and check. Show essential steps.

9. Six more than 5 times a number is the same as 9 less than twice the
number. Find the number.

10. Twelve less than a number is the same as 6 decreased by 8 times the
number. Find the number.

11. The product of 5 and a number, plus 17, is equal to twice the sum of
the same number and -5. Find the number.
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Complete to solve the following.

12, -12+7(x+3)=4(2x-1)+3

@@T=>> Remember: Always multiply before you add.

-12 + + = - +3
7x + = 8x —
Now finish the problem.

13. -56 + 10(x — 1) = 4(x + 3)

14. 52x +4) +3(-2x-3)=2x +3(x + 4)

+ + - =2x + +
distributive property distributive property
x+11 = x+
add like terms add like terms
Now finish the problem.
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15. -16x + 10(3x — 2) = -3(2x + 20)

-16x + - = -
distributive property distributive property

Add like terms and finish the problem.

16. 6(-2x —4) +2(3x + 12) = 37 +5(x - 3)
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Problems That Lead to Equations

Joshua presently weighs 100 pounds, but is steadily growing
at a rate of 2 pounds per week. When will he weigh 140
pounds?

The answer is 20 weeks. Let’s use this simple problem to
help us think algebraically.

Step 1: Read the problem and label the variable. Underline all clues.

Joshua presently weighs 100 pounds, but is steadily growing at a
rate of 2 pounds per week. When will he weigh 140 pounds?

Let x represent the number of weeks.
Step 2: Plan.

Let 2x represent the weight Joshua will gain.
Step 3: Write the equation.

present weight + gain = desired weight
100 + 2x = 140

Step 4: Solve the equation.

100 + 2x = 140
100 + 2x — 100 = 140 — 100 <— subtract 100 from both
sides
2x =40
z_2 «~— divide both sides by 2
x =20

Step 5: Check your solution. Does your answer make sense?

now gain
100 + 2(20) = 140
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We will use this 5-step approach on the following problems. You will find
that many times a picture or chart will also help you arrive at an answer.
Remember, we are learning to think algebraically, and to do that the
procedure is as important as the final answer!

5-Step Plan for Thinking Algebraically

Step 1: Read the problem and label the variable. Underline all clues.
Decide what x represents.

Step 2: Plan.

Step 3:  Write an equation.

Step 4: Solve the equation.

Step 5: Check your solution. Does your answer make sense?
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Practice

Use the 5-step plan to solve and check the following. Show essential steps.

1. Leon’s television breaks down. Unfortunately he
has only $100.00 in savings for emergencies. The
repairman charges $35.00 for coming to Leon’s house and
then another $20.00 per hour for fixing the television.
How many hours can Leon pay for the repairman to
work?

a. Step 1: Read the problem and label the variable. Underline all
clues. (Note: The clues have been italicized for you.)

Let x represent

b. Step 2: Plan. Let 20x represent

c. Step 3: Write an equation.

d. Step 4: Solve the equation.

e. Step 5: Check your solution. Does it make sense?

142 Unit 2: Algebraic Thinking



2. Samantha charges $16.00 to deliver sand to your house, plus $3.50
per cubic foot for the sand that you buy. How much sand can you
buy for $121.00?

a. Step 1: Read the problem and label the variable. Underline all
clues.

Let x represent

b. Step 2: Plan. Let x represent

c. Step 3: Write an equation.

d. Step 4: Solve the equation.

e. Step 5: Check your solution. Does it make sense?

f. If the installation of a child’s sand box
requires 29 cubic feet of sand, will you be
able to complete this project for $121.00?

Explain.
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3. Suppose that the gas tank of a car holds 20 gallons,
and that the car uses 15 of a gallon per mile. How

far has the car gone when 5 gallons remain?

a. Step 1: Read the problem and label the
variable. Underline all clues.

Let x represent

b. Step 2: Plan. Let 11—0 x represent

c. Step 3: Explain why the appropriate equation is 20 — % x=>5.

d. Step 4: Solve the equation.

e. Step 5: Check your solution. Does it make sense?
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4. Jared weighs 250 pounds and is steadily losing 3 pounds per week.
How long will it take him to weigh 150 pounds?

a. Step 1: Read the problem and label the variable. Underline all
clues.

Let x represent

b. Step 2: Let 3x represent

c. Step 3: Write an equation.

d. Step 4: Solve the equation.

e. Step 5: Check your solution. Does it make sense?
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5. Batman has $100.00 and spends $3.00 per day. Robin has $20.00 but
is adding to it at the rate of $5.00 per day. When will they have the
same amount of money?

a. Step 1: Read the problem and label the variable. Underline all
clues.

Let x represent

b. Step 2: Plan. 100 — 3x is what Batman will have after x days.

How much will Robin have after x days?

c. Step 3: Write an equation stating that Batman’s money is the

same amount as Robin’s money after x days.

d. Step 4: Solve the equation.

e. What does your solution mean?

f. Step 5: Check your solution. Does it make sense?
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6. Suppose you live in Tallahassee, Florida, where the
temperature is 84 degrees and going down 3 degrees
per hour. A friend lives in Sydney, Australia, where the
temperature is 69 degrees and going up at a rate of 2
degrees per hour. How long would you and your friend
have to wait before the temperatures in both places are
equal?

a. Step 1: Read the problem and label the variable. Underline all
clues.

Let x represent

b. Step 2: Plan. Let represent

Tallahassee’s temperature and

represent Sydney’s temperature.
c. Step 3: Write an equation. Let the Tallahassee temperature equal

Sydney’s temperature.

d. Step 4: Solve the equation.

e. Step 5: Check your solution. Does it make sense?
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Practice

Use the 5-step plan to solve and check the following. Show essential steps.

Sometimes a chart helps organize the information in a problem.

1. Tam thinking of 3 numbers. The second number is 4 more than the first
number. The third number is twice the first number. The sum of all 3
numbers is 28. Find the numbers.

Algebraic Thinking:

e Step 1: Read the problem and label the variable.
Underline all clues. (Note: The clues have been italicized
for you.)

What does x represent? Since the second and third
numbers are described in terms of the first
number, let x represent the first number.

e Step 2: Plan. See the table below.

Description Value

first number X
second number x+4
third number 2X

sum 4x + 4 28

¢ Step 3: Write an equation.

4x +4 =28
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e Step 4: Solve the equation.

a. The equation 4x + 4 = 28 will give you the value of only the first
number. Substitute your answer back into the expressions in the
table on the previous page to find the second and third numbers.

b. Solve the equation to find the value of the first number.

4x +4 =28

c. Substitute the first number’s value in the expression from the
table on the previous page to get the value of the second number.

x+4

d. Substitute the first number’s value in the expression from the
table on the previous page to get the value of the third number.

2x

 Step 5: Check your solution. Does it make sense?

e. Check solution in original equation.

f. Do your numbers add up to 28?

Write an equation and solve to prove that the sum of the 3
numbers equal 28.
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Sometimes a picture helps organize the information in a problem.

2. Atriangle has a perimeter (P) of 30 inches. The longest side is 8
inches longer than the shortest side. The third side is 1 inch shorter
than the longest side. Find the sides.

@@C—> Remember: The perimeter is the sum of all the lengths of all
sides.

* Step 1: Read the problem and label the variable. Underline all clues.

Hint: Let the shortest side be x inches long.
e Step 2: Plan.

a. Draw a triangle. Label the shortest side x. Label the other two
sides in terms of x.

b. Let represent adding

up the sides of the triangle.

¢ Step 3: Write an equation.

c. Use the fact that the perimeter is 30 inches to write an equation.
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e Step 4: Solve the equation.

d. Find x by solving the equation.

e Step 5: Check your solution. Does it make sense?

e. Check solution in original equation.

f. Use the value of x to find the other 2 sides.

g. Do the sides add up to 30?

Write an equation and solve to prove that the sum of the 3 sides
of the triangle equals 30.
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3. Arectangle has a perimeter of 38 inches and a width of x inches. The
length of the rectangle is 4 more than twice the width. Label all 4 sides.

Draw and label a rectangle and use the 5-step plan to find the
dimensions of the rectangle.

4. The measures of the angles in any triangle add up to 180 degrees.
Let the smallest angle be x degrees. The second angle is twice the

smallest. The third angle is 30 degrees more than the second angle. Find
the measures of all the angles.

Draw and label a triangle. Use the 5-step plan to find all angles.
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5. Write an equation for the area of the rectangle.

@@C=> Remember: To find the area of a rectangle we multiply the
length times the width. A=1e w

5  The area is 35 square inches.

2x -1

Solve the equation for x, then substitute it in 2x — 1 to find the
length.

Is the product of the length and width 35 square inches?
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6. Consider the rectangle and the triangle below. What is the value of x
if the area of the rectangle equals the perimeter of the triangle?

10

2x -1

Let equal

the area of the rectangle.

4x 6x

5x + 20

Let equal

the perimeter of the triangle.

Now set up an equation. Let the area of the rectangle equal the
perimeter of the triangle. Solve for x.
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7. Asquare is a four-sided figure with all sides the same length. Find the
value of x so that the figure is a square.

3x + 35

5(x + 3)

Circle the letter of the correct answer.

8. Mors. Jones brings $142.50 to pay for her family’s expenses to see
Florida A&M University play football. She has to pay $10.00 to
park. An adult ticket costs $45.00. She has 4 children who qualify
for student tickets. She has $27.50 left at the end of the day. Which
equation can you use to find the cost of a student ticket?

a. 4x +45=%142.50
b. $27.50 + 4x + 45 = $142.50
c. $142.50 - 10 —45 —4x = $27.50

d. $142.50 - 10 —45 + 4x = $27.50
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Answer the following. Show essential steps.

Consecutive even integers are numbers like 6, 8, and 10 or 14, 16, and 18.
Note that you add 2 to the smallest to get the second number and 4 to
the smallest to get the third number. Use this information to solve the

following problem.

9. The sum of three consecutive even integers is 198. Find the numbers.

Description Value
first number X =

second number x+2 =

third number xX+4 =

sum = 198

Set up an equation and solve for x. Substitute your answer back into
the table above to find all answers. Do the numbers add up to 198?
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Practice

Use the list below to complete the following statements.

consecutive square
even table
integers

1. A data display that organizes information about a topic into

categories is called a(n) or chart.

2. Arectangle with four sides the same length is called a

3. Consecutive even are numbers like 6, 8,

and 10 or 14, 16, and 18.

4. When numbers are in order they are

5. Any integer divisible by 2 is a(n) integer.
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Lesson Four Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e [A910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e [LA910.1.6.2

The student will listen to, read, and discuss familiar and
conceptually challenging text.

¢ LA.910.1.6.5
The student will relate new vocabulary to familiar words.

Writing Process Strand

Standard 3: Prewriting

e LA910.3.1.3
The student will prewrite by using organizational strategies and
tools (e.g., technology, spreadsheet, outline, chart, table, graph,
Venn diagram, web, story map, plot pyramid) to develop a personal
organizational style.

Algebra Body of Knowledge

Standard 3: Linear Equations and Inequalities

e MA912.A3.1
Solve linear equations in one variable that include simplifying
algebraic expressions.
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e MAJY912.A32
Identify and apply the distributive, associative, and commutative
properties of real numbers and the properties of equality.

* MAU912.A34
Solve and graph simple and compound inequalities in one variable
and be able to justify each step in a solution.

Standard 10: Mathematical Reasoning and Problem Solving

¢ MA912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.

Graphing Inequalities on a Number Line

In this unit we will graph inequalities on
a number line. A graph of a number is the
point on a number line paired with the number. * *

Graphing solutions on a number line will help
you visualize solutions.
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Here are some examples of inequalities, their verbal meanings, and their
graphs.

Inequalities

e N
Inequality Meaning Graph

<« | | | | | | | VanY |
U

a. x<3 All real D e e T B o L }
Ies;etﬁarrl\u:g.1 bers 5-4-3-2-1012 3 4

The open circle means that 3
is not a solution. Shade to left.

Fany

b. x>-1 | All real numbers — —
greater than -1. 3210123 456

The open circle means that -1 is
not a solution. Shade to right.

e @+
C. x<2 All real numbers
less than or equal 4321012345
to 2. The solid circle means that 2

is a solution. Shade to left.

d. x=0 | All real numbers @t
greater than or 32101234586
equal to 0. The solid circle means that 0
is a solution. Shade to right.
~ J

For each example, the inequality is written with the variable on the left.
Inequalities can also be written with the variable on the right. However,
graphing is easier if the variable is on the left.
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Consider x < 5, which means the same as 5 > x. Note that the graph of
x <5 is all real numbers less than 5.

The graph of 5 > x is all real number that 5 is greater than.

2 | | | | | | | | (M |
* | | | | | | | | N | >

-3 -2 -1 0 1 2 3 4 5 6

To write an inequality that is equivalent to (or the same as) x <5, move
the number and variable to the opposite side of the inequality, and then
reverse the inequality.

x<5

X

5>x

x < 5 means the same as
5>x

The inequality y = -2 is equivalent to -2 < y. Both inequalities can be
written as the set of all real numbers that are greater than or equal to -2.

The inequality 0 < x is equivalent to x > 0. Each can be written as the set of
all real numbers that are greater than or equal to zero.

(> Remember: Real numbers are all rational numbers and all
irrational numbers.
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The Venn diagram below is a graphic organizer that aids in visualizing
what real numbers are.

The Set of Real Numbers

rational numbers o | irrational numbers
(real numbers that can be expressed as a ratio 3, (real numbers that
where a and b are integers and b # 0) cannot be expressed
as a ratio of two
integers)
V0.16 %
integers
(whole numbers and their opposites)
{....,-4,-3,-2,-1,0,1,2,3,4, ...} o
3
-3 9
whole numbers 9
zero and natural numbers
( {0,1,2,3,4,..} ) 0.010010001...
-3 0
7
natural numbers
or
counting nhumbers
-7 {1,2,3,4, ...}
7 8
1
J120
0.83
0.09

Rational numbers can be expressed as a ratio ; , where a and b are integers
and b = 0.

rational numbers 4 -3% 0250, 0 | 03

expressed as ratio
of two integers

s

15 9
4 1

w|>—\

1
4

Note: All integers are rational numbers.

A ratio is the comparison of two quantities. For example, a ratio of 8 and 11
. 8
is 8:11 or 7.
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Practice

Match each inequality with the correct graph.

Attt D——t$
1. x=-3 & 3 24 0 1 2 3 4 5 6
- @ -
2.x<0 b. 4 3 24 01 2 3 4 5
4 ——t—t—t—t—t 00—+
3. x> C. 4 3 24 0 1 2 3 4 5
4o 4 R .
- e>X : 4 3 21 0 1 2 3 4 5
[P e+~
5. x<-2 e 4 3 21 0 1 2 3 4 5
Write an inequality for each graph.
Dt
6. 3 21 0 1 2 3 4 5 6
; R o - -
3 21 01 2 3 4 5 6
. < | e -
3 21 0 1 2 3 4 5 6
9 -« b— 1 : »
4 3 21 01 2 3 4 5
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Graph each inequality.

10. x=-1 T T e
11. x<0 e B B e ES R p—

12. x>5 "ttt

13. x<-3 T T e
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Solving Inequalities

We have been solving equations since Unit 1. When we solve inequalities,
the procedures are the same except for one important difference.

When we multiply or divide both sides of an inequality by the same
negative number, we reverse the direction of the inequality symbol.

Example: Solve by dividing by a negative number and reversing the
inequality sign.

B3x< 6

'.?’Tx > _% <— divide each side by -3 and

reverse the inequality symbol
x> -2

To check this solution, pick any number greater than -2 and substitute your
choice into the original inequality. For instance, -1, 0, or 3, or 3,000 could
be substituted into the original problem.

Check with different solutions of numbers greater than -2:

substitute -1 substitute 3
B3x< 6 Bx< 6
3(-1)< 6 33)< 6
3< 6 It checks! 9<6 It checks!
substitute 0 substitute 3,000
B3x< 6 Bx< 6
30)< 6 -3(3,000) < 6
0< 6 It checks! -9,000 < 6 It checks!

Notice that -1, 0, 3, and 3,000 are all greater than -2 and each one checks as a
solution.
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Study the following examples.

Example: Solve by multiplying by a negative number and reversing
the inequality sign.

-%yz 4

(-3)-+y< 4(-3)  «— multiply each side by -3 and
reverse the inequality symbol
y< -12

Example: Solve by first adding, then dividing by a negative number, and
reversing the inequality sign.

Ba-4> 2
Ba-4+4> 2+4 <«— add4toeachside
B3a> 6
-3a 6 o .
3 < 3 <—— divide each side by -3 and
reverse the inequality symbol
a< -2

Example: Solve by first subtracting, then multiplying by a negative number,
and reversing the inequality sign.

%+5s 0
% +5-5<0-5 <«—— subtract 5 from each side

%s-5
Y

-2)

o = (-5)(-2) <— multiply each side by -2 and
reverse the inequality symbol
y= 10
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Example: Solve by first subtracting, then multiplying by a positive number
and not reversing the inequality sign.

T +5< 2
4 +5-5< 2-5 <— subtract 5 from each side
n
5 < -3
2
(% < -3(2) <«— multiply each side by 2, but do not reverse
n< -6 the inequality symbol because we

multiplied by a positive number

When multiplying or dividing both sides of an inequality by the
same positive number, do not reverse the inequality symbol—leave it
alone.

Example: Solve by first adding, then dividing by a positive number,
and not reversing the inequality sign.

7x—-3> -24
7x-3+3> -24+3 «— add 3 to each side
7x > -21
7x -21 L. .
- > 7 <— divide each side by 7 do not reverse
x> -3 the inequality symbol because we

divided by a positive number
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Practice

Solve each inequality. Show essential steps. Then graph the solutions.

1. x+5=2 —ttt—t—t——t—+—F
2. y-1<5 —ttt—t—t—F—t—+—
3. 4<n-1 N e B L B e e
4. 2>y-4 —ttt—t—t—F—t—+—
5. 5u-2<3 —ttt—t—t—F—t—+—
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7. 2a=-12 —ttt—t

8. 5 -3<1 —

10. 5 +9<8 —
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Practice

Solve the following. Show essential steps.

1. 2y+1<4 4. %y+9s8
la

2. -3 -4>2 5. -10<2b-14

3. -11a+3<-30 6. 10y +3<8
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Study the following.

Many problems in everyday life involve inequalities.

Example: A summer camp needs a boat with a \m-\//ék
motor. A local civic club will donate the
money on the condition that the camp will

spend less than $1,500 for both. The camp decides to buy a boat
for $1,050. How much can be spent on the motor?

1. Choose a variable. Let X = cost of the motor,
then let x + 1,050 = cost of motor and boat,
and cost of motor + cost of boat < total money.
2. Write as an inequality. x + 1,050 < 1,500
3. Solve. x + 1,050 - 1,050 < 1,500 — 1,050
x < $450

4. Interpretation of solution: The camp can spend any amount less
than $450 for the motor. (Note: The motor cannot cost $450.)

Use the steps below for the word problems on the following pages.

1. Choose a variable
2. Write as an inequality
3. Solve

4. Interpret your solution
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7. If$50 is added to 2 times the amount of money in a wallet, the result

is less than $150. What is the greatest amount of money that could
be in the wallet?

Interpretation of solution:

8. Sandwiches cost $2.50 and a drink is $1.50. If you
want to buy one drink, what is the greatest number of

sandwiches you could also buy and spend less than
$10.00?

Interpretation of solution:

172
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9. Annie babysits on Friday nights and Saturdays for $3.00 an hour.
Find the fewest number of hours she can babysit and earn more
than $20.00 a week.

Interpretation of solution:
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Practice

Write True if the statement is correct. Write False if the statement is not correct.

1. Graphing solutions on a number line will help you
visualize solutions.

2. Aninequality can only be written with the variable on
the right.

3. The graph below of x < 5 shows all real numbers greater
than 5.

(N
1 1 1 1 1 1 1 1 (N \
-3 -2 -1 0 1 2 3 4 5 6

4. Real numbers are all rational and irrational numbers.
5. Aratio is the comparison of two quantities.

6. To write an inequality that is equivalent to x <5, move
the number and variable to the opposite side of the
inequality, and then reverse the inequality.

7. When we multiply or divide each side of an inequality
by the same negative number, we reverse the direction
of the inequality symbol.

8. There are no problems in everyday life that involve
inequalities.

9. Aninequality is a sentence that states one expression is
greater than, greater than or equal to, less than, less than
or equal to, or not equal to another expression.
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Practice

Use the list below to write the correct term for each definition on the line provided.

decrease increase solve
difference reciprocals sum
equation simplify an expression

1. anumber that is the result of subtraction

2. to find all numbers that make an equation
or inequality true

3. tomake less

4. amathematical sentence stating that the
two expressions have the same value

5. to make greater

6. any two numbers with a product of 1; also
called multiplicative inverse

7.  the result of adding numbers together

8. to perform as many of the indicated
operations as possible
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Practice

Match each definition with the correct term. Write the letter on the line provided.

1.

10.

a sentence that states one expression is
greater than, greater than or equal to,
less than, less than or equal to, or not
equal to another expression

the distance around a figure

the point on a number line paired with
the number

a one-dimensional measure that is the
measurable property of line segments

a data display that organizes
information about a topic into
categories

the number of degrees (°) of an angle
a polygon with three sides

two rays extending from a common
endpoint called the vertex

any integer not divisible by 2; any
integer with the digit1, 3,5, 7, or 9 in
the units place; any integer in the set
{...,-5,-3,-1,1,3,5,...)

a parallelogram with four right angles

A.

C.
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angle (£)

graph (of a

number)

inequality

length (1)

measure (m)
of an angle (£)

odd integer

perimeter (P)

rectangle

table (or chart)

triangle



Lesson Five Purpose

Reading Process Strand

Standard 6: Vocabulary Development

e [A910.1.6.1
The student will use new vocabulary that is introduced and taught
directly.

e [LA910.1.6.2
The student will listen to, read, and discuss familiar and
conceptually challenging text.

Algebra Body of Knowledge

Standard 3: Linear Equations and Inequalities

¢ MA912.A33
Solve literal equations for a specified variable.

Standard 10: Mathematical Reasoning and Problem Solving

¢ MA912.A.10.1
Use a variety of problem-solving strategies, such as drawing a
diagram, making a chart, guessing- and-checking, solving a simpler
problem, writing an equation, working backwards, and creating a
table.
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Formulas Using Variables

There may be times when you need to solve an equation, such as

d=ret distance = rate ® time

for one of its variables. When you know both rate and time, it is easy to

calculate the distance using the formula above.

If you drive 60 mph for 5 hours, how far will you go? Use the following

formula.

d=ret

Substitute 60 for the rate and 5 for the time to get the following.

d=60e5
d =300 miles

But what if you know your destination is 385 miles away
and that the speed limit is 55 mph? It would be helpful to
have a formula that gives you the amount of time you will
need to get there. Rather than trying to remember a new
formula for each situation, you cou