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EVERYTHING YOUNEED TOACE

[ 4

This notebook is designed to support you as yov work 4
through the major areas of Pre-flgebra and #lgebra 1. 1
Consider these the notes taken by the smartest person i
in Your algebra class. The one who seems to “"get"

everything and who takes clear, understandable, 4
accurate notes. 4




Within these chapters you'll find important concepts
presented in an accessible, relatable way. Linear equations
and inequalities, stotistics and probability, functions,
factoring polynomials, and solving and graphing quadratic
equations are all presented as notes youv can easily
understand. Tt's algebra for the regular person.

- Notes are presented in an organized way:

. » Important vocabulary words are highlighted in YELLOW.
- #ll vocabulary words are clearly defined.
* Related terms and concepts are written in BLUE PEN.
* Clear step-by-step examples and calcvlations are
supported by explanations, color coding, illustrations,
and charts.

If yov want something to use as a companion o your
textbook that's fun and easy to understand, and you're
not so great at taking notes in class, this notebook

will help. It hits all the key concepts you'll learn in

'Pre—Algebra ond Algebm 1.
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a Chapter U

TYPES OF
NUMBERS

All numbers can be classified into various cod'egories. Here
are the ca’regories thot are most often vsed in mathematics:

- NATURAL NUMBERS or Counting Numbers: The set of
- all positive numbers starting af 1that have no fractional or
- decimal part; also called whole numbers.

 Exomples: 1,2,3,4,5,...

- WHOLE NUMBERS : The set of all natural numbers and 0.

- Examples: 0,1,2,3,4,5,...

\_ 2
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INTEGERS : The set of all whole numbers, including
negod-ive natural numbers.

§ Exomples: .. .-5 -4.-3 -7, -1,0.17 54585 ...

- RATIONAL NUMBERS : The set of all numbers that con

~

. be written b9 dividing one in+eger bg onother. These include

- any number that can be written as a fraction or ratio.

 Note: Yov cannot have O in the denominator of a fraction.

| L L pet
- Examples: —- (which equals —- or —)

= S . ‘l o
0.3 (which equals 3 ) S TTTIYE X T

-nuhber-b‘dow-nrewt;_ 4

-8 (which equals % or 8) forever. .

El

3.2 (which eqyals /]

100

Natural numbers, whole numbers, and inngers are all
rational numbers.

/
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IRRATIONAL NUMBERS : The set of all numbers that are
_ notrational numbers. These are numbers that cannot be
- Written by dividing one integer by another. When we write
- an irrational number as a decimal, it goes on forever, withovt
- repeating itself. wow

" means that the number continues on forever.
s

| examples: V5 = 2.23606197714991 . . x = 3141592653 . ..

0.25 is NOT irrational becavse it terminates or ends.

0.341157157157115 . . . is NOT irrational becouvse the
digits repeat themselves.

~ REAL NUMBERS: The set of all numbers on a number line.
- Real numbers include all rational and irrational numbers. This con
- be 2ero, positive or negative integers, decimals, fractions, efc.

- examples: 8,-19,0, >, V41, V15 =,

 Numbers greater than O are

~ Numbers less  ((You'RE 50 FAR AwAY1 ) located to the right of O on
than zero are the number line.
“located to the —

left of O on
the number

t '0"'\!'.

N




Here's how all the types of numbers fit together in our

numbzrsgstem.

o rotional number, and a real number

__Exnmplo.a@is..amm,

Some other examples:

24 is mtoml._mhale,.nn.ini-eger.-mtional.md.rml

4_0~ismhole..«mm+zger...mﬁonal,..and,mm

3

-L_isxaﬁanalnnd..mm

~ b.b15is rational and real

V5 = 2236061971499




SOME IMPORTANT POINTS ABOUT DECIMALS

1. Terminating decimals are decimals that have no
repeating digit or group of digits.

All ferminating decimals are To terminate

rational numbers. means to end.
the decimal

€xample: 0.25 dnds

2. Repeating decimals are decimals that go on infinitely,
but one or more digits repeat themselves. All repeating
decimals are rational numbers.

1

Examples: - =03 or - - 12857

: -4
3 - 12851428514 ... The bar over the digits
“285714" means that all of
- those digits repeat infinitely.

3.19189808884...

N



& CUECK You [&m@m@@@\

For quesﬁons 1 +hrough 10, classi(g each number in as many
cateqgories as possible.

3. 9.28519692114385 . . .

9. 325191

10. V49

ANSWERS 7 /
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[ CHECK Your AISWERS |

1. noatural, whole, in+eger, rational number,
real number

2. rational, real

3. irrational, real

4. whole, integer, rational, real
5. rational, real

6. integer, rational, real

1. rational, real

8. irrational, real

. rational, real

10. Since 1/ 49 is equal to0 1, it is a natural number, whole
number, in+eger, rational number, and real number.

\_s



Chapter & A

ALGEBRAIC
PROPERTIES

BASIC PROPERTIES

The Commutative Property of Addition and the Commutative
PROPERTY OF MULTIPLICATION tell us that when we are

adding two numbers or multiplying two numbers, the order of

the numbers does not motter
to ge’r o correct calcvlation.

The COMMUTATIVE
PROPERTY OF ADDITION

Think: To commute means (o

move around. $o we can move

the order of numbers around
and not affect the result.

states that for any two numbers aand b: a+ b=b+ a.

These are equivalent numerical expressions. This means that
both sides of the math equaﬁon have ,equal, valve.

Exomple: 1+2 =2 +1

/A 5 .18 g&
31”(0_1(0 S_I

BEOE OO

v/
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The COMMUTATIVE PROPERTY OF MULTIPLICATION
states that for any two numbers x and Y Xey=yex

Example: 5+3 = 3.+ 5 e 00000

. 00000
coe 00000

000

The Commutative Properties work only with addition and
multiplication; they do not work with subtraction and division.

The #ssociative Property of Addition and the Associative
Property of Muttiplication fell us that when we are adding
three numbers or multiplying three numbers, the order in
which we grovp the numbers does not matter.

The ASSOCIATIVE PROPERTY OF ADDITION states

that for any three numbers a, band c: (a+ b)+ c=a + (b+ o).

For example, 1+ Z + 5 can be calcvlated either as:

(1+2)+5=3+5=8 ®9® - OOOOO

‘TAG groupin doesn't matter.
The sum is the same.

1+(Z+5)=1+‘]=8m [ BY | 19/0)00e)]

-

or
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The ASSOCIATIVE PROPERTY OF MULTIPLICATION
states that for any three numbers a, b, and c¢:
(asbec=a-(b- o).

For example, Z « 3 « 5 can be calcvlated either as:

(Z23)+5=06+5=30

Groufing doesn't matter. The

or “product is the same.

2+(3-5=2-15=30

The Associative Properties work only with addition and
multiplication; they do not work with subtraction and division.

—

|

- What's the difference between commutative properties
- and associative properties?

- Commutative relates to the order of the numbers. i

- #issociotive relates to the grouping of the numbers. f
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The DISTRIBUTIVE PROPERTYOF  Think Didributive |
MULTIPLICATIONOVERADDITION  give out.

says that we get the same number when

we multiply a group of numbers added together or when we

multiply each number separately and then add them.

The Distributive Property can be used when multiplying
a number by the sum of two numbers:

Given three numbers a, bond ¢c: alb+c)=(a+ b) + (a - o).

m) =a+-b+a-c We are DISTRIBUTING the term
a to each of the terms band c.

The Distributive Property states:

Adding two numbers inside the parentheses and then
multiplying that sum by a number outside the parentheses
is the same as first multiplying the number outside the
parentheses by each of the addends inside the parentheses
and then adding the two products together.

— ) L

_~ Y

-
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EXAMPLE: Use the Distributive Property to expand and

- then simplify 3(6 + 8).

AN
o+8)=3-6b+3-8 expand
=18 + 24 = 427 simplify

The DISTRIBUTIVE PROPERTY OF MULTIPLICATION
OVER SUBTRACTION soys thot we get the same number
when we multiply a grovp of numbers subiracted together
or when we multiply each number separately and subtract
them,

Given three numbers a, band c: alb-c) =(a-b) -(a - c).
So,ab-c)=a<b-a-c

EXAMPLE: Use the Distributive Property to expand and
then simplify 2(10 - 7).

AN
2t -Da2sth-FsTaiD-Mal

-,
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" The Distributive Property can also be vsed for

~expressions with multiple terms.

To expand a(b+ ¢ - d):

alb+c-d =a+b+a-c-a-d=ab+ ac- ad

I ~Use the Distributive Property to expand and

'_simpli£9. 6(Z -1+5).

AN Y
1Jn(7...:._I__.+_5).__§__b(2)_:__(oﬂ)..sl.: (5) . 8

- =12 -6+ 30 =306




& CLUECK You [&m@wmz@@\

For questions 1through 4, state the property used.
s Loofes Mol oy
1. 3.5=5.3 3 7 (5 3) (7. 5) 3
1 = +i +h =54+
2. (a+b)+T-a+(b Z) 4. 0+5=5+0

For problems 5 through 6, state whether or not the property
is being applied correctly.

5. Use the #ssociative Property to state: % +1=7+% %

6. Use the Associative Property o state: 1+ 3 -1can be
calcvlated either as:
(10-3)-10or10-(3-1)

For questions T through 10, use the Distributive Property to
expand each expression, then simplify your answer.

1. 2(3+8) 9. 410 -2 +5)

8. min)-m(2)=mn-12Zm 10. x(y) - x(2) + x(3) =
XY - X2+ 3x

.
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| CUECK Your ASWERS

1. Commutative Property of Multiplication

2. Associative Property of Addition
3. fssociative Property of Multiplication
4. Commutative Property of Addition

5. Not correct. The Associative and Commutative Properties
cannot be used for division.

€. Not correct. The expression resvlts in different answers.
1. 23)+2@8)=0b+160=22

8. mn-11m

1. 4(10) - 42) + 4(5) = 40 -8 + 20 = 51

10. XY - X2 + 3x

-



Chapter & A

ORDER OF
OPLRATIONS

The order of operations is an order agreed upon by
mathematicians. It directs us to perform mathematical
calcvlation in the following order:

15T #Any calcvlations inside parentheses or brackets
. 2ND Eexponents, roots, and absolute valve are calcvlated
left fo right

3RD Multiplication and division—whichever comes first
when yov calcvlate left to right

' 4TH Addition and subtraction—whichever comes §irst
when Yyou calcvlate left to ri9h+

w,
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You can use the mnemonic “Please Excuse My Dear Aunt Sally”
for the acronym PEMDAS (Parentheses, Exponents, Multiplication,
Division, Addition, and Subtraction) to remember the
order of operations, but it can be VERY misleading.

This is because you can do division before multiplication
or subtraction before addition, as long as you are
calculating from left to right.

Also, because other calculations like roots and absolute value
aren’t included, PEMDAS isn't totally foolproof.

—
T , —= -
!.EJ | : Simplify the expression: T-4 + 1 i
J
=[1-4]+1  \Fist, do subtraction or |
. % addition, whatever comes ]
t firsf, left to rig‘if. .]
I ]
_____________________ o
@ARENTHESES
@ APONENTS

ﬁn ULTIPLICATION (left to right)
IVISION (left to right)

m PPITION (left to right)

S UBTRACTION (eft to right

-
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EXAMPLE: Simplify the expression: 10 -3 x 2 if

l =10-13x2 \Firsf, do mulfirlicafion.

{ =10.= & (PEMDAS: mulfiflica*h'on before subtraction) ‘
|- :
B S i i e e

G CEEND GEEEN S Ce—— tr— — — —  (— G— S—  So—  o— S— — — — G— a—

| EXAMPLE: Simplify the expression: (9 +3) + 15

=l(°| + 3= \First, do the o,acraf-on inside the Parenﬁnscs

{-1?.—150r£
l

15

= 84 — -IZ * (D X Z N ] NOfC: AHO‘HI!r wdy to fl“'nk O'F f‘"‘s 72
=¢84 -112 x 2} 1 Problern is by using a fraction bar: T

Since both division and multiplication appear
in this expression start with whichever of
the two is first, from left to right.
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- EXAMPLE: Alice's basketball team makes 8 regular
two-point shots and 4 three-point shots. Bob's basketball

. feam makes 10 fwo-point and Z three-point shots. How many

» more total points did Alice's team score than Bob's team?

: Calcvlate the total points Alice's team made:

L (B8.2)+(4-3)

Calcvlate the total points Bob's team made:

" [10«2) « (2 «3)

. Subtract the two scores:
1=(8:2)+(4-3)) -((10-2)+(2-3)
1 =16 +12) - ((10+2) + (2 « 3))
L =28-((10+2)+(2 - 3))
1 =28-(20+0)

=28 -206

=2
. Alice's team scored
2 more points than
. Bob's team.

L——;..—u.—&.—..—.__.._._.._.,_...._._,__,__,.._,._,._,——_,_.,_..,_.q_._,—.ﬁ.__!._.



Q| CLECK your [HOWLEDCE.

~

For problems 1 through 8, simplify each expression.

1.

10.

Q-12:3

421-5x3+17]

Ex(13-N=:2

. b4-10+12

18 + 0.03 - (0.5)(04)

. 8+ x028 -(0.2)(0.2)

. Carl buys 3 pens, 4 notebooks, and 1 binders. Daria buys

9 pens, b notebooks, and 5 binders. Pens cost $Z each,
notebooks cost §1.50 each, and binders cost $Z each. How
much do Carl and Daria spend altogether?

We always multiply before we divide. True or False?
ANSWERS 21/



/"«%%39‘1 CHECK vour (LHGWLEDEE

5. 598

€. 01

1
T

43
8. -1 %0

9. $63

10. False. We choose whether to multiply or divide first
based on which comes first, left fo right.

-






Chapter &
ADDING

POSITIVE AND NEGATIVE
WHOLE NUMBERS

POSITIVE NUMBERS describe quantities greater than
2ero. Positive numbers are shown with and withovt the
positive sign. for example, +Z and Z.

NEGATIVE NUMBERS describe quantities less than zero.
All negod-ive numbers have a negaﬁve sign in front of them.
For example, -6.

There are various ways o add positive and negative numbers.

METHOD #1:
USE & NUMBER LINE
R e
-5 -4 -3 -2 - 0 | 2 3 % 5
& >

24



Draw a number line. Begin ot 2ero.

For a POSITIVE (+) number, x, move x units to the right
For o NEGATIVE (-) number, -y, move y units to the le£t.

Whichever position yov end vp ot is the answer.

. Elﬂl![lg Find the sum: 5 + (-3). i

| 1. Begin at 2ero. Since 5 is a positive number, move 5 units to
| the right. |

e e e e e
-5 -4 -3 -2 -| 0 | 2 3 4% 5 -

is o negaﬁve number, start at 5 and move 3 vnits to the left. =
S -4-3-2- 0 | @3 % 5
i ——

I

]

1

1

1

]

| ‘2. Begin where You left off with the first number. Since -3 |
|

.I

|

|

|

]

: We end vp ot 2.
1

] The sum of 5 and -3 is Z. p
P —————— N —————



;‘.’E;%Allﬂv.:i:._. Find the sum: (1) + (-4).

D cfan cfen ool

% ] Begin ot 2ero. Since -1is a negaﬁve number, move 1 unitto
the left.

i &—
R s e S e e B e e S

-5 -4-3-2- 0 | 2 3 4% 5

- 2. Because -4isa negod-ive number, move 4 vnits to the left
g s+ar+ing ot -1.

O e e

@-+3-2-4 0123 %5
€

- We end vp at -5.

o il il el el e e e e S S Ol i s A, o e e

- The sum of -1 oand -4 is -5.

26



Famnaz Find the sum: 5 + (<),

Move 5 vnits to the right Then move 1 vnits to the left i

?
e s

S5 -4+-3&-4 0 1 23 %5
F 4

We end vp ot -Z.

The sum of 5 and -1is -2. J

r-—p-—*—n——q—q—-—;—*—.—.—

The sum of a number and its opposite always equals zero.
For example, 8 + (- 8) = 0.

METHOD #2: The absolute value of a number

USE ABSOLUTE VALUE represents the distance of that number
from zero on the number line.

It’s always positive because distance
is always positive!

|

If the signs of the addends are the same, it means that
+heg move in the same direction on the number line. This
means that you can odd those two numbers +oge+her ond

keep the sign that they share.
27



ﬂ_._.E.lAHH.E:U Find the sum: (1) + (-4).

Both -1 and -4 are negaﬁve, ) +heg are alike.

- We can add them together and keep their sign to get: -5.

- If the signs of the addends are different, it means that
- they move in opposite directions on the number line. This
- means you can svbiract the absolute valve of each of the
- two numbers. The answer will have the same sign as the
- number with the greater absolute valve.

L )

D T A S S—

| EXAMPLE: Find the sum: (-11) + 5.

- -Tland 5 have different signs, so subtract the absolvte valve |
. 0of -1l and the absolvte valve of 5:

-] =|5l=1-5=6

|
|

]

i LOOKS LIKE YOU'RE UP. '
- -1 has the greater l
absolute value, so w :

]

I

1

the answer is
_also negaﬁve: -0.

28



N— S— — —

[Elﬂ!ﬂ.&. #n archaeologjist is studying ancient ruins. She
'[ brmgs o ladder to s+ud3 some artifacts found above ground
level and some found below ground level. The archoeologis+
b first climbs the ladder to 5 feet above ground level to s+ud9
f artifacts found in a wall. She then climbs the ladder another
f 2 feet higher. Finollg, the archaeologis’r climbs down the

. lodder 11 feet. Where does the archaeologist end vp?

First, assign in+egers to the archaeologis+'s movements.
Climbs 5 feet above ground level: +5

Climbs another Z feet above: +2

Climbs down 11 £feet: -1l

o oy o oy TETY TEm TETY TEET tEmy W

| Write an equo’rion to show the
archaeologns’r S movements.

Z+|-“|

|-“|

The archaeologist ends up 4 feet below ground level.

!
|
[
i
| 2
l
[
[
8

29



Q| CHECK vour (LIOWLEDEE

For problems 1through 1, find the sum of each expression.

1. 8+(-3)
22 -1:+3

3. b+ (-8)
4. -1+9

5. -10 + (-9)
6. (-5) + (-8)
1. 9+ (-14)

8. A hiker is currenﬂg in a valleg that is at an elevation of
50 feet below sea level. She hikes vp a hill and increases
her elevation 300 feet. \What is the new elevation of the
hiker?

30



9. # submarine pilot is currently at a depth of 15 feet below
sea level. He then pilots his submarine 350 feet lower.
What is the new depth of the pilot?

For problem 10, state whether the statement is true or false.
10. Kris is asked to find the sum of (-8) + 5. kris says:
“Since the numbers have opposite signs, we subtract

the absolute valve of the numbers: |-8| - |5| =8 -5 = 3.
Therefore, the answer is: 3"

ANSWERS A



| CHEEK Your AUSWERS
1.5 g@/

8. 250 feet above sea level
9. 425 feet below sea level

10. False. Since -8 has the larger obsolute value, the answer
is negoﬁve.

— il



Chapter 5
SUBTRACTING

POSITIVE AND NEGATIVE
WHOLE NUMBERS

Subtraction and addition are inverse operations.
To solve a subtraction problem we can change it to

an addition problem by using
the ADDITIVE INVERSE. ADDITIVE INVERSE
the number you add to a
given number to get zero

4 e — — Gy — S S - S - S - S S - S

. ERAMPLE: Ffind the difference: 1- 3.

an addition Problcm. Add the additive

H inverse.

: =]1-3 Ckange Hse Subfrdcfion Prob'tm info
| =1+ (=3) D
- 4
f
|

e S S S ——
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!.EL&H!I.E:._ Find the difference: -3 - 5. |

]

e "'3 5 den e H‘ll Subfracf:on robl(m I
_3 . (_5) D lnfo an ddd flon roblervf: |
ls 'Hag ddd flve inverse o{ 5 .I

3 i
____________________ =
SHER_ Somn S S GEEE GEEED GEEED GEEND fEEN GEEED CEED CHEED GEED N SN SHIN TEN) S em— '1
!_EZJ\HH.EL Find the difference: -1 - (-6). i
]

= :] == (""9) C’nln e Hm SuberCflon Problcm ]
14 st nes alilition problem. I
i G is the additive inverse of -6. ]
g = -1 '
____________________ <

E: The temperature in North Dakota was 5°F in

+he a{-‘-l-ernoon BY night, the temperature had decreased by |

- 12 degrees. What was the temperature of night? J
g !
Since the temperature decreased, we | |
© use subtraction to find the answer: 3.: :
l=5-1 ‘| |
|.5.cm) : !
1

1

o




Q| CLECK Your ROLERCE.

For problems 1through 8, find the difference for each
expression.

1.3-9 5. 8 -(-5)
2.5-1 6. -1-(10)
3. -2-5 1. 9-(-20)
9. -10 - 4 8. (-12) - (-15)

For 9 through 10, answer each problem using the subtraction
of integers.

9. Sam guesses that his store's average profit is $11 per
hour. However, his store's actval average profit is -$6 per
hour. How far apart is the error in his analysis?

10. & window washer is 110 feet above sea level. & diver is

10 feet below sea level. How many feet apart are the
window washer and the diver?

ANSWERS 35
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9. The error is $23 apart.

10. The window washer and the diver are 180 feet apart.

36



Chapter

MULTIPLYING
AND DIVIDING

POSITIVE AND NEGATIVE
WHOLL NUMBERS

When multiplying or dividing positive and negative numbers:
First, count the number of negative signs. Then multiply or
divide the numbers.

I£ there is an ODD NUMBER of negaﬁve signs, then the
answer is NEGATIVE.

I£ there is an EVEN NUMBER of neqative signs, then the
onswer is POSITIVE.

g

g
PiS

317



There is an odd @ x (=)=

¥ number (1) of

negaﬂve signs, so the There is an odd

| answer is negative. ()3 =(=) number (1) of

ncgdfivc signs, so the

- There are an answer is negative.

even number (2) AxE=06

of ncgafive signs,

~ so the answer is

-
!

Posifive.
' . i
. Calculate the product of 4 x (-5).
g =4 x(-5)
I ==(4x5) There is 1 negative sign. So, the answer is negative.
L =-20
Calcvlate the quotient of (-91) = (-1).
= (— ]) $ (— ) There are 2 negafive signs. SO. the answer s Posifivc.
c =N+ Divide 91 by 7.
s =15

-

Rag's credit card baloance decreases bg $14 each month. How

. much will his balance decrease b9 after 9 months?

9 x (-14) Ray's credit card balance will have decreased by
-(q x 14) = -126 $12G after nine months.

38
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There are 2 negative
- Signs, So the answer W:E:6=0
5 Posifivc.

Ex@ QA xExE) @) =0)

There are S ncgafive sighs, so the answer is negafive.

The same rule applies when multiplication and division
are in the same expression.

g —— -

| EXAMPLE:
Simplify 20 = (-5) x (-2).

=20 + (-5) x (-2) There are 2 negative signs.

So, the answer is Posi‘h’ve.
=(20+5x12) Mulfi’;l or divide—whatever
comes )?ilrsf—lcff to rig’»f. So divide!
t=(4x2)
=8

31



Q| CHECK vour (L LIOLLERCE

For questions 1through 8, simplify each expression.
1. 1x(-12)

2. (-84) + (-12)

3. Zx (=) x (1)

4. (-5)(-2)(-3)0)-8)

51 (-42) + (3)

6. (-84) (-1 = (-3)

1. (=80) + (=5) # (=2) + (=1) = (=4)

8. (=32) + (-8) + (2)

—



For questions 9 and 10, answer each problem vsing the
multiplication or division of integers.

1.

10.

Mary drops a penny into a pond. The penny drops
1.5 inches every second. How many inches below the
surface will it be after 8 seconds?

Patricia randomly picks a negative number. She then
decides to multiply that negative number by itself over
and over, for a fotal of 327 times. What sign will the
final answer have?

ANSWERS PR | |



| CEECK Your ANSWERS |
1. -84 gg/

9. The penny will be 1Z inches below the surface.

10. The answer will be negaﬁve.

—



Chapter 7

MULTIPLYING
AND DIVIDING

POSITIVE AND NEGATIVE

FRACTIONS

Multiplying and dividing positive and negative fractions uses
the same method that we vsed with whole numbers:

1. First count the number of negaﬁve signs to determine the
sign of the product or quotient.

2. Convert any mixed numbers info improper fractions.

3. Last, multiply or divide the fractions withovt the
negative sign.

93



When multiplying fractions, yov sometimes might see
that one fraction's numerator and another fraction's
denominator have common factors.

You can simplify those numbers in the same way that
fractions are simplified, by dividing both numbers by the
Greatest Common Factor (GCF).

This is called CROSS-REDUCING or CROSS-CANCELING.
e

"_E.%AHPLE Find the product:

Z 1 8
[22)x(33)+(-3)
There are 3 negaf:vc signs,

g so the answer is negative.

= -(Z';' pS 3'1" PS ﬁ') Convert the mixed numbers

|
l
J
|
|
|
l
5 5 9 to improper fractions. }
|

!

|

|

|

|

|

]

|

1

(2 10 &
""(5 ar q)

4 /A The GCF oflz and 3 is 3:
ol 2. 0 . 8 12+3=4 and 3+3=]
5 3 "
1 1 The GCF of 10 and S is 5:
I0+5=2 and S5+5=]|
= _"(;i = ‘1—21' Rewrite imProrcr fraction as a mixed

nuhnb!r.



AMPLE: Zoe needs 3-;— feet
of fabric to make a tall hat.

If Zoe wants enovgh fobricto
; make Z% tall hats, how much fﬁ;‘nz

: D TAA
b fabric will Zoe need? &‘;{
‘_ 1
gl el |
= ? X ZT Clunge the mixed numbers
to imProPQr ‘Fracfions.
(b 5
=57

The GCF oflG and 2 is 2:
IG‘2=g and 272=1

"
.;'mle-—; e
>4
g BN N'U'\""

"
o

Zoe will need 8 feet of fabric.

—_—_—— ——— — —— —r —7 — — — — —

&
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DIVIDING POSITIVE AND
NEGATIVE FRACTIONS

When dividing fractions, rewrite the division problem as
a multiplication problem by finding the reciprocal of the
second number.

When a number is multiplied by its RECL'PROCAL,

If you multiply the two numbers, you get 1.

8 1 _
7 N

the resulting product is 1. For example, the reciprocal of 8 is IR

| EXAMPLE: Calcvlate the quotient of & + 5.

- i 2 l Rewrite the division Prablem a‘saa mulfirlicafi;]n Problcm
1 8 by finding the r(ciPrOCG' of T which is T
3
b 1

== X = Sim li'f‘y by cross-canceling.
T~ # ThoGLFIC upd Bis2:

A— ==t S ="

N

18 18

}
'
!
]
l
l
l
I
]
1
1



Pt e Cm— C— CS— CE— Ga— Sh—  Col—

up to 5—;- gallons of gasoline fo
be vsed for their lawn mowers.

If the owner has a total of
1?_% gallons of gasoline, how
many gas cans can he fill?

=122 +5-1 1
S TR Remember, in order to find
the quotient you must first
bl g L convert any mixed numbers to
b 4 improper fractions.
11 4
2 e— W —
b yA
| Z
.4
b A
3 3
12 .4
R

The owner can fill 2% gas cans.
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Q| CHECK vour (L LIOLLERCE

Calcvlate the product or quotient.

— |



Choose the correct method to £find the answer.

1 b
2 S M

1. b 1. [
Burpd o b spnitics

3 1 1 N
A R e

ANSWERS -~ 49
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|0

- ~ ~ - n - ™~ -
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Chapter S

ADDING AND
SUBTRACTING

POSITIVE AND NEGATIVE

FRACTIONS

ADDING POSITIVE
AND NEGATIVE ,
FRACTIONS WITH CND
LIKE DENOMINATORS /ﬂ\/a\
To add froctions that have the some

denominator, just add the numerators fL } 'k

and keep the denominator.

EXAMPLE: Simplicy > + 1.

g 5% o 1 gk
E 5 5



VEXANRLE: smpiey (- L) (-]

m)

Both fractions are negative,
(1 7 ) 3 (1 8 so the answer is negative.

| EXANPLE: Simpiey(-L) 2.

. obsolvte valve of (— 1 ond the absolute valve of —:

. 2
|k = 2

-
( q)omd 3

L have different signs, so subtract the

2
9 9

. - )
B R T e

- % has the grecmr obsolute value, so the answer is

< negod-ive=

Bl D SRk SRl G Gl G, S e Vs .- S



SUBTRACTING POSITIVE AND
NEGATIVE FRACTIONS WITH
LIKE DENOMINATORS

To subtract negative fractions, rewrite the subtraction
problem as an addition problem by vsing the additive
inverse.

| EXAMPLE: Simplify ( % _ ( i) 1

|

) - (" %) C‘tdngt into an addition Pro}blem.
Use the additive inverse of —.
1 1

) (%)

i Lot ‘
| -] - | = = Sy Subtract the absolute values. .

|
|

III
|

§ (T
o)

~l= o
.

:rltiSJS—flve—grutcr_tbsolui’!-#llu!-.—

so the answer is also negative.

|



PEXAMPLE Simpiicy — +

ADDING AND SUBTRACTING
POSITIVE AND NEGATIVE
FRACTIONS WITH UNLIKE
DENOMINATQRS
To add or subtract fractions
MAKE THIS wWORKI
with different denominators,
we can create equivalent ‘
fractions that have the same
denominators. We can do
that by finding the LEAST
COMMON MULTIPLE (LCM) of
the denominators.

BN

Step 1: find the LCM of both denominators.

The multiples of 5 are: 5, 10, 1, 30,35, 40,45, ..

The multiples of 4 are: 4, 8, 12, 16{20)24, 28, 32, 36, 40, 44, ...
The Least Common Multiple of 5 and 4 is: 20.

Step Z: Rename the fractions as equivalent fractions.

. #sk, 5 times what number equals 207 4.

34



Multiply the numerator and denominator by 4 to change to
an equivalent fraction.

4 +imes what number equols 207 5.

Multiply the numerator and denominator by 5 to change to
an equivalent fraction.

Step 3: Add or subtract the fractions, and simplify.

g 5 _13
20 20 10

L,
5 4

| N o 15
- EXAMPLE: Simplify =
Step 1: find the LCM of both denominators.

The multiples of 4 are: 4, 8,\12, 16, 20, 24, 28, . ...
The multiples of b are: 6, 12,18, 24, 30, . ...

The Least Common Multiple of 4 and b is: 1Z.

33



Step Z: Rename the fractions as equivalent fractions.

N

1x3 3 5x2 10
I et

-y

Step 3: Subtract the fractions, and simplify.

= i — —19‘ > Changc H\C Subfrdcfion into addition.
12 [¥A
10 . s 10
J e =T ‘H-.e add:frve inverse o{— et 1A
3 10 12 12
1
0 1 3.0 3 _ 1 H
| = | -] = |= e Subtract the absolute
valves. il
- —:g— has the grea’rer obsolute value, so the answer
is also negaﬁve:
0 !
12



Q| CLECK your LHOWLEDCE.

Calcvlate. Simplify each answer i possible.

10.

1 5
_+—
10 10
R
Z 12
1 1
B i
8 3
5
> ( b)
1 5
48'7'8

Mag Ling has 9 % chocolate bars. She gives Ahmad
2-2- of her chocolate bars. How many chocolate bars
does Mag Ling have left?

ANSWERS 57
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3
13 -1 0

10. Mag Ling has b% chocolate bars left.

——



Chapter

DDING AND
SUBTRACTING
DECIMALS

To add or subtract decimal numbers, yov can rewrite the
problem vertically. first, line vp the decimal points to align
the place valves of the digits. Next, add or subtract the same
way you add or subiract whole numbers. Last, write the
decimal point in the sum or difference.

| EXAMPLE:  Find the sum o€ 12 + T5.65.

]Z Rtwrvfc H‘t! Problem verfu.‘.d" fo
"+ 13.65 align the place value of the d:g:fs
14.85

39



Find the sum of 56.09 + 1.8.
| se0q
0, 1m0
J 3. 8‘1,
i
i
|
e e S e s e e e - e e

Ang.ﬁme ‘gou,.add.Aagw.hole_.numbet:and..a.decimal.,includeihel e
decimal point fo the right of the whole number.

MPLE:  Find the sum of 8 + 145.

7Lﬂemr'rka8@3_8.0.0.*30jhatthem.ate:rhemme.number_of
: I_digﬂrs after the decimal point as 145 L

|

' 800 |
1o us

' 945

I




ADDING DECIMALS WITH
DIFFERENT SIGNS

To add decimal numbers with different signs, subtract the
obsolvte valve of the numbers. Then use the sign of the
number with the greod-es’r obsolvte valve for the difference.

EXAMPLE: Find the sum of -9.81+ 321 8
| i

| -9.81 and 321 have different signs. So, subtract their i

| absolute valves:

|[ [-a81| - [3.27] = 9.81 - 3.21 -
Rewrite the expression to align the place valve of the digits. ¢

= 321
054

[
f
|
| ae i
|
I
|
|
[



SUBTRACTING DECIMALS
WITH DIFFERENT SIGNS

Align the decimal points of each number and then subtract.
Be sure to write the decimal point in the answer.

- EXAMPLE: Calculate the difference of 8.01 - 54.

8.01
=540 wf~--‘Rva:c'ft--ﬂ!e-v-rroblc.mmnficd"y. h Ot
2 6] align the Place value of the figifs. |

- 8.01 has the grea’rer absolute value, so the answer is also
. positive: 2.6

. EXAMPLE: Calculate the difference of -0.319 - 105.

L "031q = 105 CAdngt ‘H’b( SubfrdCfion to
2 S an addition problem.
==0.31 ( ]05) -105 s fk'idd”’;v! inverse of 10.5.

_ #dd the absolute values of both numbers:

. |-0.319] + |-105]| = 0319 + 105

. Both numbers are negaﬁve, so the answer is also negaﬁve=
- -108719



EXAMPLE: A scientist boils a liquid o 142.07°F. The scientist |
| then puts the liquid in a freezer where the temperoture of |

the liquid decreases by Z68.5 degrees. What is the final l
« temperature of the liquid?

The femperature of the liquid decreases, so subtract:
142.01 - 268.3

Arrange vertically and align decimal points: "
268.30 z

-142.01 i
126.23 I

-268.3 has the greafer obsolvte ¢
valve. So, the answer is negaﬁve:
-126.23 degrees

The final femperature is -126.23°F.

s el e m— o— fim— o o et s trmefs oy wmnn (ot s oy oSty i g a— o—

—— Gfu— Gugume e
i
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Q| CHECK vour (L LIOLLERCE

For questions 1through 9, simplify each expression.
1. A6 + (-15)

2. 11+ (-59)

32 -54-16

53 13 -39

5. 31-(-04)

6. 015 - (-410)

1. -161-(-59)

8. -5+.071+(3)

9. -31-(-8.61) + (-1.05)

- €9



10. Luis is asked to simplify the following expression:
~2.53 - (-1.26). His work has the following steps:

Step 1: = -2.53 + (1.26)
Step Z: 253
+ 1206
319
Step 3: -2.53 has the greater absolvte value, so the
answer is also negative: -39

prowever, Luis makes an error in his work.

On which step did Lvis make an error? What shovid
Lvis have done?

ANSWERS - 63
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1. 81

2. 12

33 -5

. -n2

5. 35

€. 1185

73 425

8. -8.03

92 452

10. Lvis made an error in step 2. Becavse the numbers have

different signs, Luis shouvld have subtracted them, not
odded them.

- 66



Chapter 10

MULTIPLYING
AND DIVIDING
DECIMALS

MULTIPLYING DECIMALS

To multiply decimal numbers, yov don't need to line up the
decimals.

Steps for multiplying decimals:
1. Count the negative signs to find the sign of the product.

2. Multiply the numbers the same way yov multiply whole
numbers. In other words, ignore the decimal points!

3. Ploce the decimal point in your answer: The number
of decimal places in the answer is the total number of
decimal places in the two original factors.

€7
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| EXAMPLE: Colculate the product of the following 1
expression: 537 x 14 ]

. Step 1: Since there are no negative signs, the answer
. IS positive.
¢ Step Z: Multiply the numbers without the decimal point:
§_532
ix 14
2128
5320
. 1448

. Step 3: Determine where the decimal point goes in the
. answer,

- Since 537 has Z digits fo the right of the decimal point,
and 14 has 1 digit to the right of the decimal point, the total
number of decimal places is 3.

. So the product is: 1448.

68



EXAMPLE: Calcvlate the product of the following
expression: 3120 x (-0.5).

Step 1: Since there is one negative sign, the answer is
negative.

Step Z: Multiply the numbers without the decimal point:
3120

x b
15600

Step 3: Determine where the decimal point goes in the answer.

The total number of decimal places is 4, so the product
is -1.5600.

If there are zeros at the end, keep them while you multiply,
but when you write the final answer remove the zeros:

-1.5600 has 4 decimal places,
but can be written as -1.56.

61



DIVIDING DECIMALS

To divide decimal numbers, turn them into whole numbers.
Steps for dividing decimals:

1. Count the negah‘ve signs to determine the sign of
the quoﬁen’r.

2. Multiply both the dividend and divisor by the same power
0f 10 (the number of times 10 is multiplied by itself) until

+heg both become whole numbers.

3. Divide the two whole numbers o find the answer.

The DIVIDEND is the number that is being divided.
The DIVISOR is the number that “goes into” the dividend.
The answer to a division problem is called the QUOTIENT.

dividend + divisor = quotient

OR

quotient

divisor )dividend

10



. EXAMPLE: Colcvlate the quotient of 2.8 + 011

" Step 1: Since there are no negative signs, the answer
iS positive.

Step Z: Multiply both the dividend, 2.8, and the divisor, 01,
| by 10, so that they both become whole numbers.

| 28x10=28 and 01 x10 = 1
1 28:01=28:1

| Step 3: Divide the numbers: 28 + 1= 4

+ EXAMPLE: Calcvlate the quotient of (-6712) + 0.03.
| Step I Since there is one negotive sign, the answer is negative. |

|

Step Z: Multiply both the dividend and the divisor by 1000,
% so that +he9 both become whole numbers: 6912 and 30.

i
|
. Step 3: Divide

?

f

)= (912 = 30)
; = -2304

!

1
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! EXAMPLE: Amina bikes 32.64 miles in 2.4 hours. If she
keeps up the pace, how many miles does Amina travel
each hour?

- Step I: Since there are no negative signs, the answer is positive.

Step Z: Multiply both the dividend and the divisor by 100,
. so that +heg both become whole numbers.

32.64 x 100 = 3264 ond 24 x 100 = 240
32.64 + 24 =32064 + 240
Step 3: Divide

3264 = 740 = 1306

- So, Amina travels on her bike 13.6 miles each hour.

12



Q| CLECK your [HOWLEDCE.

For questions 1through 8, simplify each expression.
13 1 x(=572)

2. -83x102

3. (-0.3) x (-1.07)

$3 (-318)+ 9

5. (-235.6) + 0.04

6. (-32.04) = (-0.0)

1. (-0.0168) + 0.00001

8. -12 x 08 + (-0.03)

1. # machine pumps Z.1 gallons of water every 1o minvtes.
How many gallons does the machine pump each minute?

10. Sandy jogs 111 miles in 4.5 hours. How many miles does
she jog each hour? Round your answer to the nearest

hundredth. &
ANSWERS ) 73
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13 -22.%

2. -8460

3. 0321

§. -42

5. -5890

6. 534

1. -240

8. 32

9. The machine pumps 13125 gallons each minuvte.

10. Sandy jogs 4.26 miles each hovr.

e



Ratios,
Proportions,

and Percents

15




Chapter U
RATIO

A RATIO is a comparison of two or more quantities.
For example, you might use a ratio to compare the
number of green jelly beans

to the number of red jelly @e §§
beans. & ratio can be written ﬁﬁ o @

in various WGBS.

The rotio 5 green jelly beans to 4 red jelly beans can
be written:

5 0 4 or 5:4 or =

4

When comparing group a to group b we write the ratio as:

ato bor a:bor a - We can let a represent the first quantity
and b repreunf the second qudnfify.



e i e cmmign et — —— —— q——

!

EXAMPLE: Thirteen students joined after-school clubs

in September. Eight joined the drama club and five joined
the chess club. What is the ratio of students who joined the
drama club fo students who joined the chess club?

8+050r8=50r%

Another way to say this is,
“For every 5 students
who joined the chess club,
8 students joined the drama club.”

a\

. the total number of students who joined clubs?

~ total number of students

Drﬂrnd C'ub

5 +o ]3 or 5]3 or __‘g)_ | Sflldthfs W’IO joincd CL!SS c'“b

. What is the ratio of students who joined the chess club to

11




SIMPLIFYING RATIOS

We can simplify ratios just like we simplify fractions.

EXAMPLE: Janelle makes a beaded key ring. She vses
12 beads total. Among the 12 beads are 3 purple beads and

. b green beads. What is the ratio of purple beads to green
. beads? What is the rotio of green beads to the total number

of beads?
(®]
0@ L
o 00
0O o

- The ratio of purple beads to green beads written as

a fraction is = This can be simplified to %

So for every 1 purple bead, there are Z green beads.

. The rotio of green beads to the total number of beads used

- is —2 This can be simplified o —.

1Z Z

. So, 10vt of every 2 beads vsed is green.

c . 5 " . . .

—



EQUIVALENT RATIOS

EQUIVALENT RATIOS have the same valve. \We con
multiply or divide both a and b by any valve (except zero),
and the ratio a to b remains the same (equivalent).

For example, ratios that are equivalent to 3:5 include:

b:10 18:30 120:200
(3x2:5x12) (3 x (0:5 x (o) (3 x 40:5 x 40)
] E%AHH.E., Find eq_unvalem rotios for ]Z?}
18 _18:2 _ 9
724 724:2 12
19 18:3 0 ) )
—_— —— — uivalent ratio
74 74:3 8 - aa *
8 _B:6_3
24 " 74:6 4
18 9 b 3
— is eqpnvaleni- to — A 'é' —4- ond many others.

A ratio is often used to make
a scale drawing—a drawing
that is similar to an actual
object or place but bigger

or smaller.

LINGH =1 MILE
o

A map’s key shows the ratio of
the distance on the map to the actual distance in the real world.

J% =
11




Q| CHECK vour (LIOWLERCE.

For qpesh’ons 1 ‘rhrough 5, write each ratio as a fraction.
Simplify when possible.

13 2:4
2. 3:5
3. 8 1o b4
%. 510 30

5. fFor every 100 bottles of water, 25 were frvit flavored.
Compare the number of frvit-flavored bottles of water
1o all bottles of water.

For quesﬁons b +hrough 8, write a ratio in the form of a:b to
describe each sitvation. Simplify when possible.

6. Ina coding club there are 8 bogs to every 10 gir\s.

1. The ratio of people who answered all the questions in

a survey to the total number of people who ook the
survey is —g—g—

—



8. Mr. Jeffrey bought masks for the drama club's
fundraiser. ke bought 10 blue masks, 8 red masks,
and 1Z white masks. What was the ratio of white
masks to total masks bought?

9. Write three ratios that are equivalem“ to 14:21.

10. \Write three ratios thot are eqyivodtamL to 1:5.

ANSWERS




| CHECK Your AISYWERS |

(] [STRRN N B

|-

s|l—- &|=

€. 8:10; simplified: 4:5

1. 35:50; simplified: 1:10

8. 12:30; simplified: 2:5

9. Somple answers: 1:15, 2:3, 28:42

10. Sample answers: 2:10, 3:15, 4:20



Chapter 2
UNIT RATE

A RATE is a special kind of ratio where the two amounts

being compared have different vnits. ga
1 fabfesroon

For example Yyou might vse rate to

compare 3 cups of water o Z tablespoons
of cornstarch. The units compared—cups
and tablespoons—are different.

Rate: Units are different.
& UNIT RATE is a rate that has 1

as its denominator. To £ind a unit Unit rate
rate, set up a ratio as a fraction and compares an

. amount to one unit.
then divide the numerator by the

denominator.

o EXAMPLE:  Jockson swims % mile every % hovr.

What is the unit rate of Jackson's swim?

" This means, “How many miles
per hour did Jackson swim?

83




1

N
7 mile: 3 hovr T
3

= 1— miles per hour

k4
Z

L
Z

Jackson swims ot a rate of 1— miles per hovr. =

- EXAMPLE: A cor can travel 300 miles on 15 gallons of
- gasoline. What is the unit rate per gallon of gasoline?

divide
. _ 200 miles _ 20 _ ;
300 miles:15 gallons Faallons 1 20 miles per gallon
[ Thi that
- The unit rate is Z0 miles per gallon. Hfl"f::::::n_‘f:.vd..*_
20 miles on 1 gallon
~of gasoline.

SRS FAgoR (WS R —e— S RSy |



UNIT PRICE

When the unit rate describes
a price, it's called o UNIT
PRICE. Unit price can be vused
to compare valve between
different quantities.

When calcvlating unit price,
put the price in the numerator,

ond divide the denominator
into the numerator.

* What is the unit price of each bottle?
| $2.10:3 botties or 210 - §090

: The unit price is $090 per bottle.

unit Priée '




] "EXAMPLE: 4 school supplier sells packages of 8 notebooks
for $40 and 5 notebooks for $30. Alexa says that the
- package of 5 notebooks is the better deal. Ts she correct?

. Explain. —_
Nlower Prict

. $40:8 books or — = §5

. $30:5 books or — = $6 ¢ 4i'unif~g"'¢=¢7

Compare unit costs: §5 < §6

- Alexa is incorrect. The better deal is 8 notebooks
. for $5 each.
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Q| CLECK your ROLLERCE

For questions 1through 8, £ind the unit rate or unit price.

1.

10.

Andrew pumped bk gallons of gasoline in 11 minutes.

. Eric swam 150 9ards in 3 minvtes.

The lunch team serves 724 meals every 4 minvtes.

. Andrea does 250 jumping jacks in 5 minvtes.

Tt costs $3.20 o purchase 8 yards of lace.

. An othlete ran 50 miles in 12 hours for an vitramarathon.

Abdul spends $4440 for 12 gallons of gas.

1 show tickets cost $§42.70.

. Which is the better deal: paying $4Z.61 for 1 show

tickets or paying $63.18 for 9 show tickets?

\Which is the better deal: 20 soccer balls for $70 or
50 soccer balls for §1577
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| CUECK Your ASWERS

1. b gallons per minute

2. 50 yards per minuvte

3. 0 meals per minute

4. 50 jumping jacks per minvte
5. $40 per 9ard of lace

€. 4% miles per hovr

1. $3770 per gallon

8. $6.10 per ticket

9. Unit costs: T tickets = $6.10 each, and 9 tickets = §1.02
each. The better deal is 1 tickets for $42.61.

10. Unit costs: 20 balls = $3.50 each, and 50 balls = $3.14 each.
The better deal is 50 balls for $151.



Chapter 13

PROPORTION

PROPORTION is on equation that states that fwo ratios

are equal.

For example, if someone divides a circle
into Z equal pieces and colors 1 piece,
the ratio of pieces colored to total number

, g1
of pieces is 7

The number % is the same ratio if that

person instead divided the circle into

S

4 equal pieces and colored Z of the pieces.

1 4z
z \4

B

When you write a proportion, yov can vse fractions or yov

can vse colons.
Two ratios that form

a proportion are called

% = % or 1:2=2:4 EQUIVALENT FRACTIONS.




You can check if two ratios form a proportion by vsing
CROSS PRODUCTS or CROSS MULTIPLICATION. To find
cross products, set the two ratios next to each other, then
multiply diagonally. If both products are equal to each other,
then the two ratios are equal and form a proportion.

2 g
T OS]
2 x12 =24 3 %8 =24

Since the cross products are eqyal = —8— So, the ratio

forms o proportion.

____________________ -
I_ELM!LE.u #re ratios % and — proporhonal" ]
]
3 4
TS {
" 3x8-24 '
+4x4:=10 :
s 242 10
]
! ]
1 Since the cross products are not equal, % # % So, the ratio !
© does not form a proportion. ]
PP —— o



FINDING AN UNKNOWN
QUANTITY

You can also vse a proportion to find an unknown quantity.

For example, you are making
lemonade, and the recipe says fo vse
4 cups of water for every lemon yov
squeeze. How many cups of water do
you need i you have 3 lemons?

Step 1: Set up a ratio:

4 cups of water
Tlemon

Step Z: Set vp a ratio for what Yyou are trying to figure ovt.
Let x represent the unknown quantity.

X CUpPS
3 lemons

Step 3: Set up a proportion by setting the ratios equal to
each other.

4 cups of water X CUps of water
1lemon x 3 lemons

. The units in the numerators .
and denominators match.

1"




Step 4: Use cross products 1o £ind the valve of the unknown
quantity.

3B
1 3
lex=4.3
lex=12 Divide both sides b9 1s0 You can gei- X alone.
x=12 The unknown qpanﬁi-g is 12.

You need 12 cups of water for 3 lemons.

P I et el e ]

!_EXAHILE., Solve: —2— = -;—

}

! i

3 X -

| TS j
1512 =4-x Cross-multiply. |
|

! 30 = 4x Divide both sides bg 4 to isolate x on one side l
of the equal sign. :

L 1

* X=9 The unknown q_uanh’rg 5.5 i
— The proportion is: =l = . 1
jhe-prop B 7] 1
____________________ o



CONSTANT OF PROPORTIONALITY

Sometimes a proportion stays the same, even in different
scenarios. For example, James runs % a mile, and then he
drinks 1 cup of water. If James runs 1 mile, he needs Z cups
of water. The proportion stays the same. This is called the
CONSTANT OF PROPORTIONALITY or the CONSTANT OF
VARTATTON and is closely related to unit rate (or unit price).

G ep— e

EXAMPLE: Nguyen swims laps at a pool. The table shows
* how much time he swims and how many laps he completes. ¢
How many minvtes does Nguyen swim per lap?

: - Total minutes swimming 118 130 |

- Total number of laps 1315 |

Step 1: Set vp a proportion.

E 18 minvtes _ X minvtes 30 minutes _ x minvtes
= or =
3 lops Tlap 5 laps Tlap

Step Z: Cross-multiply to solve for x.
: 18 minutes = 3x or 30 minvtes = 5x
L X=0 x=0

. Nguyen swims for b minutes per lop.




Q| CHECK vour (LIOWLEDEE

For questions 1through 4, indicate whether each of the
following ratios form a proportion. Explain vsing cross
products.

—r
.

= ~
(S [RET, | NG (9

o

>

(o %

o
4
ond 3

o
9|—

For quesﬁons 5 +hrough 8, solve for the unknown number.

ot



9. It tokes Greg 16 minvtes to trim b rosebushes.
At that rate, how many minvtes will it take him
1o trim 30 rosebushes?

10. It snowed 4 inches in 15 hovrs. At this rate, abovt
how much will it snow in 25 hours?

ANSWERS 95




| CHECK Your AISYWERS |

3 b
1. No, becavse — ><{—

3x12 =30
bx4=24
3o+ 724

4 12
2. No, becavse = ><{ -5

4 x20 =80
12 x5 =60
80 # 60

2 4
3. Yes, because 3 >< A
Lxb=12

4x3=12
12=12

1 q
. Yes, becouse > - T

1x3pb =30
4x9=30
36 = 30






Chapter 15

/ 'z
7 7
Vel
V7, 2
7
A 7

CENT

PERCENT means "per hundred” & percent (%) is a ratio or

comparison of a quantity to 100.

Think of the root "cent":

There are 100 cents in one dollar.

e
: 8

For example, 25% means 25 PER HUNDRED and can be

; 15
written as 100 °F 0.25.
100 is the whole, and percent is

part of the whole.

paYy. X i
whole ~ 100 "'{‘

x F(r Aundred

- Most percentages we encounter
are less than 1, such as 25%.

However, Perccnfages can also

- be greater than 1, such as 125%.

— Ll

There are 100 boxes
in this grid and 25
are shaded. 25% of
the boxes are shaded!



To convert a percent to a fraction:

\Write the percent in the numerator and 100 as the
denominator. Then reduce.

" || [ 0=£=i
T 100 15 100 4

To convert a fraction to a percent:

Step 1 Divide the numerator by the denominator.

2 .on

100

Step 2: Multiply by 100. Write the % sign.

012 x 100 = 12% AR =
0 When mu'ﬁp'ying a decimal number
S . b lo0-.-—M0v¢~ﬂ)~¢-»JGCiM'Too'nf—fwo—«
wr—radces to the rig!if.

Another example: — = — = 20%

This is a ProPorfion.

11




To convert a percent to a decimal:

Remove the % sign ond divide bg 100.

For example, 45% 00 045  45% 00 0.045

When dividing a decimal number by 100,
move the decimal point two places to the left.

le

- EXAMPLE: Three out of every five gomes in Lin's video
game collection are sport games. What percentage of the
game collection is sports?

: —2— =3:5=00 Move the decimal two places to the
right and include a percent sign.

0.6 = 0%

. Sports make vp 60% of Lin's video game collection.

— LI



CALCULATING PERCENT

To calcvlate a percent of a number, first convert the
percentage to a fraction or decimal and then multiply.

To find 50% of 40:

% .40=20 or 0540 =20

To £ind 10% of 65:

100(05=(o.5 or 01065 =65

| 2. Debra dona+ed 15‘/. of her babysitting earnings |
to chorﬂ-g I£ Debra earned $95 babgsﬂ-hng how much did
: she donate? I

' Find 15% of 95.

B e 3

o el 1608

015.95=1425 or

Debra donated $§14.25. -

.r.—p—..—.——.—o
1)
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You can also use equations or proportions to find percent.

T — part _ percent | hat you need to find |
~ inTormation swﬂw b WhOle ]OO it 5

For example, what percent of 20 is 57

5is 25% of 20.

CSERAMPLE: There are 29 students in Evan's class.

Nine students handed in their trip permission slips on time.

- Approximately what percentage of Evan's class handed their
. slips in on time?

- fisk yourself: 9 is what percent of 297

part _ percent

whole 100
a . x
29 100



9-100 = 29x
900 = 29x

X = abovut 31 (31.03)

Abovt 31% of students
returned their slips on time.

FINDING THE WHOLE WHEN
GIVEN THE PERCENT

You may be given the percent and asked fo find the whole.

fFor example, Z0% of what number is 407
N This is what you

I This is wheat you
- need to ‘Find.

~\ PGI‘; - pergem- have been given,

2 whole 100

The part is 40. The whole is unknown and can be
represented by a letter such as x.

40 _ 20

X 100

20 « x =40 +100
20x = 4000
X =200

40 is 20% of 200.
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#_ISQ%..oLwhﬁnumr is 1437

‘F[denﬁ{g_‘lhe\.porh 3

4'rldenﬁ£9_ﬂ\e..pemeni-_130$

' 43 _ 130

| 14300 = 130x

' x =10

B )

_'_1501 of 110 is 143

—L----“--—-—-“—-—-—--m-—-




Q| CLECK Your ROLERCE.

10.

. \Write 85% as a fraction.

. Write 11% as a decimal.

What is 2% written as a percent?

. What is 2 written os o percent?

5

\What is 171% of 307
What is 20% of 3007

b out of every 8 flavors in a juice pack are orange.
What percentage of the juice pack is orange flavored?

What percent of 40 is 97
120% of whoat number is 907
Jackson received requesi-s for 150 tickets for his art

show. The number of reques’rs was 120% of the number
of tickets he had. How many tickets did Jackson have?
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| CHECK Your ANSYERS

&
100

2. 0N

3. 40%

4. 60%

5. 51

€. 6O

1. 5%

8. 22.5%

98 15

10. 125 tickets




Chapter U5

PERCENT
APPLICATIONS

Percent is used in many different areas of our lives.
We use it in grading, banking, shopping, paying faxes
or commissions, and tipping,

CALCULATING L
SALES TAX
SALES TAR is the amount
of tax added to the listed
price of an item. It is often
given as a percent.

The tax rate stays the same, even when the price changes.
So the more something costs, the more sales tax
you have to pay. This is proportional.

107



- Most states charge sales fax to cover the costs of services -
- to people. Sales tax rates vary from state to state.

- For example, a b% sales tax means that you pay an exira =
- b cents for every 100 cents ($1) yov spend. This can be

- written as a ratio (b:100) or a fraction (335)'

EXAMPLE: The price of a hat is $3. The state's sales tox
is T%. How much in sales fax will someone pay on the hat?

Method 1: Multiply the cost of the hat by the percent to find
the tax.

E 1% x $3

Step 1: Change 1% to a decimal.
1% = 0.01

Step Z: Multiply the decimal by the price.
0.01x 3 =021

~ The sales tax wovld be $0.21, or 21 cents.

—



Method Z: Set up a proportion and solve to find the tax.

Step 1: Change 1% to o fraction.

1
A=,
h 100

Step Z: Set the tax equal to the proportional ratio with the
unknown quantity.

-
100

represents the

= B
3 same réfdfibnihir

Step 3: Cross-multiply to solve.

100x = 21

x=0.121

The sales tax for the hat will be $0.21, or 21 cents.
Method 3= Create an equation to find the answer.
Step 1: Ask: "What is 1% of §37

Step Z: Translate the question into a math equation.
x=001x3

x =021

The sales tax for the hat wovld be $0.21, or 21 cents.
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Finding the Original Price
I£ you know the final price and the tax percentage, you can
find the original price of an item.

. EXAMPLE: Julia bought new earbuds.
The total cost of the earbuds is $4399, | ERUID CIRY

including an 8% sales tax. Whot was the | weu price 2

price of the earbuds withovt tax? SALES TAX 8%
TOTAL 399
Step I: Add the percent of the cost | I i

. 0f the earbuds and the percent of P Lt ™

- the fax to get the total cost percent.

- S = Thint: Jul';:a Pm’d H{"'[:M'd
100% + 8% tax = 108% _ price, so the cost of the earbuds
. li: 100% of the original price.

- Step Z: Convert the total cost percent to a decimal.
108% = 1.08
Step 3: Solve for the original price.

_ 4399 = 1.08x Divide both sides bg 1.08 to isolate x on
. X=4013 one Side of the equod'ion. (Round to the
nearest hundredth, or cent)

The original price of the earbuds was $4073.

—



CALCULATING DISCOUNTS
A& DISCOUNT is an amount

deducted from the original price of
on item or service. If an item has H \J R R Y l

been discounted, that means it is 50/ DIS[O\)N’[I

selling for a lower price than the
original price.

Other words and phrases
that mean you will save money
(and that you subtract the discount
from the original price) are:
savings, price reduction,
markdown, sale, and clearance.

Calcvlating a discount is like calcvlating tax, but becavse
You are saving money you svbtract it from the original price
rather than add it to the original price.

* K
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'EXAMPLE: 4 backpack costs
- $15715. & sign in the store says

~ “ALL TTEMS 75% OFF.* What is
- the discount on the backpack?

- What is the discounted price

- of the backpack?

- Method 1: Determine the amount of the discount and
- subtract that quantity from the original price.

- Step 1: Convert the percent discount to a decimal.
. 25%=025

- Step Z: Multiply the discount percentage converted to
o decimal bg the original amount to ge’r the discount.

. 0.25 x §15115 = $394 (Round to the nearest hundredth,
i or cent)

- Step 3: Subiract the discount from the original price.
- $1515 - $394 = §11.81

- The discounted price of the backpack is §11.81.

—



Method Z: Create an equation to find the discounted price.
Step 1: Write a question.

What is 25% of $15157

Step Z: Translate the question into a mathematical equation.

x=025-8§1515
x = $394

Discount = $394
Step 3: Subtract the discount from the original price.
$1515 - 394 = §11.81

The discounted price of
the backpack is §11.81.

13




You can also find the original price if You know the final
price and the discount.

EXAMPLE: # video-editing —

program is on sale for 35% off the SOHNAR€

regular price. If the sale price is ____SUPERSTORR

$5299, what was the original price? | iemerice 2

Step 1: Subtract the percent of the TOTAL |

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

discount from the percent of the o THAMe You!
original cost.

. ) You did nof E'Fu" rncc-
100% - 35% = 5% you paid °nly 5% of the

ongmal Pncc
Step Z: Convert the percent to a decimal.
5% = 0.65
Step 3: Solve for the original price.
5299 = 0.b5x Divide both sides b9 0.65 to isolate x on
X = 8152 one side of the equation. (Round to the

nearest cent.)

The original price of the editing progrom was $81.5Z.
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Finding the Percent Discount
You can find the percent discount if yov know the final price
and the original price.

| EXAMPLE: Todd poys $22
for a jocket that is on sale. )
} The original price of the jocket
was $65. What is the percent :
i discount? l l
i ™ et
| The discounted price is the
| unknown percent discount, x,

| multiplied by the original price.
|

22|

22 = b5x Divide both sides bg 65 to ge+ X alone.

x =034 This tells us that Todd paid
34% of 10r 100% for the jocket.

1-0.34 = 0.66 Subtract the percent paid from 1or 100%
to £ind the percent discount.

The percent discount was bb% off the original price.




CALCULATING MARKUPS

Stores and manvfacturers increase the price of their
products to make a profit. These increases are called

MARKUPS.

"EXAMPLE: A video gome costs $15 to manufacture.
To moke a profit, the TIY company marks the price vp 25%.
What is the markup amount? What is the company's selling
price of the game?
Method 1: Determine the valve of the markup.
Step 1: Convert the percent markup to a decimal.

. 25% =0.25

Step Z: Multiply the percentage written as a decimal by
the original cost. This is the markup.

0.25 x §15 = $3715
- Step 3: Add the markup price to the original cost.
~ $15 + $375

The company's selling price of the game is $18715.

—



Method Z: Create an equation to find the answer.
Step 1: Write a question.
What is 25% of $157
Step Z: Translate the question into a math equation.
x=025-15
x =315
Step 3: Add the markup price to the original cost.
$15 + $3715
The company's selling price of the game is $18.15.
Finding the Original Cost
You can £ind the original cost if yov know the final price and
the markup.
!i%l\llﬂl& # chocolatier marks up its store's chocolate

bg 10%. It charges $21.50 for a Iarge, imported box of

chocolates. What is the original cost of the chocolates?
i
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Step 1: Add the percent of the original cost for the box of =
chocolates to the percent of the markup to determine the =
total cost percent. “

of 'Flmdt A'&urc,rdnr wrw Oyﬂezﬁﬂl or:g?az— -
100% 9 = 170% = cost plus the store’s markup, so the cost of the
Ckb k= TR chocolate is dcfml"y 1'70‘75 of the on,ma' cost.

Step Z: Convert the percent to a decimal. 4
170% = 11
Step 3: Solve for the original cost. B

$2150 =11+ x U
X =1618 (Round to the nearest hundredth, or cent) i

The original cost of the box of chocolates is $16.18. e

CALCULATING GRATUITIES
AND COMMISSIONS

A GRATVUITY is a tip or a gift, usvally in the form of
money, that You give in return for a service. We vsvally talk
about tips or gratuities in reqard to servers ot restavrants.
A COMMISSION is o fee paid for a person's service in
helping fo sell a product.

—



r RAMPLE: At the end of a meal, o server brings Armaon a
bill for $45. Armoan wants to leave a 20% gm+un+9 How much
is the tip in dollars? How much shovld Armaan leave in total?

20% = 0.20 Convert the gratuity from percent fo

a decimal.
$45 x 0.20 = $§9 Multiply the bill by the groatuity.

The tip is $9. "
$45 + §9 = §54 #dd the tip amount to the bill. 8

!
l
l
i
i
I
l
l
|
1
|
l
I
1

| Armaan shovld leave $54. i

PR p———

g«-ﬁ,,f

| Eiﬁll?l.ﬁ Esinam works in a clothing store. She earns

. 15% commission on her total sales. At the end of her first

- week, her sales totaled $17700. Bow much did €sinam earn in
. commission her first week?

;. 15% = 015 Convert the commission from
i percent to a decimal.
| $1700 x 015 = $255 Multiply sales by commission.

7 gsinam earned $255 in commission her first week.
19




@ CHECK vour (LOWLERCE

1. # software package costs §4. The sales tax rate is T%.
How much will the sales tax be?

2. A sweater costs $40. The sales tax rote is 4%. How much
will the sales tax be?

3. & rug costs $450. The sales tax rate is 5%%. How much
will the sales tax be?

4. # couch displays a price tag of $400. There is a 15%
discount on the price. What is the discount amount and
the final price of the couch?

5. # laptop is on sale for 45% off the reqular price. If the
sale price is $29415, what was the original price?

6. Al pays $25 for a shirt thot is on sale. The original price
was $40. What was the percent discount?

1. # store buys beach umbrellas for $40 each. To make
a profit, the store owner marks vp the price of the
umbrellas 40%. What is the markup amount? What is the
selling price of each umbrella?

—



10.

# toy store retailer charges $26.88 for a board game.
He marks vp his goods by 25% before selling them.
What was the cost of the board game before the
markup?

. Hannah's meal costs $52.25. She wants to leave a 10% tip.

pow much will her meal cost with tip?

Lesli and kareem sell skateboards ot different stores.
Lesli earns 8% commission on all sales. kareem earns
9.5% commission on all sales. Last week Lesli's sales were
$5450, while Kareem's sales were $4,500. \Who earned
more money in commission?
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| CWECK Your ASWERS 1

1. $6.58

2. $160

3. $2415

4. Discount: §60; final price: $340
5. $545

€. 315% discount

1. Markup: $16; new price $56

8. $2150

5. §5148

10. Lesli earned $436 in commission; Kareem earned
$42150 in commission. Lesli earned more.



INTEREST

INTEREST is o fee that someone pays in order to borrow
money. You receive interest from a bank if yov put your

money into an interest-
bearing account. Depositing
Yyour money makes the bank
stronger and allows it to
lend money to other people.
The bank pays you interest
for that service.

You pay interest to a bank

if Yov borrow money from it.

Banks charge o fee so that
Yyou can vse somebodg else's
money.

WAIT. I'LL HAVE
TO PAY BACK
HOwW MUCH?!

123




To determine the amount of money that must be paid back
(if you are the BORROWER) or will be earned (if You are the
LENDER), you need to know:

1. The PRINCIPAL: The amount of money that is being
borrowed or loaned.

2. The INTEREST RATE: The percentage that will be paid
for every year the money is borrowed or loaned.

3. TIME: The amount of time that money will be borrowed
or looned.

If you are given a term of weeks, months, or days,
write a fraction to calculate interest in terms of years.

: Gy .80
Examples: 8 months = T years 80 days = 355 VeI

12 weeks = years

52

Once you have determined the principal, interest rate, and
time, you can vse this SIMPLE INTEREST FORMULA:

Interest = principal x interest rate x time i
or
I=P-R-T




BALANCE is the total amount when Yov odd the interest and
beginning principal together.

Simple interest can also be thought of as a ratio.

3% interest = %5 So for every $100 deposited,

the bank will pay $3 each year. Then you
multiply $3 by the number of years.

SIMPLE INTEREST
VERSES COMPOUND INTEREST

Simple interest is the same amount of interest calculated on

the principal every period. For example, Jason invests $1,000

and earns 2% simple interest per year. After 1 year, Jason would
have $1,000 + §20 for a total of $1,020. After 2 years, Jason would
have $1,000 + $20 (simple interest year 1) + $20 (simple interest
year 2) for a total of §1,040.

Compound interest is interest calculated on the principal plus
interest from the previous principal. For example, jason invested
$1,000 and earns 2% compound interest. After 1 year, jason
would earn $1,000 + $20 for a total of §1,020. After 2 years, Jason
would have $1,000 (principal) + $20 (interest year 1) + $20.40
(interest calculated on the $1,020, the principal and interest from
the previous period) for a total of $1,040.40.
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- EXAMPLE: Serena deposited $250 into her savings
account. She earns a 3% interest rate. How much interest
will Serena have earned ot the end of 2 9eors?

Principal (P) = §250

! Rate (R) = 3% = 003 Remember: You must convert the
interest percentage to a decimal
o multiply.
Time (T) = Z years

Substitute the numbers into the
formula and solve.

jI=P-.R-T
I = ($250)(0.03)(2)

I-=8§15

After 2 Years, Serena wovld
earn $15 in interest.
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EXAMPLE: Marcos has $4,000. He invests

it in an account that offers an annval - each year

interest rate of 4%. How long does Marcos
need to leave his money in the bank in order
. to earn $600 in interest?

I

i

l

l

l

t I=P«R-T

| You know whet the

i ~interest will be, ‘liuf

| I=3$600  you don't know the

| lcngﬁv of time. Use x

] P = $4000 ~ to rerrescnf'fime and
| R=49 s_,_-e_gst"tu_ts all the ;_t’!.f_r
u T e 7‘in ormation you Know.
ﬂ

% 600 = $4,000 (0.09)x

t

ﬁ $600 = 10x Divide both sides bg 160 to ge+ the
g vnknown time, x, on one Side of the
j equation.

% x=375 NOPE. NOT TIME YET.

!

‘ Marcos will earn

] $600 in 315 years,

%_ or3 years ond

i 9 months.

l
e PP PP




Q| CHECK vour (LIOWLERCE.

For questions 1through 5, use the scenario below.

Mario deposited $1500 into a savings account that pays
3.25% interest annually. He plans to leave the money in the
bank for 5 years.

1. What is the principal?

2. What is the interest rate? (\Write the interest rate as
o decimal.)

3. What is the time period?

1. How much interest will Mario earn after 5 years?

5. What will Mario's balance be after 5 years?

6. How much inferest is earned on $500 at 5% for 4 years?
1. Amanda takes ovt a loan for $1,200 £from a bank that

charges 54% interest per year. If Amanda borrows the
money for 15 years, how much does she repay?



10.

Milo borrows $5,000 from an institution that charges
8.5% interest per year. How much more will Milo have to
pay in interest if he chooses to pay the loan in 3 years
instead of Z years?

. Greq deposits $3,000 in a bank that offers an annval

interest rate of 4%. How long does Greg need to leave
his money in the bank in order to earn $600 in interest?

Tyler borrows $2,000 ot 9.5% interest per year. How much

interest will Tyler pay in Z years? If Tyler pays back
the loan in Z years, what is the total amount he will pay?
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[ CHECK Your AISWERS |

1. The principal is $1,500.

2. The interest rate is 0.0325.

e

The time period is 5 Years.

4. Mario will earn $24375.

5. The balance will be $1714315.

€. The interest earned is $100.

1. Amanda will repay $1.297.20.

8. Milo will pay $425 more; Z years: interest: $850;
3 years' interest: §1,275.

9. 5 Yyears

10. The interest paid will be $380. Tyler will repay a total
amount of $2,380.



Chapter U7

PERCENT RATE
OF CHANGEL

We vse percent rate of change to show how much an
omount has chomged in relation to the original amount.
Another way to think abovt it is:

! \When the original amount goes UP calculate
| percent INCREASE.

1 il
‘L When the original amount goes DOWN, calcvlate -

\N percent DECREASE. i
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To calcvlate the percent rate of change:
Th;; is the
T, : ~ difference '
Step 1: Set vp this ratio: ghahage Iln q_ua?i:w - between the
original quantity " F kol and
 new quantity.

Step Z: Divide.

Step 3: Move the decimal two spaces to the right and
add your % symbol.

! EXAMNPLE: A store manager purchases T-shirts from a
factory for $1Z each and sells them to customers for $15
each. What is the percent increase in price?

B-12 _ 3

T T
korigindl ?uanfify

I
{-Clmngc n qudnfify ,|
|
1

* Remember to reduce fractions.

X
4
= 0.25 = 25% increase

. There is a 25% increase in price.

- You can vuse the same methods to
- calcvlate percent decrease.

—



Q| CLECK your ROLLERCE

For questions 1through 4, find the percent increase or
decrease.

1. bto 18 3. 0.08 o0 0.03

2. $50 to $70 9. Bto 8

5. What is the percent increase or decrease on an item
originally priced ot $45 and newly priced ot $637

6. What is the percent increase or decrease on an item
originally priced at $250 and newly priced ot $1007

1. Mara answered 15 questions correctly on her first
science quiz. On her second science quiz, she answered
1Z questions correctly. What is the percent decrease
from the first quiz to the second quiz?

8. A store purchases skateboards for §150 each. They then

sell the skateboards for $215 each. What percent of
changge is this?

ANSWERS 133




| CEECK Your ANSWERS |
1. 200% increase L)

2. 40% increase
3. 62.5% decrease
4. 55.6% decrease
5. 40% increase
€. 60% decrease
1. 20% decrease

8. 83.3% increase



For example, Ari runs laps around a track.
The track coach records Ari's time.

] w

Number of Laps  Total Minutes Run
3 | =

W u

b 18

What if Ari's coach wanted to determine how long it wovld
take #ri to run 11ap? If Ari's speed remains constant, the
coach covld find the unit rate by setting vp a proportion:

i e
X
A~ fime it takes to run one lap .
= 138



1

Another option is to set up this proportion: — = -%

L
X

bx =18
xX=3

The answer is 3 minvtes per lap.

We can use tables only if rates are PROPORTIONAL.
Otherwise there is no ratio or proportion on which
to base our calculations.

. ——

+ERXAMPLE: Hiro and Ann run around a track. Their coach
~records their times below.

ANN
Number of Laps ;Toml Minutes Run |
: 1 § ! :
: 3 . 12 .
g 1 ¢ 28 ]
HIRO
-Number of Laps ;To‘ral Minutes Run .

1 I 2 |
I ———

4 . 20 -

e



If each runner's speed stays constant, how could their
coach £ind out who runs faster? Their coach must complete
the table and find out how much time it wovld take Ann to
run 1lap and how much time it wouvld take Hiro to run 1 lap,
and then compare the times.

The coach can find out the missing times vsing proportions.

Ann: =7 x=4

Al
X
So, it takes Ann 4 minutes to run 1 lap.

: el e
Hiro: T x=5

L
X
So, it takes Hiro 5 minvtes to run 1 lop.

Four minvtes is a faster running time than five minutes.
So, Ann runs faster than Hiro.

1317




Q| CHEC Yo RYOWLERCE

Val, Omar, Evan, and Keisha are planting bulbs. They record
their times in the tables below. Assume that their rates are

proportional and complete the tables.

VAL
Number of Bulbs Minvtes
1 7
= b
b 12

EVAN
Number of Bulbs Minutes
1 | bl
? g
8 16




5. Who planted 1bulb in the least amount of time?

6. \Who took the most amount of time to plant 1 bulb?




CHECK YourR ASWERS

OMAR

Number of Bulbs Minutes

5. Omar

¢. Val and
gvan
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Chapter 19
EXPONENTS

An EXPONENT is the number of times a base number is
multiplied by itself.

An exponent is aiso known as the power of the base number.

~ §RER.IA
B,

bCSC number

Therefore:

3.
$3=4x4x4-=(4 4 isread as

“four to the third power.”
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Exponents have special properties:

Any base without an exponent has an unwritten exponent
of 1.

In other words, any number raised to the first power
is itself.

For example, 7' =1
Any base with an exponent O is equal o 1
For example, (%)o =1

When simplifying negative numbers with exponents, ask
Yourself, "What is the base number?:

For example, simplify (-2)*
\What is the base number?

The parenthesis is next to the exponent. This means that
everything inside the parentheses is the base number.

The base number is -Z.

193



Include the negative sign when multiplying the base number
by itself.

(-2)* = (-2) x (-2) x (-2) x (-2) = 1o

| 4 !B arefull This is very different than ('2)4 \
Now, simplify: -2* e ——a— b

The number Z is next to the exponent with no parenthesis
between them. Only the Z (and not the negative sign) is
being raised to the fourth power:

The bose number is Z.
“=-(2x2x2x2)=-1b

NEGATIVE EXPONENTS

# NEGATIVE EXPONENT indicates the base needs to be
rewritten in the denominator of a fraction. Negative
exponents are calcvlated by using reciprocals.

# negative exponent in the numerator becomes a positive
exponent when moved to the denominator.

negative exponent ] | The new exponent is

—_— now positive.
-a —
XF i et

rccirrocd
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FE—%-A;P—L'E_: Simpli€y the expression 3. g

l Rewrite the negative exponent as a positive exponent: L

} ok % Rewrite as a reciprocal fraction.

— .

{=Gx3) Multiply the base. <
F f
1= i

l EXAMNPLE: Simplify the expression 43,
I.

Rewrite the negative exponent as a positive exponent:

I

% 43 = % Rewrite as a reciprocal.
% - risa Moltiply the base
=

I b4

®

iy



FRACTIONS WITH
NEGATIVE EXPONENTS

# negative exponent in the numerator of a fraction becomes
a positive exponent when we vse its reciprocal.

% & The new exponent
T+ looks like this: ( ?) = ( «9-) L is now p_oslztive. u

X

! EXAMPLE: Simplify the expression ( %)z

Rewrite the negotive exponent into a positive exponent:
FEARR AT A A %
I\ a3 g

# negative exponent in the denominator becomes a positive
exponent when moved to the numerator.

T+ looks like this: %‘- = X% (== this is the same as ?

!_EIJ\H!.I.E:_ Simpli€y the expression % i

. Rewrite the negative exponent into a positive exponent:



Q| CHECKvour (LOWLERDEE

Simplify each of the following expressions.
13 5°

2. 2°

o
o

D
P — P —  ——

s vld e
——
W

ANSWERS 197




| CUECK Your AUSWERS |

1. 125

2. 32

8. 216

148



Chapter 2(0)
SCIENTIFIC

\We usuo\lg write numbers in STANDARD NOTATION,
like 57100,000 or 0.00006%4.

SCIENTIFIC NOTATION is o shortened way of writing
numbers by using powers of 10. We do this by expressing

the number as a product of two other numbers.

The first number in scientific notation is greod'er than or
eqpal to0 1, but less than 10.

The second number in scientific notation is in exponential
form and a power of 10.
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power of 10 that shows how many

o
For example, 571 x 10°. ~ places to move the decimal point

. the number with the decimal P‘aced after the first digif
This is the same as 57100,000.

To convert a Positive Number from Standard Form to
Scientific Notation:

Count how many places you have to move the decimal
point so that there is only a number between 1.and 10 thot
remains. The number of places that yov move the decimal
point is related to the exponent of 10.

If the standard form of a number is grea’rer than 1, the
exponent of 10 will be POSITIVE.
- EXAMPLE: Convert 8110,000 to scientific notation.
8,110,000 Move the decimal point six places to the
LITOWUY
left to get a number between 1and 10.

The number is: 8.11.

81 x 10¢ The standard form (8,110,000) is greater
than 1. So the exponent of 10 is positive b.



I£ the standard form number is less than 1, the exponent
of 10 will be NEGATIVE.

EXAMPLE: Convert 0000092384 to scientific notation. .

| 0.000092.384 Move the decimal point five places to the

than 1. So the exponent of 10 is negative 5.

[ righi- to ge’r o number between1and 10. |
f The number is: 9.2384.
i !
! 9.2384 x 10 The standard form (0.000092.384) is less

|

i

To Convert o Number from Scientific Notation to
Standard Form:

If the exponent of the 10 is positive, move the decimal to
the RIGHT.

| EXAMPLE: \Write 129 x 105 in standard $orm.

number written in standard form.

% 129 x 10 The exponent is positive, so move the

i decimal five places to the right and fill

. 129,000 in 2eros to complete the place valve of the
| % xad

i
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If the exponent of the 10 is negative, move the decimal o
- the LEFT.

- EXAMPLE:  Convert 9042 x 10 to standard form.

9.042 x 103 The exponent is negative, so move the
, decimal three places to the left and fill
0.009042 in zeros to complete the place valve of
Ay

the number written in standard form.



Q| CLECK your ROLLERCE

For questions 1through b, rewrite each of the numbers.
1. Write 301 in scientific notation.
2. Write 1330451 in scientific notation.
3. Write 0.000109Z in scientific notation.
4. Write 691 x 10* in standard form.
5. Write 1.2 x 10-* in standard form.
6. Write 3495 x 108 in standard form.
1. Arrange the following numbers from least to greatest:
4006 x 103,21 x 10%, 21 x 105, 8.30 x 107
8. # questionnaire asks people what their favorite
ice cream flavor is. # total of 2.139 x 108 people
choose chocolate, and a total of 1.8Z x 10¢ choose
strawberry. How many more people choose chocolate

than sﬂawberrg? \Write Yyour answer using scientific

notation. e
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1. 307 x 10 @Q/

2. 1930451 x 10¢

3. 1092 x 10~

§. 61

5. 0.0000012

€. 349,500,000

7. 830 x 107, 2.1 x 105, 4006 x 10-3, 2.1 x 10°

8. There are 2.0608 x 10® more people who choose chocolate
than strawberry.

—



Chapter 21
EXPRESSIONS

An EXPRESSION is a mathematical phrase that contains
numbers, variables, and operators (which are: +, -, x, and =).

. letters or symbols representing a value |

Exomples: 3x+9 -1y + % . 13a* - 4ab
g % ab + bb* 38m 1-13

Expressions are made vp of 1 or more TERMS. A termis a
number by itself or the product of a number and a variable
(or more than one variable). Each term below is separated by
a plus or minus sign.

3

3x+9 'laz—?abwobi
T'V‘ Bt %
Srms T!rrns
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. Mono means one.

# MONOMIAL is an expression that has only 1term.

For example, 38m

¢ B/ means fwo.

A BINOMIAL is an expression that has 2 terms.

For example, -1y + %

\/

Terms

% Tri means three.

A TRINOMIAL is an expression that has 3 terms.

For example, 8a”- %ab + bb*

.

Ttrms

A POLYNOMIAL is an expression consisting of variables
ond coefficients. POLY means "many" ond NOMIAL meons
"ferm.”

Whenever a term has both a number and a letter (or
letters), the numerical part is called the COEFFICIENT and
the letter (or letters) is called the VARTIABLE(S).
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Sometimes, the variable can contain an EXPONENT.

Exromnf Exrohthfs
7-/ 3,32
Wa\ 119% Yy
N
Coc‘”icicnf Variable NVarmbles
- Cocmcicnf

The DEGREE of a monomial can be found bg adding the sum
of the exponents:

fFor example:
T1a* has a degree of 2.

1.'I°Ix"_y2 has a degree 0f3+2 =5

% a‘bct has a degree of 4+1+2 =1

i If a variable doesn't have a
- written exponent, the power is —1
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The degree of a polynomial is the largest exponent of that
variable.

For example:
5x + Thas a degree of 1
-xt+2x-5has a degree of Z.

A CONSTANT is o number thot is fixed or does not vary
in an expression (it stays "constant*). for example, in the
expression -1y + % the constant is % All constants have
a degree of 0.

STANDARD FORM QOF
AN EXPRESSION

When writing an expression, we often write the ferm with
the greatest exponent first, and write the constant last.
This is called writing an expression in STANDARD FORM or
DESCENDING ORDER.

For example, to rewrite 3 + 1y* into standard form, write
Ty* first becavse it has the greatest exponent, and then
write the constant, 3:

3+'Iyz-)'lyz+3
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! EXAMPLE: Rewrite Ax - 4x + % + 10x? into standard form.

Since 10x* has the greatest exponent, it goes first.

. 9x* has the next greatest exponent, so it goes second.

'

. —4x has the next greatest exponent, so it goes third.

Since Uxis bei ng subtracted in the

; i iS +he las+ +erM. Prablem. hldk! Sure f’)ﬁf it is ¢|$o b!ihg

|
|

4

/A subtracted in the rewritten form.

U - Ax s 2+ 1020 5102 + Ux2 - dx+ =
When there are multiple variables, use alphabetical order to
determine the order of the variables.

——_—

.

!

i

| EXAMPLE: Rewrite X2y - 8x*y* into standard form.

Since there are two variables x and Y, first sort bg the
variable that comes first alphabetically, x.

. Since -8x*y* has the greatest exponent in ferms of x,

it qoes first.

Since 1x°y® has the next greatest exponent in terms of x,
it goes next.

1ey - Bxly” - -8xiy" « IxXPy°
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s

!,EJAH.?.I.E:_ Rewrite 4a®b*c® + labct - é a'bct into standard
. form.

: Since there are three variables, a, b, and c, first sort bg the

- variable that comes first alphabetically, a.

A

L =5 a*bc® has the greatest exponent in ferms of a.

\Write it first.

. 4a°b*c® has the next greatest exponent in terms of a.
. Write it next.

Since Tabc* has the next greatest exponent in ferms of a,

write it last.

40°b*cs + labct - % a‘bct < -% a‘bc® + 4a°b*c® + labc*

|
|
l
|
[
'_
[
r
i
[
|
|
|
|
|
i



Q| CLECK Your ROLERCE.

For questions 1through 3, label each expression as
a monomial, binomial, frinomial, or none of these.

1. bX® - 59 3. 8xzy
2. AXP+5x: -4x+ 1

For q_uesﬁons 4 and 5, write all the coefficients and all
the variables.

4. 9a® + Tlab* - 04b 5. 30" - Ok - 5Imn

For questions b through 8, rewrite the expression in
descending order.

€. 5a°-09a*+ a®+ 1 8. -Amn* + Im*n* + % i 1]_?,"1,,10
1. 32x-08x>+5

For questions 9 and 10, stote the degree of each expression.
13 4xC op 2#

10. - % pqr .
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| CWECK Your ASWERS 1

1. binomial

2. none of these

3. monomial

4. coefficients: 9,71, -04; variables: a, b, ¢
5. coefficients: -0, 5% variables: h, k m, n
6. 2°-09a*+50°+ 1

7. -08x3+32x+5

8. Imn® - %mznto —9mnt + %

9. degrw 13

10. degrw i |



Chapter 22

EVALUATING
ALGEBRAIC
EXPRESSIONS

EVALUATION is the process of simplifying an algebraic
expression by first SUBSTITUTING (replacing) a variable
with a number and then computing the valve of the
expression using the order of operations.

i EXAMPLE: Evoluote 3x + 5 when x = 4.

! HII I'M YOUR
3x+5 SUBSTITUTE FOR
‘ THIS EQUATION.,

) = 3(4)T5 [
' =12+5  Jo substitute

{ =11

GREAT! I REALLY
NEED THE DAY OFF.

or x.
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EXAMPLE: evalvate 5y* + Ty + 3 when y = -4.

o5are).3
| 5(16)-28 43

: -80-28+3

- =582 +3

= 55

L------—-__-_----—--

Follow the same steps when there are two or more variables.

_ Evalvate -bx + 1 Y when x = 3 and Y= -5.

= —©(3) + (-5) Substitute 3 for x and -5 for Y.
= -18 - 35
= -53

i
}
!
!
.

bf-4
Evalvate 5—;919 when £=8 ond g = 3.
_ 6(8)-4(3)
EQE)

_48-12
5@

————————— e et et e _L-— —.-A-AJ __.._.._.‘L D SESb SRR D R -_‘-J—




When variables are in a numerator or denominator, first
simplify the numerator, then simplify the denominator;
then divide the numerator by the denominator.

I EXAMPLE: The profit o ticket agent makes is represented -
by the expression 95x + 112y, where x represents the number ¢
of advlt tickets sold and y represents the number of child
tickets sold. If 40 adult tickets are sold and 15 child tickets

. are sold, how much profit does the ficket agent make?

| 95 (40) + 12.(15)
| =3,800 +1080
| = 4880

The ticket agent makes §4,880 in profit.




Q| CHECK vour (LIOWLEDEE

For problems 1through 8, evalvate each of the expressions.
1. Evalvate Zx - 9 when x = 4.

2. Evalvate 5y - 3y when y = -1.

3. Evalvate 40® + 57 when a = -2.

4. €valvate 8m* - 1Zm « 3 when m = 1.

5. €valvate 8a* - ba when a = -%—
6. Evalvate Ix - 4y when x=Z and y = 3.

1. Evalvote Tp* - bq when p = -1and ¢ = 8.

8. Evalvate M{ when x =-Z and y = 7.
4-xy
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1. The amount of pet food that Robin buys is represented
by the expression 8¢ + 5d, where c represents the pounds
of cat food and d represents the pounds of dog food. If
Robin buys Z1 pounds of cat food and 13 pounds of dog
food, how many total pounds of pet food does she buy?

K
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| CUECK Your AUSWERS |

12 =1

2. -4

-0

. Robin buys 233 pounds of pet food.
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Chapter 23

COMBINING
LIKE TERMS

LIKE TERMS are terms thot
o* 7
30° /g2

have the same variable and
the same exponent. Like terms
can have different coefficients,

oS Iong 0s +h29 share the
soame variable and the same
exponent. l | * i
\We COLLECT LIKE TERMS
(also referred to as
WE'RE NOT ALIKE.

COMBINING LIkE TERMS)
o simplify an expression.

8F 8 P’
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C—

In other words, we rewrite the expression so that it contains
fewer numbers, variables, and operations. Basically, we are
simplifying to make the expression simpler to use.

Example: Tomas has 4 marbles in his O
bag. Let m represent each marble. e %

We covld express the number of
marbles as m+ m+ m+ m, but itis
much simpler to write 4 « m, or 4m.

Notice that to combine terms with the same variable,
we added a coefficient.

Example: Tomas has 5 marbles in his green bag,
I marble in his red bag, and 3 marbles in his
Yellow bag. Let m represent each marble.

We covld express all of his bags of marbles as
5m + m + 3m, but it is much Simpler o write 9m.

When there is @ minus sign in front

&
o= Ix-2x+4x of any term, we have to subtract.
, =bx+4x

g =%
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I£ two terms do NOT have the same varioble, ’rheg CANNOT
be combined.

_ EXAMPLE: Simplify 1a-8b+ Bc+5a+ b-2.

=Jla-8b+13c+5a+b-12 Combine 1a and 5a = 12a
Combine -8band b = -1b

=12a-1b+13c-12 13¢c and -Z do not combine
with any other term

Note: 3xy can combine with 10yx. That is because the
Commutative Property of Multiplication states that
xyis equivalent to yx.

When simplifying algebraic expressions or equations, put all
variables in alphabetical order and all ferms in descending
order. That means the the term with the greatest exponent
goes first, and the constant goes last.



| EXAMPLE: \write 8a - 4at + 9c - b + 10d? - 3b* - 41c5 in

1
- :
- descending order. [
L
8a - 4a% - 3b% + 9c - 41¢5 + 10 - b First, sort in l
alphabetical order. {
. =-4a* + 8a -3b* - 41c° + Ac + 10d* - b Then, sort in }
- &) descending order. T
i |
i
S —— T PSP PR — )
Sometimes, we may need to apply the Distributive Property
first and then collect like terms. )
" b+ )=asbracc
- ] i
- EXAMPLE: Simpli€y 2 + Tix - 3(x - 5) + Ix + Tx |
l
Z+Nx=3x-5)+7x+ %x First, apply the Distributive [
Property fo distribute the -3. }
L=2elx=3x+ 154 Ixe o-x  Next, combine like terms. l{
V. o, . g I
g =11 4 X 113,‘3& .t;jx.tT.x.m.Is + T&MMT‘”— .IL
6 | | f
) = X+ 11 Arrange in descending order. |
!



Q| CLECK Your ROLERCE.

In questions 1through 8, simplify each expression. Write
Yyour answer in descending order.

1. Ax+2x

2. Zm+3m-m

3. 3p=-5q+4q-1

9. 30 -4b+5c+bc+1b-8a

5. 3x% - 8x.+ 1+ 0x-10x%

6. Am+3n* -5m+ 'In+%n

1. -blab+ 3c + 54ba

8. By-3x-2y+15

. The number of miles that Roberto bikes on Monday
can be represented by the expression 4a - 3b - 5.
The number of miles that he bikes on Tuesday can be

represented by the expression b + 1. What is the total

number of miles that Roberto biked? ;
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12 lix

2. 4m

3:5p=-¢g-=1

. -5a+3b+1lc

5. —Ixt-x+1

6. 4m + 3n* + —n—n
Z

7. -01ab + 3¢

8. -3x+ 14y +16

9. The total miles that Roberto biked was 4a + bb + 1.
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Chapter 25

INTRODUCTION
TO EQUATIONS

An EQUATION is a mathematical sentence with an equal
sign. There are expressions on the left and right sides of the
equal sign.

ExPrcssiOn - X + Sy =ba - b+ | e ExPression

To solve an equaﬁon, we find the valve of the variable that
makes the equation true. This valve is called the SOLUTION.

EXAMPLE: Is x-=-3a solvtion for 4x = -127
432 12 Substitute -3 for x.
12in

Both sides of the equa’rion ore equivalent so the solvtion

X = -3 makes the equaﬁon true.
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Thisisa sin,lc solution.
' 6(5) L 4(-2) + 15

{

30 =1

. Both sides of the eq_uaﬁon are NOT equivalent so x=-2ond .
| y=5is NOT a solution of the equation.

INDEPENDENT AND
DEPENDENT VARIABLES

There are two types of variables that can appear in
an equation:

INDEPENDENT VARIABLE: The variable Yyou are
subsh"ruﬁng for.

= DEPENDENT VARIABLE: The variable that Yyov
solve for.

- Remember: The dependent variable DEPENDS on the
’ independent variable.

by iy I



The independent variable is also referred to as the input
and the dependent variable as the ovtput:

Indef’endenf Variable

/

Dependenf Variable

Example: For the equation y = Ix + 9, find the independent
variable and the dependent variable.

Since we solve for y by substituting valves into X, the
variable x is the independent variable and the variable y
is the dependent variable.

] EXAHP.];E: Solve for yin the equation y = 4x + 10 when
| x=-1

Y= 4(-1) + 10 Substitute -1 for x.

= b xS thcindqrgndgpf variable and
yis the dependent variable.
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r-9

3 =4r

EXAMPLE: Solve for nin the equation n =

—_— — —— — — — — — — — — e —— — ——— —— —

i CHECK YOUR ANSWER

If you're unsure of Yyour solution for any equaﬁon, Yyou
can check your answer bg subsﬁ‘mﬁng Yyour solvtion into
the original eq_uaﬁon.

r-9

ne=———- fr
? (6)-19 .
(-25) = == 4(l) Substitute b for r and -25 for n.
gL .94
=t -756 : -25 W The answer is correct!

) L



LINEAR EQUATIONS
A LINEAR EQUATION is an eqpaﬁon in which the highes+
exponent of the variable(s) is 1.

A linear equation is
# linear equation when graphed will also called a first-
appear as a straight line. degree equation.

These are linear eqyaﬁons 4a + b = 9a Y= 3x+ 1

These are NOT linear equaﬁons:
There is no Gczudl sign, so

The ln'g’acsf exponent is 2, not 1. this is not an equation.

"
3Im*+ IM-6=0 Ac+ 1d - 4

— — .

| EXAMPLE: John picks any random number. Susan adds
. 3 10 John's number.

Write a linear equation that represents this sitvation.

. Let x represent John's number. Let y represent

. Susan's number.

: Since Susan adds 3 1o John's number, Yy is determined bg
2 adding x ond 3: Y=x+ 3

i D =R e GES D D e D clio it oo



! EXAMPLE: 4 bike store charges guests a $20 rental fee
' to rent a bike and $§5 per hour for every hour that someone
- rides the bike. Write a linear equation that represents how
. much the bike store charges to rent and ride a bike.

. Let x represent the number of hours the quest rides the bike. !
Let y represent the total cost that the quest pays.

. The quest pays $5 per hour for x hours that they ride the
. bike: 5« x = 5x dollars.

- The total price is obtained by adding the cost of the rental
! fee, $20, and 5x:

' So, y =5x+ 20
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| EXAMPLE: The sum of wo numbers is 25. \Write a linear

. equation that represents this sitvation.

Let x represent the first number and y represent the second
. number.

!
l
)
|
l
I
. Since the sum is obtained by adding: x + y=125. ]‘

- EXAMPLE: Somi hoas some blve boxes that weigh 3 pounds
each and some purple boxes thot weigh 8 pounds each. Write
a linear equation that represents the total weight of the boxes.

. Let brepresent the number of blue boxes and p represent
~the number of purple boxes.

Let frepresent the total weight. ‘ "

- Each blue box weighs 3 pounds. 1
- So, the total welgh’r of the blue boxes is written as 3b. |
\
\
\
\

Each purple box weighs 8 pounds. So, the total weight of the
purple boxes is: 8p.

- The total weigm- of the boxes is obtained bg odding:
. 1=3b+8p.
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Q| CLECK Your ROLERCE.

For qpesﬂons 1 +hrough b, solve each eq_uah’on.
i g=3+xwhenx=-5
2. y=4x—lwhenx=3

Z

_b-3
3. a= c

+1bwhen b= -1

Y. w=(9+2°when z=-1

5. m=3n*-n-Twhenn=-1

6. The number of pineapples in a box is 8 less than the
number of mangoes. Let p represent the number of
pineapples. Write a linear equation that represents this
sitvation.

1. Betty is 1Z years older than twice John's age. Let b

represent Betty's age and j represent John's age. Write
a linear equation that represents this sitvation.
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| CUECK Your AUSWERS |

i y=-2

Y- R
2.9- 7 orﬂ2
3. a=-15
§. w=-8
5. m=-3

€. p=m-8

1 b=ZJ'+1Z
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Chapter 25

SOLVING
ONE-VARIABLE
EQUATIONS

Inon equah‘on, when we are not given
o number to substitute for a variable,
we must "solve" for that variable.

Solving an equation T
is like asking,

"\jlhat val}xe makes I LIKE TO BE ALONE.
this equation true?”

\When solving for o varioble, we 0.0 >
Q %

must ISOLATE THE VARIABLE to
one side of the eqpal sign of the
eq_ua+ion, so that it is "alone.”
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_LE%AHH.E:... Solve for x: x+2 =0
To isolate the variable:

. Think of an eq_uodrion 0s a scale,
+ With the eqyal sign os the middle.

. You must keep the scale balanced at all times:

. Whatever You do to one side of the scale, You must do to the
other side of the scale.

- Ask, "What is happening to this variable?"

s INX+2=012is being odded to the variable on the left side.

' To ge+ the variable alone (to isolate i) vse INVERSE

. OPERATIONS.

. What is the inverse of adding 27

Itis sub‘rmcﬁng Z.

|
.
]
]

Inverse means “opposites.”

|

- So we must subtract Z from BOTH sides of the equa’rion!

s X+2 =0
s X+2-2=0-2
§ x=4

]
 to keep the scale balanced

|
|
|
]
1
1
1
:
]
|
|
|
|
]
1
1
1
|
]
J
|
|
|
]
1
1



~ CHECK YOUR ANSWER |

@+2 26  Substitute 4 for x.

b The eqood'ion is true, so the answer is correct.

|| SN

2 b

Some of the operations and their inverse operations:

OPERATION INVERSE OPERATION
Addition » Subtraction

Subtraction > Addition

Multiplication » Division

Division » Muttiplication

Squaring (exponent of 2) ——) Square root W)

Cubing (exponent of 3) —— Cube root A

-1t What is happening to the x?

L 1is being subtracted from x. '
L X=1+1=12 +1 The inverse of sub+rac+ing 1is adding 1. g
g x=19 g



~ CHECK YOUR ANSWER .

(19) - 12 12 Substitute 19 for x.

S 12 i 1Z °  The answer is correct.

ww - WA _]
| EXAMPLE: Solve for +: -0t = 138 ]
- !
bt =138 What is happening to the +7 ]
tis being multiplied by -6. J

|

| Cot 138 . = .
= The inverse of multiplying by -6 is :
4 dividing by -6. d
§ +=-23

. CHECK YOUR ANSWER
?
-b(-23) = 138

> 1381138 \
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- Sometimes we may need to use inverse operations more
~ than once.

! ---—---—--—----1
- Solve for x: 3x+13 =1

i

.
_l 3x+13=1 7 The inverse of addition is subtraction. '
| 3x . [3)-[3)-1-13 I
[ |
[ }

3x =-b The inverse of multiplication is division.

IGx . 6 i I
153 |
f |
R oy
I f
L------—----—------—J

- Sometimes we may need to use the Distributive Property as
~ well as inverse operations.

LE: Solve for m: 4(m - 3) = 20

' 4m-3) =120 D Distribute the 4 across the terms in
the parentheses.

" 4m -12 = 20 _7
=([2)+(2)=20 + 12 & The inverseof subtractionis-addition.

N
3

4m = 32 ? The inverse of multiplication is division.

=l G o= Y D E e = =S =D

- r P S S D S S e
n
2



Sometimes We may need to combine like terms. Then use
inverse operations..

IMPLE: Solve for p: 9p - 5p =52

9p and Sp are like terms, so we can

=52 o _ 0
D combine them first.

L-———------------—-,-

i
{
4
i
|
|
!
i

i

MPLE: Solve for x: -4(2x -1 -3x=06bx-5
-4(2X — 1) -3x=0bx-5 > Firsf, use the Distributive Prort.rfy. |
-8x+4-3x=0bx-5  Combine like terms on each side of

> the equal sign.

-lix+4=06bx-5

-lx - bx +-.=-- 5-4 Use inverse operations.

-Nx=-9




o, =1
-1 1

FEXAI!!LE:_ €ddie needs to pay $690 in rent £or his ski shop |
today. He rents skis to customers for §40 a day. How many |
| customers does Eddie need to rent skis fo so that he can pay |
his rent and have §150 left over?

Let s represent the number of skis that €ddie rents ovt.

Since €ddie needs to pay §690 in rent, use subtraction to
create an equation: 5

40s - 690 =150 i

40s - 690 + 690 = 150 + 690

40s = 840
405 _ 840
140 40
s=21 a

€ddie needs to rent skis to 21 customers.

B el S T i i i I



Q| CHECK vour (L LIOLLERCE

For questions 1through 9, solve each equation.
1. bx+25=1

2. -1y -5=-79

3. a-3a+8a-=54

4. 5m-2=17Im-1

32 5x-Hb=xe?2-10-"x

6. 2(x-3)=18

1. -3(n+5)=-26+12

8. 2p-13=5p-(p-1

9. -4(x-3)=3x+2)

—



10. Patty sells pies to customers ot a price of §16 per pie.
Patty starts the day with $90 in her cash register. How
many pies does Patty need to sell so that she has $538
in the cash regjster?
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| CUECK Your AUSWERS |

1. x=-3

2.y=13

8. p=-10
12 X.= —

10. Patty must sell 28 pies.
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Chapter 26

SOLVING
ONE-VARIABLE
INEQUALITIES

WRITING INEQUALITIES

While an equation is a mathematical sentence that contains
an eqpal sign, an INEQUALLTY is a mathematical sentence
that contains a sign that indicates that the valves on each
side make a nonequal comparison.

An inequality compares two expressions and uses the
symbols > <, 2, or £.

Exoamples: x < Z x>2y+1

a+1b2z 3c-4d 'Ix1—5¢_—-;—x+g
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SYMBOL MNEANING

< is less than
> is greater than
<

is less than or equal to

v

is greater than or equal to

=

GRAPHING INEQUALITIES

In addition to wriﬁng inequa\ii-ies using sgmbols, we can
GRAPH INEQUALITIES on a number line. There are variovs
ways to graph inequalities.

1. If the sentence vses a < or > sign, we use an OPEN
CIRCLE to indicate that the number is not included.

Example: Graph x> 3.

e—4— 41—+
S -%-3-2- 0 | 2

The number represented by x is greater than 3, so 3 is NOT
included in the possible solvtions.

196



2. If the sentence uses a < or 2 sign, we vse o CLOSED
CIRCLE to indicate that the number is included. This
shows that the solutions could equal the number itself.

Exomple: Graph x &£ -2.

B e S S
S5 -%-3-2- 0| 2 3

-+ &
Vi g

The number represented by x is less than or equalto -2, so
-2 is included in the possible solutions.

Example: Write the inequality that this number line
represents. Use x as your variable.

‘ 2 2 2 g 2 : o

-5 -4 -3 -2 - 0 | 2 3 % §

4

Since we are using an open circle, we are using either
the < or > sign.

The numbers greater than1are part of the arrow, so the
inequality is: x > 1.
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SOLVING INEQUALITIES

To solve inequalities, follow the same steps as solving
an equation.

i Solving on ine.qpalﬁg is like oslr-ing, "Which set of valves i
~ makes this equah‘on true?” 1

- EXANPLE: Solve 2x - 1< 9 and graph the answer on ]
. G number line.

2x-1+1£9+1 Add 1+o both sides.

2x <10

2x , 10 . )
- 7— s =5 Divide both sides bg 2.

. X£5

; ettt

-5 -4 -3 -2- 0 | 2 3 % 5

—



Ang’rime Yyou MULTIPLY or DIVIDE b9 o negah’ve number,
Yyov must reverse the direction of the inequalh“g sign.

However, You do not need to reverse the direction of the
inequality sign when youv are ADDING or SUBTRACTING
by a negative number. \We reverse the comparison symbol
becavse the negah’ve number changes the comparison.

lEtAI!ﬂ.L_ Solve for x: -3x & 12 i
[

| axen

K =y 12

|

| E3x

TR

f \-—Symbol reversed il
t

L

| CHECK YOUR ANSWER

Check the answer by picking any number that is
greater than or equal to -4.

Test x = -4: Test x = O:

34 L2 30) 2 12

v 12 £?-. 12 N 0 11 12.% Both answers are correct.
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Inequality symbols can translate into many different phrases.
< "less than" "fewer than"

> "greod-er thon "more thon"

n»

“less than or equal t0" "ot most” "no more than”

v

'grea’rer than or equal to" "at least"” “no less than”

~“EXAMPLE: kristina's toy store receives crates of dolis.
- Each crate contains 1Z dolls. Kristina's store already has
- 206 dolls. How many boxes of dolls does Kristina have to
~order so that her store has at least 89 dolls?

- (Write Yyour answer to the nearest whole number.)

~ Let xrepresent the number of
~_boxes that Kristina has to order.

~Since her store needs to have
__at least 89 dolls, we will use the
i 2 sgmbol:

-~ 200



26 + 12x 2 89
12x 2 (3
Xxz25125

Since Kristina cannot order part of a box,
she must order at least b boxes.

The answer to any inequality is an infinite set of numbers.

The answer ¥ 2 -4 means ANY number greater than
(which can go on infinitely) or equal to -4.
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Q| CHECK vour (LIOWLERCE.

1. Graph the inequality x £ 10n a number line.
2. Graph the inequality y > -Z on a number line.

3. Write the inequality that this number line represents,
using x as your variable.

——————t——t————>
%

-5 -%-3-2- 0 | 2 3 5

1. Write the inequality thot this number line represents,
using y as your variable.

ettt

-5 -4 -3 -2- 0 | 2 3 4% 5§



For questions 5 through 9, solve and graph the inequality on
a number line.

5. 4x < -12

6. -Ix & -]

7. 4x+3 2 -5

B. 10x+15>06x-5

9. Ox+10 2 -5x+ 28
10. Padma sells tickets to customers for $8 a ticket. Padma

has alreadg made $22 in sales so far. How many tickets
does Padma need to sell so that she makes ot most $3007
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[ CHECK Your AISWERS |

2.
& = ——p—t——t——
-5-4-3-2.4 0 | 2 3 % 5
32 x>4
1. yz0
3. x< -3

5 -4 -3 2 - 0 | 2 3 % 5

0%



10

et L
-5 <% -3 -2 - 0 | 2 3 & 5
Xz -7
( :::.:::::::
-5 -4 -3 -2 -} 0 | 2 3 4% S
X >=5
=
-5 -% -3 -2 .| 0 | 2 3 4 5
X<-3
& S ‘): o . . S S
-5 =% -3 -2 -| 0 | 2 3 % 5

. Padma needs to sell at most 34 tickets.
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Chapter Al

SOLVING
COMPOUND
INEQUALITIES

A COMPOUND INEQUALITY is a statement that consists of
ot least fwo distinct inequalities that are joined together by
the word and or the word or.

Examples: x<-lor xz3
xz3ond x < 4

INTERSECTION (aad)

In a compound inequality the word and refers fo the point
Where the inequalities INTERSECT. In other words, if we
graph the two inequalities, we are looking for where

they overlap.

The final solution set must be true for BOTH ineq_uoli’ries.
206



| W=

| EXAMPLE: Using number lines, solve and graph:
' x2-lond x £ 4.

. Step & Graph each inequality on a separate number line.

X2z-l b 1L
5 -4-3-2- 0 | 2 3 % 5

S -k-3-2- 0 1| 2 3 &%
1 I
i
1
1

o>

5

- -
I intersection

. Step Z: Locate the intersection (area that overlaps) of the
. Two graphs.

© Based on the two graphs above, the intersection is:

intersection

° -

o 1 2

rp—y

5

- -

0

l‘
e '
5 N8 -2 - 3

This means that any number between or

L including -1 and 4 satisfies BOTH ineqyali’ries.

\We can write this solution set as -1£ x £ 4.



- EXANPLE: Using number lines, solve and graph
x>0ond x 2 -3,

- Step I: Graph each inequality on a separate number line.

x>0: et P}
k32012345
]

]

]

0
0
I

x2 -3 et
-5 -4 -3 -2 -

. Step Z: Locate the intersection of the fwo graphs.

Based on the two graphs above, the intersection is:

I

]
e———————

-5 -4 -3 -2 - 0

N-p
W -
Fode
UVl o=

This means that any number grea+er than O satisfies BOTH
inequaliﬁes.
We do NOT include O in

lution set b
We can write this solution :u: 8 ,:.':;:1’:.1» :;‘.','}';

set as x > 0. the first inequality.
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EXAMNPLE: Using number lines, solve and graph
x>2ond x < -4

Step 1: Graph each inequality on a separate number line.

X>Z:
L s e S S
5-% -3 2 0 |

pt—p—f—y
2

X< -4 &

D e e e A a E Y

-5 -4 -3-2- 0 | 2 3 % 5§

Step Z: Locate the intersection of the fwo graphs.

Based on the two graphs above, there is no overlap.

Therefore, the solvtion is There is no solution because

no solution. there is no answer that is
true for BOTH inequalities.

...,_...__.._..,_.‘_.._-J-._n_,_.ﬂp._,a.._.-n_:,_u,:a_,mﬁ-_.,,_._.__rv,_
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UNION (or)
The word or means that you are looking ot the UNION of the
inequalities.

I£ we graph the two inequalities, we are looking ot what
happens when they are put fogether. The final solution must

be trve for AT LEAST ONE of the inequaliﬁes.

SEXAMPLE: ' Using number lines, solve and graph
- Xx<-Zond x & -1

- Step I: Graph each inequality on a separate number line.

i x< -2 b ————

2 : 2 2 ,
-5 -4 -3 -2 -] 0 | 2 3 & S

] o ———————y
-5 -4 -3 -2 -] 0 | 2 3 % S

- Step Z: Locate the union of the two graphs. Based on the
- two grophs above, the vnion is:

& ) ]

S —

S5 -4 -3-2- 0 | 2 3 % 5

A2 4
() ' )
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This means that any number less than or eqpal to -1 satisfies
AT LEAST ONE of the ineqyaliﬁes.

We can write this We include -1 in our final solution
solvtion set as: x € -1 because x = -1 satisfies at Ieast
one of the inequalities.

| EXAMPLE: Using number lines, solve and graph
- x>00r x< 2.

. Groph the two inequalities separately.

x>0
S -%-3-2- 0 | 2 3 % 5

’

X< e ey

S -%-3-2- 0\ 2 3 %5
. Based on the graphs, the union is all numbers on the number line.

. Therefore, the solvtion set is: all real numbers.

. \We include all real numbers becavse every number satisfies

.ot least one of the inequaliﬁes.
21



INTERVAL NOTATION

The standard method of wriﬁng inequaliﬁes is using
ineq_uali’rg sgmbo\s.

Another method of writing inequalities is using brackets or
parentheses instead of inequality symbols. This is called
INTERVAL NOTATION. This notation tells and represents
the INTERVAL of the final solution set.

N8 the numbers between two numbers in a set |

\When using interval notation, do not write the variable in
the answer.

1. Parentheses, (), are vsed when a number is NOT included
in the solvtion set.

2. Brackets, [ ], are used when a number is included in the
solution set.

(1, 5) represents all the numbers between 1 and 5, where
- 1and 5 are NOT included.

- #Another woy to write (1,5):1< x<5.
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(-3, Z) represents all the numbers between -3 and Z, where
. -3 and Z ARE included.

. Another way to write (-3,2) is: -3 &£ x & 2.

o %) represents all the numbers between -1 and - i,

7
- Wwhere -1 IS included but - % IS NOT included.

. Another way to write (-1, - %) iS: -1& X< - %

CSERAMPLE: Represent 2 £ x < 4 in interval notation.

~ Step 1: Groph the inequality on a number line.

- The inequality Z £ x < 4 represents all the valves of x that
- are greater than or equal to Z (Z £ x is the same as x 2 2)

AND less than 4.

Graphing the inequality Z £ x < 4 on a number line:

et | +——3
-5 -4 -3-2- 0 | 2 3 %5
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Step Z: Use parentheses and/or brackets to write the
solution set in interval notation.

Since the solvtion includes the number Z, use a brocket
with Z.

Since the solvtion does NOT inclvde the number 4, vse
a parenthesis with 4.

Therefore, the inequali'rg written in interval notation is (Z, 4).

«+EXAMPLE:  Represent x 2 -3 in interval notation.
- Step 1: Graph the inequality on a number line.

The inequality x z -3 represents all the valves of x that are
greater than or equal to -3.

- Graphing the inequality x 2 -3 on a number line:

| 23 @i}

- s . 0}

A i R__ 2}
-5 -4 -3 -2 - 0 | 2 3 % 5

>
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Step 2: Use parentheses and/or brackets to write the
answer in interval notation.

Since the solvtion includes the number -3, use a brocket
with -3.

\We are inc\uding every number that is grea’rer than or
equal to -3, so it includes every number +hrovgh in?ini’rg.

Infinity is represented by the symbol 00 and
represents that the possible solutions get
greater and greater and never end.

Use a parenthesis with infinity.

Therefore, the solution set represented in interval notation
is (-3, ). o

If Yyour solution is: all real numbers, Yyou can write it in
| _interval notation as (=00, o),

. If the solvtion set 1o a compound inequality is no solvtion,

vse the sgmbol @ in interval notation, which is the number O
with a line +hrou<3h it.
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Q| CHECKvour (LOWLEDEE

For questions 1through 3, use interval notation to represent
the shaded regjon.

s

S5 -%#-3-2- 0| 2 3 % 5§

|

S5 -%-3-2- 0 | 2 3 % 5

-5 -4 -3 -2 - 0 | 2 3 % 5
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For q_uesﬁons 4 +hrough 10, use o number line to solve and
graph each compound inequality. Then write your solvtion

set in interval notation.

¥. x<-lond x 2 -5

10.

x<10or x<4

.X22ond x< 8

XzZ-lor x<12

Xe£land x £ -0

XZ3and x< -1

x2>=t or x<4

ANSWERS
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| CUECK Your AUSWERS |

1. (-2, 4)

2. (-0, 3)

3. (-0, )

93 (5.1

5. (-0, 10)

€. (2,98

1. (-00, )

8. (-0, -)

. 0

10. (-0, )

— 218



\We con vse formvulas and equaﬁons to £find all kinds of
desired solutions. \We can rewrite a formvla or equaﬁon
to0 solve for an vnknown ovtcome or variable.

You can vse inverse operations to rewrite formulas and

eq_oahons.

~EXAMPLE: Solve the equation a + 8b = ¢ for a.

a + 8b = Represent

a+8b-8b=c-8b

What is happening to the a?
8b is being added to a.

The inverse of odding 8bis
sub+rach'ng 8b.
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(or a =-8b+ cif we write the
right-hand side in alphabetical.
order)

Solve the .equaiion Y =mx + b for x.

4fLy b=mx+b-b

|ybmx

= 'L‘-'-'-' - - - Jn-— JR.— N -— - -3 3% % -3 ¥ 3§ .- N 3 =

_ Solve me..equaﬁon.,x,l -9=c*-5 for x i

Xt-9+9=¢c*-5+9

i
i |
: X". + 4 7 vrl\cwinvcm,orcrAﬁcn..,.o£.$1u¢rin’nis.SQunrc..noaf, LB
|

'X=4&fi

L—-.-— — e e e e e — e e 0

- 71



4!2!1“!!].5:-_ Solve the equation -;-)-+

If the variable is in the denominator, multiply everything by
the LCM.

! Since x and 3 are in the denominators of the fractions, we can .
- multiply all fractions by the LCM of x and 3, which is: 3x.

! 7 _-5-
- «3X = 3 Bx
;(D=5X

| b b
4 E.J--XO!")(--5

,LE%I\H!LE:N Solve the equation xi = -%- for x.

- Since £ p, and g are in the denominators, we can multiply all
- fractions by the LCM of p, g, and £ which is: pgf.

p

P

1
.Pq(+ q .Pq{'= ]?.Pq(
'P'#* %.FQF= ]T.Pq{’
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Q| CLECK your LHOWLEDCE.

Solve each equation for the indicated variable.
1. PV=nRT for V

2. P=2L+2W for W

3. A= PO+ nNtfor P

4. C %h(mb)#orh

53 C -;—h(a+b)€ora

6. D-—at’fora
g
1. D= at? for +
7
8. C= 2 (F-31) for F

9. 2as=vi-+:Sor v

10. 2as=v:-+ttfor t

ANSWERS 223




CHECK Your AISWERS |

T _ 3¢+ 160
8. F= Ce32o0r Fap

q. v=1/7.as++1
10. +=‘lv2-2_as

— 22%



Chapter 29)

SOLVING SYSTEMS OF
LINEAR EQUATIONS
BY SUBSTITUTION

We can take two linear equa’rions and s+ud9 them +oge+her.
For example:

ax+by=c
{dx tey=f
This pairing of equations is known as simuitaneous linear

eqpod-ions or o SYSTEM OF LINEAR EQUATIONS (also known
as a linear sgs’rem).

€xamp|es={ 3x+2y=11 {ba -9b= %
8x-4y=-5 la-8b=4



SOLUTIONS OQF A SYSTEM OF
LINEAR EQUATIONS

# solution makes the sgsfem of linear eqpoﬁons true when
both sides of each of the two equa’rions ore the some.

x\~y=57

i
FElMll’.l.E:_ Is (2, 3) the solvtion for { 5x- 4y L

_. {(2) NOR- Substitute x =  and y = 3 into the
5(2) - 4(3) : A system of equations.

?

{5=5
SR E]

. Both sides of each of the two equah‘ons are the same, so the
. solution (Z, 3) mokes the system true.

%
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THE SUBSTITUTION METHOD

To £ind the solution of a system of linear equations, we can
solve the equations by using one of several strategies. The
SUBSTITUTION METHOD is one strategy. The goal is to find
the valves of the variables that make both equations true.

Linear systems can be solved by SUBSTITUTING one
equation into the other by following these steps:

Step 1: Rewrite one of the equations in ferms of
one of the variables.

Step Z: Substitute it into
the other eqpa’rion.

Step 3: Solve the
new equaﬁon.

Step 4: find the valve of the
other variable bg substitution.
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Use the substitution method to solve the
Sx+y=T €IFs helpful to number

~_ following s stem;,£, e fu the equations to aveid =~
g B Ix- 39 =1 Conf:sion.

Step & Rewrite equation "1 in terms of x.

Bl sx+y=1
15x -+_ y=1-5x

Step 2: Substitute the rewritten equation 1 into
equation 2. :

B 2x-3y-1
Ix-3M-5x)=1
Step 3: Solve the new equation.

2x-33+15x=1




- Substitute x = Z into equation 1 : e

Step 4: find the valve of y by substitution.

52)+y=1

10 J:..._y_.s,ll

y=1

~ Therefore, the solvtion to

_the sgs}em.o&ieq'uaﬁons,is..i I
(x, y) = (2,0

LE: Use the substitution method to solve the

_ J”-Ix+3y=13 5 =
following system: x+Ty=1

~ Step 1: Rewrite equation

2 interms of x.




Step 2: Substitute the rewritten equation "2 into
equation 1 :

b -Ix+3y=15
=22 -y + 3y =13
Step 3: Solve the new equation.
-4+ 1y +3y=15
Ny=1
Y= 1
Step 4: find the valve of x by substitution.

Substitute Y= linto eqyaﬁon . ¢

Since the solution makes

x+1) =2 ~ both equations true,
you can substitute this
~info tv'f,l'!r"qu‘dfion‘.

X+1=12
Xx=-5
Therefore, the solution is: (x, y) = (-5, 1.
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Mwags look ot the linear sgs’rem £irst and think abouvt which
equation and which variable are simpler to isolate.

It's usually simpler to solve for the
variable that has the smallest coefficient.

o EXAMPLE: Use the substitution method to solve the

. 3Xx - Zy =2 1
€ollownng s93+em= Sx s 49 -t T

Step 1: Rewrite equation "1 in terms of x. ¢

In this rroB'ﬂm. yin !:ludfion 18
1 3x - Zy =2 ‘has the smallest coefficient.

-Zy=2—3x

7 L

2-3x
=

Step Z: Substitute the rewritten equation "1 into equation ‘2 :

B -Sx+4y=-b

5x + 4(—2‘3") =

Z
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Step 3: Solve the new equation.
—SX - Z(Z ol 3X) = ‘(0 ‘Don.f 'Forgef to Cdr(fu“y
distribute the negative sign.
-5Xx -4+ bx=-b

Xx=-1
Step 4: Find the valve of y by substitvtion.

Svbstitute x = -2 into eq_ua+ion Bl : ¢

~ Since the solution makes
3-2)-2y=2 ~ both equations true,
you can Subsfifufc ‘Hu's
"’—l"ﬁf@"! ifk!l'"!qu'.fi@h_{ : R

b -2y=2

JpE=q

Therefore, the solution is (x, y) = (-2, -4). =

SEXAMPLE: Adult tickets to a carnival cost $8 and child
tickets cost $3. # family made vp of adults and children paid
$50 for 10 tickets. How many adults and how many children
are in the family?
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Let a represent the number of adults and c represent the

number of children.

Since adult tickets cost $8 and child tickets cost $3 and the
family spent a total of $50, this can be represented by the

eqpaﬁon 8a + 3¢ = 50.

Since a fotal of 10 tickets were bought, this can be
represented by the equation a + ¢ =10

Ba+3c=50 I

Therefore, the sgs’rem is { AT EST0 =

Step 1: Rewrite equation "2 in terms of c.

You could have

a=10-c¢ _ also solved for (-

Step 2: Substitute the rewritten equation "2 into
equation 1 :

8(10 - 0 + 3¢ =50
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Step 3: Solve the new equation.
80 - 8¢+ 3¢ =50
-5¢ = -30

c=0

Step 4: find the valve of a by svbstitution.
Substitute ¢ = b into equation 2 :

a+(6)=10

a=4
Therefore, the solution o the system of equations is

(4, 6), which tells us there are 4 advlts and 6 children
in this €amil9.
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Q| CLECK your [HOWLEDCE.

Solve each of the linear sgs’rems using the suvbstitution method.
{3x+y=5 8x-3y=-5
ML axe3y-8 L xesy-1
x+1y=5 {3x-83=-1
2L ax+sy-8 > Lsxeay=6
{ 3x-y=-4
! BX + "ly =-18

6. The total cost of purchasing 8 notebooks and 9 binders
is $60. The total cost of purchasing b notebooks and
5 binders is $38. How much does each notebook cost?
How much does each binder cost?
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| CHECK Your AISYWERS |

13 (x; y) =(1.2)
2. (x y) =(3,4)

3. (x y) = (2,-D)

1. (x y = (% 3)

5. (x.4) = (-1, = %)

6. €ach notebook costs $3 and each binder costs $4.

2%



Chapter 20

SOLVING SYSTEMS OF
LINEAR EQUATIONS
BY ELIMINATION

One of the methods used fo solve a system of linear
equations is substitution. There is another method for
solving systems of linear equations called ELIMINATION.
When we eliminate something, we remove it.

THE ELIMINATION METHQD

Linear systems can be solved by eliminating one variable
from all the equations by adding opposite valves.

The elimination method follows these steps:

Note: Make sure both equaﬂons are set in standard form
before beginning.

Step 1: Choose a variable to eliminate from both equations.
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Step 2: Multiply ALL the terms of one equation by a
constant, and then multiply ALL the terms of the other
equation by another constant, so that when they are added
together, a variable will be eliminated. Sometimes you only
have o multiply one equation by a constant.

Step 3: Add the two equations and solve.
Step 4: Use substitution to £ind the valve of the other variable.

Once the solution is found, it shovld be substituted into both
equah‘ons to confirm that it is the correct solution.

SEXAMPLE: Use the elimination method to solve the

' { X+ y= 5 =
€ol|owmg sgs’rem 3 Zy .3 T

Step 1: Choose to eliminate y.

’ _ .  yis easier to eliminate
. Step Z: Multiply equation "I because you only have to
by 2, so that when the two | .Z'“'ffr'?' one of the equations
y a constant.

_ equo’rions ore added +oge+her. 5 :

. . ou chose to eliminate x,
-y will be eliminated. | ‘"'a“«x'waula"‘lswrfa"ws;!f:,sty—
Zotb. equations by constants.

| Equaﬁon i x 2: 4X + ?.y =10
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Step 3: Add the two equations.
4x+7y=10

,Adding 1he.,+wo‘eq'uaﬁons{3x f?.y?—f

(4x + 3% + (Zyf+[-2y) = (10 + (3)

Xx=1

Step 4: Use substitution to solve for y:

Substitute x = 1into equation i :

ZM+y=5

2+ y,E,S.

= > |

Therefore, the solvtion to the sgsiem of ,.equaﬁons. is:
(x, y).a.,(], 3).




CCERXRAMPLE:  Use the elimination method to solve the

Ex + 4y =TT 5
(ollowing sgs’rem: x4 y- 1

Step 1: Choose fo eliminate y.

Step Z: Multiply equation 2 by -4, so that when the two
equaﬁons ore added +oge+her. Yy will be eliminated.

Equation ‘2. x (-4): -12.x + -4y = -78

Step 3: Add the two equations.

5X+4y='l

Adding the two equaﬁons{ 3= 4}} . 7g

(5x + -12X) + (4y| + -4y)) = (1+-28)
-1x = =21

X=3
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Step 4: Use substitution to solve for y il

Substitute x = 3 into equah‘on | E =

3(3) «y=1 i
This method is also called the
ADDITION METHOD hecause we're
A+ y=1 adding one equation to the other. -
- i
Y= -2 i

Therefore, the answer is: (x, y) = (3, -2) S

A system of equations can also have infinite solutions,
for example, (4x - 2y = 1 and -12x + Gy = -3),
where there is an infinite number of coordinates that would be
solutions to both equations.

or no solutions, for example, (5x + 3y = 7 and -10x - 6y = -20)
where there are no coordinates that would be
L solutions to both equations.

Multiplying Both Variables by

a Constant

Instead of multiplying only one equation by a constant,
sometimes we need to multiply both equations by constants.

To find out what constants to pick, first find the least
common multiple (LCM) of the x-valuves (or the y-valves)

and multiply each equation accordingly.
29



“EXAMPLE: Use the elimination method to solve the

. { Ix+5y=3 [0
?ollowmg sgsi-em: 3y s 49 1

Step &: Choose to eliminate x.

v

Step Z: Multiply equation 1 x is easier fo eliminate
) _ because the LCM of the
bB 3 and mulhplg eqpahon 2. yvalues-is Gx,-whereas-the-
b9 -7, so that when the two LCM of the y-values is
20y.

equaﬁons ore added +oge+her.
x will be eliminated.

Equation ‘1 x 3: bx+15y =19
Equah'on B x (-2): -lbx - 89 o=

Step 3: Add the two equations.

bx + 15y =1

Adding the two eqpaﬁons{ = 8y -

((ox—(ox)+(15y—83)=‘1—2
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Step 4: Use substitution to solve for x

2

Substitute y = linto equation (2 : Since the solution makes
both equations true,
 you can substitute this
3x + 4(]) = 1 into either equation.

3x+4=1
X=-1
Therefore, the solution is (x, y) =(-1.1

EXAMPLE: Use the elimination method to solve the

e il -
00W|n9393 m: 10x+99=—ﬂ g

Step 1: Choose to eliminate y.

Step 2: Multiply equation 1 y is simpler to eliminate

; ; because the LCM of the

by 3 and multiply equation 2 y-values is 18y, whereas

by -Z, so that when the two M:l (‘SCM of the x-values
15 x,

eqyoﬁons are added +oge+her,
Y will be eliminated.

Equod'ion I x 3: 24X + 189 = =12
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Equation 2 x (<2): -20x - 18y =22
Step 3: Add the two equations.
24X + 183 =-12

Adding the two equa’rions 20x - 1By =97
(24x + -20x) + (-189 + —18y') = (=12 + 22)
4x =10

-1
X=

Step 4: Use substitution to solve for y:

Substitute x = % into eq_uod-ion S -

8(-%) +by=-4
2.0+lpg= -4

by = -24

y=-4

Therefore, the answer is: (x, y) = (%,-4)

— Ll



Q| CLECK your LHOWLEDCE.

Use the elimination method to solve each of the Following
sgs’rems of equa’rions.

x—Zy=1
L 4x-1y=5
{Zx+y=8
3 -5x -4y = -1
{bx+2y=24
! 4x—5y=1lo

{5x+4y=—13
X 3x-2y=13
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| CUECK Your AUSWERS |

13 (x; y) =(3,1)

2. (x4 = 5,-2)
3. (x y)= @40

5. (x y) = (3, -]

5. (x.y)= (— % )
b s
4

E— .



g3

5

-6

~L-7

> Graphing Linear?

-

:‘!q*>
x

Kquations and
Inequalities

p— 297



Chapter 3

POINTS
AND LINES

THE COORDINATE PLANE

# COORDINATE PLANE is a flat surface formed by the
intersection of two lines or AXES. The horizontal line is called
the X-AXIS, and the vertical line is called the Y-AXIS.

The x- and y-axes intersect

(cross) ot the ORIGIN. y
An ORDERED PAIR

gives the coordinates

(exact location)

of o POINT. — i >
The x-coordinate i
alwags comes
first, then the
y-coordinate (x, y). Y

ORIGIN

__N(»-F(n‘)

X-AX1S

G 5 &
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The x- and y-coordinates are separated by a comma and
surrounded by parentheses.

For example, the x-coordinate of the origin is 0, and the
Y-coordinate of the origin is also 0. So, the ordered pair of
the origin is (0, 0).

When plotting an ordered pair, start at the origin.
Then:

For the x-coordinate:
If the x-coordinate is POSITIVE, move RIGHT

from the origin.
I£ the x-coordinate is NEGATIVE, move LEFT from the origin.
If£ the x-coordinate is Z€R0O, STAY at the origin.

For the y—coordina’m
I€ the y-coordinod-e is POSITIVE, move UP from
the location.

If the y—coordinod-e is NEGATIVE, move DOWN from
the location.

If the y—coordina‘re is ZERO, STAY at the location.
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- EXAMPLE: Plot the point (3, 4).

For the x-coordinate: start ot

the origin ond move 3 units to

_ the righ+ on the x-axis.

. For the y-coordinate: Move
¢ 4 units vp on the y-axis.

— — — — —

- Sometimes, a point is
. directly on the x- or
« y-axis, like point C.

ﬁ (3. %
3
2
|
-4 3 @ 4 | i '+9)L
-1
-2
3
=4
Vv

e | —— — —— e s et e et e e\

o>

— — — —— — S— —



The coordinate plane is divided into four QUADRANTS.

Y
QUADRANTII QUADRANT
All x-valves are #ll x-valves are
negative (x < 0), positive (x > 0),
and all y—volues and all y—values
are positive (y > 0). are positive (y > 0).
(-x, +y) (+x, +y)
¢ )x
QUADRANTINI QUADRARTIV
#All x-valves are All x-valves are
negative (x < 0), positive (x > 0),
and all y-valves and all y-valves are
are negative (y < 0). negative (y < 0.
(-x, -4 J ox -y

EASY FOR YOU TO SAY.
wWHY DON'T YOU TRY
LIVING IN QUADRANT [1I?

TRY NOT TO BE
SO NEGATIVE.
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DOMAIN AND RANGE

A RELATION is a set of ordered pairs.

In a relation, the set of all the x-coordinates is called the
POMAIN and the set of all the y-coordinates is called the
RANGE.

\Whenever we write a set, [ : —
we aluays vse BRACES (1 o oy oreie

List the valves of the domain and range in numerical order.

For example, name the domain and range for the relation:
{-51,(-2,0)0-0@4-2),0,-33

DOMAIN: list all the x-valves in numerical order: {-5, -2, 1, 4, T}

RANGE: list all the y-valves in numerical order: 3-2,-1.0, 83



Q| CLECK Your ROLERCE.

1. In which quadrant is (=3, -1) located?
2. In which quadrant is (1, -2) located?
3. In which quadrant is (8, 4) located?

For qpes’rions 4 and 5 vse the coordinate grid below.

yn
4. \Whot are the B i
coordinates ¢ 3
2
of point A7 | A
( € 7 -6-5 4 3 2 3 b 23 % 24%
5. What are the -
coordinates ;
of point B7 v

6. Name the domain and range for the relation:
{9, 2), 4 ), (1,12)3.

7. Name the domain and range for the relation:
=3, -4), (-8, 2), (<13, 8), (<18, 14)3.
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| CUECK Your AISWERS 1
1. quadrant IIT 5/

2. quadrant IV

3. quadrant T

4. (5 0)

5. (-1,3)

6. domain {-1, 4, 9, range {2, 7,123

7. domain §-18, 13, -8, -3}, range -4, 2,8 143
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Chapter 32

GRAPHING
A LINE FROM A
TABLE OF VALUES

# line can be created by connecting multiple ordered

pairs, or coordinates plotted on a coordinate plane. # line
continues forever in both directions, and we indicate this by
drawing arrows ot each end.

A TABLE OF VALUES is a list of values that form a relation.
When the coordinates are plotted on a coordinate plane
and connected, +he9 form a line.

X Y
2 v -3 &—forms the
coordinates
‘ F(2-3)
2 ‘ 5 '

The relation formed by this fable of valves: {-2,-3),(0,1), (2, 5%.
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- EXAMPLE: Graph the line formed by the table of valves.

- | g
0 1
1 1
2 1

Step 1: Use the valves in the table to write the coordinates
of each point.

{0, 1,(1 4, and (2, 3

. Step Z: Plot each
- point on a coordinate
plane.

Step 3: Use a ruler or
- straightedge to draw
. a line that connects
all the points.
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l EXAMPLE: Groph the line formed by the table of values.

W W W W

-

"

- Step 1: Use the valuves in the table to write the coordinates

of each point.

- {(-4,3), (-2, 3), 4, 3), and (b, 3)3

Rv

' 'S

. Step Z: Plot each i 2

. pointon a 7

. coordinate plane. 6

5

' 4
. Step 3: Draw a oo " ——o3

. line that connects 2

all the points. \
<‘5-“}-3-2.-\ 1 2 3 % s 6 1

“

-2

v
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@ CLECR your ROWLEREE!

For questions 1through 4, graph the line formed by

each table
X
0
I 5
7 8




5. Plot each of the points on a coordinate plane

Do the points form a line?




[ CHECK Your AISWERS |
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8

7

6

S

4

3

2

|
€ >
43 f 4|1V 234 %

-

2

-3

o |

6 -5 -4 -3 -
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5. No, becavse all the points cannot be connected by
a straight line.

y
.
6 (]

s@®

l'.

3

® |2

|

(-7-6-5-‘}-3-2-\ i 2 3 % 5§ 6 7

] -

2

-3

& -4
-5

-6

J.’
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SLOPE is generally referred to os the steepness of a line.
More specifically, slope is a number that is a ratio describing
the filt of a line. Slope is calcvlated by finding the ratio of
the vertical change (rise) to the horizontal change (run).

I RISEis how much a line goes

up or down.
RISE

SLOPE = SUN

& RUN is how much a line moves
left or right

For example, a line has a slope of —%— Since the formula for

slope = %Sf—, this means that the rise is Z and the run is 3.
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Since the rise is represented by a positive number, it means
that the line is *rising vertically® or "going vp-

Since the run is represented by a positive number, it means
that the line is *running horizontally* or "going to the right=

If we start at the point (-5, -5) and plot a line with a slope
of % we get the graph below.

# slope of % means that every fime the line rises Z,

it also runs 3.

Since the slope is a ratio, it can be expressed as variovs
ratios of numbers.
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_ cem

| EXANPLE: Ffind another way to draw a line with a slope

2
043. i

I

;‘ # line with a slope of % covld also be expressed as :—Z-, 4
t this means that the rise is -Z and the run is -3. d
'.

| Since the rise is represented by a negative number, it means

| that the line is "going down.”

l

| Since the run is represented by a negative number, it means
| thot the line is "going left

~
—~ o = ?

% -s -+ 3 2 -




litﬂll[li. Fmd two ways to draw a line with a slope of
- that passes through the coordinate (-Z, -1).

The slope covld be
expressed as —T
This means that the rise
is -1 and the run is 4.

& negaﬁve number means
. thot the line is "going down?*

- & positive number means
that the line is “going right"

Starting ot (-Z, -1) we can
plot other points that are
on the same line by "rising
. =I"and "running 4":

OR

The slope could be

expressed as _i

This means that the rise
is 1 and the run is -4.

# positive number means
that the line is "going vp.

A nega’rive number means
that the line is "going lefte

Starting at (-Z, -1) we can
plot other points that

are on the same line by
"rising 1" and "running -4

Y




- There are four types of slope:

1. Aline that has o POSITIVE
SLOPE rises from left to right

2. Aline thot has a NEGATIVE
SLOPE falls from left to righ‘r.

3. A line with 2ERO SLOPE is
| horizontal becavse the rise d
_ is 0, and O divided by any

non-zero number is 0.

4. A line with an UNDEFTNED
SLOPE is vertical becavse
the run is 0, and any
non-2ero number divided by
0 is undefined.
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FINDING THE SLOPE OF ALINE

To £ind the slope of a line, pick any two points on the line.
Starting atf the point farthest o the left, draw a right
triangle (one right angle thot measures exactly 40°) that
connects the two points and vses the line as the hypotenuse.

How many units did yov go vp or down?
That is Yyour rise. How many vnits did
you go left or righ+7. That is your ron.

i f‘u 'ongesf side o‘F
8 a rigl\f frianglc

Find the slope by using the slope formula:

slope =

rise

ron

«+EXAMPLE: Determine the slope of the line.

- from point & o point B, the line has a rise of 3 and a run of b.
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rise

Therefore, the slope is: ——— = 2.
ron b

8
Z

(# slope of —,}_— means that every time the line rises 1, it also

runs 2.)

= EXAMPLE: Determine the slope of the line that connects

| the points A (1, 2) and 8 (3, 1.

. Step &: Plot the two points
- on a coordinate plane and
. drow the line that connects

. the points.

- Step Z: Starting with the

. point that is farthest to the
left, draw a right triangle
and calcvlate the rise

~_ond run.

Point A is farthest to the left
from point # to point B, the

line has a rise of -1and a
run of 2.
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Step 3: Use the rise and run to calclate the slope.

SlapiisER o S oot
ron

A Z

There is a formula for slope that you can vse when yov
know two points on a line. The two points are represented
0s (X, Y and (x,, Ya). The notation , tells vs it is the first

x and y coordinate.

This is read
as ~,v,.mb. 1"

as “xsub 1”

This is read \

S0P the chomge in x
oYY
[ XZ = X1

This variable means slope.

|

|

|

|

|

|

|

|

| |

the change in y | }
| |

|

|

|

|

|

|

|

|

a0 |



EXAMPLE: find the slope of the line that goes through the |
points (Z, 5) and (3, 9). I

—-v-r

Step 1: find the valves of X, Y, X,, and y,.

s cveee ey e —

The points are (,5) and (3, 9), so You could also let

(xi, Y) = (2, 5) and (xp, Y,) = (3, 9. g g)y=(29)
~and (X, Yo) = (2. 5).

Step 2: Substitute the valves into the slope formulo:

*
~

|
R

"

1]

1]
s

e s cmmmg . emm——— ewm——, g eje— g g

3
+ "

L|r‘ E

|

~

?
1

W
I
N

This answer appears
| correct becavse a line
| that RISES from
| leftto right has a
| "POSITIVE slope.
| € : >

3 2 -

- N W F wn o -~ R ]
B

l

l

| -3
i

g

2n



- EXAMPLE: Determine the slope of the line that goes
through the points (-5, 3) and (4, -2).

Step I: Find the valves of X, Yy X,, and y,.

Since the points are (-5, 3) and (4, -2), (x, y,) = (-5, 3) and
: (X;_, yz) = (4, —Z)

Step Z: Substitute the valuves into the slope formulo:

This answer
. appears correct
becavse a line

that FALLS from
left to righi- has
a NEGATIVE slope -3
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Q| CLECK your LHOWLEDCE.

For questions 1through 3 label the slope as positive, negative,
2ero, or undefined.

Yy
1. \

3
2
|
D\ ?

- 12 3
-1
2

v
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4. Find the slope of the line.

Y
-
2
|
¢ 4+ 3 2 A |
-2
-3
4
5. Find the slope of the line.
A
‘ 2
/ |
¢_5 3 2 H
-1
o
-3
-4
J \)
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6. Use a slope friangle to find the slope of the line below,

y
6 ]
5
% .
2
'
(-s $ 3 2 \f’.‘i\ 2 3 % 5 6 1 s)x
r 4 F 2
f° 3
J

1. Determine the slope of the line that passes through the
points (3, 1) and (5, ).

8. Determine the slope of the line that passes through the
points (-4, 9) and (1, 2).

9. Determine the slope of the line that passes through the
points (-10, -3) and (-4, -18).

ANSWERS 275



| CECK Your AISWERS

1 negod'ive
2. undefined
_ Y
3. positive T’ 12
A &
s 2T
§. slope=—% t
q :
o o
5.slope-7-3/) | 1
<--3-z l\7.3'tse7s’o;¢
I -] '
€. slope = " 2
-3
et o e o i
1. m= s 3 J
_2-9 _ 1 1
T Ti
-18-(-3) _-15__5
- = B A
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Chapter 30

SLOPE-INTERCEPT
FORM

x- AND y-INTERCEPTS

An INTERCEPT is o point where a graph crosses either the

X-0Xis or the y—axis.

The y-intercept is where a graph intersects the y-axis.

Since it crosses the y—axis, the x-valve there is alwags 0.

The x-intercept is
where a graph
intersects the x-axis.

Since it crosses the
X-0Xis, the y—value
there is alwags 0.

Y A
% THIS IS THE
3 X-INTERCEPT
THIS IS THE " OF THE LINE
Y-INTERCEPT
OF THE LINE |1 \4’

\
(-s 4+ -3 -2\,
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An infercept con be expressed either as a single number or
a coordinate.

- EXANPLE: Determine the y-intercept and the x-intercept .
- of the line.

The line intersects the y-axis ot -3, the y-intercept is:
=3 or (0, -3).

The line intersects the x-axis ot b, the x-intercept is:
b or (6, 0).
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WRITING EQUATIONS IN
SLOPE-INTERCEPT FORM

The equaﬁon of a line can be written in many ways. One of
the ways is the SLOPE-INTERCEPT FORM:

9=mx+b

For example, if a line has a slope of T and a y-intercept of -4,
the equation can be written in slope-intercept form as:

Y=mx+b
Y=x+(-4) —
y = Ix -4 ¢ s'ofc-inferctrf form

Graph the line that has a slope of % and has a y-intercept
of -1. Then find the equation of the line and write it in

slope-intercept form. YA
l+
Step 1: Plot the 3
Y-intercept. %
|
Since the line has a ¢ 4+ 3 2 4 & I 2 3 %—)x
Y-intercept of -1, the 2
coordinates of the -3
y-intercept are: (0, -1). -4
v
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Step Z: Use the RISE and RUN of the slope to £ind the
location of the next point.

The formula of slope is
rise
s ——,
ron

This means that rise = 3
ond run = 2. 3

Step 3: Drow a line that
connects the points.

Step 4: Use the valve of the y-intercept and the slope to
write the equaﬁon of the line.

Since the formula of the slope-intercept formis y = mx + b,

the equah‘on is y= % x-1

EXAMPLE:  Groph the line y=3x -4
- Step 1: Tdentify the slope and the y-intercept.

Since the line is in slope-intercept form, the slope, m, is

3or % and the y-intercept, b, is -4.
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Step 2: Plot the y-intercept.

Since the line has a y -intercept of -4, the coordinates of
the y-intercept are (0, -4). Y A

t+
Step 3: Use the rise and Tk
2
run of the slope to find the :

location of the next point. ¢ y >
3 2 1 | 1 2 9 o
The formvla for slope is 2
__rise
ron 2
-4

Rise =3and run = 1.

{TEXAMPLE: 4 line goes through the points (3, 2) and
+ (-5, b). Find the equation of the line and write it in
. slope-intercept form.

. Step 1: Find the valve of the slope.

- Using the formula for slope:

i 'Y]:&zil

- X
=t % . §
-5-3 -8 4
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Step 2: Substitute this slope valve into the
slope-intercept form.

Slope-intercept form: y = mx + b 4

1 1
y=(—7)x+bory=-7x+b

Step 3: find the valve of the y-intercept by substituting one
of the points info the equation.

y-=- —;—x + b > Subtitute (3, 2) into the eqyaﬁon. A

D _;_(3) + b We could use either peint.

3 .3 .
2= =5 +b > Solve for b bg addmg - to both sides.

1 3
z-b

Step 4: Use the valve of the slope and the y-intercept to
write the equation of the line.

Since the valve of the slope is m = - % and the valve of the
; ; 1 s % 1 1
Y-interceptis b= TR the equation is: y = my Xt
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e Smm— — — —

! EXAMPLE: Find the coordinates of the x-intercept and

l
I
!
l
[
l
|
|
|
|
l

| Therefore, the coordinates of the y-intercept are (O, =

the y-intercept of y = —%— X= —g—

Step 1 find the y-intercept.

8

piss ——.

3

3

. Step 2: find the x-intercept

. Since the equation is in slope-intercept form, the y-intercept

8)_

Since the x-intercept is where the line intersects the x-axis,

" the g—value is O.

Y= % X - % Substitute O for Y.
L >
3

o
0=—x 3
B ok
e
4=xo0r x=4

Therefore, the coordinates of the x-intercept are (4, 0).

283



Q| CHECK vour (LIOWLERCE.

1. What is the slope and y-intercept of y = Zx - 97

H i = l + .l?

2. Whot is the slope and y-intercept of y 3 X+ g

3. Draw a line that has a slope of 4 and a y-intercept
of 3.

4. Draw a line that has a slope of ——2— and a y-intercept
of Z.

5. Draw a line that has a slope of % and a y-intercept
)

of - T
6. # line passes through the points (3, 3) and (1, 10). find the

equation of the line and write it in slope-intercept form.
1. # line passes through the points (7, -8) and (-1, -5).

Find the equation of the line and write it in slope-
intercept form.
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10.

# line passes through the points ( % -6} and (1, -9).

Find the equation of the line and write it in slope-
intercept form.

Find the x-intercept and y-intercept of y = -Zx - 3.

ANSWERS

. Find the x-intercept and y-intercept of y = %x = %
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[ CHECK Your AISWERS |

1. Slope = Z, y-intercept = -9 or (0, -9)

e v i .ol LY
2. Slope = 3 Y-intercept g O (O, 3 )
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10.

y=-4x+14
- -
J= g g
Y=-bx-3
. x-intercept = 3 or (3, 0)

i - i — i
Y-intercept =  or (O, 5 )

1 - i — i
Xx-intercept = 7 or( 7 O)

y-intercept = -3 or (0, -3)
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A QUICK REMINDER:
Yy=mx+b
mis the slope
bis the y-intercept

y-infCrcePf

Es-v-e-s-%-a-z-& |Z375678‘)x
-1
2 x-inferce[:f
-3
-4
S
.6
-1
-8
. 4



Chapter L5

Another way to write the equation of a line is the
POINT-SLOPE FORM, which vses the coordinates of a
point (not just the y-intercept) and the slope of a line.
Point-slope form is vseful for finding a point on the
line when you know the slope and one other point.

i/

S/
NN

WHAT'S THE DIFFERENCE BETWEEN
POINT-SLOPE AND SLOPE-INTERCEPT ?

Point-slope form and slope-intercept form are both ways of
expressing the equation of a straight line.

Point-slope form emphasizes the slope and ANY point on
the line.

Slope-intercept form shows the slope and the y-intercept
of a line.
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Formula for the point-slope form:

S'or!

y-yfrﬁ(x-x‘)
{

)

the coordinates of a [oinf

that the line passes t rougk

y i
(X, Yy) is the known >
point. m is the slope of ’/f/m/‘(x vl
the line. (x y) is any (%, %)
other point on he line. . €|
€ 2
v

. EXAMPLE: The equation of a line in point-slope form is

- Yy -=3=12x-". Find the slope of the line and the coordinates

of a point that the line passes through.
The formula of the point-slope form is y - y, = m(x - xy);

this means that the slope, m, is Z, and the coordinates of
. a point that it passes through are (x, y; ) = (1, 3).
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L EXAMPLE: Graph the line that has a slope of 2 and
passes through the point (-1, 4).

. Step I Plot the gjiven point.
- Plot (-1, 4) on the coordinate plane.
. Step Z: Use slope to plot another point.

. Since the slope ism=2 = L this means thot the rise = 2

1
~and the run = 1.

"Plot a second point that is located vp Z and right 1 from
. the first point.

' Y
« Step 3: Drow a line that 7
. connects the points. 1
2 5
I+
3
2
|

211



- EXAMPLE: A line passes through the points (3, -5) and (1,1
Find the equation of the line and write it in point-slope form.

. Step I: Tdentify which formvula shovld be used.

- Since we are gjven the coordinates of fwo points, we con
calcvlate the slope of the line.

Step Z: Substitvte the given information.

The slope is m = % and one of the points is (3, -5).

. We can substitute these valves into the point-siope form:

1 y-uy=mix- We could also have
y y] X XI) substituted the Poinf
" 3 }7. 1”) n Sfe’; 2‘
R S11 = TRC &5 > that case, the
B i
E i ~ V= I = -z— (x - 7).
Y5 = 7 (x -3

- Therefore, the answer is: y +5 = -%(x - 3).
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FEI»MH-E:_ # line has a slope of -2 and passes through
the point (1, ). Find the equation of the line and write it in

slope-intercept form.

s s ) —— ——

i Since we are given the valve of the slope and the

- Step 1: Tdentify which formula shovld be vsed.

| coordinates of a point that it passes through, we shovld vse
| point-slope form: y - y, = m(x - xy).

l

| Step Z: Substitute the given information.

y- b=-2(x-1

Y- b=-2x+2

l
I
l
t
f
i
l
l
|
l
I
: Y=-1x+8

Step 3: Rewrite the equation into slope-intercept form.

Y-b=-2(x-1 > #pply the Distributive Property.

|' Therefore, the answer is: Y= -1x + 8.
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STANDARD FORM

\We can also write the eqyaﬁon of a line in STANDARD FORM:
Ax+By=C

In this form, #&, B, and C are constants, and # is positive.

" EXAMPLE: 4 line has a slope of % and passes through
- the point (<12, 7).

Find the equation of the line and write it in standard form.

- Step 1: Identify which formula shovld be used.

Since we are given the valve of the slope and the coordinates
of a point that it passes through, we should vse point-siope

- form: Y - y, = m(x - x,).

- Step Z: Substitute the given information.

Y= Y= mx - x,)

-
y-= 3(x (<12))
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- Step 3: Rewrite the equation in standard form

- Therefore, the answer iSLt;—_X. -y ==




@ CHECK vour (LOWLERCE

1. The equation of a line is y - 1= 5(x - 3). Find the slope
of the line and the coordinates of a point that the line
passes through.

2. The equation of a line is y + 1= -2(x - ). Find the slope
of the line and the coordinates of a point that the line
passes through.

3. The equation of a line is y = 5(x - %). Find the slope
of the line and the coordinates of a point that the line
passes through.

4. # line has a slope of 4 and passes through the point (9, 5).
Find the equation of the line and write it in point-siope form.

5. #line has a slope of - % and passes through the point
(3, 0). Find the equation of the line and write it in point-slope
form.

6. # line has a slope of -3 and passes through the point

(Z, 5). Find the equation of the line and write it in slope-
intercept form.
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10.

# line has a slope of —;— and passes through the point
(=6, ). Find the equation of the line and write it in slope-
intercept form.

# line has a slope of Z and passes through the point
(10, 3). Find the eq_uaﬁon of the line and write it in standard
form.

A hne has a slope of b and passes through the point
(— = 1. find the equation of the line and write it in
s+omdard form.

# line has a slope of - % and passes through the point

(8, -6). Find the equation of the line and write it in standard
form.

ANSWERS 297



| CWECK Your ASWERS 1

1. Slope = 5: coordinates of one point = (3, 1)

2. Slope = -2: coordinates of one point = (4, -1)
3. Slope = 5: coordinates of one point = ( % O)
. y-5=4x-9)

= - —1— —
5. y-0 b (x - 3)

6. y=-3x+ﬂ

1 y=%x+lo

10. Tx+y=4
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SOLVING SYSTEMS OF
LINEAR EQUATIONS
BY GRAPHING

When given a pair of linear equations, we can graph each
linear equation on the same coordinate plane, and then
find the point that both lines have in !

The ordered
common. This intersection pointisthe  © pair that is the

solvtion to the system. . A solufi?n to both :
equations.

“SEXAMPLE: Graph the system of linear equations to £ind

_the solvtion.
X+ys= 5 o1
X - y=1 Z

. Step 1: Rewrite each of the equations into slope-intercept
form (y = mx + b). This will make graphing simpler.
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Rewrite 1 into Rewrite 21 into

slope-intercept form: slope-intercept form:

x+y=5 1x=iy=14

Y=-x+5 —Yy=-1x+4
Y=2x-4

Step Z: Graph each of the equations on the same coordinate
plane by using the slope and y-intercept of each line.

Step 3: Locate the point of intersection.

The two lines
intersect at (3, 2).

Poinf of

intersection

So the solvtion to the
system is (3, 2).
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e cun o o o
| EXAMPLE: Graph the system of linear equations to

!
!
’
]

i
i
!
'

G G—  C—  — — - — — — —— -~

determine the solution.
Ix+y=-1 =
4X + Zy =0 12

Step 1: Rewrite each of the equations in slope-intercept form

(Y =mx+ b
Rewrite 1 into Rewrite 120 into
slope-intercept form: slope-intercept form:
Ix+Yy=-1 x+Z2Yy=0
Yy=-1x-1 2y =-4x+0

y=—7_x+3

Step Z: Groph each of the equations on the same coordinate
plane by using the slope and y-intercept of each line.

Step 3: Locate the point
of intersection.

There are NO intersection ¢
points. So there is NO
SOLUTION to the sgs+em.

s:me slope,
: diffcrmfy--inferceffs |

L4

-5 4 3 2 - x




- EXAMPLE: Groph the system of linear equations to £ind
- the solution.

x-1y=0 EN
Zx—9=3 2

- Step 1: Rewrite each equation in slope-intercept form.

4_4x—23=0 .A.2_2x—y=?>
-2y =-4x+06 ==X
y=2x-3 Yy=2x-3

Step Z: Graph the equations on the same coordinate plane.
. Step 3: Locate the point of intersection.

. The graphs represent the same line, so the equations are
| EQUIVALENT.

There are an infinite number
of solvtions because there are
an infinite number of points
where the lines overlap. ¢

. SAME SLOPE and the
- SAME y-intercepts =
- INFINITE solutions
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Q| CLECK your LHOWLEDCE.

Graph each of the following systems of linear equations to
determine the solution.

’ x+y=5

2 3x+y=1
bx+3y=-19

L -Ax-1Yy=0
Zx-4y=10

! 3x+4y=15
3x—29=-10

1. -Sx+4y=1
5x -3y=-14

5.
3x+y=0
3x—(py=lz

6. x=?_y
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CLECK YourR AEISWERS

1. Solution: (1, 4)
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3. Solution: (5, 0)

4. Solvtion: (-6, -4)

MORE ANSWERS 305



.5 1

5. Solution: ( T
y i

6
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Chapter 3

GRAPHING LINEAR
INEQUALITIES

When we solved one-variable inequalities, we graphed ouvr
answer on a number line, and we vsed an open circle when
we didn‘tinclude a number in our solvtion, or we vsed a
closed circle when we did include a number in our solution.

To solve linear inequalities with fwo variables, we can vse what
we know about graphing linear equations with two variables.
Graphing linear inequalities with fwo variables means that
the solvtion should be graphed on a coordinate plane.

CERAMPLE: Groph the inequality y < x + 3.

Step 1: Temporarily change the inequality fo an equation and
graph the equation.
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Change the ineq'ualh‘g 0 an equaﬁon.

y<x+3
y=x+3

Graph the equation y = x + 3. Check that your graph is
accurate by vsing a test point.

Step 2: Determine whether the line shovld be solid or
dashed:

o If the inequali+9 contains a < or > sign, the line should
be dashed.

e T{ the ineq_uodi+3 contains o £ or 2 sign, the line shovld
be solid.
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Since the inequali’rg Yy< x+ 3 has a < sign, the line should be

dashed.

The dashed line

is like the open

circle on a

-~ linear equufi-on

_graphona
number line. It
means that the
location is not

 included in the

 solution.

Step 3: Shade the correct regjion that makes the inequality
frue, by testing any point.

The line separates the graph into Z sections.

Test (0, 0) to see if itis a

solution to the given ineqyali’rg.

e T£ (0, 0) is a solvtion,

shade the entire region

that contains (0, 0).

We can choose an
point, but (0, O) usually
makes our calculations
simrler and less likcly to
contain an error. If the
oint (0.0) lies on your

rinc; you fv;usf Clyéosé a

different roinf.-
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e T£ (0, 0) is not a solution, shade the other region that
does not contain (0, 0).

0) £ (0)+3

? 4
0<3 % ,,
1
; ; ; 7 |2
Since the inequality y,
is true, we shade ,’ ‘ N
the regjon that "*,"3 2 - i 2 3 % s "«x
contains (0, 0). ,/, %
-3
-4
-5
. 4

- TEXANPLE:  Graph the inequality bx - 2y 2 5.

- Step I: Temporarily change the inequality to an equation and
- graph the equation.

Change the inequalii-g o oan equaﬁon:

(ox—2_925
(ox—Zy=5
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Groph the equation bx - Zy = 5. Check that your graph is
accurate by using a fest point.

(px-23=5

-2y = -bx+5

5
y=3X-T (_5

4 3
Step Z: Determine
whether the line

shovld be solid or
dashed:

e Tf the ineq_uali’rg contains a < or > sign. the line shovld
be dashed.

e If the inequali’rg contains o < or = sign, the line shovld
be solid.

Since the inequalii-g bx - Zy 25hasa = sign, the line should
be solid.

Step 3: Shade the correct region that makes the inequality
frue, by testing any point.

The line separates the entire grid into Z sections.
M



Test (0, 0) to see if it is a solvtion to the given inequalﬂg.

e T£ (0, 0) is a solution, shade the entire region thot
contains (0, 0).

e I£ (0, 0) is not a solution, shade the other region that
does not contain (0, 0).

6(0) - 200) 2 5
0is

Since the ineqyali’rg iS nottrue, we shade
the region that does not contain (0, 0).

s 4 3 2 -
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Q| CHECKvour (LOWLERDEE

Groph the linear inequalities.
Ly>4-x

2. x—yz-s

ANSWERS 313



| CEIEEIS YouR AUSHIERS |

13
&
‘_s _‘
3
N
\4‘.7
b} q. \“‘
3\
\
Y
:4 3 2 4 |2 \“ 5
-1 ‘-l-‘l-s'&"lli.&\itt-'l*
2 \\
.3 \
K \\
e \
W \‘
y -
5. ) 6
3
2
|
ya 5
< 5
s 4 3 2 o I 2 3% s “n >
I % 3 24| 23 %5 6'x
'l i% -1
) 3 i3
et N -
T ————— - ————— -*
b v

314



Chapter 8

SOLVING SYSTEMS OF
LINEAR INEQUALITIES
BY GRAPHING

We solve systems of linear inequalities vsing the same
approach as solving systems of linear equations.

"EXAMPLE: Graph the system of linear inequalities to find

~the solution.
X+y <7 B
X - y> O

Step 1: Temporarily change each inequality into an equation
in slope-intercept form and graph the equation.

Change .1 _into an eqyoﬂon Change 22 into an equo‘rion-
X+ Y= 2 X~ Y= 10
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Rewrite in Rewrite in
slope-intercept form: slope-intercept form:

x+y=2 2x—y=10
y=-x+2 —y=—2x+10
y=2x—10

The two lines intersect at (4, -2).

-4 _3
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~or dashed,.

- Since the inequality
! x+,y<2hasa<sign.
 the line shovld be dashed.

- Step 2: Determine whether the lines shovld be solid

Since the ineq‘ualﬁg

21X~ y> 10 has a.>.sign,
the line shovld be dashed.

4+ 3 2

- Step 3: Shade the

| region that makes

- the inequality true,

- by testing any point.

| Test (0, 0) to see if it
~is o solvtion to the
- given inequality.




0«0 %2 200) - (0) 310

? ?
0<2 W 0>10

Since the ineq'ualﬁ-g is trve,  Since the ineqpali+9 is not

shade the region thot true, shade the region that
contains (0, 0). does not contain (0, 0).
Since the final Y ‘:

solution must 3

satisfy BOTH 2

inequalities, the ‘

solvtion must be F3 2 - ‘l 2 3 % s 6 1 )x
the region that is %

shaded by BOTH -3

colors, -4

" "EXAMPLE: Graph the system of linear inequalities to find
~ the solvtion.

i x+y>—5 ]
I X+ yel nZa
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Step 1: Temporarily change each inequality into an equation
in slope-intercept form and graph the equation.

Change 1 info an equaﬁon: Change ~2 into an equon‘iow

3x+y=-5 =X+ Y= -1

Rewrite in Rewrite in
slope-intercept form: slope-intercept form:
S3x+y=-5 X+ Y=-
y=-3x-5 Yy=x-1

The two lines

intersect ot (<1, -2).
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Step Z: Determine whether the line shovld be solid or dashed,

Since the ineq'ualh“g Since the inequali+9
3x+y>-5 hasa>sign, -x+ys-l hasal.-sign,
this line shovld be dashed. this line shovld be solid.

Step 3: Shade the correct region that makes the inequality
true, by testing any point.

Test (0, 0) to see if it is a solvtion to the given inequali‘rg.
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30)+ (0) % -5 -0)+(0) £ 11

ofs ita XK

Sinceihe.jnequalitgj&tme, Sinc.tz,,ﬂ.\ejmc,’!.l.aul‘ttg;js.m)iL

Shade.ihzxegmmof_icuz,,shade_ihuegioniba&__

contains (0, 0) does not contain (0, 0)




Since the final
solution must
satisfy BOTH
inequalities, the
solution must be € ot 3 2 -
the region that
is shaded by
BOTH colors.

\Whaot abouvt
the intersection
point (-1, -2)?

\What do we do, since one side is a solid line but the other
side is a dashed line?

Since the final solvtion must saﬁs?g BOTH ineqyaliﬁes. but

(=1, -2) onlg satisfies ONE of the equaﬁons, we do not include
it in our final solution and we vse an open circle at (-1, -2).

% to show that (-1, =2) §

. is not included
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Q| CLECK your LHOWLEDCE.

Graph each of the following systems of linear inequalities o
find the solution.

x+y<1
L X-y>-5

X+y?.—2
& 4x+y£-.'l
5 {3x-y<4

Zx+y£—.(n

y>3
Xz-5

x+Zy>—1
a -x+3y<—3

—2x+y>3
o {3x+y<-'l

ANSWERS 323
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Statistics and

Probability
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Chapter 39

INTRODUCTION
TO STATISTICS

STATISTICS is the organization, presentation, and study
of data. DATHA is a collection of facts in the form of numbers,
words, or descriptions.

Data and statistics are important becavse they:

help vs identify problems.
provide evidence to prove our claims.
help us make informed decisions.

There are two types of data:
STATISTICIANS
help us collect, interpret,
quantitative data summarize, and
qualitative dato. present data.
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QUANTITATIVE DATA

Information that is given in numbers. Usually this is
information that you can count or measure.

QUANTITATIVE DATA

- The number of i % % %
- students in |
- math class I L2 8 .8 & 7 3

: The number of % % %
- students passing : % % %
| I 2. -3 4 S

- moth class

: The number of @ @@

- students passing I f % ? % % % %
- math class withoan & >
[ 2

[ # I DON'T WANNA

- The number of | @
- students in danger | % % % % % %

- of €ailing math class A

| &

O
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QUALITATIVE DATA
Information given that describes something.
Usually this is information that you can observe,
J such as appearances, textures, smells, and tastes.

QUALITATIVE PATA

Er— |
== rpeRsens |
| are students happy?

>+O
b 20)
O
>+H®
ban®

>+O
>Q | 1O

. #re the students

O

3
X575

bt

O | | @
>Oo

- friendly?
Are the students s
- paying attention? ? % % % % % % ?
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Quantitative and q_ua|i+a’rive dato can be collected,
interpreted, and summarized.

THINK: How many answers are possible?
If there is only one answer, then it's not a statistical question.

If more than one answer is possible, then it is a statistical question.

J‘

COLLECTINGDATA

A STATISTICAL QUESTION is a question that anticipates
having many different responses. Answers that differ have
VARTABILITY, which describes how spread ovt or closely
clustered a set of data is.

For example: "How old am I7* This question has only one
answer. Tt is not a statistical question.

"How old are the people in my family?" This question has
more than one answer, so it is a statistical ques’rion.

The answers to a statistical question are *spread ovt" and

can be very different—so there can be HIGH VARTABILITY—
very spread ovt—or LOW VARTABILITY—closely clustered.
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SAMPLING

Sometimes we can gather dota from every member in a
group. Most of the time that's impossible. Therefore, we
use a SAMPLING, taking a small part of a larger grouvp to
estimate characteristics about the whole group.

OH BOY. THIS IS
GONNA TAKE A
LONG TIMEI

For example, a school has
2,500 students and yov want
to find out how many
consider math their favorite
subject. Sampling would

entail interviewing a portion
of the students and using the
findings to draw approximate
conclusions about the entire group.

It is important to make sure that the sample is a good
representation of the entire group. For example, yov know
that the school has 2,500 students, and yov randomly choose
50 people. You might find
ovt that 40 of the students
are in the same grade.
This is not a good sample
becavse the sample is not
a frue representation of
the entire school.
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KEY WORDS IN STATISTICS
Population: the set from which a sample of data is selected
Sample: a representative part of a population

Random sample: 2 sample obtained from a population in
which each element has an equal chance of being selected

Sampling: selecting a small group that represents the entire
population

—

- EXAMPLE: One thousand people bought food at
concession stands at a theater. You want o find ovt how
many of those people bought vegan snacks. So youv ask 20
people if they bought vegan or nonvegan snacks. 0f the Z0

. people, 5 said they bought vegan snacks. Approximately how
many people altogether bought vegan snacks at the theater? .

Becavse there are 5 people who bought vegan snacks ovt of

20, it means that Zio of the sample bought vegan snacks.

AppIY this number to the entire population of 1,000 people.

5
1,000 x T 250
- Aipproximately 250 people

If's vcgdn!

. bough+ vegan SNOCKS.
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| EXAMPLE: There are 150 members in kaycee's theater

- grouvp. Kaycee wants to know how many members wovld
be interested in a summer theater project. kaycee asks 30
members and finds ovt that

- 10 wovld be interested in the
project. Approximately how

¢+ many members in Kaycee's

1 theater group would be

. inferested in participating in a

- summer theater project?

. Because 10 of 30 members were interested, it means that

0 1 ;
203 of the sample are interested.

| 3
1 150 x 3 50

% Entire roru'd‘ion i

« Approximately 50 members are interested in the summer
¢ theater project.
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Q| CLECK your ROLLERCE

1. Which of the following questions asks about quantitative
data? Which asks abovt qualitative data?
A. How many customers are in the grocery store?
B. What is your favorite color?
€. What types of cars do the teachers in your
school drive?
D. How many students are going fo the game?

2. There are 10 cars in a parking lot. keisha looks
at 15 cars and sees that Z of those cars are red.
Approximately how many cars in the parking lot
are red?

3. Maya wants to guess how many marbles are in a
box with a height of 18 inches. She knows that there
are 32 marbles in a box with a height of 5 inches.
Approximately how many marbles are in the first box?

4. Jason has 25 classmates. Fifteen of his classmates had
summer internships. If there are a total of 500 students
in Jason's school, abovt how many students had summer
internships?
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[ CHECK Your AISWERS |

1. A. Quantitative
B. Qualitative
€. Qualitative
D. Quantitative

2. #Approximately 19 cars (rounded vp from 18.61)
3. Approximately 115 marbles (rounded down from 115.2)

4. 300 students had a summer internship.
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Chapter (o)

MEASURES OF
CENTRAL TENDENCY

AND VARIATION

MEASURES OF CENTRAL
TENDENCY

The group of numbers in collected data is called a SET. You
can represent the data in a set vsing MEASURES OF CENTRAL
TENDENCY. A measure of central fendency is a single number
that is vsed 1o summarize all the data set's values.

For example, a student's grade point average (GPA)
iS 6 measure of the central +endenc,9 for all the

student's grades.
(NP
%8.8

e
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The three most common measvres of central +endenc9 are:

1. The MEAN (also called the average) is the central valve
of a set of numbers. To calculate the mean, add all the

numbers, then divide the sum bg the number of addends.

The mean is most useful when the data valves are close
+oge+her.

- EXAMPLE: TIn 4 gomes, Fola scored 11,18, 22, and 10
points. What was fola's mean score?
Step 1: Add all the numbers.
N+18 + 22 +10 = 6l
Step Z: Divide the sum by the number of addends.
The sum is 6.

Number of addends: 4

bl +4=1525

The mean is 15.25. So, Fola scored an
average of 15.25 points in each game.
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2. The MEDIAN is the middle number of a set 0of numbers
arranged in increasing order.

- EXANPLE: Jason and his friends competed fo see who

' could jump the most number of times with a jump rope. The
" number of jumps were 120, 90, 140, 200, and 95. What was
- the median number of jumps made?

. Step 1: Arrange the numbers in order
. from least to greotest.

1 90 95 120 140 200

- Step 2: Identify the number that
falls in the middle of the set.

. The middle number is 120.

The median number of jumps was 120.

The greatest value in a data set is called the MAXIMUM.
The lowest value is called the MINIMUM.
The middle number is called the MEDIAN.

-
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\When there is no middle number, £find the mean of the two
items in the middle bg adding them +oge+her. then dividing bg 8

13 74 40 52

24 + 40 = (4
b4 +2 =32 The median is 32.

3. The MODE is the number in a data set that occurs most
often. You can have one mode, more than one, or no
modes at all. If no numbers are repeated, we say that
there is no mode.

. EXAMPLE: The students in a Spanish class received the
| €ol|owing test scores: 65, 90, 85, 90, 10, 80, 80, 95, 80, 98.
What was the mode of the scores?

Step 1: Arrange the numbers in order.
05, 10, 80, 80, 80, 85, 90, 90, 95, 98

- Step Z: Tdentify the numbers that repeat and how often
- they repeat.

80 repeats 3 times and 90 repeats Z times.
- The mode is 80. So, a score of 80 on the Spanish test

occurred the most.
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MEASURES OF VARIATION

Another tool we can vse to describe and analyze a data set
is MEASURES OF VARTATION, which describes how the values
of a data set vary. The main measure of variation is RANGE.
Range is the difference between the maximum and minimum
valves in a data set. "l . Rargr=tigh—=Tow |

The range shows how

"spread ovt" a data set is.

- EXAMPLE: \When asked how many hours they spent over
the weekend looking ot a screen, students answered:

10 hovrs, 6 hovrs, 4 hours, 20 hovrs, 1Z hovrs, 8 hovrs, 8 hovrs,
b hovrs, 14 hours

i What is the range of hours spent in front of a screen?
Step 1: Tdentify the moximum valve and the minimum valve.
Maximum: 20 hovrs, Minimum: 4 hours
Step Z: Subtract.

' 20-4-16 4\/\<

" The range is 16 hovrs.

339



# data valve that is significantly less or greater than the
other values in the set is called an OUTLIER. An ovtlier
can throw off the mean of a data set and give a'skewed
portrayal of the data. 7

inaccurate; misleading ¥

of doughnu’rs=

- Justin: 1 doughnut
- Manvel: 10 doughnuts
- Sam: Z doughnuts
- Tamara: Z dovghnuts
- Frances: 3 doughnuts

- Which person seems to be the ovtlier? Manvel.

- Manuel is the ovtlier becavse he ate a signi?icanﬂg grea’rer
~ number of doughnu+s than his friends.

~ 340
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Q| CLECK your ROLLERCE

For q_uesﬁons 1 +hrough 3 £find the mean, medion, mode, and
range for each set of data.

1. 290, 3006, 309, 313, 330, 357, 400, 431, 461, €01
2861204115 108617 12 4
38 81.58 9. 1,81,91.100.82. 1. 10

i. Five students recorded the number of minutes they spent
reading over the weekend. Their times were: 85 minutes,
90 minvtes, 15 minvtes, 85 minutes, and 95 minutes.
Calcvlate the mean, medion, mode, and range of the
data set.

5. Several companies donated funds to a local food bank.
The amounts of the donations were $1,200, $1,000, $900,
$2,000, and $1500. Calcvlate the mean, median, mode,
and range of the donations.
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[ CHECK Your AISWERS |

1. Mean: 3198
Medion: 3435
Mode: none
Range: 311

2. Mean: 16
Median: 6
Modes: 1 and 4
Romge: 1

3. Meon: 18.8
Median: 815
Mode: T
Rangge: 6Z

4. Mean: 86
Median: 85
Mode: 85
Range: 20

5. Mean: $1,320
Median: $1,200
Mode: none
Range: $1100

— . i



Chapter A

DISPLAYING
DATA

Toables are vsed to present data in list form. But we con
also represent data visvally with graphs, pie charts, and

diagrams. For example, Lena can vse a pie chart to visvally

! represent data collected abouvt GYMNASTICS
10%

\

what sport fellow SUINMMING
classmates like best. 5%

BASEBALL
30%

a drdwing used to
rcrresenf information

BASKETBALL
35%

FOOTBALL

TWO-WAY TABLES o
A TWO-WAY TABLE has rows and columns,

but it shows two or more sets of data abouvt the

same subject. You use fwo-way tables to see if there

is a relofionship between the cateqories.
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SEXANMPLE: Ms. Misra collects data from students in her
- class abouvt whether they are members of an after-school
~ club and on the honor roll. Ms. Mirsa wants to find ovt if
~ there is evidence that members of after-school clubs also

- tend 1o be on the honor roll.

=  After-school No ofter-school Total

d cb club

- Onthe | 16 i 8 (b +8) =24

~honor roll | 4 I I
[} o ] »

~Noton the 3 ! 4 1 (3+4=7 |

~_honor roll | 4 i l

ERIOTAL Y  (1b+3)=19 | B+4 =12 3] 8

- The toble can help us answer the following questions.

~ e How many students are on the honor roll but

i are notm

embers of an after-school club? 8

. e How many students are on the honor roll and also
L members of an after-school club? 1k

~ e Bow many students are members of an after-school club
i but are not on the honor roll? 3

- 3%

* total number
~ of students



The dota in the table can be interpreted to mean that if yov -
are a member of an after-school club, yov are also likely to =
be on the honor roll. That section of the table has the highest -
number of students. T

Read two-way tables carefully! Sometimes the relationship
they show is that there is no relationship at all!

§ how oﬂ'(n Somefln'ng Im"ens i

LINE PLOTS "4
# LINE PLOT shows the frequency of data. It displays data
by placing an x above numbers on a number line.

This line P‘O"' NUMBER OF GANES ON CELL PHONE
displays the
number of )72

i X X X
gomes friends 2 x X X
have on their X X X X X X
cell phones. e T

i1 2 3 &5 6 72 ¢ 910
Number o)c Games

I Edcls x rCPrCSCnfS 1 fr:'(nd. 1
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- EXAMPLE: Ten students were asked, "How many books
did Yyou read over the summer?*

. Their responses were: 4,3, 2,5 1,1, 3 06,3 oand 2.

Make a line plot to show the recorded data.

First, put the data in numerical order: 1,12, 72,3, 3,3 4,5 and b. ¢

. Then draw a line plot to show the numbers of books read
over the summer.

\Write an x above each response
on the line Flof

NUMBER OF BOOKS READ OVER THE SUMMER

X
X X X
XK KKK
e e e e e e
. 1 £ 95 % 3 & 3 % 9 40

Number o‘F Boaks

. The line plot tells us that the most common answer
_ (the mode) is 3. The numbers are between 1 and b, so the
range is 5.
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HISTOGRAMS

# HISTOGRAM is a graph that shows the frequency of data
within equal intervals. It looks like a bar graph, but unlike
a bar graph there are no gaps between the vertical or
horizontal bars unless thereisan & ¢ p o Lt

interval that has a Frequencg 0£ 0.  used to show O, a blank |
space is used instead.

This histogram shows the number of customers who visit a
store in a 10-hour period that is divided into Z-hour intervals.
From the graph we can see the following

35 customers visited the store between 10 a.m. and 11:59 am.
15 customers visited the store between b p.m. and 1:59 p.m.

CUSTOMER VISITS TO A STORE

The tallest bar represents the
A busiest 2-hour interval.

o\
T The shortest bar
. | represents the
N slowest 2-hour
% 5T interval.
5 0t
M
Lt 15 v
]o L o
i _ 5 4
number o'r 0
feustorners 10-11:59 12-1:59 2-3:59 4-5:59 6-7:59

Store Hours
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. EXAMPLE: Let's look at the problem on page 346 again.
Ten students were asked, "How many books did Yyov reod
over the summer?"

. Their responses were: 4,3,2,5,1,1,3, 6,3 and Z.
Make a his+ogram to show this data.

. First, show the data in numerical order: 1,1, 2,2, 3 3,3, 4,5 and 6. .
_ BOOKS READ OVER THE SUMMER
- Then draw a bar
. above each set

. 0f responses.

—>

rre(i‘.u?n(‘.)/

:

O N W s B 6
s e, Gt (e e |

Compare to
the line plot 2 | 344 | si¢
that grarhs the

" same data. Books Read

BOX PLOTS .. also known as a box-and-whisker plot \
# BOX PLOT is a graph that shows how the data in a set is
distribvted. I+ does not show all the valves in a data set.
Instead, it summarizes the spread, or range, of the data set.

The data is displayed along a number line and is split into
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QUARTILES (quarters). The median of the data separates
the data into halves. The quartiles are valves that divide
the data into fourths. The median of the lower half is the
LOWER QUARTILE of the data and is represented by Ql.
The median of the vpper half is the UPPER QUARTILE of
the data and is represented by @3. The size of each section
indicates the variability of the data.

MINIMUM QI Median Q3  MAXIMUM

"'ll:::;l:’
01 2 3 4 5 6 7 &8 910

N

71 , MAXIMUM

G 1 |

5.4 :

. n h Q3: Untr quarfi‘c
3 g

21 Median

1o

o r
- T Q!: Lower quartile

]

2+ :

v : MINIMUM
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To Make a Box Plot:

1. Arromge the data from the least to the grea+es+ along o
number line.

2. Idem‘iﬂ., the minimum, maximum, median, lower half, and
upper half.

3. Iden’ri(g the lower qparﬁle. , _ Find the median of the
lower half of the data.

4. Identify the upper quartile. Find the median of the
upper half of the data.

3. Mark the upper and lower quartiles on a number line and
draw boxes fo represent the quartiles.

EXAMPLE: Make o box plot of the data set: 14, 22, 21, 48,
12, 4,18, 14, 21, 11, and 16.

Step I: Arrange the data from least to greatest.

minimum .
5 - median maximum

4,12,14, 14,16, 11,18, 21, 21, 22, 48

Lower half Upr" half
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Step 2: Tdentify the minimum (4), maximum (48), median (1),
lower half, and vpper half.

Step 3: Colcvlate the lower quartile by finding the medion of

the lower half of the data. Median. This is the beginning of Q.

e Lower quarﬁle = the median of 4, 12, 14, 14, and 16.

Step 4: Calcvlote the upper quartile by finding the medion of
the upper half of the dato. Median. This is the end of Q3.

e Upper quartile = the median of 18, 21, Z1, 2Z, and 48.

Step 5: Plot values above a number line and draw boxes to
represent the quartiles.

Ol Mfd;ﬂh

MINIMUM

0 10 20 30 40 30
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The graph shows:

25% of the dota was above Z1.
Q3 up to the maximum _
25% of the data was between 17 and 21.
- the median up to Q3
25% of the data was between 14 and 11.
Ql up foﬁe rneJiIn

25% of the dota was below 14.

QI down to the minimum

The box plot shows that the right-hand portion of the box
appears wider than the left-hand portion of the box. \When
box graphs are not evenly divided in half, this is known

as SKEW.

If the box plot has a wider right side,
the graph is described as SKEWED RIGHT.

If the box plot has a wider left side,
the groph is described as SKEWED LEFT.

I£ the box plot is evenly divided,
the groph is described as SYMMETRICAL.
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SCATTER PLOTS
A SCATTER PLOT is a graph thot compares two related sets
of data on a coordinate plane. Scatter plots graph data as

ORDERED PAIRS.

To moke a scatter plot:

). Decide on a title for the graph.

2. Draw a vertical and horizontal axis.

3. Choose a scale for each axis, using a range and intervals
that it the data.

4. Plot a point for each pair of numbers given as the data.

CTEXAMPLE:  Affer a test Mr. Evans asked students how

many hours they studied. He recorded their answers, along
- With their test scores. Make a scatter plot of hours studied
.~ ond test scores.

~ . Nome Number of Hours Studied Test Score
Cwon 45 I
T 1 w0

f James 4 az
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Name Number of Hours Studied Test Score

- —— ——

Mike 35 | 48
Latisha /A 16
! Serena 5 i 100
| Tyler i 3 f 0
CTodd 15 - )
" Chris “ 3 ‘ 10
Maya 4 86

To show Kwan's data, mark the point whose horizontal valve
is 45 and whose vertical valve is 90. The ordered pair for

this data is (4.5, 90).
N
100 ¢
915 ¢
95 + } Kwon
925 &
90 +
87‘5 £
85 £
825 +
go B
"75 S
B+
125 4
70 &+
615 4
65 +
625 ¥
co 4

Tesf SCores

?
gs | ¢ Lo ] 2 1| & | .81 % 45 5
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By graphing the data on a scatter plot, we can see if there
is a relationship between the number of hours stvdied and
Test scores. The scores generally go vp as the hours of
studying go up, so this shows that there is a relationship
between fest scores and stvdying,

We can draw a line on the graph that roughly describes the
relationship between the two sets of data (number of hours
studied and test scores). This line is called the LINE OF BEST FIT
(see the red line on the graph). The line of best it is close to
most of the data points. Tt is the best indicator of how the
points are related to one another.

None of the points on this graph lie on the line of best fit. That's
okay, because the line describes the relationship of all the points.

THAT WAS
THREE HOURS
WELL SPENT.

Tyler studied for only 3 hours, but
still got a 90. Chris also studied for
3 hovrs, but got a 0. # scatter plot
shows the overall relationship between
data, while individval ordered pairs
(like Tyler's and Chris's) don't show

the general trend. Tyler and Chris

might be considered OUTLTERS & "U
in this sitvation becavse they might be . separate from
considered far §rom the line of best it | ithesctial datd
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Scatter plots show relationships called CORRELATIONS,

Positive Correlation As one set of values increases, the
other set increases as well.

-

. not neceSMn'ly every value

For example, time spent studying
and test scores:

b.(oF J
¥[eF 3 ]

cot "mE

Test Scores

T I N

Time (‘Hours)

Negaﬂve Correlation As one set of values increases, the
other set decreases.

-

. not necessarily every value

For example, the speed of a car
ond the time it takes to ge’r t0 a destination:

i W

TO4

SPeed
53338883

ot T TS s ?

”‘ Time (Hours)



No Correlation The valves have no relationship.

For example, a person's shoe size and their musical ability:

® o

1 ()

104 ® 9
W e
N i+
a7
° L
~L 7 ® »
o 1s

54 ™ °

Musical Ability

\;"\

‘ l
N
—
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Q| CHECK vour (LIOWLERCE.

1. Answer the quesh'ons based on the +wo-wag table below.

. School - Not on school = Total

- sSwim feoam ;swim teom - :
- Summer 112 4 L2+ =10 |
I |i€eguard I I ]
~ Not a summer | 8 .20 - (8+20)=128 .
i Ii#eguard l l ] ,
- TOTAL 1(12+8)=201(4+20)=24 |44

A. How many students are summer lifeguards but are
not on the swim team?

B. How many students are on the swim team but are
not summer lifequards?

€. How many students are on the swim team and are
also summer lifequards?

P. What conclusion coan You make from the information
about a student who is on the swim team in the table?
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2. A bookstore asked its customers how many books they
bought in the past six months. The answers were 3,5, 6,
4,8,54412312,4)5,12,53, ond 4. Create a line plot of
the data the bookstore found.

3. Answer the qyesﬂons based on the his+ogram below.

VIDEO GAMES OWNED

35 e
30 4+
25 B

15t
10 4+

Nuhnber af Sfudenfs

0-5 6-10 1-15 16-20 21-25
Number o‘f deeS

A. How many students were sorveged?
B. In which interval does the grea+e3+ Freqyencg occur?
C. How many students have no more than 15 video games?

9. Make a box-and-whisker plot of the data set: 5,1Z, 4, 6, 0, 20,
14,74,1Z, and 13. Then complete the questions about the plot.
A. What is the range?
B. What is the median?
€. A+ what number does the lower quartile begin?
D. A+ what number does the upper quartile end?
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5. In each of the following scatter plots, state whether
there is a positive correlation, a negative correlation, or
no correlation.

A. ]
~ »H
- i;”‘
L] ® i
. -4
@ ? o ® &

L

® o

e o @ o

® + &
o )
- <
® L] ® (]
-_
[ ] ® ®
2 K N e ) _
’ . Q ) & 2
4
-
| VT T T TN M SR JEE GEEn VAN W) s vem |
S s e S S BB EEE S e s s e s
4 D.
H
| »
=] 12 ®
-
® @
— . . i . .
. -
4
@ o ®
° 0 ' 9 ®
-_ . .
5]
1 ® 1 b
(5]
y T @
L ... ol .
<
[c]

. A A A A
.... L] L] L L] L] L L) L] L) L} L} I’
--.

o N PO
Ll L 3 / L) L L L LB L Ll ’
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| CHECK YouR QEISWERS )

1. A. 4
B. 8
.12
D. #& student who is on the swim team is more likely to

also be a summer lifequard.

2. BOOKS PURCHASED OVER SIX NONTHS

X

X
X
X
X
LXK

- XK K
+ HKAHKXKK

et TR R S
g 12 8 &% 6 31 % 915

Number of Books BougAf

3. A. 20 + 35+ 25 + 15 + 5 = 100, 100 stvdents
B. interval 6b-10 games
€. 80 students
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. The range is 20.

The median is 12.
The lower quar’rile begins ot 5.
The upper quartile ends at 4.

Negative correlation
No correlation

Positive correlation
Negative correlotion



Chapter 5
PROBABILITY

’Probabilim is the likelihood that an
event will happen. Tt is a number
between 0 and 1 and can be written

as a percent.

Ahigher  100%

number means

that there

is a greater 5%

likelihood thot

on event

will happen. 0%
25%
0%

CERTAIN

LIKELY

IMPOSSIBLE

Probability = how
likely something
will happen

~ 100% or 1: Certain event

\",
-,0-
Enatl )
0

The sun will rise fomorrow.

50% or O.5: Equal chance it
will or will not Im"cn.

” )

The coin will be “heads.”

0% or O: No chance it will
Aaﬂm‘ at all, Imrossiblc.

We will see two moons in our sky.
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3
3

When we £lip two coins they could
land on heads or tails.

The ACTION is what is happening. | flipping 2 coins |

The OUTCOMES are all 0f | coins landing on heads, heads and |
. “'di'S, or coins ldnding on fdl"S
the possible resvlits.

The EVENT is any outcome . heads and heads, heads
and tails, tails and tails
or group of ovtcomes. ! S

When we £lip a coin, both ovtcomes are equally likely o
occvr. This feature is called RANDOM.

When trying to find the probability of an event (P), we use
a ratio o find ovt how likely it is that the event will happen.

?FObiili+9(Even+) - humber of {-‘avor_able ovtcomes
number of possible ovtcomes

SEXAMPLE: \whot is the probability of a coin landing

on heads?

'Probabili+9(Even+) - humber of Favorgble ovtcomes
number of possible ovtcomes
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The number of mvorable ou+come.s —wkufwwﬁrk:"w
(landing heads) is 1, and the number

of possible ovtcomes (landing heads
or landing tails) is Z.

P(Heads) = — = 50%

L
z

So, there is a 50% chance that the
coin will land on heads.

r RAMPLE: \What is the probability of the spinner landing
on blue, considering that the color groups are of equal size |
and shape?

-PrObellﬁ'B(EVen'l') - humber of favorable ovtcomes
number of possible ovtcomes

P(Blue) = = 20%

=1
5

the spinner will land on blve.

l
l
|
|
:
l
% There is a 20% probability that
|
i
i
|
!
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ﬂ EXAMPLE: \wWhat is the probability of the spinner landing
on blve or yellow?  “or” and “and” mean add the probabilities

’

'PrObabilh‘g(Evenﬂ _ number of favorable ovtcomes

number of possible ovtcomes

. P(Blue or yellow) = = = 40%  Blue ¥ yellow G

« There is a 40% probability that the
- spinner will land on blue or yellow.

If a probability question is more complicated, we can make
a table to list the possible ovtcomes.

EXAMPLE: Kevin flips a coin twice. What is the
- probability that he will £lip heads twice?

- Step 1I: Make a table that lists all the possible combinations.

Ovtcome of - Ovtcome of - Combination of
. the 1st £lip - the Znd flip - the Z flips
- heads - heads 2 heads
- heads - tails 1head, 1 tail
~ tails - heads - 1+ail, 1 head
tails - tails 2 tails
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Step Z: Use the formula.

'Probabim-g(evenﬂ _ humber of favorable ovtcomes
number of possible ovtcomes

P(Z heads) = — = 25%

s
4

The probability that Kevin will £lip heads twice is 25%.

A SAMPLE SPACE is the collection of all possible ovtcomes
in an experiment. The sample space for kevin's experiment
is heads, heads; heads, tails; tails, heads; tails, tails. When
all ovtcomes of an experiment are equally likely to occur
and an event has two or more stages, it is helpful to draw a
TREE DIAGRAM.

A TREE DIAGRAN is a visval representation that shows all
possible ovtcomes of one or more events.

CTEXAMPLE: I keisha rolls a pair of dice twice, what is

-

the probability that she rolls double twos?

Record all possible ovtcomes in a tree diagram.
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2nd roll 2nd roll

st roll | st roll :
2 2

| 3 L3 3
‘* 4

5 5

6 3

| \

2 2

2 3 5 3
75—\ ) -
5 5

6 6

! 1
z 2

D 3 6 3
4+ -
5 5
6 6
Double twos

Then vuse the probability ratio:

’Probobilih:,(even{») _ number of Favorgb\e ovtcomes
number of possible ovtcomes

0f the 36 possible ovtcomes, there is a total of 1 ovtcome
that has double twos.

rounded to
Probability(double twos) = - = 2.8% | the nearest enth
36 of a percent
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The FUNDAMENTAL COUNTING PRINCIPLE stotes that if
there are a ways to do one +hing, ond b ways to do another
+hing, then there are a - b ways to do both +hings.

For example, if a jacket comes in 3 colors and 4 sizes, then there
are 3 x 4, or 1, possible ovtcomes for combinations of color and
size. The multiplication process is the COUNTING PRINCIPLE.

Instead of listing all the possible combinations, we multiply
the possible choices.

EXAMPLE: 4 coin is tossed 3 times. How many
arrangements of heads and fails are possible?

. 2 choices (heads or tails) and 3 tosses
| 2 x3 = possible choices s

> (l

N
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.. EXAMPLE: You have 5 pairs of pants and 6 sweaters.

 How many ovtfits can Yyou moke?
5 pants and b sweaters
. 5xb=30

There are 30 possible ovtfits.
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The COMPLEMENT OF AN EVENT is the opposite of the event
happening,

- Event  Complement
. . .
win lose
o u ¥
- float “sink H
“heads  tails i EVENT: WIN COMPLEMENT: LOSE

Probability of an event + probability of its complement = |
OR

Probability of an event + probability of its complement = 100%

. In other words, there is a 100% chance that
either an event or its comrlemenf will ‘sdPren.

'l E%MH’LE:.. I€ the chance of winning the competition is
l 45%, then the chance of not winning the competition is 55%.
. 45% + 55% = 100%

m



P — — — —

!_E.XAH.ELE:,. The probability thot a student in your class is
right-handed is 82%. What is the complement of being .
right-handed, and what is the probability of the complement? =

- The complement of being right-handed is being left-handed.

- -

g ?(ri9h+-handed) + P(left-handed) = 100% :
: i
. 82% + P(left-handed) = 100% ]

Plleft-handed) = 18%

|
|
l
|
|
|
I
- So, the probability thot a student :
- is left-handed is 18%. i
R e 'S e
=~ CHECKYOUR WORK: .
Does 'P(righ+—handed) + Plleft-handed) = 100%?

> 82% +18% = 100%
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Q| CLECK your [HOWLEDCE.

Use the spinner o answer questions
1through 3.

1. What is the probability of
|anding on red?

2. What is the probability of
londing on gellow or red?

3. What is the probability of not landing on blue?
4. # six-sided number cube has faces with the numbers 1
through 0 marked on it. What is the probability that the

number & will occur on one toss of the number cube?

5. Kim has b types of ice creams and 4 foppings. How many
different kinds of sundaes can she make?

6. The probability that an athlete on a local basketball

team is taller than b feet Z inches is 15%. What is the
probability of the complement?
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[ CHECK Your AISWERS |

1. The probability of landing on red is Z0%.

2. The probability of landing on yellow or red is 40%.
3. The probability of not landing on blve is 80%.

4. The probability that & will appear is —(1' or 16.1%.

5. Kim can make 24 kinds of sundaes.

6. The probability of the complement is 25%.
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Chapter &3

EVENTS

A COMPOUND EVENT is an event that consists of two or
more single events.

L single event + single event = compound event

# compound event can be an INDEPENDENT EVENT or a
DEPENDENT EVENT.

INDEPENDENT
EVENTS

An INDEPENDENT EVENT is
one in which the ovtcome of
one event has no effect on
any other event or events.
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If the events are independent, multiply the probability of
each event.

If A and B are independent events, then

P and B) = P(A) - P(B)

SEXAMPLE: Droke tosses a coin and

- What is the probability of Drake

.0 3 0n the die +oge+her?

- First, £ind the probability of the coin landing on fails: —-.

o Six-sided die at the same time.

geHing a tails on the coin and

Event & = coin lomding on tails

Event B = die landing on3 . desired outcome |

1
v 3

PA) = ';T | rossib’e outcomes

Second, find the probability of he die landing on 3: —-.

.
P@) = -
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Then, multiply the probabilities to find the probability of both -
landing on tails and on 3. i

P# and B) = PA) « P(B) 2

The probability of Drake tossing a coin and getting tails
and rolling a die and getting 3 is about 8%. i

. The example can also be shown as:

i
2 o
Tails 3 I
Y%
-
-
2|
2 o
Heads 3
4%
5
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- EXAMPLE: Lisette places 10 index cards in a jor. On each
of those index cards is written a letter from # through J.
Lisette places 5 index cards in a second jar. On each of the 5

. cards is written a number from 1+to 5. Letters and numbers

- are not repeated. Lisette draws one card from each jor.

- What is the probability thot Lisette will draw the letter €

. and the number 57

- Event & = drawing the card with letter C

Event B = drawing the card with the number 5

. P(A and B) = P(R) - P(B)

= 2%

N T
1100 5 50
- The probability that Lisette will draw a Cand a 5 is Z%.

I U ol oo o oo
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DEPENDENT
EVENTS

# DEPENDENT EVENT is one in
which the first event affects the
probability of the second event.

If the events are dependent, multiply the probability of the
first event by the probability of the second event after
the first event has happened.

If A ond B are dependent events, then

P(A, then B) = P(A) « P(B, after A)
"EXAMPLE: Jomal hos a bag of 3 red and b Yeliow
gumba\ls. He removes one of the gumballs ot random from
the bog ond gives it to a friend. e then takes another

gumball ot random for himself.

What is the probability that Jamal picked a red and then a
Yellow gumball £from the bag?

P(#, then B) = P#) « P(B, after A)

Event # = picking a red gumball
Event B = picking a Yellow gumbaill
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- nuhberifredﬁnba": 3

3
PH#) = Plred gumbal\) T L

| total number of gumbdlls ‘

e® 6%6

. number ofye"ow 9umb¢"$ 1

b
P(B) = Plyellow qumball) = 5

* total number of ren-ain;'n;
~ gumballs (there is 1 less

CO?‘O H\dn bcforc)

Plred gumbaill, then yellow gumball) =

2 . B .

ot e
The probability of Jamal picking a red and
then a yellow gumball is Z5%.

380



- EXAMPLE: Two cards are drawn from o deck of 52

cards. The first card is drawn and not replaced. Then a 1
second card is drawn. find the probability of drawing an

. ace and then another ace: Place, ace).

" The ace is chosen as the firstcard.  There are 4 of each .

‘ rd i
| <o, there are 5lcards leftand 3.0¢ [N |

: them are aces.

| Place, ace) = Y i i+ ‘

52 51 WL LIl 045%

. The probability of choosing an ace and then another ace
' is 0454
|
|

P |



@ CHECK vour (LOWLERCE

For problems 1through 3, determine whether the events are
independent or dependent.

1. Picking a red marble from a bag, and withovt replacing
it, picking another red marble from the same bag

2. Choosing two names from a jor withovt replacement

3. Rolling 2 number cubes at the same time and geHing
o b on each of them

4. Tamara tosses Z coins. Whoat is the probability that both
coins will land on tails?

5. Two cards are droawn from a deck of 52 cards. The first
card is not put back before the second card is drawn.
What is the probability of:

A. P(ack, then king)
B. Plred Z, then black 2)

6. There are 5 cards numbered 1through 5. Sam selects a
card, doesn't replace it, and then selects again. Whot is

P, then 3)7?
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7. Luis has a set of 4 cards made vp of 1 yellow card,
1 purple card, and Z black cards. ke randomly picks one
card and keeps it. Then he picks a second card. What
is the probability that Luis picked first a black card and
then a yellow card?

8. Evan has 3 red markers, 4 green markers, 1 yellow
marker, and Z black markers in his pencil case. e picks
one marker from the case and does not replace it. Then
he picks a second marker. What is the probability of:

A. P(black, then black)
B. Plred, then green)
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CHECK your ASWERS

1. Dependent event

2. Dependent event

3. Independent event

~+ probability is 25%

4 4 _ T _
"B T Bl 20652 (0(93

Z z 4 _ 1 TTo
B. 57 X5 T 7652 63 probability is approx. 0.15%

; probability is approx. 0.6%
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Chapter G5

PERMUTATIONS
AND
COMBINATIONS

& PERMUTATIONisan | A permutation is like an |
ordered combination.

arrongemem- of +hings in

which the order IS important.

A COMBINATION is an arrangemem- in which order is NOT
important.

[ Think: Permutation = positioning

PERMUTATIONS WITH
REPETITION

When an arrangement has a certain number of possibilities (),
then we have that number (n) of choices each time.
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For example, if n = 3, this means we have 3 choices each time.

So if we covld choose 4 times, then the arrangemen‘r wovld
be i x3 x5 x5

Choosing a number (r) of o set of objects thot have n

different types can be written as 0o 5 by of times

"
i number of f‘lﬂ'ngs to choose from '

For example, if we want to create a 3-digit number, where
each digit can be chosen from the numbers 1,Z, 3, 4, or 5,
then the permutation wouvld be 5 x5 x 5 or 5°

REPETITION: the number of choices stays the same
each time. Selections can be repeated and order matters.
For example, 113, 131, and 311 are different permutations..

"EXAMPLE: Maya can write a 5-digit code from
10 possible numbers to set the code on her lock. For each
of Mayars selected numbers, she can choose from the digits
0,123,450 18 and 9. How many possible permutations
can Maya choose from?

Since the order matters and Maya can repeat the digts:
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10 x 10 x 10 x 10 x 10 or 10° ~ Maya can choose from
10 digits for each of
"~ her 5 code numbers.
Maga can choose from
100,000 permutations.

HEY, CAN YOU
HELP ME WITH MY
PERMUTATION LOCK?

PERMUTATIONS WITHQUT
REPETITION

For each permutation that doesn't allow repetition,
we must reduce the number of available choices each
time to avoid repetition.

In how many ways covld b colored ﬁ @)
Cha

beads be selected if we do not want
to repeat a color?

The choices are reduced each time. So the first choice is b,
ond the second choice is 5, and the third is 4, etc.

bx5x4x3x2 x1=120
There are 120 permutations. We can write this mathematically

using FACTORTAL FUNCTIONS.
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The factorial function (!) means to multiply all
whole numbers from a given number down to 1.

This is read as
“five factorial” Simeans x4 x3x2 x|

Note: 0t = 1

FACTORTIAL FUNCTIONS: There is no repetition of choices,
and order matters.

| EXAMPLE: Nico displays ]
. 1 medals in his room. In how 4
many different ways can Nico g& ! |
arrange the medals in a row? .

. M'=Txex5x4x3x2 x1=5040

{ =

: There are 5040 different ways that Nico can arrange his
: medals in a row.

To select fewer than the total number of objects when order
motters, use the formulo:

number of fln'ngs nl

number of

to choose from (n = r)' oqucfs chosen
\/ Rt
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So if we wanted to select onlg 3 of the b beads from the
earlier example, we covld write the number of permutations as:

o _ 6 bx5x4x3xZxA
-3 3 3 X2 xA

=120
. There are 120 permutations.
There are other ways to write this PERMUTATION FORMULA:
Pln,. N = .7

This means the number of permutations of n things taken
r ot a time.

So, P(b, 3) or , P, represents the number of permutations of
b things taken 3 ot a time.

EXAMPLE: Jordon is ot an ice cream parlor and
has a choice of 5 ice cream flavors. How many 3-scoop
arrangements can he make for his sundae?

sP3 or P(5, 3) means 5 things taken 3 at a time, or 5 x 4 x 3.

There are 60 different sundaes that Jordan can make.
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COMBINATIONS WITHOUT
REPETITION

# combination is a grovp of objects in which order does not
matter.

The combination formula is a modification of the
permutation formvula:

\We can also use the notation C(n, r).

Use permutations to find the number of combinations.

First, £find the number of permutations by selecting a certain
number of objects, ,7,.

Then divide the number of permutations by the number of
selected objects, r!

For example, how many combinations can be made when 4
numbers are selected out of 8 numbers?

5 s B
e rl
' number of Perrnui'afions b
" 1 Ficking 4 nuhnb(rs from 8)( i
8eTebe5 1680 -~
s T e

. number ofrerrnufdfions %
» ofq numb!rs
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i ERAMPLE: Joz is having dessert at a restavront.

. She wants to choose the combination plate, which allows
. a choice of Z different

i desserts from a menv of

* 4 desserts. Jaz can choose
- from cheesecake, apple

. pie & la mode, chocolate

. mousse, a cheese plate

. ond a fruit plate. from

. how many dessert

. combinations can Jaz choose?

Step I: Find the number of permutations by selecting a
. certain number of objects.

| Step Z Divide by the number of selected objects.

_ aP _ Permutations of Z from4 _ 4.3 _ 12 _ b
r permvutations of Z el Z

L L

. Jaz can choose b dessert combinations.

M



@ CHECK vour (LOWLERCE

1. There are 9 students on the debate team. The debate
coach is picking the first 3 presenters. How many ways
can the coach arrange the presentation order of the
first 3 debaters?

2. How many ways are there to arrange 5 books on
o shelf?

3. # keypad has 10 digits. How many 4-digit personal
identification codes can be made if no digit is repeated?

4. Three students are s+anding in line. How many different
ways can the students arrange themselves in line?

5. Glen has 5 T-shirts. How many ways con he choose
1 T=shirt for Mondag, 1 T-shirt for Tuesdag, ond 1 T=shirt
for Wednesday if he doesn't repeat any T-shirt?

6. Glenn has 5 T-shirts. How many ways con he choose
a group of 3 T-shirts if he doesn't repeat any T-shirt?
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7. How many ways can yov choose Z beach balls from
o selection of 20 beach balls?

8. # team is choosing its uniform colors. They con
choose from red, gold, black, green, purple, silver, blue,
orange, white, and red. How many different Z-color
combinations covld the team choose?
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[ CHECK Your AISWERS |

1 ‘ix8x1=504wags

2. 5x4x3x2x1=120w093
3. 0 x9x8x7=5040
q. SXZXI=bwags

5. Since order matters we vse permutations:
”P"(S-B)! 5x4x3=060ways

6. Since order doesn't matter, we vse combinations:
5x4x3 _ 60

'P
= _ﬂ r = = =
P 6% = sCs SX4x3x2x1 o 10 ways
Y 7 20-19 _ 380
1. .G = "r!’=wcz= T 7 =HOwags
10-.9 90

8. (= e 45 different combinations

— 393
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Chapter &5

RELATIONS AND
FUNCTIONS

A RELATION is o set of input and ovtput valves
(ordered pairs).

\Whenever there is a relation between two sets, the set of all
the input elements is called the POMAIN and the set of all
the output elements is called the RANGE.

A FUNCTION is o mathematical relationship between
two variables, an INDEPENDENT VARTABLE <
ond o DEPENDENT VARTIABLE, ©

 stands alone:

Where there is only one ovtput \ . unaffected by
for each input. You con call | othir viriables
the valves input and ovtput, R — A

depends on the
or x and y. (In many cases, | ;hzerm PSS
the outputis represented by .~ variables

the y-valve and the inputis
— L



represented by the x-valve. But
this is not always true)

In a function, the valve of Yy is
dependent on the valve of x.

A function is a special relationship where each element of
the domain is paired with exactly one element in the range.

N
You can represent o Relations can be any kind of relationship
function in a table, in between sets of numbers, but functions
are a special kind of relation where

o.graph, in words, or S only one y-value for each x¥value.

0s O diogram.

{!Ell\l!l?LEL Is the relation (-4, -2), (-1, 4), (0, ©), (2, 10) o function?

Use a diagram to show the relationship between all the
- valves of the domain and all the valves of the range.

Domain (inruf) Range (Ouf?uf)

y -4 -% > -2 3

-1 —% >4 3

8 O0—3 =0 §
\ 23 >10 4
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|

€ach input (in the domain) has only one ouvtput (in the range). =
This relation is a function becavse all the input valuves
are vnique. 4

- EXAMPLE: TIsthe relation (5, 8),(-2,1), (=3, 0), (-2, -4) o function? -

Use a diagram to show the relationship between all the
valves of the domain and all the values of the range.

Domain (n'nfuf) Range (Oufruf)

Thc x-vd'uc -2 2 —3 —4 5N
repeats, —
(-2, 1) and 1 =7 1 i
(-2, -4). ™S |
A\ 573 — 8 4

This relation is not a function becavse the input -2 has more

- than one ovtput There are x-valves that repeat. 1

|

— L1



 CES SN SE S—

- s —— C— co— c— Cv—  ou— p—

EXAMPLE: Is the relation (6, 0), (-2, 1),(1,5), (-3, 1) a function?

Domain (inruf) Rangc (ouf’ruf)

\ 07}

T"ne y-vd'ut 7
- T repeats, (-2, 7)

and (-3, 7).

This relation is a function becavse each input (in the domain)
has only one ovtput (in the range). All the input valves are

unique.

Even though there are y-valves that repeat, this is still

a function.
IMPORTANT NOTE
For a function:
It IS NOT okay for the y-values to repeat.
It IS okay for the y-values to repeat.
—

0.0 D

- ’Jc .O..I|.

o (K
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. EXAMPLE: Is the relation (-8, -1), (2, -1, (17, -4), (11, 5)
~ 0 function?

Domain (5nfuf) R¢n9¢ (Dufruf)

— AW

This relation is not a function becavse the input 17 has more
than one ovtput.

Another way fo easily determine if a relation is a function is
o graph it on the coordinate plane and do a VERTICAL LINE
TEST (OR VLT). This is a test where yov draw any vertical
line (or more) on the graph: If your vertical line touches
more than one point of the relation, it's not a function.

The vertical line test validates that none of the x-values

repeat, and a relation is a function if none of the domain
numbers (x-coordinates) repeat.
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Vertical line tests:

"~ a~
\
& \ > & >
i &
¥ L 4
FUNCTION FUNCTION
~ ~

=P 5 NEmm=e) < § da
At

S

./ v
FUNCTION NOT A FUNCTION

Sa/, I8! IRamAma 1R

T /l

NOT A FUNCTION NOT A FUNCTION

»H

501



--—--——--—————-1

'~ Is the relation shown in the table below

o function?

!
f
- DOMAIN (x) | RANGE (y
- =4
- -2
[ 0
: 2
4
i
| I
|
: Groph the relation on the
- coordinate plane.
g

. Then vse the vertical line
| test to check if the relation
| is a function or not.

[ Is this a function?

This relation is a function
- becavse it passes the VLT.
!

[ This means that all the

. values in the domain

y v
| are umque. = 55 i

L--—--------——-——---

]
]
]
]
|
|
|
1
]
1
1
1
1
g
1
i
|
|
|
]
1
]
1
1
1
-
]
|
4




- EXAMPLE: Is the relation shown in the table below
o function?

DOMAIN (x) . RANGE (y

-5 3
-5 b
3 : 2
1 : 5
4 2
4 b
Y™
- Graph the relation on !
- 7
~ the coordinate plane. % .
S )
- Then vse the vertical 4
_line test o check if the @ ® 3
* relation is a function T <
- or not.
| ('5-*-3-2-\.\23‘+s)-x
‘ -
W Is this a function? 2

| 4
. This relation is not a function becavse a vertical line con be
- drawn that touches two or more points, so it fails the VLT.

. This means that there are valves in the domain that repeat.
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Q| CHECKvour (OWLERCE .

For problems 1through 4, state whether or not each of the
given relations is a function.

1. (3,5),(2,0),(1,8),02,1

2. 4,-9.8 70,(512)(80)

3. (-0.6, 37), (41,59), (59, -2.8), (-1.3, 8.2)
4. (0,-5),(8,-1,(0,5)

For problems 5 through 8, state whether or not the graphed
relation is a function.

[
v




ANSWERS

L
-

505




[ CHECK Your AISWERS |

1. This is a function becavse none of the x-values

repeat.

2. This is not a function becavse the x-valve 8 has more

thon one y—value.

3. This is a function becavse none of the x-valves repeat.

4. This is not a function because the x-valve O has more

thon one g—volue.

5. + Yes,

becavse
it passes

* +he VLT.

»

1. + No,

it does
«——F == not pass
the VLT.

s

/

Yes,
becavse
it passes
the VLT.

Yes,

> becouse

it passes
the VLT.



Chapter &6

FUNCTION
NOTATION

Functions can be represented by graphs, tables, and
equations. They can also be represented by FUNCTION
NOTATION, a shortened way to write functions.

P el

F(x¥) =x+9 Thicsrnd
/‘ ;r}uf v.ll,_J

Name of function output value

We usvally use the letter f to represent a function, but any
letter can be vsed.

The input is the variable inside the parentheses.
EVALUATING FUNCTIONS is the process of substituting

a number into the input to £ind the ovtput.
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For example, £(x) = -3x + 10 when x = Z means we need 1o
find the valve of f(x). We substitute the given valve into the
input o find the ovtput.

fx) = -3x + 10 First, substitute 2 for the variable x.
£(2) = -3(2) + 10
f2)=-6+10 Then, calcvlate.

| }(Z) - rcpresenfs_'ﬂerdore

tﬁﬂﬂi:-. Evalvate g(h) = h* - 1 when h= -3,

- g(h) = h* -1 >Subs+i+u+e -3 for h.
g(=3) = (H): -1

: g(~3) =9 -1 Calcvlote.

S P G N P S S g g |



Sometimes the input can be an algebraic expression, but the
steps are still the same.

.
— — — —

FE!AHH.EL gvalvate £(x) = 2x + 1 when x=3a+b. g

L F0=2x+1 Substitute 3a + b for x. 1
|

}. fBa+b=203a+b+1 Use the Distributive Property to
T calcvlate. -
r &
f.'.f(30+b)=(oa+lb+'l i

Evalvate j(p) = Zn - 3p when p=5m+ Zn. g

j(pP=2n-3p —_Substitute 5m + 2n for p. |
jGm+2n)=2n-35m+ 2n)
jGm+2n) =2n-15m-bn

Distribvte and then combine .
like terms. 2

l
|
|
|
[
[
f

| j6m+Zn) = -15m - 4n i

- 409



We can use function notation to solve for an input valve.

~_ EXAMPLE: If £(x) = x-9, find the value 0§ x where

1
|
:4 £ = x-9 > Substitute 11 for £(x) l

irnmt 9= x-[+@  Add 9 to both sides to isolate x.

If ,g.(x)-,s_&x:_._s..findjrhemvmua_of X Wwhere

16 g0 = 3x+ 5, find Hhe vlbe of xwhere |

)
1
1 12=3x+5 &
4
11-=-3

: ,g(x),_a 3x+5 ) Substitute 12 for g(x).

5 ,% Divide by 3 +o isolate x.

oo X = ?

- 2 &

-




6 i) = 2X=2 ind the volue of x where i
J T

0= =3 :

f _
'j(x) = Z"_l 2 D Substitute -3 for j(x). :
-' e 2x-5 i
j =52 |
] ;
| 37 = 225 (1) & Muttiply both sides by 1 |

B iply sides by 1.
[ |
= =2x=5 Add 5 to both sides. :
[ i
b = 2x

f i
— i
' e X = = .
1
|
!
| {
= p(a) = o - 5 Substitute 11 for p(a). I
[
: lsol-5 D Add 5 +0 both sides. :
: 16 = a* Toke the square root of both sides. :
t i
' S a=4o0r -4 4x4) =1ond(-4x-49=1 :



Q| CHECK vour (LIOWLEDEE

For problems 1+through 5, evalvate each function.
1. £(x) = x -1 when x=5

2. g(x) = -bx + 9 when x = -2

3. h(a) = a* + 4 when a = -3

4. Kp)=p*-5pwhen p==0

5. j(x) = Ax* - bx + 1 when x = -2

For problems b through 10, find the valve of each of the
following variables.

€. If £(x) = x+ 3, find the valve of x where f(x) = -2,

1. I mn) = -9+ %n, £ind the value of n where m(n) = 3.

| |



8f+1

8. If p(f) = 3

, find the valve of twhere p(f) = -3.
9. If K(s) = s - 1, £ind the value of s where K(s) = 18.

10. If j(a) = a® + 11, £ind the value of a where j(a) = 38.

ANSWERS 413




| CUECK Your AUSWERS |

1. f6)=-1

2. g(-2) =11

3. h(=3)=13

4. K0O) =06

5. j-2) = 49

€. x=-5

1. n=124

8. +=-2

9. s=50r-5(6x5=25and -5 x -5 = 25)

308 a=3




Chapter &7

APPLICATION
OF FUNCTIONS

Functions can be graphed and evalvated. LINEAR
FUNCTIONS ore functions whose graphs are straight lines.

NONLINEAR FUNCTIONS are functions whose graphs are
NOT straight lines, and they are NOT in the form y = mx + b.

An example of a nonlinear function is a QUADRATIC
EQUATION. In a quadratic equation, the input variable (x)
is squared (x*). The resultis a PARABOLA, whichis a

U-shaped curve. . More on this later!

Ar Lo

R

L4

'S
v

Parabolas

915




To make an input/output chart and graph y = X%, calcvlate the |
given input data fo find the ovtput. Use the values to plot a
coordinate point. ;

FUNRCTION OUTPUT _ COORDINATE POINTS

y=x* (y) (x, y)
y= (31 9 (-3,9)
y= (2% 4 -2, 9
y=C0 1 10
y= (O 0 (©,0)
y= Q" 1 anmn
y=@2r 4 /))
y=0r q 3.9

-~
=

This is not a
sfrai,H‘ line,

so it isa
nonlinear
function.

The quadrd’ic
function results
ina Paraboh.

NS

4 -3 2 - I 2 3 % 5 ¢

— N F G O ~ o 0




- Groph y = 2x* - 1 by making a table that shows
~ the relatio bntwemsomeu.x:yaluesnndﬂy:vnlues

y=24 -1
J

y=1
v

1,0

51:7_(—1)’--1
y=2(1-1
J

y=1
v

y=2(00"-1
J

©, -1

y=20)-1
J

y=-1
v

y=2(1%-1
J

USZ(D-'I
v

y=1
v

y=2(2%-1
v

y=24 -1
v

y=1
v




a Parabola |

'

(x, )

(-2,-8)




y= 1 a,n
y=1
J
9 = (2 o) (2, 8)
'
8
7
6
‘ 2 Non'in“r
. 4 functions can
3 take many
2 S‘Mrfi.
|
2 3 % )x




Nonlinear functions can also be vsed to describe real-life
sitvations.

"EXAMPLE: Javier rides a roller coaster. The graph below
displays Javier's height on the roller coaster above sea level
(in feet), after a specific amount of time (in seconds).

At whot Himes is the roller coaster at Sea level = x-axis
o heigh+ of 200 feet above sea level?

~ Note: fFor each coordinate, the x-valve is the number of
seconds, and the y—value iS the heigh+ in feet.

Y
'S (6.200) (18,200)
200 [}
150 -
b
i 100
(9.70) % (21,70)
® @ ® @
01 /@70 "s.70)

T (!2.0) (2“.0)
|20 : f— —t — — » X
-5 S 10 15 20 25

SECONDS

Sea level

420



The graph shows that the roller coaster reaches a height
of 200 feet twice.

The roller coaster is 200 feet above sea level ot b seconds
and ot 18 seconds.

Approximately at what height is the roller coaster after
1 seconds?

Since 1 seconds is between b seconds and 9 seconds, our
onswer needs to be in between 200 feet and 10 feet

After 1 seconds, the roller coaster with Javier
is ot approximately 115 feet above sea level.

q21




@ CLECR your ROWLEREE!

~ 1. Complete the table. Then graph y = x* -3

-
COORDINATE POINTS




For problems 3 through 5, use the information provided below.

Tanya leaves her home and walks to the park. She rests of
the park for a while and then runs home. The graph below
displays the distance that Tanya is away from her home (in
miles) after a specific amount of time (in hours).

MILES
—_N W e O

e

4.0 1 2 3 8 5 616 9101
HOURS

3. How far away is Tanga from her home ofter 5 hovrs?

1. Approximately at what time is Tanya 3 miles away
from home?

5. After how many hours does Tomga arrive home from
the park?

923




CLECK Your AUISWERS

COORDINATE POINTS

(X Yext-3 (x. Y
2 | y=(2r-3 2,0
y=4-3y=1
-1 y=Cnr-3 -1,-2)
y=1-3y=-1
.0 g=0F-3 ©, -3
y=0-3y--3
[ ]
1 y=Qr-3 -2 (,-2)
y =1- 5'3 ==7
2 | oy-@r-3 1 @
y=4-3y=1
y
T
*
S Al 1
1
¢ 3 2\ 4 | WEEE] )x




1 FUNCTION  OUTPUT | COORDINATE POINTS
j{-%x’ﬂ} T o (x Y e

[ ys%(—t)*"r‘r —o | o |
PEE CORT -
s .‘7. =0 ® "
-1 Y= ';t(:l)’ 4 % — (-1%)7 —
1

yé
g




INPUT FUNCTION OUTPUT | COORDINATE POINTS
(% Y=o (1) xy
2 Y=o @P4 g 2.9)
y= %(8) +4
g="
3. 3 miles

- 4. Approximately 4 hours and 9 hours

153 Tomg.a arrives home 10 hours loter.




Polynomial
Operations




Chapter 418

ADDING AND
SUBTRACTING
POLYNOMIALS

. # MONOMIAL is an expression that has 1term.
. For example: 38m

- Mmone = one

- A BINOMIAL is an expression that has Z terms.
- For example: -1y + % I

- A TRINOMIAL is an expression that has 3 terms.
. >
- For example: 8a* - cab+ 0B mem——

. Expressions coan also have more than 3 terms.

- & POLYNOMIAL is an expression of more than two algebraic
- terms that is the sum (or difference) of several terms that
~contain different powers of the same variable(s).

q28
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MONOMIAL BINOMIAL: TRINOMIAL:
A TYPE OF A TYPE OF
POLYNOMIAL POLYNOMIAL

Examples of polynomials:

38m -1y + L

. R

— _

|8a” - = ab + bb*

w/?xyz5 B —;;'—abc5 +1k-4m+ 2.0

Expressions can be simplified by combining like terms.
In the same way, we can simplify polynomials by combining
like terms vsing addition and subtraction.

Like terms have the same
variables (sometimes with more
than one variable, like 7ab)
raised to the same powers.

929



To add or subtract polynomials:

Step I: Rewrite the expression by "distributing" the addition or
subtraction so the parentheses do not need to be included.
Step Z: Combine like terms.

Step 3: Write the polynomial in descending order for x.

For example, 2Zx +5x3 + b —> 5x>+ 22X +0.

Remember the Distributive Property!
# positive sign or a negative sign in front &
of a polynomial is just like distributing 1 or -1: i
-(1x = 9Y) = -100x = AY) = <1x + Y The result has no parentheses.

L A

! EXAMPLE: Find the sum and/or difference.

-

(3x + 5y) + (Ix - 9y). Simplify Yyour answer.

= (3x ¢ Sy) +(Ix-19 y) Distribute the + sign fo both 1x and Ay

+(1x) = 1x and +(—°Iy) =-y
=3x+5y+’lx—°ly

=3x+x+ 5y -y Simplify by combining like terms.
3x +71x=10x and 5y - 9y = -4y

§ =10x- 4y

930



EXAMPLE: Find the sum and/or difference.
(8a® + Na) - (19a - 5). Simplify your answer.

= (8a* + 11a) - (19a - 5)  Distribute the - sign to both 19a and -5,

Subtract by adding the opposite of the
subtrahend. -(190) = -19a and -(-5) = 5

"

Bat+Na-19a+5 Simplify by combining like terms.
Nla-19a = -8a

(3m* + n) - (5n - bm"). Simplify your answer.

= (3mt+ ) ~Ton-6m?)  Distribute the - sign o both

% 5n and -bm?.

[
L =5mt+n-5n¢+bm

t
% ERXAMPLE: Find the sum and/or difference.
l

, =3m « bm* + n - 5n Simplify by combining like terms.
; n-5n=-4n and 3m* + bm* = Am*

=9m* - 4n
L



| EXAMPLE: Find the sum and/or difference.
- (Qa +10b + 140) + (Ba + Zb + 50). Simplify your answer.

=(9a + 10b+ 14c) + (Ba + 2b + 5¢)  Distribute the + sign fo
8a,2b aond 5c.

=92 +10b+14c+8a +2b+5¢C

=9 +8a+10b+2b+14c+5¢c Simplify by combining
g like terms.

1 =1la+12b+19c

“EXAMPLE: = find the sum and/or difference.
(01a + 9a” - 6) - (5 + 4a + Z.ba"). Simplify your answer.

=(0Ja+9a* - 6) - (5 + 4a + 2.6a? Distribute the - sign to
5, 4a, ond 2.ba”.

=0la+9a* -6 -5-4a - 2.0ba*

=0Ja-4a+9a*-206a*-06-5 Simplify by combining
like terms.

932



=-33a+ b4a* -1

E— e -

_-------_------1

EXAMPLE: Ffind the sum and/or difference.
(3ml bn+Imn) - (Amn - 4) + (Zn + 8m* - 1).

- Simplify your answer. /_\

’»(Zn +8m*-1) Amnond -4, ond the

-—f-—-q-

— sign to 2Zn, 8m* and -1.

=3mt-bn+ Imn-9Amn+4+2n+ 8m* -1

*-

=llm*-4n-2mn+3




- EXAMPLE: Jored hos a rectangular block of wood.
He wants to measure a piece of string that wraps around
the perimeter of the block of wood. However, Jared doesn't
have a ruler with him. He only has a pen and an eraser. He
discovers that the length of the block of wood is the same
length as 9 erasers put end to end and that the width of

~the block of wood is the same as 4 pens put end to end.
Find how long the string shovld be.

Let e represent the length of an eraser.
Let p represent the length of a pen.

The length of the block of wood is: 1+ e = Ye.
. The width of the block of wood is: 4« p = 4p.

Perimeter = leng’rh + Width + lengi-h + Width
9e
4o 4o

=9e+4p+9e+4p

. =18e+8
a 9e

Therefore, the length of the string is: 18e + 8p.

434



Q| CLECK Your ROLERCE.

Find the sum and/or difference of each polynomial and
simplify your answer.

1.

10.

(3x% - bx) + (4x* - 1x)

(3K - 8) + (~4k - 5)

Bw? -52- w2*) + (Bw2 + 4w?)

. (2p* - 5p@* + 1pQ) + (1p*q - 4pq - 3)

(8x - 5y) - (1x - Y)

. (I + 00y = D) - by + P - 12)

(bz+ At: + 142) - (442 - 342 + 52 + 8)

(%s+ 4st- ) - (3s + sP) - (bst- %#)

. (ba® - Tabc + Ab*c - 8) + (5b*c + Babc - 4) - (4a® + 9a* - 3ab)

Adam is finding a square's perimeter. He discovers thot the
length of one side is the same length as Z pennies and 5

dimes set side by side. What is the perimeter of the square?
ANSWERS 435



[ CHECK Your AISWERS |

18 Ix* - 11x

2. 3K -4k -13
3. 12w + Tw2® - 52
Y. 2p*+ 1ip*q - 5pq* + 3pg - 3
5. x+4y
6. bm°-53y+ 1M
1. 124*+ 342+ 2-8

5

8. -=—s-3st- Ll

z
/4 4 %

9. 2a°-9a*+ 3ab + abc + 14b*c - 12

10. If p represents the length of a penny and d represents
the length of a dime, the perimeter is: 8p « 20d.

k.



Chapter %)

MULTIPLYING
AND DIVIDING
EXPONENTS

You can simplify numeric and algebraic expressions that
contain more than one exponent by combining the exponents.
The only requirement is that the BASE must be the SAME.

| 3%« 31 CAN be simplified ——> The bases, 3 and 3, are
the same.

| 8%+ 1" CANNOT be simplified —» The bases, 8 and 1, are not
the soame.

. 4+ 3% CANNOT be simplified —» The bases, 4 and 3, are not
_‘ the same even though the
exponents are the same.

937



Multiplying Exponents with the Same Base

You can multiply exponents with the same base by adding

xa.xb=x0+b

When multiplying exponents with the same base:
1. Write the common base.

2. ADD the exponents.

- EXAMPLE:  Simplify 5 - 5¢

=5.56¢ ( ‘The exponents can be added because
the bases are the same.
s BES #dd the exponents.
| -5
. Check:

§ 67ebb=5e5+5¢5¢5+5+545=5%

— el



- Dividing Exponents with the Same Base

- You can divide exponents with the same base
- by subtracting;

xaéxnga-b

- When dividing exponents with the same base:

1. write the common base.

2. SUBTRACT the exponents.

------_--------q

Simplify 87 + 8.

5 Subtract the exponents.

:
|
;
i
|
|
= !
|
|
|
|
i
4

— DD
e 888 .




| EXAMPLE:  Simplify (-2)° - (-2)

= (-2)1 = (-Z) < The exponents can be subtracted
because the bases are the same.
= (-2)% = (-2} « - Whenever an”gxrongnf is not written, it
means that the exponent is 1.
s = (=2)1-1 Subtract the exponents.
= (-2)8

- EXAMPLE: Simplify 6" + 67 + 6°.

= % + 0%+ 05 @ The bases are the same.
= o5 Subtract the exponents.
= (0-7.

Another way to write this is: b = (:—z - ?](,—

We can multiply and divide

exponents in the same Remember to use the correct
, Order of Operations!

expression.
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For example: o simplify the expression 97« P = 9=

1. Add the first two exponents becauvse the bases are
multiplied.
i q'h} = Cll
= 9o - q2

2. Then subtract the next exponent from the sum, becavse

the bases are divided.
= qo-2

Simplified:
= qa

o



_ Simpicy
(=3) = (3)F o (=3)0 o (-3)5 & (=3)2.

(=3)1 = (=3)% o (=3)0 4 (-3)5 + (-3)2  &=——The bases are the same.

= .(-3)1° 9. (.-3)‘0 . (—3)5 < (—3)'2 (—Subfrl ct the fi rst two

!xponenfs.

= (B) ¢ (3)0 ¢ (3 £ (B

= (<3)2+10, (3)5 : (-3)2  &——Add the difference and
the next !xroncnf.

= (-3)8 . (-3)5 + (-3)*

= (-3)845 : (-3)2  G———Add the sum to the
next exponent.

= (3P s ()

= (33D €——S3ubtract the last exponent
from the difference.

- (3)F

,.
|
[
|
[
[
[
[
[
[
|
|
|
|
[
[
I
[
I
|

.




Q| CLECK your LHOWLEDCE.

Simplify each expression.

13 1. 70

22 :q

38 (120 + C12)°

§3 38 36+ 31

38 (=5)1 + (=B)e » (5P

Solve.

6. Mr. Jones asks #hmed, Brian, Celia, and Dee to simplify
3%+ 3. These are their answers:
Ahmed: 35« 31 = (3 + 3)5*7 = (.
Brian: 3°« 31 = (3 « 3)°+1 = 912,
Celia: 3%« 31 = 357 = 37,

Dee: 35+ 31 = 357 = 3%

\Who is correct?

ANSWERS 493




| CUECK Your QISWERS |

13 10

28

3. (1"

53 3°

5. (-5)*

6. Celia's answer is correct.




Chapter 50,

MULTIPLYING
AND DIVIDING
MONOMIALS

We can multiply and divide monomials vsing the same
approach we vse to multiply and divide exponents.

If the bases are the same, youv can simplify
the monomials.

If the bases are different, you cannot simplify
the monomials.

995



To simplify the expression a* - 2b°:
1. Look ot the bases: Are they the some?
2. If the bases are the same, combine the exponents.

a®«2b5 The tweo bases, a and b, are different.

 EXAMPLE: Simplify x* - Zxy - x*

Xt e Zxy - x*
= Zext ey Combine the exponents for the base x.
The exponent for the y base cannot |
be combined. ‘
\
|
=1xy :

996



. EXAMPLE: Simplity 3mn’ - Sment.

3m*n'« 5m*n* Combine the exponents for the base m.
Combine the exponents for the base n. *
The exponents for m and n cannot
be combined.

=3+5.mn Multiply the constants: 3 - 5 = 15, 8

l
|
f
{
I
l
| -
I
l
l
|
I
1

Snmph(g le‘ 0 'Ix‘y” g

: 21x4y° + TxtyP ]

{ 21273 Divide the coefficients.

{ =5xen yo-3 Combine the exponents for the base x.

T Combine the exponents for the base y.

i The exponents for x and y cannot s
be combined. g

t

¢ e

| =3xy 2

S —"—

P, & b



CEXAMPLE:  Simplify 30° - 100"

_ 305 + 100

3

= _05-'3

=
3

= —Q'4

© 10

- To make the simplification easier o see, you can also write
- the solvtion as:

30° 104 =

-
10a

30°
10a"

An exponent inside the

parentheses and another
ovtside the parentheses is
called a POWER OF & POWER.
# power of a power can be
simplified by multiplying the
exponents. Tt looks like this:

948

(xa)b - xa'b

PES S S S— GHEONy- SN E S SR SR YA S S SRS .

Mnemonic for Power of a Power:

Multiply Exponents

Powerful Orangutans Propelled
Multiple Elephants.




-—--—-——------—’
_ e

F (3albty

. =3"Feql't. bt Moltiply each exponent inside the
parentheses by the exponent on

the ovtside.

D GEid GNP TN CEED GEED D D GED ED oiEn o

Qa"b?

-—-_—----_—_-------J

"
'y

=
X

_—--—----—-----w

E:  Simplify (503p"? - (ZasbP.

;
| -
= (5a*b* - (2a*bP First, expand each monomial.
| I
.: - (5203 244°2) « (21"35+351) l

!
= = (5%a°b) « (230"P°) Next, moltiply the monomials. :
: = (250°tP) - (Ba®H?) :
'315.8.“605.&03 '
I i
. yAJ N '
| = 200a%p i




iilihllﬂ.ﬁ:._ Simplify (Zp*q)* + (4p*q™P.

L(2p*Q)* = (4p*q*P First, expand each monomial.
- =(21°4P3°4q1°4)_:.(41‘3P6'3Ql'5) il
= (Z'pq") = (@p®q)

s = (1op™q") = (b4p®q") Next, divide the monomials. .

j=1b+bdept-B.gi-t 4p‘q [or4pqu] &

I_Ean Slmph€9 (Zx‘y'-")'3 (Sx“y s L ]
| ]
L(2xty)> = (5x°y €xpand each monomial. |
]

= (21°» x4-(-s)y—s-(-s>) = (51*2 x"'zy""z) |

' = (Z-5x-lly15) 25 (52 XISy-M)

2= (—é— x"zy‘S) % (ZSx“’y'") Divide the monomials.

25 x2-8, ys-(-n)



Q| CLECK your LHOWLEDCE.

Simplify each expression. Write your answer using only
positive exponents.

1 X'yl Xy
2. 3a'bct - (-2a°b)
3. (1Zx°y*2*) = (-15x772)
4. (3%
5. Bm>n*) + (4mSntP
Solve.
6. Mrs. Smith asks Ming and Nathan to simplify (5a%)°.
These are their answers:
Ming: (502 = 5 » (a)?® = 12508,

Nathan: (5a%) = 53 « (a)%"3 = 1264°,

\Who is correct?
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| CUECK Your AUSWERS |

1. x’y‘z

2. -ba'bPc*

€. Nothan is correct.

952



Chapter S

MULTIPLYING
AND DIVIDING
POLYNOMIALS

We can use the Distributive Property to multiply polynomials.
To simplify the expression xX(x* + Ty):

xHx2 +y) First, use the Distributive Property.

XA Multiply each of the terms inside the
parentheses by the term ovtside the
parentheses.

= (XL« x%) + (x « y) Then, multiply exponents with the
same base by adding the exponents.

a xte3y 'lxzy

. These are NOT like terms,
= X%+ -IXZy . so f’:ey cannot be combined.

453



Multiplying a monomial (x*) by a binomial (x° + Ty) looks
like this:

xHx® + 1Y)

X2 1 Yy

Xt Xt o xP= X8 Xt o Ty = "|ng

~

Answer: x4 x3 + Ty) = X54 szg

;, EXAMPLE: Simplify a*b(a’b’ + ab?).

a*b(atb’ + ab') Use the Distributive Property.

(@°b« a™b") « (a®b - ab®)  Multiply exponents by using
addition.

g = (@320 « (@309

459



—---—--—----—_—’

Simplify (x + Dx + 7).

N

=(x+N(x + 1)
=(x

e X)t(xeNe(Tex)+ (A7)

= x* + ox + 63

—
|
l
I
i =xE+ Ix+ Ax + b3 Combine like terms.
e
=

--—--------_---ﬂ

INPLE:  Simplify (x*y + x*y)(xey" - xyP). g

= |

|- 3y x{y‘)(xsy1 2 xyl) !
Sl |

[ 03y Xy = O3y = xy?) + (gt XY - (XY = xy?) :
: = (X"?y‘,")..:(x?"y"ﬂ *(XIOSyQo'I) __'(xznyq_d.) :
= xﬁyﬂ xdy) + x‘l n_ x3yb :




Multiplying a binomial by another binomial is also called the

FOIL Method: g ;
§ First, Outer, Inner, Last

i i Multiply the FIRST terms within each parentheses.
2. Multiply the Ovter terms of the parentheses.
i A Multiply the Inner terms of the parentheses.

4. Muttiply the Last terms of the parentheses.

Oufer
First

(a+blc+d=ac+ad+ bc+ bd
Inher
A

ast

c d
a a+C=ac a+d=ad
b bsc=bc b.d-=>bd
| P |

Answer: ac + ad + bc + bd

Notice that the FOIL Method is the same as using the
Distributive Property for multiplying fwo binomials!
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We can divide a polynomial by a monomial by separating
the expression into separate fractions.

AFEXAHH.E:H Simplify (a®b - a®t?) + (ab?).

(a®b* - a®t?) + (a*b?) Split into separate fractions
by dividing each of the Z ferms -
by a*b’.
_a% o'
a’®®  att’

L = (a®-2pt=3) - (aP~LpP-9) Subtract to simplify:
10-2=8,4-3=1

|
|
|
!
!
i
!
|
I
{ 8-2=6,5-3=2

D Ll Al Ll Ll Sl Sl e San LD Al T o D o o G S e G o
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_-—----————_———1

- Simplify (8x°y" - Ax™1f) + (bxyM.

I (Eix"y1 - c1x‘z‘y§) + ((nx‘°y“) Divide each of the
: 2 terms bg (ox‘°y“.

i 8%y axty?
N bx°y" bxPy"

1

= (% x5"°y"“) = (% x’l'”gs'“) Subtract to simplify:
3-10=-11-1=-4

]Z,-]Oﬁ 2;5"“,-‘-,‘,-0

f
[
i
lgi "1 _iz L..s—xz
| F XY= Xy TIXy 2y
|
i
&

L-——.——-—————-.-——_




Q| CLECK your LHOWLEDCE.

Simplify each of the expressions. Write your answer vsing
only positive exponents.

1o xy(xy® - X7)

2. Im*r(-5m + Imtn’)

3. (x+ 24)3x - 4Y)

4. (a*b - ab*)(ab + a°b?)

5. 3x5y* - xyP)y* « 5xy)
6. (3p* - 2°)Zp* + 5¢°)

1. (Y + Xy = (xy)

8. (aPb* + a%bP) + (a°b?)

9. (bm°n® - 8m*n) + (Zm®n)

10. (3x°y*2' - 10x*yz + 8xy"21) + (—loxlyz‘)
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| CWECK Your QIISYERS |

. x’y"-x"y

10.

. =15m*n® + 21mén’
3x* + Zxy - By*
. ab*+ a'b! - a*b® - ab®
3x5y° + 15X°Y° - XUP - 5x2y"
. bp* + 15p°¢° - 4p*g° - 10¢®
- XY e XELP
a'b + atb’
dmtn* - ni]‘
= %x’yzz' + % = 3%2:_2
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Factorin
Polynomials




Chapter 52

FACTORING
POLYNOMIALS
USING GCF

An in+eger (whole number) can be broken down into its
FACTORS. Factors of a number are in‘regers that when
multiplied with other integers give us the original number.

fFor example, the number 1Z can be broken down into the
following factors:

land 12: 112 =12
Zond b:206=12
3ond4:3.4=12

Therefore, the factors of 12 are: 1, Z, 3, 4, b, and 12.
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Many polynomials can be broken down into factors that you

multiply together to get the original polynomial.
For example, the monomial bx can be broken down into:

laond bx: 1« bx = bx
Zond 3x: 2 «3x = bx
3and Zx: 3+ Zx = bx
bond x: b+ x=0bx

Therefore, the foctors of bx are: 1, Z, 3, b, x, Zx, 3x, and bx.

. -ji}illﬂ.i;.. Stote the factors of the monomial Ty?.
: e land Ty 17y = Ty

{ e land *: 7= y* =Ty

t

| »yand 1gz= Y- 'lyz = Tup

'

% e 1y ond y*: Ty « y* = Ty?

: So, the factors of 193 are: 1, 'ly’. 1 y-’*, Y, 'Iyl. 1y, and yl.
|

We can arrange the factors in order of the exponents:

| 17,4y, yl, 131, y’, and ‘ly’.
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- EXAMPLE: \write the factors of the monomial bab.

l1and bab: 1+ bab = bab
-2 ond 3ab: Z - 3ab = bab
3ond Zab: 3+ 2ab = bab
b and ab: b - ab = bab
_aond bb: a+bb=0bab
2a ond 3b: Za - 3b = bab
3aond 2b: 3a - 2b = bab
baand b: ba -« b= bab

. So, the factors of babare: 1, 2, 3, 6, a, Za, 34, ba, b, 2b, 3b, bb,

ab, Zab, 3ab, and bab.

When finding the factors of a polynomial, ask: "Whot
can be multiplied fogether o end up with the original
polynomial?"

EXAMPLE: Tanya is given the expression ax + ay.

Tomya says, “The factors of ax + ay ore: 1,0 (x+ y), and
(ax + ay).“

| Is Tomga correct?
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Multiply some of the expressions together, to see if we end
Up With the original polynomial:

1e(ax + ay) = ax+ay
a.(x+y)= ax + ay
So the factors of ax + oy are: 1, a, (x + y), ond (ax + ay).

Therefore, Tomga is correct.

The process of rewriting polynomials into
their factors is called FACTORIZATION.

e
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GCF OF POLYNOMIALS

When we look at two integers, we con ask: "What is

the greatest factor that these two integers share?" This
process is called FINDING THE GREATEST COMMON FACTOR,
or FINDING THE GCF.

| EXAMPLE: Find the GCF 0£ 12 and 20.
e The foctors of 12 are: 1,2, 3,4, b, and 12.

. e The foctors of 20 are: 1, 2, 4,5, 10, and 20.

. Therefore, the GCF of 12 and 20 is: 4.

We can find the GCF of polynomials in the same way.

— — ——

| ERAMPLE: Find the GCF of ax and ay.
e The factors of axare: 1, ax, a, and x.

e The foctors of ay are: 1, ay,a, ond y.

. Therefore, the GCF of ax and ay is: Q.
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EXAMPLE: Ffind the GCF of 4xy and bxz.

e The foctors of 4xy ore: 1,2, 4 x 2x 4x y, Zy, 49, Xy, ny,

5

e ——ban —lzn  — e

ond 4xy.

. e The factors of bxzare: 1, 2,3, 06, x 2x,3x, bx, 2,22 32 b2,

X2, 2x2,3x2, and bxz.
Therefore, the GCF of 4xy ond bxzis: 2x.
Lis+ing all the factors of a monomial often takes
t00 long.

There is a more efficient way to £ind the GCF of
two monomials:

1. Find the GCF of the coefficients.

2. find the highest power of each of the variables that
appears within every monomial.

o X Multiply. The GCF is the product of the first two steps.
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- EXAMPLE: Ffind the GCF of 8a%b’ and 120°°,
Step 1: Find the GCF of the coefficients.

The coefficients are 8 and 12, and the GCF of the
coefficients is 4.

Step Z: find the greatest exponent of each of the variables
within the monomials.

The monomials share both a and b:

The highest power of a that both 8a%b' and 12a°b* contain
is at.

The highest power of b that both 8a’b' and 12a°b* contain
is b2,

Step 3: Multiply. The GCF is the product of steps 1and Z,
4.at. b= 4ap?

EXAMPLE: Find the GCF of 10p°gr?%, 4p"g*r3, and ApBgPrs™:
Q-r==p-qg P

Step I: Find the GCF of the coefficients.
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The coefficients are 10, 4, and 9. The GCF of the coefficients
is: 1.

Step Z: find the greatest exponent of each of the variables
within the monomials.

The monomials share p, g, and r: . r:rz,::.::f, :
* The highest power of p that they all contain is: p°.

e The highest power of g that they all contain is: ¢*.

* The highest power of r that they all contain is: r.

Step 3: Multiply the above steps.

].Ps.Qq,r=P5q4r

FACTORING POLYNOMIALS

Once we find the GCF of several terms of a polynomial, we
can factor the entire polynomial.

Ask 9oursel€= “T€ I factor ovt the GCF from each of the
terms, what factors remain?

We use this answer to write the polynomial as the product
of the GCF and another factor.
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To factor a polynomial:
Step 1: Find the GCF of all the terms in the polynomial.

Step Z: for each of the terms, find the remaining factor
after you divide by the GCF.

Step 3: Write your answer as the product of the GCF and
the sum (or difference) of the remaining factors.

For example to factor ax + ay:
Step I: Find the GCF of the ferms ax and ay:
Since a is the only common factor, the GCFis a.

Step Z: for each of the terms, find the remaining factor
after you divide by a.

e for the term ax: —%5 = X

e For the term ay: _aa&l. =y
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Step 3: Write the answer as the product of a and the sum
of x and y.

ax+ay=a(x+y)

EXAMPLE: Foctor bx7y' - 10x*y™
Step I: Find the GCF of the ferms bx%y' and 10x*y®,

Since the terms are bx"y‘ ond 1Ox"y‘5, the GCF is: 2x‘y‘.

after Yyou divide bg Zx‘y’.
(p x“l U
o for the term bx7y" 22k = 36
8 Yy

e For the term IOX*y‘-" O_X(j_ yﬂ

i

l

I

I

g Step Z: For each of the terms, find the remaining factor
i

i

l

ﬂ

l

| Zx'y"

| Step 3: Write the answer as the product of Zx*y' and the
difference of 3x° and 54,

l
} bxiy’ -10x‘y‘5 = Zx'y'(3x5 - Sya)
-

M



Polynomial factorization is the “opposite” of polynomial
multiplication. When we multiply polynomials, we
are “expanding” the polynomial. But when we factor
polynomials, we are “collapsing” the polynomial.

/"’4'\

il

‘

“M‘l

Polynomial multiplication Polynomial factorization

For exomple:

8xzy - (oxg’ can be factored into: ny(4x - 5g1).

Multiplying Zxy(4x - 3y*) becomes:

o B
Zxy(4x - Byz) =2XY+4X-1xy - 391

= 8xzy - (oxy’
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Q| CHECKvour LIOWLEDEE

For problems 1+through 4, £find the GCF of each expression.
I cx+cy

2. 8m-6n

3. 10a%b + 8a’b*

4. 1Zm*n°p* - 8mn*p° + 20mp*
For problems 5 through 8, factor each expression.

5. km+ kn

2 30x° = 12.x°

1. 1ba*b" - 12abF

. 18£29gZH% - 15 £1gBH

-

. Lisa wants to fully factor the expression 1Zx'y* - 1ox®y*.
She factors it to Zx'y* by’ - 8x°y*). Is Lisa correct?
Explain.
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| CHECK Your AISYWERS |

3. 2a*b

4. 4mp*

5. Km+ n)

€. bx3x*-1)

1. 4a*b*(4ab - 3)

8. 3f'g°h%(bf*g" - 5h°)

9. No, Lisa did not vse the GCF, so her answer is
not Fullg factored.

— L



Chapter 5

FACTORING
POLYNOMIALS
USING GROUPING

Another way to factor is to rewrite an expression into
separate groups, where each of the groups could have a GCF
that we can vse to factor. This method is called FACTORING
BY GROUPING.

To factor by grouping;

Step 1: Use parentheses to combine the terms into
different groups.

Step Z: Factor each of the groups separately, using the GCF
of each group.

Step 3: Factor the entire polynomial by using the GCF of all

the terms.
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For example, o fully factor

ax+ay+ bx+ by: < - | The four terms ax, ay, .
y y bx. and by do not I
I slmre a GCF

1. Use parentheses to grouvp the ferms into two
different groups.

ax+«ay + bx + by
(ax + ay) + (bx + by)

2. Find the GCF of each of the two groups:

a is the GCF of the first group.
b is the GCF of the second group.

a(x+y)+b(x+y)

3. Since the +wo terms alx + y) and b(x + y) share the GCF
(x + y). foctor ovt (x + Y.

(x+ 4 (a+b)
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Factoring by grouping is the only way to factor the
polynomials. We cannot use the previovs methods of
finding a GCF of all the terms.

| EXAMPLE: Foctor PqQ-3q+4p-1L.

Pq - 3q+ 4p - 12

¢ (4D = 12) Qo) Usc parentheses to group the
q P terms info fwo d:ffer!nf grouPS

l
|
»
l
; =q(p-3)+4(p-3) Since the two terms g(p - 3) and

| 4(p - 3) share the GCF (p - 3), factor
i ovt (p - 3).

|

§ =(p-3)g+4)

Be careful that your signs ore correct when You factor
ovt a negaﬁve sign.

For example, factor mx - my - nx + ny.

= (mx - my) = (nx - ny)

w

~ Remember the rule for multiplying integers: - ¢ - = +
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=m(x - y) - n(x - y)
v o

If all the terms share a GCF, factor ovt the GCF first.

AMPLE:  Foctor 1ZmPrt - 8mint « AmPr - i,

: WPt - 8mint + AnPrs - bmtn® |
g [

- P12 - 8t + Amr® - 6r®)  The GCF of all the terms |
§
: is . !
|
| = mntAmH3m - 2) + 3r¥(3m - 2))  Use grovping for the. :
: terms in the parentheses. '
l [
: = m*n*((3m - 2)4m* + 3n%)) g
i t
¢ = MEr(3m - 2)Am? « 3r) J




Q| CLECK Your ROLERCE.

For 1through b, factor each expression.
1. x1+5x+xy+59
2. 3fm - gm+ bfn - Zgn
3. 10a* + 14a - 15ab - 21b
§. 5ac - 15ad - bc + 3bd
5. Zm+ lam - bn - Z1an
6. 30am* - 40amn + 1bbmn - 12.bm*
1. Chuck is asked to factor the expression:
8x59‘ - Zx’y“ - 2.4,\5\9‘ + bx”y‘.
Linel: = 8xsy‘ - ?.x3y‘* - Z4x5y“ + bx’y’
Line2: = (8xsy‘ - 2.x3y“) - (2.4xfy‘ + (ox5y’)
Line 3: = 23y4x" - i) - bX*Y(4x™ « i)
Line 4 The two terms do not share a GCF,

so it cannot be factored.

Is Chuck correct? I not, where did he moke an error?
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| CWECK Your ASWERS 1

1 (x+5)(x+y

2. 3f-glm+1n)

3. 5a+N(Za-3b)

4. (c-3d)(5a-b)

5. (Z + 1a)(m - 3n)

€. Zm(3m - 4n)5a - 2.b)

1. No. Chuck made an error on line Z becavse the sign is

wrong inside the second parentheses. The correct term
shovld be (24x°y* - bx*y").
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Chapter S5

FACTORING
TRINOMIALS
WHEN a=1

The trinomial o€ ax? + bx + cis (s Think of aasl. In this case, |

2, ar®, and 14? are the same.
made vp of three terms.

The coefficient, a, of the first term is 1.
The constants are b and c.

Examples of trinomials when a = 1:
xt-5x +14 Xtex-1 Xt + box + 1

Many of these types of trinomials can be factored as the
product of two binomials.

For example, the trinomial x* + 1x + 12 can be factored into
(x +3)(x + 4.
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kow con we ve.riFg that?

I£ x* + 1x + 12 con be factored into (x + 3)(x + 4), this means
that the reverse shovld also be true: (x + 3)(x + 4) shovld equal
Xt + Ix + 12,

?
(x+3)(x+4)=x*+Ix+12

?
(x+3)(x+4)=x*+4x+3x+12 Use the FOTL Method.
\

?
= xteIx+12 Y

This process proves that it is possible for a trinomial in the
form x* + bx + c to be factored as the product of two binomials.

How do we find those two binomials?

Let's assume that the trinomial x> + bx + ¢ con be factored
into the product of two binomials. We can use shapes to
represent the unknown terms:

A x2« bx+ c = ([+ AXO + ¥¥) Using the FOIL Method,
we know that both I and
O must be x, becavse
Xeo X=Xt
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R. x*+ bx+c=(x+ Alx+3¥) Using the FOIL Method, we
N

know that both A and ¥¥
* This is the "Last" part of | must be constants whose
| the FOIL Method. | product is the constant ¢

becovse A - ¥X = .

Xtebx+c=(x+d(x+e) Let the constants be d and e.
Therefore, d-e = c.

Xebxsec= (@ e) Using the FOIL Method,
, . we know that the sum of
These are "Inner" and | R - .
COuter” i Fthe g2 Xxee=exondde. x=dx

. FOIL Method. i must be equol to bx.

Therefore, if x* + bx + ¢ con be factored as (x + d)(x + e),
we are looking for two numbers (d and e).

The sum of the two numbers equals b
The product of the two numbers equals c.

50
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L EXAMPLE: Foctor x* + 8x+ 15.

xt+8x+15 Which two numbers when multiplied

s = (x+3)(x+5) = You could also write the

x*+10x + 24 Which two numbers when multiplied

8= (x+ Ax+0)

|
|
|
|
|
|
|
I
|
|
|
I
I
|
|
|
|
|
!

equal 15 and when added equal 87
The numbers are 3 and 5.

answer as (x + S)(x + 3).

equal 24 and when added eq_uod 107
The numbers are 4 and 6.

| SSQES Ry oS IS SSS i can=s | el SRy S5 Regpses

@ E.X.AH[LE:: Factor x* + 5x + .

xt+5x+ 0 Which two numbers when multiplied

eqpal b and when added equal 57
The numbers are Z and 3.

=(x+2)(x+3)
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Since both numbers are positive, it means that:

c is positive because a positive number times a positive
number = a positive number.

bis positive becavse a positive number plus a positive
number = a positive number.

If either one or both of the two factors are negod-ive
numbers, follow the same steps.

To factor x* - 10x + 21:

Xt -10x + 71 Ask: "Which two numbers multiply o 21
and add vp to -107 -3 and -1

= (x = 3)(x = 'l) : YQ(. could also write 'H'i! !
anSwer as (x = 7)(x = 3)

EXAMPLE: Foctor x2-12x+ 1 q

=xt=11x+1 Which two numbers when multiplied i
eqpal 11 and when added equol -127
The numbers are -1 and -11.



| a*-18a+ 32 Which two numbers multiplyto 32 andoddop |
" 40-187 The numbers are -1 and 2.

1

— - - . N X N X K X B E E E E E E = 1
- Foactor x2+ 2x - 35,

Axei2x-38 Which two numbers multiply to -35 and - = ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
: add vp to 27 The numbers are -5 and 1. |

i

,,AL O o o T D D D e e e e e e ST D D B D D

E: Factor x% - 2x - 35.

l. =xt-2x-35  \Which fwo numbers multiply to -35and '

: add vp to -27 The numbers are 5 and -1.

i
}= (x +5)x-1)




| EXAMPLE: foctor y* « 8y - 48. g

~=‘L/1+8‘y—48 2

g = (y - 4)(9 +12) g

Not all trinomials are factorable.

For example, x* + 5x + 3 is not factorable. No two numbers
have a product of 3 and add vp to 5.

Another example is x* + 10x - 1b. No fwo numbers have a
product of -1b and add vp to 10.

~ Be careful! i

~ Make sure thot Yyou use the correct signs for each of the
~ foctors.

The answer (x + T)(x - 5) is NOT the same as (x - T)(x + 5)! 1
C (x+Dx=-5)=x*+2x-35 T Il

These are not the same answers!

| x=Nixeg)axt-2x-35 ot
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Q| CHECK vour (L LIOLLERCE

For problems 1through 9, factor each of the following
trinomials. If it is not factorable, write N/A.

1. x*+9+ 14
2. x*+13x+ 30
3. xE-Ix+ 0

4. x*-5x+10
5. xt-11x+ 60
6. XL -x-0

1. x:-3x-54
8. x+13x-124

9. x*-13x-48

488



10. Mr. Lee asks Linda and Maleek to factor x* - 3x - 28.

Linda says: "x: - 3x - 728 can be factored as either
(x=D(x+4or (x+Nx-4.-r

Maleek says: "x* - 3x - 128 can be factored as either
(x=Nx+4or (x+4Dx-T"

\Who is correct?
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| CHECK Your AISYWERS |

1. (x+2)(x+7)

2. (x+3)(x+10)

3. (x=Dx-06)

9. N/4A

5. (x-5)(x-12)

6. (x+2)x-3)

1. (x=Nx +6)

8. N/A

9. (x+ 3)(x-106)

10. Maleek is correct.

— L



Chapter 55,

FACTORING
TRINOMIALS
WHEN a #1

Some trinomials have the form ax® + bx + ¢, where the
coefficient, a, of the first term is not 1. Examples:

5x:+ 1x+ b Bxt - 28x - 12 ba>+a-12

Many of these types of trinomials can be factored into the
product of two binomials. So, ax* + bx + c can be factored to
(dx + e)(£x + g).

This means that we need fo find 4 numbers d, e, £ and g, where:

ax* + bx+ c=(dx+ e)fx + 9

=(d-f)xt+(d-g+e-flx+(e- g
111



Since ax*+ bx + ¢ = (dx + e)(fx + g =(d- £)xt+ (d - g+e-fx
+ (e 9). we need to find four numbers d, ¢, £ and g where:

a=d-f d e
c=e-g a=d-f< pC=¢-9
b=d-g+e-f f g9
= " =
Regdefs@ed

So, to factor Zx* + 1x + 5, which four numbers work for d, e,

£ and 9’.’

O
1

Q.

-'\
"

O
1
(O]
L
(da)
1
)

o
I
:L
e

-

= (2Zx+5)(x + N

Y casld alinviite ther— YA
answer as (x + 1)(2x + 5).
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Q| CLECK your LHOWLEDCE.

Factor each of the €ollowing trinomials. If the trinomial is
not factorable, write N/A.

1. 3x+ 1bx +5

2. Ixt+ 1x+06

3. bx* + 3lx + 35
4. 3x*-10x+8

5. Zx*-15x+18
6. 4x-1box +15
1. bx*+11x+5

8. 20x%-44x-15

9. bx*-5x+14
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| CHECK Your AISYWERS |

1. (x+5)(3x+1)

2. (Ix+3)(x+2)

3. B3x+5)2x+ )

. Bx-4(x-12)

5. (x-492Zx-71)

€. 2x-3)(2x-5)

7. Zx+50Bx+1)

8. (10x+ 3)(2x-5)

9. NA
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FACTORING
USING SPLCIAL
FORMULAS

There are several formvlas that we can vse to factor
some polynomials.

DIFFERENCE QF TWQO SQUARES
FORMULA

Use the Difference of Two Squares formvula when
sub+rac’ring two squares.

Xt - = (X + )(X = ) < . TAis can also be written i
yz ‘9 y as (x - y)(x o y).

When working with this formvula, ask:

“Is the first term a perfect square? Is the second term

(L
also a PQFFQC“ square. A Perfecf Square is when you |

| Mulfirly swnef‘)ing by itself.
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If they are both perfect squares, then you can use the
formula.

For example, to factor a? - 81b%, a* can be written as:
a* = (a)*, and 81b* can be written as (9b)%

= (a) - (Ab): wa "RE PERFECT roc@ )
= (a + 9b)a - 9b)
i Pﬂy attention to ]
the oPQrafions
- (addifion and/or -
Subfrdcfion)!

LE%AHELE Factor 25a¢b* - ‘}czoa

25a°b" - 4ctd® 25a°b" can be written as: 25a¢b" = d
(500", and 4c*d® can be written |
as: 4ctd® = (Zcd*)?, so we can vse the ‘
Difference of Two Squares formula.

l

o = (5a°DV) - (Zcd¥* -

1 = (500" - Zcd®)(5a%b! + 2cd?) i



PERFECT SQUARE TRINOMIAL
FORMULA

We vse the Perfect Square Trinomial formula to factor
frinomials into a factor thot is squared. Ask: "I T multiply
X+ Yy and then double it, do T get the middle ferm, Zxy in
the original expression?"

xz+?.x\9+‘tf=(x+y)z
Xt =2xy+ Yt =(x - yr

If the following conditions are met, then vse the perfect
square trinomial formolo:

The first term is a perfect square (x).

The second term is a perfect square (y)*.
Multiplying x - Y, and then doubling if, resvlts in the
middle term.

For example to factor a* + ba + .

at + ba +9 a* con be written as (a)*
=at+2+a+3+ (3" 9 can be written as (3)
= (a + 3)* (0 3)+2 =ba, SO we con vse the

Perfect Square Trinomial formvula.
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l. 2Zmy: -2 +«2m-5n+ (5n 25n* con be written as: (5n)%,
ond (Zm+5n)+2 =20mn

Factor 4m* - 20mn + 25n*
| 4mP-20mn+25n*  4m? can be written as: Zmp,
|
|
i

E: Factor 1bx* + 40x°y! + 254" -!
|
|

: Toxt + 40Xy’ + 254 1ox* can be written as: (4%,
: =(Ax + 2« 4X3 . 5y’ + (Sy’.)z ZSy con be written as: (Sy‘)'-
- and (4x3 « LTRSS 40x3

i

l = (4x3 + Sy")l




SUM OF TWO CUBES AND
DIFFERENCE OF TWQ CUBES
FORMULAS

\We can vse the Sum of Two Cubes and the Difference of
Two Cubes formulas when we are ADDING two cubes:

X if o= (x+ YXE = Xy + Y)
Or when we are SUBTRACTING two cubes:

X = P = (x = Yxt+ xy + y)

#isk “Is the first ferm a perfect cobe? 8 f, 10, rultiphy 4
Is the second ferm also o perfect cube?* 3"""'5" by itself |

fimes

For example, to factor a* + 8b*:

ad+ 8b? a® can be written as: (a)?, and 8b6°
con be written as: (Zb)?, <,

= (aP + (2b)®

=(a+ 2b)((a)t - a » 2b + (2b))

= (a + 2b)la* - 2Zab + 4b%)

P by b



L 125 - min® 125 can be written as: 5°
m'n” can be written as (n*n*p.

| - &9 - (nenty
. = (5 = mPn)([(B)* + 5 « m*n* + (M*n*))

¢ = (5 - mnY)(25 + 5mPn* + mtnf)

B — —— — —

Z‘lx’y'l - 42" Z'le‘y’2 con be written as: (3xy‘)". ond
- 042" con be written as: (4277,

§=OxyP - 427
L= Bxyt - 42N (Gxy') « Gxy?) - (427) + (42')

= (3xy* - 42)(AXEYE + 1Zxy*2" + 162*)

e s, e T Aas les o D i mlic ol =



Notice that there is a SUM of TWO CUBES formula and a
DIFFERENCE of TWO CUBES formula and o DIFFERENCE
of TWO SQUARES formula, but there is NO "Sum of Two
Squares" formula.

\We can combine all the different methods of +“ac+oring.

e E— S \m— —— ot s )t et A8 s St s et s ) s b st

= 18ax® - 32a > The GCF of 18ax* and 32a is: Za.
= 2a(9x% - 16) Use the Difference of Two Squares
formula. 1x* and 1 are perfect squares. -

= 2a((3x)* - (4] "

redess g Tt Cammep mm— e pem—

- =2a3x + 93x -4 i

PO,

1 EXAMPLE: factor x* - 81+ bx* - 54x.
x4 - 81+ bx3 - 54x
| = x*-81+0bx®-54x Use grouping,

= (x* - 81) + (bx* - 54x)  Use the Difference of Two Squares
formula for the first parentheses,
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= (Xt = P(x* + 9 + bx(x* - 9)

= (X2 = DX+ 9+ bx)

= (X2 = DX + bx + )

= (x = 3)(x + 3)(x + 3F

= (x = 3)(x + 3P

Use GCF of bx for the second
parentheses.

The GCFis x* - 9.

Use the Difference of Two
quores formvula for the first
parentheses,

Use the Perfect Square
Trinomial formvla for the
second parentheses.

Mwags check for the GCF first. This will make your

factorization more efficient.
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Q| CLECK your LHOWLEDCE.

Fullg factor each of the Following trinomials. If the trinomial
is not factorable, write N/A.

1. m* - 121

2. Ax:+ bxy + Y

3. b4 - a’bf

4. 25p* - 15pq + ¢

5. 15 - 3bg*

6. 2710° + b4b>c®

1. 121p*q° - bbp*@°r* « r®
8. 4m'n® - Sbn*p®

9. 8a%b* - 40a°bF + 50a%b®

10. 1ba*b® + 54b®c?
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| CWECK Your QIISYERS |

1. (m+« Mim-1)

2. (3x+ y*

3. (4 - abM(16 + 4ab* + atb?)

4. N/4A

5. (5£% - 6g®)54® + bg®)

€. (3a* + 4bc®)(Aa’ - 12a*bc® + ob*c)
1. (p*ge - 3ri*

8. 4nimn® - 3pf)(mr® + 3pf)

. 2a’b(2a® - 5b*)*

10. 2b%(2a* « 3b5c)(4a* - babsc + 9bYc?)

— -
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Chapter 514

SQUARE ROOTS
AND CUBE
ROOTS

SQUARE ROQTS
When we SQUARE a number, we raise it to the power of Z.

! Read as

EXGMPlQS= *=3x3=9 gr=8x8=064 | “eishf SQuarcd." i

The opposite of squaring a number is o take its SQUARE
ROOT.

The square root of a number is indicated by putting it inside
o RADICAL SIGN, or Y . For example: V49 _

- This is read as the
I “$1u¢r¢ root of 497 ©
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When simplifying a square root, ask:
“What number times itself equals the
number inside the radical sign?”

-

For example, to simplify V16, ask: What number times itself
equals 167

V1o =V4x4
= 'J 4 = 4 ¢ . Notice that a square root and a

square “cancel” each other out.

| EXAMPLE:  Simplify V&1
Ve
! = *J 959 What number times itself eq_ua\s 817
L CTRR
_ EXAMPLE: Simplicy V9.

- Since there is no number that multiplied by itself equals -9,
. there is no answer!
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We know that 4 x 4 = 16 and (-4) x (-4) = 16.

This means that 16 has two square roots; 4 and -4.

Even Jrhough the two square roots of 1b are 4 and -4,
4 is called the PRINCIPAL SQUARE ROOT, which is the
nonnega’rive square root.

\Whenever we see the square root sgmbol, we shovld write
only the principal square root.

PERFECT SQUARES
# PERFECT SAQUARE is a number that is the square of a
rational number.

The square root of a perfect square is always a rational

number.
JUST CALL ME
MS. RATIONAL.

The square root of o positive
number that is not a perfect
square is an irrational number.
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Example:

Is the simplified form of V144 o rational number or an
irrational number?

Since 144 = 127, this means that 144 is a perfect square.

Therefore, the simplified form of V144 is o rationol
number 1Z.

Is the simplified form of % a rational number or an
irrational number?

TR (W (5 | T 9
Since T ( b ) , this means that 2% S perfect square.
Therefore, the simplified form of % iS a rational
number %

Is the simplified form of V20 a rational number or an
irrational number?

Since ’J 20 = 4412, this means that 20 is not a
perfect square.

Therefore, the simplified form of V20 is an irrational
number 4472,
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CUBE ROOTS

When we CUBE a number, we raise it to the power of 3.
Examples of cube roots:

| 22=2x2x2=8

,ﬁ,43=4><4><4=(o4

The opposite of cubing a number is o take its CUBE ROOT.

The cube root of a number is indicated by putting it inside a
radical sign with a raised 3 to the left of the radical: -

When simplifying a cube root, ask: *What number
multiplied by itself three times equals the number inside
the radical sign?"

For example, to simplify s , ask: What number times itself
three times equals 1257

‘3\“25 =‘3\15x5 x5

<53 .5 €4 Notice that a cube root and a |

cube “cancel” each other out!
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| EXANPLE: Simpiicy 3| -

' 1

- \Whot number times itself three times eq_uals 7 ?
| 30 A T

‘- wl o J T

Perfect Cubes

A PERFECT CUBE is a number that is the cube of a rational
number. Perfect cubes can be positive or negative numbers.

EXAMPLE: Is 125 o perfect cube?

= g ——

; 126=5x5x5=5

125 is the cube of a rational number. Therefore, 125 is
a perfect cube.

P s e— —

o



ine et e Se—— —

_EXAMPLE: Ts-125a perfect cube?

=125 = (-5) x (-5) x (-5) = (-5

. =125 is the cube of a rational number. Therefore, -125 is
. 0 perfect cube.

)
|
| o | | |
- 9is NOT the cube of a rational number. Therefore, 9 is NOT :
. 0 perfect cube. :
' 4

et e e s e — e e s — —— — — — —
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@ CHECK vour R OWLERCE .

For problems 1+through 9, simplify each of the radicals.
If the answer is not a rational number, write N/A.

1. Vo4 6. V216
2. V1 1. V125

3. 25 8. |2
5. V16 5. 3_ 1000

27
5. V0o

10. Ms. Wong asks her class to simplify vy

Adam says: "b4 is a perfect square, so the answer is 8.
Brianna says: "-b4 is not a perfect square, so the answer
is N/# Carlos says: "04 is a perfect cube, so the answer
is 4 Damon says: "-b4 is not a perfect cube, so the
answer is N/A" Eddie says: "-b4 is a perfect cube, so the
answer is -4

\Who is correct?
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| CWECK Your AEUSWERS

1. 8

3. N/A

1. N/A&

i

3
10
3

10. Everyone is correct except for Damon. Adam gjives the
principle root, so he is the most correct.

214



RADICALS

We can simplify the square root of perfect squares and the

cube roots of perfect cubes.

For example:

V25 -5x5 =5 Vo4 = Vx(-Ax(-4) = -4

We can also simplify the square root of a number that is not
a perfect square and simplify the cube root of a number that
iS not a perfect cube.

Steps to simplify the SQUARE ROOT of any number:

Step 1: Ask: "What is the GREATEST factor of the number
that is a perfect square™

215



Step 2: Use multiplication to rewrite the number as the
product of two factors.

Step 3: Simplify the square root.

For example, to simplify V18 , ask: What is the GREATEST
factor of 18 that is a perfect square? 9.

Vg =vVax2
9 is a perfect square, so take the square root: Va -3

— 34? b TI’!Q second faCfor_

This is read as "3 root 2"
Squdre root of the or "3 rad 2.7 Both are
greatest factor. equal to 3 xVZ
| EXAMPLE:  Simplify V15
= *J 15 What is the GREATEST factor of 15 that is

a perfect square? 25
' =25x3 Since 25 is o perfect square, J25-5,

=53
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\We use the same process to simplify cube roots.

What is the GREATEST factor of 40 that is
a perfect cube? 8 2x2x2

-V8x5 Since 8 is a perfect cube, Vg -2.

N

'VS— - This is read as “two times
the cube root of 5.7

r KAMPLE: Simplicy V4 10, ,.
=
|
|
|
L=
i
-
i
L

_El.ﬁﬂllﬁt_ Simplify Y-us. I

" V-8 What is the LARGEST factor of -128 that is
o perfect cube? -4

-V-64x2  Since -b4is a perfect cube, V-6t = -4

l

l

|
{ -7 g
!
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- e
| EXAMPLE: Simplify ’ﬁ

= 3’ 544 What is the GREATEST foctor of -514- thot is

1
?
a perfect cube? A

T e 1 p NI
*AFT*T Since & iS o perfect cube, 7773

1

mait el
I 3412

Be sure fo choose the greatest factor when simplifying.

For example, when simplifying Vg , We covld choose both 4
and 1b because both are perfect square factors of 48.

But we need to choose the GREATEST factor, so we choose 16:

Vg = 1ox3 = 43

Finding the largest square root is not always easy.
You can use a factor tree when the largest
factor that is a perfect square is not obvious.
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Q| CLECK your LHOWLEDCE.

For problems 1through 10, simplify each radical. If the
radical cannot be simplified further, write N/A.

1. V45
2. V10
3. V300
g. N2
5. Vo3
6. V32
1. Y16
8. Vg1
5. Y45
10. V500
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| CHECK Your AISYWERS |

1. 35

2. N/A&

3. 1073



Chapter 5%

ADDING AND
SUBTRACTING
RADICALS

COMPONENTS OF A RADICAL

Each radical is made vp of two components: the index and

the radicand.
Ind!! - 3 ’_]b e RadiCdnd

So, for 1‘3 -1b, the index is 3 and the radicand is -16.

Even though we do not write the index
for square roots, the index is 2.

So4[15 is actually —Jz 5.

S

Since 13V 200 represents 13 x y 200, the index is 8 and the

radicand is 200.
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ADDING AND SUBTRACTING
RADICALS

You can onlg add or subtract radicals that have the same
index and the same radicond.

If two radicals do not have the same index and the same
radicand, then +ho.9 CANNOT be combined.

________________ o
| EXAMPLE: Simplity W5 « 435 |

J
W5 435 Roth radicals share the same index, 3, and |
the same radicand, 5, so the radicals
: can be combined.

8 '!%/—5_ - 4‘3\[5_ Do not add the index or radicand. -
g =1+4=1 8

L =5

- EXAMPLE: Simplity V5 - 60V5 .

2, ond the same radicand, 5, so the

.!

= ‘1\/? - (o“fs_ Both radicals share the same index, |
|

radicals con be combined. :

s =35 9 biad



Sometimes radicals can be combined if we simplify them
separately first.

For example, Y1z + 83 cannot be combined becavse they
do not share the same radicand. However, we can simplify
each radical separately:

= \/E + 8\’? Simpli(-‘g 1/? to ?.‘\[3_ . Qiving it has the

same radicond as the other number.

= 2‘\/? + 8*/? The radicals coan be combined in this
form, becouse +he3 share the same
index, Z, and the same radicand, 3.

-10V3 Add the rodicals. Keep the index and
the radicand the some. 2 + 8 = 10
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| EXAMPLE: Simplicy Y128 - V54 + V24

The radicals cannot be combined in this form, becauvse Jrheg
. do not share the same radicand.

-8 - 54 V24 Simplify Y128 o 42 .
Simpligy V54 +0 3V2 .
Simplify ¥ 24 0233 .

= 4%[? - BW + 2%[3_ Onlg the first two radicals can
be combined becavse ’rheg share

the same index and radicand.

| = %/7 + Z%/? The radicals cannot be
combined further.
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Q| CLECE your RUOWLERCE

3
1. What is the index and radicoand of 1/1_1 K
2. What is the index and radicand of ‘N 207

For problems 3 through b, simplify each radical expression.

3.9 VB
4. 5V14 -84
A3 A5
6. V45 - 80

U

)

. Sal is looking at a map of Texas. He notices that the
three cities of Dallas, Houston, and San Antonio form a
friangle on the map. Mr. Green tells Sal that the distance
on the map from Dallas to Houston is V115 inches, the
distance §rom Houston o San Antonio is Y112 inches,
and the distance §rom San Antonio to Dallas is V162
inches. Sal draws the triangle that connects the three
cities. What is the perimeter of the triangle?
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| CWECK Your QIISYERS |

1.
2.

3.

.3V

Index: 3; radicand: 11 _g/

Index: Z, radicand: 20

W1

w3
A5

. Perimeter of the triangle: (V115 + V112« V162 ) =

V1 +4¥7 +a2)=@V7 + V2 ) inches.
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Chapter

MULTIPLYING
AND DIVIDING
RADICALS

You can only multiply or divide radicals that have the
same index.

If all the indexes are the same, we can rewrite the problem
into a single radical and multiply and divide the radicands.

| EXAMPLE: Simpify V5 1.

*/5_ . WI'I_ Both radicals share the same index, Z, so
the radicals can be multiplied and can be
written as a single radical.

¥y

V35 We multiply the radicands 5 and 1.

521



EXAMPLE: Simplisy V2 - 635 .

= V? . (D’VS_ Both radicals share the same index, 3, so
the radicals can be multiplied and written
0s O single radical.

L= 6V 2.5 Multiply the radicands 2 and 5.

= Be carefull G is not a radicand, so
s (o'\l 10 do not put it inside the radical.

Follow the same process for division. For example, to simplify

221 = 633 -

= 12\/5 21 = (9‘5\[3_ Both radicals share the same index, 5, so
the radicals can be divided and written
0s O single radical.

Z:6=2_

] BC Cdrcfu“ 12 and & are not radicands, so do
’ 25!2.‘+ 3 | "',’f,!"'f the 2 inside the radical.

27



EXAMPLE: Simpliy V8 V2 xV10.

3

8 +N2Z

3

10

q
<‘

« Don't forget to use the correct
Order of 'trlfionsl

W

]
s
o
o
N
X
()

x’\/5 10

Make sure that answers are fully simplified.

]

N
w

o

RATIONALIZING THE
DENOMINATOR

When we write rational expressions that involve radicals,
we do not want our final answer to contain a radical in
the denominator. We multiply both the numerator and

the denominator by the same number so thot the radical
is removed from the denominator. This process is called
RATIONALIZING THE DENOMINATOR.

For example, we can simplify %— by rationalizing the
denominator.

Multiply both the numerator and denominator by N1 ;
so the radical is removed from the denominator.

b
1’ 1
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!_Elﬂllﬂ.i._ Simplify the expression % by rationalizing

the denominator.

8 :
= Multiply both the numerator and
- Z9 denominator bg \4 20, so the radical is
z removed from the denominator.

Simplify the radical.

]
1
Nl
x
~
o
o e O S ol il i e e s v e s Sibes Galein s

~
o

—_——— — e e e — — e e e — e e e e e e e e



Q| CLECK Your ROYLERCE.

For problems 1through 7, simplify each of the expressions.

147 A3 5. Vg :V3

2. 33 . g 6. 10V4z V7

3. We -2410 1. 26 -8V 43
4. V45 + 5

For problems 8 and 9, simplify the expression by
rationalizing the denominator.

s -

10. The heigh’r of a rec‘rangle is 1%/4_ feet and the len<3+h is
WB 18 feet. What is the area of the recmngle?
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| CWECK Your QIISYERS |

1. V21
2. W2
3. 14V80 = 14 x 4¥5 =56V5

53 3

6. 0V6

1. 84
g 15
"5

g SVZ
7

10. The area of the box is 12639 §t2.
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INTRODUCTION
TO QUADRATIC
EQUATIONS

# QUADRATIC EQUATION is an equation that has a
variable to the second power but no variable higher than
the second power.

A quadmﬁc equaﬁon alwogs has this form:

y-= axt+bx+cC,
where a+ 0

For example, state the valves of a, b, and c for the equation
Y=3x*-5x+1.

Since qyadm’ric equa’rions have the form Y= axt+ bx + ¢,
where a#0:a=3 b=-5ondc="1.
534



--___-——-_—--__’

EXAMPLE: Isy-4x*-x+ -%— on example of a quadratic
- equation?
l
: Since the highest power isZ, and a=4,b=-l, and c = % it

s iS a..quadmﬁc ,equaﬁon.

g —

MPLE: TIsy-12x+5 an example of a quadratic

! The highest power isl,and a=0,b=12, and c=5.

Since a = 0, this means that +he.keq'uaﬁon is NOT a quadr.o’ric 2
equaﬁon

b e o o o e o e e e o] e e o e

|
l
l
I
1
s

Is y=9x*+« x* - x + 8 an example of a
* quadratic equation?

The highest power of the exponent is NOT Z.

L--——-—--J

! This means that theﬂequaﬁon is NOT aﬂ.q'u.admﬁc eq_uaﬁon,
|
|
L
l
|




All quadraﬁc eqya’rions have solutions. \We can test a solution
b9 subs+i+u+ing the valve into the variable.

. EXAMPLE: Is x-=2 o solution for x2 -5x+ 6 = 07

(2 -5(2) + b Z 0 Substitute 2 for x.

? HII I'LL BE
0=0 SUBSTITUTING
FOR YOU TODAY! GREAT I'LL GO
TO THE BEACH.
- Both sides of the eqpaﬁon
are the same,

S0 X = Z is a solvtion.

- EXAMPLE: Is x-=-3a solution for -2x% = 1x + 107
?
-2(-3)% = 1(-3) + 10 Substitute -3 for x.
-18 Z -1

. Both sides of the eqya’rion ore NOT the same, S0 x = -3 is
NOT a solvtion.
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The shape of a graphed quadratic function is a PARABOLA,
a U-shaped curve. Many parabolas open either vpward or
downward.

quard Parabola

downward pa rabola

‘)

N\
("1‘]- - I\x
S -2 ¢ >
J 3 2 - -‘\239(

FE;A_EIIE_ Does the graph below represent o
quadratic equation? 3

~
-—-N(a.l-c=a

| The graph is NOT _
a U-shaped curve, ' :
: so it is NOT a ‘

~parabola.

! (-'{»--2-! -‘\2 l})x
; Since the graph is j 2 X

{ NOT a parabola, v
{ it does NOT represent
| 0 quadratic equation.

S p—p— P p——
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Q| CHECK vour (LIOWLEDEE

For problems 1and Z, state the values of a, b, and ¢ for the
given quadratic equation.

1. y=8x1—2x+°|
2) y=-txtsed
-y 3

For problems 3 through b, stote whether or not the given
eqood-ion is o quadra‘ric equaﬁon.

3. y=x1+3x-15

q. y=(ox5—0.'lx+x
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For problems 7 and 8, state whether or not the graph
represents a quadratic equation.

1. .‘ YA 3
| 4 |
‘! v
a 3 é
i I
i ¢ |
‘A‘r ’(:’r ‘ "'\“ l“

! J'd \ !

€ " >
-+ 34 2 A : W2 3 ¢+ x

y i " 5

| \ |

‘5 ?'f( PR /

‘7: ;." ]‘

Y 4 \ /

\/ 3

-4
A 4
8 Y
2
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| CUECK Your ASWERS

12a=8hb=-2 and c =19

2. a=-%,b=0,omdc=4

3. Since the highest power is Z and a + 0, it is a quadratic
equation.

4. Since the highest power is not Z, it is not a quadratic
equation.

5. Since the highest power is not Z, it is not a quadratic
equation.

6. Since the highest power is Z and a # 0, it is a quadratic
equation.

1. The graph does not represent a quadratic equation.

8. The graph does not represent a quadratic equation.
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Chapter 62

SOLVING
QUADRATIC EQUATIONS

BY FACTORING

There are times when we are not given 0 number to
substitute for a variable in a quadra’ric eqyaﬁon. \When this
happens, we must solve for the variable.

There are different methods for solving ctuadra’ric equoﬁons.
One way to solve a quodmh‘c equaﬁon is b9 Gocforing.

After {?ac+oring o quadmﬁc eqpaﬁon, we use the
2ERO-PRODUCT PRINCIPLE, two numbers that when
multiplied have a product of zero.

Zero-Product Principle
If 20 b=0, then either 2=0 or h=0.

If we multiply two numbers that equal 0, then either the
first number equals 0 or the second number equals 0.

L

11



- EXAMPLE: Solve the equation xy = 0.
xy=0 ApplY the Zero-Product Principle.

. So, either x=0 or y=O.

So,i#(x—Z)(y—S) =0 then (x-2) = Oor(g—5)=0
For (x - 2) to eqpal 0, x wovld need to equal Z.

For (g -5) to eqyal 0, y wovld need to equal 5.

| EXRAMPLE: Solve the equation (a - 3)(b+5) = 0.
[ ]
(a-3)b+5) =0 #pply the Zero-Product Principle.

.a-3=0 or b+5=0 Solve each of the linear equaﬁons.

2 3-3=0,s0,a=3 or
8 -5+5=0,50 b=-5

]
L_L__.L_J_.._.._.L_.L__..l_-_l

e — — —— — — A— \— St St (i i bt bt et At St At g s
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FACTORING QUADRATIC
EQUATIONS

\When solving quadm’ric eq_ua’rions using Gaci-oring, osk:
"Can this ec[uaﬁon be factored?"

Ifa q_uadroﬁc eqpaﬁon can be factored, we factor the
equation. Then we use the Zero-Product Principle to find
the solution.

- TO SOLVE QUADRATIC EQUATIONS BY FACTORING:

1. Rewrite the quadratic equation into the form
axt+ bx+c=0.

Moke sure thot the right-hand side (RHS) equals 0.
. 2. Factor the left-hand side (LHS).

Use whichever factoring techniques can be applied to
the expression.

. 3. Use the Zero-Product Principle to solve the equation.
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- EXAMPLE: Solve the equation x* + 3x -10 = 0.
xt+3x-10=0 Factor the left-hand side (LHS).

(x+5)(x-2)=0 #pply the Zero-Product Principle.

« x+5=0 or x-7=0 Solve each of the linear equations. .

xX=-5 _or x=12

Remember to vse all the rules of Fac+oring, such as €ac+oring
ovt the GCF first, whenever possible.

SEXAMPLE: Solve the equation bx* - 4x - 10 = 0.
bx*-4x-10=0 First, factor the GCF: 2.

23x*-2x-5) =0 Factor 3x% - 2x - 5.
23x-5)(x+1=0

2 =0 ¢(==u This is never true.

- 3x-5=0 or x=%
| x+1=0 or x=-l

- So the solvtion is x = -g— or x=-.
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Another way to simplify this equation is o divide by the GCF.

bx*-4x-10=0 First, divide by the GCF: Z.

7
bx* _ 2 x2 I

3x:-2x-5=0 N

Before using the Zero-Product Principle, don't forget that
the right-hand side (RHS) must be zero!

-

el L o o

| EXAMPLE:  Solve the equation 2x% - 11x = -1Z. "

L2xE-Nx=-12 p
ZxE-Nx+12=0

S (2x-3)(x-49=0
g 2x-3=0 or x-4=0 8

. "
_x-Z or x=4 B

- ). |-



. EXAMPLE: Solve the equotion 4x* = 20 - Zx* - x.

4x* =20 - 2x* - x Rewrite the expression so the
RHS equals O. 4

L bx*+Ix-20=0

. (3x-4(2x+5) =0

3x-4=0 or 2Zx+5=0

FEXRAMPLE:  Solve the equation x* - lox = -64.

L Xt - lox = -b4 Rewrite the expression so the
g RHS equals 0.

L XE=1lox+064=0 The LHS is a perfect square
- trinomial!

L (x-8)(x-8)=0



x-8=0 or x-8=0 Since the two linear equaﬁons
are the same, you write it
,onlg once

-

r‘-‘ — — | a— —n oyt v

--------'-------’

AMPLE: Solve the equation 10 - 9x = 3x - 4x% + 1 :
{

10-9x=3x-4x*+1  Rewrite the expressionsothe =
RHS equals 0. i
i
4x* -12x+9=0 The LHS is a perfect square I
tfrinomial! l
i
|
2x-3)(2x-3=0 \\ i
- i

2x-3=0

I
3 !
}
----—-----—--—-——--J




You can use the Zero-Product Principle only if the product
equals ZERO!

e You can simplify (x- 4)(x + 3) = 0 into:
x-4=0 or x+3=0
But you CANNOT simplify (x - 4)(x + 3) = 2 into:
X-4=2 or x+3=2

¢ You need to first rewrite the equation so that the RHS
equals 0.

- —_— —— — ——

!_Etﬂllﬂ.iz- Solve the equation (x + I)(x + 4) = 10. ]
(x+D(x+4) =10  Use the FOIL Method to expand the LHS. |

: xt+5x+4=10

I xXt+5x-6=0 8

L x+b)x-0=0 i
x+b=0 or x-1=0

o X=-b oOr x-=1 S



.‘.‘lll.lll.ill"‘
-5 -4 -3 -2- 0 | 2 3 % 5§
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Q| CHECK vour (L LIOLLERCE

For problems 1through 9, solve each of the quadratic
equations by using factoring,.

1. x*+1Ix+10=0
2. xt-4x-21=0
3. 2x2+9%+4=0
4. 3x*+10x-8=0
5. bx*-13x-28=0
6. x-=4x+32

1. 4x* + bx =10

8. (x-3)(x+4=8

9. 3x - 4)(2x +5)=-10

- 330



10. Ms. Fung asks Eric to solve the equation (x-4)(x-2)=73
Here are Eric's steps:

Line : (x-4)(x-2)=3
Line2: x-4=3 or x-2=3

Line 3: x=1 or x=5

Ms. Fung says that Eric’'s answer is wrong. On which line
did €ric first make an error?

A
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[ CHECK Your AISWERS |

. x=-2 or x=-5

2 x=1 or x=-3

10. €ric made an error in line Z, becavse he applied the
Zero-Product Principle when the RHS did not equal O.

— - ) 1



Chapter 63

SOLVING
QUADRATIC EQUATIONS
BY TAKING
SQUARE ROOTS

When we are given quadratic equations that involve perfect
squares, we can £ind the solvtion bg +aking the square root
from both sides.

To £ind the solvtions 1o the equaﬁon X = (04, ask:
"What number multiplied by itself equals 647" Note thot there
may be more than one solution. The answer is: 8 and -8.

In written form it wovld look like this: Solve x* = (4.

To solve, we mighi- toke the square root of both sides:

Nl

Whenever Yyou see the square root sgmbol, write onlg the
principal square root: x = 8. 333



krowever, this does not show the negaﬁve solution.

Therefore, when we solve quadm’ric eq_uaﬁons b9 +aking square
roots, we vse the SQUARE ROOT PROPERTY. This property lists
both the principal square root and the negative valve.

Square Root Property:

i I€az=b,+hena=ﬂl?

- EXAMPLE: Solve x2=9.

xt=19 Take the square root of both sides and
include the ¢ sign on the righ‘r—homd side.

~x=%3  This means that the solutions are:
x= 3 or x= -3.

~#EXANPLE: Soive y - 21

§ Yy = E .8 Toke the square root of both sides and

21
g include the ¢ sign on one Side.
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!

f

xt=20 Toke the square root of both sides and

include the * sign on one Side.

x=120 Simplify the radical.

We can also use the Square Root Property when the LHS
contains more than just a variable.

« EXAMPLE: Solve (m-3?%=1.

8 (m-3%=1 Toke the square root of both sides and
a include the ¢ sign on one Side.

| Am-22 =71 Solve for the variable m.
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m—3+3=+3t‘\/‘|_

m=3:‘\h_ =

- EXAMPLE: Solve (k+4)*=9.

(k+4)*=19 Take the square root of both sides and
include the * sign on one Side.

) J(k+4)z = tﬁ

L k+4=1%3

Before you use the Square Root Property, don't forget to
first isolate the squared part, then take the square root of
both sides!
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--—----—--————-1

Solve 3K = 48, j

. "
| 3 - 48 !
o {

= 37“2 = % Since .onlg,,k.is being.squared,,me..{-firsf |
| isolate K* by dividing both sides by 3. l
| |
I =1 :
= k=16 :
' k= %4 l
r—---_------——-—----J
;‘;“.,;' -----------—---1

LE: Solve 3(x+ 12 -1=11.

Since onlg.(x,.+ 1is being sq_uared,
we first isolate (x + 1%

~—-—--—-m~



Q| CHECK vour (L LIOLLERCE

For problems 1through 9, solve each of the quadratic
equations by using the Square Root Property.

1. xt=144

5. a*-4=5

6. 10x*+1=x2+5
1. (x+« N =15

8. (x-5)"=18

9. - (pe-b-1

- 338



10. Mr. Brown asks Lina to solve the equod-ion:
AQxt -2x-1=15-2x
Here are Lina's steps:

Line :9x*-2x-1=15-2x
Line 2: 9x% = 16
Line 3: 9x = ¢4
: 4

: = t—
Line 4: x 3
Mr. Brown Says that Lina's answer is wrong. On which

line did Lina first moke an error?

ANSWERS - 339



[ CHECK Your AISWERS |

12 x = %12

10. Lina made an error on line 3 becavse she did not isolate
the x* term f£irst, or al‘rema’relg, did not turn it into
something being squared (3x)* = +16.
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Chapter GL

SOLVING
QUADRATIC EQUATIONS
BY COMPLETING
THE SQUARE

We con vse the SQUARE ROOT PROPERTY to solve quadratic
equations that contain a perfect square.

Not every quadratic equation has a perfect square that yov
can easily see.

I'M PERFECT IN

We can rewrite any EVERY WAY

quadratic equation
into a perfect square

using o process called
COMPLETING THE SQUARE.
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~\What number should be addedjo,xb,.(pxj-o,,geta

- perfect square?

9 becavse x*+ bx + 9 is a perfect square: (x + 3)

~What number shovld be added to x* - 10x to .gef o

- perfect square?

25 because x* - 10x + 25 is a perfect square: (x - 5

e ~\What number should be added to x*+8xt0

| obtain a perfect square?

. Since the expression is x* + 8x, this means that b = 8:

. Stepl: Ac.alculatejhe..valu.e,.o&i_v—zb\-._:__(_-g-).a.4




Step 2: Square that valve: (4)* = 16
Therefore, 16 should be added to x* + 8x.
x=+ 8x + 16 is o perfect square: (x + 4)

I EXAMPLE: \Whot number shovld be added to x* + %x to
obtain a perfect square?

Since the expression is x* + %x. this meons that b = %:

T A2

T O
R S

A
Step 2: Square that valve: ( —L)

el
7

Therefore, % shovld be added to x* + %x.

. . 1y
is a perfect square: (x 3 )

i3
C1

I

|

I

i

| b.lzY). 1
| Step & Calculate the valve of —-: (i) =t /A
1

l

ﬂ

|

|

1

i

| Z

J x+ T

|

I
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~We can use the Completing the Square method to find

_soluﬁons.tom.q_nadmﬁc‘.,equaﬂons

MPLE:  Solve x” + 18 = 0 by using the Completing the

od

1 ._Since_’rhe”eo&ua’rion.js.x1_+_.18x-_0,_this.means_{hat.bLl‘a=

Step 1: Calculate the valve of 2: (-2} - 9

EREY,

Step 2: Square thot valve: (1) = 81

tep 3: Add that number to both sides of the equation:




xt+18x + 81=0 + 81

Xt + 18x + 81 = 81

Step 4: Use factoring and the Square Root Property;
x- +18x + 81 = 81

(x + Nt = 81 Factor the LHS into a perfect square. -

V(x+ Pt = V8] Toke the square root of both sides
ond inclvde the + sign on one Side.

Xe-T+9 of Xs-9-9 - We could have also solved
_ the problem by using
'fdcfcrc'ng.
x=0 or x=-18 N

= EXAMPLE: Solve x* - 5x = 0 by using the Completing the
- Square method.

. Since the equah'on is x* - 5x = 0, this means that b = -5:
|
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0 [, .5

Step I Calculate the valve of T ( 7 ) 7

5
B

A
Step Z: Square that valve: (—%)

Step 3: Add that number to both sides of the equation:

xz_5x+24’_5_—_0+%
25 25

2'- —_— T —

xX--5bx+ 2 2

Step 4: Use factoring and the Square Root Property:

Z
(x - i) . Factor the LHS into a perfect square.

J (x— —)1 =4 J - Toke the square root of both sides
ond include the + sign on one Side.




R
| EXAMPLE: Solve x? - 14x = -11 by using the Completing the
* Square method.

' Since the equation is x* - 14x = -11, this means thot b = -14:
Step 1 Calculate the valve of - (iz‘*) . ]

| Step Z: Square that valve: (-1)* = 49

Step 3: Add that number to both sides of the equation:
Xt - 14x+ 49 = -1 + 49

Xt - 14x + 49 = 38

. Step 4: Use factoring and the Square Root Property:

Xt - 14x + 49 = 38

(x=1"=38 Factor the LHS into a perfect square.

, x-1=+38 Toke the square root of both sides

ond include the ¢ sign on one Side.

!
; x='1tw/38
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Before you use the Completing the Square method, make sure
that you first rewrite the equation into the form x* « bx = c.

CPERAMPLE:  Solve Zx* + 12x = 10 by using the Completing

the Square method.

First, we rewrite the equa’rion 2x% + 12x = 10 into the form
xt+ bx=c:

Ixt+12x=10 Divide all the terms by Z.
xt+bx=5

Since the equation is x* + bx = 5, this means that b = b:
Step 1: Calcvlate the valve of %: ( %) =3

Step Z: Square that valve: (3)* = 9

Step 3: Add that number to both sides of the equation:

XL+ bx+9=5+9

X+ bx+99=14
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Step 4: Use factoring and the Square Root Property:

Xt+bx+9=14

(x+3)=14 Factor the LHS into a perfect square.

x+3=014 Toke the square root of both sides
and include the ¢ sign on one side.

X=-3¢% \IW _

CSEXAMPLE: Solve -3x* - x + 10 = 0 by using the Completing
. the Square method.

First, rewrite the equa’rion -3x* - x + 10 = 0 into the form
Bl xtebx=c

i -3x*-x+10=0

=3x% - x = -10
1, 1y 10
EXrX=

561



Since the expression is x* + -;—x = % this means that b = —;—:
b ().
Step 1: Calcvlate the valve of N\

: AT, 3
Step 2: Square that valve: ( 3 ) -3z

Step 3: Add that number to both sides of the equation:

el .1 18 1

e S TR Ta
.. 1. 1 _10. 1

A R
1 1 m

) APTRRTR o, e L)

S S TR

Step 4: Use factoring and the Square Root Property:

" I (¢ 1
S T e
1y, 12 .
(e P u e Factor the LHS into a perfect square.
b 30
X+ —;— = t—}:— Toke the square root of both sides
ond include the ¢ sign on one Side.
i S N
X= TG or Xx o 3
.| I g
X= o 3 or Xx o 7  ~




Q| CLECK your LHOWLEDCE.

For problems 1+through 3, find the number that shovld be
added to the expression o obtain a perfect square.

1. Xt +22x
2. x*-12x
3. xt+0x

For problems 4 through 8, solve each of the quadratic
equations by using the Completing the Square method.

4. x*+10x = 4

5. x-18x=-51
6. 3x:+12x=121
1. 4x* =8 - 40x

8. -2x*+1x+4=0
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| CUECK Your AUSWERS |

1. 121

g x=-5:v29
5. x=9:2V06
6. x=-2+¢41_
1. x=-5:33

8. x=-—-,1

1.
Z ’
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Chapter 65

SOLVING
QUADRATIC EQUATIONS
WITH THE QUADRATIC
FORMULA

Not all quadraﬂc equa’rions can be solved bg €ac+oring,
ond not all qpadraﬁc equah‘ons can be solved bg using
the Square Root Property.

But all quadmﬁc equoﬁons can be solved using
the Completing the Square method.

All quadraﬁc equa’rions can also be solved bg using the
QUADRATIC FORMULA,

Quadratic Formvla:

~ Fora qpadroﬁc eq_uod'ion axt+« bx+c=0, 4

the solution is: x = ~b%Y 22'4‘” .
a
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- EXAMPLE: Solve the equation x* + bx + 5 = 0 by using the
quadraﬁc formula.

Xt+bx+5=0 Substitute a =1, b= b, and ¢ = 5 into the
quadraﬁc formula.

—(pg‘\l *=4+1+5
g X=
Z-1
-0 t'J 1o
| X =
/A
o -bt4
" 2
o -b+4 B —o.~4
y 4 YA
-1 =10
A Xes Factoring or Completing the Square
 could also have been used to solve this
Problcm.

L x&=] of xs-§

~EXAMPLE: Solve the equation Zx* - Ix + 3 = 0 by using the
quadmﬁc formvula.

2xE-Ix+3=0 Substituvte a=2, b=-l,ondc=23
into the quadraﬁc formulo.

- (e CNE-4243
3 2.1

314
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Solve ..’rhe..eq'uaﬁonleidx;s. g..oubgﬁusing.fhe, ,li

' quadratic formula i

l ]
' 2x*+4x-5=0 Substitute a=2,b=4andc=-5 |
' into fhe,ﬂq'uadm{-ic formuvla. =

5 o 4 F-4D)C5) i

i 5 2(2) [}

_ 2+
Q =




axt+ bx+ c =0 before using the quadratic formvlo. |

-——-—-——--—-——-1
- Solve the eq_uaﬁon. Bx-1t=4 bg using the ‘
quadmﬁc formula.

Make sure that the equa’rion is first in the form
|

(Bx-10=4 Rewrite the .equaﬁon, into the
form ax*+ bx+c=0.

At -bx+1=4

Ax=-bx-3=0 Substitvte a =9, b= -0,
ond c = -3 into the
quadraﬁc, formvula.

() s Y COF-4+9(3)
2+

~ b:m
18

X =

x

b+12
18

b+12 _b-12
18 or XxX-= —18

8 _ b
18 ' 18

x

x

x
i

CEP SmP a0 ED D (D IR D GER COi GEIP () oy D EmE D GED Gl anp GEp GE) o

1
|x=1 or x=—?

L_------—--__—__—,—,——

4.4.L.— s Gl S el S Eme e e e ol s calin ol O s S S oD D (D e e G Ghgan




Q| CLECK your LHOWLEDCE.

For problems 1+through 8, solve using the quadratic formula.
1. xX*+4x-5=0
2. x*+8x+12=0
3. Zx*+5x-12=0
4. 3x*+4x-4=0
5. xt-3x-1=0
6. X! +1x+2=0
73 4xt - X -b.=0
B. Zx*=-5x+0
For problems 9 and 10, solve and state the method yov vsed.
9. x£-3x-10=0
10. 2x*-x+4=19
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[ CHECK Your AISWERS |

1. x=1-5
2. x=-2,-0
e
3. x=-4, 7
el
§. x= 7 7
5. x=3—t— ‘31
A
‘. x_:,t_ Hl
Z
‘lgﬂjq'l
7 a1 M,
8
8. x-'Sth

9. Factoring, Completing the Square, the Quadratic Formula

10. Completing the Square, the Quadratic Formula

— I8
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THE DISCRIMINANT
AND THE NUMBER
OF SOLUTIONS

.....

Chapber

Quadratic equations can have 0,1, or Z solutions. The
expression b* - 4ac can be used when solving quadratic
equations to determine the possible types of answers.
This expression is called the DISCRIMINANT.

i
The formula to find the Discriminant (D) is: b* - 4ac

For the graph of the quadratic equation:
If D> 0, the quadratic equation, and the corresponding
graphed parabola, has Z solvtions.
If D= 0, the quadratic equation, and the corresponding
graphed parabola, has 1 solvtion.
If D < 0, the quadratic equation, and the corresponding
graphed parabola, has O solutions.

Y ===
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- EXAMPLE: Find the valve of the discriminant for the
equaﬁon Xt-bx+5=0.

Then determine the number of solutions for the
q_uadmﬁc. equaﬁon.

Since a =1, b= -b, and c = 5, the valvue of the discriminant is:
| D= b* - 4ac
L =(-bF-441.5
| =36 -20

=16

Since D > 0, the parabola has Z solvtions.

~*EXAMPLE: Find the valve of the discriminant for

the equa’rion —;.-xz -8x+32=0.

~ Then determine the number of solvtions that the
. parabola has.
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Since a = —;— b= -8, and c = 32, the valve of the discriminant is:

D= b? - 4ac

(R < A (%) . (32)
= 64 - b4
-0

Since D = 0, the parabola has 1 solution.

\We con veri{-y this bg solving the quadmhc eqpaﬁon.

%X‘ -8x+32=0 Substitvte a = —;_— b=-8, i
ond c = 32 into the Quadratic =
Formvula.

B (8P-4-(3)-(3D)
2+(3)

X

Therefore, the eqyaﬁon has 1 solvtion.



"EXAMPLE: Find the valve of the discriminant for the
| equaﬁon -2xt+1x = 8.

~ Then determine the number of solvtions for the

quadratic equation.

- Rewrite the equation into the form ax* «+ bx + ¢ =0,
-2x*+1x=8

A_ -2xt+1x-8=0

Since a = -Z, b=, and c = -8, the valve of the discriminant is:
D= b* - 4ac

| =T -4.(-2)+(-8)

- 49 - 64

- =-15

- Since D < 0, the quadmﬁc eq_uaﬁon has O solvtions.

382



\We can veriGg this bg +r3ing 10 solve the quadmﬁc equaﬁon.

-2xt+1x-8=0 Substitvte a=-2, b=1ond c=-8
into the quadrah’c formvula. o

o 1tV T-44(-2)-(-8)
2+(-2)

However, '\l -15 is not a real number.

Therefore, the equah‘on has O solutions.
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Q| CHECKvour (OWLERCE .

For problems 1through 8, £ind the valuve of the discriminant.
Then determine the number of solvtions for the quadratic
equation.

1. x*+bx+3=0

2. X!+ bx+MN=0

3. xt+bx+9=0

4. 3x*-5x-1=0

5. -5xt -5x-1=0

6. -3x-5x+1=0

1

B I S
1. Zx b4

8. 3x%+ 75 =30x

- 8%



For problems 9 and 10, find the valve of the discriminant.
Then determine the number of solvtions for the qyadrodric
eqpod-ion. Veri€9 your answer by finding the solvtion(s) to
the equah‘on.

9. X*+5x-6=0

10. 8 = bx - 3x*
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[ CHECK Your AISWERS |

1. D = 724, has Z solvtions.

2. D = -8, has O solvtions.

3. D =0, has 1 solvtion.

4. D =109, has Z solvtions.

5. D =-59; has 0 solvtions.

6. D =109, has Z solvtions.

7. D =128, has Z solvtions.

8. D =0, has 1 solvtion.

9. D =49 has Z solvtions: x=-b or x=1.

10. D = -00, has O solvtions.
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GRAPHING
QUADRATIC
FUNCTIONS

A QUADRATIC FUNCTION is a function that can be written in
the standard form:

=axt+bx+c,
where a# 0

Every quadratic function has a U-shaped graph called
a parabola.

There are several characteristics of the graph that we can

calcvlate from the equon‘ion.
K_‘SSI._



~

DIRECTION

Most parabolas open up either vpward or downward.
The parabola opens vpward if the value of a is positive.
The parabola opens downward if the valve of a is negative.

If a> 0, then the parabola "
opens UPWARD. This graph - 3
of y = x* opens vpward #
becavse a = 1. g ' N

If a < 0, then the parabola v
opens DOWNWARD.

This graph of |

y=—4xz-20x—q7‘1- — N\ ;

opens downward ! TE 3T L) X
becavse a = -4. . -2

To determine the direction of the
parabola y = 5x* - Zx + I:

Write the formvla Y= ax*+« bx + C.
\Write the valves for each variable:

a=5>b=-2,ondc=1

a > 0, so the parabola opens vpward.



/

- EXAMPLE: Determine the direction of the
parabola y = - -%(x =8

- Rewrite the equation into the form y = ax: + bx + c,
Y= %(x - )

| - -2(x2 - Tox + 64)

- --i—xl ¢ 24x - %

- Since a = —%, this means that a < 0, so the parabola

. opens downward.

VERTEX g

3
The VERTERX of the parabola .
is the "tip" of the parabola.

‘)

You can f£ind the coordinates of
the vertex of the graph of :
y FX axl & bX +C. J verfex

The x-coordinate of the vertex is at: - %.

The y—coordina’re of the vertex is found b9 subsﬁm‘uﬁng

the valve of the x-coordinate back into the equod-ion.
ENC 89D
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| EXAMPLE: Find the coordinates of the vertex of the
. groph of y = x*+ bx - 1.

- Step & Find the x-coordinate by using the formula x = - L.

Za
. Sincea=1b=06 and c = -1, the x-coordinate of the vertex
o g B 8
' 1S: X 7a 71 %o ¥

| Step 2: find the

' Y-coordinate by T YT T
. substituting the valve ¢

- of the x-coordinate back

into the equaﬁon. Notice that
' this Parabola

! opens quer
. Since the x-coordinate because

. is x = -3, the y-coordinate a 0]
LS Y= (-3)% + 6b(=3) = 1 = -16.

i Therefore, the coordinates
of the vertex are: (-3, -16).

- v

vertex
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graph of y = -4 x-—;— 5,

"EXAMPLE: Fizd the Sgordina’res of the vertex of the

Rewrite the equaﬁon into the form y= ax®+ bx + c.

y=~4(x—%)1+5

=-4(x1-3x+%)+5

==Axte 2x-9:5
=-4x:+12x-4
Step 1: Find the x-coordinate by vsing the formula x = —Z—ba-.

Since a =-4, b=12, and c = -4, the x-coordinate of the

SR - I | -
vertex is: x = 74 70D

-

/A
Step Z: Find the y-coordinate by substituting the valve of
the x-coordinate back into the equation.

Since the x-coordinate is x = i, the y—coordinod-e is:

A A

%’L



Therefore, the coordinates of “:
the vertex are: 4 u

3
i
29 ]

&

|
parabola opens i

downward ®

 because a < 0. 3

-4

VERTEX FORM

The standard form of a quadratic equation is: y = axt + bx + C.
Another form of writing a quadratic equation is the vertex
form. In both the standard form and vertex form yis the
Y-coordinate, x is the x-coordinate and a is the constant
that tells when the parabola is facing vp (> 0) or down (< 0).

Vertex Form
y=a(x—h)z+k,

where (h, B are the coordinates of the vertex.

. EXAMPLE: Find the coordinates of the vertex of the
. quadratic equation y = 1(x - 3)* + 8,

. Since a=71h=23 ond k = §, the coordinates of the vertex

. are: (h, K = (3, 8). l
_51%
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| EXAMPLE: Find the coordinates of the vertex of the
. quadratic equoation y = - -7]-—(x + D+ %

Don'f {orgcf to include ﬁw
ncgdfive sign.
" Since a = - % h=-1ond k= % the coordinates of the
. vertex are:
i e B
| n=22)

To rewrite a quadratic equation from standard form fo
vertex form, use the Completing the Square method, becavse
the verfex form contains a perfect square.

EXAMPLE: Rewrite the equation Y = x* + 10x - Tinto

vertex form.

y= Xt +10x -1 Rewrite the eqpo’rion so the RHS
has the form x% + bx.

Y+ 1=x*+10x

—

=D

Sl o aED S GEf G GED QED =D

oo 1



This means that b = 10:

Step 1: Calculate the valve of —% lzo— =5

Step 2: Square that valve: 5* = 25

Step 3: Add that number to both sides of the equation:
Y+ T1+25=x"+10x+125

Y+ 32 = x*+10x+25

Step 4: Factor the RHS and then solve for y:

y+32=(x+5)1

y=(x+50-32

S EXAMPLE: Rewrite the equation y = 3x* - bx + Tinto
~vertex form and name the coordinates of the vertex.

Y=3x" - bx+

y=1=3x"-bx

595
L
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This means that b = Z:

Step 1: Calculate the valve of -—Zb-: % = -1

Step Z: Square that valve: ()" = 1

Step 3: Add that number to both sides of the equation:
Jy-T e1=xt-2x41
3973

= (x = 1%

(Y] NSO

g
EX4
Step 4: Factor the RHS and then solve for y:
Jy=(x-m.d

3 J 3
Yy=3x-1"+4

Therefore, the coordinates of the vertex are:
(1, 4).

%L




MAXIMUM/MINIMUM

If o parabola opens vpward,

it has a MINIMUM VALUE,

and that minimum valve is U

ot the vertex. Tae:aibiboum

F\\ vdlu! O‘F an

S urwdrd-orcnihg

The maximum ;ﬂrdbola is at

If o parabola opens e ofa he vertex.

downward, it hos o downward-

MAXIMUM VALUE, and  iTer s feter® Sa

that maximum valve is \%‘\

ot the vertex. / \""»:m
A J

The maximum/minimuom valve
is alwags the y-coordim'}e of the vertex.

To find the maximum/minimum valve of a quadratic equation:
Step 1: Determine if the parabola opens vpward or downward.
vpward = minimum valve
downward = maximum valve
Step 2: find the coordinates of the vertex.

The y—coordinad'e of the vertex is the minimum/maximum

valve.
_51%



! EXAMPLE: Ffind whether Y= x*-8x+3 has a maximum volve
or a minimum valve. Then £ind that valve. '

Step 1: Since a = 1, this means
. that a > 0, so the parabola

opens vpward. The parabola
~has a MINIMUM valve ot

the vertex.

- Step 2: Sincea=1b=-§,
ond c = 3, the x-coordinate

of the vertex is:

—_..L:—-8:
keogresgnet

- Substitute x = 4 into the
- equation. The y-coordinate
of the vertex is:
y=(4r-84)+3
=10 -32 +3=-13

The parabola y = x* - 8x + 3

~ has a MINIMUM VALUE of -13.

—

N

|

Minimum Value of -13



~

AXI1S OF SYMMETRY

All parabolas are SYMMETRICAL.
axis of symmetry

This means that if we drow a / \):
vertical line down the center
of the parabola, the left side
and right side would be mirror

images of each other.

That vertical line is called the AXIS OF SYMMETRY.

. . ; b
The eqpahon of the axis of sgmmehfg iSX= TR

. This is the same value as the x-coordinate of the vertex, |
because the axis of symmetry goes through the vertex.

Jg.‘B!M!ILEL Find the equation of the axis of symmetry of

the parabola y = - -;—(x - D(x + 8).

. Rewrite the equa’rion into the form Y= ax®+ bx+ c.

Y= -o-(x-Dx+ 8)

B 672
= Z(x Ix - 8)

S ST
Zx Zx+4

e



///— 1

- . ST ]
Since a = 7 b 7
ond c = 4, the eqya’rion
of the axis of

sgmmeh'g is:

y i
‘j -1 6 -5 413 2|
; v

1
AxiS o{ Symmefry.' yIn-

|- € "
V¥

INTERCEPTS

INTERCEPTS are the points where the parabola intersects—
or intercepts—the x-axis and the y-axis. They are expressed
as numbers or coordinates.

The x-intercept is where the parabola intersects the x-axis.
The y-intercept is where the parabola intersects the y-axis.

To £ind any y-intercept, substitute O for x and then solve
for y.

To find any x-intercept, substitute O for y and then solve
for x.

&DL
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An x-intercept is also known as a ZERD or a ROOT.

o+ EXAMPLE:  Find all the intercepts of the parabola
- Y=xt+3x-10.

Find the y-intercept by svbstituting O for x:

Y= x*+3x-10

= (0)* + 3(0) - 10

=-10

Therefore, the y-intercept is -10 or (0, -10).

Find the x-intercepts by substituting O for y:

y=x"+3x-10

(0) = x* +3x-10 Use factoring or Completing the
Square or the Quadratic Formula
to £ind the solutions.

0=(x+5)(x-12)

X=-512

—
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Therefore, the
Xx-intercepts are: &
-5and Z or
(-5, 0) and (2, 0). x-intercepts

y—infcrcerf

THE 4
DISCRIMINANT

Some parabolas
will have
1 x-intercepts:

Some parabolas
will have

only 1 x-intercept:

Some parabolas
will have
0 x-intercepts:
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We can find the amount of x-intercepts (or roots) by
analyzing the valve of the DISCRIMINANT: D = b” - 4ac

If D> 0, the parabola has Z x-intercepts.
If D=0, the parabola has 1 x-intercept.

If D < 0, the parabola has 0 x-intercepts.

| EXAMPLE: for the parabola y = 3x* - bx + 5, £ind the valve |

of the discriminant.

Then determine the amount of x-intercepts that the
parabola has.

Since a=3 b=-b ond c =5,
the value of the discriminant is:

Y
D= b* - 4ac %
- (-6E =435
s 3h - ) = 74 2
|
_ Since D < 0, the parabola has EAME T

0 x-intercepts.
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To graph a quadratic equation, fake all the different

characteristics of a parabola and connect the points.

When graphing a parabola, we shovld always find:
The direction of the parabola.

The coordinates of the vertex.

The coordinates of the intercepts—y-intercept and
x-intercept(s).

The discriminant will tell how many x-intercepts
there are.

EXAMPLE: Groph y= x* - 4x-5.

Find the direction of the parabola:

a =1, and since a > 0, the parabola opens vpward.
fFind the coordinates of the vertex:

Since a =1 b=-4 and c = -5, the x-coordinate of the
vertex is:

-



Substitute x = Z into the eq_uaﬁon. The y—coordinod-e of the
ver+exis=y=(2)1-4(2)-5=4-8—5=-‘ﬂ

Therefore, the coordinates of the vertex are: (2, -9)

Find the y-intercept by substituting O for x:

Yo xt-4x-5
= (0% - 4(0) - 5
=-5

Therefore, the y-intercept is -5 or (0, -5).
Find the number of x-intercepts by calcuvlating
the discriminant.

Since a =1 b=-4 and c = -5, the value of the discriminant
is: D= b* - 4ac.

= (-4 -4+1+(5) =1 +20 =30

Since D > 0, the parabola has Z x-intercepts.

_Gn%
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Find the x-intercepts by substituting O for y:
Yy=xt-4x-5

(0) = x2-4x-5 Use factoring fo find the solutions.
0=(x-5)(x+1

x=5 -1

Therefore, the x-intercepts

are: 5 and -1 or (5, 0) and
(-1,0).

Graph the points and
connect them bg drowing
a parabola,




& CUECK You [&m@m@@@\

For problems 1+through 3, find the following characteristics
of each parabola:

e the direction
e the coordinates of the vertex

¢ whether the parabola has a maximum or
minimum valve

* the equation of the axis of symmetry
e the valve of the discriminant
e the coordinates of all intercepts

1 y=x"-0bx+8

2. Yy=-xt+1x+3

3. g=2x1+8x—10

__.“0%
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For problem 4, rewrite the quadratic equation into vertex
form. Then state the coordinates of the vertex.

. y=4x"«12x -1
5. Drow the graph of y= x* - 2Zx - 8.

é. Draw the graph of y = -Zx* - 8x - 3.

&.ﬁl_



| CUECK Your AISWERS

1. direction: vpward
vertex: (3, -1)
the parabola has a minimum valve
axis of symmetry: x =5
discriminant: D = 4
y-intercept: (0, 8); x-intercepts: (4, 0) and (2, 0)

2. direction: downward
vertex: (1, b)
the parabola has a maximum valve
axis of symmetry: x =1
discriminant: D = 16
y-intercept: (0, 3), x-intercepts: (3, 0) and (-1, 0)

3. direction: vpward
vertex: (-2, -18)
the parabola has a minimum valve
axis of symmetry: x = -2
discriminant: D = 144
y-intercept: (0, -10); x-intercepts: (-5, 0), and (1, 0)

4. g=4|xs 2 -1, vertex is (= -16)
.g- X 7 ;. verrtex IS 7"

MORE ANSWERS 409 /
i
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SOLVING
QUADRATIC EQUATIONS

BY GRAPHING

When we graph the quadratic equation y = ax* + bx + ¢, the
x-intercepts are where the parabola crosses the x-axis and
the intercepts have a y-valve of 0.

This is why the x-intercepts represent the roots or the
solvtion of the quadratic equation.

O=ax*+bx+corax*+bx+c=0

Notice that y has been replaced with O.

<
—
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- EXAMPLE: Find the solutions of —ixz - ix +4=0.

3 3
Use the graph of y = Y shown
I3 oFa '
The solutions oc-%xz—%xw =0 T
are the x-intercepts of the equation 7 N
|l % Xt - %x £4. j\'"x,
f?;i'\':v \ “\’t{‘
Since the x-intercepts of the —s —
% ';3 '2. " \ zv 3
graph are -3 and Z, the solvtions | A §
are: Xx=-3 and x = Z. ® \Y

- EXAMPLE: Find the solvtions of x* - 3x+4 = 0.

Use the graph of y= x* - 3x+ 4.

Y
The solutions o€ x* - 3x+4 = 0 :
- are the x-intercepts of the 2
equation Y = x* - 3x + 4. |
( -1 il 2 3 ¢4
. Since there are no x-intercepts, i
v

- there is no solution.
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| EXAMPLE: The vertex of a parabola is ot (-4, -3). One of
. the roots of the qyadm’ric eqpah‘on is (=b, 0). Find the other
. root of the quadrod-ic equaﬁon.

- Graph the vertex and
. the root, where the

. oxis of symmetry runs
. through the vertex. ¢&

- Using symmetry, we

._are able to find the

. _other root, becavse the

- other root is an equal
distance away from
the axis of symmetry.

. Therefore, the other
. root is: (-2, 0).

= R IS0 PR R




~

There are real-life applications to finding solutions to
quadratic equations.

CTERAMPLE:  Jomie kicks a soccer ball into the air, away
~from her. The path that the ball takes is in the shape of a

- parabola and is represented by the equation y = Zx* + 9x,

- Wwhere x represents how far away the soccer ball fravels

- (in meters), and y represents how high the soccer ball travels
- above the ground (in meters). How far away is the soccer

- ball when it hits the ground?

. Since we are examining the moment when the soccer ball
.~ hits the ground, this means thot the heigh+ of the soccer ball
. obove the ground is Y= 0.

- This is like finding the x-intercept of the graph of a
- quadratic equation.




Setting y = 0 for y = 2xts 9% i
(0) = Zx* + Ax Use factoring,.
0=-x(Zx-9) Apply the Zero-Product Principle.
x=0 _or 2x-9=0

i -
x=0 or x 7 i

There are two answers: O meters away, or -% =45 meters

0\»09. ]

The first answer doesn't make sense (it represents d

where the ball is before it is kicked), so the answer is: i

q
Tk 45 meters away.

—
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(=4

& CHECK vour (OWLEREE

1. Find the solution(s) of %
-x: + bx - 5 = 0, using this i
groph of y = -x"+ bx -5, ;

2. Find the solvtion(s) of

Y
ixhi)(+ﬁ=0 T
2 ) - T
using this groph of @
2 ., 8 8 ‘
i S e
y?’ 5 5 (-s-‘+-3-z-l l)
Jl

Y

3. Find the solution(s) of |
-x1-4=0,using (-3 2 - i 2 3)x

this graph of '2

ITE L A -3

-5

-6

v

-
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4. Find the solution(s) of %xz + —J}—x -3 = 0, using this graph
aiebond g Loy
of y-= gX X % 4

5. The vertex of a parabola YA\
isot(Z,-5.0neofthe €155 "T1T"T g—)x
roots of the quadratic ‘2
equation is (8, ). find iy
the other root of the 4
quadratic equation. :, v
v

é. & cannonball is fired. The path the ball takes is in the
shape of a parabola and is represented by the equation
Y = -4x* + 31x, where x represents how far away the
cannonball fravels (in miles) and y represents how high
the cannonball travels above the ground (in miles). How
far away is the cannonball when it hits the grouvnd?

ANSWERS €17 /
=
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| CUECK Your AUSWERS |

1. x=1lor x=5

2. x=-1

3. No solvtion

. x=-bor x=4
5. (-6,10)

6. 115 miles away
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functions
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nonlinear, 415-426
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L marv v naAr A
least common multiples
(LCM), 54-506, 2.2,
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167-174, 190, 429
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linear equaﬁons
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forms of, 295
with no solution, 301
solving systems of b9
elimination, 231-244
solving sgstems of by
graphing, Z4%1-3006
solving sgsiems of bg
substitution, 225-236
See also lines; slope;
slope-intercept form
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597-598
mean, 336
measvres of central
tendency, 335-338
measures of variation,
339-340
medion, 337-338
minimum valuve, 337,
597-598
mode, 338
monomials
definition of, 156, 428
multiplying and
dividing, 445-450

multiplication

#Associotive Property
of, 10-11

Commutotive Property
of, 9-10, 1M

cross, 90

of decimals, &1-69

distributive properties
of, 12-14

of exponents, 4371-442

fundamental counting
principle and,
369-310

of monomials, 445-451

order of operations
and, 17-20

of polynomials, 453460

of positive and
negative fractions,
43-50

of positive and
negative whole
numbers, 37-42

of rodicals, 521-552

N mav v A
notural numbers, 2,5
negative correlotion, 356
negative exponents,
144-145
negoh’ve froctions
adding and svbtrocting,
51-56
multiplying and
dividing, 43-50
negative numbers
adding, 24-32

multiplying and
dividing, 31-42
subtracting, 33-36
negative slope, Z61, 212
no correlotion, 357
nonlinear functions,
415-421
notation/form
interval notation,
212-215
point-siope form,
289-295
of quadratic equations,
534-535
scientific notation,
¥a-152
slope-intercept form,
211-288, 295, 315-31b,
319
standord form of
equation, 7294
standard form of
expression, 158-160
standard notation,
149-154
vertex form, 593-5%
number line method,
24-11
number sgs+em
adding and subtracting
decimals, 5963
adding and subtracting
positive and negotive
fractions, 51-58
adding positive and
neqotive whole
numbers, 24-32
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multiplying and dividing
decimals, 61-14
multiplying and dividing
positive and negative
froctions, 45-41
multiplying and dividing
positive and negative
whole numbers,
31-42
svbtracting positive
and negotive whole
numbers, 33-3b
numbers, types of, Z-b
numerators, simpli€ying,
165

0 mav AN AN

one-varioble inequalities,
195-201

order of operations,
n-22

ordered pair, 248-249,
353-355

origin, 248-249, 309-310

ovtcomes, 3b4

ovtliers, 340, 355

L4
parabolas
oxis of symmetry for,
519-600
direction of parabolo,
589-590
discriminant and,
602-606
intercepts and,
600-60Z
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moximum valve of,
597-5%
minimum value of,
597-598
os resvlt of graphed
qoadraﬁc eqpoﬁon,
415-418, 531, 588-60b
vertex of, 590-598
PEMDAS (Porentheses,
Exponents,
Muktiplication,
Division, Addition,
Subtraction), 18
percent
calcvlating, 101-103
converting to decimals,
100
converting to fractions,
@
definition of, 98
finding whole £rom,
103-104
overview of, 98-106
probability and,
363-312
percent applications,
107-1
percent rate of change,
131-134
perfect cubes, 499, 511-512
perfect square trinomial
formula, 497-498
perfect squares, 508-509,
553-551
permutation formulas,
388-389
permutations, 385-389

pie charts, 343
plots, scatter, 353-351
point, infersection,
299-300
points, 248-252
point-slope form, 289-298
polynomials
adding and subtracting,
418-434
definition of, 156
degree of, 158
foctoring using GCF,
462-414
foctoring using
grouping, 415-418
foctoring using special
formulas, 495-504
multiplying and
dividing, 453-460
popvlation, 331
positive correlation, 356
positive fractions
adding and svbtracting,
51-58
multiplying and
dividing, 43-50
positive numbers
adding, 24-29
multiplying and
dividing, 31-42
subtracting, 33-36
positive slope, 261, 211
power of o power, 448-450
price
finding original, TIO, 14,
nm-ne
sales tax and, 107-109



principal, 124
principal square root, 508
probobility
compound events and,
315-381
overview of, 363-374
permutations and
combinations and,
385-392
proportion, 89-91
proportionality, constant
of 3

Q mAav AN
quodran+s, 251
quodratic equations
discriminant and,
519-583
form of, 534-535
introduction to, 534-540
parabolas as resuit of
graphing, 415-418,
537, 588-610
real-life applications
for, 614615
solving by completing
the square, 561-512
solving b9 factoring,
541-549
solving by graphing,
bl1-618
solving by taking
square roots,
553-560
solving with the
Guadratic Formvulo,
513-518

testing solutions for,

53

Guadratic Formulo, solving
qoodraﬁc equoh’ons
with, 513-576

qyodraﬁc functions,
graphing, 588-606

qualitative dato, 326,
328-3129

quantitative dota,
326-321,329

quartiles, 349-35L

quotient, 70

R mavvviananaav v
radical sign, 506
radicals
adding and svbtrocting,
521-526
components of, 521
cube roots, 510-511
multiplying and
dividing, 521-532
perfect cubes, 511-512
perfect squares,
508-509
simplifying, 515-518
square roots, 506-508
radicand, 521-524
random probobility, 364
random somple, 33
range, 252, 339, 3%-406
rote, 83
rational numbers, 3,5,
508-509, 511-51Z
rationalizing the
denominator, 529-530

ratios
definition of, b
equivolent, 19
overview of, To—82
probability and,
364-368
simplifying, 18
tables and, 135-140
reol numbers, 4,5
reciprocals, 46—41, 144-146
relotions
definition of, 252, 3%
functions and, 396—-406
repeating decimals, 6
repetition
permutations with,
385-381
permutations without,
381-389
rise, 263-265, 268-210, 280
root (x-intercept), 601-60Z
run, Zo3-265, 280
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sales tox, calcvlating,
107-109

somple, 331

somple space, 361-368

sompling, 330-332

scale drawings, T

scotter plots, 353-351

scientific nototion, 149-154

set, 335

simple interest, 123-130

simplitying

cube roots, 510-51,

517-518
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exponents and, 437-444
monomials and, 445-450
multiplying and dividing
polynomials and,
453-460
radicals, 515-518
rotios, 18
square roots, 501
slope
definition of, 263
description of,
263-265
finding, Z68-212
neqative, 261, 212
overview of, 263-216
positive, 261, 2T
undefined, 261
2ero, 261
slope-intercept form,
2711-283, 295,
315-31b, 319
solutions
checking, 119
definition of, 1Te-111
of inequalities, 198201
for qoadmﬁc eqpaﬁons,
536
of system of linear
equations, 226
square, solving quadm’ric
equoh‘ons by
completing, 561-5T2
Square Root Property,
554-557, 561
square roots
description of,
506-508
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perfect squares,
508-50

simplifying, 515-516

solving quadratic

eqpoﬁons bg +oking.

553-560
squares formula,
difference of two,
495-49%, 501-502
standard form of
equation, 194
standard form of
expression, 158-160
standard notation,
scientific nototion
and, 149-154
statistical question,
329
stotistics
definition of, 326
introduction to,
3L6-332
substitution
evalvating olgebroic
expressions and,
163168
solving sgsmns of
linear eqooﬁons bg,
225-134
substitution method,
1227-234
subtraction
of decimals, 59-60,
b2-63
Distributive Property

of Muktiplication over,

31

order of operations
ond, 17-22
of polynomials,
428-434
of positive and
neqative fractions,
53-56
of positive and
negative whole
numbers, 33-3b
of radicals, 521-524
sum of two cubes formvla,
499-502
symbols
inequality symbols,
196, 200, 212
inﬁnﬂg symbol, Z15
radical sign, 506
symmetry, axis of,
599-600
system of linear equations
solving by elimination,
1371-244
solving by grophing,
299-30b
solving by substitution,
225-2%4
See also lineor
equations

T man v YA
tables
ratios and, 135131
huo—wag, 343-345
of valves, graphing
lines from,
255-251



ferminating decimals, b
terms, 155-156
time, for loan, 124
tree diagram, 361-368
trinomials
definition of, 156, 428
factoring when o =,
481-490
factoring when o # 1,
49-492
perfect square trinomial
formula, 497-498
+wo—w09 tables, 343-345
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undefined slope, 261

union (or), 210-21, 549

unit price, 85-86

unit rate, 83-86

unknown qoomiﬂg. finding,
Q-2

v MV VANV VNN
volve(s)
obsolvte, 27-29, b1-63
graphing a line from
toble of, 255-2517

moaximum, 337, 597-598
minimum, 337, 597-598
voriobilﬂg. 329
variable(s)
definition of, 156
dependent, 177-179,
396-311
with exponents, 157-158
independent, T17-119,
36-311
isolating, 185194
solving eqpaﬁons with
one, 185-191
solving ineqpoliﬁes with
one, 195-201
variotion
constont of, 93
measvres of, 339-340
vertex form, 593-5%
vertex of parabola,
590-59%
vertical line test (VLT),
400-403

W mAarv v v
whole, Finding when given
percent; 103-104

whole numbers

adding positive and
neqgative, 24-29

definition of, Z

multiplying and
dividing positive and
negative, 31-39

in number sgshm. 5

subtracting positive
and negative, 33-36

R AV ANAAN AN
X-0Xis, 248, 211-218
x-coordinates, 248-252
x-intercepts, 271-283, 288

Y m A A AAANAN
y-axis, 248, 217-218
y—coordino*res. 248-254
y—imrcepis. 271283, 248

L manv v A
2ero (x-intercept),
(601-602
2ero slope, 261
Zero-Product Principle,
541-548
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% GOODBYE, ALGEBRA... X

HELLO, GEOMETRY!
&

I This BIG FAT NOTEBOOK
covers everything you need

to know during a year of
GEOMETRY class, breaking
down one big fat subject into
accessible units, from the basics

oY cuiek

5TV
WLETE HIGH SCHOO\.

THE CO

like points, lines, planes,and
angles to the beginning of

trigonometry. %

P.S. Are you one of those brainiacs taking Algebra in
middle school? Don’t forget to ace the rest of your classes
with the original BIG FAT NOTEBOOKS series:1

e

\"

ONE BIG
! o;li .W"" R

‘A’ (workman) w
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