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EVERYTHING YOUNEED TOACE

This notebook is designed to support you as Yyouv work
through the major areas of Pre-#Algebra and Algebra 1.
Consider these the notes taken by the smartest person
in your algebra class. The one who seems to "get”
everything and who takes clear, understandable,
accurote notes.




Within these chapters you'll £ind important concepts
presented in an accessible, relotable way. Linear equations
and inequalities, statistics and probability, functions,
factoring polynomials, and solving and graphing quadratic
equations are all presented as notes you can easily
understand. It's algebra for the regular person.

Notes are presented in an organized woy:

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

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

Will help. It hits all the key concepts you'll learn in
"Pre-Algebra and #lgebra 1.



CONTEWTS

UNIT1:

1. Types of Numbers 2 %

2. Hlgebraic Properties 9 @%@ 0

3. Order of Operations 17

UNIT 2:
23
4. #Adding Positive and Negoative Whole Numbers 24
5. Subtracting Positive and Negotive Whole Numbers 33
6. Multiplying and Dividing Positive and Negoative
Whole Numbers 37
1. Multiplying and Dividing Positive
and Negoative Fractions 43
8. Adding and Subtracting Positive
and Negotive Fractions 51
9. Adding and Subtracting Decimals 59
10. Multiplying and Dividing Decimals 67




UNIT 3:

RATIOS, PROPORTIONS,
AND PERCENT 15

1. Ratio 76

12. Unit Rote 83

13. Proportion 89

14. Percent 98

15. Percent Applications 107
16. Simple Interest 123

1. Percent Rate of Change 131
18. Tobles and Ratios 135

UNITY:

EXPONENTS AND ALGEBRAIC

EXPRESSIONS 19

19. €xponents 142 Sﬂégﬁ%ﬁﬂgk

20. Scientific Notation 149  \THIS EQUATION.

21 €xpressions 155

21. evalvating Algebraic
Expressions 163

23. Combining Like Terms 169

GREAT! I REALLY
NEED THE DAY OfF.




UNIT 5:

LINEAR EQUATIONS
AND INEQUALITIES 115

4.

15.
26.
1.
18.
29.
30.

Introduction to €quations 176
Solving One-Varioble €quations 185
Solving One-Variable Inequalities 193
Solving Compound Inequalities 206
Rewriting Formulas 219

Solving Systems of Linear Equations by Substitution 225
Solving Systems of Linear €quations by Elimination 237

UNIT 6:

3l.

32.
33
34.
35.
6.

31.
38.

247

Points and Lines 248

Graphing a line from o Toble of Valves 255
Slope of o Line 263 y /F
Slope-Intercept Form 277 f
Point-Slope Form 289 |
Solving Systems of Linear - (!
Equations by Graphing 2949 &
Graphing Linear Inequalities 307
Solving Systems of Linear Inequalities by Graphing 313




- UNITT:

STATISTICS AND PROBABILITY 1325
39. Introduction to Stotistics 326

40. Meosvres of Centrol Tendency and Variation 333
41 Displaying Data 393

4Z. "Probability 363

43. Compound Events 375

44. Permutations and Combinations 383

UNIT 8:

FUNCTIONS 335

45. Relations and Functions 396
46. Function Notation 407

41. Application of Functions 415

- UNITA:

' POLYNOMIAL OPERATIONS 427

Q

- 48. Adding and Subtracting Polynomiols 128
- 49. Multiplying and Dividing €xponents 437 @
50. Multiplying and Dividing Monomials 445 Q

51. Multiplying and Dividing Polynomials 453



UNIT10:
FACTORING POLYNOMIALS g¢1
52. Factoring Polynomials Using GCF 162

53. Factoring Polynomials Using Grouping 475
54. Factoring Trinomials When a =1 481

55. Factoring Trinomials When a =1 491

56. Factoring Using Special Formulas 495

W g

UNIT 11:
505
57. Square Roots and Cube Roots 506
58. Simplifying Radicals 315
59. Adding and Subtracting Radicals 521
60. Multiplying and Dividing Rodicals 527

UNIT12: S~ -

QUADRATIC EQUATIONS 533

61 Introduction to Quadratic Equations 334

6Z. Solving Quadratic €quations by Factoring 541
63. Solving Quadrotic Equations by Taking Square Roots 333
b4. Solving Quadrotic Equations by Completing the Square 561
05. Solving Quadratic Equations with the Quadratic Formula 373
0b. The Discriminant and the Number of Solvtions 379




UNIT 13:

QUADRATIC FUNCTIONS 587

61. Grophing Quoadratic Functions 588

68. Solving Quadratic Equations by Grophing 611

Index 619






Arithmetic
Properties



#ll numbers con be classified into variovs ca+egories. Here
ore the ca+egories that are most often vsed in mothemadtics:

NATURAL NUMBERS or Counting Numbers: The set of
all positive numbers starting at 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.

Exomples: 0,1,2,3,4,5,...



INTEGERS: The set of all whole numbers, including
nega’rive notural numbers.

Exomples: ... -5,-4,-3,-2,-1,0,1,2,3,45,...

RATIONAL NUMBERS: The set of all numbers that con
be written bg dividing one in’reger bg onother. These include
any number thot con be written as a £fraction or rotio.

Note: Yov cannot have O in the denominator of a froction.
Examples: L (which equals - or =)
7 a7 or

] -
0.3 (which equals —- 3 This means that the

number below repeats

-8 (which 2({00‘3 # or _&) forever.

321

3.2 (which eqyals 100

Notural numbers, whole numbers, and in+egers ore all
rotional numbers.



IRRATIONAL NUMBERS: The set of all numbers that are
not rational 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, without

repeahng itselt “..." means that the number continues on forever.

examples: V5 = 2.2360619714991 . . x = 3M1592653 . ..

0.25 is NOT irrational becavse it terminates or ends.

0.34715715715115 . . . is NOT irrational becovse the
digits repeat themselves.

REAL NUMBERS: The set of all numbers on o number line.
Real numbers include all rational and irrotional numbers. This con
be zero, positive or negative integers, decimals, froctions, efc.

examples: 8, 19,0, 2, V41,25, x. . .

Numbers greafer Hsah O are

Numbers less YOU'RE SO FAR AWAY! located to the rigAf of O on
than zero are the number line.
located to the

left of O on
the number
line.




Here's how all the :l:gpp_s of numbers £it j:oge.j:hp_r in our

Irrational

/

_Exnmple:c'z)ig an inteqer,

~________oarotional number, and o real nomber

Some other examples:

24 is natural, whole, an in:l:p_ggr; rational, and real

) is whole. an int onol. and real

is rotional and real

W~

6b.615 is rational and real

W/E = 2.23606197714991 is irrational and real




SOME INPORTANT POINTS ABOUT DECIMALS

. Terminating decimals are decimals that have no
repeating digit or grouvp of digjts.

All terminating decimals are To terminate
rational numbers. means to end.

/\ the decimal
ends

Example: 0.25

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

1

€xamples: - = 03 or % - 1785714

% = 1.2857142851714 . . . The bar over the digii-s
*285714" means thot all of
those digjts repeat infinitely.

|

B\
-

3.1918%8

@Q@@



@ | CLECKvour [OLEDCE

For quesﬁons 1 +hrough 10, classi€9 eoch number in as many
cotegories as possible.

1. 62

8
2. 0

3. 9285196924385 . . .

9. 325117

10. V49

ANSWERS 1



CLECK Your QIUSWERS

1. notural, whole, in+eger, rotional number,
real nuomber

2. rational, real

3. irrational, real

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

6. integer, rational, real

1. rational, real

8. irrational, real

9. rational, real

10. Since V 49 is eclual to 1, it is a natvral number, whole
number, in’reger, rotional number, and real number.




Chapter &

ALGEBRAILC
PROPERTIES

BASIC PROPERTIES

The Commvutative Property of Addition and the Commutative
PROPERTY OF MULTIPLICATION tell us that when we are
adding wo numbers or multiplying two numbers, the order of
the numbers does not matter
o get o correct calculation.

Think: To commute means to
move around. So we can move
the order of numbers around

The COMMUTATIVE and not affect the result.

PROPERTY OF ADDITION

states thot for any +wo numbers aand b: a+ b= b+ a.

These are equivalent numerical expressions. This means thot
both sides of the math equation have equal valve.

Exomple: 1+ 7 =7 +1 .DD DD.

2,15 15,31
3_'+1(o-1(0+3_l



The COMMUTATIVE PROPERTY OF MULTIPLICATION
states thot for any two numbers x oand Y Xey=ye-x

Exomple: 5:3 =35 888 Q0000

_ 00000
000 - eooo00

99 ®

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

f

The #Associative Property of Addition and the Associative
Property of Multiplication tell us that when we are adding
three numbers or multiplying three numbers, the order in
which we grouvp the numbers does not matter.

The ASSOCIATIVE PROPERTY OF ADDITION stotes
that for any three numbers a, bond c:(a+ b))+ c=a+(b+c).

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

(1+2)+5=3+5=8 000 - OO000O

_The groulpin doesn't matter.

or The sum is the same.

14(2+5)=1+1=8 ®+-0000000

10



The ASSOCIATIVE PROPERTY OF MULTIPLICATION

states thot for any three numbers a, b, oand c:
(aebec=a-(bec).

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

(Z+3)«5=06+5=30

Grouping doesn't matter. The

or Iproduc'l' is the same.

2(35)=2.15=30

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

f

Whoat's the difference between commutative properties
and associative properties?

Commutotive relotes to the order of the numbers.

Associative relates to the grouping of the numbers.

1"



The DISTRIBUTIVE PROPERTYOF  Think Distributic
MULTIPLICATIONOVERADDITION  jive out.

says thot 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
o number by the sum of two numbers:

Given three numbers a, b ond c: a(b+ c)=(a+b) + (a -« c).

c@) =a+b+a-c Weare DISTRIBUTING the term
a 1o each of the terms b and 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.

a -

—

b c

|_z_||_,,_|

12



! ERAMPLE: Use the Distributive Property to expand and
then simpli€y 3(o + 8).

AN
3(b+8)=36+3.8 expand

=18+ 74 =47 simplify

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

Given three numbers a, b and c¢: alb-c)=(a- b -(a - c).

So,alb-c)=a+<b-a-c

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

200-MN=210-2-1=20-14=0

13



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
! ERAMPLE: Use the Distributive Property to expand and
Simplify 6(Z - 1+ 5).

N
6(Z =1+5) = 6(Z) - 6(1) + 6(5)
=12 -6 +30 =230

Note: The Distributive Property does NOT work for division!
Examples:
a:(b+c)=a+b+a=c
40:(8+2)=40:8+40+2

1%



@ CLECLYour [OLEDCE

For questions 1through 4, state the property used.

_5. l.g.H_ (L.g. 2
1. 5.5=5.5 3. 7 (G 3) (Z 5) 3
2. (a+b)+%=a+(b+%) 4. 0+5=5+0

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

5. Use the #ssociative Property to stote: % £ 1=+ %

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

For questions 1 through 10, use the Distributive Property to
expand each expression, then simpli€y your answer.

1. 2(3+9) 9. 400 -2 +5)

8. m(n) - m(12) = mn-1Zm  10. x(y) - x(@) + x(3) =
XY - X2+ 3x

15



CUECK Your QISWERS

1. Commutative Property of Multiplication

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

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

6. Not correct. The expression results in different answers.
1. 23)+28)=06b+10=22

8. mn-1im

9. 4(10) - 4(Z) + 45) =40 -8 + 20 = 51

10. XY - X2+ 3x

16



Chapter &

ORDER OF
OPERATIONS

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

1ST #ny colcvlations inside parentheses or brackets
2ND Eexponents, roots, and absolute valve are calcvloted
left to right

3RD Multiplication and division—whichever comes first
when you calculate left to right

YTH Addition and subtraction—whichever comes first
when you calcvlote left +o righ’r

17



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.

=| - 4|+1‘/_\Firsf, do subtraction or
=341 addition, whatever comes

'Firsf, le'F'l' to rigl\"'.
- 4

PARENTHESES

S xPONENTS

I ULTIPLICATION (eft fo right)
IVISION (let 1o right)

5 DDITION dest Ho right

€} UBTRACTION (left fo right)

18



| ERAMPLE: Simplify the expression: 10 - 3 x 2

o0 Brz] M, do mltiplication.

! - -lo _ (0 (PEMDAS mul"'i,;lica"'ion be'Fore Subfrac"'ioh)
L =4

! ERXAMPLE: Simplify the expression: (4 +3) + 15

=|(°| + 3)':5\,:#51', do the oFerafioh inside the Pareh'l'laeses.

=12 15 or 15
=8

ERXAMPLE: Simplify the expression: 84 -T2 + b x 2 + 1

=84-]72: 0 $ Note: Another way to think of this
_ g4 _+ : Problem is by using a fraction bar: C
=184 - 74}+ 1

= (0 + 1

= (]

Since both division and multiplication appear
in this expression start with whichever of
the two is first, from left to right.

19



! EXAMPLE: Alice's basketball team makes 8 regular
two-point shots and 4 three-point shots. Bob's basketball
team mokes 10 two-point and Z three-point shots. How many |
more total points did #lice's feam score than Bob's team?

Calculate the total points Alice's feam made:
(8-2)+(4-3)

Calcvlate the total points Bob's team made:
(10 +2) + (2 - 3))

Subtract the two scores:

=((8+2)+“4+3)) -((10+2)+(2-3)
=(16+12) - (10« 2) + (2 « 3))

=28 -(10+2) + (2 « %)
=28 - (20 + 6)

=128 -26

-2 @ Fl
#lice's teom scored / 7%

Z more points than
Bob's team.

)

20



@ CLECLYour [OLEDCE

For problems 1through 8, simplify each expression.
1. 9-12+3

2. 21-5x3+1

3.5x(13-1N+12

4. b4-10+12

5. 18 - 0.03 - (0.5)04

6. 8 16 x028 -(0.2)0.2)

| 1 5
L 5-7%%

1 1.5 .1
. v 82

9. 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?

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



5. 598

6. 0]

.
LT

45
8 -7 )

9. $63

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



The
Number System
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Chapter &
ADDING

?OQIHVE AND NEGA’HVE

POSITIVE RUMBERS describe quantities greater than
2ero. Positive humbers are shown with ond withovt the
positive sign. For example, +2 and Z.

NEGATIVE NUMBERS describe quantities less than zero.
Al nega‘rive numbers have a nega’rive sign in £front of them.
For example, -6.

There are various ways to add positive and negative numbers.

METHOD #1:
USE A NUMBER LINE
. A A A S . A 4

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

24



Draw o number line. Begin ot 2ero.

For a POSITIVE (+) number, x, move x vnits to the right
For o NEGATIVE (-) number, - Y. move y vnits to the left.

Whichever position you end vp ot is the answer.
- EXANPLE: find the sum: 5 « (-3).

1. Begjin ot 2ero. Since 5 is o positive number, move 5 units to
the right.

2. Begin where Yyou left of€ with the first number. Since -3
| isa nega‘rive number, start at 5 and move 3 vnits to the left.

e
5 -4+-3-2- 0 | @3 % 5
e—

?

- We end up at 2.
| The sum of 5 and -3is 2.



- EXAMPLE: Find the sum: (1) + (-4).

1. Begin ot 2ero. Since -lis a nega‘rive number, move 1 unit to
the left.

&«
e—t

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

2. Becovse -4isa negaﬂve number, move 4 vnits to the left
s+ar+ing ot -1.

T T
@-+-3-2- 01 23 45
4

We end vp at -5.

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

*

26



| EXAMPLE: Find the sum: 5 + (-1).

" Move 5 units 1o the righ‘r. Then move 1 units to the left.

- We end vp ot -2.

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

The sum of 2 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!

N\

If the signs of the addends are the same, it means that
they move in the same direction on the number line. This
means that Youv can add those two numbers together and
keep the sign that they share.

27



- EXAMPLE: Find the sum: (1) + (-4).

Roth -1 and -4 are nega’rive, ) +he9 are olike.

We con add them together and keep their sign to get: -5.
I€ the signs of the addends are different, it means thot
they move in opposite directions on the number line. This
means you can subtract the absolute valve of each of the
+wo numbers. The answer will have the some sign os the
number with the grea‘rer obsolvte valve.

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

-1 and 5 have different signs, so subtract the absolvte valve
of -11 and the absolvte value of 5:

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

LOOKS LIKE YOU'RE UP.
-1 has the greod-er

absolvte value, so
the answer is

also negod-ivez -0.



! EXAMNPLE: An archoeologist is studying ancient rvins. She
brings a ladder fo study some artifacts found above ground
level and some found below ground level. The archaeologist
first climbs the ladder to 5 feet above ground level o s’rudg
artifacts found in o wall. She then climbs the ladder another
Z feet higher. Finaug, the archoeologjist climbs down the
ladder 11 feet. \Where does the archaeologist end vp?

First, assign integers fo the archaeologist's movements.
Climbs 5 feet above ground level: +5

Climbs another 7 feet above: +7
Climbs down 11 feet: -1l

Write an equa’rion to show the
archaeologis’r's movements.

=5+ 2+ |-1]
=1+|-1|
= -4

The archoeologist ends vp 4 feet below ground level.

29



@t

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

WECK vour FHIOLILEREE

1. 8+(-3)
2. -1+53

3. -6+ (-8)
. -1+9

5. -10 + (-9)
6. (-5) + (-8)
1. 9+ (-149)

8. A hiker is currenﬂg in a va||e9 that is ot 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 31



CLECK Your QIUSWERS

1. 5

8. 250 feet above sea level
9. 475 feet below sea level

10. Folse. Since -8 has the |arger obsolvte value, the answer
is nega‘rive.

32



Chapter &

SUBTRACTING

?OQH’IVK AND M%GA’HV%

Subtraction and addition are inverse operations.
To solve o 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

, = = = =

| EXAMPLE: find the difference: 1-3.

= -] - 3 C’mhge Hve Subfrac'f:oh Prob'em into

74 (3) an addition problem. Add the additive
inverse.

=4

33



- EXAMPLE: Find the difference: -3 - 5.

=-3-5 Change the subtraction Prob'em
= -3+ (-5) D mfo an addition problem.
B is ‘Hwe ddd:frve inverse O'FS

- EXAMPLE: Find the difference: -1 - (-0).

= -1 - (-b) Change the subtraction problem
9 P

_ __I + «p) vn"'o an add f:on Problehn

- G is the additive inverse of -G.

—— e =—— ——

! EXAMPLE: The temperature in North Dokota was 5°F in
the afternoon. By night, the femperature had decreased by
12 degrees. What was the temperature ot night?

Since the femperoature decreased, we
use subtraction to £ind the answer:

=5-12
=5+ (-12)
= -]

The femperature at night was -T°F.

34



@ CLECLYour [OLEDCE

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)
4. -10 - 4 8. (-12) - (-15)

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

9. Som 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



CLECK Your QIUSWERS

9. The error is $23 aport.

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

36




AND DIVIDING

POSITIVE AND NEGA’HV%

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 nega‘rive signs, then the
onswer is NEGATIVE.

If£ there is an €VEN NUMBER of negod-ive signs, then the
onswer is POSITIVE.
&

-
=

37



There is an odd _ (2
morber (D of WxE=0

nega'l'ive Signs, so the There is an odd
answer is negative. ) =@ =0) number (1) of

negative signs, so the
There are an answer is hegative.
even humber (2) D x(=)=(®

of nega'l'ive signs,
so the answer is
POSI"HVG.

| EXAMPLES:

Calcvlate the product of 4 x (-5).

= 4 x (-5)

= =(4 x 5) There is 1 negative sign. So, the answer is negative.
=-70

Calculote the quotient of (-91) = (-1).

= (=90) = (=) There are 2 negative signs. So, the answer is positive.
=N+ Divide 91 by 1.

=13

Rag's credit card balance decreases bg $14 each month. How
much will his balance decrease by ofter 9 months?

Q x (-14) Ray's credit card balance will have decreased by
—(4 x 14) = -126 $12G after nine months.
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There are 2 negative
signs, so the answer OEIOREICEN)
is Fosif;‘ve.

EOx®:EOxEAxE=#=:0)=0)

There are S negative signs, so the answer is negative.

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

- EXAMPLE:

Simplify 20 = (-5) x (-2).

=20 + (-5) x (-2) There are 2 negative signs.
So, the answer is Posif:‘ve.
=(20:5x12) Mul'h',;l or divide—whatever
comes zrs'l'—leﬁ' to n'gle. So dividel
=(4x12)
=9
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For questions 1through 8, simplify each expression.
1. 1x(-12)

2. (-84) + (-12)

3. Zx (=) x (1)

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

5. (-42) + (-3)

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

1. (-80) = (-5) = (-2) = (-1) = (-4)

. (31) = (-8) + (-2)
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For questions 9 and 10, answer each problem using the
multiplication or division of integers.

9.

10.

Mary drops a penny into a pond. The penny drops
15 inches every second. How many inches below the
surfoce Will it be after 8 seconds?

Patricia randomly picks o negative number. She then
decides to multiply that negative number by itself over
and over, for a total of 321 times. What sign will the
final answer have?

ANSWERS 1
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1. -84

1. The penny will be 17 inches below the surface.

10. The answer will be negaﬁve.
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Chapter

MULTIPLYING
AND DIVIDING

POSITIVE AND NEGATIVE

FRACTIONS

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

1. First count the number of nega’rive signs t+o determine the
sign of the product or quotient.

2. Convert any mixed numbers into improper fractions.

3. Lost, multiply or divide the fractions without the
negoative sign.

93



When multiplying fractions, you sometimes might see
thot one fraction's numerator ond another froction's
denominotor have common foctors.

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

This is called CROSS-REDUCING or CROSS-CANCELING.
EXAMNPLE: find the product:
Llu[2L)x([-&
(—25)x(33)x( c'))

There are 3 nega'l'ive signs,
so the answer is negative.

= -(Zi X BL X &) Converf 'H)e mixed humbers

to imrrorer fractions.

4 yA The GCF of 12 and 3 is 3:
/A 10 8 12+-3=4 and 3+3=1
5 3 9
] ] The GCF of 10 and S is S:
10+5=2 and 5+5=1]
= -(1‘—4 = -_I% Rewrite im,,rol,er fraction as a mixed

huhnber.



T e

EXANPLE: 20c needs 3 feet
of fabric to make a tall hot.
I£ Zoe wants enough fabric to
moake z% tall hots, how much
fabric will Zoe need?

= 3;— x Z% Change the mixed numbers
to imProPer fractions.
_ 6 5
"5 17
8 ] .
](0 5 Tlre GCF o'FIG and 2 5 2.'
= X = 16 +2=8 and 2+2=]
5 VA
1 1
=8

20e Will need 8 feet of fabric.

&
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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 RECIPROCAL,
the resulting product is 1. For example, the reciprocal of 8 is IR
If you multiply the two numbers, you get 1.

g 1
el

! EXAMPLE: Colcvlote the quotient of % $ %

- & N l Rewrite the division Problem as a rnuH'iplicafion Froblem

1 8 by ‘Finding the reciProcal of ;8—.!, which is %

3
= % x ]QT] Simpli'fy by cross-canceling.

The GCF of € and & is 2:
Y 6+2=3 and §=x2=4

35

18 18
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;l EXANPLE: Joy's landscaping
has a few gas cans that can hold
up to 5% gallons of gasoline to

. be vsed for their lawn mowers.

i I£ the owner has o totol of
5 .

| 127 gallons of gasolme, how

| mony gas cans con he fill?

= ]Zi = 5i o o
A Remember, in order to find
the quotient you must first
I I A convert any mixed numbers to
b 4 improper fractions.
4
o A
n yA
N A
b YAl
3 3
_z _,4
9 z 9

. The owner con fill Z% gas cans.
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Calculate the product or quotient.

RN S

R

48



Choose the correct method to find the answer.

LI
8. 57
1 6 1,
A = x5 ¢ =%
3 11
B.1x(o D.sx(o

ANSWERS 99
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Chapter

ADDING AND
SUBTRACTING

POSITIVE AND NEGATIVE
ADDING PQSITIVE
AND NEGATIVE

FRACTIONS WITH CNY
LIKE DENOMINATORS /ﬁ\
To add fractions that have the some

denominator, just add the numeroators “/VL ,_\'

and keep the denominator.

EXAMPLE: Simplicy > «

_3+4 142
5 5 5

1



| . Simolicu [- 2] . [- 8
. EXAMPLE: Simplify (— 5 ) ( : )

Both fractions are negative,

(1L) . .L i) so the answer is negative.

" EXAMPLE:  Simplify ( %) ‘£

(— l) ond L have different signs, so subtroct the
yA

| 9
absolvte value of (- %) ond the absolute value of ?’

L 7
S

1 has the grea‘rer obsolute value, so the answer is

q
negaﬂve:

_2
q

-]



SUBTRACTING POSITIVE AND
NEGATIVE FRACTIONS WITH
LIKE DENOMINATORS

To subtroct negaﬂve £fractions, rewrite the subtraction
problem as an addition problem by vsing the additive
inverse.

DI A ]
_EXAMPLE: Simplify ( 7) - ( T)~

) (-_) - (— %) Ckange into an addition Problem.

Use the additive inverse of ]—

[5). (2 |
1 1
/5y 1, 5 1
_ |__|_|TI_ S-oTcT Subtract the absolute valves.

This is the greater absolute value,
so the answer is also negative.

33



ADDING AND SUBTRACTING
POSITIVE AND NEGATIVE
FRACTIONS WITH UNLIKE
DENOMINATORS
To add or suvbtract fractions
MAKE THIS WORK!
with different denominators,
we can create equivaleni—
fractions that have the same
denominators. \We can do
that by finding the LEAST

COMMON MULTIPLE (LCM) of
the denominators.

PEXANPLE 'Simplicy = + -

Step 1: Find the LCM of both denominators.

The multiples o€ 5 are: 5, 10, 15{ 20} 75, 30, 35, 40, 45, . ..
The multiples of 4 are: 4, 8, 1Z, 16{20)24, 28, 37, 30, 40, 44, . ...

The Least Common Multiple of 5 and 4 is: Z0.
Step Z: Rename the fractions as equivalent fractions.

Ask, 5 times whot number equals 207 4.

24



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

N
X

4.8

x4 720

i:
5

om

4 times whot number equals 207 5.

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

1x6 5
4x5 10

Step 3: #dd or subtract the fractions, and simplify.

A
— ¢+
5

D cientic, 15
EXANPLE: Simplify T
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: b, 12,18, 24, 30, . . .

The Least Common Multiple of 4 and 6 is: 1Z.

23



Step Z: Rename the fractions as equivalent fractions.

N

1x3 5 5xZ 10
Ix3 -1 oM oxz T2

)

Step 3: Subtract the fractions, and simplify.

= % - % Cl,ange the subtraction into addition.
10 . L . f 10
T is the additive inverse of — T
.2 (.10
12 12
10 5.1 3 _1
|- 7 | -] 7 | = T Subtract the absolute
volues.
10

" hos the grea+er obsoluvte valve, so the answer

is also negaﬁve:

12
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Calculate. Simplify each answer if possible.

10.

Mag Ling has 9 % chocolote bars. She gives Ahmaod
Z% of her chocolate bars. How many chocolote bars
does Mag Ling have le£t?

ANSWERS 37
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v|—

._!|LN 6‘|—'

5
9. -11 0

10. Mag Ling hos (oﬁ chocolate bors left.

20
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Chapter
ADDING AND

To add or subtract decimal numbers, you con 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 subtract whole numbers. Last, write the
decimal point in the sum or difference.

| EXANPLE: Find the sum of 1.2 « 73.65.

1Z Rewrite the Problem verfica”y to
+ 13.65 align the Place value of the digits.
14.85

29



EXAMPLE: Find the sum of 56.09 + 18.

50.09
+ 180 Rewrite the Problcm vertically to align
3.8 the F'dce value of the digifs.

Think: 7.8 could be rewritten as 7.80.

Ang’rime You odd o whole number and a decimal, include the
decimal point to the right of the whole number.

. EXAMPLE: Find the sum of 8 + 145.

Rewrite 8 as 8.00, so that there are the some number of
digits after the decimal point as 145.
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ADDING DECIMALS WITH
DIFFERENT SIGNS

To add decimal nhumbers with different signs, subtract the
obsolute valve of the numbers. Then vse the sign of the
number with the grea+es+ absolvte value for the difference.

EXAMPLE: Find the sum of -9.81+ 321

| -9.81 ond 3.21 have different signs. So, subtract their
obsolute valves:

L |81 - |3.21] = 981 - 3.27
1 Rewrite the expression to align the place valve of the digits.
9.81

L= 371
054

. =981 has the Iarger obsolvte value, so the answer is
| negaﬁvez -0.54
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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: Coalcvlote the difference of 8.01 - 54.

8.01
- 540 ~ Rewrite ‘Hie Froblem ve#ica”y to
2 61 align the Place value of the digits.

8.01 has the greod-er absolvte value, so the answer is also
positive: Z.61

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

=-0.319 - 105 7 Change the subtraction to
5)

_ an addition problem.
=-031+ (_]O -10.5 is the additive inverse of 10.5.

#dd the absolute values of both numbers:
|-0319] + |-105| = 0319 + 105

Both numbers are nega’rive, so the answer is also nega’rivez
-10.819
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! ERAMNPLE: A scientist boils a liquid to 142.0T°F. The scientist
then puts the liquid in o freezer where the temperature of
the liquid decreases by 268.3 degrees. What is the £inal
temperature of the liquid?

The temperature of the liquid decreases, so subtract:
14207 - 268.3

Arrange vertically and align decimal points:
268.30

-142.01
126.23

-268.3 has the grea+er obsolute
valve. So, the answer is negaﬁve:
-126.23 degrees

The £inal femperature is -126.23°F.
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For questions 1through 9, simplify each expression.
1. 96 + (-15)

2. 11+ (-59)

3. -34-16

4. <13 -39

5. 31-(-04

6. 015 - (-417)

1. -161-(-59)

8. -5+.071+(3)

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

(1]



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

Step 1: = -2.53 + (1.206)
Step2: 253
+ 1206
3719
Step 3: -2.53 has the greater absolvte valve, so the
answer is also negative: -519

However, Luis mokes an error in his work.

On which step did Lvis make an error? \What should
Luis have done?

ANSWERS €5
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1. 81

2. 12

3. -5

§. -2

5. 35

6. 4185

1. 413

8. -8.03

9. 452

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

different signs, Lvis shovld have suvbtracted them, not
odded them.
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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.
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| ERAMPLE: Calculate the product of the following
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

x 14

2128
5320

1448

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

Since 537 has Z digits to the right of the decimal point,
and 14 has 1 digjit to the right of the decimal point, the total

number of decimal places is 3.

So the product is: 1448.

€8



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

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

Step Z: Multiply the numbers withovt the decimal point:
3120

x 5
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.
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DIVIDING DECIMALS

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

1. Count the nega’rive signs to determine the sign of
the qyoﬁent

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

+he3 both become whole numbers.

3. Divide the +wo whole numbers to 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

70



. EXAMPLE: Coalculote the quotient o€ 2.8 = 011

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

Step Z: Multiply both the dividend, Z.8, and the divisor, 01,
bg 10, so thot +he9 both become whole numbers.

28x10=28 and 01 x10 =1
18:01=28 1

Step 3: Divide the numbers: 728 = 1= 4

. EXAMPLE: Coalculate the quotient of (-6A12) + 0.03.
Step 1: Since there is one negative sign, the answer is negotive.

Step Z: Multiply both the dividend and the divisor by 1000,
so thot +heg both become whole humbers: 6912 and 30.

Step 3: Divide

= —(6912 = 30)
= -2304

n



. EXAMPLE: Amino bikes 32.64 miles in 2.4 hovrs. If she
keeps vp the pace, how many miles does Amina fravel
eoch hovr?

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

Step Z: Multiply both the dividend and the divisor by 100,
so thot they both become whole numbers.

32.64 x 100 = 3264 ond 724 x 100 = 7240
5264 + 74 = 3264 + 740

Step 3: Divide

3264 < 740 = 13.6

So, Amina travels on her bike 13.6 miles each hovr.
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For questions 1through 8, simplify each expression.
1. 1x(-3.2)

2. -83x102

3. (-0.3) x (-1.07)

4. (-318) + 9

5. (-235.6) + 0.04

6. (-32.04) + (-0.6)

1. (-0.0168) - 0.00001

8. -12Z x 0.8 + (-0.03)

1. A machine pumps 2.1 gallons of water every 1o minutes.
How many gallons does the machine pump each minute?

10. Sandy jogs 191 miles in 4.5 hours. How many miles does
she jog each hour? Round your answer fo the nearest

hundredth.
ANSWERS 13
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1. -224

2. -840606

3. 0.321

4. -41

5. -5890

6. 534

1. -240

8. 32

9. The machine pumps 13125 gallons each minute.

10. Sandy jogs 4.26 miles each hovr.
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Proportions,

~and Percents




Chapter il

# 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 § §§
beans. A ratio can be written ﬁﬁ ® -

in various WGHS.

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

5 t0 4 or 5:4 or =

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

Qa +O b or a:b or i We can let a re,;resenf er 'Firsf iuanfify
b and b rePresenf the second quahfify.



! EXAMPLE: Thirteen students joined after-school clubs
in September. €ight joined the drama club and five joined
the chess club. What is the ratio of students who joined the
droma club to 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.”

What is the ratio of students who joined the chess club to
the total number of students who joined clubs?

54013 or 5:13 or % students w‘mjoined chess club

"'o"'a' huhnber o'F Sfuden"'s

e

Chess Clu
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SIMPLIFYING RATIOS

We can simplify ratios just like we simplify fractions.
EXAMPLE: Jonelle makes o beaded key ring. She uses

12 beads total. Among the 1Z beads are 3 purple beads and
b green beads. What is the ratio of purple beads to green
beads? What is the ratio of green beads to the total number
of beads?

o
O@@

(O )
00 ©

The ratio of purple beads o green beads written as

a fraction is o 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 vsed
is % This can be simplified to %

So, 1 ovt of every 7 beads used is green.



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:

610 18:30 120:200
(3x2:5x12) (3 x (0:5 x () (3 x 40:5 x 40)
. EXAMNPLE: Ffind equivalent rotios for ]Zi
18 _18:2 _ 9
74 74:17 12
18 _18:3 6 : )
D e—  — Mlle f rd‘ho
74 " 74:3 8 equivatent rafies
8 _1B:6 3
74 246 4
18 Q9 6 3
74 iS equnvalen’r to TR 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.

1INCH =1 MILE
R -

J

A map’s key shows the ratio of

the distance on the map to the actual distance in the real world.

1




@t

For clues‘rions 1 +hrough 5, write each rotio as a fraction.
Simplify when possible.

WECK vour FHIOLILEREE

1. 2:4

2. 3:5

3. 8 t0 b4

4. 510 30

5. For every 100 bottles of water, Z5 were frvit flavored.
Compare the number of {ruit-flavored bottles of water

to all bottles of waoter.

For quesﬂons b Jrhr‘ough 8, write o ratio in the form of a:b to
describe each sitvation. Simplify when possible.

6. Ina coding club there ore 8 bogs to every 10 girls.

1. The ratio of people who answered all the questions in
o survey fo the total number of people who ook the

. 35

survey is £~

80



8. Mr Jeﬂ-‘reg bought masks for the drama club's
fundraiser. He bought 10 blue masks, 8 red masks,
and 12 white masks. \Whoat was the ratio of white
masks to fotal masks bought?

9. \Write three rotios thaot are eqpivaleni- to0 14:21.

10. \Write three ratios that are eqpivalen’r to 1:5.

ANSWERS 81
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10.

vl N|=

®|—

»|—= |-

8:10; simplified: 4:5

35:50; simplified: 1:10

12.:30, simplified: 2:5

Sample answers: 1:15, 2:3, 28:47

Somple answers: 2:10, 3:15, 4:20




Chapter U2
UNIT

& RATE is o special kind of ratio where the fwo amounts

being compared have different units. e
; o | fablesrooh

For example You might vse rate to

compare 3 cups of water to Z tablespoons

of cornstarch. The vnits compared—cups —_Q

and tablespoons—are different. w
Rate: Units are different.

& UNIT RATE is o rate that has 1

os its denominator. To find o unit Unit rate
rate, set up a ratio as a fraction and (SO0 A RES R

L amount to one unit.
then divide the numerotor bg the

denominotor.

SERXAMPLE:  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
1. L 1
7 mile: 3 hovr

= 1—- miles per hour

1
]

Jackson swims at a rate of 1% miles per hovr.

EXAMPLE: A car con 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 % qallons 1 20 miles per gallon
) . . This means that
The unit rate is 20 miles per gallon. the car can travel
20 miles on 1 gallon
of gasoline.



UNIT PRICE

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

When calculating unit price,
put the price in the numerator,
and divide the denominator
into the numerator.

- EXAMPLE: #no poys $210 for 3 bottles of apple jice.
What is the unit price of each bottle?

] unit price
§210:3 bottles or “TJO - §090 2l

The unit price is $090 per bottle.

G
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. EXAMPLE: A school supplier sells packages of 8 notebooks
for $40 and 5 notebooks for $30. Alexa says thot the
package of 5 notebooks is the better deal. Is she correct?

Explain.
lower Price

40

$40:8 books or o - $5
$30:5 books or % = 8§06 _unit price

Compare vnit costs: §5 < §6

#Alexa is incorrect. The better deal is 8 notebooks
for $5 each.
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For questions 1through 8, £ind the unit rate or unit price.

1.

10.

Andrew pumped 6k gallons of gasoline in 11 minutes.

Eric swam 150 yards in 3 minvtes.

The lunch team serves 74 meals every 4 minvtes.
Andrea does 250 jumping jocks in 5 minutes.

T+ costs $3.20 to purchase 8 9ards of loce.

#n athlete ran 50 miles in 1Z hours for an vltramarathon.
Abdul spends $4440 for 12 gallons of gos.

1 show tickets cost §42.10.

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 $10 or
50 soccer balls for $1517
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CUECK Your QISWERS

. b gallons per minvte

- 50 yards per minuvte

b meals per minvte

50 jumping jocks per minuvte
$40 per yard of lace

4% miles per hour

$370 per gallon

$6.10 per ticket

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

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 thot two rotios
ore equal.

For example, if someone divides a circle

into Z equal pieces and colors 1 piece,

the ratio of pieces colored to total number
1

of piecesis 7

The number % is the same ratio if thot
person instead divided the circle into

4 equal pieces and colored Z of the pieces.

= U/

When you write a proportion, you con vse fractions or you

con use colons.
Two ratios that form

a proportion are called

% = % or 1:2-2:4 EQUIVALENT FRACTIONS.
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You can check if two ratios form a proportion by using
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 8
3057
2 x12 =24 3 %8 =24

Since the cross products are equal, L.8% So, the ratio

3 1z
forms o proportion.

! EXAMPLE: Are ratios = and — proportional?

4 8
3 4
et
3x8-=1724
4x4=10
24 % 16
Since the cross products are not equal, % * % So, the ratio

does not form a proportion.



FINDING AN UNKNOWN
QUANTITY

You can also vse a proportion to £ind an unknown quantity.

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

Step 1: Set up a ratio:

4 cups of water
Tlemon

Step 2: Set up a ratio for what Yyou are trying o figure ovt.
Let x represent the unknown quantity.

X CUPS
3 lemons

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

4 cups of water X CUPS 0f woater
1lemon €3 3lemons

The units in the numerators
and denominators match.



Step 4: Use cross products to €ind the valve of the unknown

q'uan’rh“g.
4 .x
1 3
lex=4.3
lex=12 Divide both sides bg 1so you can ge+ x alone.
x=12 The vnknown quam‘i‘rg is 12.

You need 1Z cups of water for 3 lemons.

| EXAMPLE: Solve: = - X
. 4 12
3 X
TS
512 =4-x  Cross-multiply.

30 = 4x Divide both sides bg 4 o isolote x on one Side
of the equal sign.

x=9 The vnknown quan+i+9 is 9.
ST B
The proportion is: T}

—_



CONSTANT OF PROPORTIONALITY

Sometimes o 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

VARTATION ond is closely related to unit rate (or unit price).

- EXANPLE: Nguyen swims laps at o pool. The table shows
how much time he swims and how many laps he completes.
How many minutes does Nguyen swim per lap?

Total minutes swimming 18 1 30

Total number of laps 5.5

Step 1: Set up a proportion.

18 minutes _ x minutes 30 minvtes _ x minutes

3 laps Tlap " 5laps Tlap

Step Z: Cross-multiply fo solve for x.

18 minvtes = 3x or 30 minutes = 5x
xX=0 x=0

Nguyen swims for & minutes per lop.
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For questions 1through 4, indicate whether each of the
following ratios form a proportion. Explain vsing cross
products.

WECK vour FHIOLILEREE

et -
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9. Tt tokes Greg 16 minvtes 1o trim b rosebushes.
At thot rote, how many minvtes will it take him
to trim 30 rosebushes?

10. Tt snowed 4 inches in 15 hovrs. At this rate, about
how much will it snow in 25 hovrs?

ANSWERS 95
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f) b
1. No, because = ><—

3x12 =306
bx4-=1724
30 = 24
4 12
2. No, becovse G 70
4 x 20 =980
12 x5 = 60
80 = 60

3. Yes, becouse

W~

4
=<

2xb=12
4x3%=12
12 =12

1 4
. Yes, because o < <=

1x 30 =306
4 x9=30
30 = 30

96
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. 80 minvtes

Approximately b1 inches
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CENT

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

comparison of a quantity to 100.

Think of the root "cent*:

There ore 100 cents in one dollar.

, 15
written as 100 " 0.25.
100 is the whole, and percent is

part of the whole.
port x| x%
whole 100 \

x Fer Aundred

Most Percenfages we encounter
are less than 1, such as 25%.
However, Fercehfages can also

be greater than 1, such as 125%.

—_

REISERN

For example, Z5% means 25 PER HUNDRED and can be

Tl'oere are IOO 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.

ho 1 -2 .3
=0 "*=70 "%

To convert a fraction o a percent:

Step 1: Divide the numerator by the denominator.

7
55 = O

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

01Z x 100 = 12%
When Mu"HP'y;hg a decimal humber

) by 100, move 'Hre decimal Poinf two
Places to the rigl»f.

Another example: — = —- =70%

This is a ,;roPor"'ion.



To convert a percent to a decimal:

Remove the % sign ond divide bg 100.

For example, 45% 00 045 45% 100 0.045

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

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

u1| o

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

0.b = 0%

Sports make up 60% of Lin's video gome collection.

: e




CALCULATING PERCENT

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

To £ind 50% of 40:

% .40=20 or 0540 =20

To £ind 10% of ©5:

1

0 c5=065 or 010-065-=05

| EXAMPLE: Debra donated 15% of her babysitting earnings

| to chari’rg. I£ Debro earned $95 babgsiﬁing, how much did
she donote?

Find 15% of 95.

1>, q5. 2 .95-1425

. 015.95=1425 or 00 70

. Debro donoted $14.25.



You can also vse equations or proportions to £ind percent.

part _ percent ' what you need to find
whole 100

informa"'ion 9iven

For example, what percent of 20 is 57

5.100 = 20x
500 = 20x
x=125

5is 25% of 20.

“EXAMPLE: ' There are 29 students in Evan's closs.
Nine students handed in their trip permission slips on time.
Approximately what percentage of €van's class handed their
slips in on time?

Ask yourself: 9 is what percent of 297

part _ percent

whole 100
I
729 100



9100 = 29x
900 = 29x

X = obovut 31 (31.03)

#bout 31% of students
returned their slips on time.

FINDING THE WHOLE WHEN
GIVEN THE PERCENT

You may be gjiven the percent and asked to find the whole.

For example, 20% of what number is 407
N This is what you
This is what you |y Par+ _ Percen+ have been given.
need to find. whole = 100

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

20 - x = 40 - 100
20x = 4,000
x=1200

40 is 20% of 200.



 EXAMPLE: 130% of whot number is 1437

Ldentify the part: 145

The percent is zreafer

Ldentify the percent: 150% Hmn 100, so the part

must also be greater
143 130 than the whole.
“x 100

143 < 100 = 150x

14,500 = 150x

x =10

130% of N0 is 143.
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10.

\Write 85% as o fraction.
\Write 17% as o decimal.
What is -5 written as a percent?

20

What is % written as a percent?
What is 11% of 307
What is 20% of 3007

b out of every 8 flavors in a jvice pack are orange.
Whot percentoge of the jvice pack is orange flavored?

What percent of 40 is 97
120% o€ whot number is 907
Jockson received requesi-s £for 150 tickets for his art

show. The number of reqyes+s was 120% of the number
of tickets he had. How many tickets did Jackson have?

ANSWERS 105
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85
© 100

. 01
40%
0%

. 5l

60
5%
122.5%
5

125 tickets
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PERCENT
APPLICATIONS

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

CALCULATING
SALES TAX
SALES TAR is the amount
of tax added to the listed
price of an item. It is often
given as o 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 stotes charga sales tax to cover the costs of services
o people. Sales tox rates vary from state o state.

For example, a 6% sales tax means that you pay an extra
b cents for every 100 cents €Y) you spend. This con be
written as a ratio (6:100) or a fraction (%).

EXAMPLE: The price of a hat is $3. The state's sales tox
i 1%. 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.

1% x $3
Step 1: Change 1% to o decimal. \/ﬂ
1% = 0.01

Step Z: Multiply the decimal by the price.
001x3 =021

The sales tox wovuld be $0.21, or 21 cents.

108



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

Step 1: Change 1% to a fraction.

1
9 = —
1 100

Step 1: Set the tax equal o theproportional ratio with the
unknown quantity.

1
100

represe nts the
same rela'h'ohshif,

X

3

Step 3: Cross-multiply to solve.
100x = 21

x=021

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

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

x=021

The sales tox 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 fax percentage, you con
find the original price of an item.

EXAMPLE: Julio bought new earbuds.
The total cost of the earbuds is 4399, | SOUID ARRY

including an 8% sales tax. Whot wos the | \rgu price 2

price of the earbuds without tax? SALES TAX 8%
TOTAL §43.99

Step 1: Add the percent of the cost | | . o

of the earbuds and the percent of Licaludiail it

the tox to get the total cost percent.

- Think: Julia paid the listed

100% + 8% tax = 108% rice, so the cost of the earbuds
X FS IOO% O'F 'H)e Or;gihd' ’;rice.

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 by 108 to isolate x on
x =4013 one side of the equation. (Round to the

neorest hundredth, or cent)

The original price of the earbuds was $40713.

110



CALCULATING DISCOUNTS
A PDISCOUNT is an amount
deducted from the original price of
on item or service. If an item has
been discounted, that means it is
selling for a lower price than the

HURRY.!
507 DISCOWT!

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 o discount is like calculating tax, but because
Yyou are saving money You subtract it from the original price
rather than add it to the original price.

* I



"EXAMPLE: 4 backpack costs
$1575. A sign in the store soys
“ALL ITEMS 25% 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 thot quantity from the original price.

Step 1: Convert the percent discount to a decimal.
15% = 0.125

Step Z: Multiply the discount percentage converted to
o decimal bg the original omount to ge+ the discount.

0.25 x $15715 = §394 (Round to the nearest hundredth,
or cent)

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

The discounted price of the backpack is §11.81.
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Method Z: Creote an equation to find the discounted price.
Step 1: Write o question.

Whoat is 25% of $157157

Step 2: Translate the question into a mathematical equation.

x =025 - §15715
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.




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

EXAMPLE: # video-editing

progrom is on sale for 35% off the $OHWAR€
regu|ar price. If the sale price is SUPERSTORE

P Ik e

$52.99, whot was the original price? ITEM PRICE ?
PISCOUNT 357

Step 1 Subtract the percent of the | ToTAL 95299

R T 2

discount from the percent of the THANK You!

original cost.

You did not pay full price—
100% - 35% = bS% you Paid only 65% of the

orl'gl'hdl Fr;CG.
Step 2: Convert the percent to a decimal.
65% = 0.65
Step 3: Solve for the original price.
5299 = 0.65x Divide both sides bg 0.65 to isolate x on
X = 8152 one side of the equaﬁon. (Round to the

neorest cent)

The original price of the editing progrom was $81.5Z.

14



Finding the Percent Discount
You can £ind the percent discount if you know the final price
and the original price.

- EXANPLE: Todd pays $22

for a jocket that is on sale.

The original price of the jocket

was $65. What is the percent 1 I~
discount?

$22

il T i

The discounted price is the
unknown percent discount, x,
multiplied by the original price.
172 = x - 65

122 = b5x Divide both sides bg 05 to ge‘r X alone.

x =034 This tells vs that Todd paid
54% of 10r 100% for the jocket.

1-0.34 = 0.6 Subtract the percent paid from 1.or 100%
to £ind the percent discount.

The percent discount was bb% o€ the original price.
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CALCULATING MARKUPS

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

MARKUPS.

EXAMPLE: A video gome costs $15 to manvfacture.

To make a profit, the TJY company marks the price up 25%.
What is the markvp 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.

15% = 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 + §3715

The company's selling price of the gome is $1815.

116



Method Z: Create an equation fo find the answer.
Step 1: Write o question.
\What is 25% of $157
Step Z: Translote the question into a math equation.
x=0125-15
x =315
Step 3: Add the markup price to the original cost.
$15 « $375
The company's selling price of the gome is §18715.
Finding the Original Cost
You can £ind the original cost i you know the final price and
the markup.
*ERAMPLE: A chocolotier marks up its store's chocolate

by 10%. It charges $21.50 for a large, imported box of
chocolotes. What is the original cost of the chocolotes?

Sl T



Step 1: Add the percent of the original cost for the box of
chocolotes to the percent of the markup to determine the
total cost percent.

i Think: A Purckaser will pay the full original
100% + 0% = 170%  <cost plus the store’s markup, so the cost of the
chocolate is actually 170% of the original cost.

Step 2: Convert the percent to a decimal.
170% =11
Step 3: Solve for the original cost.

$2150 =11 x
X =168 (Round to the nearest hundredth, or cent)

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

CALCULATING GRATUITIES
AND COMMISSIONS

# GRATVITY is o tip or a gift; usually in the form of
money, that You give in return for a service. \We vsually falk
about tips or gratuities in regard to servers at restavronts.
A COMMISSION is o fee paid for a person's service in
helping to sell a product.



! EXAMPLE: At the end of a meal, o server brings Armaan o
bill for $45. Armaon woants to leave a 20% gm’ruﬁg. How much
is the tip in dollars? How much should Armaan leave in total?

20% = 0.20 Convert the gratvity from percent fo
a decimal.

$45 x 0.20 = §9 Multiply the bill by the gratuity.
The tip is $9.

$45 + §9 = §54 #dd the tip amount to the bill.

Armoon shovld leave §54.

| EXAMPLE: €sinom works in a clothing store. She earns
15% commission on her total sales. At the end of her first
week, her sales totaled $1,100. How much did €sinam earn in
commission her first week?

15% = 0.15 Convert the commission from
percent to a decimal.
$17100 x 0.15 = §255 Mul’riplg sales bg commission.

€sinam earned $255 in commission her first week.
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1. & software package costs §94. The sales tax rote is 1%.
How much will the sales tax be?

WECK vour FHIOLILEREE

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

3. A rug costs $450. The sales tax rote is 5%%. How much

Wwill the sales tax be?

9. # 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. & loptop is on sale for 45% off the reqular price. If the
sale price is $299715, whot was the original price?

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

7. & store bugs 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?
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A +09 store retailer charges $26.88 for a board gome.
He marks up his goods by 725% before selling them.
Whot was the cost of the board game before the
markup?

Hannah's meal costs §52.25. She wants to leave a 10% tip.
Fow 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
$5.450, while Kareem's sales were $4,500. \Who earned
more money in commission?

ANSWERS 121
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. $6.58

. $160

$2475

Discount: §60; final price: $340
$545

51.5% discount

Markup: §16; new price $56
$2150

. $5148

Lesli earned $436 in commission; kareem earned
$42150 in commission. Lesli earned more.
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INTEREST is o fee thot someone pays in order to borrow
money. You receive interest from a bank if you put your

money info an interest-
bearing account. Depositing
your money mokes the bank
stronger and allows it to
lend money to other people.
The bank pays you interest
£or that service.

You pay interest to o bank
i€ you borrow money from it.
Banks charge a fee so that
you can vse somebody else's
money.

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




To determine the amount 0§ money that must be paid back
(if you are the RORROWER) or will be earned (if Yyou are the
LENDER), Yyov need to know:

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

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.

: .8 _ 80
Examples: 8 months = 17 Years 80 days = 25 JeArs
12 weeks = years

EA

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

Interest = principal x interest rate x time
or

I-P-R-T

124




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

Simple interest can also be thought of as a ratio.

3% interest = % 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.

125



EXAMNPLE: Serena deposited $250 into her savings

occount. She earns a 3% interest rote. How much interest

will Serena have earned ot the end of 2 9ears7.

Principal (P) = $250

Rate (R) = 3% = 0.03 Remember: You must convert the
interest percentage to o decimal
o multiply.

Time (T) =2 Yyears

Substitute the numbers into the
formula and solve.

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

I-§15

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

it in an account that offers anlannuol 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-P.-R.T
You know what the
interest will be, bu"'

I- $(DOO you don't know the
lehgfl-. of time. Use x

P = $4,000 to represent time and

R =49 substitute all the other
information you know.

T=x

600 = $4,000 (0.04)x

$600 = 160x Divide both sides bg 160 to 9e+ the
vnknown time, x, on one side of the
equa’rion.

x=315

Marcos will earn
$600 in 315 years,
or> years and

9 months.
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For clues‘rions 1 +hrough 5, use the scenario below.

WECK vour FHIOLILEREE

Mario deposited §1,500 into a savings account that pays
3.25% interest annually. ke plans to leave the money in the
bank for 5 years.

1. What is the principal?

2. Whaot is the interest rote? (\Write the interest rote as
o decimal.)

3. What is the time period?

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

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

6. How much interest is earned on $500 at 5% for 4 9ears?
1. Amoanda takes ovt a loan for $1,200 from o bank thot

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 thot charges
8.5% interest per year. How much more will Milo have to
Pay in interest if he chooses fo pay the loan in 3 years
instead of Z years?

Greg deposits §$3,000 in a bank that offers an annval
interest rote of 4%. How |on9 does Greg need to leave
his money in the bank in order to earn $600 in interest?

Tgler borrows $2,000 at 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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10.

. The principal is $1,500.

The interest rate is 0.0325.

The fime period is 5 years.

Mario will earn $24375.

The baloance will be $1714315.

The interest earned is $100.

Amanda will repoy $1,297.20.

Milo will pay $425 more; Z years' interest: $850;
3 Years' interest: §1,25.

. 5 Years

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




Chapter 17
?%%@%M? RATE

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

\When the original oamount goes UP calculate

percent INCREASE.

\When the originod omount goes DOWN, calcvlote
percent DECREASE.



To calculote the percent rate of change:

This is the
difference

Step 1: Set up this ratio: SN1ANGe N QUONTIY e
ongmal quanhh\.,

origihal and
hew 1udhfify.
Step Z: Divide.

Step 3: Move the decimal wo spaces o the right and
add yovr % symbol.

EXAMPLE: A store manager purchases T-shirts from a
Fam‘org for $12 each and sells them to customers for $15
each. What is the percent increase in price?

f-ckange n tzudnﬁfy
5-12 3

1Z 12
korl.gl'hdl iudhfl'"'y

Remember to reduce fractions.

.
4
= 0.25 = 725% increase

There is a Z5% increase in price.

Youv con vse the saome methods to

calcvlate percent decrease.
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For questions 1through 4, £ind the percent increase or

WECK vour (LLIOWILERCE

decrease.
1. bto 18 3. 0.08 10 0.03
2. $50 to $10 4. 1810 8

5. What is the percent increase or decrease on an item
originallg priced at $45 and newlg priced at §637

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

1. Mara answered 15 questions correctly on her first
science quiz. On her second science quiz, she answered
1Z questions correctly. Whot 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 $2715 each. What percent of
change is this?
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. 200% increose

. 40% increase

. ©2.5% decrease

. 55.6% decreose

. 40% increase

. 0% decrease

20% decrease

. 833% increase



AND RATIOS

You can vuse tables to compare ratios and proportions.

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

Number of Laps  Total Minutes Run
5 9
b 18

Whot if Ari's coach wanted fo determine how long it wovld
take Ari to run 1lap? If Ari's speed remains constant, the
coach could find the unit rate by setting up a proportion:

1_3
x_ 9

N~ time it takes to run one lap
135
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#Another option is to set up this proportion: ]7

bx =18
xX=3

The answer is 3 minutes per lap.

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

SEXAMPLE:  Hiro and Ann run around a trock. Their cooach
records their times below.

l ANN !
Number of Laps :To+al Minutes Run |
1 ?
T . —
1 i 18
HIRO
Number of Laps  Total Minutes Run
1 2
/A 10
4 20



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

The coach can £ind out the missing times using proportions.

Ann:

o

i
X
So, it takes Ann 4 minvtes to run 1 lop.

Hiro:

s|~

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

Four minvtes is a faster running time than five minvtes.
So, Ann runs foster than Hiro.
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Val, Omar, €van, and Keisha are planting bulbs. They record

WECK vour FHIOLILEREE

their times in the tables below. Assume that their rotes are
proportional and complete the tables.

', VAL
Number of Bulbs Minutes
?
)
12
2 | OMAR f
Number of Bulbs Minutes
I 1 I H I
f f 1 i
5 25 :
3. EVAN
Number of Bulbs Minutes
1 ?
? 8
8 16



2 | KEISHA
Number of Bulbs Minvtes

1 ?
? 3
5 15
? 9

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

6. \Who took the most amount of time to plant 1 bulb?
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9 VAL
Number of Bulbs Minvtes
1 yA
(0
o 12

2 | OMAR

Number of Bulbs Minutes
1 5 or 30 sec
/A 1
5 15

3 EVAN

Number of Bulbs Minutes
1 yA
4 8
16
y KEISHA 5 Omor
Number of Bulbs | Minvtes
1 15 6. Valond
Z 5 gvan
5 15

I e E——
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Chapter 19
EXPONENTS

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

#n exponent is also known as the power of the base number.

base number

%@re\xronenf
\/‘

Therefore:

3+
43-4x4x4=(04 43 is read as

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

Any base without an exponent has an vnwritten exponent

of 1.

In other words, any number raised to the first power

is itself.

For example, T' =1

Any base with an exponent 0 is equal to 1.
2 \o

fFor example, ( ?) =1

When simplifying negative numbers with exponents, ask
yourself, "\Whot 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.
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Include the negative sign when multiplying the base number
by itself.

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

o Be carefull This is very different than (-2)*
Now, simplify: -2*

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 base number is 2.
“2t=-2x2x2x2)=-6

NEGATIVE EXPONENTS
A NEGATIVE EXPONENT indicates the base needs to be

rewritten in the denominator of o fraction. Negotive
exponents are calcvlated by using reciprocals.

A negotive exponent in the numerator becomes a positive
exponent when moved to the denominator.

hegativr exponent 1 ' The new exponent is

‘o - T now positive.
X5 = X

reci':roca'
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| EXANPLE: Simplify the expression 32,

Rewrite the negative exponent as a positive exponent:

- 2 Rewrite as a reciprocal fraction.
_ ] |
= Bx3) Multiply the base.
-1
Cl

- EXANPLE: Simplify the expression 42

Rewrite the negative exponent as a positive exponent:

43 - % Rewrite as a reciprocal.

ST Multiply the base.

ng
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FRACTIONS WITH
NEGATIVE EXPONENTS

A negotive exponent in the numerator of a fraction becomes
a positive exponent when we vse its reciprocal.

-a a The new exponent
T+ looks like this: ( ?) ] ( &) p

X is now positive.

| EXAMPLE:  Simplify the expression (%) |

Rewrite the negative exponent into o positive exponent:
S\ (4) e S S
4 ) k) 3 19

A negotive exponent in the denominator becomes a positive
exponent when moved to the numerator.

T+ looks like this: % = X & this is the same as %

! EXAMPLE: Simplify the expression oliz

Rewrite the negative exponent into o positive exponent:

o= -94x9 -8l
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Simplify each of the following expressions.

\I/\I/
w (1]

-
od

=2
— o ——

W vld s|—

1
w
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1. 125

2. 32

3.1

8. 216



Chapter 2(0)
SCIENTIFIC

\We usuallg write numbers in STANDARD NOTATION,
like 500,000 or 0.0000694.

SCIENTIFICNOTATION 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 €irst number in scientific nototion is grea+er thon or
eclual {0 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, 5.1x10% Places to move the decimal Poinf

the number with the decimal Placed after the first digit
This is the same as 5,100,000.

To convert a Positive Number from Standard Form +o
Scientific Notation:

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

I£ the standard form of o number is grea+er than 1, the
exponent of 10 will be POSITIVE.
EXAMPLE: Convert 87110,000 to scientific nototion.
8,110,000 Move the decimal point six places to the
LYY
left to ge’r o humber between 1 and 10.

The number is: 811.

811 x 10 The standard form (8110,000) is greoter
than 1. So the exponent of 10 is positive 6.
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If the standard form number is less than 1, the exponent
0£ 10 will be NEGATIVE.

| EXAMPLE: Convert 0.000092384 to scientific notation.

0.000092.384 Move the decimal point five places to the
YOS, .
nghi- 1o ge+ o humber between 1 and 10.
The number is: 9.2384.

9.2384 x 105 The standard form (0.000092384) is less
than 1. So the exponent of 10 is negative 5.

To Convert a 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 form.

129 x 10° The exponent is positive, so move the
decimal five places to the right and fill
129,000 in 2eros to complete the place valve of the
ot . .
number written in standard form.
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If the exponent of the 10 is negoative, move the decimal to
the LEFT.

- EXAMPLE: Convert 9.042 x 10-® to standard form.

9.04Z x 107 The exponent is negoative, so move the

decimal three places to the left and fill

0.009042 in zeros to complete the place valve of
WO

the number written in standard form.
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For questions 1through b, rewrite each of the numbers.
1. Write 307 in scientific notation.
2. Write 1930451 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 fo greatest:
4.006 x 103,21 x 10%, 2.1 x 105, 8.30 x 10~
8. A 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 s’rmwberrg? \Write your answer using scientific

notoation.
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1. 507 x10%

2. 1930451 x 10¢

3. 1092 x 10

4. 69

5. 0.0000012

6. 349,500,000

7. 830 x 107, 2.1 x 10-%, 4006 x 10-3, 2.1 x 10*

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

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

+ letters or symbols rePresenfing a value

Exomples: 3x+ 9 -1y « % 13a? - 4ab
Tot- 2 abeobt || 38m 1-13

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

3x k9 'Iaz—%ab+lobz
T'\/‘ S
erms Terms

155



| Maho means one.

# MONOMIAL is an expression thot has only 1+erm.

For example, 38m

s B/ means fwo.

A BINOMIAL is on expression that has Z terms.

For example, -1y|+ %

\/

Terms

4 7r/ means three.

A TRINOMIAL is an expression thot has 3 terms.

For example, 8a’- %ab +|ob?

N

Terms

# POLYNOMIAL is on expression consisting of variobles
ond coefficients. POLY meons "many" ond NOMIAL meons
“term.”

\Whenever o term has both a number and a letter (or
letters), the numerical part is called the COEFFICIENT and
the letter (or letters) is colled the VARIABLE(S).
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Sometimes, the varioble can contain on EXPONENT.

EX oh hf
ExPonehf pERENE
2/ 3112
la 119 y
Coefficient Variable NVariables
N Coefficient

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

For example:
Jat has a degree of 2.

1.‘l‘ﬂx3yz hos a degree 0f£3+2 =5

% a*bct has o degree of4+1+2 =1

If a variable doesn't have a
written ex’aohenf, the power is 1.
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The degree of a polynomial is the largest exponent of that
variable.

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

# CONSTANT is o number that is fixed or does not vary
in an expression (it stays "constant”). for example, in the
expression -1y + % the constant is % #ll constants have
o degree of 0.

STANDARD FORM OF
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, o rewrite 3 + 7y* into standard form, write
1y* first becavse it has the greatest exponent, and then
write the constant, 3:

3+'lyz-)'lyz+3
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EXAMPLE: Rewrite Ax2 - 4x + % +10x3 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 Yxis being subtracted in the
5 is the last term. problem, make sure that it is also being
yA subtracted in the rewritten form.

U= 4x+ 2+ 10X 1020 + Ux2 - dx+ =

When there are multiple variables, vse alphabetical order to
determine the order of the variables.

. EXAMPLE: Rewrite X3y - 8x*y? into standard form.

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

Since -8x*y* has the greatest exponent in terms of x,
it goes first.

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

-]xsys - 8x4y1 - -8X4y7' N -,xsys
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! EXAMPLE: Rewrite 4a%b%c® + labc? - % a*bct into standard
form.

Since there are three variobles, a, b, and c, first sort bg the
variable that comes first alphabetically, a.

- % a*bc® has the greatest exponent in terms of a.
Write it first.

40°b™c® has the next greatest exponent in terms of a.
Write it next.

Since Tabc? has the next greotest exponent in ferms of a,
write it last.

4a3btc> + labct - % a*bct < -% a*bc?® + 4a°b*c5 + labct
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@ CLECLYour [OLEDCE

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

1. bx® - Sy 3. 8xzy
2. A3+ 6xL - 4x+ 1

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

4. 9a° + lab* - 04b 5. 3n* - Ok - 51mn

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

6. 50% - 0% + 05 + 1 8. -Amn? « Imene + % i 1]_?

1. 32x-08x*+5
For questions 9 and 10, state the degree of each expression.
1. Axt P 2

10. - > pgr
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1. binomial

2. none of these

3. monomial

4. coefficients: 9, 1, -04; variobles: a, b, ¢
5. coefficients: -0, 51; variables: h, Kk m, n
6. o°-09a*+50%+ 1

7. -08x*+32x+5

8. Inens - 12 pepo — ampe .« 2
1 4

9. degree: 13

10. degree= 9
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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.

:l EXAMPLE: €voluate 3x + 5 when x = 4.

HITT'M YOUR
3x+5 SUBSTITUTE FOR
THIS EQUATION.
=34) +5 =4
i .. GREAT! I REALLY
=12+5 z°fi:b:+’+"f' NEED THE DAY OFF.
=1 :
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- EXANPLE: €voluvate 5y? + 1y + 3 when y = -4

=5(-4)+(-4) + 3
=5(16) - 28 + 3
=80-28+5
=52 +3

=55

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

= —((3) + 1(-5) Substitute 3 for x and -5 for y.
= -18 - 35
- -53

SEXAMPLE: @ evolvate %ﬂ when £=8 and g = 3.

_ 6(8)-403)
5(8)(3?)

_48-12
5@
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- e
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When variables are in a numerator or denominator, first
simplify the numerator, then simplify the denominator;
then divide the numerator by the denominator.

(.

EXAMNPLE: The profit o ficket agent makes is represented
by the expression 5x + 12y, 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 ticket agent make?

95 (40) + 12 (15)
= 3,800 + 1,080
= 4,880

The ficket agent mokes $4.880 in profit.
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@t

For problems 1through 8, evalvate each of the expressions.

WECK vour FHIOLILEREE

1. €valvate 2x - 9 when x = 4.

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

3. €voluate 4a® + 571 when a = -2.

4. €valvote 8m? - 12Zm + 3 when m=1.
5. Evalvate 8a? - ba when a = %

6. Evalvate Ax - 4y when x =7 and y = 5.

1. €volvate 1p* - bq when p = -land g = 8.

8. evaluate 2X*Y when x = -7 and y=1.
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 21 pounds of cat food and 13 pounds of dog
food, how many total pounds of pet food does she buy?
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| B

. -4

. 15

. =41
1
0

- Robin buys 735 pounds of pet food.



Chapter 2

LIke TERMS are terms that
have the some varioble and
the same exponent. Like terms

con hove different coefficients,

0s long as +he9 share the
same voriable and the some
exponent.

\We COLLECT LIKE TERMS
(also referred to as
COMBINING LIKE TERMS)
to simplify an expression.

30 77@2
l“l')( %y

8[’ 8P’

169



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 )
bog. Let m represent each marble. & (@

We could express the number of
marbles as m+ m+ m+ m, but it is
much simpler to write 4 « m, or 4m.

Notice that o combine terms with the same varioble,
we added o coefficient.

€xomple: Tomas has 5 marbles in his green bag,
1 marble in his red bag, and 3 marbles in his
yellow bag. Let m represent each marble.

We could express all of his bags of marbles as
5m+ m+ 3m, but it is much simpler to write Am.

! EXAMNPLE: Simplify by combining like terms: Ix - Zx + 4x.

i When there is a minus Sigh in front
=0x-72x+4x of any term, we have to subtract.
=5x + 4x
= 9Ax
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I£ two terms do NOT have the same varioble, ’rheg CANNOT
be combined.

EXANPLE: Simplify la-8b+13c+5a+b-2.

=la-8b+13c+5a+b-12 Combine 1a and 5a = 12a
Combine -8bond b = -1b

=12a-1b+13c-12 13¢c and -7 do not combine
with any other term

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

When simplifying algebraic expressions or equations, put all
variables in alphabetical order and all terms in descending
order. That means the the ferm with the greatest exponent
goes first, and the constant goes last.
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| EXAMPLE: \Write 8a-4a2+9c - b + 10d? - 3b% - 41¢% in
descending order.

8a - 4at - 3b + Ac - 412 + 10d: - b First, sort in
alphabetical order.

= -4al + 8a - 3b* - 471c>+ Ac + 10dZ - 6 Then, sort in

descending order.
Be

Sometimes, we may need to apply the Distributive Property
first and then collect like ferms.

ﬂ(b"’ C)=d.6+ aec

EXANPLE:  Simplify 2 + Tix - 3(x-5)+ Ix+ o x

Z+Mx-3(x=-5)+1x+ %x First, apply the Distributive
Property to distribute the -3.

=7 +Nx-3x+15+Ix+ ix Next, combine like terms.

4
i} o 3 .7..1 _4s. 1 _6l
]_l + 4 X Hx 3x 7x F)r 15 Fx Tx
b1 . .
= 4—x + 1 Armngo_ in descendmg order.

172



@ CLECLYour [OLEDCE

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

1. Ax+1x

2. Im+3m-m

3. 5p-59+49-1

4. 3a-4b+5c+bc+1b-8a

5. 3x2 - 8x+ 1+ 0x-10xt

. °Im+3n2—5m+’ln+%n

1. -blab+ 3c + 54ba
8. 8y - 3(x - Zy) +15

1. 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 coan be
represented by the expression b + 12. What is the total

number of miles thot Roberto biked?
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1. Nx

2. 4m

3. 3p-q-1

Y. -5a+3b+1lc

5. -IxZ - x+1

6. dm+3nt + ]—-'n
yA

7. -OJab + 3¢

8. -3x+14y+15

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

INTRODUCTION
TO EQUATIONS

Y,

N

NN

4

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

— x+8y=50 - b+ b| e

To solve an equa’rion, we €ind the valve of the varioble that
mokes the equation true. This valve is called the SOLUTION.

EXAMPLE: TIs x--3a solution for 4x = 127
4(_3) : -12 Substitute -3 for x.

?
-12 = -12

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

X = -3 mokes the equa’rion true.
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:l EXAMPLE: Ts x--72 ond Y = 5 a solution for by = 4x + 157

65) £ 4(-2) + 15
?
30 7 1

Roth sides of the eqyod-ion are NOT equivalen’r, so x = -7 and
y-= 5 is NOT a soluvtion of the eqya’rion.

INDEPENDENT AND
DEPENDENT VARIABLES

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

INDEPENDENT VARIABLE: The variable Yyou are
subs’ri’ru’ring £or.

DEPENDENT VARIABLE: The varioble thot You
solve for.

Remember: The dependent variable DEPENDS on the
independent variable.
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The independent variable is also referred to as the input
ond the dependent variable as the ovtput

Indefendenf Variable

/

Dependenf Variable

ooooooooo

Example: For the equation y = 1x + 9, £ind the independent
varioble and the dependent variable.

Since we solve for Yy bg subsﬁ’ru’ring valves into x, the
varioble x is the independent variable and the variable y

is the dependent variable.

. EXAMPLE: Solve for yin the equation y = 4x + 10 when

x=-l
Y= 4(-1) + 10 Substitute -1 for x.
y =( xis the ihdefehdenf variable and
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! EXAMPLE: Solve for nin the equation n = r;q -4r
" when r=0.

. ©-1

3 - 4(6)

| 3
L3 724

- 25

CHECK YOUR ANSWER

If€ you're unsure of Yyour solvtion for any ectua’rion, you
con check your answer bg subs+i+u+ing your solvtion into
the original equo’rion.

r-9

n=——- 4r
? (6)-9 .
(-25) = 3T 4() Substitute b for r and -25 for n.
251 1-24
-15 ! -15 The answer is correct!
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LINEAR EQUATIONS
A LINEAR EQUATION is oan equon‘ion in which the highes’r
exponent of the variable(s) is 1.

A linear equation is
#A linear equation when grophed 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 equm‘ions:
There is no equal sign, so

this is not an equa'h'on.

The highest exponent is 2, not 1.

M2+ Im-06=0 Ac+1d -4

| =W W W W

| ERANPLE: John picks any random number. Susan adds
3 to John's number.

Write a linear equation that represents this sitvation.

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

Since Suson adds 3 to John's number, Yy is determined bg
adding x ond 3: Y=Xx+ 3,
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- EXAMPLE: A bike store charges guests a $20 rental fee

to rent o 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 fo rent and ride a bike.

Let x represent the number of hours the guest rides the bike.
Let y represent the total cost thot the guest pays.

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

The fotal 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 two numbers is 25. \Write a linear
equation that represents this sitvation.

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

Since the sum is obtained bg adding: X+ys= 15.

EXAMPLE: Somi hos some blue boxes that weigh 3 pounds
each and some purple boxes that weigh 8 pounds each. Write
a linear equation that represents the total weight of the boxes.

Let b represent the number of blue boxes and p represent
the number of purple boxes.

Let frepresent the total weight. ‘ "

Each blue box weighs 3 pounds.
So, the total weigh’r of the blue boxes is written as 3b.

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

The total weigh+ of the boxes is obtained bg adding=
t=3b+8p.
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@ CLECLYour [OLEDCE

For quesﬁons 1 +hrough 5, solve each eclua‘rion.
1. y=3+xwhenx=—5

2. y=4x—%whenx=3

b-3
5

3. a= + 1bwhen b= -2

4. w=(q+2°when z= -l

5. m=3n-n-1whenn = -

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. Bettyis 12 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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1.y=-2

13 1
2. H=TOFT|T

3. a=-15



Chapter 25

SOLVING
ONE-VARIAB
EQUATIONS

&

Inon equa’rion, when we ore not given
o humber to substitute for o varioble,
we must “solve" for thot varioble.

Solving an equation
is like asking,
“What value makes
this equation true?”

When solving £for o variable, we
must TSOLATE THE VARIABLE to
one Side of the equal sign of the

eqyoﬁrion, so that it is "alone "
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! EXAMPLE: Solve for x: x+2 =0 o

To isolote the variable:

Think of an equa’rion os o scole, £
with the equal 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 varioble?"
Inx+2=>0,2is being odded to the variable on the left side. .

To ge’r the variable alone (to isolate it) use TNVERSE
OPERATIONS.

What is the inverse of adding 27

Inverse means “opposites.”
It is subtracting Z.

So we must subtract Z from BOTH sides of the equation!
X+21=0 |

X+21-2=0-12 ‘l’; keep the scale balanced
x=4
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[ CHECK YOUR ANSWER

@) +2 26 Substitute 4 for x.

?

' b=06 The equod-ion iS true, so the answer is correct.

Some of the operations and their inverse operations:

OPERATION INVERSE OPERATION
#ddition > Subtraction

Subtraction > #Addition

Multiplication 2 Division

Division > Multiplication

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

Cubing (exponent of 3) ———) Cube root ( ¥

| EXANPLE: Solve for x x-1-12

x-1=12 Whot is happening to the x?

) 1is being subtracted from x.
X=-T1+1=12+1 The inverse of sub’rrac’ring 1is adding 1.
x=19
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CHECK YOUR ANSWER
(19) - 1212 Substitute 19 for x.

12 ! 12 The onswer is correct.

! EXAMPLE: Solve for +: -6t =138

-bt=158 Whot is happening to the +7
tis being multiplied by -6.
-ot _ 138 , - .
[ The inverse of multiplying by -b is
dividing by -6.
t=-25

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

138 2 138
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Sometimes we may need to use inverse operations more
than once.

!jLBHLLL Solve for x: 3x + 13 =1 I

S 3x+13=1] 7 The inverse of addition is subtraction. !
3x+|13-13=1-13 |

" 3x=-0 The inverse of mulfi,;lica'l‘ion is division.
X _ b

E) 3
X=-1 2

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

s

#E%AMPLE Solve for m: 4(m - 3) = 20

| 4m-3) =120 D Distribute the 4 across the terms in
‘ the Farenfkeses.

. 4m-12=120 ——7
. 4m-12+12/=20 + 12 Tke inverse of subtraction is addition.

4m = 32 The inverse of mu”irlicaﬁon is
4m _ 31
4 4
/ Another way to solve would be to divide by 4 first!
m-=8 <
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Sometimes we moy need to combine like terms. Then use
inverse operations.

EXAMPLE: Solve for p: 9p-5p =52
Ap-5p =51 9p and Sp are like terms, so we can
4p =51 D
4p _ 5L
IR

p=13

EXAMPLE: Solve for x: -4(Zx -1 -3x=06x-5

-42x-1)-3x=06bx-5 > First, use the Distributive ProPerfy.

Bx+4-3x=0x-5 Combine like terms on each side of
D the equal sigh.

-Nx+4=06x-5

-Nx - bx +14-4/= bx/-bx-5 -4 Use inverse oPerd'h'ohs.

1x = -9
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! ERXAMNPLE: €ddie needs to pay $690 in rent for his ski shop
+oda9. He rents skis to customers for §40 a dou:’. How many
customers does €ddie need to rent skis to so that he coan pay
his rent and have §150 left over?

. Let srepresent the number of skis that €ddie rents out.

1 Since €ddie needs to Pay $690 in rent, use subtraction to
[ create an equo’rion:

| 40s - 690 =150

I 40s - 690 + 690 =150 + 690

40s = 840

405 _ 840 - é&rﬂu&, SKI SHoP
| 140/ 40
s S=11

| €ddie needs to rent skis to 21 customers.

11
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For cluesﬁons 1 +hrough 9, solve each equa‘rion.

WECK vour FHIOLILEREE

1. bx+25=1

2. -2y-3=-1

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

4. 5m-2=1m-16

5. 3x-5=x+2-10-"x
6. 2(x-3)=18

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

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

9. -4(x-23)=3x+12)
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10. Patty sells pies to customers at o price of $16 per pie.
‘PaH-g starts the dag with $90 in her cash regisi-er. How
many pies does ‘PaH-y need to sell so that she has $538
in the cash regjister?

ANSWERS 193



CLECK Your QIUSWERS

1. x=-3

10. Potty must sell 28 pies.

19%



Chapter 26

SOLVING
ONE-VARIABLE
INEQUALITIES

WRITING INEQUALITIES

While an equaﬁon is o mathematical sentence that contains
on equal sign, on INEQUALITY is a mathematical sentence
thot contains a sign thot indicates that the valves on each

4

side make a nonequal comparison.

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

Examples: x < Z X>7yY+1

a+1bz3c-4d 1x2—55%x+y
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SYMNBOL NMEANING

< is less than
> is greater than
<

is less than or equal to

1\

is greater than or equal to

GRAPHING INEQUALITIES

In oddition to wriﬁng inequali’ries using sgmbols, we con
GRAPH INEQUALITIES on o number line. There are variovs
ways o graph inequalities.

1. If the sentence vsesa < or > sign, we use on OPEN
CIRCLE 1o indicote that the number is notincluded.

Example: Groph x > 3.

e >
3

-5 -4-3 -2 - 0 | 2 ¥ 5

The number represented by x is greater than 3, so 3 is NOT
included in the possible solvtions.
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2. If the sentence vsesa < or 2 sign, we vuse o CLOSED
CIRCLE to indicote that the number is included. This
shows that the solvtions could eqpal the number itself.

Example: Groph x £ -Z.

i)

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

4

The number represented by x is less than or equalto -Z, so
-1 is included in the possible solvtions.

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

€

2
A4

-5 -4-3 -2 - 0 | 2 3 4 §

4

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

The numbers greater than 1 are 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 eqpaﬁon.

Solving an inequalii-g is like asking, “Which set of valves

makes this equa‘rion true?"

EXAMPLE: Solve 2x - 1< 9 and graph the answer on

o humber line.

2x-1+1£9+1 #Add 110 both sides.
2x <10
7)x 10 . .
= A ~— Divide both sides bg 7.
xX£5
. S A A A . S A A A 4
-5 -4+ -3 -2 - 0 | 2 3 4 5
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Ang’rime You MULTIPLY or DIVIDE bg o nega‘rive number,
you must reverse the direction of the inequali’rg sign.

However, you do not need to reverse the direction of the
inequality sign when you are ADDING or SUBTRACTING
by a negative number. \We reverse the comparison symbol
because the negative number changes the comparison.

! EXAMPLE: Solve for x -3x < 12

-3x < 12
x5 2
I (3% -3
P x2-4

. CHECK YOUR ANSWER

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

Test x = -4: Test x = O:
? ?
-3(-4) £ 12 -3(0) £ 12

12 ; 12 0 ; 12 Both answers ore correct.
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Inequality symbols can translote into many different phrases.

< "less than," "fewer than"

v

"grea+er thon," "more than"

£  “less thon or equal to,” "ot most" "no more thon"

1\

"grea+er thon or eqyal to, "ot least" "no less than"

EXAMPLE: Kristina's toy store receives crates of dolls.
€och crate contains 12 dolls. kKristina's store alreadg hos

20 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 x represent the number of
boxes that Kristina has to order.

qu

Since her store needs 1o have
at least 89 dolls, we will use the
2 sgmbolz

TR S

N\
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20 +12x 2 89
12x 2 63
xz5125

Since kristina cannot order part of a box,
she must order at least 6 boxes.

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

The answer x > -4 means ANY number greater than
(which can go on infinitely) or equal to -4.
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1. Graph the inequality x £ 1on a number line.

WECK vour FHIOLILEREE

2. Graph the inequality y > -7 on a number line.

3. Write the inequality that this number line represents,
using x as your varioble.

4. Whrite the inequality thot this number line represents,
using Y as your variable.

ettt

5 -4 -3 -2- 0 | 2 3 4% 5§

4
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For questions 5 through 9, solve and graph the inequality on
a number line.

5. 4x < -17

6. -1x < -1

7. 4x+32 -5

8. 10x+15>06x-5

9. 9 +10 2 -5x+ 128
10. Padma sells tickets to customers for $8 a ticket. Padma

has alreadg mode $22 in sales so far. How many tickets
does Padma need to sell so thot she makes at most $3007
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CLECK Your QIUSWERS

1.
L e = B S ?
-5-4—3—2—|o|23'+5
2.
& — 10
—5—4-3-2—|o|23'+5
3. x>4
9. yz20
5. x<-3
2 S S S S S S 4
-5 -4 -3 -2 - 0 | 2 3 4 §

209



10

‘ M 2 4 2 4 4 . : 3 g ;
-5 -%-3-2-1 0 | 2 3 4
Xz -1
& LD
S5 -4-3-2-1 01 2 3 4%
x>-5
‘ c : : 3 : 3 g g ) g
5 %3 -2- 0 | 2 3 &
X & -3
‘ : : . : 2 2 2 : 2 2
S5 -4%-3-2-1 0 | 2 3 4

. Padmo needs to sell at most 34 tickets.
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Chapter 20
g@ﬂfﬁ%@

A COMPOUND INEQUALITY is a statement that consists of
at least two distinct inequalities that are joined together by
t+he word and or the word or.

Exomples: x<-lor xz53
xz3ond x< 4

INTERSECTION (and)

In a compound inequality the word and refers fo the point
where the inequalities INTERSECT. In other words, if we
groph the fwo inequalities, we are looking for where

they overlap.

The final solution set must be true for BOTH ineqyali‘ries.
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| EXAMPLE: Using number lines, solve and groph:
xz-lond x £ 4.

Step 1: Graph each inequality on a separate number line.

x2z -l —t———— !

Sk32- 0 1 23 &5

?

X £ 4 —t—t—t—t—t—t—t¥— >
Y
|
|
|

S -%-3-2-41 01| 2 3 S
|
!

| intersection
1

Step Z: Locate the intersection (area that overlaps) of the
two graphs.

Based on the two graphs above, the intersection is:
intersection

€ ?

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

This means thaot any number between or
including -1 and 4 sotisfies BOTH inequaliﬁes.

We con write this solvtion set as -1 £ x £ 4.
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EXAMPLE: Using number lines, solve and graph
x>0and x 2 -3,

Step 1: Graph each inequality on a separate number line.

X200 e )
S h3 20 0 1 23 %S
|
|
|
xz-3  ——t———t—t—t—t—t—t—t—t—
5432 - 0 | 2 3 4 5

Step 2: Locate the intersection of the two grophs.

Based on the two graphs above, the intersection is:

[}
|
e S T Y

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

This means thot any number grea+er than O sotisfies BOTH

inequolﬂ-ies.
We do NOT include O in
. . . our solution set because
\We can write this solution T m,.:fy
set as x> 0.
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| EXANPLE: Using number lines, solve and groph
x>7ond x < -4

Step 1: Graph each inequality on a separate number line.

x> 171
i H— 5
5 -4 3 -2 - 0 | 2 3 4 5
x <=4 et P ——t——
5 -4 3 -2- 0 | 2 3 4 5

Step 2: Locate the intersection of the two grophs.

Based on the two graphs above, there is no overlap.

Therefore, the soluvtion is There is no solution because

no solution. there is no answer that is
true for BOTH inequalities.
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UNION (or)

The word or means thot you are looking at 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.

SERAMPLE: ' Using number lines, solve and groph
x<-7ond x & -l.

Step 1: Graph each inequality on a separate number line.

X < -1 e e o e )
5 -4 -3 -2 - 0 | 2 3 4% 5

X £ 1 o ———————
S -4 -3 -2- 0 | 2 3 4 5§

Step 2: Locate the union of the two graphs. Based on the
two graphs above, the union is:

Vo ——————

-5 -% -3 -2 - 0 | 2 3 4% 5
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This means thot any number less than or equol to -1 satisfies
AT LEAST ONE of the ineqyahﬁes.

We can write this We include -1 in our final solution
solution set os: x £ -1. because x = -1 satisfies at least
one of the inequalities.

EXAMNPLE: Using number lines, solve and graph
x>0or x<Z7

Groph the two inequalities separately.

x> 0: b
5 -4 -3 -2 - 0 | 2 3 % 5

X< 2: =)
-5 -4 -3 2 - 0 | 2 3 4 5

Based on the graphs, the union is all numbers on the number line.
Therefore, the solution set is: all real numbers.

\We include all real numbers becavse every number sotisfies

ot least one of the inequali‘ries.
21



INTERVAL NOTATION

The standard method of wri’ring inequali’ries is using
inequali‘rg sgmbols.

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 solvtion set.

¥ the numbers between two numbers in a set

When using interval notation, do not write the varioble in
the answer.

1. Parentheses, (), are vsed when o number is NOT included
in the solvtion set.

2. Brockets, [ ), are vsed when o number is included in the
solvtion set.

(1, 5) represents all the numbers between 1 and 5, where
1and 5 are NOT included.

Another way 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: -2 &€ x & 2.

(1. - —) represents all the numbers between -1and - %
where -11S included but - — IS NOT included.

Another way to write (-1, - %) iS: -1& x< - %

SERAMPLE: Represent Z £ x < 4 in interval notation.
Step 1: Groph the inequality on a number line.
The inequality Z £ x < 4 represents all the values of x that
are greater than or equal to Z (Z £ x is the some as x 2 2)
AND less than 4.

Graphing the inequality Z £ x < 4 on a number line:

Mttt ! =)

5 -4-3-2- 0 | 2 3 4% 5
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Step 2: Use parentheses and/or brackets to write the
solvtion set in interval notation.

Since the solvtion includes the number Z, use a brocket
with 2.

Since the solution does NOT include the number 4, vse
a parenthesis with 4.

Therefore, the ineqyali‘rg written in interval notation is (2, 4).

SERAMPLE: = Represent x 2 -3 in interval notation.
Step 1: Groph the inequality on a number line.

The inequality x 2 -3 represents all the values of x that are
greater than or equal to -3.

Grophing the inequality x 2 -3 on a number line:
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Step 2: Use parentheses and/or brackets to write the
onswer in interval nototion.

Since the solvtion includes the number -3, use a brocket
with -3.

\We are including every number thot is greod-er than or
equal {0 -3, so it includes every number +hrough in€ini+g.

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, ).

If€ your solvtion is: all real numbers, you can write it in
interval notation as (-, ).

I£ the solvtion set to a compound inequality is no solution,

vse the sgmbol @ in interval notation, which is the number O
with a line Jrhrough it.
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For questions 1through 3, use interval notation fo represent
the shaded regjon.

WECK vour FHIOLILEREE

1.
ettt —
-5 -4 -3 -2 - 0 | 2 3 % 5 '
2.
e )y
-5 -4 -3 -2 - 0 | 2 3 % 5
3.

5 -% -3 2 - 0 | 2 3 4% 5
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For quesﬁons 4 +hrough 10, use a number line 1o solve and

graph each compound inequality. Then write your solution
set in interval notation.

q.

10.

x<-lond x 2 -5

x<10or x<4

xX272ond x<8

Xz -lor x<12

X&£lond x £ -0

x23aond x < -1

Xx>-9o0r x<4

ANSWERS
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CLECK Your QIUSWERS

. (2, 4)

L

RS

. (-00,3)

3. (00, o)

4. (-5 -)

5. (-0,10)

6. (2,98

1. (-0, )

8. (-0, -()

. 0

10. (-0, 00)
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\We con vse formvulas and ecluaﬁons to find all kinds of
desired solutions. \We con rewrite a formvulo or eqyod-ion
{0 solve for an vnknown ovtcome or varioble.

You can vse inverse operations to rewrite formulas and
equations.

EXAMPLE: Solve the equation a + 8b = ¢ for a.

a + 8b = Represent Whot is happening to the a?
8b is being added to a.

a+8b-8b=c-8b The inverse of adding 8bis
sub+mc’rin9 8b.
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a=c-8b (or a = -8b+ cif we write the
right-hand side in alphabetical
order)

- EXAMPLE: Solve the equation y = mx + b for x.

y—b=mx+b—b
g—b=mx

y-b_,ltmx

m -m

- EXAMPLE: Solve the equation x* - 9 = ¢ - 5 for x.

Xt-9+9=ct-5+9

xL=ct+4 v The inverse oPeraﬁon of squaring is square root.
Vxt £\ cl+4

x="ct+4

220



“EXAMPLE: Solve the equation = 1?

If the varioble is in the denominator, multiply everything by
the LCM.

EXAMPLE: Solve the equation

><||\)

.5
3 for x.

Since x ond 3 are in the denominoators of the £froctions, we con
multiply all fractions by the LCM of x and 3, which is: 3x.

yA .5,
~ 3x—3 3x

b =5x

b . _ b
5—XOYX 5

1

Since £ p, and q are in the denominators, we can multiply all
fractions by the LCM of p, g, and £ which is: pgf.

1 1 1
—.Pq{’+—.Pq{’=T.Pq4’

P q
]_.P:Z{+ ]_.qu= ]_.Pq'.p
P q £

221






Solve each ecluod-ion £for the indicoted variable.

10.

PV = nRT for V

. P=2L+2W for W

A=P0+nffor P

c-L ha+b forh

N

C- %h(a+b){-‘ora

I NPT
D—Za+ for a
I NPT
D-Za+ for 1
5
q(F 32)€orF

. 2as=vt- 1+t for v

Zas=vt-ttfort

ANSWERS

@ CLECLYour [OLEDCE
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10.

T
20

a+b

a==LC pora-ZCbh

h h
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Chapter 29)

SOLVING SYSTEMS OF
LINEAR EQUATIONS
BY SUBSTITUTION

We can take two linear equod-ions ond s+ud9 them +oge+her.
fFor example:

ax+by=c
{dx tey=f
This pairing of equations is known as simultaneous linear

equa+ions or o SYSTEM OF LINEAR EQUATIONS (also known
as o linear sgs’rem).

Examples:{ 3x+2y=1 {30-%: %
8x-4y=-5 la-8b=4

N
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SOLUTIONS OF A SYSTEM OF
LINEAR EQUATIONS

# solvtion makes the sgs’rem of linear eqya‘rions trve when
both sides of each of the two eqya‘rions ore the some.

x+y=57

: EXAMPLE: TIs (2, 3) the solution for { .
5x -4y =-1

{(2) OB Substitute x = Z and y = 3 info the
5(2) - 4(3) £ -2 system of equations.

?
5=5
)

Roth sides of each of the two eqyod-ions ore the some, so the
solvtion (2, 3) makes the system true.

5
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THE SUBSTITUTION METHQOD

To £ind the solution of o system of linear equations, we can
solve the eqpaﬁons bg using one of several strategies. The
SUBSTITUTION METHOD is one strateqy. The goal is to find
the values of the variables that moke both ecluaﬁons 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 terms of
one of the variables.

Step Z: Substitute it into
the other eqya’rion.

Step 3: Solve the
new eqya‘rion.

Step 4: Find the valve of the
other varioble bg substitution.
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Use the substitution method to solve the

5X + y =1 Nt Ae'Pfu' to humber
?ollowing sgs’rem: { the equations to avoid
1x- 3.‘/ =1 con'FuSion.
Step 1: Rewrite equation (1 in ferms of x.

5x+y=11

—+ Y= 1 -5x

y=1-5x

1x -3 -5x) =1

Step 3: Solve the new equation.

21x-33+15x=1



Step 4: Find the valve of y by substitution.

Substitute x = Z into equation B
5(2) + y=1
10+ y-=T

y=1

Therefore, the solvtion to
the sgs+em of equaﬁons is
(x, y) =(2, 1.

Use the substitution method to solve the

ow “Ix+3y=13 |
fo owing sgs+em. X+ 'Iy _7

Step 1: Rewrite equation 2.

B x+ly=12

x=1-1y




Step Z: Substitute the rewritten equation 2. into
equation 1

1 -1x+3y=15
-2(2 -y) + 3y =13
Step 3: Solve the new equation.
-4+ 14y + 5y =13
Ny-=1
y=1
Step 4: Find the valve of x by substitution.

Substitute Y= 1into eqya’rion 2

Since the solution makes
X + -I(]) =7 both equafions true,
you can substitute this

X+ 1=12
x=-5
Therefore, the solvtion is: (x, y) = (-5, 1.
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Alwags look at the linear sgs’rem £irst and think abouvt which
equation and which variable are simpler fo isolate.

It’s usually simpler to solve for the
variable that has the smallest coefficient.

» EXAMPLE: Use the substitution method to solve the

_ 3x-1y =2 !
following system: Ex+4y=-6 |2

Step 1: Rewrite equation 1 in terms of x.

In this faroblehn, yin equa'h'oh 1
1 3x-1y=1 has the smallest coefficient.

2y=12-3x

2y _2-3x
7 7

7-3x
Yy=-=7

Step 2: Substitute the rewritten equation "1 info equation |2

20 -5x+4y=-6

Bx+ 4(- L ‘23") - -6

23



Step 3: Solve the new equation.

-5x - Z(Z - 3X) = -0 Don't ‘Forgef to care‘Fu“y
distribute the negative sign.

-5x -4+ bx=-0

xX=-1

Step 4: Find the valve of y by substitution.

Substitute x = -7 into eqpo‘rion 1

Since the solution makes

3(-2) - Z_H =7 both e‘!uafiohs true,
you can substitute this

-b-2y=12
y=-4

Therefore, the solvtion is (x, y) = (-2, -4).

EXAMPLE: Adult tickets to a carnival cost $8 and child
tickets cost §3. & family made vp of advlts and children paid
$50 for 10 tickets. How many adults and how many children
are in the foamily?
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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 fotal of $50, this can be represented by the
eclua‘rion 8a + 3¢ = 50.

Since a total of 10 fickets were bought, this can be
represented by the equation a + ¢ =10

8a+3c=50 !

Therefore, the sgs‘rem iS { a+c=10 2

Step 1: Rewrite equation 2 in terms of c.

You could have
a=10-c¢

Step Z: Substitute the rewritten equation 2. into
equation 1

8(10 - ¢) + 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 substitution.
Substitute ¢ = 6 into equation |2

a+(b) =10

a=4
Therefore, the solution to the system of equations is

(4, ), which tells vs there are 4 advlts and 6 children
in this €ami|9.
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@ CLECLYour [OLEDCE

Solve each of the linear sgsi-ems using the substitution method.
{3x+y=5 8x-3y=-5
3 Zx+3y=8 <! —Zx+5y=14
x+1y=5 {3x-89=-l
2 4x+5y=18 2 5x + 4y =-0
{ 3x-y=-4
2 bX + °Iy =-18

6. The total cost of purchasing 8 notebooks and 9 binders
is $00. The total cost of purchasing 6 notebooks and
5 binders is $38. How much does each notebook cost?
How much does each binder cost?

ANSWERS 235



CLECK Your QIUSWERS

1. (x, ) =0112)

R

- (X y)=(-3,4)

o

. (x K (-2, -2)

- (x, y)=(%, 3)

(XY = (—1, —%)

. €ach notebook costs $3 and each binder costs $4.

o

W

()
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Chapter 20

SOLVING SYSTEMS OF
LINEAR EQ

One of the methods vused to solve a sgs+em of linear
eclua‘rions is substitution. There is another method for
solving systems of linear equations called ELIMINATION.
When we eliminate something, we remove it.

THE ELIMINATION METHQD

Lineor sgsx‘ems con be solved bg eliminon‘ing one varioble
from all the equations by adding opposite valves.

The elimination method follows these steps:

Note: Moke sure both eqya’rions are set in stondard form
before beginning.

Step 1: Choose o variable fo eliminate from both equations.
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Step Z: 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 varioble will be eliminated. Sometimes youv only
have to multiply one equation by a constant.

Step 3: Add the two equations and solve.
Step 4: Use substitution to £ind the value of the other variable.

Once the solution is found, it shovld be suvbstitvted into both
equaﬁons to confirm thot it is the correct solution.

SEXAMPLE: ' Use the elimination method to solve the

_ { 1x+ y= 5 1
Followmg sgs’rem: 2y - Zy _ 3 2

Step 1: Choose to eliminate y.

is easier to eliminate

Step Z: Multiply equation 1 because you only have to

bH Z, S0 +h0+ When +h€ “'WO rb\nulfirly one of 'H,e equafiohs
y a constant.

equaﬁons ore odded +oge+her,

y will be eliminaded. If you chose to eliminate x,

you would have to hnuH‘I'F'y

Equa’rion 1 x72:4x+ Zy =10
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- Step 3: Add the two equations.

: Adding the two equations { :i i Zzyy == ]?3:
(4x + 320 + (2y+[-2y) = (10 + (-3)
Ix =1
x=1

. Svbstitvte x = 1into eq_uaﬁon . :

2(1)+y=5

Z+y=5

y=3

. Therefore, the solution to the sgsi-em of eq_uaﬁons is:
(X, y) = (1, 3).




SEXAMPLE: ' Use the elimination method to solve the

_ Ex+4y=1 1
\Collowmg sgsm‘em: 3+ y- o 2

Step 1: Choose to eliminate y.

Step Z: Multiply equation 2 by -4, so that when the two
equod-ions ore added +oge+her, Yy will be eliminated.

Equotion "2 x (-4): -12.x + -4y = -18

Step 3: #dd the two equations.

bx+4y =1

Adding the two equaﬁons{ 2x - 4}/ _ g

(5x + -12x) + (4y +/-4y) = (1 + -28)
x = 21

xX=3
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Step 4: Use substitution to solve for y:

Substitute x = 3 into eqpon‘ion 2

3(3)+y=1 1
This method is also called the
ADDITION METHOD because we're
Qe y=1 adding one equation to the other.

y=-1

Therefore, the answer is: (x, y) = (3, -2)

A system of equations can also have infinite solutions,
for example, (4x - 2y = 1 and -12x + 6y = -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
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 £ind out what constants to pick, first £ind the least
common multiple (LCM) of the x-valves (or the y-values)

and multiply each equation accordingly.
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EXAMPLE: Use the elimination method to solve the

_ { Ix+5y=3 !
\Collowmg sgsw‘em: 3x ¢ 4H iy 2

Step 1: Choose to eliminate x.

Step Z: Multiply equation |1 x is easier fo eliminate
. ' because the LCM of the
by 3 and multiply equation 2 x-values is Gx, whereas

by -2, so that when the two the LCM of the y-values
eqyaﬁons ore added +oge+her,

x will be eliminated.

Equaﬁon 1 x3: (x+ 15y =9

Equoation "2 x (=2): -bx - By =-2

Step 3: Add the two equations.

bx+ 15y = 9

Adding the two eqpm‘ions{ ~6x - 8y = -2 :

((ox-(ox)+(15y—8y)=°l—2
'ly='l

y=1
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Step 4: Use substitution to solve for x:

Substitute y = Tinto equation ‘2 : Since the solution makes
both cqudfions true,

you Cdn substitute this
3x +4(1) =1

3x+4=1
X =-1
Therefore, the solvtion is (x, y) =(-1, 1)

EXAMPLE: Use the elimination method to solve the

' Bx+by=-4 1
following system: 10x+9y=-T 2

Step 1: Choose to eliminate y.

Step Z: MUHiP‘B equqﬁon 1 yis simpler to eliminate

_ , because the LCM of the
by 3 and multiply equation 2 y-values is 18y, whereas
by -2, so that when the two the LCM of the x-values

equo&ions ore odded +oge+her,
Yy will be eliminated.

Equa’rion 1 x3:724x+ 189 = -12
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Equoation "2 x (-2): -20x - 18y = 22
Step 3: #dd the two equations.

. _ { 24x + 18y =-12
Addmg the two equahons 20x - 18}/ _27
(24x + -20x) + (18y + —183) = (<12 + 22)
4x =10

_5
X=7

Step 4: Use substitution to solve for Y

5

Substitute x = 7 into eqyod-ion 1
)
20 + by = -4
by = -74
y=-4
Therefore, the answer is: (x, y) = (%,-4)
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@ CLECLYour [OLEDCE

Use the elimination method to solve each of the $o|lowing
sgs‘rems of eclua‘rions.

x-1y=1

4 4x-Ty=5

{2x+y=8
2 —3x-4y=—'l
{(ox+Zy=Z4
’ 4x—5y=1(o
{5x+4y=-13
’ 3x-2y=23

{8x+33=14
S Lbx-y=-9

ad

=

W
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CLECK Your QIUSWERS

- x oy =031

L

R

. (x Y = (5, -2)

o

. (X y) = @40

o

- (x Y =03-D

5. (x, y) = (- % fv)

'S

9
<

~—~"

n
|
EN P
~———
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: Graphing Linear ¥
; EQU&MOHS and
Inequalities
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Chapter o1

POINTS
AND LINES

THE COORDINATE PLANE

A COORDINATE PLANE is o 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-oxes inftersect

(cross) ot the ORIGIN. YA
Y-AXIS |°

An ORDERED PAIR t

gives the coordinates i

(exact location) ‘ ORIGIN

of a POINT.

The x-coordinate

/N

43 2 A \ 2 3 % s

|
alwags comes 2
first, then the e
y-coordinate (x, y). J'
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The x- and y-coordinates are separoted 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 ot the origin.
Then:

For the x-coordinote:
I€ the x-coordinote is POSITIVE, move RIGHT
from the origin.

I£ the x-coordinate is NEGATIVE, move LEFT from the origin.
I€ the x-coordinote is ZERO, STAY ot the origin.

For the y—coordina+e=
I€ the y—coordina+e is POSTITIVE, move UP from
the location.

I€ the y—coordina‘re is NEGATIVE, move DOWN from
the location.

I€ the y—coordina+e is ZERO, STAY at the location.
249



- EXANMPLE: Plot the point (3, 4).

fFor the x-coordinate: start ot Y l\% 0(3' 2 ‘
the origin and move 3 units to 3
the right on the x-axis. T

y4 > |

For the y-coordinate: Move I 1 Tx

4 units vp on the y-axis. 2
-3
e J'

| EXAMPLE: Plot these points: 4 (-3, -5), B (6, 1), and C (-Z, 0).

Sometimes, a point is /

N
Y
direc’rlg on the x- or °
S
y-axis, like point C. i
3
2 B
c | ?
L o D
T34 l 2 3 % s 6 x
-1
2
-3
A -4
) -5
\,-6
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Y
QUADRANT II
#All x-valves are
negative (x < 0),
and all y-valves
are positive (y > 0).

The coordinate plane is divided into four QUADRANTS.

QUADRANT]
All x-valves are
positive (x > 0),
and all y-valves
are positive (y > 0).

(-x, +y) (+x, +y)
4 \
< V 4
xX
QUADRANT IiI QUADRANT IV

All x-valves are
neqgative (x < 0),
and all y-valves
are negative (y < 0).

(-x, - Y J

TRY NOT TO BE
SO NEGATIVE.

LIVING IN QUADRANT III?

All x-valves are
positive (x > 0),

and all y-valves are
negative (y < 0).

(+x, -y)

EASY FOR YOU TO SAY.
WwWHYDON'T YOU TRY
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DOMAIN AND RANGE

A RELATION is o set of ordered pairs.

In o relotion, the set of all the x-coordinates is colled the
DOMAIN ond the set of all the y-coordinates is called the
RANGE.

\Whenever we write o set,
Sometimes eoPIe call

we alwoys vse BRACES €3 ¥ these curly brackets.
List the valves of the domain and range in numerical order.

For example, name the domain and range for the relation:
{510, (-2,0),0-0,4-2),1,-3)3

DOMAIN: list all the x-valves in numerical order: §-5, -2, 1, 4, T3

RANGE: list all the y-values in numerical order: 3,-2,-1,0, 1
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@ CLECLYour [OLEDCE

1. In which cluadran‘r is (=3, -1) located?
2. In which quadron’r is (1, -2) located?
3. In which quadront is (8, 4) located?

For ques’rions 4 ond 5 vse the coordinate grid below.

Y N
4. \Whot are the B *
coordinotes ® 2
2
of point A7 | A
( % -7 -6 -5 4 3 2 - ' 2 3 % s x
5. What are the !
coordinates ;
of point B? \

6. Name the domain and range for the relation:
€Q,2), @4, (1,12

7. Nome the domain ond range £or the relation:
(-3, -9), (-8, 2), (-13, 8), (-18, 14)3.
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CLECK Your QIUSWERS

1. cvxxdroumL ITT

2. quadront IV

3. quadront I

. (5 0)

5. (-1,3)

€. domain §{-1, 4, 94, range $2,71,123

7. domain §{-18, -13, -8, -3}, range 4, 2,814
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Chapter 3

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
drowing arrows ot each end.

A TABLE OF VALUES is a list of valves that form a relotion.
When the coordinates are plotted on a coordinate plane
ond connected, +he9 £form a line.

X Y
-2 -3 &—forms the
coordinates
1 (-2, -3)
7 5

The relation formed by this toble of valves: $-2,-3), (0,1, (2, 5)%3.
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EXANPLE: Groph the line formed by the table of valves.

N —= O X%

J
1
4
1

Step 1: Use the values in the table to write the coordinates
of each point.

£0, 1, (1,9, and (2, 13

Step Z: Plot each
point on a coordinate
plane.

Step 3: Use a ruler or
straightedge o drow
o line that connects
all the points.
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. EXAMPLE: Groph the line formed by the table of valves.

|
N
W W W WL

Step 1: Use the values in the table to write the coordinates
of each point.

{4, 3), (-2, 3), 4, 3), and (b, 3)}

Y
Step 2: Plot each .
point on a 7
coordinate plane. 6
S
l+
Step 3: Draw o co—o . —>
line that connects 2
all the points. \
L N
Vo5 o4 o3 2 A I 2 3 % s 6 1 %%
-1
-2
Vv
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-

Do the points form a line?
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CLECK Your QIUSWERS

1. X

8

7

6

s

L‘,

2

|
L > |

\_5_*_3_7_\11 2 3 % s “x

-\ I

A 4

— o £ «a 7

N

2 - 2 3 M s 6 1 8 ‘x

[ T T A R SN AR |
X - 6 0 F WD -

/
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nw o+ M N —

Y
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5. No, becavse all the points cannot be connected by
a straight line.

yn
;
6 (
s @
4
3
e |2
|
y4
N7 65 4 3 2 - Il 2 3 %+ s 6 1
{ ] |
-2
-3
° -4
-5
-
-1
A\ 4
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Chapter 3

SLOPE is generally referred to as the steepness of a line.
More specifically, slope is a humber that is a ratio describing
the tilt of a line. Slope is calcvlated by finding the ratio of
the vertical changge (rise) to the horizontal change (run).

T RISE is how much a line goes
Up or down.
_ RISE
SLOPE = RUN_
&> RUN is how much a line moves

left or right

For example, a line has o slope of % Since the formula for

slope - % this means thot the rise is 2 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 fo the right.

If we start at the point (-5, -5) and plot a line with a slope
of % we get the graph below.

Y /

N

AN
% -5 -+ 3 2 - I 7 3 % 5 6 ‘x
3 ‘

A\ 4

# 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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EXAMNPLE: Ffind another way to drow a line with a slope
of %

. # line with a slope of % could also be expressed as :—Z;

¢ this meons thot the rise is -2 and the run is -3.

| Since the rise is represented by a negative number, it means
. that the line is "going down.”

© Since the run is represented by a negative number, it means

that the line is "going left”

y 4

- N W F 7

N

% -5 4 3 2 -
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! EXANPLE: find two woys to drow a line with o slope of
= % that passes through the coordinate (-Z, -1).

The slope could be OR The slope covld be
expressed as _T] expressed as _i
This means that the rise This means that the rise
is -1 and the run is 4. is 1and the run is -4.
A negoative number means # positive number means
that the line is "going down." that the line is "going vp.
# positive number means A negotive number means
that the line is "going right." that the line is "going left"
Starting ot (-Z, -1) we con Starting ot (-Z, -1) we con
plot other points that are plot other points that
on the same line by "rising are on the same line by
-1" and "running 4" "rising 1" and "running -4
y ™ Yy~
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There are four types of slope:

1. Aline thot has a POSITIVE
SLOPE rises from left to right v
A

2. Aline thot has o NEGATIVE
SLOPE falls from left to right

AR
3. & line with 26R0 SLOPE is "
horizontal becavse the rise “-

is 0, ond O divided bg any
non-2ero humber is O.

A
4. A line with an UNDEFTNED 4
SLOPE is vertical becovse
the run is O, and any
non-zero 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 ot the point farthest to the left, draw a right
triangle (one right angle that measures exactly 90°) that
connects the two points and uses the line as the hypotenuse.
How many units did youv go vp or down?

Thoat is your rise. How many vnits did v
the longesf side of
You go left or righ’r? That is your run. a right triangle

Find the slope by using the slope formulo:

rise

slope =
P run

SEXAMPLE: = Determine the slope of the line.

From point & to point B, the line has a rise of 3 and a run of 6.

N

-6%s 4 -3 2 - 2 3 "%
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Therefore, the slope is: o S0 "7

(% slope of % means that every fime the line rises 1, it also
runs 2.)

»ERAMPLE: Determine the slope of the line that connects
the points A (1, 2) and B (3, 1). y AN
4
Step 1: Plot the two points 3 A
on o coordinate plane and e
draw the line that connects \ ®
the points.

N

|

Step Z: Starting with the JZ

point that is farthest to the

left, draw o righ+ ’rriomgle y 4\

ond colcvlate the rise 4

ond run. 3
2

B
Point & is farthest to the left ‘ "I—)‘

L
I

from point & to point B, the
line has a rise of -1ond a \}
run of 2.
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Step 3: Use the rise and run to calculate the slope.

rise _ -1
ron YA

is: 1
Slope is: 7

The slore is -1 everywhere on the line.

Any'h'me you rise -1 and run 2, you'll be back on the line.

There is o formula for slope that yov can vse when youv
know two points on a line. The two points are represented
as (%, Y») and (x;, Y,). The notation ; tells vs it is the first

x and y coordinate.

This is read

' This is read
the chanae in
Slope = e : J
the chomge in X
o %Y
/ X, - X,
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! EXAMPLE: Ffind the slope of the line that goes through the
points (Z, 5) and (3, 9.

Step 1: find the valves of x, Y X, ond Ya.

The points are (Z, 5) and (3, 9), so You eould also let
(X1, Y) = (Z,5) and (x,, Y,) = (3, ). Xy =3 D

Step Z: Substitute the values into the slope formula:

m=$=h Y 7\
XZ - X'| q
_9-5 _4 _ ’
=37 -7 1 7
6
This answer appears s
correct becavse o line 4
thot RISES from 3
left fo right hos a 2
"POSITIVE slope. !
ya N\
N3 o2 - 12 3 % s ‘x
-3
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EXAMPLE: Determine the slope of the line that goes

through the points (-5, 3) and (4, -2).

Step 1: find the valves of x, Y Xz, ond Yo

Since the points are (-5, 3) and (4, -2), (x, y,) = (-5, 3) and

(Xz, yz) = (4, -2.)

Step 2: Substitute the values into the slope formula:

m=%"Hh

X=X

This answer
appears correct
becoavse a line
thot FALLS from
left to right has

a NEGATTIVE slope
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@ | CLECKvour [OLEDCE

For questions 1through 3 label the slope as positive, negative,

2ero, or undefined.

Y/~
1. 3
2
|
y4 \
N 3 2 - "x
-
-2
Vv
Y™
3
2 2
|
y4 \
NEEEEE | ‘x
-\
-2
-3
W
Y~
3 3
2
|
y / N\
» 3 24 - | ’9(
-
-2
-3
¥V
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4. Find the slope of the line.

5. Find the slope of the line.

2

/ \
y \

Nos of 302 4 12 3 ‘x
-
-2
-3
-4
v J
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6. Use a slope triangle to find the slope of the line below,

e

6

)

|.|.

3

2

|
yi N
Yos o4 3 2 l 2 3 % s 6 1 8 ‘x

-1

2

J3

1. Determine the slope of the line that passes through the
points (3, 1) and (5, 1.

8. Detfermine 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).
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CLECK Your QIUSWERS

1. nega‘rive
2. undefined
y N
. . 7
3. positive r 12 >¢
3
L] s|ope=-£ '
1 q 3
X ‘
5. slope = % =3 /) ‘ |
<— 3 2 - | 23'\‘56782)(‘
9.3 )
6. slope = 7 "2 2
o -3
_ -4
nme 2Ll !
_1-9 - -1 - 1
B m==y = T
_-18-(3) _-5_ 5
L Mm===50"" "2
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Chapter I
@L@?K@EM’Z’@E?’Z

S
N NN

x- AND y-INTERCEPTS

An INTERCEPT is o point where o groph crosses either the

X-0Xis or the y—axis.

The y-infercept is where a graph intersects the y-axis.

Since it crosses the y—axis, the x-valve there is alwags 0.

Y
The x-intercept is n TSI THE
where o groph 3 X-INTERCEPT
, . THIS IS THE OF THE LINE
intersects the x-oaxis. Y.INTERCEPT | % ‘
OF THE LINE | \I
¢ - =)

Since it crosses the M5 o4 3 2 \d
X-0Xis, the y—value

there is alwags 0.
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An intercept con be expressed either as a single number or
a coordinate.

EXAMPLE: Determine the y-intercept and the x-intercept
of the line.

The line intersects the y-oxis ot -3, the y-intercept is:
=3 or (0, -3).

The line intersects the x-axis at b, the x-intercept is:
6 or (b, 0).
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WRITING EQUATIONS IN
SLOPE-INTERCEPT FORM

The equa’rion of a line can be written in many ways. One of
the ways is the SLOPE-INTERCEPT FORM:

Y = mx +

For example, if a line has a slope of Tand a y-intercept of -4,
the equation can be written in slope-intercept form as:

Yy=mx+b

Yy="lx+(-4)

Yy=Tx-4 ¥

Groph the line that has a slope of % and has o y-intercept

of -1. Then €ind the equa’rion of the line and write it in
slope-intercept form. y
T

Step 1: Plot the : 3
y-intercept. z

|

L —_—

Since the line has o T3 o2 A I x
Y-intercept of -1, the 5
coordinates of the 3
y-intercept are: (0, -1). Jl_q
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Step 2: Use the RISE and RUN of the slope to find the
location of the next point.

Y
The formula of slope is t
m=-"se 3
ron , 1.2
This means thot rise = 3 L, "IP <
ondrun = 2. EE L2 3 % %

Step 3: Draw a line that
connects the points.

Step 4: Use the valve of the y-intercept and the slope to
write the equation of the line.

Since the formula of the slope-intercept formis y = mx + b,

the equa’rion iS y= % x-1

ERXAMPLE: Groph the line y=3x -4
Step 1: Identify 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 Z: Plot the y-intercept.

Since the line has a y -intercept of -4, the coordinates of

the y-intercept are (0, -4). Y Ts
|+

Step 3: Use the rise and S

run of the slope to find the T

location of the next point. l, J \

M3 o2 4 | 2 3 %

-1

The formula for slope is 2|3

m = _¥ise

ron 3

-4

Rise =3 and run = 1.

ERXRAMPLE: A line goes through the points (3, 2) and
- (-5, 6). 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:

| m=§’£§’-l

X, - X
_b-2 4 __1
-5-3 -8 yA
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Step 2: Substitute this slope valve into the
slope-intercept form.

Slope-intercept form: y = mx + b

I L P I VN
y-( Z)x bory Zx b

Step 3: Find the value of the y-intercept by substituting one
of the points into the equation.

y=- % X+b Subtitute (3, 2) into the equation.
2--1@) b D
yA

3 . k) .
e b D Solve for b bg addmg 7 to both sides.

1.
Z—b

Step 4: Use the valve of the slope and the y-intercept to
write the equation of the line.

1

Since the valve of the slope is m = - 7 and the valve of the
, , 1 o 1 1
Y-intercept is b = 7 the equation is: y = - 7 X7
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L EXAMPLE: Find the coordinotes of the x-intercept and

| the Y-intercept of y = % X - %

Step 1: Find the y-intercept.

Since the equation is in slope-intercept form, the y-intercept

i« po_ 8
iS b= o

Therefore, the coordinates of the Y-intercept are (O, - %)

Step Z: find the x-intercept.

Since the x-intercept is where the line intersects the x-axis,
the y-valuve is 0.

y=%x—% ) Substitute O for y.
.. ._8

0=3x-3

8 _2

3 - 3%

Therefore, the coordinates of the x-intercept are (4, O).
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@t

1. What is the slope and y-intercept of y = Zx - 97

WECK vour FHIOLILEREE

i i I RV |

2. What is the slope and y-intercept of y 3 X+ g

3. Drow a line that has a slope of 4 and a y-intercept
of -3.

4. Draw a line that has a slope of - % and a y-intercept
of Z.

5. Draw a line that has a slope of % and a y-intercept

3
of - 7
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 (1, -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 = %x - %

Find the x-intercept and y-intercept of y = -Zx - 3.

ANSWERS
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CLECK Your QIUSWERS

1. Slope = Z, y-intercept = -9 or (0, -9)

1 . n n
2. Slope = 3 Y-intercept = = o (O, —)

8
3. Y,T\
3
2
|
yi KN
V_s 2 - \ 2 3 'fx
2
-3
-4
Y N
|+

286



10.

Y=-4x+14
I R -}
X~ g
Y=-bx-3
x-intercept = 3 or (3, 0)

. -1 _3
Yy intercept c or (O, 3 )

i 2 or[-2
Xx-intercept = 7 or( 2,O)

y-intercept = -3 or (0, -3)
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R QUICK REMINDER:
Y=mx-+ b
m is the slope
bis the y-intercept

o ~N R

s y—ihfercePf
©.

/N

@ S
-8 -7 -6 -5 -4 -3 2 - \237567$Ix

x-in'l'erce,;'l'




Chapter L5

Another way fo 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 useful for £inding a point on the
line when you know the slope and one other point.

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:

y-y]=rr[1(x-x1)

)

the coordinates of a Poin"’

yn
(x;, ) is the known
point. m is the slope of ™ .(x,y)
the line. (x, y) is any O .y
other point on the line.
y4 —_—
N 4
xX

. EXAMPLE: The equation of a line in point-slope form is
Yy -3 =2(x- 7). Find the slope of the line and the coordinates
of o 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 thot it passes through are (x,, y,) = (1, 3).

290



EXAMPLE: Groph the line that has a slope of 2 and
passes through the point (-1, 4).

Step 1: Plot the given point.
Plot (-1, 4) on the coordinate plane.
Step 2: Use slope to plot another point.

Since the slopeism=17 = —% this means that the rise = 2
and the run =1

Plot a second point that is located up Z and right 1 from
the first point.

Step 3: Draw a line that

]
connects the points. I-)qe
2 s

|+
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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 1: Identify which formula should be used.

Since we are gjiven the coordinates of fwo points, we con
calcvlate the slope of the line.

Step Z: Substitute the given information.

The slope is m = % and one of the points is (3, -5).

\We can substitute these valves into the point-slope form:

- = m(x - x) We could also have
I ' substituted the T
5 §7 II,) in Step I-.
(B = 2 (x - hfafcasefc
y ( 5) 2. (X 3) ansSwer would be

_ 3
Y =%(x 3 y—I—T(x-7).

Therefore, the answer is: Y+ 5= %(x - 3).
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| EXAMPLE: A line has a slope of -2 and passes through
the point (1, 6). Find the equation of the line and write it in
slope-intercept form.

. Step 1: Tdentify which formula shovld be used.

1 Since we are given the valve of the slope and the

| coordinates of a point that it passes through, we should use

| point-slope form: y - y, = m(x - x,).

| Step 2: Substitute the given informotion.
Y=Yy = mx - x,)

 Y-b=-2(x-1

+ Step 3: Rewrite the equation into slope-intercept form.

L Yy-06=-2x-1) > #pply the Distributive Property.

L Yy-b=-Ix+1

Yy=-1x+8

. Therefore, the answer is: Y= -1x+ 8.
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STANDARD FORM

\We can also write the eqya’rion of a line in STANDARD FORM:
Ax+By=C

In this form, #, B, and C are constants, and 4 is positive.

1

EXAMPLE: 4 line hos o slope of 3

the point (-1Z, 1.

and passes through

Find the equation of the line and write it in standard form.
Step 1: Tdentify which formula should 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-slope
form: y - y, = m(x - x,).

Step 2: Substitute the given information.

y—y]=m(x—x,)

- x-(
Y-1= 5 (x= (1)
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Therefore, the answer is: %x UE -
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@t

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.

WECK vour FHIOLILEREE

2. The equation of a line is y + 1= -Z(x - 9). 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 o slope of 4 and passes through the point (9, 5).
Find the equation of the line and write it in point-slope 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, 1. 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 equa’rion of the line and write it in standard
form.

# Ime has o slope of b and passes through the point
(— = 1. Find the equation of the line and write it in
s+andard form.

# line has a slope of - % and passes through the point

(8, -6). Find the equaﬁon of the line and write it in standard
form.
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CLECK Your QIUSWERS

1. Slope = 5: coordinates of one point = (3, 1)

2. Slope = -Z: coordinates of one point = (4, -1)

3. Slope = 5: coordinates of one point = ( % O)

9. y-5=4x-9

5 9_0=_F(X_3)
6. y=-3x+1l
1 y=-Lx+10
yA
8. Ix-y=1
__
1. bx-y-= 7
10. %x+9=4

298



Chapter 6

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 point is the pair that is the

solution to the system. ¢ solution to both
Giud"'lons_

S“EXAMPLE: Groph the system of linear equations to find

the solvtion.
X+y=5 !
71X - Y= 4 2

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

slope-intercept form:

x+y=5
Yy=-x+5

Rewrite £20 into
slope-intercept form:

Zx—y=4
—Y=-1x+
Y= 1x -4

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.

The two lines
intersect ot (3, 2).

So the solution to the
system is (3, 2).

Ckeck your answer
al ebra:ca“y by
Su S‘hfuf:h 'Hw
coord'hafes back
Ih+0 'qu Or'lglhd'
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| EXAMPLE: Groph the system of linear equations to
determine the solution.

Ix+y=-1 !

X+1y=06 [2
Step 1: Rewrite each of the equations in slope-intercept form
(y = mx + b).

Rewrite |1 into Rewrite 520 into
slope-intercept form: slope-intercept form:
Ix+y=-1 4x+2y="0
Yy=-1x-1 2y =-4x+0
Y=-1x+5

Step 2: Graph each of the equations on the same coordinate
plane by using the slope and y-intercept of each line.

Y
Step 3: Locate the point °
of intersection. ;
2=
There ore NO intersection , ‘ \

points. So there is NO 1R \ L P Ty e
SOLUTION +to the system. N

same slof,e,

3
-t
)

N
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- EXAMPLE: Groph the system of linear equations to £ind
the solution.

4x-1y=06
Zx—y=3 2

Step 1: Rewrite each equation in slope-intercept form.

1 4x—Zy=(o 2 Zx—y=3
-1y =-4x+ 0 —Y=-1x+3
y=2x—3 y=2x—3

Step Z: Graph the equations on the same coordinate plane.
Step 3: Locate the point of intersection.

The grophs represent the same line, so the equations are
EQUIVALENT.

Y™

There are an infinite humber 4

of solvtions because there are j

an infinite number of points ‘

where the lines overlop. 2 T / R )x
-l
-2

SAME SLOPE and the -3

SAME y-intercepts = 7

INFINITE solutions !
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@ CLECLYour [OLEDCE

Groph each of the following systems of linear equations fo
determine the solution.

1 x+y=5
’ 3x+y='l
bx + 3y = -9
C -4x-1y=0
1x-4y=10
> Usxeay-15
3x-2y=-10
L -bx+ 4y =14
{5x—39=-14
3.
3x+y=0

3x—(oy=17_
e
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CLECK Your QIUSWERS

1. Solvtion: (1, 4)

J

Y

- N W F

R\/

- \ 2\3 4 5\§7 3
-

2. Solvtion: Infinite number of solutions on the line

Y 4

ya

M3 2\ 2 3 % s “x
-
2

— w7
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3. Solution: (5, 0)

3
2
l !

& \

Y2 | 2 3 sNe 1 8 ‘x
-l
Pt
WV

4. Soluvtion: (-b, -4)

Yy

7

6

=

3

2

|
& LN
A -8 -7 -6 -5 -4 2 \ 2 3 " S ”)(

-1

-2

-3

-4

Ve B

“ -6

A\ 4

MORE ANSWERS 305



.5 1o
5. Solution: ( T

y A

6. Solution: no solvtion

Y
S
l+
3
2
| /
yi \
Nyo3 2 |2 t s T x
-1
%
‘/-3
-y
-S
-
W
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Chapter I

GRAPHING LINEAR
INEQUALITIES

Z)

When we solved one-variable inequalities, we graphed our
answer on a number line, and we vsed an open circle when
we didn‘tinclude a humber in our solution, or we vsed a
closed circle when we did include a number in our solution.

To solve linear inequalities with two variables, we can vse what
we know about graphing linear equations with fwo variables.
Grophing linear inequalities with two variables means thot
the solution should be graphed on a coordinate plane.

EXAMNPLE: Groph the inequality y < x + 3.

Step 1: Temporarily change the inequality to an equation and
graph the equation.
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Change the inec{ualh“g {0 an

y<x+3
y=x+3

equa’rion.

Groph the equation y = x + 3. Check that your graph is
accurate by using a fest point.

y 4

Step Z: Determine whether the line should be solid or

dashed:

e If the inequalﬂ-y contains
be dashed.

e T the ineqyali’rg contains
be solid.

308
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Since the ineqyali’rg Yy< x+ 3hasa < sigh, the line should be
doshed.

y
The dashed line + 2
is like the open ’3/
circle on a /‘
linear eiua'l’ion z 2
9ra’pl1 on a /7 \
number line. It Z R4 \
means that the NS5 43 2 - 2 3 4 s “x
location is not /7 |
included in the (g 2-
solution. -3
l+
Vv

Step 3: Shade the correct region that makes the inequality
frue, by festing any point.

The line separates the graph into Z sections.

We can choose an

Test (0, 0) to see if it is a point, bt (O, O) wsually

solution fo the given inequality. makels our :allcﬂlazic;nsf
simpler and less likely To

contain an error. If the

o I£(0,0) is a solution, point (0.0) lies on your
. . ne, you must c’wose a
shode the entire region different point.

that contains (0, 0).
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e T£ (0, 0) is not o solution, shade the other regjon that
does not contain (0, 0).

0 ) +3

/,-
7S
03 1 7
Aé
Since the inequality Ve
. / \
is true, we shade L, / J
the regjon that NS EERE 7x
contains (0, O). // P
/
-3
-4
-5
\'

"EXAMPLE:  Groph the inequality bx - 2y 2 5.

Step 1: Temporarily change the inequality to an equation and
graph the equation.

Chomge the inequali+9 o on equa’rion:

(ox—Zy?_S
(ox—2y=5
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Groph the equation bx - Zy = 5. Check that your groph is
accurate by using a fest point.

/
bx-72y=5 /

-2y = -bx +5

— d W+ «a f

2y D
y3x2

'S

- 5 _|+ _3 =
Step Z: Determine
whether the line

shovld be solid or
dashed:

o T£ the inequali+9 contains a < or > sign, the line shovld
be dashed.

o T£ the inequoli’rg contains o < or = sign, the line shovld
be solid.

Since the inecluali‘rg bx - Zy z5hosa = sign, the line shovld
be solid.

Step 3: Shade the correct region that makes the inequality
frue, by festing any point.

The line separates the entire grid into Z sections.
M



Test (0, O) to see if it is a solution to the given inequali’rg.

e T£ (0, 0) is a solvtion, shade the entire regjon thot
contains (0, 0).

e T£ (0, 0) is not o solution, shade the other region thot
does not contain (0, O).

6(0) - 2(0) 2 5
?
0=z5

Since the inequalihd iS nhot true, we shode
the regjon that does not contain (0, 0).

Y1

— N W = a ?

N
A4

-5 - 2 3 ¥ s "x
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@ CLECCYowr [OWLERELE

Groph the linear inequalities.

1. y>4—x

Y. 4x+3y>12
5. y>—5

6. 3x—292—(»
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Chapter 18

SOLVING SYSTEMS OF
LINEAR INEQUALITIES
BY GRAPHING

We solve systems of linear inequalities using the same
approach as solving systems of linear equations.

EXAMPLE: Groph the system of linear inequalities to find
the solution.

X+ y <7 1

Ix-y>10 2
Step 1: Temporarily change each inequality into an equation
in slope-intercept form and graph the equation.

Chomge 1 into an eqyod-iow Change 2 into an equa‘rion:
Xx+y=1 1x-y-=10

315



Rewrite in Rewrite in

slope-intercept form: slope-intercept form:

X+y=1 Zx-y=10

Y=-x+1 -y =-2x+10
y=2x-10

The two lines intersect ot (4, -2).
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Step 2: Determine whether the lines should be solid

or dashed,

Since the ineqyali+9
X+y< 7 has a < sign,
the line shovld be dashed.

N /
N

N
L‘.
L )
i
|

Since the inequali‘rg
71X - y> 10 has a > sign,
the line shovld be dashed.

Step 3: Shade the
region thot makes
the inequalii-g true,

by festing any point. €55

Test (0, 0) to see if it
is a solvution to the
given inec{uali’rg.

1 1
«n £

R




0)+(0) 2 20 - 310

? ?
0<7 W 0>10

Since the inequali+3 iS true, Since the inequali’rg iS not

shade the region thot true, shade the region thot
contains (O, O). does not contain (0, O).
Since the final Y ':
solution must -
sa+is€3 BROTH 2

|

inequaliﬁes, the
solution must be 3 2 - I 2 3 % 5 6 1 ‘x|
the regjion that is
shaded by BOTH
colors,

/N

PR

- "EXAMPLE: Groph the system of linear inequalities o £ind
~the solution.

| x+y>-5 i
| | —x+yé1 (22|
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Step 1: Temporarily change each inequality into an equation
in slope-intercept form and groph the equation.

Change 1 | into an equaﬁon: Change 2  into an equa’rion:

3x+y=-5 X+ Y=-1

Rewrite in Rewrite in
slope-intercept form: slope-intercept form:
3x+y=-5 X+ y-=-1
y=-3x-5 Yy=x-1

The two lines

y /
intersect ot (-1, -2).
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Step Z: Determine whether the line shovld be solid or dashed,

Since the ineq_uali+9 Since the ineqyali’rg
3x+y>—5 hasa>sign, -x+ys—1 hasaesign,
this line should be dashed. this line shovld be solid.

Step 3: Shade the correct region that makes the inequality
true, by festing any point.

Test (0, O) to see if it is o solution to the given inequalii-g.
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30) + 0) $ -5 _(0)+(0) 4 1

0ls 0la A

8 ne iNeqQuo N he ineqQuoe Nno
shade the reaion tho H hod 1 aion tho
contains (O O do not contain (O, O

\ I |
] |
\ S
\ 2
\ '.
L \
NEREEA Y
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Since the final

. y i
solvtion must 3
sa’ris€9 BOTH 2
inecluali’ries, the |
yi \
solvtion mustbe N 4 3 5 4 / 2 3 ¢+ s 6 1 'x

. -1

the regjion thot Q/ S
is shaded by \ s
R0TH colors. Moy
|

%

What abouvt I

the intersection / \

point (-1, -2)7

\What do we do, since one side is a solid line but the other
side is a dashed line?

Since the final solvtion must sa’ris?g BOTH inequaliﬁes, but

(-1, -2) onlg satisfies ONE of the equa’rions, we do not include
it in our £inal solvtion and we vselan open circle ot (-1, -2).

 to show that (-1, -2)

is not included
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@ | CLECKvour [OLEDCE

Groph each of the following systems of linear inequalities to
£ind the solution.

x+y<1
4 x-y>-5

X+yZ—Z
2 4x+yf='l
{3x-g<4
. Ix+y<b

y>3

xz-5
x+Zy>—'I
—x+3y<—3

—Zx+y>3
& {3X+y<—7

ad

=

w
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Yy N
6
S
t
e e
2
|
3 N
Mos o4 o3 o2 A L2 3 % s “x
-l
2
v
y N
4
3
2
-
1 ’—’
p3 V—’ N
S o3 o2 A L7 3 % 5 6 ‘%
-7
-
<\ 2
\\;\3
4TS
s \\\
4 s |
S~
Yy
"
3
2
|
L =
NEE R V2 3 4 s 7
-
-2
-3
V
N

x



W@

\

Statistics and
Probability
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Chapter 39

INTRODUCTION
TO STATISTICS

STATISTICS is the organization, presentation, and study
of data. DATH is a collection of facts in the form of numbers,
words, or descriptions.

Dota and statistics are important because they:
help us identify problems.

provide evidence to prove our claims.
help us make informed decisions.

There are two types of dato:
STATISTICIANS
help us collect, interpret,
quan+i+a+ive dota summarize, and
qyali’rm‘ive 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 % % %
students in %
| 2 3 45 6 7 8

math class

The number of % % %
students passing
| 2 3 4 5

moath class

The number of @ @@
students passing % %

moth closs with an A

X

IDON'T WANNA
TALK ABOUTIT
3

>+O
O

The number of @

students in domger % %
of Failing math class
|

O

X2EX
1
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QUALITATIVE DATA
Information given that describes something.
Usually this is information that you can observe,
such as appearances, textures, smells, and tastes.

/

QUALITATIVE DATA

Do the students like
moth class?

Are students happy?

Are the students
Friendlg?

Are the students
paying attention?
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Quantitative and qua|i+a+ive doto con 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.

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: "ow 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 o stotistical quesﬁon.

The answers to a statistical question are "spread ouvt* and

can be very different—so there con be HIGH VARTABILITY—
very spreod ovt—or LOW VARTABILTITY—closely clustered.
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SAMPLING

Sometimes we can gather dota from every member in o
group. Most of the time that's impossible. Therefore, we
use a SAMPLING, taking a small part of a larger group to
estimate characteristics about the whole group.

OH BOY. THIS IS
GONNA TAKE A
LONG TIME!

For example, a school has
2,500 students and you want
to £ind out how many
consider math their favorite
subject. Sampling wovuld
entail interviewing a portion |
of the students and vsing the
findings to drow approximate
conclusions about the entire group.

It is important o make sure that the somple 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 grode.
This is not a good sample
becavse the somple is not
a true 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: a 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

- EXANPLE: One thousand people bought food ot
concession stands at a theater. You want to £ind ouvt how
many of those people bought vegan snacks. So you ask 20
people if they bought vegan or nonvegan snacks. 0f the 20
people, 5 said they bought vegan snacks. Approximately how
many people altogether bought vegan snacks at the theater?

Becavuse there are 5 people who bought vegan snacks ovt of
20, it means that 25—0 of the sample bought vegan snacks.
Apply this number to the entire population of 1,000 people.

5 =
1000 x - = 250

Approximately 250 people
bough‘r vegon snocks.

It’s vegah!
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| ERAMPLE: There are 150 members in kaycee's theater
group. Kaycee wants to know how many members wovuld
be inferested 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
theoter group wovuld be
interested in participating in a

summer theoter project?

Becovse 10 of 30 members were interested, it meons thot

10 1 .
20 "3 of the sample are interested.

, 1.
150 == =50

| Eh‘“re Po’;ula‘l’ion

Approximately 50 members are interested in the summer
theater project.
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@ CHECL vour (L0YILEREE

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 to the game?

2. There are 140 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 thot 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 o 500 students
in Jason's school, about how many students had summer
internships?
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CLECK Your QIUSWERS

1. A. Quantitative
B. Qualitative
€. Qualitative
D. Quantitative

2. #Approximately 19 cars (rounded vp from 18.61)
3. Approximotely 115 marbles (rounded down from 115.2)

4. 300 students had a summer internship.
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Chapter G0

{EASURLS OF
CENTRAL TENDENCY

AND VARIATION

MEASURES OF CENTRAL
TENDENCY

The group of numbers in collected data is called o SET. You
con represent the data in o set using MEASURES OF CENTRAL
TENDENCY. A measure of central fendency is a single number
that is vsed to summarize all the dota set's valves.

For example, a student's grade point average (G'P#)
iS o measvre of the central +endencg £or all the
student's grades.

HENN IEJ";‘
2
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The three most common measures of central ’rendencg ore:

1. The MEAN (also called the average) is the central value
of a set of numbers. To calcvlate the mean, add all the
numbers, then divide the sum bg the number of addends.

The meon is most vseful when the data values are close
+oge+her.

EXANPLE: In 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 = 61

Step Z: Divide the sum by the number of addends.

The sum is bl. %
[ Torscome | %

Number of addends: 4 22 POINTS | ¥
s e

Ol + 4 = 1525 @
g 2

°

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 0§ numbers
armnged in increasing order.

- EXAMPLE: Jason and his friends competed to 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 greatest.

Q0 95 120 140 200

Step Z: Tdentify the number that
falls in the middle of the set.

The middle number is 120.

The medion number of jumps was 1Z20.

|

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, £ind the mean of the two
items in the middle bg adding them +oge+her, then dividing bg 7.

13 724 40 512

24 + 40 = (b4
b4 +2 =32 The medion is 37.

3. The MODE is the number in o data set that occurs most
often. You con have one mode, more than one, or no
modes at all. If no humbers are repeated, we say that
there is no mode.

- EXAMPLE: The students in a Spanish class received the
Following test scores: ©5, 90, 85, 90, 10, 80, 80, 95, 80, 98.
What was the mode of the scores?

Step I: Arrange the numbers in order.
65, 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 QF VARIATION

Another tool we can use to describe and analyze a data set
is MEASURES OF VARTATION, which describes how the valves
of a data set vary. The main measure of variation is RANGE.
Range is theldifference between the maximum and minimum
valves in o dota set. * Think: Range = high — low

The range shows how

"spread ovt" a data set is.

EXANPLE: \When asked how many hours they spent over
the weekend |ooking ot o screen, stvdents answered:

10 hovrs, 6 hovrs, 4 hovrs, 20 hovrs, 12 hovrs, 8 hovrs, 8 hovrs,
b hovrs, 14 hours

Whot is the range of hours spent in front of a screen?
Step 1: Identify the maximum valve and the minimuvm valve.
Moaximum: 20 hours, Minimum: 4 hours

Step 2: Subtract.

20-4=16

The range is 1o hours.
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A dota valve that is significantly less or greater than the
other valves in the set is called an OUTLIER. An ovtlier
can throw off the mean of a data set and give alskewed
portrayal of the data.

inaccurate; misleadihg ’

EXAMPLE: Five friends ate the following numbers
of doughnu+s=

Justin: 1 doughnut
Manvuel: 10 doughnuts
Sam: Z doughnuts
Tamaro: Z doughnuts
Frances: 3 doughnuts

Which person seems to be the outlier? Manuel.

Manvel is the ovtlier becovse he ate o signi?icanﬂg grea’rer
number of doughnu+s than his £riends.
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@ CLECLYour [OLEDCE

For qpesﬁons 1 Jrhlrough 3 £find the meon, median, mode, and
ronge £for each set of dato.

1. 790, 306, 309, 313, 330, 3571, 400, 431, 461, 601
2. 6,11,20,4115,10,8,51,2,1Z, 4
3. 81,38, 91,71, 81, 91,100, 82, 1, 10

4. Five students recorded the number of minutes they spent
reading over the weekend. Their times were: 85 minutes,
90 minvtes, 15 minutes, 85 minvtes, and 95 minutes.
Calcvlate the mean, median, 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 $1,500. Calculate the mean, medion, mode,
and range of the donations.
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CLECK Your QIUSWERS

1. Mean: 319.8
Median: 3435
Mode: none
Range: 311

2. Mean: 16
Median: b
Modes: 1 and 4
Range: 19

3. Mean: 18.8
Median: 815
Mode: 11
Range: 62

4. Meon: 86
Medion: 85
Mode: 85
Range: 20

5. Mean: $1,320
Median: $1,200
Mode: none
Range: $1100
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Chapter Gl

DISPLAYING
DATA

Tobles are vsed to present data in list form. But we can
also represent data visvally with graphs, pie charts, and
diagroams; for example, Lena can vse a pie chart to visvally

represent data collected about GYMNASTICS
10%

what sport fellow STINFING
classmaotes like best. 5%

BASEBALL
30%

| a drdwihg used to
' represent inf. ti
P hT inTormatTion

BASKETBALL
35%

FOOTBALL
20%
TWQO-WAY TABLES
A TWO-WAY TABLE has rows and columns,
but it shows two or more sets of data abouvt the
soame subject. You use two-way tobles to see if there

is a relationship between the cateqgories.
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SEXAMPLE:  Ms. Misra collects data from students in her
class about whether they are members of an after-school
club and on the honor roll. Ms. Mirsa wants to find ovt i€
there is evidence that members of after-school clubs also
tend to be on the honor roll.

a a 2

 After-school " No ofter-school  Total
' club | club

" On the 1 8 (o +8) =24 |
! honor roll !

Not on the 3 4 3+4) =1
honor roll
TOTAL (1o +3) =19 B+4 =12 3]

The table can help vs answer the following questions.

"'o"'d, humber
e How many students are on the honor roll but of students

ore not members of an after-school club? 8

o How many students are on the honor roll and also
members of an after-school club? 16

° How many students are members of an after-school club
but are not on the honor roll? 3
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The data in the table can be interpreted to mean that if you
are o member of an after-school club, You are also likely o
be on the honor roll. That section of the table has the highest
number of students.

Read two-way tables carefully! Sometimes the relationship
they show is that there is no relationship at all!

how often SomeH)ing ‘mPPenS

LINE PLOTS g
A LINE PLOT shows thelfrequencyof doto. Tt displays data
by placing an x above numbers on a number line.

This line P‘°+ NUMBER OF GAMES ON CELL PHONE
displays the (‘
number of )72

i X X X
games friends % x k& X
have on their X X X X X X
cell phones. &~ =)

| 2 4 S 6 7 8 9 10

3
Number of Games

EdCl’A x re,:resenfs 1 'Friehd.
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EXAMPLE: Ten students were asked, "How many books
did yov read over the summer?"

Their responses were: 4,3,72,51,1 3,6, 3, and Z.
Moke a line plot to show the recorded data.
First, put the data in numerical order: 1,1,72,7,3,3,3, 4,5, and 6.

Then drow a line plot o show the numbers of books read
over the summer.

Write an x above each response
on the line Plo'l’

NUMBER OF BOOKS READ OVER THE SUMMER

L S A A S A S A 4
0 | 2 3 %5 6 7 8 910

Number o'F Books

The line plot tells us that the most common answer
(the mode) is 3. The numbers are between 1 and 6, so the
ronge is 5.
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HISTOGRAMS
A HISTOGRAM is o groph that shows the frequency of data
within equal infervals. It looks like a bar graph, but unlike
o bar graph there are no gaps between the vertical or
horizontal bars unless there is an .
Since a bar cannot be
interval that has a frequency of 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-hovr period that is divided into Z-hovr intervals.
From the graph we can see the following;
35 customers visited the store between 10 a.m. and 11:59 a.m.

15 customers visited the store between 6 p.m. and 1:59 p.m.

CUSTOMER VISITS TO A STORE

The tallest bar represents the
n busiest 2-hour interval.

ol
KRR The shortest bar
0 4 represents the
> S,OWCSf z-l)our
g 5T interval.
S 20+
iy
S~ BT
10+
= 5 -
humber OF O
customers 10-11:59 12-1:59 2-3:59 4-5:59 6-T7:59

S‘I'Ore ‘Hours
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- EXAMPLE: Let's look ot the problem on page 346 again.
Ten stvdents were asked, "How many books did yov read
over the summer?"

Their responses were: 4,3,72,5,1,1,3,06,3, and Z.
Moke a his+ogram to show this data.

First, show the dota in numerical order: 1,1, 72,72, 3,3, 3, 4,5, and 6.

Then draw o bor
obove eoch set

—>

of responses.

O v v W = U 6
M S S

ComPare to
the line Plof -2 3-4 5-6
that graFAs the

same data.

BOX PLOTS . also known as a box-and-whisker Flo'l'
A BOX PLOT is a graph that shows how the data in o set is
distributed. It 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 dota into halves. The quartiles are valves thot 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 upper half is the UPPER QUARTILE of
the dota and is represented by Q3. The size of each section
indicates the variability of the data.

MINIMUM QI Median Q@3  MAXIMUM

3
0O 1! 2 3 4 5 6 7 & 910
N
71 . MAXIMUM
6 1 !
51 :
4 1 _ Q3: UPFer 1udrfi'e
3-
2 1 Median
1-
0 -
-1 1 T Ql: Lower quar'h'le
L] :

v —t——  MINIMUM
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To Moke a Box Plot:

1. Arromge the doto from the least o the grea+es+ along o
number line.

2. Idenﬁ(»‘g the minimum, moximum, medion, lower half, ond

upper half.
3. Identify the lower quartile. Find the median of the
lower half of the data.
4. Identify the upper quartile. Find the median of the

urrer‘ Aalf O‘F 'H?C ddfd.

3. Mark the upper and lower quartiles on a number line and
droaw boxes to represent the quartiles.

EXAMPLE: Moke o box plot of the data set: 14, 22, 71, 48,
12, 4,18, 14, 71, 11, and 6.

Step 1: Arrange the dota from least to greatest.

minimum di .
median maximum

4,12,14,14,16, 11,18, 21, 21, 2.2, 48

Lower Imlf UFFQr I)GI'F
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Step 2: Identify the minimum (4), maximum (48), median (17),
lower half, and vpper half.

Step 3: Calcvlate the lower quartile by finding the median of
the lower half of the dato. Median. This is the beginning of Q1.
* Lower quartile = the median of 4, 1Z, 14, 14, and 1.

Step 4: Calculate the vpper quartile by finding the medion of
the upper holf of the dato. Median. This is the end of Q3.

e Upper quartile = the median of 18, Z1, 21, 2Z, and 48.

Step 5: Plot valves above a number line and draw boxes to
represent the quartiles.

ol Median

MINIMUM \ M / M/i:ZIMUM
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The graph shows:

25% of the dota was above 21.
Q3 up to 'Hw maximum

25% of the dota was between 17 and 21.
the median up to Q3

25% of the dota was between 14 ond 11.
Ql up to the median

25% of the doto was below 14.

Q! 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

os SKEW.

If the box plot has o wider right side,
the groph 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 PLQOTS
A SCATTER PLOT is a graph that compares two reloted sets

of data on a coordinate plane. Scatter plots graph data as
ORDERED PAIRS.

To make a scatter plot:
1. Decide on a title for the graph.
2. Drow a vertical and horizontal axis.

3. Choose a scale for each axis, using 0 range ond intervals
thot fit the doto.

§. Plot a point for each pair of numbers given as the data.

"EXAMPLE: After a test, Mr. Evans asked students how
many hovrs they studied. He recorded their answers, along
with their test scores. Make a scatter plot of hours studied
and test scores.

Nome Number of Hovurs Studied Test Score
kwon 45 0
Anno 1 60

Jomes 4 Qi
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Nome Number of Hours Studied Test Score

Mike 35 88
Latisha /A 16
Serena 5 100
TYler 3 a0
CTodd 15 I 12
Chris 3 10
Moaya 4 80

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 ¢
975 ¥+

s+
25 +
0 +
815 1
& T
825 1
80 T
TS T
BT
725 +
7 4
615 ¥
65 ¥
625 ¥
60 T

Test Scores

0.5 1 L5 2 25 3 35 4 45 5

354 7;6NBER OFHOURS STUDIED



By graphing the data on a scatter plot, we con see if there
is a relationship between the number of hours studied and
test scores. The scores generally go up as the hours of
studying go up, so this shows that there is a relationship
between test scores and studying.

We can drow a line on the groph 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 fit is close to
most of the dota points. It 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
Tgler studied for onlg 3 hovrs, but \_ WwWELL SPENT,
still go’r a 90. Chris also studied for
5 hours, but got a 710. A scatter plot

shows the overall relationship between o 4

MAYBE FOR YoU!

data, while individval ordered pairs
(like Tgler's ond Chris's) don't show
the geneml trend. Tgler ond Chris
mighi' be considered OUTLIERS
in this sitvation because they might be . separate from

. . . the set of data
considered far from the line of best fit.
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Scatter plots show relationships called CORRELATIONS,

Positive Correlotion AS one set of valuves increases, the
other set increases as well.

not necessar:‘ly every value

For example, time spent studying
and test scores:

<
1S 90 e O
5—380 o
“ 0 o
= o
S ep
o1 e
01+ o
O 5 115225 3 35 7

Time (Hours)

Negaﬁve Correlation As one set of values increases, the
other set decreoses.

not necessarily every value

For example, the speed of a car
ond the time it tokes to ge+ to o destination:

N
[ ]

704 ‘

60+ o o :
- A & Q
& S0F °
»
o 404+
vy ° . —

304 ———— T—

204 ° o Sy

[ ]
04 °
O 5 1145225 3357

35‘ Tirne (Hours)



No Correlation The values have no relationship.

For example, a person's shoe size and their musical ability

N
° L]
T °
o 104 ° °
N e} ¢
< o .
o [ ]
—< 7 ° f
(%o ¢4
54 ° -
12 34 5¢ 17
Musical Ability
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1. Answer the cluesﬁons based on the +wo—w09 t+able below.

WECK vour FHIOLILEREE

. School . Not on school . Total
] swim teom ! swim teoam ] !
| Summer 1 4 (12 + 4) = 16
lifequard
Not o summer | 8 20 (8 +20) =128
lifeguard

TOTAL (12+8)=20 (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 ore
also summer lifequards?

D. What conclusion can Yov make £from the information
about a student who is on the swim team in the table?
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2. # bookstore asked its customers how many books they
bought in the past six months. The answers were 3,5, 6,
48,54412531245,12,5 and 4. Create a line plot of
the data the bookstore found.

3. Answer the qyesﬁons based on the his’rogram below.

VIDEO GAMES OWNED

35 e 3
"E 30 +
LY
:,’ PSR
(V2 1
< 20
. 5T
L 10
£
= 5

0

0-5  6-10 115 16-20 225
Number O'F GGMGS

A. How many students were surveged?
B. In which interval does the grea+es+ €requencg occur?
€. How many students have no more thon 15 video games?

4. Make o box-and-whisker plot of the dota set: 5,1Z, 4, 6, 0, 20,
14,14, 12, and 15. Then complete the questions about the plot.
A. What is the range?
B. What is the median?
€. At what number does the lower quartile begin?
D. At what number does the upper quartile end?
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) 4

In each of the following scatter plots, stote whether
there is a positive correlation, a negative correlation, or
no correlation.
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CLECK Your QIUSWERS

1. A. 4
B. 8
.12
D. A student who is on the swim teom is more like|9 to

also be a summer lifeguard.

2. BOOKS PURCHASED OVER SIX MONTHS

X
X X
X X X
X X XX
X KX XXX X
S S S S S S S S S 4
01 2 3 &5 6 7 8 910

Nuhnber o'r Books Bougltf

3. A. 20 + 35+ 25 + 15 + 5 = 100; 100 students
B. interval ©6-10 gomes
€. 80 students
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. The range is 20.

The medion is 12.
The lower quar+i|e begins ot 5.
The vpper quartile ends at 14.

) Negaﬁve correlotion

No correlation
Positive correlotion
Negod-ive correlotion



Probability is the likelinood that an
event will happen. It is a humber
between 0 and 1 and con be written
as a percent.

. CERTAIN
A higher 100%
number meons
thot there LIKELY
‘ 15%
iS a grea’rer
likelinood thot
50
on event 50 CHANCE
_ 50%
will happen.
UNLIKELY
25%
0% IMPOSSIBLE

Probability = how
likely something
will happen

100% or 1: Certain event
- O

The sun will rise tomorrow.

50% or 0.5: Equal chance it
will or will not Imaﬂaeh.

'©

The coin will be “heads.”

0% or O: No clxance it will
Laﬂaen at all. Imrossible.

We will see two moons in our sky.
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When we £lip fwo coins they could
land on heads or tails.

The ACTION is whot is happening, flipping 2 coins

The OUTCOMES are all 0§ | coins landing on heads, heads and
) tails, or coins landing on tails
the possible results.

The EVENT is any outcome heads and heads, heads
and tails, tails and tails
or group of outcomes.

When we £lip a coin, both ovtcomes are equally likely to
occvr. This feature is called RANDOM.

When trying to £ind the probability of an event (P), we vse
a ratio to f£ind ouvt how likely it is that the event will happen.

‘Probabili‘rg(‘éven’r) - humber of favorable ovtcomes
number of possible ovtcomes

SERAMPLE: ' \Whot is the probability of a coin landing
on heads?

'Probabili’rg(evenﬂ - humber of favorable ovtcomes
number of possible ovtcomes
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—-—

The number of €avoroble ovtcomes
(landing heads) is 1, and the number
of possible ovtcomes (landing heads
or landing tails) is Z.

w‘mf we want to lmﬂaen

P(Heads) - % - 50%

So, there is a 50% chance thot the
coin will land on heads.

EXAMPLE: \what is the probability of the spinner landing

. on blue, considering that the color groups are of equal size

. and shape?

. There is a 20% probability that
. the spinner will land on blue.

Probobility(Event) = number of favorable ovtcomes
number of possible ovtcomes

P(Blue) = % - 20%
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- EXAMPLE: \Whot is the probability of the spinner landing
on blue or yellow? “or” and “and” mean add the probabilities

number of favorable ovtcomes
number of possible ovtcomes

‘Probability(Event) =
P(Blue or yellow) = = = 40%  blue + yellow

There is o 40% probability thot the
spinner will land on blue or yellow.

If o probability question is more complicated, we can make
a table to list the possible ovtcomes.

EXAMPLE: Kkevin flips a coin twice. What is the
probability that he will £lip heads twice?

Step 1: Make a table that lists all the possible combinations.

Ovtcome of Ovtcome of Combination of
the 1st £lip the Znd £lip the Z £lips
heads heads 1 heods

heods tails 1 head, 1 +ail
tails heads 1+ail, 1 head
tails tails Z tails
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Step 2: Use the formula.

Probability(Event) = number of favorable ovtcomes
number of possible outcomes

P(2 heads) = % - 254

The probability that kevin will £lip heads twice is 25%.

& SAMPLE SPACE is the collection of all possible outcomes
in an experiment. The sample space for Kevin's experiment
iS heads, heads; heads, tails; tails, heads; tails, tails. When
all outcomes of an experiment are equally likely to occur
and an event has two or more stages, it is helpful to draw o
TReE DIAGRAM.

A& TREE DIAGRANM is o visval representation that shows all
possible outcomes of one or more events.
"EXAMPLE: Tf 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

Ist roll l Ist roll ‘
2 2

| 3 13 3
i Y

5 5

6 6

| |

2 2

2 B 5 3
* 4

5 5

6 6

! |

2 2

%) 3 6 3
* Y

5 5

6 6

Double twos

Then use the probability ratio:

“Probabilitu(Event) = number of favorable ovtcomes
J number of possible ovtcomes

0f the 36 possible ovtcomes, there is a total of 1 outcome
that has double twos.

rounded to
"Probability(double twos) = . 2.8% the nearest tenth
36 of a percent
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The FUNDAMENTAL COUNTING PRINCIPLE states thot if
there are a ways o do one +hing, ond b ways to do another
+hing, then there are a - b ways +o do both Jrhings.

For example, if a jocket comes in 3 colors and 4 sizes, then there
are 3 x 4, or 12, 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: # coin is tossed 3 fimes. How many
arrangements of heads and tails are possible?

2 choices (heads or tails) and 3 tosses

1 x 3 = (p possible choices
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- EXAMPLE: You have 5 pairs of pants and 6 sweaters.

How many ovtfits con 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
hoppening.

gvent Complement

win lose

floot Sink

heads tails

Probability of an event + probability of its complement = 1
OR

Probability of an event + probability of its complement = 100%

In other words, there is a 100% chance that
either an event or its comPlemenf will lmPPen.

EXAMPLE: If the chance of winning the competition is
45%, then the chance of not winning the competition is 55%.

45% + 55% = 100%

3N




- ERAMPLE: The probobility that a student in your closs 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.
Plright-handed) + P(left-handed) = 100%

82% + P(left-handed) = 100%
Plleft-handed) = 18%

So, the probability that a student
is left-handed is 18%.

CHECK YOUR WORK:

Does ?(righ’r—handed) + P(left-handed) = 100%?

82% + 18% = 100%
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@ CLECLYour [OLEDCE

Use the spinner to answer questions
1through 3.

1. What is the probability of
landing on red?

2. What is the probability of
Iomding on 9ellow or red?

3. What is the probability of not landing on blue?
4. # six-sided number cube has faces with the numbers 1
through 6 marked on it. What is the probability thot the

number 6 will occur on one toss of the number cube?

5. Kim has b types of ice creams and 4 toppings. How many
different kinds of sundaes can she make?

6. The probability that an athlete on a local basketballl

team is taller than 6 feet Z inches is 15%. \What is the
probability of the complement?
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CLECK Your QIUSWERS

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 blue is 80%.

4. The probability that & will appear is % or 161%.

5. Kim can make 74 kinds of sundoes.

6. The probability of the complement is 25%.
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EVENTS

A COMPOUND €VENT is an event that consists of two or
more sing|e events.

/ single event + single event = compound event

T —

# 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
o Six-sided die at the same time.
Whot is the probability of Droke
getting a tails on the coin and
o 5 on the die together?

event & = coin landing on tails

Event B = die lQnding on 3 desired outcome

T

First, £ind the probability of the coin landing on tails: %

P = % Fossible outcomes

Second, find the probability of the die landing on 3: %

-1
P®) = -
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Then, multiply the probabilities to find the probability of both
landing on tails and on 3.

P# ond B) = P(#H) « P(B)

L y
L Tz " Opprox. 8%

X

1
7

The probability of Drake tossing a coin and getting tails
ond rolling o die and geHing 3 is about 8%.

The example can also be shown as:

\
g
Tails 3
Y4
5
6
\
2
Heads 3
Y4
5
6
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- EXANPLE: Lisette places 10 index cards in a jar. On each
of those index cards is written a letter from A through J
Lisette places 5 index cards in a second jor. 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 that Lisette will draw the letter C
and the number 57

Event A = dmwing the cord with letter C
Event B = drawing the card with the number 5

P# and B) = P(A) - P(B)
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DEPENDENT
EVENTS

A 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 and B are dependent events, then
P(A, then B) = P(R) - P(B, after #)

EXANPLE: Jomol has a bag of 3 red and 6 yellow
gumballs. He removes one of the gumballs ot random from
the bag and gjves it to a friend. He then takes another
gumball at 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 gumball
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umber of red qumball
P(#) = Plred gumball) = % nume R

i "’o"’a' nuhnber o'F 9uhnba”5

050

- _ i number of yellow 9umba“s
P(B) = P(yellow gumball) = 3

total number of remainin

gumballs (there is 1 less

@%;O 'Hmn be‘for@)

Plred gumball, then yellow gumball) =

The probability of Joamal picking a red and
then a yellow gumball is Z5%.

©
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- EXAMPLE: Two cards are drown from o deck of 52
cards. The first card is drawn and not replaced. Then a
second card is drawn. Find the probability of drawing an
ace and then another ace: Place, ace).

The oce is chosen as the first card. There are 4 of each
fyPe of card in a
So, there are 51 cards left and 3 of deck of cards.

them are oces.

| _A4 3 1 s
| Ploce, ace) 57 x 5T " 7652 - 27 045%

The probability of choosing an ace and then another ace
iS 045%.
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For problems 1+hrough 3, determine whether the events are

WECK vour FHIOLILEREE

independent or dependent.

1. Picking a red marble from a bag, and without reploacing
it, picking another red marble from the same bag

2. Choosing two names from o jor withovt replacement

3. Rolling 7 number cubes ot the same time and geH-ing
o b on each of them

§. Tomara tosses Z coins. What is the probability thot both
coins will land on tails?

5. Two cards are drown from o deck of 5Z cards. The first
card is not put back before the second card is drawn.
Whot is the probability of:

A. P(ock, then king)
B. P(red Z, then black 2)

6. There are 5 cards numbered 1 +hrough 5. Som selects a
card, doesn't replace it, and then selects again. What is

P(, then 3)?
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1. Luis has o set of 4 cards made vp of 1 yellow card,
1 purple card, and Z black cards. He 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. €van has 3 red markers, 4 green markers, 1 yellow
marker, and Z black markers in his pencil case. He 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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CUECK Your QISWERS

1. Dependent event

2. Dependent event

3. Independent event

1 1 S

= x 7 =7 probabnn‘g is 25%
4 04 . 1o |

YA 51 2651 (0(03

/A Z __4 _ 1 G .
B. 57 X 51 " 7667 b(ps,probablh‘rg is approx. 0.15%

; probability is approx. 0.6%
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A PERMUTATION is an L Per'rnufa'h'on- is 'l:ke an
ordered Comb'ha'hoh.

Ourrou‘\gememL of Jrhmgs in
which the order IS important.

A COMBINATION is on Ourrour\cy.memL in Which order is NOT
important.

/ Think: Permutation = positioning

T —

PERMUTATIONS WITH
REPETITION

When an arrangement has a certain number of possibilities (n),

then we have thot 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 armngemeM wovld
be 3x3x3x3

Choosing a number (r) of a set of objects thot have n

different types can be written as n". nurmber of times

number of Hn'ngs to choose from

For example, if we want to create a 3-digit number, where
each digit can be chosen from the numbers 1,2, 5, 4, or 5,
then the permutation wovuld 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: Moyo can write o 5-digjt code from

10 possible numbers to set the code on her lock. For each

of Maya's selected numbers, she can choose from the digits
0,123,456 1 8 and 9. How many possible permutations
can Maya choose from?

Since the order matters and Maya can repeat the digjts:
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10 x 10 x 10 x 10 x 10 or 10° Mdyd can clwose from
10 digi"'S for each of

her 5 code numbers.
Maga con choose from

100,000 permutations.

HEY, CAN YOU
HELP ME WITH MY
PERMUTATION LOCK?

PERMUTATIONS WITHOUT
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 @ colored 83 @
Sha™

beads be selected if we do not want
to repeat a color?

The choices are reduced each time. So the first choice is 6,
ond the second choice is 5, and the third is 4, etc.

bx5x4x3x2x1=7120
There are 120 permutations. We can write this mathemotically

using FACTORTAL FUNCTIONS.
3817



The factorial function (!) means to multiply all
whole numbers from a given number down to 1.

This is read as 7\

“five factorial” 5Hlmeans5 x 4 x 3 x 2 x |

Note: 0! = 1

FACTORIAL FUNCTIONS: There is no repetition of choices,
and order matters.

EXAMPLE: Nico displays

1 medals in his room. In how
many different ways can Nico
arrange the medals in a row?

MT=Txbx5x4x3x2x1=5040

There are 5040 different ways that Nico con arronge his
medals in o row.

To select fewer than the total number of objects when order
motters, use the formulo:

number off/'»ings n'

number O'F

to choose from (n —r)l objecfs chosen
\_/‘ e —
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So if we wanted to select only 3 0f the b beads from the
earlier example, we covld write the number of permutations as:
! o bx5x4x3x2xA

G-~ 3" CEVAT, =120

T‘;ere are 120 Perhnufd'“ohs.

There are other ways to write this PERMUTATION FORMULA:
Pn,nN < ,P

This means the number of permutations of n things taken
r ot a time.

So, P(6, 3) or ,Ps represents the number of permutations of
b things token 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 sundoe?

sP5 or P(5, 3) means 5 things taken 3 at o time, or 5 x 4 x 3,

There are 60 different sundaes thot Jordon can moke.

389



COMBINATIONS WITHQUT
REPETITION

A combination is a group of objects in which order does not
motter.

The combination formvula is a modificotion of the
permutation formula:

\We caon also use the notation C(n, r).

Use permutations to find the number of combinations.

First, £ind 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?

-
n“r — 1
r number of Permufafions b
| Pickihg 4 numbers from g)’
8elelb5 1680 _
4371 74 10

number of Permu‘f’a"‘ions
i of 4 humbers



| EXAMPLE: Joz is having dessert at a restavrant.
She wants to choose the combination plate, which allows
a choice of Z different
desserts from a menv of
4 desserts. Jaz can choose
from cheesecake, apple
pie a la mode, chocolate

mousse, a cheese plate
and o £ruit plate. From
how many dessert

combinations can Joz choose?

Step 1: Find the number of permutations by selecting a
certain number of objects.

Step 2: Divide by the number of selected objects.

_ P _ permutations of Z from 4 _ 4.3 _ 12 _ b
r! permutations of Z -1 1

n>r

Jaz can choose b dessert combinations.
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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?

WECK vour FHIOLILEREE

2. How many ways are there to arronge 5 books on
o Shel§?

3. # keypad has 10 digjts. ow many 4-digit personal
identification codes can be made if no digit is repeated?

Y. Three students are s+omding in line. Hrow many different
ways can the students arronge 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 can he choose
o group of 3 T-shirts if he doesn't repeat any T-shirt?
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1. How many ways can you choose 7 beach balls from
o Selection of 20 beach balls?

8. A team is choosing its uniform colors. They can
choose from red, gold, black, green, purple, silver, blue,
orange, white, and red. fow many different Z-color
combinations covld the team choose?

ANSWERS 393



CLECK Your QIUSWERS

1. °lx8x'l=504wags

2. BX4x3XZXl=1ZOw093
3. 10x9x8x7=5040
L} 3XZX1=(0\)U09$

5. Since order moatters we use permutations:

n‘P,=(5'r_’—!3)!=5x4x3=(oOwags
6. Since order doesn't matter, we vuse combinations:
nCr = %=5C§=SX4X g’;i’;? = ("(‘? =10wags
T Gom A = 0, = 22T - 380 1 190 woys
8. G- % - qz_o - 45 different combinations
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Chapter &Y

RELATIONS AND
FUNCTIONS

A RELATION is a set of input and output 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 alll
the output elements is called the RANGE.

A FUNCTION is o mathematical relationship between
two variables, an INDEPENDENT VARIABLE

ond o DEPENDENT VARTABLE, S —
where there is only one ovtput unaffected by
for each input. You can call other variables

the valves input and output, .
depends on the
independent
the outfput is represented by variables

or x ond y. (In many cases,

the y-valve and the inputis
396



represented by the x-valve. But

this is not always truve.)

In o 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.

You con represent a
function in o toble, in
o graph, in words, or
as a diagrom.

Relations can be any kind of relationship
between sets of numbers, but functions
are a special kind of relation where
there is only one y-value for each x-value.

SERAMPLE: TIs the relation (-4, -2), (1, 4), (0, b), (Z, 10) o function?

Use a diagram to show the relationship between all the
volues of the domain and all the valuves of the range.

Domain (I'hpuf)

Rahge (ouf,;uf)

-4 >
-1 > 4
0 >0
2 >10

3917




€ach input (in the domain) has only one ovtput (in the range).
This relation is a function becavse all the input values
are unique.

EXAMPLE: TIsthe relotion (5, 8), (-2, 1), (-3, 6), (-2, -4) a function?

Use a diagram to show the relationship between all the
valves of the domain and all the valves of the range.

Domain (ihruf) Rahge (OM','Puf)

The x-value -2 -3 -4
rePea'l's, B i >/
(-2, 1) and —> |

(-2, -9). =] ~ A

This relation is not a function becavse the input -Z has more
than one output. There are x-valves that repeat.
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! EXAMPLE: TIs the relation (6, 0), (-2, 1), (1, 5), (-3, 1) a function?

Domain (;hru"') Range (ou',',:u"’)
-3 0
A
5
The y-value 7
b 1 Y repeats, (-2, 7N
and (-3, 7).

This relation is a function becavse each input (in the domain)
has only one output (in the range). All the input values 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 x-values to repeat.
It IS okay for the y-values to repeat.

30614
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" EXANPLE: Ts the relation (-8, -1), (2, -1), (11, -4), (11, 5)
o function?

Domain (inFu'l’) Range (ouffu'f)

This relation is not a function becavse the input 17 has more
than one ovtput.

Another way fo easily determine i a relation is a function is
o graph it on the coordinate plane and do o VERTICAL LINE
TEST (OR VLT). This is o test where yov draw any verticol
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-valuves

repeat, and a relation is a function i€ none of the domain
numbers (x-coordinates) repeat:
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Vertical line tests:

» N
L 4 L 4
FUNCTION FUNCTION

L 4 L 4
FUNCTION NOT A FUNCTION

AN
N
/v

NOT A FUNCTION NOT A FUNCTION

N
N
A 4
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EXAMPLE: Is the relotion shown in the table below

o function?
DOMAIN (» RANGE (Y
-4 8
-1 4
0 0
-4
4 -8
Y/~
Groph the relotion on the K ¢
coordinate plane. ;
5
Then vse the vertical line e "
test to check if the relation 3
is a function or not. T
) _
Is this o function? RN Wi r“ t ¥
-2
This relation is a function -3
becavse it passes the VLT. : A
-6
This means that all the 3
valves in the domain \/—8

are uniqye.
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EXAMPLE: Is the relotion shown in the table below
o function?

DOMAIN (x| RANGE ()

-5 3
-5 b
-1 3
1 5
7
o
Y
Groph the relation on 8
the coordinate plane. ; )
s e
Then vse the vertical n
line test to check if the @ g 3
relation is a function z 1
or not. L .| RN
Vs o4 3 o2 _|\z3urs’x
Is this a function? ,-2
N

This relation is not o 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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For problems 1+hrough 4, state whether or not each of the
given relations is a function.

WECK vour FHIOLILEREE

1. (3,5),(2,0),(1,8),02,1

2. (4-9,(8 1,(-512),(8,0)

3. (=06, 37), (41,59), (59, -1.8), (-1.3, 8.2)
4. (0,-5), (8, -1),(0,5)

For problems 5 through 8, state whether or not the graphed
relotion is a function.

N
4




ANSWERS
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CLECK Your QIUSWERS

1. This is o function becovse none of the x-valves gg/
repeat. -

‘—v\\/

2. This is not o function becovuse the x-valve 8 has more
than one y-value.

3. This is a function because none of the x-valves repeat.

4. This is not a function becovse the x-valve O hos more
than one y-vodue.

5. r Yes, 6. N Yes,
becovse becoavse
it passes FF it passes
the VLT. the VLT.

1. N No, 8. Yes,

.. itdoes ™ ~ " becouse
«—F==> not pass it passes
the VLT. 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.

= T

f(x\) = -lx + q :,:l}.":;.;'.'.“d as
/ ihPuf vd,ue

Name of function oufPuf value

We usually use the letter f o 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 ouvtput.
- jo71



For example, f(x) = -3x + 10 when x = Z means we need to
find the valve of f(x). We substitute the given valve into the
input to £ind the ovtput.

£xX) = -3x+10 First, substitute Z for the variable x.
£(2)=-3(2)+10

f(2)=-6+10 Then, calculote.

rePresenfs “therefore”

R AVAER!
- EXAMPLE: evalvate g(h) = h* - 1when h = -3,

g(h) = h* -1 >Subs+i+u’re -3 for h.
g(=3) = (-3} -1

9(—3) =9 -1 Calculote.

- g(-3)=8



Sometimes the input can be an algebraic expression, but the
steps are still the same.

. ERAMPLE: €volvate f(x) = 2x+ Twhen x=3a+b
fx)=2x+1 Substitute 3a « b for x.

fBa+b=23a+b+1 Use the Distributive Property to
calcvlate.

s f(Ga+b=6a+1b+1

T

| EXANPLE: €valvate j(p) = Zn - 3p when p = 5m + 2n.
| j(P=1n-3p Substitute 5m + 2n for p.
jGm+2n) =2n-365Em+ 1n)
- jGm+1n) =12n-15m-bn
Distribute and then combine

[ like terms.
0 jGm+1n) = -15m - 4n



\We can vse function notation to solve for an input valve.

EXAMPLE: If f(x) = x- 9, find the volue of x where
fx) =1

This is what we're Solvihg for.

fx)=x-19 Substitute 11 for £(x).
N=x-9 >

N+q9=x-9+1 #dd 9 to both sides to isolate x.

s x=120 input value

EXAMPLE: If g(x)=3x+5, find the value of x where
g(x) = 1Z.

g(x) =3x+5 Substitute 12 for g(x).

12=3x+5 i

1=73x

1.6 o, |

3 =73 Divide b93+o isolote x.
.1
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ﬁj&MJJ.L; If j(x) = ZX_I_S, find the value of x where l

jox) = EX=2 > Substitute -3 for j(x) y

2. 2x-5

| 3 7 > [
| 30 - 2227 & Multiply both sides by 1. I
1 I
| 21-2x-5 Add 5 to both sides.

|

!_ -6 = 2x N
|

i_ ]
|r SoX=-8 [
e ——
;_ELAMLLE:_ If p(a) = at - 5, find the valve 0f a where 8
| pla) =1 |
l I
: pla)=0at-5 . Substitute 1 for p(a) [
| N=a-5 #Add 5 to both sides.

.[

I[ 10 = at Toke the square root of both sides. N
II_ ]
I_.'.a=4or—4 4x4=1ond (-4 x-4) =16 [
|
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For problems 1through 5, evalvate each function.

WECK vour FHIOLILEREE

1. £(x) = x -1 when x=5

2. g(x) = -bx + 9 when x = -2
3. h(a) = a’ + 4 when a = -3

4. K(p)= p*-5pwhen p=0

5. j(¥) = Ax” - bx + 1 when x = -2

For problems b through 10, £ind the valve of each of the
following variobles.

6. If £(x) = x + 3, £ind the valve of x where f(x) = -2,

1. Ifmn)=-9+ %n, £ind the valuve o€ n where m(n) = 3.



81+
3

8. If p(t) = , find the valve of twhere p(f) = -3.
9. I€ K(s) = s - 7, £ind the valve of s where K(s) = 18.

10. If j(a) = a® + 11, £ind the valve of a where j(a) = 38.

ANSWERS 413



CLECK Your QIUSWERS

. fEB)=-2

L

RS

. g(2) =121

o

. h(=3)=13

o

. k6) =0

W

L j2) = 49

6. x=-5

1. n=174

8. t=-2

9. s=50r-5(x5=250and -5 x -5 = 25)

10. a =3




Chapter 5T

APPLICATION
OF FUNCTIONS

Functions con be graphed and evalvoted. 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,

#n example of a nonlinear function is a QUADRATIC
EQUATION. In o quadratic equation, the input variable (x)
is squared (x2). The resultis a PARABOLA, which is o

U-shaped curve. " More on this later!

»

> &
r 4 €

v

Parabolas

915



To make an input/ovtput chart and groph y = x%, calculate the
given input data to find the output. Use the values to plot a
coordinate point.

INPUT FUNCTION OUTPUT | COORDINATE POINTS |
(X) y=x (Y (x, Y
3 y-(3p q 3,9
-7 y=(27 4 (-2, 4
; Y= : 1)
0 y= Oy 0 ©,0)
1 y= (r 1 )
2 y- @y 4 (2,4
3 y=0r q (3,9

Y~
10
This is not a q Py
Sfrdig‘lf “he,
soitisa ¢
nonlinear 7
function. 6
The iuddra'“c s
function results é
ina Farabola. #
3
\) 2
(] | @

L AN
N -\1\23%5’9(
-



2(-2) -1 1 -2,7)

24) -1

<« <« <«
]
—~J

2(-1% -1 1 1,1

2 -1

«c <« <«
"o

2(0)2 - 1 - ©, -1)

2(0) -1

<« <« <«
]
|

2% -1 1 1L
2 -1

«c <« <«
"o

2(2) - 1 1 @

24) -1

n
—~J

<« <« <
n
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a Parabola ‘

Groph y = x*> by making a table that shows the
relation between some input x-valves and y-valves.

y=-l

INPUT FUNCTION OUTPUT | COORDINATE POINTS
(x) y=x (Y (x, Y
-2 y=(2p -8 (-2, -8)
y=-8
-1 y=C12 -1 (-1, -1




Nonlinear
functions can
take many
SAGPCS.




Nonlinear functions can also be vsed to describe real-life
sitvations.

EXAMPLE:  Jovier 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 times is the roller cooster ot o ol = =i
o height of Z00 feet above sea level?

Note: For each coordinate, the x-valve is the number of
seconds, ond the y—value iS the heigh‘r in feet.

Y
~ (6,200) (18,200)
00 + o
150 +
—
i 00
(9,70) (21,70)
] L [ ®
X1 /@370 (15.70)
1 (12,0) (24.0)
:(O'O) ¢ o —t ——t ?x
-5 T 5 10 15 20 25

SECONDS

Sea level
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The graph shows thot the roller coaster reaches a height
of 200 feet twice.

The roller coaster is 200 feet above sea level ot b seconds
ond ot 18 seconds.

Approximately ot what height is the roller coaster after
1 seconds?

Since 1 seconds is between 6 seconds and 9 seconds, our
onswer needs 1o be in between 200 feet oand 10 feet.

After 1 seconds, the roller coaster with Javier
is ot approximately 115 feet above sea level.

q21



INPUT FUNCTION OUTPUT | COORDINATE POINTS |
(x) y=xt-3 ) Xy
-1
-1
0
1
2

2. Complete the table. Then groph y = 7'x3 + 4,
INPUT FUNCTION OUTPUT
() U=t x3.4 ) (x, y)
J 12 J J

-1

-1

0




For problems 3 through 5, use the information provided below.

Toanya leaves her home and walks to the park. She rests ot
the park for a while and then runs home. The graph below
displays the distance thot Tanya is away from her home (in
miles) after a specific amount of time (in hovrs).

Y
'S

MILES
-....mw.;:mﬁ

e

4.0 1 2 3 45 6 7 8 910 1
HOURS

3. How far oaway is Tomga from her home ofter 5 hours?

. Approximately at what fime is Tanya 3 miles away
£from home?

5. After how many hours does Tomga orrive home from
the park?
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CLECK Your QIUSWERS

1.

INPUT FUNCTION OUTPUT | COORDINATE POINTS
(x) Yy=xt-3 (y) (x, Y
-1 y= (<2t -3 1 (<2,

Yy=4-3y=1
-1 y= -Nt-3 -1 (-1, -2)
y =1- 3'. y =-7
0 y= 0r-3 -3 0, -3)
y =0 - 3; y =-3
1 Y= m:-3 A (1,-2)
y= 1-3 Y= -1
yA y= (2r-3 1 2,1
y =4 - 3', y =
Y
L b
3




(SYJRCREINY PR

M+4

INPUT FUNCTION OUTPUT | COORDINATE POINTS
(x) Y= %x’-‘ +4 ) (x Y
7y erre 0 (-2,0)

Y= %(—8) + 4
y=0
1
- = (P4 1 a4
et T B
Y= %(—1) +4
1
4°2
0 Y=o Or 4 4 0,4
Y= 504
y=4
1 = (P4 a 2
Y 7 0.5
Y
Y

l
|




INPUT FUNCTION OUTPUT | COORDINATE POINTS

(X) y= 7x3 +4 (y) (x, Y
2 y- 5 @r4 g 2.8)
Y= %(8) +4
y-= 8

3. 3 miles
§. Approximately 4 hours and 9 hours

5. Tomga arrives home 10 hovrs loter.



:  Polynomial 1
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Chapter 48

A%%M@ AND

# MONOMTIAL is an expression that has 1term.
For example: 38m

mono = one

# BINOMIAL is an expression thot has Z terms.

For example: -1y « % bi = two

# TRINOMIAL is an expression that has 3 terms.

, 3
For example: 8a” - = ab + bb* PE——

Expressions can also have more than 3 terms.

A POLYNOMTAL 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).

§28



MONOMIAL BINOMIAL: TRINOMIAL:
A TYPL OF A TYPE OF
POLYNOMIAL POLYNOMIAL

Examples of polynomials:

m Y+ o

8a? - %ab+ bb?

*/?xyf - %abc—" +lk-4m+ 106
Expressions can be simplified by combining like terms.

In the same way, we can simplify polynomials by combining
like ferms using oddition and subtraction.

N
Like terms have the same

variables (sometimes with more
than one variable, like 7ab)
raised to the same powers.
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To add or subtract polynomials:

Step 1: 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, ZZx +5x>+ b —> 5x3+722x+ 0.

Remember the Distributive Property!

A positive sign or a negative sign in front

of a polynomial is just like distributing 1or -1:

-(x - °|y) = -100x - °|y) = —1x+ Y The result has no parentheses.

X

! EXAMPLE: Find the sum and/or difference.
| (3x + 54 + (1x - Ay). Simplify your answer.

= (3x+5y) + (1x - 9y)  Distribute the + sign to both 1x and Ay |
+(1x) = 1x oand +(-9 Y=y
=3x+53+'|x-ﬂy

=3x+Ix+5y -y Simplify by combining like terms.
3x +1x=10x and Sy - ‘ﬂy = -4y

=10x - 4y
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. EXAMPLE: Find the sum and/or difference.
(Ba? + Na) - (190 - 5). Simplify your answer.

= (8al + 11a) - (19a - 5) Distribute the - sign to both 19a and -5.

Subtract by adding the opposite of the
subtrahend. -(190) = -19a and -(-5) = 5

=8ar+1la-190+5 Simplify by combining like terms.

Na - 19a = -8a
=8al-8a+5

- EXAMPLE: Ffind the sum and/or difference.
(3m* + n) - (5n - bm?). Simplify your answer.

=(3m* + n) - (5n - bm?)  Distribvte the - sign to both
5n ond -bm?.

=3mLt+ n-5n+bmt

=5mt+ bm* + n-5n Simplify by combining like terms.
n-5n=-4nand >m* + bm* = AIm*

=Amt - 4n
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| EXAMPLE: Find the sum and/or difference.
(90 +10b+ 140) + (Ba + 2b + 50). Simplify your answer.

=(9a +10b+ 14c) + (Ba + 2b+ 5¢) Distribuvte the + sign to
8a,2b ond 5c.

=9 +10b+14c+8a+2b+5c

=9a+8a+10b+72b+14c+5¢c Simplify by combining
like ferms.

=1Ta +12b+ 19c
“EXAMPLE:  Ffind the sum and/or difference.
(0a + 9at - 6) - (5 + 4a + Z.ba?). Simplify your answer.

=(0Ja+9at - 06) - (5+4a+2.6ab) Distribute the - sign to
5, 4a, ond Z.ba?.

=0Ja+9at -6 -5-4a - 72.6a*

=0Jla-4a+9a*-206a*-06-5 Simplify by combining
like terms.
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= -33a + b4a? - 1

- 4ot - 330 - 1 ey Always write your answer
n descehdlhg ord!r.

. EXAMPLE: Find the sum and/or difference.
(3m* - bn + Imn) - (Amn - 4) + (Zn + 8m* - 1).
Simplify your answer.

= (3m? - bn + Imn) - (Amn - 4) Distribute the - sign to
+(2Zn+8mt - 1) 9Amn and -4, and the
+ sign to 2n, 8m%, and -1.
\_/

=3mt - bn+ IMN-9MmMn+4+2n+8mt -1
=ML+ 8Bm - bn+2Zn+ Imn-9Amn+ 4 -1
=Mt -4n-1mn+3

Don't forge"’ to sort your variables
=M -Imn-4n+3 alrkabef,’caﬂy: mn comes before n.
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EXAMPLE: Jared hos a rectangular block of wood.

He wants o measure a piece of string thot wrops around
the perimeter of the block of wood. However, Jared doesn't
have o 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 thot the width of
the block of wood is the same as 4 pens put end to end.
Find how long the string should be.

Let e represent the length of an eraser.
Let p represent the length of a pen.

The |enc3+h of the block of wood is: 9« e = 9e.
The width of the block of wood is: 4 - p = 4p.

Perimeter = Ieng’rh + width + Ieng’rh + width
9

b b

=9e+4p+ e+ 4p

=18e+ 98
P 9e

Therefore, the length of the string is: 18e + 8p.
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@ CLECLYour [OLEDCE

Find the sum and/or difference of each polynomial and

simplify Yyour answer.

1.

10.

(3xE - bx) + (4x* - 11x)

(3K - 8) + (-4k - 5)

Bw?-52- w2*) + (Bw2® + 4w?)
(Zp* - 5pg* + 1pg) + (1p*q - 4pq - 3)

(Bx - 5y) - (Ix - AY)

- (m + 00y - ) - (by + m° - 12)

(bz + At + 112) - (412 - 312 + 52+ 8)

(- 5+4st-T#2) = (s + 5P - (o5t - -+

(ba® - Tabc + Abtc - 8) + (5b*c + Babe - 4) - (4a° + Aa* - 3ab)
Adam is finding a square's perimeter. ke discovers that the

length of one side is the same length as Z pennies and 5

dimes set side by side. Whot is the perimeter of the square?
ANSWERS 435



CLECK Your QIUSWERS

1. Ixz -1x

2. 3K -4k -13

3. 12w+ Tw23 - 52

4. 2p>+ Np*q - 5pq* + 3pq - 3
5. x+4y

6. bm®-53y+ 1l

1. 1242+ 342+ 2-8

8. -2 s-3st- Ll

9. 2a° - 9a*+ 2ab + abc + 14b+c - 12

10. If p represents the length of a penny and d represents
the length of o dime, the perimeter is: 8p + 20d.
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Chapter &9

MULTIPLYING
EXPONENTS

You can simplify numeric and algebraic expressions thot
contain more than one exponent by combining the exponents.
The only requirement is that the BASE must be the SAME.

3t - 37 CAN be simplified ——> The bases, 3 and 3, are
the same.

8%« 1* CANNOT be simplified —> The bases, 8 and 1, are not
the some.

45 + 3> CANNOT be simplified —> The bases, 4 and 3, are not

the same even though the
exponents are the same.
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Multiplying Exponents with the Same Base

You can multiply exponents with the same base by adding

xa.xb=xa+b

When multiplying exponents with the same base:
1. Write the common base.

2. ADD the exponents.

EXAMPLE: Simplify 5 . 5¢.

=61 .66 The exfaoruehfs can be added because
the bases are the same.

=b5t+é #dd the exponents.

= 58

Checlk:

BZebBl=5c5c5c5e5.5.5.5=58
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Dividing Exponents with the Same Base

You can divide exponents with the same base
by subtracting

Xa;.xb___xa-b

When dividing exponents with the same base:

1. write the common base. m

2. SUBTRACT the exponents. @

| ERAMPLE: Simplify 87+ 8°

| =g1:9° ~The exponents can be subtracted

because the bases are the same.
=813 Subtract the exponents.
. Check:

81 BeB.BeBeBeFH

= = g4
8 BeB 8 ¢

, 81:¢°=
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| EXAMPLE:  Simplify (-2)" - (-2),

= (-2)% + (-2) The exronenfs can be subtracted
because the bases are the same.

= (=2)7 =+ (-2) Whenever an exponent is not written, it
means that the exponent is 1.

= (=231 Subtract the exponents.

- (2)°

EXANPLE: Simplify 6 + 6 + 6°

= 2 = (3 = (5 The bases are the same.
= (%--5 Subtract the exponents.
= (9_2

. o 1 1
Another way to write this is: 67 = 73

We can multiply and divide
exponents in the same

expression.

Remember to use the correct
Order of Operations!
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For example: o simplify the expression 9"« 9 - 9

1.

#dd the first two exponents because the bases are
multiplied.

=qI+3 .

=qo.qz

. Then subtract the next exponent from the sum, becavse

the bases are divided.

= qo-2
©
R

Simplified:

991



LB+ (B)e (B)0 . (B + ()L
I

' (=3)1 = (=3)7 o (=3)0 & (=3)5 = (-3)L  &——The bases are the same.

= (-3)7- Ve (-3)0 ¢ (-3)5 + (-3)2 &——Subtract the first two

EXFoheh"'S.

= (3)2 o (B0« (-3 + (-3)2

(-3)2+10 4 (-2)5 + (-3)2 &——Add the difference and
the next exPonehf.

NENE T

= (385« (D)7 «——Add the sum to the

next exPonenf.

(3P + (-3)2

(=3)B-6D) &——Subtract the last exponent
from the difference.

(-3

--—-—-—------------J

r--————--————-



@ CLECLYour [OLEDCE

Simplify each expression.

1. 7.8

2. P9

3. (-12)% + (-12)°

§. 38.36 . 37

5. (-5) = (-5)e « (-5)

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= (.
Brion: 35« 37= (3 . 3)5+1 = 9L,
Celio: 35« 31=35+7= 31

Dee: 35+ 31 = 35"1= 3%

\Who is correct?

ANSWERS 493
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1. T°

CVAL

>

§. 3

5. (-5

6. Celio's answer is correct.



Chapter 50

MULTIPLYING
AN@ DIVIDING

We can multiply and divide monomials using the some
approach we use to multiply and divide exponents.

If the bases are the same, youv can simplify
the monomials.

If the bases are different, yov cannot simplify
the monomials.
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To simplify the expression a* » Zb°:

1. Look ot the bases: #Are they the same?

2. Tf the bases are the same, combine the exponents.
a®. 1b5 The two bases, a and b, are different.
=2a°b5

EXAMPLE: Simplify x2 « Zxy - x*.

xte1xy e x*

=2.ext*tey Combine the exponents for the base x.
The exponent for the y base cannot
be combined.

=1xy
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| EXAMPLE:  Simpligy 3mr*r - Smér.

Im*n'. Smén’

=3.5.m-4e(o.n’|+1

=3+5.mn"

= 15mtn?

Combine the exponents for the base m.
Combine the exponents for the base n.
The exponents for m and n cannot
be combined.

Multiply the constants: 5 -5 = 15.

| EXAMPLE:  Simplify 21x4y' - Ix*ep.

21xty° - Ix*y?
21:1=3

= Jxo-4 y1o-3

= 3xzy-|

Divide the coefficients.

Combine the exponents for the base x.
Combine the exponents for the base y.
The exponents for x and y cannot

be combined.
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EXANPLE: Simplify 30° + 10a™.

30° + 100’

5

= _05—9

10
3

= —0'4

10

To make the simplification easier fo see, youv can also write

the solvtion as:

305

5 - q_
30° + 10a 007

. 3
10a™

#n exponent inside the
parentheses and another
ovtside the parentheses is

called a POWER OF A POWER.

# power of o power con be
simplified by multiplying the
exponents. Tt looks like this:

(xa)b - xa-b

448

Mnemonic for Power of a Power:
Multiply Exponents

Powerful Orangutans Propelled
Multiple Elephants.




| ERAMPLE:  Simplify (3a'b"2.
(3albh)*
L =3"2eal"2. b2 Multiply each exponent inside the
parentheses by the exponent on
the ovtside.

, = 3gMp8

| = Qa1

- EXAMPLE: Simplify (50°b"? - (20%bP.
(5a°bY? « (Za®b)® First, expand each monomial.
= (5"2a2"2b*"2) « (2!*30%°3b'"3)
= (5*att?) - (22a®p’) Next, multiply the monomials.
= (25a°bP) - (Ba®b’)
=25.8.005. pB+3
= 20002'b"
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- EXANPLE: Simplify (2p*g)* + (4p*qP.
(Zp*q)* - 4p*q?P First, expand each monomial.
- @G + (A 3pe3 )
= (2*pq") + @*p®q")
= (1bp™g*) + (b4p®q°) Next, divide the monomials.

- - e pIZ-18, 4-b=i -b 2 ;
=16+ 64 p q 7 P*q [or 4qu2]

| ERAMPLE: | Simplify (2x'y®)* + (5x"y )2
(Zx*y®)2 = (5xY% €xpand each monomial. |
= (21 x4-(—3)y-5-(-3)) : (512 xq-zyq-z)

= (2—3 x—1Z 915) B (SZ x18 y—H)

= ( % X2y") = (ZSx‘f‘y"‘*) Divide the monomials.
_ % £76. x2-8, y15-(-14)

I _y"
700% I or 760X
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@ CLECLYour [OLEDCE

Simplify each expression. Write your answer using only
positive exponents.

1L Xyl Xy

2. 3a*brc - (-2a°D)

3. (1Zx°y®2%) + (-15x%P2)

4. (33"

5. @m3n )t (Amcnt)?

Solve.

6. Mrs. Smith asks Ming and Nathan to simplify (5a?)°.
These are their answers:
Ming; (502 = 5* - (a)° = 12508,

Nathan: (5a%) = 6 « (a):*3 = 12650

\Who is correct?
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1y'z
- XY

. —balbc*

42

5x4y"
. Axe

m"l
* n]‘r

.. Nothan is correct.



Chapter S5l

MULTIPLYING
AND DIVIDING
POLYNOMIALS

We can vse the Distributive Property to multiply polynomials.
To simplify the expression xX(x> + Ty):

XHx3 + 1Y) First, use the Distributive Property,

XA Multiply each of the terms inside the
parentheses by the term ovtside the
parentheses.

= (x2 e X3) + (x2+Y) Then, multiply exponents with the
some base by adding the exponents.

= xZ&B + _|ny

. These are NOT like terms,
= X5+ 'lxzy so ery cannot be combined.
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Multiplying a monomial (x*) by a binomial (x* + Ty) looks
like this:

XH(x3> + 13)

x? 1 Yy

xt XL e X3 = x5 \\ Xty =xty

V

Answer: xX(x3 + 'Iy) = X5+ '|ng

- EXAMPLE: Simplify a*b(ab + ab?).
= a’b(ab’ + ab') Use the Distributive Property.
=(o*b- a’b) + (a°b - ab’)  Multiply exponents by using
addition.
= (05+2b'|4'l) + (05+1b1+4)

= a’b® + a*t®
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EXAMPLE: Simplify (x + Nx + . i

1]
—~
x

+
o]
=
x

+
-
S~
I

-+*~—————-.+
|
<)

=(XeX)t(XeN+(Aex)+ (A7)

XL+ x+ 9% + 03 Combine like terms. N

= X2 + 1ox + 63 g

—

EXAMPLE: Simplify (x*y + x2y(xy - xy?). 1
| (XSy + XZy‘})(xSy'l _ xyl) |

w |
= (Y« x*Y") - (x°y = xUF) + (xty* « x°Y7) - (x2y* - xy?)

e ey j——

= (x36531&'l) _ (x3+ly1+2) + (XZ*Sy‘*t'I) _ (x2+1y4o7.) N

= xByB - x4y3 + x'lyﬂ - x.’zyb 8

e e e — — — ————



Multiplying a binomial by another binomial is also called the

FOIL Method:
¢ First, Outer, Ihher. Last

1. Multiply the FIRST terms within each parentheses.
2. Multiply the Outer terms of the parentheses.
3. Multiply the Inner terms of the parentheses.

q. Multiply the Last ferms of the parentheses.

O fer
Hﬂf {

(a+blc+d=ac+ad+ bc+ bd
Ihher
Y

ast
C d
a asC=0acC }V asd=ad
b bt &4 be Xr b+ d=bd

Answer: ac + ad + bc + bd

Notice that the FOIL Method is the same as using the
Distributive Property for multiplying two binomials!
156



We can divide a polynomial by a monomial by separating
the expression into separate fractions.

EXAMPLE: Simplify (a°b' - a®tP) + (a?t?).

(a'IOb‘r - a8b5) = (aZbS)

_a%* _ a’t®
alt®  atb®

- (a°-2p*-3) - (a8~ 2b5-2)

= a®b - atb*

<

Split into separate fractions
by dividing each of the Z terms
by a’b’.

Subtract to simplify:
10-2=8,4-5=1
8-2=06,5-5=1

<
=
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LEXAMPLE:  Simplify (8x2y" - Ax2yd) + (6xyn.

(8x~”y1 - ‘ﬂx‘ly-") o ((ox‘°y") Divide each of the
. 7 terms bg (ox‘°y".

- 8qu-| ~ Clx'quS
) x1o‘9n b x1ogn

g - (% x3-1oy1-n) _ (% X1z-1oys-") Subtract to SiMPli(:w

[ 3-10=-1,7-1-=-4
[ 12-10=2,5-1=-6

=i -1 -4_i L6 L_B_XZ
30T TN | T3y Ty
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@ CLECLYour [OLEDCE

Simplify each of the expressions. Write your answer using
only positive exponents.

1. xy(xy® - x7)

2. 3mMn(-5m + Imen*)

3. (x+ ZY3x - 4y)

4. (alb - ab)(ab + a°b?)

5. (3x5y* - xLP)(Y: + 5xU)
6. (3p*-1¢°)(Zp° +5¢%

1. (X3 « xIy) = (xy)

8. (aPb*+ a®b) + (akb?)

9. (bm°n® - 8m*n) = (Zm®n)

10. (3x5y22" - 10x¢yz + Bxy12?) + (-bx2yz*)
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CLECK Your QIUSWERS

1. X“y“ - xsy

2. -I5mPn® + 2Z1mén’

3. 3xL + Ixy - 832

4. a®b + albt - atb® - abs

5. 3x5y° + 15x°1P - x1f - 5x7y?*
6. bp*+ 15p5c29 - 4P6q5 - 1Oq‘3

1. X4yz + x5y5

8. alb+ atb’
9. 3mitnt - i@
m
_ 1 ays, OXP_ AYP
10. -9 XY2+ 35 " 3322
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Chapter 52

FACTORING
POLYNOMIALS
USING GCF

An in’reger (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.

For example, the number 1Z can be broken down into the
following factors:

lond 12: 112 = 12
Zond b:2-6=12
5o0nd4:3.4=12

Therefore, the foctors of 12 are: 1, 2, 3, 4, b, and 12.
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Many polynomials can be broken down into factors that you
multiply fogether to get the original polynomial.

fFor example, the monomial bx can be broken down into:
lTand bx: 1« bx = bx
2 ond 3x: Z « 3x = bx
3ond Zx:3«2x=0bx
b and x: b« x = bx

Therefore, the foctors of bx are: 1,2, 3, 6, x, Zx, 3x, and bx.

ﬂiiEXAHPLE: State the factors of the monomial 1t

land Ty?: 1. Ty = Ty?

Tlond y: 1. y? =Ty

Yy ond 'Iyz: ye 'lyz = 'Iy’

'Iy ond y2= ‘Iy . yz = 'IyZ’
So, the foctors of 'ly5 are: 1, 'Iy5, 1, 95, Y. ‘lyl, 'Iy, ond yz.

. We can arrange the factors in order of the exponents:

170,97y, YR y? GPond YR,
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EXAMPLE: \write the factors of the monomial bab.

1and bab: 1. bab = bab
2 oand 3ab: Z - 3ab = bab
3and Zab: 3« Zab = bab
b and ab: 6 - ab = bab
aond bb: a -« bb = bab
Za and 3b: Za - 3b = bab
3aond 2b: 3a - 2b = bab
ba and b: ba - b= bab

So, the foctors of babore: 1,2, 3, b, a, 2a, 30, ba, b, 2.b, 3b, bb,

ab, Zab, 3ab, and bab.

When finding the foactors of a polynomial, ask: "What
con be multiplied fogether o end vp with the original
polynomial?*

EXAMPLE: Tonya is given the expression ax + ay.

Tanga says, “The factors of ax + ay are: 1, a (x+ y), ond
(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:

1.(ax + ay) =ax+ay
a-(x+y)= ax +ay
So the foctors of ax + ay are: 1, a, (x+ y), ond (ax + ay).

Therefore, Tomga iS correct.

The process of rewriting polynomials into

their factors is called FACTORIZATION.

¥

g
¥
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GCF OF POLYNOMIALS

When we look ot two integers, we can ask: "What is

the greatest factor that these two integers share?" This
process is called FINDING THE GREATEST COMMON FACTOR,
or FINDING THE GCE

" EXAMPLE: Ffind the GCF of 12 and 20.
e The foctors of 12 are: 1,2, 3, 4,6, ond 12.

e The foctors of 20 are: 1,7, 4,5, 10, ond 20.

Therefore, the GCF of 12 and 20 is: 4.

We can £ind the GCF of polynomials in the same way.
| ERAMPLE: find the GCF of ax and ay.

e The factors of ax are: 1, ax/a,ond x.

* The factors of ay are: 1, ay,(a,jond y.

Therefore, the GCF of ax oand ay is: a.
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! EXAMPLE: Find the GCF of 4xy and bx2.

o The foctors of 4xy are: 1,7, 4 x/2x)4x, Y Zy, 4y, Xy, ny,
ond 4xy.

e The foctors of bxzore: 1, 2,3, b, x,2x,3x, bx, 2,722, 32, b2,
X2, 2.x2, 3x2, and bx2z.

Therefore, the GCF of 4xy ond bxzis: 2x.
Lis’ring oll the factors of a monomial often tokes
‘oo |ong.

There is o more efficient way to £ind the GCF of
+wo monomials:

1. Find the GCF of the coefficients.

2. find the highest power of each of the variables thot
appears within every monomial.

3. Multiply. The GCF is the product of the first two steps.
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- EXAMPLE: Find the GCF of 8a2b' and 12056,
Step 1: Find the GCF of the coefficients.

The coef£ficients are 8 ond 12, ond the GCF of the
coefficients is 4.

Step 2: 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 8ab' and 12a°b* contain
is at.

The highest power of b that both 8a2b' and 12a°b* contain
is b2,

Step 3: Multiply. The GCF is the product of steps 1and Z,
4. at.b®=4a2b?

EXAMPLE:  Find the GCF of 10p°q"r?, 4p"g*r?, and 9pBgPrs™:

Step 1: Find the GCF of the coefficients.

468



The coefficients are 10, 4, ond 9. The GCF of the coefficients
is: 1.

Step 2: find the greatest exponent of each of the variables
within the monomials.

The monomials share p, g, and r: Iﬁezo::a?: f;
* The highest power of p that they all contain is: p°.

* The highest power of g thot they all contain is: ¢

e The highest power of r that they all contain is: r.

Step 3: Multiply the above steps.

1.Ps.q4.r=Psq4r

FACTORING POLYNOMIALS

Once we find the GCF of several ferms of a polynomial, we
can factor the entire polynomial.

Ask 9oursel€= “T€ T factor ovt the GCF £from each of the
terms, whot factors remain?"

We use this answer fo 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 2: For each of the terms, £ind 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 1: Find the GCF of the terms ax and ay:
Since a is the only common factor, the GCF is a.

Step Z: For each of the terms, £ind the remaining factor
after you divide by a.
e For the term ax: % =

e For the term ay: an_ =y
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Step 3: Write the answer as the product o a and the sum
of x and y.

ax + ay=a(x+y)

. EXAMPLE: Foctor bxTy" - 10x*y'
Step 1: Find the GCF of the terms bx%y' and 10x*yP®,
Since the terms are (ox“y1 ond 1Ox4y‘5, the GCF is: Zx“y’.

Step 2: For each of the terms, f£ind the remaining factor
after you divide by Zx*y'.

e For the term (ox"‘y1: M = 3x5
Zx4y-|
e for the term 1Ox4y‘5 10_xy_ y
Lx'y

Step 3: Write the answer as the product of Zx*y' and the
difference of 3x* and 54°.

(px"y1 - 1Ox“y‘5 = Zx431(3x5 - Syf‘)
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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.

/—-)f'\

T
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e
<=
g
Sy
‘“

1
W | |

|
l

Polynomial multiplication Polynomial factorization

For example:

8x2y - bxL® con be factored into: Zxy(x - 3y?).
Multiplying Zxy(4x - 3y?) becomes:

Zxy(4x - 3yP) = 2xy « 4x = Zxy « Syt

= 8xzy - (oxy3
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@ CLECLYouR CLOWLEREE

For problems 1through 4, £ind the GCF of each expression.

1. cx+cy

2. 8m-6n

3. 10a%b + 8a’b*

4. 1Zmtnp* - 8mr’p® + 20mp*
For problems 5 through 8, factor each expression.

5. km+ kn

[

. 30x> - 12x3

=4

. 1ba’b? - 1202b"

. 18£29g2He - 15 £1gehE

9. Lisa wants fo fully factor the expression 1Zx7y? - Tex y*.
She factors it to Zx'y*by’ - 8x°y?). Is Lisa correct?
Explain.
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3. Zab

4. 4mp*

5. Km+ n)

6. bx*(5x* - 1)

1. 4atb“(4ab - 3)

8. 3f'g®n“(bf*g* - 5h°)

9. No, Lisa did not vse the GCF so her answer is
not €u|lg foctored.
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Chapter 52

FACTORING
POLYNOMIALS
USING GROUPING

Another way fo 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 2: 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, to fully factor

ax + ay + bx + by: | The four terms ax, ay,
y y | 6x, dhd 6)/ do nof y
Sljdre a G‘CF

1. Use parentheses to group the terms 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.
bis the GCF of the second group.

a(x + y) + blx + y)

3. Since the two terms a(x + Y) ond b(x + y) share the GCF
(x + y), foctor ovt (x + y).

(x+yla+b
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Factoring by grouping is the only way to factor the
polynomials. We cannot use the previous methods of
finding a GCF of all the terms.

| EXAMPLE: Factor Pq-3q+4p-12.

P9-3q+4p-12
= - + - Use parentheses to group the
(Pq 3q) (4P ) 'l'errnrs into two diff‘erenq' groups.
=q(p-3)+4(p-3) Since the two terms g(p - 3) and
4(p - 3) share the GCF (p - 3), factor
ovt (p - 3).
=(p-23(q+9

Be careful thot Yyour signs ore correct when you foctor
ouvt o nega‘rive sign.

For example, factor mx - my - nx + ny.

= (mx - my) - (nx - ny)

.

Rermember the rule for mu“’irlyihg infegers: - - =+
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=mx -y -n(x -y

=(x - ylm-=n) Use the correct mathematical operation.
Y P

I€ all the terms share a GCF, factor ovt the GCF first.

EXAMPLE: Foctor 1Zmén? - 8m*nt + AMEn® - bm?n®.

12mént - 8m*n? + AM3n® - bm:n®

= m*n*(12m? - 8m* + Amn® - bn)

= m:nt(Am*(3m - 2) + 3n*(3m - 7))
Do the caleulations inside
the square brackets first.

= mtnt((B3m - 2)(4m? + 3n?)

= mnt(3m - 2)(4m? + 3n3)

478
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@ CLECLYour [OLEDCE

For 1+hrough b, factor each expression.
1. xL+5x+ xy+Sy
2. 3fm- gm + bfn - Zgn
3. 10at + 14a - 15ab - 21b
4. 5ac - 15ad - bc + 3bd
5. Zm+ lam - bn - 21an
6. 30am* - 40amn + 1obmn - 12.bm*
7. Chuck is asked to foctor the expression:
8x5y" - Zx{y“ - Z4x5y4 + (ox3y1.
Line1l: = 8x5y" - 2x3’y‘1 - 24x5y‘* + (oxf’y1
Line 22 = (8x5y° - 2x3y“) - (Z4x5y4 + (ox3y1)
Line 3: = Zx5y"(4xz - 35) - (ox?’y“(‘}xz + y5)
Line 4:  The two terms do not share o GCF,

so it cannot be foctored.

Is Chuck correct? I€ not, where did he moke on error?
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1. (x+5)(x+y)

2. 3f-gm+1n)

3. (5a + N)(Za - 3b)

4. (c - 3d)(5a - b)

5. (2 + la)(m - 3n)

6. Zm(3m - 4n)(5a - 1.b)

1. No. Chuck made an error on line Z because the sign is

wrong inside the second parentheses. The correct term
should be (Z4x°y* - bx*y").
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Chapter S
?&@?@%EM@

The trinomiol o€ ax® + bx + ¢ is &= Think of a as 1. In this case,

¥, ax?, and 15* are the same.

made vp of three terms.

The coefficient, a, of the first term is 1.
The constants are b ond c.

Examples of trinomials when a = 1:
- 5x + 14 xt+x-1 X+ ox+ 1

Many of these types of trinomials can be factored as the
product of two binomials.

For example, the trinomial x% + 1x + 1Z can be factored into
(x +3)(x + 4.
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How con we veri?g thot?

I€ x2 + 1x + 12 con be factored into (x + 3)(x + 4), this means
that the reverse shovld also be trve: (x + 3)(x + 4) should equal
Xt +x + 12,

?
(x+3)(x+4)=xslx+12

/ﬂ\‘z

(x +3)(x +4)
XA

?
=xt+x+ 12

X+ 4x + 3x + 12 Use the FOTL Method.

This process proves that it is possible £or a trinomial in the
form x2 + bx + c to be factored as the product of two binomials.

How do we find those two binomials?

Let's assume that the trinomial x2 + bx + ¢ can be factored
into the product of two binomials. \We can vse shapes to
represent the unknown terms:

1. x « bx+ ¢ = (O + AXO + ¥¥) Using the FOIL Method,
we know that both [ and
O must be x, becovse
X X=XE
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2. x2+ bx+ c=(x+ A)x+ 7% Using the FOIL Method, we
“—"" know that both A and Y
U This is the "Last" oart of |« Must be constants whose
| the FOIL Method. | product is the constant ¢
becovse A - ¥¥ = c.

Xtebx+c=(x+d(x+e) Let the constonts be d and e.
Therefore, d-e = c.

Xt+bx+c= (@ e) Using the FOIL Method,
o . we know that the sum of
These are "Inner" and | v oo . ¥ =
"Outer” parts of the |~ €T EX ond d- x = dx
| FOIL Method. | must be eclual to bx.

Therefore, if x2 + bx + c can be foctored as (x + d)(x + e),
we are looking £or 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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EXAMPLE: Foctor x2+ 8x + 15.

XL+ 8x+15 Which two numbers when multiplied
eclual 15 ond when added equal 87
The numbers are 3 and 5.

=(x+3)(x+5) You could also write the
anSwer as (x + 5)(x + 3)

! EXAMPLE: Foctor x2+10x + 24.
Xt +10x + 24 Which two numbers when multiplied
equal 24 ond when added equal 107

The numbers are 4 ond 6.

=(x+4)(x+0)

. EXAMPLE: Foctor x2+5x+ 6.

Xt +5x+ 0 Which two numbers when multiplied
eqyal b and when added equal 57
The numbers are 72 ond 3.

=(x+2)(x+3)
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Since both numbers are positive, it means that:

c is positive becavse a positive number times a positive
number = a positive number.

b is positive because a positive number plus a positive
number = a positive number.

I€ either one or both of the two factors are negaﬂve
numbers, follow the same steps.

To factor x% - 10x + 21:

xt-10x + 21 Ask: "Which two numbers multiply fo Z1
and add vp to -107 -3 and -1

=(x-3(x-1 You could also write the
answer as (x - 7)(x - 3).

I EXAMPLE: Foctor x2-12x+ 1.
=xt-11x+1 Which two numbers when multiplied
equal 11 ond when added equal -127
The numbers are -1 and -11.

=(x-Nx-1N)
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! EXAMPLE: Foctor a? - 18a + 32.
a’ - 18a + 32 Which two numbers multiply to 32 and add vp
t0 -187 The numbers are -10 ond -2.

Be carefull The first term of the expression
s 42, so 'Hwe first terms of fLe bihomial
must be a.

=(a-16)a-12)

L EXAMPLE: Foctor x2+ 2x - 35.

xt+2x-35 Which two numbers multiply o -35 and
add vp to 27 The numbers are -5 and 1.

=(x-5)(x+7 « You could also write the
anSwer as (x + 7)(x = 5)

EXAMPLE: Foctor x2 - 2x - 35.

=xt-1x-35 Which two numbers multiply o -35 and
add vp to -27 The numbers are 5 and -1.

=(x +5)(x -1 You could also write the
answer as (x - T)(x + 5).

486



| EXANPLE: Foctor y* + 8y - 48,
=y +8y-48

= (y - 4)(y +12)

Not all +rinomials are foctorable.

For example, x% + 5x + 3 is not factorable. No two numbers
have a product of 3 and add vp to 5.

Another example is x2 + 10x - 16. No two numbers have a
product of -16 and add vp to 10.

Be careful!

Moke sure thot you use the correct signs for eoch of the
foctors.

The answer (x + 1)(x - 5) is NOT the some as (x - T)(x + 5)!
(x+Dx-5)=xt+2x-35

These are not the same answers!

(x-N(x+5)=xt-2x-35 -
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For problems 1+hrough 9, factor each of the following
trinomials. If it is not factorable, write N/A.

WECK vour FHIOLILEREE

1. x2+9x+ 14
2. x+13x+30
3. xL-Ix+ 0

4. x2-5x+16
5. x2 -11x+ 60
6. xL-x-0

7. xt-3x-54
8. x>+15x-124

9. x-13x-48
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10. Mr. Lee asks Linda and Maleek to factor x% - 3x - 728.

Linda says: “xL - 3x - 78 can be factored as either
(x-T(x+4 or (x+Dix-4)-r

Moaleek says: "x - 3x - 728 can be factored as either
(x=Nx+4 or (x+4)(x-7).

\Who is correct?
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1. (x+D(x+)
2. (x+3)(x+10)
3. (x-ND(x-06)
4. N/&

5. (x - 5)(x-12)
6. (x+2)(x-3)
7. (x - Nx + 6)
8. N/A

9. (x + 3)(x - 16)

10. Maleek is correct.
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Chapter U
?&@?@%EM@

Some trinomials have the form ax® + bx + ¢, where the
coefficient, a, of the first ferm is not 1. Examples:

B+ 11X+ 06 Sxt - 18x-12 baz+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 thot we need to £ind 4 numbers d, e, £ and g, where:

axt+ bx+ c=(dx+ e)fx+ g)

=(dsHxt+(d-g+e-fx+(e-Q
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Since ax?+ bx+c=(dx+e)lfx+g)=(d. f)xt+(d-g+e- fx
+(e. 9), we need to find four numbers d, e, £ ond g9 where:

o O O
n
Q‘_“D.

So, to foctor Zx% + 1x + 5, which four numbers work for d, e,
£ and g7

a=d-f=12
c=e+g=5 2.1 5.1
b=d.g+e-f=1
| |
=(Ix+5)(x+1) M
You could also wrife!ﬂte 2Ze1+5.1

anSwer as (x + 1)(2: + 5)
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@ CLECLYour [OLEDCE

Factor eoach of the #oHowing trinomials. I§ the trinomial is
not foctorable, write N/#.

1. 3x2+ lox +5

2. Ix2+TIx+0

3. bx*+ 3lx+ 35
§. 3x2-10x+8
5. Zx* -15x + 18
6. 4x*-1bx+15
7. bx2+1x+5

8. 20x-44x-15

9. bxt-5x+14
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1. (x+5)0(Bx+1)

2. (Ix+3)(x+2)

3. Bx+5)(2x+7)

4. 3x-4(x-12)

5. (x-4Zx-T)

6. (Zx-3)(2x-5)

7. 2x+503x+1)

8. (10x+3)(2x-5)

9. N/A
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Chapter 56

FACTORING
USING W%MMJ

There ore several formvulas thot we can vse to foctor
some polynomials.

DIFFERENCE OF TWQO SQUARES
FORMULA

Use the Difference of Two quares formvulo when
sub‘rracﬁng two squares.

- =(x+ Qx-0 s This can also be written
y y y as (x - )/)(x + y)

When working with this formula, ask:

‘Is the first term a perfect square? Is the second term

i |
also o perfect square? A perfect square is when you

hnuH':'Ply Sohne‘Hn'hg by itself.
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If they are both perfect squares, then you can vse the
formvlo.

For example, to factor a? - 81b%, a* can be written as:
ar = (a)%, and 81b% con be written as (9b)-.

- (o) - (Ab) CWERE PERFECT ToGETHER D §

ﬁng

= (a + 9b)(a - 9b)

Pay attention to
the operations
(addifion and/or
Subfrdcfioh)!

EXAMPLE: Foctor 25a¢b* - 4c2ck.
25a°b* - 4ctqg® 25a°b" can be written as: 25a¢b" =
(5a°b"%, and 4ctd® con be written
0S: 4ctd® = (Zcd*?, so we con vse the
Difference of Two Squares formulo.

= (5a°b"? - (Zcd**

= (5a°0' - Zcdh(5a*b + Zcd?)
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PERFECT SQUARE TRINOMIAL
FORMULA

We use the Perfect Square Trinomial formula o factor
frinomials into a factor that is squared. Ask: “If I multiply
X« y and then double it, do I get the middle term, Zxy in
the original expression?"

x2+2xy+y =(X+y)Z
xz—ny»fyz=(x-y)z

If the following conditions are met, then use the perfect
square trinomial formulo:

The first term is o perfect square (x)~.

The second ferm is o perfect square (y)2.
Multiplying x « y, and then doubling it, results in the
middle term.

For example to factor a” + ba + .

al + ba + 9 al can be written as (a)?
=al+2eae3+ (32 9 con be written as (3)2
=(a+ 32 (a+3) 2 =0ba, SO We can vse the

Perfect quare Trinomial formula.
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EXAMPLE: Foctor 4m? - 20mn + 25n.
4m? - 20mn + 25nt 4m? con be written as: (Zm),

=(Imt -2 «2m+5n+ (5n)? 25n* can be written as: (5n),
ond (Zm+5n)«2 =20mn

= (Zm - 5n)t

Make sure you are uSihg
the correct sigh.

" EXAMPLE: Foctor 1boxt « 40x3yT + 254"
1ox® + A}Oxf'y1 + ZSy" 1bx® can be written as: (4x3),

= (4t + 2« 4x® -5y’ + (5y): 254" con be written as: (5y'?,
ond (4x3 « 5y1) 2= “rOxzy1

- (x> + 5y
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SUM OF TWQ CUBES AND
DIFFERENCE OF TWQ CUBES
FORMULAS

We con vse the Sum of Two Cubes and the Difference of
Two Cubes formvlas when we are ADDING two cubes:

x3+y5=(x+y)(xz—xy+yz)
Or when we are SUBTRACTING two cubes:
X = 1p = (x =YX+ xy + )

Ask “Is the first term a perfect cube? " when you multiply
Is the second term also a perfect cube? ;"“”‘b" by itself

times

For example, to factor o’ + 8b°

ad+ 8p? a® con be written as: (a)®, and 86>
can be written as: (2b)3. <,

= (a)* + (Zb)?
=(a+2b)(a)* - a«2b+(2b))

=(a + 2b)lal - Zab + 4b?)
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| ERAMPLE: Ffoctor 125 - m'n®

125 - min% 125 con be written as: 53
mn'- con be written as (m*n)?.

= (5 - (m*n*?
= (5 - N[5 + 5 « m*n* + (M*n*)E)

= (5 - m*n*(25 + Sm3n* + men8)

- EXAMPLE: Foctor 21x3y"™ - 642"

Z'lx{y12 - (0429 Z‘Ix’-‘y‘z can be written as: (3xy4)5, ond
642 con be written as: (4273

= (3xy*)? - (42
= (3xy* - 420([Gxyh> « Gxy*) - (42) « (42)7)

= (3xy“ - ‘}z‘)("lxz‘y8 + 12xy*2 + 162*)



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" formulo.

We con combine all the different methods of Fac’roring.

EXAMPLE: Foctor 18ax? - 32a.

.= 2a(Ax% - 16) Use the Difference of Two Squares
formula. Ax*and 16 are perfect squares.
= 2a((3x)2 - (41

|

|

: =18ax: - 32a -~ The GCF of 18ax? and 3Za is: Za.
|

|

i

|

i

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

|

EXAMPLE: Foctor x* - 81+ bx3 - 54x.
xt - 81+ bx®-54x
= x* - 81+ bx® - 54x Use grouping.

= (x* - 81) + (bx® - 54x)  Use the Difference of Two Squares
formula for the first parentheses,
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= (X2 = P(xL + ) + bx(xt - 9)

= (X2 = DX+ 9+ bx)

= (X2 = DL+ bx + 9

= (x = 3)(x+3)(x+3r

= (x-3)(x+ 3P

Use GCF of bx for the second
parentheses.

The GCF is x% - Q.

Use the Difference of Two
quares formulo for the first
parentheses,

Use the Perfect Square
Trinomial formvla for the
second parentheses.

Mways check for the GCF first. This will moke your

factorizotion more efficient.
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@ CLECLYour [OLEDCE

Fullg foctor each of the FoHowing trinomials. I§ the trinomial
iS hot factorable, write N/A.

1.

10.

m? - 121

L AxT (oxy + yz

04 - a’b*

. 25p* - 15pq + A¢

1547 - 36g*
21a° + b4b*c®
121p*q° - bbp*@r® + Ar®

4mtn® - Sbntp?

. 8a8b* - 40a%b° + 50ab?

1ba®b® + 54b*c?

ANSWERS
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. (m+«Mm-1)

L

2. 3x+ y*

3. (4 - ab?)(1b + 4ab* + atbf)

4. N/

5. (5% - 6g®)5£° + 6g"®)

6. (3a? + 4bcd)(Ua* - 12a2bc® + 1bb*c)
1. (Mp*¢® - 3r?

8. 4n mr® - 3p(mr® + 3pf)

9. 2ab%2a® - 5b%)*

10. 2.b3(2a? + 3b5c)(4a* - batb5c + Abc?)
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Ch&pter’ 51

SQUARE ROQTS

When we SQUARE o number, we raise it to the power of 2.

| Read as

Examples: 3 -3x3=9 82 =8 x8 =04 "e;glff s.zuared."

The opposite of squaring a number is to fake its SQUARE
ROOT.

The square root of a number is indicated b pu’rhng it inside
o RADICAL SIGN, or ¥ . For example:

This is read as the
“Siudre roo"' o‘F 4‘7."
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When simplifying a square root, ask:
“What number times itself equals the
number inside the radical sign?”

T

For example, to simplify V16 , ask: Whot number times itsel§
equals 167

Vo At

= ‘\/ 41 = 4 . Notice that a square root and a

square cancel” each other out.

| EXAMPLE: Simpliy V81 .

81
=V9x9 What number times itself eqyals 817

-z -9

EXANPLE: Simplify V.
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 +hough the two square roots of 1b are 4 ond -4,
4 is called the PRINCIPAL SQUARE ROOT, which is the
nonnegaﬁve square root.

Whenever we see the square root symbol, we shovld write
only the principal square root.

PERFECT SQUARES
A PERFECT SQUARE is o number that is the square of o
rotional 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 =

Ve
square iS an irrational number.
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Example:

Is the simplified form of V144 a rational number or an
irrational number?

Since 144 = 122, this means that 144 is a perfect square.

Therefore, the simplified form of V144 is a rational
number 1Z.

Is the simplified form of % a rational number or an
irrational number?

U T o B L 49 .
Since % ( o ) , this means that 2 SO perfect square.
Therefore, the simplified form of % is a rational
number .

o

Is the simplified form of V20 a rational number or an
irrational number?

Since V 20 = 4472, this means that 20 is not a
perfect square.

Therefore, the simplified form of 20 is an irrational
number 44772,

201



CUBE ROQTS

When we CUBE a number, we raise it to the power of 3.
Examples of cube roots:

2°=2x2x2=8

P=4x4x4=04

The opposite of cubing a number is fo toke 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: N

When simplifying a cube root, ask: *What number
multiplied by itself three times equals the number inside
the radical sign?

For example, to simplify Vizs , ask: What number times itself
three fimes equals 1257

V125 - V5x5 x5

= 13/ 5 =5 + Notice that a cube root and a

cube “cancel” each other out!
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CEXANPLE: Simpiicy 2| -

1
What number times itself three times equals ﬁ?
i] 1. i] 1,1
21 3 3 3

Perfect Cubes

# PERFECT CUBE is a number that is the cube of a rational
number. Perfect cubes can be positive or negative numbers.

- EXAMPLE: Ts 125 o perfect cube?
125=5x5x5=5

125 is the cube of o rational number. Therefore, 125 is
o perfect cube.

N



EXAMPLE: TIs -125 o perfect cube?

-125 = (-5) x (-5) x (-5) = (-5)°

=125 is the cube of a rational number. Therefore, -125 is
a perfect cube.

' ERAMPLE: Ts 9o perfect cube?

9 is NOT the cube of a rational number. Therefore, 9 is NOT
a perfect cube.
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WECKvour {IOWLEREE

For problems 1through 9, simplify each of the radicals.
I€ the answer is not a rational number, write N/A.

10.

V4 6. -216
1. Y15

i
q

Vi

V25

V161 1. 31000
27

Vo

Ms. Wong asks her class to simplify V64

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: "b4 is o perfect cube, so the answer
is 4 Damon says: "-b4 is not o perfect cube, so the
answer is N/A" €ddie says: "-b4 is a perfect cube, so the
answer is -4."

\Who is correct?
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CUECK your QISWERS

3. N/A

10. €veryone is correct except for Damon. Adam gjves the
principle root, so he is the most correct.
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Chapter 58

% AE%@AE.&

We can simplify the square root of perfect squares and the

cube roots of perfect cubes.

fFor example:

V25 -5x5 =5 64 = Vx(Ax(-4) - -4

We can also simplify the square root of a number that is not
o perfect square and simplify the cube root of a number thot
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?
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Step 2: Use multiplication to rewrite the number as the
product of two factors.

Step 3: Simplify the square root.

For example, to simplify \18 , ask: What is the GREATEST
foctor of 18 that is o perfect square? 9.

V1g =ax2
9 is o perfect square, so take the square root: Ve -3

_ 31/7 The second factor. This is read as “3 root 27

Squdre root of the or “3 rad 2." Both are
9red+€5+ 'Facfor, equdl to 3 x _\/2_

EXAMPLE: Simplicy V15

-\15 What is the GREATEST factor of 15 that is
o perfect square? 75

=V25x3 Since 75 is a perfect square, N25=5.

-5v3
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We use the same process to simplify cube roots.
| EXAMPLE:  Simplisy 3/40.

- 40 What is the GREATEST factor of 40 that is
o perfect cube? 8 2% 2x%2
- V8xs5 Since 8 is a perfect cube, Vg -2.

3
=245 This is read as “two times
the cube root of 5.7

| EXAMPLE: Simplify ¥ -128.

Y28 \What is the LARGEST foctor of -128 that is
a perfect cube? -b4

- -64x7  Since -b4 is a perfect cube, N -64 = -4,

-7
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| EXAMPLE: Simplify ’[ =

- 3/ 5]—4 What is the GREATEST foctor of % that is

1
7 ——
a perfect cube? 7

Sl lx L since L iS o perfect cube 1.1
YA A 1 N1 3

Be sure to choose the greatest factor when simplifying,

For example, when simplifying 48, we could choose both 4
and 1o becavse both are perfect square factors of 48.

But we need to choose the GREATEST factor, so we choose 16:

Vag =16x3 =43

You can use a factor tree when the largest

Finding the largest square root is not always easy.
factor that is a perfect square is not obvious.
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@ | CLECKvour [OLEDCE

For problems 1through 10, simplify each radical. If the
radical cannot be simplified further, write N/#.

1. V45

ot
S|

o
—1
~

1§

=2
N
m

-

3
10. V500
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CLECK Your QIUSWERS

1. 35

2. N/A

3. 1073

9. N/A

10. 534
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Chapter 559

ADDING AND
SUBTRACTING
RADICALS

COMPONENTS OF A RADICAL

€ach radical is made vp of two components: the index and

the rodicond.

Index = 3 _]b &— Radicand

So, for *]3 -16, the index is 3 and the radicand is -16.

Even though we do not write the index
for square roots, the index is 2.

So+T5 is actually {15 .

S—

Since 133 200 represents 13 x N/ 200, the index is 8 and the

radicand is 200.
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ADDING AND SUBTRACTING
RADICALS

Yov con onlg add or subtroct radicals thot have the same
index and the some radicond.

I£ two radicals do not have the same index and the same
radicand, then +he9 CANNOT be combined.

| EXAMPLE: Simplisy W5 + 435

’li/? + 43/? Both radicals share the some index, 3, and
the same rodicond, 5, so the radicals
con be combined.

'li/? + 43/? Do not add the index or radicand.
=1+4=1l

-5
EXAMPLE: Simplicy a5 - 65 .
a5 -Vs 0th radicals share the same index,

7, ond the same radicand, 5, so the
radicals can be combined.

35 9-6=3
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Sometimes radicals can be combined if we simplify them
separately first.

For example, V12 + 8V3 cannot be combined because they
do not share the same radicand. However, we can simplify
each radical separately:

-1z g3 simpliey V12 +o 243 | giving it has the

some radicond as the other number.

= Z*/? + 8*/? The rodicals can be combined in this
form, becovse +he9 share the same
index, 2, ond the some radicand, 3.

-10V3 #dd the radicals. Keep the index and
the radicand the some. Z + 8 =10
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| EXAMPLE:  Simplify Y128 - V54 + V24

The rodicals cannot be combined in this form, becavse Jrheg
do not share the same radicand.

- Vzg - V54 « V24 Simplify Y128 0 4V2 .

Simplify Y54 0 3Y2 .
Simplify V24 10233
-2 -2 23 Only the first two radicals can

be combined because +he9 share
the same index and radicand.

= 3/? + 23/? The radicals cannot be
combined further.

224



@ CLECKvour [O\LENEE

1. Whot is the index and radicoand of W ?
2. What is the index and radicond of ‘N 207

For problems 3 through b, simplify each radical expression.

3. V13 oV
9 sV -gi4
5. V3 «v5
Va5 -g0

[ ))

=f

. Sal is looking ot a map of Texas. He notices that the
three cities of Dallas, Houston, and San Antonio form a
triangle on the map. Mr. Green fells Sal that the distance
on the map from Dallas to Houston is V115 inches, the
distance from kouston to San Antonio is W inches,
and the distance from San Antonio to Dallas is W
inches. Sal draws the triangle that connects the three
cities. What is the perimeter of the triangle?
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CLECK Your QIUSWERS

1. Index: 3, rodicond: 11

2. Index: Z, radicand: 20

3. W3
g, -3\14
5. 6\3
6. s

1. Perimeter of the triangle: (V115 + V12 + V162 ) =

(SN/T + 4\/7 ez )= (°I\/T ez ) inches.
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Ohapter

AULTIPLYING
AM% 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: Simplicy V5 V1.

*/? . F Both radicals share the same index, Z, so
the radicals can be multiplied and can be
written as a single radical.

V5.1 =435 we multiply the radicands 5 and 1.
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EXAMPLE: Simplicy V2 - 635 .

= 3/7 . (93/? Both radicals share the some index, 3, so
the radicals can be multiplied and written
0os o single radical.

-6V 2.5 Multiply the radicands 2 and 5.
Be carefull G is not a radicand, so
= (93\1 10 do not Puf it inside the radical.

Follow the same process for division. For example, to simplify

221+ V3 -

= 1?_5*/ 721 = (oi/? Roth radicals share the same index, 5, so
the rodicals can be divided and written
os o single radical.

12:6=12

Be care‘Fu” 12 and G are not radicands, so do
) Zm not put the 2 inside the radical.
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| ERAMPLE:  Simplisy V8 = V2 x 10
= i/_ + i/? x '\3/ 10 = Don't forget to use the correct
Order of Oreraﬂonsl
' -g:2 x 10
=4 x 310

1 =40 Make sure that answers are fully simplified.

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 that the radical
is removed from the denominator. This process is called
RATIONALIZING THE DENOMINATOR.

For example, we can simplify % by rationalizing the
denominator.

L’l Multiply both the numerator and denominator by V1 ,

so the radical is removed from the denominator.
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! ERXAMPLE: Simplify the expression
the denominotor.

230

bg rod-ionalizing

g
720

Multiply both the numerator and
denominotor bg \/ 20, so the radical is
removed from the denominator.

Simplify the radical.



@ CLECLYour [OLEDCE

For problems 1through 1, simplify each of the expressions.

AT A3 5. 8 + 32

2. Y3 .Ag 6. 10V4z = V1

3. We 2710 1. 236 81 +4V3
1. V45 + 5

For problems 8 and 9, simplify the expression by
rationalizing the denominotor.

Se -

10. The heighi— of a rec+angle is ‘IW feet and the leng+h is
‘Ns 18 £eet \What is the areo of the rec‘rangle?
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CHECK Your QISWIERS
e
2 AT
5. 1ED - 14 x 415 - 55

g SVZ
7

10. The area of the box is 12639 §t2.
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INTRODUCTION
TO QUADRATIC
EQUATIONS

Y 7)
-
7
NG/,
A\

“J,

A QUADRATIC EQUATION is an equation that has a
variable to the second power but no variable higher than
the second power.

A qyadmﬁc equaﬁon alwags has this form:

y-= axt+bx+c
where a# 0

For example, state the values of a, b, and c for the equation
Y=3x>-5x+1.

Since qyadm’ric equm‘ions have the form y= axt+ bx+ c,
where a#0:a=3b=-5and c="1.
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EXAMPLE: Isy-=4xt-x+ % an example of a quadratic

equa’rion?

Since the highest power is 2, and a = 4, b= -1, and ¢ = . it

iS o ctuadra’ric equaﬁon.

- ERANPLE: TIsy-=12x+5 an exomple of a quadratic
equation?

The e?uah‘on does not have an ax? Parf.
The highest power is1,oand a=0,b=12,and c = 5.
Since a = 0, this means thot the equaﬁon is NOT o quadraﬁc

equo&ion.

This e?ua‘h‘oh is acfua“y a linear e?ua‘h‘on: y=mxt b.

| EXAMPLE: Is y=x>+ x - x + 8 an example of a

quadratic equation?
The highest power of the exponent is NOT Z.

This means that the equaﬁon is NOT a qvadmﬁc equaﬁon.

The equation is called a CUBIC EQUATION

because it includes a cubic Polyhomialt 9.3,
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All qyadrm‘ic eqyaﬁons have solutions. We can test a solution
bg subs+i+u’ring the valve into the variable.

EXAMPLE: Is x-=2 a solution for x2 -5x+ 6 = 07

?
(22 -512)+6=0 Substitute Z for x.

HINI'LL BE
SUBSTITUTING
FOR YOU TODAY!

?

0=0

GREAT' I'LL GO
TO THE BEACH.

Roth sides of the equod-ion

ore the some,

sSo x = 7 is a solvtion.

EXAMPLE: TIs x--3a solution for -2x% = Ix + 107
?

-2(=3)% = 1(=3) + 10 Substitute -3 for x.

?
-18 = -1

Roth sides of the equa’rion ore NOT the same, so x = -3 is
NOT a solvtion.
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The shape of o graphed quadratic function is o PARABOLA,
o U-shaped curve. Many parabolas open either upward or
downward.

qum—d Parabola
downward Parabola )’ N

Y m
| 3
2
|

X

A
N>
—]
—
R\V
2
w
»
N )2

| EXAMPLE: Does the graph below represent a

| qyadmﬁc equa’rion?

The groph is NOT

a U-shaped curve, &

so it is NOT a |2
. parabola. ¢ /\ KN
! N I } | 2 t x
. Since the groph is \[ 2 X
. NOT a parabola, v

| it does NOT represent
| o quadratic equation.
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For problems 1 and Z, state the values of a, b, and c for the
given quadratic equation.

WECK vour FHIOLILEREE

1. g=8x2-2x+°l
2 9=_ixz+4
’ 3

For problems 3 through b, state whether or not the given
equaﬂon iS o quadrm‘ic equon‘ion.

3. y=xz+3x—15

q. y=(ox5—0.'lx+w
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For problems 1 and 8, stote whether or not the graph
represents a quadratic equation.

1. Y A
L‘.
3
2
|
¢ =
Yoy g o2 A BN B
-2
3
-t
A\
8 Y
2
4 N\
N AVAR
-
-2
v
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CUECK Your QISWERS

1. a=8,b=-2, and c=19

2. a=—%,b=0,andc=4

3. Since the highest power is Z and a # 0, it is a quadratic
equation.

Y. 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

There ore times when we ore not given 0 humber 1o
substitute for o variable in o quadra’ric equod-ion. \When this
happens, we must solve for the variable.

There are different methods for solving qyadraﬂc equaﬁons.
One way to solve a qyadm‘ric equa’rion is bg €ac+oring.

After €ac+oring o cluadra‘ric equod-ion, we vuse the
2€R0O-PRODUCT PRINCIPLE, two numbers that when
multiplied have a product of zero.

Zero-Product Principle
If 2e b=0, then either 2= 0 or b= 0.

If we multiply two numbers that equal 0, then either the
first number equals 0 or the second number equals 0.
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EXAMPLE: Solve the equation xy = 0.
xy =0 Apply the Zero-Product Principle.

So, either x=0 or Y= 0.

So,if (x-2)y-5) =0then(x-2)=00r(y-5=0
For (x-2) to equal 0, x would need to equm 7.

For (y -5) to eclual 0, Yy wovld need to eqpod 5.

| EXAMPLE: Solve the equation (a - 3)(b + 5) = 0.

Q
(a-3)b+5 =0 ApplY the Zero-Product Principle.
a-3=0 or b+5=0 Solve each of the linear eqpaﬁons.

3-3=0,80,a=3% or
-5+65=0,%, b=-5
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FACTORING QUADRATIC
EQUATIONS

When solving qyadmﬂc eqpm‘ions using €ac+oring, osk:
“Con this equod-ion be factored?"

Ifa quadrod—ic eqyaﬁon can be factored, we factor the
equation. Then we use the Zero-Product Principle o ind
the solvtion.

. TO SOLVE QUADRATIC EQUATIONS BY FACTORING:

' 1. Rewrite the qyadraﬁc equaﬁon into the form
axt+ bx+c=0.

Make sure that the right-hand side (RHS) equals 0.
| 2. Foctor the left-hand side (LHS).

Use whichever factoring techniques can be applied fo
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 Apply the Zero-Product Principle.
x+5=0 or x-7=0 Solve each of the linear equa’rions.
x=-5 or x=1

Remember to vse all the rules of €ac+orin9, such as Fac+oring
out the GCF first, whenever possible.

EXAMPLE: Solve the equation bx* - 4x - 10 = 0.
bxt-4x-10=0 First, factor the GCF: 2.
2(3x-2x-5)=0 Factor 3x% - 2x - 5.
23x-5)(x+1=0

2=0 This is never true.

3x-5=0 or x=%
x+1=0 or x-=-

So the solvtion is x = % or x=-1.
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Another way fo simplify this equation is to divide by the GCF.

bx>-4x-10=0 First, divide by the GCF: Z.

3xt-1x-5=0

Before vsing the Zero-Product Principle, don't forget that
the right-hand side (RHS) must be zero!

fE?AHPLE: Solve the equation 2x% - 1lx = -12.
Ixt-x=-12
Ixt-Nx+12=0
(Zx-3)(x-4=0
2x-3%=0 or x-4=0
X= % or x=4
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- EXAMPLE: Solve the equation 4x* = 20 - 2x* - 1x.

4xt =70 - 2x* - x Rewrite the expression so the
RHS equals 0.

bxt+1x-20=0
(3x-4)(2x+5 =0
3x-4=0 or 21x+5=0

-4 __5
X=75 or X=-=2

FERAMNPLE:  Solve the equation x* - 1ox = -b4.

Xt - lox = -b4 Rewrite the expression so the
RHS equals O.

Xt -1x+064=0 The LHS is a perfect square
trinomial!

(x-8)(x-8)=0
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XxX-8=0 or x-8=0 Since the two linear equa’rions
ore the some, you write it
onlg once.

. EXAMPLE: Solve the equation 10 - 9Ax = 3x - 4x% + 1

10 - Ax = 3x - 4x% + 1 Rewrite the expression so the
RHS equals O.

4xt-11x+9=0 The LHS is a perfect square
trinomial!

(2x-3)(2x-3)=0

2x-3=0

o
n
N[0
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You can use the Zero-Product Principle only if the product
equals ZERO!

® 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.

- EXAMPLE: Solve the equation (x + )(x + 4) = 10.
(x+Dx+4 =10 Use the FOIL Method to expand the LHS.
x:+5x+4=10
xt+5x-0=0
(x+6)(x-1=0
x+b=0 or x-1=0

x=-b or x-=1
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When we are solving quadratic equations, why do we write
the solution using the word or instead of and?

Remember what we learned about the words or and and
when we solved compound inequalities:

¢ The word AND is used when we are using the intersections
of the solutions. In other words, we look at the overlap of
the solutions on a number line.

¢ The word OR is used when we are using the union of the
solutions. In other words, we look at what happens when
we put together the solutions on a number line.

When we solve quadratic equations, the solutions are
specific numbers, not intervals. So when we graph the
solutions on a number line, there is no overlap.

—t—t—t— ———— ———t
5 -%-3 -2 - 0 | 2 3 4% §
NooverlaP!

If we use AND, the final solution would be “no solution”
because there is no overlap.

That is why we use the word OR in the final solution.
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For problems 1+hrough 9, solve each of the quadratic
equations by using factoring,

WECK vour FHIOLILEREE

1. x2+1x+10=0
2. x1-4x-121=0
3. 2x:+9x+4=0
4. 3x2+10x-8=0
5. bx2-13x-28=0
6. xL=4x+31

7. 4x%+ bx =10

8. (x-3)(x+4 =8

9. (3x - 4)(Zx+5) =-10
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10. Ms. fung asks €ric to solve the equation (x-4(x-12)=23.
Here are €ric'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 €ric's answer is wrong. On which line
did €ric first moke on error?

ANSWERS 551



10.

CLECK Your QIUSWERS

1.

x=-2 or x=-5

x=-5 or x-=4%
-5 -
X== o X 1

€ric made an error in line Z, becovse he applied the
Zero-Product Principle when the RHS did not equal 0.
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Chapter 63

SOLVING
QUADRATIC EQUATIONS
BY TAKING
SQUARE ROOTS

Y,

When we are given quadratic equations thot involve perfect
squares, we can £ind the solvtion bg +ak-ing the square root
£rom both sides.

To £ind the solvtions to the equm‘ion Xt = (4, ask:
"Whot number multiplied by itself equals 647" Note thot there
moy 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 migh+ take the square root of both sides:

Whenever you see the square root sgmboL write onlg the
principal square root: x = 8. 253



However, this does not show the nega’rive solution.

Therefore, when we solve qpadrm‘ic eq_ua+ions bg +al4ing square
roots, we vse the SQUARE ROOT PROPERTY. This property lists
both the principal square root and the negative valve.

Square Root Property:

Ifo=bthena=+\b

EXAMPLE: Solve x2-=19.

xt=9 Toke the square root of both sides and
include the * sign on the righ’r—hand side.

Ny

+3 This means that the solutions are:

x=3 or x=—3.

x
n

. 04
SEXAMPLE:  Solve yt= T

2 b4 .
Yy 71 Toke the square root of both sides and

incluvde the + sign on one Side.
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!r EXAMPLE: Solve x? = 20.

xt=120 Toke the square root of both sides and
include the * sign on one side.

x =20 Simplify the radical.

We can also vse the Square Root Property when the LHS
contains more than just a variable.

SEXAMPLE: Solve (im-32-=1.

(m-3?%=1 Toke the square root of both sides and
include the * sign on one Side.

\(m-23) = t«/T Solve for the varioble m.
m-3=+1
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m-3+3=+3+1

m=3t*/T

EXAMPLE: Solve (k+ 42 =19

(k+ 4t =9 Toke the square root of both sides and
include the * sign on one Side.

Jloar -l
k+4=13

k+4-4=-4+3

k=-4+3 or k=-4-3

k=-1 or k=-1

Before yov 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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| EXAMPLE: Solve 342 - 48,

3K = 48

%“2 = % Since only K is being squared, we first
isolate K by dividing both sides by 3.

k=16

k=16

k=t4

i EXAMPLE: Solve 3(x+ N2 -1=1.
A(x+N-1=1

3I(x+ N =18 Since only (x+1)is being squared,
we first isolate (x + 12

(x+1N=0
x+1=t*/?
x=-1t*/?
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For problems 1+hrough 9, solve each of the quadratic
equations by using the Square Root Property.

WECK vour FHIOLILEREE

6. 10xt+1=x2+5
7. (x+ 102 =15
8. (x-52=18

LpeTt-6-
‘I.Z(p'l)(o1°l
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10. Mr. Brown asks Lina 1o solve the eclua‘rion:
Axt -2x-1=15-12x.
Here are Lina's steps:

Line :9xt -2x-1=15-2x

Line 2: AxZ = 16

Line 3: 9x = ¢4
. e i

Line 4: x = ¢ 9

Mr. Brown soys that Lina's answer is wrong, On which
line did Lina first make on error?
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CLECK Your QIUSWERS

1. x=1%12

10. Lina made an error on line 3 becouse she did not isolate
the x% term £irst, or al+ema+el9, did not turn it into
something being squared (3X)% = +16.
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Chapter GG

SOLVING
QUADRATIC EQUATIONS
BY COMPLETING
THE SOUARE

We can use the SQUARE ROOT PROPERTY to solve quadratic
equations that contain a perfect square.

Not every quadratic equation has a perfect square that you

con easilg See.
I'M PERFECT IN
EVERY WAY.

\We con rewrite any
cluadm‘ric ecluod-ion

into o perfect square

using a process called
COMPLETING THE SQUARE.
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\Whot number shovld be added to xZ + bx to ge’r 0
perfect square?

9 becavse x* + bx + 9 is o perfect square: (x + 3)*

\What number shouvld be added to x* - 10x to ge’r o
perfect square?

25 becavse x - 10x + 25 is o perfect square: (x - 5)

If we have the quadratic expression x? + bx, we can obtain a
perfect square using these steps:

Step 1: Calculate the value of %
Step 2: Square that value.

Step 3: Add this value to the expression.

"EXAMPLE: \Whot number should be odded to xZ + 8x to
obtain a perfect square?

Since the expression is x* + 8x, this means that b = 8:

Step 1: Calculate the valve of %z (%) =4
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Step 2: Square thot valve: (4)* = 16
Therefore, 16 should be added to x + 8x.

xt+ 8x + 10 is o perfect square: (x + 4)

- EXAMPLE: \What number should be added to x% + %x to
obtain o perfect square?

Since the expression is x* + %x, this means that b = %:

. b (z).2.
Step 1: Calcvlate the valve of 7 (7) =3 /A

Z 1 1
= — X — = —
5 1 5

: AR
Step Z: Square that valve: ( 3 ) - 5

Therefore, % should be odded to x2 + %x.

2., 1. 1\
Xt + T X+gisa perfect square: (x + ?)
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We can use the Completing the Square method to find
solvtions to quadra‘ric eqyaﬂons.

If we have the quadratic equation x* + bx = c, we can obtain
the solution using these steps:

Step 1: Calculate the value of %
Step 2: Square that value.
Step 3: Add that number to both sides of the equation.

Step 4: Use factoring and the Square Root Property to find
the solutions.

EXAMPLE: Solve x* + 18x = 0 by using the Completing the
Square method.

Since the equa‘rion is xZ + 18x = 0, this means thot b = 18:
b (18
Step 1: Calculate the valve of 2\ 7" 9

Step 2: Square that valve: (9)* = 81

Step 3: Add that number to both sides of the equation:
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Xt +18x + 81=0+ 81
xt +18x + 81 = 81
Step 4: Use factoring and the Square Root Property:

XL+ 18x + 81 = 81

(x+ 9 =9l Factor the LHS info a perfect square.
N (x+ 9 =+ 8] Toke the square root of both sides

ond inclvde the + sign on one Side.

X+ 9 =19

x=-9+9

xX=-9+9 or x=-9-9 We could have also solved
the Problem by using
'Fac'l‘oring.

x=0 or x-=-18
»EXAMPLE: Solve x* - 5x = 0 by using the Completing the

Square method.

Since the equa’rion is x - 5x = 0, this means thot b = -5:
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: b 5)._ 5
Step 1: Calculate the valve of 7 ( 7 ) >

15

: .5\ .25
Step Z: Square that valve: ( 7 ) -3

Step 3: Add that number fo both sides of the equation:

x2-5x+24—5=0+24—5
2 _ 15 _ 15
XL -5x+ 2 2

2 25 _ 15
Xt -bx+ 2 2
5\ 25 .
x-o| =% Factor the LHS into o perfect square.
J(x— %)Z =+ J 24—5 Toke the square root of both sides
ond include the + sign on one Side.
5 _,5
X=7 =7
_5 .5 .5 _5
X 77 or Xx )



| EXAMPLE: Solve x* - 14x = -11 by using the Completing the
Square method.

Since the eq_uod-ion is X% - 14x = -11, this means that b = -14:
Step 1: Calculate the valve of %: (i;) = -1

Step 2: Square that valve: (-1 =49

Step 3: Add that number to both sides of the equation:
XE-14x+49=-1+49

Xt - 14x + 49 = 38

Step 4: Use factoring and the Square Root Property:

XL - 14x + 49 = 38

(x-1*=38 Factor the LHS info o perfect square.
x-1=+V38 Toke the square root of both sides

ond inclvde the + sign on one Side.

x=1+38
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Before you use the Completing the Square method, make sure
thot you first rewrite the equation into the form x>+ bx = c.

EXAMPLE: ' Solve 2x* + 12x = 10 by using the Completing
the Square method.

First, we rewrite the equaﬁon 2xt +12x = 10 into the form
XL+ bx=c:

Ixt+12x=10 Divide all the terms by Z.

X+ ox=5

Since the equation is x* + bx = 5, this means that b =
Step 1: Calculate the valve of %: (%) =3

Step 2: Square thot valve: (3)2 = 9

Step 3: Add that number fo both sides of the equation:

X+ bx+9=5+9

XL+ bx+9=14
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Step 4: Use factoring and the Square Root Property:

XL+ bx+9=14
(x+3)2=14 Factor the LHS into a perfect square.
X+3= t‘] 14 Toke the square root of both sides

ond inclvde the + sign on one Side.
x=-3+V14
SERXAMPLE:  Solve -3x* - x + 10 = 0 by using the Completing
the Square method.

First, rewrite the eqya’rion -3x% - x+10 = O into the form
XL+ bx=c

-3x2-x+10=0
-3xt - x=-10
2, 1,10
Xte o x=—
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Since the expression is x* + %x = % this means that b = %=

. b [z, L
Step 1: Calculate the valve of 7 (7) o

2
Step Z: Square that valve: ( %) -

Step 3: Add that number to both sides of the equation:

1 1 10 1

XLt — X4 — = — ¢ —

3 30 5 306
1 1 120 1
v U

1 —_— —_— =
e X307 3 30
1 112
Ly — X4 — = ——
vz X303,

Step 4: Use factoring and the Square Root Property:

1 1 121

A . —_—
XXt 303,
(x+ -y = JZL Factor the LHS into o perfect square
o 36 quare.
X+ % = «:1—(: Toke the square root of both sides
ond include the + sign on one Side.
I B | I N |
X= 3 + o or Xx 3 o
_10_5 .12
X = o 3 or x o yA
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@ CLECLYour [OLEDCE

For problems 1through 3, £ind the number that should be
added to the expression to obtain a perfect square.

1. xt+22x
2. xt-12x
3. xL+x

For problems 4 through 8, solve each of the quadratic
equations by vsing the Completing the Square method.

§. x*+10x =4

5. xt-18x=-51
6. 5x>+11x=11
7. 4x2 =98 - 40x

8. -2x+1x+4=0

ANSWERS 57



CLECK Your QIUSWERS

1. 121
2.1
49
3. 2
L] X=-5t’\/2°|
5 x ‘MZ\/T
6 X=—Zt'\/ﬂ
1. x 533\/?
__1
8. x-= 2,4
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Chaptef 65

SOLVING
QUADRATIC EQUATIONS
WITH THE QUADRATIC
FORMULA

Not all qyadrod-ic ecluon“ions con be solved bg €ac+oring,
ond not all quodmﬁc equa‘rions con be solved by using
the Square Root Property.

But all quadm’ric equa’rions can be solved using
the Completing the Square method.

Al cluadron“ic eqpaﬁons con also be solved bg using the
QUADRATIC FORMULA,

Quadratic Formvula:

For a quodra’ric eqya’rion axt+ bx+c=0,
JP-4ac_
Za

the solution is: x = —b*
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EXAMPLE: Solve the equation x2 + bx + 5 = 0 by using the
qyadmﬁc formvulo.

Xt+bx+5=0 Svbstitute a =1, b =06, and c = 5 into the
cluadraﬁc formulo.

21
—(gt’\/ 16
x =
YA
X = -bt4
7
x=—0% o x-Zb-%
YA 7
-7 -10
X = T or Xx-= T Fac'l'oring or Cohnflefing the Square
could also have been used to solve this
froblem.

EXAMPLE: Solve the equation 2x* - x + 3 = 0 by using the
cluadraﬁc formulo.

Ixt-Ix+3=0 Svbstitvte a=272,b=-1,ond c=3
into the quadm’ric formvulo.

o s CIE-4-723

17
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into the c{uadmﬁc formvula

o AN 4-4D)5)

2(2)

2+ 14

X =

A




Make sure that the eqya’rion is first in the form
axt + bx + c =0 before using the quadrm‘ic formulo.

! ERANPLE: Solve the equation (3x - 1) = 4 by using the
. q Yy using
cluadraﬁc formulo.

(3x-12=4 Rewrite the equation into the
form axt +« bx+c=0.

AxL - bx+1=4
Axz - bx-3=0 Svbstitvte a =9, b= -0,

ond c = -3 into the
quadrod-ic formulo.

- —(~lo) + N (~6)E -4+ (-3)

7.9

X - (031/ 144

T
X - b+12

]
X - b+12 or X - b-12

-8 18
X = 18 or x-= b We could have also used the Square

18 18 Root Proferfy to solve this 1u¢§rdfic
1 equdfior\.

x=1 or x=- 3



@ CLECLYour [OLEDCE

For problems 1+hrough 8, solve using the quadratic formula.
1. xX2+4x-5=0
2. x2+8x+12=0

3. 2x2+5x-12=0

=

. 3xt+4x-4=0
5. x2-3x-1=0
6. xL+1Ix+2=0
1. 4x2-x-6=0
8. Zx-=-5x+0
For problems 9 and 10, solve and state the method you used.
9. x2-3x-10=0
10. Zx*-x+4=19

ANSWERS 3717



CLECK Your QIUSWERS

1. x=1-5
2. x=-2,-06
-
3. x=-4, 7
L
¥y x 3 7
34431
5 -
yA
S
6. = —
yA
]t*\lcﬂ
1 - —_—
8
8. x-_Sﬁﬂr"-l3

3. factoring, Completing the Square, the Quadratic Formula

10. Completing the Square, the Quadratic Formula
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THE DISCRIM
AND THE NUM

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.

The formula to €ind the Discriminant (D) is: b - 4ac

For the graph of the quadratic equation:
If D> 0, the quadratic equation, and the corresponding
graphed parabolo, 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 solvtions.
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EXAMPLE: Find the valve of the discriminant for the
eqyaﬁon Xt-bx+5=0.

Then determine the number of solutions for the
cluadraﬁc ecluaﬁon.

Since a =1, b= -6, and c = 5, the valve of the discriminant is:
D= b’ -4ac

=(-02-4+1.5

=36 -120

=16

Since D > 0, the parabola has Z solutions.

SERXAMPLE: ' Find the value of the discriminoant for

the equod-ion %xz -8x+372 =0.

Then determine the number of solvtions that the
parabola has.
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Since a = % b=-8 ond c = 37, the valve of the discriminant is:

D= b -4ac

=(—8)2—4-(%)-(32)
- b4 - b4
-0

Since D = 0, the parabola has 1 solution.

We can veri€9 this bg solving the qpadra’ric equa+ion.

1 1

sz -8x+32 =0 Substitute a = 7 b=-8,
ond c = 37 into the Quadrotic
Formulo.

9 (BF-4+(1)-(30)
2+(3)

g+~ b4-064

1

8+0

1

X

Therefore, the eqya’rion has 1 solution.
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EXAMPLE: Find the valve of the discriminant for the
eqyaﬁon -2xt+x = 8.

Then determine the number of solutions for the
cluadraﬁc eclua‘rion.

Rewrite the equation into the form ax? + bx + c =0,
-2x*+1x=8

-2x2+Ix-8=0

Since a = -7, b=, and c = -8, the valve of the discriminant is:
D= b’ - 4ac

=T -4.(-2)-(-8)

=49 - 64

=-15

Since D < 0, the quadrod-ic equaﬁon has O soluvtions.
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\We can veriFg this bg +r3ing to solve the qyadm’ric equm‘ion.

-2xt+1x-8=0 Substitvte a=-2, b=1 0ond c = -8
into the cluadrm‘ic formulo.

o eV TP-4:(2).(-8)
1.(-2)

1+ 49-64

4

1+ '\’ -15

4

However, v -15 is not a real number.

Therefore, the eqyaﬁon has O solvtions.
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@t

For problems 1+hrough 8, find the valve of the discriminant.
Then determine the number of solvtions for the cluadrod-ic
equaﬁon.

WECK vour FHIOLILEREE

1. xL+bx+3=0

2. xL+bx+1N=0

3. xL+bx+9=0

4. 3x2-5x-1=0

5. -3x2-5x-1=0

6. -3x2-5x+1=0
1

- — Ll = _
1. 2x 04

8. 3x2+ 15 =30x
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For problems 9 and 10, find the valve of the discriminant.
Then determine the number of solutions for the quadratic
equation. Verify your answer by finding the solution(s) to
the equation.

9. xX£+5x-06=0

10. 8 = bx - 3x*

ANSWERS 585



CLECK Your QIUSWERS

1. D = 74; has Z solvtions.

2. D = -8; has O solvtions.

3. D =0, has 1solution.

4. D =109; has Z solvtions.

5. D = -59 has O solvtions.

6. D =109; has Z solvtions.

1. D =128, has Z solvtions.

8. D = 0O; has 1solution.

9. D =49 has Z solvtions: x = -b or x =1.

10. D = -60, has O solvtions.
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Quadratic ¥ 7
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FUNCTIONS

A QUADRATIC FUNCTION is o function that con be written in
the standard form:

=axt+ bx+c,
where a =z 0

Every quadratic function has a U-shaped groph called
a parabola.

There are several characteristics of the graph that we can

coalcvlote from the equaﬁon.
588



DIRECTION

Most parabolas open vp either vpward or downward.

The parabola opens vpward i€ the valve 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
of y = x* opens upward

- N W

becavse a = 1. A|
3 2 - 2 3 ‘x

If a < 0, then the parabola Y
opens DOWNWARD.

This groph of

y=-4xt - 20x- It e |
opens downward R S T

becouse a = -4. 2

To determine the direction of the
parabola y = 5x2 - Zx + 1:

\Write the formulo Y= axt+ bx+ cC
\Write the valves for each variable:
a=5b=-2 ondc-=1

a > 0, so the parabola opens vpward.



EXAMPLE: Determine the direction of the
parabola y = - %(x - B

Rewrite the eclua‘rion into the form Y= ax:+« bx+
D (y_an
== (x - 8)
= —i(xZ - 1bx + b4)
yA
- -2 X 24x - U

Since a = - % this means that a < 0, so the parabola
opens downward.

VERTEX ’

The VERTER of the parabolo j

is the “tip" of the parabola.
L AN
A 2 3 4 o x
You con £ind the coordinates o€ "
-2
the vertex of the groph of = R
Yy=axt+bx+c J vertex

The x-coordinate of the vertex is ot: - %.

The y—coordina’re of the vertex is found bg subsﬁ’ru’ring
the valve of the x-coordinate back into the equa+ion.
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:l EXAMPLE: Find the coordinotes of the vertex of the
' groph of y = x>+ bx - 1.
b

Step 1: find the x-coordinate by using the formula x = - 7o

Since a =1 b =0, and c = -1, the x-coordinaote of the vertex

Step 2: find the
Yy-coordinate by
substituting the value

of the x-coordinate bock

into the equa’rion. Notice that
this Parabola
opens urward

Since the x-coordinate because

a>O.

iS x = =3, the y—coordina’re
is: Y = (=3) + 6(-3) - 1 = -16.

Therefore, the coordinotes
of the vertex are: (-3, -16).




SERXAMPLE:  Find the coordinates of the vertex of the

A
groph of y = —4(x - % + 5,

Rewrite the eclua‘rion into the form Y= axt+« bx + C.

y=—4(x—%)z+5

=—4(x1—3x+ %)+5

-4xt+12x-9+5
=-4xt+12x-4
Step 1 Find the x-coordinate by using the formula x = - 7_—%.

Since a = -4, b=12, ond c = -4, the x-coordinote of the
12

-4)

oo D 2
vertex is: x 74 7

yA

Step 2: find the y-coordinate by substituting the valve of
the x-coordinate back into the equation.

Since the x-coordinote is x = i, the y—coordinod-e is:

A 2



. Y~
Therefore, the coordinates of s e
the vertex are: 4
3
2=
9 «
o -
Notice that Hn’s‘ (_‘ \ o2 7)71
Parabola opens '
downward 2

because a < O. 1'3

VERTEX FORM

The standard form of a quadratic equation is: y = ax®+ bx + .
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
thot fells when the parabola is facing vp (> 0) or down (< 0).

y=a(x—h)2+l<,

where (h, K are the coordinates of the vertex.

| EXAMPLE: Find the coordinotes of the vertex of the
qyadraﬁc equa’rion Y= IUx - 3+ 8.

Since a =71, h=23, ond k = 8, the coordinates of the vertex
are: (h, B = (3, 8).
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! EXAMPLE: Find the coordinotes of the vertex of the
quadratic equation y = - %(x + L+ %

Don't ‘Forgef to include 'H';e
negative sign.

Since a = - % h=-1,ond k = % the coordinotes of the
vertex ore:

(a2
(h,k)-(1,4)

To rewrite a quadratic equation from standard form to
vertex form, use the Completing the Square method, because
the vertex form contains a perfect square.

EXAMPLE: Rewrite the equation y = x2 + 10x - Tinto
vertex form.

Y= X +10x -1 Rewrite the eclua‘rion so the RHS
has the form x% + bx.

Y+ 1= x+10x
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This means thot b = 10:

Step 1 Calculate the valve of 2= 2= 5

Step Z: Square that valve: 5 = 75

Step 3: Add that number fo both sides of the equation:
Y+1+725=x2+10x+125

Y+ 32 = x> +10x + 25

Step 4: Factor the RHS and then solve for y:

Y+ 32 =(x+5)7

Y= (x+52-32

SEXAMPLE: Rewrite the equation y = 3x* - bx + Tinto
vertex form ond nome the coordinates of the vertex.

Y=3x" - bx+1
Yy=-T1=3x"-0bx

%y—%=x1—2x



This means that b = Z:
Step 1: Calculate the valve of %: % = -1
Step 2: Square that valve: (-1 = 1
Step 3: Add that number fo both sides of the equation:
d 1= xt-2x+1
3
-4 - (x-p2
J 5
Step 4: Factor the RHS and then solve for y:
dy=(x-1m.d
3 J 3
Y=3(x-12+4

Therefore, the coordinotes of the vertex are:
(1, 4).



MAXIMUM/MINIMUM

If o parabola opens vpward,

it has a MINIMUM VALUE,
ond thot minimum valve is
ot the vertex. c- VT:’,f‘ e'"o;«’ d’: um

\\ u‘pwdrd-o')ehl'hg

The maximum arabola is at

If o parabola opens value of 4 the vertex.
downward, it hos a downward-
oPehihg Parabola <
MAXIMUM VALUE, and is at the vertex. SQ
~
that maximum valve is A_ o

ot the vertex.

The moaximum/minimum value
is alwags the y—coordinod-e of the vertex.

To £ind 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 Z: find the coordinates of the vertex.

The y—coordinaha of the vertex is the minimum/moximum
volve.

- ) ¥ A



" EXAMPLE: Find whether Y= x*-8x+3 has a moximum volue
or o minimum valve. Then €ind that value.

Step 1: Since a = 1, this means
that a > 0, so the parabola y
opens vpward. The parabola 2
has a MINIMUM valve ot i
the vertex.

L
N\

Step 2: Since a=1,b= -8,
ond c = 3, the x-coordinote

of the vertex is:
b -8

Substitute x = 4 into the
equation. The y—coordinod-e
of the vertex is:
y=@ar-8@4)+3

“lb-32+3=-13 '” I‘
Mim'hnurn Value o'F -13

The parabola y = x* - 8x + 3
has a MINIMUM VALUE of -15.



AXIS OQF SYMMETRY

#ll parabolas are SYMMETRICAL.

axis of syrnhne'h»y

|
This means that if we drow o

!
vertical line down the center ,‘ 7\ /"‘| \
of the parabola, the left side ! /oo 0\
and right side wovuld be mirror \./ \1’ ! A’

i
imoages of each other. : :

That vertical line is called the AXIS OF SYMMETRY.

. . .. _ b
The equahon of the axis of sgmme‘rry iS x = g

This is the same value as the x-coordinate of the vertex,
because the axis of symmetry goes H\rOugA the vertex.

S EXAMPLE:  Ffind the equation of the axis of symmetry of
the parabola y = - %(x - D(x + 8).

Rewrite the ecluaﬂon into the form Y= axt+« bx+ C.
y=-7x-x+ 9
= -%(XZ+ Ix - 8)

1

-
N SV A
2x Zx+4



‘ I R
Since a = 7 b 7
ond c = 4, the eqya’rion

of the axis of
sgmmehrg is:

L AN
‘f 76 -5 413 2| A X/z"x
|
A\ 4 ‘

Axis of symmetry: x = -

N[

INTERCEPTS
INTERCEPTS are the points where the parabola intersects—

or infercepts—the x-oxis 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 find any y-intercept, substitute O for x and then solve
for y.

To find any x-intercept, substitute 0 for y and then solve
for x.
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An x-intercept is also known as a ZERO or a ROOT.

SERAMPLE: Find all the intercepts of the parabola
Yy=xt+3x-10.

Find the y-intercept by substituting O for x:

Y= x-+3x-10

= (0)2 + 3(0) - 10

= -10

Therefore, the y-intercept is -10 or (O, -10).

Find the x-intercepts by substituting O for y:

Yy=x2+3x-10

(0) = x2+3x-10 Use factoring or Completing the
Square or the Quadratic Formula
to £ind the solvtions.

0=(x+5)(x-12)

=-512



Therefore, the "
x-intercepts are: 1 L
-5ond 7 or /
(‘5, O) ond (Z, O) x-in‘l'erce,:fs

y-infercepf

THE
DISCRIMINANT

Some parabolas
will have
L x-intercepts:

Some parabolas Y
will have
only 1 x-intercept:

P
.

b L
N
I
(93]
o
~
N
R

Y N |

¢ 7

Some parabolas 0 2 e W T
will have *
. 3
0 x-intercepts: s u
:

N
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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 < O, the parabola has O x-intercepts.

. EXAMPLE: for the parabola y = 3x2 - 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 valve of the discriminant is:

R
D= b - 4ac ’
S () -4+3.5 \
- 30 - 60 = -24 2
|

Since D < 0, the parabola hos N U
A 4

0 x-intercepts.
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To graph a quadratic equation, take all the different

characteristics of a parabola and connect the points.

When graphing a parabola, we should always find:
The direction of the parabolo.

The coordinotes of the vertex.

The coordinates of the intercepts— y-intercept and
x-intercept(s).

The discriminant will tell how many x-intercepts
there are.

ERXAMPLE: Groph y= x*-4x-5.

fFind 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 ond c = -5, the x-coordinate of the
vertex is:

€04



Substitute x = Z into the eqpm‘ion. The y—coordina+e of the
vertex is=y=(2)1-4(2)—5=4—8—5=—°l

Therefore, the coordinates of the vertex are: (Z, -9)

Find the y-intercept by substituting O for x:

Y=xt-4x-5
=(0*-40 -5
=-5

Therefore, the y-intercept is -5 or (0, -5).
Find the number of x-infercepts by calcvlating
the discriminant.

Since a =1 b =-4 ond c = -5, the valve of the discriminant
is: D= b? - 4ac.

=(-42-4.1(-5) =10 +20 =306

Since D > 0, the parabola has Z x-intercepts.



Find the x-intercepts by substituting O for y:
Y=xt-4x-5

(0) = x2-4x-5 Use factoring to find the solutions.
0=(x-5)(x+1

x=5 -1

Therefore, the x-intercepts

ore: 5 and -1or (5, 0) ond
(-1, 0).

)

Groph the points and
connect them by drawing
a parabola,




@ CLECLYour [OLEDCE

For problems 1through 3, £ind the following characteristics
of each parabolo:

e the direction
e the coordinotes of the vertex

e 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>-06bx+8

2. y=-xt+1x+3

3. y=2x1+8x—10



For problem 4, rewrite the quadratic equation into vertex
form. Then state the coordinates of the vertex.

9. y=4xt+121x -1
5. Drow the groph of y = x* - Zx - 8.

6. Drow the groph of y = -Zx* - 8x - 3.



CUECK Your QSWERS

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 (Z, 0)

2. direction: downward
vertex: (1, 6)
the parabola has a maximum value
oxis 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
oxis of symmetry: x = -7
discriminant: D = 144
y-intercept: (0, -10); x-intercepts: (-5, 0), and (1, 0)

9. y=4{xs2) 10, vertex is (2. -16)
.y— X+Z ;o vertex IS Z,

MORE ANSWERS
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SOLVING
QUADRATIC EQUATIONS

When we groph 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
solution of the quadratic equation.

O=axt+bx+coraxt+bx+c=0

Notice that y has been replaced with O.

<



EXAMPLE: Find the solvtions of —ixz - ix + 4=

3 5

Use the graph of y = -%xz - %x + 4, shown.

The solutions o(-‘—%xz—%xﬂho YT
are the x-intercepts of the equation N
3

L, 2
Y= 3x 3x+4. 5

Since the x-intercepts of the s

0.

3 2 - \
groph are -3 and Z, the solutions ! -

ore: x=-3o0ond x=2. 2

EXAMPLE: Find the solvtions of x2 - 3x+4=0.
Use the groph of y = x2 - 3x + 4.
The solvtions of x2-3x+4=0

are the x-intercepts of the
equation Y = x% - 3x + 4. |

Y

N

Since there are no x-intercepts, !

there is no solvtion.

€12
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| EXAMPLE: The vertex of a parabola is ot (-4, -3). One of
the roots of the qyadmﬁc equation is (=6, 0). Find the other
root of the quadra’ric eqya‘rion.

Groph the vertex and Y~
the root, where the j_
oxis of sgmme’rrg runs \
yi \
+hrough the vertex, — — =)
-\
2
Using symmetry, we ! \,'3

are oble to £ind the
other root, becouse the
other root is an equal
distance away from
the axis of symmetry.

Therefore, the other
root is: (-2, 0).




There are real-life applications to finding solutions to
quadratic equations.

"EXAMPLE: ' 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% + X,
where x represents how far away the soccer ball travels
(in meters), and y represents how high the soccer ball travels
above the ground (in meters). Bow 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 that the heigh‘r 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 = Zx2 + Ax:

(0) = Zx* + Ax Use factoring.

0=-x(Zx-19) ApPPlY the Zero-Product Principle.
x=0 or 2x-9=0

i} 22
x=0 or x 7
There ore two answers: O meters away, or % = 45 meters
away.

The first answer doesn't moke sense (it represents

where the ball is before it is kicked), so the answer is:

q
7 " 45 meters away.
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1. Find the solvtion(s) of %
-x%+ bx - 5 = 0, using this i
groph of Yy = -x2+ bx -5. |

2. Find the solution(s) o€ T
Ly, By, 8.
X3 x5 =0
using this graph of 2
y-Seedxed ) |

WECK vour FHIOLILEREE

Y/

N
G\—'-_
N
w
-
M:
x\l

AN
M5 4 o3 2 A %

|

\

Y/
3. Find the solvtion(s) of
-x* - 4 =0, using ¢ 3 2 2 3 >x
this graph of

Yy=-xt-4




, , 1 1 . ,
4. fFind the solu‘no]n(s) of gxl b 5 = 0, using this graph

o€y=%x1+7x-3.

Y™

/
5. The vertex of a parabola ! \|

is at (Z, -5). One of the T P T— 2—)7(
roots of the qyadrod-ic )

|

equation is (8, 0). find z
the other root of the -4
vadratic equation. N
q q 6

v

6. & cannonball is fired. The path the ball takes is in the
shape of a parabola and is represented by the equation
Yy = -4x? + 31x, where X represents how far away the
cannonball travels (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 ground?

ANSWERS €17



1.

2.

3

q.

5

6

CLECK Your QIUSWERS

x=1lor x=5
X=-1

. No solution
x=-bor x=4
. (-6,10)

. 1715 miles away
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expressions, 163-165
events
complement of, 3T1-312
compound, 315-381
definition of, 364
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definition of, 142
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146

introduction to, 142-148
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dividing, 431-444
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scientific notation and,
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simplifying and,
431-444
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169-172

definition of, 155

evaluating algebraic,
163168
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introduction to, 155-160
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158-160
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381-388
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495-504
when o=, 481-490
when o#], 491-494
factorization, 465, 412
factors, definition of, 462
first-degree equations,
180-182
FOIL method, 456,
481-483, 548
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212-215
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189-298
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534-535
Scientific notation,
149-152
slope-intercept form,
1711-283, 295, 315-316,
319
stoandard form of
equation, 214

standard form of
expression, 158-160

standard notation,
149-152

vertex form, 593-59

formvulas

difference of two
cubes, 499-502

difference of two
squares, 415-4%06

factoring using special,
495-502

for finding
discriminant, 519-5806

perfect square
trinomiol, 497-498

for permvutations,
388-389

for point-slope form,
290

Quadratic Formula,
513-516

rewriting, 219-224

for simple interest, 124

for slope, 263, 268, 210,
280
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499-502

fractions

adding and subtracting,
51-58

equivalent, 54-55, 89
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dividing, 43-50

with negative
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percent and, 99
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functions
opplication of, 415-421
definition of, 36-391
evalvating, 4071-411
foctorial, 381-388
nonlinear, 415-426
notation for, 407-414
quadratic, 588-610
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3%—-4006
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3017-314
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315-324
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displaying dota using,
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ng-m
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polynomials using,
415-4718

H M vvarsvaaAa T van
high variabili’rg, 379
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315-318
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indexes, 521-524, 521-529
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solving compound,
206-215
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315-324
writing, 195
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600-602
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299-300
interval notation,
212-215
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inverse operations,
186-194, 219-224
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508-509
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185-194
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(LCM), 54-50, 221,
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169-114, 190, 429
line of best fit, 354-355
line plots, 345-346
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description of, 180-182
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forms of, 295
with no solvtion, 301
solving systems of by
elimination, 2317-244
solving systems of by
graphing, 299-306
solving systems of by
substitution, 225-236
See also lines; slope;
slope-intercept form



linear functions, 415
linear inequalities
grophing, 3071312
solving systems of, by
graphing, 315-374
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coordinate plane and,
248-1512
graphing from a foble
of volves, 255-251
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189-195
slope of, 263-216
slope-intercept form
for, 2711-283, 295,
315-316, 319
standard form for, 294
low variability, 329

M MmN
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M-8
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591-598
mean, 336
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fendency, 335-334
measvres of variation,
339-340
median, 3371-338
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591-598
mode, 338
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definition of, 156, 428
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dividing, 445-450
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Associative Property
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Commvtoative Property
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of decimals, 61-69

distributive properties
of, 1214

of exponents, 431-442

fundamental counting
principle and,
369-310

of monomials, 445452

order of operations
and, 17-20

of polynomials, 453460

of positive and
negative fractions,
45-50

of positive and
negative whole
numbers, 31-42

of radicals, 521-532

N vy Ay van
natural numbers, 2,5
negotive correlation, 356
negative exponents,
144-145
negative fractions
adding and subtracting,
51-56
mutiplying and
dividing, 43-50
negotive numbers
adding, 24-32

multiplying and
dividing, 31-42
subtracting, 33-36
negotive slope, 261, 212
no correlation, 357
nonlinear functions,
415-421
notation/form
interval notation,
212-7215
point-slope form,
289-295
of quadratic equations,
534-535
scientific notation,
149-152
slope-intercept form,
2711-288, 295, 315-316,
319
standard form of
equation, 24
standard form of
expression, 158-160
standard notation,
149-154
vertex form, 593-590
number line method,
24-11
number system
adding and subtracting
decimals, 59-63
adding and subtracting
positive and negative
fractions, 51-58
adding positive and
negotive whole
numbers, 24-32
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multiplying and dividing
decimals, 61-14
mutiplying and dividing
positive and negative
{fractions, 43-41
muliplying and dividing
positive and negotive
whole numbers,
31-42
subtracting positive
and negotive whole
numbers, 33-36
numbers, types of, 2-6
numerators, simplifying,
165
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one-varioble inequalities,
195-201

order of operations,
n-12

ordered pair, 248-249,
353-355

origin, 248-249, 309-310

ovtcomes, 364

outliers, 340, 355

moximum valve of,
591-598

minimum valve of,
591-598

as result of grophed
quadratic equation,

415-418, 531, 588-6006

vertex of, 590-598

PEMDAS (Parentheses,

Exponents,
Multiplication,
Division, Addition,
Subtraction), 18

percent

calculo’ring, 101-103
converﬁng to decimals,
100

converﬁng to fractions,

Q9
definition of, 98
finding whole from,
103-104
overview of, 98-106
probability and,
363-312

percent applications,

107-19

P marnvyvvamanavvvan - percent rofe of change,

parabolas

axis of symmetry for,
599-600

direction of parabolo,
589-590

discriminant and,
602-606

intercepts and,
600-602
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131-134

perfect cubes, 499, 511-512
perfect square trinomiol

formvla, 491-498

perfect squares, 508-509,

553-551

permutation formulas,

388-389

permutations, 385-389

pie charts, 343
plots, scatter, 3563-351
point, intersection,
199-300
points, 248251
point-slope form, 289-298
polynomials
adding and subtracting,
418-434
definition o€, 156
degree of, 158
factoring using GCF,
462-414
factoring using
grouping, 415-418
factoring using special
formvlas, 495-504
multiplying and
dividing, 453-460
popvlation, 331
positive correlation, 356
positive fractions
adding and subtracting,
51-58
multiplying and
dividing, 43-50
positive numbers
adding, 24-29
multiplying and
dividing, 31-42
subtracting, 3336
positive slope, 261, ZT1
power of o power, 448—-450
price
finding original, 110, T4,
m-n8
sales tax and, 107-109



principal, 124 testing solutions for, ratios

principal square root, 508 536 definition of, 16
probability Quadratic Formula, solving equivalent, 19
compound events and, quadratic equations overview of, To—82
315-38] with, 515576 probability and,
overview of, 363-314 quadratic functions, 364-368
permutations and graphing, 588-606 simpli¢ying, 18
combinations and, qualitotive data, 3Z6, tables and, 135-140
385-391 318-319 real numbers, 4,5
proportion, 89-91 quantitative dota, reciprocals, 40—41, 144-146
proportionality, constant 326-371,329 relotions
of 93 quartiles, 349-352 definition of, 2Z5Z, 396
quotient, 10 functions and, 396-406
Q MV vAAATIAN repeating decimals, 6
quadrants, 251 R mamvyvvamanamyvvan  repetition
quadratic equations radical sign, 506 permutations with,
discriminant and, radicals 385-381
519-583 adding and subtracting, permutations without,
form of, 534-535 511-526 3871-389
infroduction to, 534-540 components of, 571 rise, 263-2065, 268-210, 280
parabolas as resvlt of cube roots, 510-511 root (x-intercept), 601-602
graphing, 415-418, multiplying and run, 263-265, 280
531, 588-610 dividing, 521-532
real-life applications perfect cubes, 511-512 S M VAT
for, 614-0615 perfect squares, sales fax, calcvlating,
solving by completing 508-509 107109
the square, 561-512 simpliying, 515-518 somple, 331
solving by factoring, square roots, 506-508  sample space, 361-368
541-549 radicand, 521-524 sampling, 330-332
solving by graphing, random probability, 364 scale drawings, 19
61618 rondom somple, 33 scotter plots, 353-351
solving by taking range, 25Z, 339, 396406 scientific notation, 149-154
square roots, rate, 83 Set, 335
553-560 rational numbers, 3,5, simple interest; 123-130
solving with the 508-509, 511-512 simplifying
@Quadratic Formula, rationalizing the cube roots, 510-511,
513-518 denominator, 529-530 511-518
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exponents and, 451-444
monomials and, 445-450
muliplying and dividing
polynomials and,
453-460
radicals, 515-518
rotios, 18
square roots, 50T
slope
definition of, 263
description of,
263-265
finding, Z68-212
negative, 261, 212
overview of, 263-2716
positive, 261, ZT
undefined, 261
2ero, 261
slope-intercept form,
1711-283, 295,
315-316, 319
solvtions
checking, 119
definition of, 116111
of inequalities, 198-201
for quadratic equations,
530
of system of linear
equations, 226
square, solving quadratic
equations by
completing, 561-512
Square Root Property,
554-551, 561
square roots
description of,
506-508
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perfect squares,
508-509

simpli€ying, 515-516

solving quadratic

equa’rions bg ’raking,

553-560
squares formvla,
difference of two,
495-496, 501-502
standard form of
equation, 294
standard form of
expression, 158-160
standard notation,
scientific notation
ond, 149-154
stofistical question,
RYA
stotistics
definition of, 326
introduction to,
326-332
substitution
evalvating algebraic
expressions and,
163-168
solving systems of
linear equations by,
225-134
substitvtion method,
171-1234
subtraction
of decimals, 59-060,
62-63
Distributive Property

of Multiplication over,

13,14

order of operations
ond, 11-22
of polynomialls,
478-434
of positive and
negative fractions,
53-506
of positive and
negotive whole
numbers, 33-36
of radicals, 521-524
sum of two cubes formula,
499-502
symbols
inequality symbols,
196, 200, 212
infinity symbol, 215
radical sign, 506
symmetry, axis of,
599-600
system of linear equations
solving by elimination,
131-1244
solving by graphing,
299-306
solving by substitution,
225-134
See also linear
equations

T mavvvara Ay vwaan
tables
rotios and, 135-131
fwo-woy, 343-345
of valves, graphing
lines from,
255-751



ferminoting decimals, b
terms, 155-156
time, for loan, 124
free diagram, 361-368
trinomials
definition of, 156, 428
foctoring when o =1,
481-490
factoring when a #1,
491-492
perfect square trinomial
formvlo, 497-498
two-woy tables, 343-345

U mavvwaavrsvasr vvan

undefined slope, 261

vhion (or), 210-21, 549

unit price, B85-80

unit rate, 83-86

unknown quantity, £inding,
Qq-9z

V marvvvamaanacvvvan
volue(s)
absolute, 27-29, b1-63
graphing a line £rom
toble of, 255-251

moximum, 337, 597-598
minimum, 331, 5971-598
variability, 329
varioble(s)
definition of, 156
dependent; 171119,
3-31
with exponents, 157-158
independent; 177-119,
3%-31
isolating, 185-114
solving equations with
one, 185-191
solving inequalities with
one, 195-201
variotion
constant of, 13
measvres of, 339-340
vertex form, 593-590
vertex of parabola,
590-59
vertical line test (VLT),
400-403

|| Y VYV .V VPNV VIV VIV
whole, Finding when given
percent, 103-104

whole numbers

adding positive and
neqative, 24-29

definition of, 2

multiplying and
dividing positive and
negotive, 31-39

in number system, 5

subtracting positive
and negotive, 33-306

R M AN
X-0Xis, 248, 211-218
x-coordinotes, 248252
x-intercepts, 211-283, 288

Y mAaAm TN
y—oxis, 248, 211-218
y—coordina’res, 248-154
Y-intercepts, 2T1-283, 288

Z MmN
2ero (x-intercept),
601-60Z
2ero slope, 261
Zero-Product Principle,
541-548
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