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EVERYTHING YOUNEED TO KNOW TO ACE

These are the notes from my moth class.
Oh, who am I7 \Well, some people said T was the
smartest kid in closs.

T wrote everything you need to ace MATH, from

FRACTTIONS to the COORDINATE PLANE,
( and only the really important stuff in between—

you know, the stuff that's usvally on the fest!
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I tried to keep everything organized, so I almost always:

* Highlight vocabulary words in YELLOW.
e Color in definitions in IgT'een highlighter.
* Use BLUE PEN for important people,

places, dates, and terms. MM..PIE
* Doodle o pretty sweet pie chart and
whatnot to visuallg show the big ideas.
If you're not Ioving your textbook and ZZZ~-WHAT?
AT,

you're not so great at taking notes in class,

this notebook will help. It hits all the major

points. (But if your teacher spends a whole

class talking abovt something that's not

covered, go ahead and write thot down for Yourself)

Now that T've aced math, this notebook is YOURS.
I'm done with it, so this notebook's purpose in life is
to help YOW learn and remember just what

you need to ace YOUR moth class. ﬁ
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3 Chapter l &
TYPES of NUMBERS

AOOADandﬂleaooan

N\

There are many different types of numbers with different
names. Here are the types of numbers vsed most often:

WHOLE NUMBERS: A number with no fractional or
decimal part. Cannot be negoative.

EXAMPLES: O 17 3 4.

NATURAL NUMBERS: \Whole numbers from 1and vp.
Some teachers say these are all the "counﬁng numbers.”

EXAMPLES: 172,35 45.



INTEGERS: All whole numbers (including positive
and negoative whole numbers).

'EXAMPLES: . -4-3-2-101754.

RATIONAL NUMBERS: Any number that can be written by
dividing one integer by another—in plain €nglish, any number
that can be written as a fraction or ratio. (An easy way to
remember this is to think of rational's root word “ratio)

l’ (which equals 0.5), 0.Z5 (which equals 1 ),

EXAMPLES: 7 2

=1 (which equals T-l) 4.1Z (which equals ]4 (;é

] ry
THE LINE OVER THE 3 MEANS
3 = (which equals O. 3) / j THAT IT REPEATS FOREVER!

0- 333 333333333,,,, e

IRRATIONAL NUMBERS: A number thot cannot be
written as a simple fraction (becovse the decimal goes

on forever withovt repeating). (“.." MEANS THATIT
CONTINUES ON FOREVER)

EXAMPLES: 3.1415%265..3/,J2_

Every number has a decimal expansion. For example, 2 con
be written Z.000... However, you can spot an irrational
number becoause the decimal expansion goes on forever

withovt repeating,
3



REAL RUMBERS: All the numbers that con be
£found on o number line. Real numbers con be large
or small, positive or negative, decimals, fractions, etc.

LEXANPLES) 5 -11 0312, % xAL et

Here’s how all the types of numbers fit together:

REAL NUMBERS

RATIONAL
NUMBERS

INTEGERS

IRRATIONAL

WHOLE
NUMBERS NUMBERS

NATURAL
NUMBERS

!

EXAMPLE: -2 ison integer, a rational number,
ond o real number!



- SOME OTHER EXAMPLES:

40 is notural, whole, an integer,
rotional, and real.

0 is whole, on in+eger, rotional, and real.

l is rotional and real.

(0.615 is rational and real. (TERMINATING DECIMALS
or decimals that end are rotional.)

J5 = 2.2360619775... s irrational and reol.

(Nonrepeating decimals thot go on forever
are irrationol.)



RATIONAL NUMBERS
AND THE NUMBER LINE
All rational numbers can be
placed on o NUMBER LINE.

A number line is a line that orders
and compares numbers. Smaller
numbers are on the left, and
larger numbers are on the right.

A
v

EXAMPLE:  ®ecause Z is larger than 1 and also larger
than O, it is placed to the right of those numbers.

A
>
4




- EXAMPLE:  Similarly, becavse =3 is smaller than -2 and

also smaller than -1, it is placed to the left of those numbers.

I

EXAMPLE:  Not only can we place integers on a number
line, we can put fractions, decimals, and all other rational
numbers on a number line, too:

Ji 3%
£=1_>

5
-1.38 2

— | =
N

A
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e
-’






& CHECE Your (LOYLERCE

For 1 +hrough 8 classH-y eoch number in as many
coteqories as possible.

1. -3

2. 45

3. -4.89315812551655481281439843098..

4. -97654321

8. SbTS

9. Is 41—5 to the left or the righ‘r of 0 on a number line?

10. Is-0.001 1o the left or the right of 0 on o number line?

ANSWERS q



[ CHECK YouR QUSWERS |

113 In‘reger, rotional, real

_2. Rational, real

_3. Trrational, real

_4. Rational, real

3. Natural, whole, integer, rational, real

q

6. In+eger, rational, real (becovse -? con be rewritten
as -3)

1. Irrational, real
8. Rational, real
9. To the righ’r

10. To the left

10



® Chapter & o
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A O O o o a

POSITIVE NUMBERS are used 5 :«@ NEGATIVE
to describe quantities greater than &3
zero, and NEGATIVE NUMBERS

are used to describe quantities

less than zero. Often, positive and
negotive numbers are used together

o show quantities that have

opposite directions or valves.

NEUTRAL

PoSITIVE

All positive numbers just look like

regular numbers 4 and 4 mean the RE.!"“DER: ;
All positive and negative

some +hing). All negotive numbers whole numbers (without

have a negative sign in front of fractions or decimals)

them, like this: =4. are integers.

1



As we know, all integers can be placed on a number line. Tf
you put all integers on a number line, zero would be ot the
exact middle because zero is neither positive nor negative.

b

_L_

v

A

Positive oand nega’rive numbers hove many vses in our world,

such as:

NEGATIVE POSITIVE

Debt Savings
(money that you owe) (money that you keep)




Debit from a Credit to your
bank account bank account

Negative electric Positive electric

o charge \6@:\\\@ 2 charge ‘
r e > : —> N Nﬂm»:
S S0

=)

Below-zero Above-zero
temperatures temperatures
.:.O'::‘ '%’
Below sea level Above sea level

-

-

e

13



On o horizontal number line: Numbers 1o the left of 2ero
are negoative, and numbers fo the right of 2ero are positive.
Numbers ge+ larger 0s +he3 move 1o the right ond smaller
0s +he9 move to the left. \We draw INFINITY
ARROWS on each end of a number Something that is

line to show that the numbers keep endless, unlimited, or
qoing (all the way to INFINITY without bounds
and negative inﬁnh‘g!). THE SYMBOL FoR INFINTTY IS (OOO.

Positive (+) and negotive (-) signs are F c
colled OPPOSITES, so +5 and -5 ﬂ
are also colled opposites. They are 20 - | 58
both the same number of spaces or 100 - |- ;O
the some distance from 2ero on the 80 1 L 20
number line, but on "opposite" sides. 0 - |- 10
0 - |
4 ©
. 207 = -0
On a vertical number 0 - - -10
line (such as a -20 —| |- -30
thermometer), numbers 40 -| [- -40
above zero are positive, '-$
and numbers below
Zero are negative.

1%



SEXAMPLE: = \What is the opposite of 87

-8

SEXAMPLE: = Devin borrows $Z rom his friend Stanley.

Show the amount that Devin owes as an in+eger.
-7

The OPPOSITES OF OPPOSITES PROPERTY says
that the opposite of the opposite of a number is the
number itself!

I

SERAMPLE: \Whot is the opposite of the opposite of =167
The opposite of -10 is 16. The opposite of 16 is -10.

So the opposite of the opposite of -10 is -10
(which is the same as itself).

15
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You SAIDT
CoulD GO To
THE MoVIE!

7777

70 ////6

777 5

WELL YOU DIDNT SAY I
COULDN'T Go.

YOUu'RE REALLY
STRETCHING
THE OPPOSITE
OF OPPOSITES
RULE TOO FAR.
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For 1 through 3, write the integer thot represents each quantity.

WECK vour {IOWILEDECE

1. & submarine is 200 feet below sea level.

2. A helicopter is 525 feet above the landing pad.
3. The femperature is 8 degrees below zero.

§. Griselda owes her friend Matty §11.

5. Motty has $1,250 in his savings account.

6. Show the location of the opposite of Z on the number line.

¢ —_———)

-2 -1 °0 1 2
7. What is the opposite of -1007
8. Drow o number line thot extends from -3 to 3.

9. What is the opposite of the opposite of 197

10. What is the opposite of the opposite of -417

ANSWERS 17



[ CHECK Your QIUSWIERS

1. -200

2. +525 (or 525)
3. -8
y. -1

. +1,250 (or 1,250)

W

18



@ Chapter ¥ e
ABSOLUTE VALUE

A O O 4 O O A o 4 & O A O

The ABSOLUTE VALUE of a number is its distance from
2ero (on the number line). Thus, the absolvte valve is always
positive. We indicate absolute valve by putting two bars
around the number.

CEXAMPLE:  [-4]
|-4] is read "the absolvte valve of -4+ Becavse -4 is 4
spaces from zero on the number line, the absolute valve is 4.

CEXAMPLE:  [9]
|9 is read “the absolute value of 9 Because U is 9 spaces
£from 2zero on the number line, the absolute valve is 9.

4 SPACES 9 SPACES

<= : 1 [ [l [l [ [l [ 1 [l

[ L1 0 0 1 |
I | L LI L )
98 1654321012345 61

m-
0 ==

19



Absolute valve bars are also grovping symbols, so you
must complete the operation inside them first, then
toke the absolute valve.

SEXAMPLE: |5-3|=|2]=2

Sometimes, there are positive or negative symbols ovtside
an absolvte valve bar. Think: inside, then ovtside—first
take the absolvte valve of what is inside the bars, then
apply the ovtside symbol.

EXAMPLE: -|6]=-0
(The absolvte valve of @ is 6. Then
we apply the negative symbol on the
ovtside of the absolvte valve bars to
get the answer -b)

=
NOW, THIS CHANGES
EVERYTHING.

20



EXAMPLE:  -|-16|=-10

(The absolute valve of =10 is 10.

Then we apply the negative symbol
on the ovtside of the absolute valve
bars to ge+ the answer -10)

A number in front of the absolute value bars means
multiplication (like when we vse parentheses).

EXAMPLE: Z|-4| (The absolute valve of -4 is 4)

2:4=98 (Once you have the volve inside
the absolute valve bars, Yov
can solve normallg.)

Multiplication can be shown in a few different ways—not
just with X. All of these symbols mean multiply:

Zx 4-=28
17-4-=28
(2)(4) = 8
(4) = 8

If you use VARIABLES, you can put variables next to
each other or put 2 number next to a variable to indicate
multiplication, like so:

ab = 8

VARIABLE: 2 letter or symbol 3x = 15

used in place of a quantity
we don’t know yet

21
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evalvate 1 +hrough 8.

WECK vour {IOWILEDECE

. |4l
2. |49|
3. |-4.5|
o L]
5. |1-3|
¢. |1-5]
1. -|65|
s. -|-9|

9. Johanne has an account balance of -$56.50.
What is the absolvte value of his debt?

10. # valley is A4 feet below sea level. What is the
obsolvte valve of the elevation difference between the

val|e9 ond the sea level? l N
ANSWERS 23



[ CHECK Your QIUSWIERS

1. 19

9. 56.50

10. 94

24



@ Chapter & o

fACZORg and GREATEST

FACTORS ore integers you multiply together to get another
integer.

“EXAMPLE: \whot are the factors of b7

Z ond 3 are factors of b, becovse ZX3=0
1and b are also foctors of b, becovse 1 X b =0

So, the factors of b are: 1, Z, 3, and b.

IAM
When f£inding the factors of EVERYé/HERE!
0 humber, ask gourseI{ “Whot

numbers can be multiplied
+oge+her to give me this number?"

Every number greater

than 1 has at least two

factors, because every

number can be divided
by 1 and itself!

25



EXAMPLE: \what are the factors of 107
(Think: “What can be multiplied together fo give me 107%)

1-10
Z-5

The foctors 0§ 10 are 1, Z, 5, and 10.

Even though 5 x 2 also equals 10, these
numbers have already been listed, so we don’t
need to list them again.

~EXAMPLE: Emilio needs to arrange chairs for a droma
club meeting ot his school. There are 30 students coming,
What are the different ways he can arrange the chairs so
that each row has the same number of chairs?

\

_ THIS IS THE SAME AS SAYING,
1 row of 30 chairs “FIND THE FACTORS OF 30.”

Z rows of 15 chairs
3 rows of 10 chairs
5 rows of 0 chairs
30 rows of 1 chair

The foctors of 30 are 1. 2, 3,5, b, 10, 15, and 30. The

product of each pair of numbers is 30.

26



Here are some shortcuts to find an in‘reger's foctors:
An in’reger is divisible bg Z i€ it ends in an even number.

EXAMPLE: 10 9Z, 44 26, and 8 are all divisible by Z

becovuse +heg end in an even number.

An in’reger is divisible bg 3 i€ the sum of its digi’rs is
divisible by 3.

EXAMPLE: 4Z is divisible by 3 becavse 4+Z=0, and b
is divisible by 3

An integer is divisible by 5 i it endsin O or 5.

EXAMPLE: 10, 65 and Z,3Z0 are all divisible by 5
becavse they end in either O or 5.

An in’reger is divisible bg 9 i€ the sum of the digh‘s is
divisible by 1.

EXAMPLE: 797 s divisible by 9 becavse Z+9+1=18,
ond 18 is divisible by .

An integer is divisible by 10 if it ends in O.

EXAMPLE: 50, 110, and 31,530 are all divisible by 10
because they end in O.
217



Prime Numbers

# PRIME NUMBER is a number that has only two factors

(the number itsel€ and 1). Some examples of prime numbers

are 2,3 1 and 13, 215 ALSO THE ONLY
R~ EVENPRIMENUMBER.

Common Factors

Any factors that are the same for two (or more) numbers

are colled COMMON FACTORS.

EXAMPLE: \vhot are the common factors of 12 and 187
The foctors for 12 are 1.2, 3 4 6,12

The foactors for 18 are 1. Z, 3, 6, 9.18.

The common factors of 12 and 18 (factors that both

1Z and 18 have in common) are 1, Z, 3, and b.

The |orges’r £factor that both numbers share is called

the GREATEST COMMON FACTOR, or GCF for short.
The GCF 0£ 1Z and 18 is 6.

28



SEXAMPLE: ' \Whot is the GCF of 4 and 107 |

Foctorsof4are 1 Z, 4 1
Factors 0§ 10 are 1, Z, 5, 10. 1

So the GCFof 4 and 10 is 2. N

-~
N~

YEAH, I KNEw
HIM WHEN HE
WAS JUST A
PRIME NUMBER...

HE'S NOT SO
GREAT.

J[jj_nntLL Whot is the GCF of 18 ond 127

Factors of 18 are 1.2, 3, b, 9, 18.
Foctorsof 12 are1 2,34 6 8, 9 12,18 24 30, 12.

18 is the GCF 0£ 18 oand 1Z. 8

29
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SO, SMART GUY,
wHAT IS THIS
DIVISIBLE BY?

o
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1.  What are the foctors of 127

WECK vour {IOWILEDECE

2. Whaot are the factors of 607

3. Is 348 divisible by 27

4. Is 180 divisible by 37

5. Is 930 divisible by 97

6. TIs 304521 divisible by 107

1. Ffind the greatest common factor of b and Z0.

8. Find the greotest common factor of 33 and T4

9. Find the greatest common factor of 24 and 6.

10. Sara has 8 red-colored pens and 20 yellow-colored pens.
She wants to create groups of pens such that there are the
same number of red-colored pens and yellow-colored pens

in each group and there are no pens left over. Whot is the
greatest number of groups that she can create?

ANSWERS 39



[ CLECK YouR QUUSWERS |

.2,34 6 ond 12

i
.

2. 1,2,545,610,12,15, 20, 30, and 60

3. Yes, becavse 348 ends in an even number.

§. Yes, becovse 1+ 8 + b =21, and Z1is divisible by 3.
5. Yes, becovse 9+ 3+ b =18, and 18 is divisible by A.

6. No, becavse it does not end in a O.

1. 2
8. 1
9. 24

10. 4 groups. (Each grovp has 2 red-colored pens
and 5 yellow-colored pens.)

32



@ Chapter © o

When we multiply a number by any whole number (that
isnt 0), the product is o MULTIPLE of that number. Every
number has an infinite list of multiples.

EXAMPLE: \Whot are the multiples of 47

4x1=4
4x2=8
4x3=12
4x4=106

ond so on..forever!
The multiples of 4 are 4, 8, 1Z, 16..

33



Any multiples that are the same for two (or more)
numbers are called COMMON MULTIPLES.

"EXAMPLE:  \Whot are the multiples of Z and 57
The multiples o€ Z are 2,4, 6,8, 10,12, 14, 16, 18, Z0..
The multiples o€ 5 are 5,10, 15, 20..

Up until this point, Z and 5 have the multiples
10 and 20 in common.

What is the smallest multiple that both Z and 5 have

in common? The smallest multiple is 10. We call this the
LEAST COMMON MULTIPLE, or LCM.

To £ind the LCM of two or more numbers, list the multiples
of each number in order from least to greatest until yov
find the first multiple they both have in common.

~EXAMPLE: Find the LCM o€ D and 11.
The multiples of 9 are 9, 18, 271, 30, 45, 54, 603, 1Z,
81,99, 108..
The multiples of 11 are 11, ZZ, 33, 44, 55, bb, 11, 88,
9, 110.

99 is the first muttiple 4 and 11 have in common, so the
LcM of 9 and 11is 99.

34



Sometimes, it's easier o start with the bigger number.
Instead of listing all of the multiples of 9 first, start
with the multiples o€ 11, and ask yourself, *Which of these
numbers is divisible by 97"

EXAMPLE:  Susie signs up to volunteer at the animal
Shelter every b days. Lvisa signs vp to volunteer ot
the shelfer every 5 days. If they both sign vp fo
volunteer on the same day, when is the first day that

. . . 4
Susie and Lvisa will work ’roge’rher. THIS IS THE SAME AS

SAYING, “FIND THE
LCMFORSAND G."

Susie will work on the following days: bth, 12th, 18th,
24+h, and 30th..

30 is the first number divisible by 5, so the LcM is 0.

The first dag thot Svusie and Lvisa will work ’roge’rher

is on the 30th day.

35
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1. List the first five multiples of 3.

2. List the first five multiples of 1Z.

3. Find the LCM 0£ 5 oand 1.

4. Find the LCM 0£ 10 and 11.

5. Find the LCM of 4 and b.

6. Find the LCM of 12 and 15.

1. Find the LCM of 18 and 36.

8. Kirk goes fo the gym every 3 days. Deshawn goes to the
qym every 4 days. If they join the gym on the same day,
when is the first day thot theyll be ot the gym together?

. Betty and Jane have the same number of coins. Betty
sorts her coins in groups of b, with no coins left over.
Jane sorts her coins in groups of 8, with no coins left
over. What is the least possible number of coins that each

of them hos?

36



10. Bob and Julia have the same number of flowers. Bob
sorts his flowers in bouquets of 3, with no flowers left
over. Julie sorts her flowers in bovquets of 1, with no
flowers left over. What is the least possible number of
flowers thot each of them has?

ANSWERS 37



| CHECK YouURAWSTERS |

1. 36,912,15

2. 12,24, 30, 48, 6O
3. 35

4. 10

5. 12

6. 0O

1. 30

8. On the 1Zth day
9. 24 coins

10. 71 bouque+s

38
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TYPES OF ERAM’EONS

AND ADDING AND
SUBTRACTING FRACTIONS

FRACTION BASICS

fractions are real numbers that represent a part of a whole.
# fraction bar separates the part from the whole like so:

FART The *part is the NUMERATOR, and the
WHOLE «whole" is the DENOMINATOR.

39



For example, suppose yov cut a whole pizza into (o pieces and
eat 5 of the pieces. The "part" you have eaten is 5, and the
"whole” you started with is (0. Therefore, the amount you ate
is % of the piz2o.

I£ 3 people shared a pizza REMAINDER
cvt into 8 slices, each person patt, quantity, of mumber
wovld get 2 pieces, and Z left over after division

pieces wovld be left over. These
leftover two are colled the REMAINDER.

40



There are 3 types of froctions:

1. Proper fractions: The numerotor is smaller thon the -

denominotor.

EXAMPLES:

> 1
b 3

]

1,000-

4
21

2. Improper fractions: The numerator is bigger than, -
or equal to, the denominator.

10 8 125
- EXAMPLES: 3. g. ¢

3. Mixed numbers: There is a whole number and o

£fraction.

[A
EXAMPLES: 7 %

1
.18

g "

CI

5

7

91



CONVERTING MIXED NUMBERS
and IMPROPER FRACTIONS
Remember! To CHANGE A MIXED NUMBER TO AN IMPROPER
FRACTION, yov will first multiply and then add.

1
“EXAMNPLE: To change the mixed number 3% to an
improper fraction, we first calcvlate 3 X 5 = 15 and
then + 1, s0 that the improper froction is

5
o 4

3.5

To CHANGE AN TMPROPER FRACTION TO A MIXED NUMBER,
you divide the numerator bg the denominator. Ask 9oursel+‘=
"How many times does the denominator go into the
numerator? \Whot remainder do I have left over?"

13
"EXAMPLE:  To change the improper froction 8 o a
mixed number, we calcvlate:

123+8=2R7 . so the mixed number is Z—
% STANDS For REMAINDER.

If you get an answer that is an improper fraction, always
convert it into 2 mixed number for your final answer.
Some teachers take off points if you don’t!
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SIMPLIFYING FRACTIONS

Sometimes, the numerator and denominator will have common
foctors. You con SIMPLIFY them by dividing the numerator
and the denominator by the greatest common factor. Some
teachers call this "CROSS-REPULCING," “simplifying, or
"CANCELING." Whatever you call it, it's o shortcut!
) 3

EXAMPLE: 1 con be simplified to 5 becavse Z is the

GCF of 0 and 10.

b 62 3
10°10:2° 5
20 5

EXAMPLE: g con be simplified to 7 becouse the GCF
0§20 and 8 is 4.

20 20:4 S5 Most teachers want you to
g - a-a4 -7 simplify your answers if
8 8:4 1 possible, so get in the habit!

ADDING FRACTIONS

I€ we want 1o add froctions +oge+her, the denominotors
must be the some.

EXAMPLE: = %

o=
+
oW

In the sum, the denominoator s+ags the same and yov odd

the numeroator. For example, you have two identical candy
93



bars, and you cut each into 5 pieces. You give yovr little
brother 1 piece from the first candy bar, and you give
your sister L pieces from the second candy bar.
How much of a whole candy bar did yov @
give away? ®

#

i

You gove 1of the 5 pieces of the first

candy bar fo your brother = -;- @

You gave 2 of the 5 pieces of the second coandy

bar to Your sister = _é_

1 2 3
Now, add them +oge+her: g + g = g (The denomenator
s+ags the some, ond Yov
odd the numerators.)

Becavse both candy bars are the
some Size and are cvt into the
same number of pieces, you keep
the denominator as 5 and add the
numeroators to get the answer of %

YOU CAN REMEMBER WITH THIS RHYME:
Denominator’s the same—Kkeep it in the game!
Add up the top, simplify, and stop!

MéTH
DELICIOUS,
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SUBTRACTING FRACTIONS

The same idea applies to subtraction—the denominators
must be the same (both wholes must be the some size) in
order to subtroct.

EXAMPLE: — - — = — (The denominator stoys the
some, and Yov subtract the
numerotors.)

ADDING and SUBTRACTING
FRACTIONS with DIFFERENT
DENOMINATORS

In order to add or subtract fractions with different
denominators, yov just have to make their denominators
the same! We can do that by finding the LCM of the
denominators.

bow +o add btract frocti ith unlike d inotors:

E@ Find the LCM of both denominators. (Some teachers call
this the LEAST COMMON DENOMINATOR, or LCD
£or short)

||~
+
H|—

EXAMPLE:
The LCM 0£ 5 and 4 is 20.

45



Convert the numerators. (Some teachers call this
RENAMING the numerators.)

2:4 g

5.4 2 5 times what number equals 207 4. So,

yov must also multiply the numerator by

o

4 to convert the numerator.

-5 _5
2.5 10 4 times what number equals 207 5. So,
yov must also multiply the numerotor by

5 to convert the numerator.

Add or subtract, and simplify if necessary.

; + l = g 2 = E
5 4 20 20 20
L4 1
EXAMPLE: 7 3
The LCM of T and 3 is Z1.
4x3 _ 12
Ix3 171
1x1 _ 1
3x1 21



@ CUECK vour (IO LILEDEE

Calcvlate. Simplify each answer if possible.

e

X W W B|= N|—= Tl S|+ v = x|~

l ( ( I l [ + l

[ w
.° b
! = 9| | VW HIT B2 V|w = ®|=

ANSWERS 47
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1_5

1] I n
M® M= s 1|2 o —I2 rIQ rR —|o =

< & W HA WA ¢ " e & 2
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@ Chapter 7 o

(ULTIPLYING
AM” %EW?%EM@

MULTIPLYING FRACTIONS

Unlike when youv add and subtract fractions, the denominators
do not have to be the same. To multiply fractions, first multiply
the numerators. Then multiply the denominators. Simplify your
answer if necessary. That's it!

EXAMPLE: 2 x 1 -12

5 1 35
Sometimes, when multiplying fractions, you might see that o
numeroator and o denominator will have common £octors. Yov con
simpli€y them before multiplying in the same way that we simplify
fractions. Some teachers call this "CROSS-REPDULCING or
"CANCELING: Whotever you coll it, it's a shortcut!

1

EXAMPLE: o (The GCF o 8 and 4 is 4)

1.8
¥
99



4
EXAMPLE: A recipe calls for T, cup of chocolate milk, but
Yov want o cut the recipe in half. How much chocolate milk

do Yov need?

A1 1
5 zf 5
DIVIDING FRACTIONS

To divide froctions,
follow these steps:

1. Flip the second fraction to
moke its RECIPROCAL.

2. Change the division sign
to multiplication.

3. Multiply.
5.8 3 9. 71

EXAMPLE:

5 9 5 8 40

ARECIPROCAL of 2

number is another number
that, when multiplied
together, their product is
1. In plain English—any
number multiplied by its
reciprocal equals 1.

8x1-1

1 8

Ly3._1
A

3

To find the reciprocal,
flip the fraction.

Don't forget that when yov are multiplying or dividing mixed
numbers, Yyov must convert them to improper fractions first!

EXANPLE: 2 ¢ 1
1,5 1,418 1
374 35 15 5

20
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WECK vour {IOWILEDECE

°
W|—

n|b S| W

1
8

# machine pumps 4 gallons of water every hour. How
many gallons of wa+er does it pump after Z — hovrs?

4
Billy jogs ¢ kilometer every minute. How many kilometers
does he jog after (0 g minutes?

| =|»

G 9N M=

<L «

1,41
L5
k) ,
Ho;» many 7 -ounce spoonfuls of sugar are in a
5 7 -ounce bowl?
How much chocolate will each person get if 3 people share

—5- pound of chocolate equally?

ANSWERS 59



CLECK Your [IISWERS

= 3
8
14
T
1
3. 1—0
y. 12 gallons

q ..
5. 4_ kilometers
10

3
6. 1_,

15
1. 3%

3
8. Zi

1
iz spoonfuls

4
10. ¢ pound

22

WE NEED
HALF of mAT
CHOCOLATE MILK.

=
..
-




@ Chapter & ©
L%%%M@ AND

When adding and subtracting numbers with decimals, line
the decimal points vp exactly on top of each other. The digits
to the left of the decimal point (such as the ones, tens, and
hundreds) should all line vp with each other; the digits fo the
right of the decimal point (such as the tenths, hundredths, and
thousandths) should also be aligned. Then yov can add as you
normally would and bring the decimal point straight down.

EXAMPLE:  Find the sum of 045 ond 2.3.34.

045
+13.54

2919

33



Ang time Yov odd o whole number and a decimal, include
the "invisible" decimal point o the right of the whole number.

EXAMPLE:  Find the sum of $5 and $3.55.

355
+5.00 (5 becomes 5.00)
$8.55

When adding money, everything to the left of the decimal
point represents whole dollars, and everything to the right
represents cents, or parts of a dollar.

Do the same for subtraction—align the decimal points of
each humber, subtract, and drop down the decimal point.

_EXAMPLE: Find the difference of 1452 ond 24
1452

-240 (24 vecomes 240—+the valve is the some)
1212

24



@ CUECK vour (IO LILEDEE

1. $5.89+§9.23

2. 181876 + 43215

3. b+8432

4. 1234506 + 8453.234

5. 8513+2.2+11.01

6. $61.85-$2515

7. 100 - 6181

8. 99.09-98.29

9. 14321.81-2.6382

10. Justin goes to the mall with $120. He spends $54.61 on

clothes, $15:49 on school supplies, and $8.14 on lunch.
How much does he have left?
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CLIECE YouR AUSYERS |

1. §15.12

2. 22509

3. 9032

4. 9681194
5. 271183

6. $42.10

1. 93219

8. 08

9. 143251118

10. $43710

26



@ Chapter ¥ o
MULTIPLYING

oovoDooOD4000OO0ON

DECIMALS

When multiplying decimals, yov don't need to line vp the
decimals. In fact, you don't have to think about the decimal
point until the very end.

Steps for multiplying decimals:

1. Multiply the numbers as though they were whole
| numbers.

1. Include the decimal point in your answer—the
number of decimal places in the answer is the same
as the total number of digits to the right of the

decimal point in each of the factors.
A

)

INTEGERS YOU ARE MULTIPLYING

21



EXAMPLE: 474 x 2.

424
x21

424
848
8904

YoU DON'T
NEED TO LINE

&— UP DECIMALS!

The total number of decimal places in 4.24 and Z1is 3,

so the answer is 8904,

Let's +r9 it again:

* EXAMPLE: ®ruce jogs 1.Z kilometers per minvte.
I he jogs for 5.8 minutes, how far does he jog?

12
x5.9
[0}
60
66

The total number of
decimal places in 1.2

and 5.8 is Z, so the answer
is 090 kilometers.

28

When counting decimal places,
don’t be fooled by zeros at the
end—they don’t count.

0.30 €~ CANTBECOUNTED
0.30 = 0.3 (only 1 decimal point)




& CHECK vour (L OWLEDEL

1.

10.

5.0x041
(3.55)(4.82)
0.350+040
(A.810)(344)
(1.003)(Z.4)
310 x 0.0002

0.003x0.015

The price of fobric is $1.60 per meter. Lance bought
5.5 meters of fobric. What wos the total cost?

€ach centimeter on a mop represents 3.2 meters. How
many meters do 5.04 centimenters represent?

# gallon of gas costs $Z.16. Rob buys 13.5 gallons of
gos. How much did he pay?

ANSWERS 59



| CHECK YouR ASWERS |

1. 3589

2. 11M

3. 014

4y, 3395624

5. 24072

6. 00062

1. 0.000045

8. $41.80

9. 16128 meters

10. $29.16

€0
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'EIDING
DECIMALS

You can divide decimals easily by simply making them

into whole numbers. You do thot by multiplying both the
PIVIDEND ond PIVISOR by the some power of ten.
Because the new numbers are proportional to the original
numbers, the answer is the same! CORRESPONDING IN SIZE

EXAMPLE: 2.5:0.05=(2.5x100)+(0.05x100)
=250:5=50

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

dividend

Avisor = quoh‘ent OR dividend = divisor = quoﬁent

quo+ien+

OR divisor )dividend

61



Multiply both decimal numbers by 100, becavse the decimal
needs to move two places in order for both the dividend and
divisor to become whole numbers. Remember, every time you
multiply by another power of ten, the decimal moves one
more space fo the right!

Let's #ry another example:

EXAMPLE: 4 cor drives Z21.0 miles in Z.1 hours. kHow
many miles does it travel each hovr?

216 216x10 _ 21

27" 29x10 ~ 27 8 miles

Don’t be thrown off if you see decimals being divided like this:

21]216

The process is the same—multiply both numbers by 10
in order for both terms to become whole numbers:

8 miles
Z.y Zl.ip,= 217216

xX10 X10

62



& CHECK vour (L OWLEDEL

1.

10.

15:25
184+ 406
102.84: 0.2

1,250+ 0.05

398

04

0.21

04

15

515

1,054

0.02
4 machine pumps 8.4 gollons of water every 3.Z minutes.
How many gallons does the machine pump each minvte?

Will swims o total of 45.6 laps in Z.85 hours. How many
laps does he swim each houvr?
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[ CHECK Your QIUSWIERS

1. 3

2. 4

3. 541

4. 25,000

5. 995

6. 00615

1. 04

8. 521

9. 2625 gollons

10. 16 laps

(1]



@ Chapter Ul o

ADDING POSITIVE
AND NEGATIVE

To add positive and negative numbers, Yyov can vse a humber
line or use absolvte valve.

TECHNIQUE #1.
USE a NUMBER LINE

Drow o number line and begin ot ZERO.

1 e 1 5 34 2

’
For o NEGATIVE (-) number, move that mony spaces to the left.
For o POSITIVE (1) number, move that many spaces to the right.

Wherever you end up is the answer!
€5



_EXAMPLE: -5+4

Begin ot zero. Becavse -5 is negative, move 5 spoces to the left:

—t
- -4 -3 2 -1 o 1 2 3 4 5

<

Becavse 4 is positive, move 4 spaces to the right.
Where did yov end vp?

-lis correct!

EXAMPLE: -1+(-2)

‘js N 3 5 1 o1 2 3 4 »

Begin at zero. Move 1 space to the left. Then move Z more
spaces to the left. Where did you end vp? -3

The sum of a number and its opposite always equals zero.

For example, 4+ -4 =0. Think about it like this: if you take

four steps forward, then four steps backward, you end up
exactly where you began, so you’ve moved zero spaces!
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TECHNIQUE #2:
USE ABSOLUTE VALUE

I£ yov need to add larger numbers, yov probably don't
want o droaw o number line. So, look at the signs ond decide
whot to do:

I£ the signs of the numbers You are adding ore the some,

they are alike (’rheg go in the same direction), so You can
add those two numbers together and keep their sign.

EXAMPLE: -1+(-2)

2oth -1 and -Z are negative, so they are alike. We add
them together and keep their sign to get =3,

If the signs of the To remember all this, try

numbers youv are adding singing this to the tune of
are different, subtract "Row, Row, Row Your Boat.”
he absolute valve of each Same sign: keep and add!

Different sign= subtract!
of the two numbers. i

Keep the sign of the

Which number had a larger amount,
higher obsolute valve? then yov'll be exact!

The answer will have the

same sign that this number
had ot the beginning.
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EXAMPLE: -10+4

-10 and 4 have different signs, so subtract the obsolvte
valve, like so |-10|-|4|=10-4=06.

=10 hod the higher obsolvte valve, so the answer is also
nega‘rive: -0.

EXAMPLE: -35+100
-35+4100=05  (Different sign, so we have to subtract!

+]100 hod the higher absolvte valve, so
the answer is also positive.)

EXAMPLE:  The temperature in Wisconsin was -8
degrees Fahrenheit in the morning. By noon, it had risen by
LZ degrees Fahrenheit. Whot was the temperature at noon?
Use integers 1o solve.

-8+22 =14

The temperature ot noon was 14 degrees Fahrenheit.
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& CHECE Your (LOYLERCE

10.

-8+8

-22+-1

-14+19

28+ (-13)

-12+3+-8

-54+-113

-546+133

1,256 + (-4,450)

Tt's O degrees outside ot midnight. The temperature
of the air drops 20 degrees in the morning hours, then
gains 3 degrees as soon as the sun comes vp. What is

the temperature after the sun comes vp?

Denise owes her friend Jessica $2.5. She pays her bock
$17. How much does she still owe?

ANSWERS €9



| CHECK YouURAWSTERS |

1. O

2. -13

3. 5

4. 15

5. -1

6. -161

1. -313
8. -3194

9. -11 degrees

10. She owes $8 (-$98).
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SITIVE Ao
IBERS

PO
NEGATIVE NUA

NEXT UP: learning to subtract positive and negotive
numbers. We already know that subtraction and addition
are "opposites” of each other. So, we can vse this shortcut:

Change a svbtraction problem to an addition problem by

using the additive inverse, or opposite!

-EXAMPLE: 5-4
The odditive inverse of 4 is =4, which we can change
to an addition problem, like so: 5-4=5+(-4),

5+ (-4)=1

n"



EXAMPLE: 1-10

The additive inverse of 10 is -10.
1-10=1+(-10)

7+(-10) = -3

EXAMPLE: 3 - (<))
The additive inverse of =1is 1.

3-(D=3+1=4
341=4

~EXAMPLE: ' 4 bird is flying 4Z meters above seo
level. 4 fish is swimming 12 meters below sea level.
How many meters apart are the bird and the fish?

(\ M ':O:'
The bird's height is 4Z. Faae
The fish's height is -1Z.
To find the difference, we shovld svbtract:

42 - (1) = 42 + 12 = 54

-

Answer: They are 54 meters apart.

EXAMPLE: -3 -14=-3+(-14) = -1

EXAMPLE: ) -4 - (- +8=-4+9+8=13

72




10.

-8-31

-14-(-6)

-100-(-101)

n-1

84-183

-12-(-2)+10

The temperature ot 2:00 pm. is 21 degrees. A+ 2:00

o.m, the temperature has fallen to -4 degrees. Whot is the
difference in temperoture from 2:00 pm. to 2:00 am?

ANSWERS 73
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1. 8

2. 22
3. -12
4. -39
5 -8
6. 1

1. -b
8. -99
5. O

10. 3] degrees
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MULTIPLYING

AaND DIVIDING

POSITIVE AND NEGATIVE

W2
A

2 7 7

7

Multiply or divide the numbers, then count the number of
negoative signs.

I£ there are on ODD NUMBER of negative numbers,
the answer is NEGATIVE. Q&

THERE ARE

SMCATVE | () x () = ()
A A A A
I NEGATIVE. OX@HXxE =06

T O0:0:0=0
75



I£ there ore on EVEN NUMBER of negotive numbers,
THERE ARE

the answer is POSITIVE. Qp
2 NEGATIVE

NUMBERS, 50\ () x ()=
THE ANSWER ()=

ISPOSITIVE. ) x ) x(-)=(

(i) « (&) - (&)
e

EXAMPLES:
-9(-0=28 (even number of negotive numbers)
-11x4=-44 (odd number of negative numbers)
—%4 =21 (even number of negative humbers)

~-LXZX-2=8 (even number of negative numbers)
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1. (-2)(-8)
2. 9--14

3. -20x-18
5. 100x-12

5. Joe drops o pebble into the sea. The pebble drops Z inches
every second. How many inches below sea level does it drop
ofter (0 seconds?

6. bb+(-3)
7. -N19+-119
1
. =
q. . -1
3

10. Lost week, Sal's business lost o total of $12.6. If he lost the
same amount of money on each of the | dags, how much
money did he lose each dag?

ANSWERS 77
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1. 16

2. -126

3. 360

4. -1200

5. 12 inches (or -12)
6. -12

1. 1

8. -9

. 3

10. He lost $18 each dag (or -$18).
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QUALITIES

7=,
Y

4 00 onNO oo vV © O

An inequality is o mothemotical sentence that is used to
compare quantities and contains one of the following signs:

0O < b or "a is less than b
o >borrais greater than b
o # b or "a is not equal to b

OPEN SIDE > VERTEX SIDE
When using an inequality sign to compare two amounts,
place the sign in between the numbers with the “open”
side toward the greater amount and the “vertex” side
toward the lesser amount.

THE MATH MONSTER
ALWAYS WANTS To EAT
THE GREATER AMOUNT!

You con vse a number line o compare
quantities. Numbers get smaller the
farther you 9o to the left, and larger
the farther yov go to the right.
\Whichever number is farther
to the left is "less than" the
number on its right.




“EXAMPLE:  Compare -Z and 4.

':,—’
Z 3 9

2
¥

< : ¢
Y 3 2 A

[« X
‘_Aq-

-7 is farther to the left than 4 so -7 < 4.

We can also reverse this expression
and soy that 4 > -Z.

-2 < 4 is the some as 4 > -Z.

Remember that any negative number is always less
than zero, and any positive number is always greater
than zero and all negative numbers.
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—

Just like when we add or svbtract fractions with
different denominotors, we have to make the

1 1
EXAMPLE: Compare 'Zomd = g

The LCM of Z and 3 is b.

~1:3 _-3

2:3 ©

“1.2 _-2

5.1 ©

Compare -—(; and -—é.

t ; t : s t —b
1 -5 -4 -3 -2 -1 9

6 6 6 6 6

-% < -E therefore —— < -%

81

denominators the same when comparing fractions.



There are two other ineqyali‘rg sgmbols yovu shovld know:

O £ bor "ais less than or equal to b*
2borais greater than or equal fo b”

=~ EXANPLE: X < 3 which means X con equal any number
less than or equal o 3.

D ——— . T S T——

R SR S R R S S S S S S
3 ond any number to the left of 3 will make this number
sentence true. The valve of X couldbe 3. 2,1 0, -1,
and so on. But X could not be 4 5, b, and so on.
1
» EXAMPLE: x2z2-——
yA
N SRR R R R H T N A A

1 1
=7 ond any number to the right of =7 wnll make this

sentence true. The value o€ X could be O, - - 1. and so on.
But X covld not be -1, 14 7 . and so on.
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1.

10.

WECK vour {IOWILEDECE

Compare -1Z oand 8.
Compare -14 and -15.

Compare O and -8.

compare 0.025 and 0.0Z6.

ompare ¢ ond "

c Z d ]
ompare ——- ona — .
pare =3 2
Ifye< -4 list 3 valves that y could be.
I¢ m 2 O, list 3 valves that m could NOT be.

\Which is warmer: -5°C, or -8°C 7

Fill in the blanks: Whichever number is farther to the
left on o number line is the number
on its righ’r.
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[ CECK Your ASWERS |

1. -12<8or8>-12

2. -14>-15o0r -15 < -14
3. 0>-8Bor-8<0
4. 0.025 < 0.026 or 0.026 > 0.025

s, 2,12
5 5

1, 2

6. -—>-%£

2 3

1. -4 ond/or any number less than -4,
such as -5, -0, etc.

8. Ang number less than O, such as -1, -2, -3, etc.
9. -5°C
10. Less than

#7 and #8 have more than one correct answer.
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and Percents

Ratios
Proportions,




© Chapter @g e

/. 7,
Z &

/0,

v

y,

P 4
7
2 2
7 %

40 O VvV O0oO 0400 00N

# RATIO is o comparison of two quantities. For example, you
might use a ratio to compare the number of students who
have cell phones to the number of students who don't have
cell phones. # ratio can be written o few different ways.

The ratio 3 10 Z can be written:

3=Zor% or3t0 2

Use "a* to represent the first quantity and "b* o represent
the second quantity. The rotio a to b can

be written:

a=bor%ora+0 b

A fraction can
also be a ratio.
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ERXAMNPLES: = Five students were asked if they have o cell

phone. Four said yes and one said no. Whot is the ratio of

students who do not have cell phones to students who do?

1

1:4 or 7o 110 4. (Another way to say this is, "For
every | student who does not have
o cell phone, there are 4 students
who do have a cell phone.”)

What is the ratio of students who have cell phones to total
number of students asked?

4:5 or % or4 to 5.

ERXAMNPLE: Julio opens a small bag of jelly beans and
counts them. ke counts 10 total. Among those 10, there
are 2 green jelly beans and 4 yellow jelly beans. What
is the ratio of green jelly beans to yellow jelly beans?
And what is the ratio of green jelly beans

to total number of jelly beans? O :
The rotio of green jelly beans to
green jelly - © ©

yellow jelly beans in fraction form is 7

L 1
That can be simplified to 7 O

So, for every 1 green jelly bean, there are /A Yellow jelly beans.
87



The ratio of green jelly beans fo the total amount is %

That can be simplified to % .

So, 1 out of every 5 jelly beans in the bag is green.




@ CHECK vour [LHOWLEDCE

For 1 +hrough 6, write each ratio as a fraction.
Simplify if possible.

1. 2:9
2. 42:52
3. 51030

y. For every 100 apples, ZZ apples are rotten.
5. 106 black cars to every Z red cars
6. 19:31

For 7 through 10, write a ratio in the format of a:b
t+o describe each sitvation.

1. 0f the Z1 people surveyed, 14 live in apartment buildings.
8. In the sixth grade, there are 8 gjirls to every 10 boys.
9. €xactly B4 ovt of every 100 homes has o computer.

10. Lucinda bought school supplies for class. She bought g pens,
1Z pencils, and 4 highlighters. What was the rotio of pens
to total items?

ANSWERS 89
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9
2 =
%o
(S
;8
¢ 2
1. 1421
8. 8:10 or 4:5
9. 2125
10. 8:24 or 1:3



@ Chapter 16 o

UNIT RATE
ANDUNIT PRICE.

A RATE is o special kind of ratio where the two amounts
being compared have different units. For example, Yyov might

use rate to compare 3 cups of flour to Z teaspoons of
sugar. The units (cups and teaspoons) are different.

A UNIT RATE is o rote that has 1 as its denominator. To
find a unit rate, set up a ratio as a fraction and then divide
the numerator by the denominator.

EXAMPLE: 4 car can travel 300 miles on 15 gollons
of gasoline. What is the unit rote per gallon of gasoline?
MEANS DIVIDE
300 miles:15 gllons = 091 = 70 miles per gollon
goallons

The unit rote 5' 20 miles per gallon.

This means the car can travel 20 miles on | gallon of gasoline.

9



* EXAMPLE: An athlete con swim % mile every % hour.
\What is the unit rate of the athlete?

In plain English: How many piles per hour can the athlete swim?

5 3

B 1
ZM||Q-3M||Q= = Zx]=2.

w|— INI—-

=

1 miles per hour

7 R

When the unit rate describes a price, it is called

UNIT PRICE. When you're calculating unit price, be sure
to put the price in the numerator!

EXAMPLE: Jocob pays $1.60 for Z bottles of water.
What is the unit price of each bottle?

$1.60:Z bottles or 1.(;0 = $0.80

The unit price is $0.80 per bottle.
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For 1 through 10, find the unit rate or unit price.
1. My mom jogs 30 miles in 5 hovrs.
2. We swam 100 yards in Z minutes.
3. Juliette bought 8 ribbons for §1.5Z.
4. He pumped 54 gallons in 12 minutes.
5. Ttcosts $2,104.50 to purchase 122 soccer balls.
6. frunner sprints % of a mile in % hovr.
7. Linda washes Zb bowls per 4 minvtes.
8. Safira spends $4Z for 1Z gallons of gos.

9. Nathaniel does 240 push-ups in 5 minutes.

10. A team digs 12 holes every 20 hovrs.
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-l
.

6 miles per hour

2. 50 yords per minuvte
3. $0.]19 per ribbon
. 4.5 gollons per minute
5. $17.25 per soccer ball
1 .
6. -li miles per hour
1. 0.5 bowls per minute
8. $350 per gallon of gas

9. 48 pushups per minute

10. 0.6 holes per hovr



@ Chapter 7 o
PROPORTIONS

A PROPORTION is o number sentence
where two ratios are equal.

fFor example, someone cuts

o pizza into Z equal pieces .
and eats 1 piece.
The ratio of pieces
that person ate to [
the original pieces of pizza

is == The number 7 is
the same ratio as if that
person instead cut the
pizza into 4 equal pieces |
ond ote Z pieces.

p

1
]

_L
4

h )



You can check if two ratios form o proportion by vsing cross
products. To £ind cross products, set the two ratios next to
each other, then multiply diagonally. If both products are
equal fo each other, then the two ratios are equal and form
a proportion.

1 /A SOMETIMES, TEACHERS
7 L><‘Z é———— ALSO CALL THIS CROSS
MULTIPLICATION.
1x4=4
1x2 =4
4=4

z
4 .

1
The cross products are equal, so z =

- EXAMPLE: Are E) and a1 proportional?

5 15
3 9
_S-XE Two ratios that form a
proportion are called

5x15=45 EQUIVALENT
Ax5=45 FRACTIONS.
45 = 45

3 9

gomd E ARE proportional—their cross products are equal.

6



You can also vse o proportion to FIND AN UNKNOWN
QUANTITY. For example, you are moking lemonade, and the
recipe says to use 5 cups of water for every lemon yov squeeze.
How many cups of water do You need if yov have 0 lemons?

5 cups

First, set up a ratio:
1 lemon

Second, set up a ratio for whot Yov are 1rying to fiqure ovt.
Because yov don't know how many cups are required for )
lemons, vuse X for the amount of water.

X Cups
b lemons

Third, set up a proportion by setting the ratios equal to each
other:

5 cups X CUpS NOTICE THAT THE UNITS
><. 2 SIS ACROSS FROM EACH
1lemon b lemons OTHER MATCH.

Last, use cross products to find the missing number!

lex=5x0

1lex=30 (Divide both sides by 1so you can
get X alone)

X =30

You need 30 cups for 0 lemons!
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EXAMPLE: You drive 150 miles in 3 hours. At this rate,
how far wovld yov travel in 1 hours?

150 miles _ X miles
3 hovrs 1 hovurs

150«71=3x
1,050 = 3x (Divide both sides by 3 so you can get X alone)
350=x

You'll travel 350 miles in 1 hovrs.

Whenever you see “at this rate,”
set up a proportion!

Sometimes, o proportion stays ’rhe1 same, even in different
scenarios. for example, Tim runs 20 mile, and then

he drinks 1 cup of water. If Tim runs 1 mile, he needs

Z cups of water. If Tim runs 1.5 miles, he needs 3

cups of water (and so on). The proportion stays the
same, and we multiply by the same number in each
scenario (in this case, we multiply by Z). This is known

as the CONSTANT OF PROPORTIONALITY or the
CONSTANT OF VARIATION ond is closely reloted

to unit rate (or unit price).
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EXAMPLE: 4 recipe requires (0 cups of water for Z
pitchers of fruit punch. The same recipe requires 15 CUPS
of water for 5 pitchers of fruit punch. How many cups of
water are required o make ] pitcher of £ruit punch?

We set up a proportion:

boups _ _xcups 15cuops  _ _Xcups
2 pitchers — 1pitcher °" 5 pitchers 1 pitcher

Bg solving £for X in both cases, we find ovt that the
answer is always 3 cups.

We can also see unit rote bg using o table. With the data
from the table, we can set up a proportion:

* EXAMPLE: Dophne often walks lops of the track. The
table below describes how much time she walks and how
many laps she finishes. How many minvtes does Daphne
walk per lap?

Total minutes walking | 18 42

Total number of laps 4 )

28 minvtes  x minutes 42 minvtes X minvtes
= or =
4 lops 1lop b lops 1lop

Solving for X, we find out thot the answer is 1 minutes.

19
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@ |CHECL vour LIOWLENCE

p) b

Do the ratios T and 9 form o proportion?

Show why or why not with cross products.

4 o

Do the ratios q and ﬁ form o proportion?
Show why or why not with cross products.

4 12

Do the ratios g and 2_—0 form a proportion?

Show why or why not with cross products.

3 9
Solve for the unknown: E = ;
8 Y
Solve for the vnknown: — = —. Answer in decimal
5 19
form.
m 1

Solve for the vnknown: (0—5 = T Answer in decimal

form.

In order to make the color pink, o painter mixes Z cups
of white paint with 5 cups of red. If the painter wants
to use 4 cups of white paint, how many cups of red
paint will she need to make the same color pink?



10.

Four cookies cost $1. A+ this rate, how much will 9
cookies cost?

Three bagels cost $Z.01. #t this rate, how much will 10
bagels cost?

It rained 3.15 inches in 15 hours. At this rate, how much will
it rain in 35 hours? Answer in decimal form.
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-

3x8=124 ‘
Yes, becavse % >< % bx4=24 Jj 5@/
! 24=124 =2

4 4x11=44 |
No, because — h
- °“><‘" bx9 =54 j]L
44 = 54
No, becavse 4 17 4x20=80
5& 70 12x5=60

80+# 60
X =45

Yy =304
m = 118175
10 cups
$1515

$890

10. 8.15 inches



s Chapter 18 o

Sometimes, we want to change one type of measvrement
unit (Such as inches) to another unit (such as feet). This is
colled CONVERTING MEASUREMENTS.

STANDARD SYSTEM of
MEASUREMENT

In the US, we use the STANDARD SYSTEM

of measurement. Here are some standard system
measurements and their equivalen+ units:

Length

12 inches (in) = 1 foot (£1)

3 feet (£1) = 1yard (yd)
1760 yards (yd) = 1 mile (mi)
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Weight
1 pound (Ib) = 16 ounces (02)
11on (4) = 2,000 pounds (Ib)

Capacity

1 tablespoon (tbsp) = 3 teaspoons (+sp)
1 £lvid ounce (02) = 2 tablespoons (tbsp)
1 cup (c) = 8 £lvid ounces (02)

1 pint (pt) = Z cups (©)

1quart (qh) = Z pints (ph)

1 gallon (gal) = 4 quarts (qb)

When converting between measurements, set up o
proportion and solve.

SEXAMPLE:  How mony quarts are there in 10 pints?

We already know thot 1 quart is
the same os Z pints, so we vse @ -
+his rotio: 8 =

x quarts  1quart
10 pints = Z pints

We cross multiply to find the answer is 5 quarts.
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~“EXAMPLE: ' How many pints are there in 04 £lvid ounces?

We can vse ratios and proportions, and repeat this
process until we end vp with the right units. We

already know that there are 8 £luid ounces in 1 cup, so

we change from £lvid ounces to cups first.

X CUPS _ 1 cup
04 £lvid ounces 8 £luid ounces

We cross multiply to find the answer is 8 CUPS.
Next, we change 8 cups to pints.

We already know that there are Z cups in 1 pint,
So we set up another proportion:

X pints 1 pint
= MAKE SURE YOUR
8 cups Z cups UNITS ALWAYS MATCH

\y HORIZONTALLY.

We cross multiply to find
the answer is 4 pints.

FRAVAGA
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METRIC SYSTEM of @

MEASUREMENT
Most other countries use the METRIC SYSTEMN \'JEEA#EO
of measurement. Here are some metric sgs+em N METRIC
. . . SYSTEM IN
measvrements and their equnvalerﬂ- vnits: SCIENCE
CLASS!

Length

10 millimeters (mm) = 1 centimeter (cm)
100 centimeters (cm) = 1 meter (m)
1,000 meters (m) = 1 kilometer (m)

Weight
1,000 milligrams (mg) = 1 gram (g)
1,000 grams (g) = 1 kilogrom (kg)

When converting between measurements, set vp a
proportion and solve.

EXAMPLE: How many centimeters are there in
Z kilometers?

We can vuse rotios and proportions becovse we already
know that there are 1,000 meters in 1 kilometer:

X meters _ 1,000 meters
2 kilometers  1kilometer
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We cross multiply to find the answer is Z,000 meters.
Next, we change Z,000 meters to centimeters.

We already know that there are 100 centimeters in 1 meter,
So we set vp another proportion:

X centimeters - 100 centimeters
2,000 meters 1 meter

We cross multiply to €ind the answer is 200,000 cm.

CONVERTING BETWEEN
MEASUREMENT SYSTEMS

Sometimes, we want to change one type of measvrement
unit (such as inches) to another unit (such as centimeters).
When we change units from the standard system to

the metric system or vice versa, we are CONVERTING
BETWEEN MEASUREMENT SYSTEMNS.

Here are some of the COMMON CONVERSIONS oF
STANDARD 760 METRIC:

Length

linch (in) = 2.54 centimeters (cm)

328 feet (£1) = 1 meter (m) (approximately)
1yard (yd) = 09144 meter (m)

1 mile (mi) = 161 kilometers (km) (approximately)
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Weight

1 ounce (02) = 28349 grams (9) (approximately)

1 pound (Ib) = 453.592 grams (g) (approximately)

1 pound (Ib) = 0454 kilograms (k) (approximately)

Capacity
1 £lvid ounce (£l 02) = 29.574 milliliters (ml) (approximotely)
1 pint (pb) = 473177 milliliters (ml) (approximotely)
1 pint (ph) = 0473 liters (I) (approximotely)
1gallon (gal) = 3185 liters (1) (approximately)

When converting between measurement systems, just set vp

a proportion and solve.

EXAMPLE:  How many gallons are in 1Z liters?
First, set up a proportion with the unknown quantity as X.

1goallon _ x gallons
3785 liters 12 liters

Next, use cross products to
find the missing number.

3185x =12 (Divide both sides by 5:185
to isolate X on one side of
the equal sign.)

X = approximately 3.1 gallons

So, there are roughly 3 gallons in 1Z liters!
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For 1 +hrough 8, fill in the blonks.

1. 20 feet= ___ inches

2. __gollons = 24 quarts

3. 30 teaspoons = ___ £lvid ounces
4. millimeters = 0.08 kilometers
5. 30 centimeters = ___ inches

6. 45 miles=___ feet

7. _— groms = 3b ounces

8. 525pints= ___ liters

9. While hiking o trail that is T miles long, Yyov see a sign thot
says, “Distance you've traveled: 10,000 feet How many
£feet remain in the hike?

10. Mount €verest, on the border of Nepal, is 8,848 meters +all,
while Chimborozo in €cvador is (0,310 meters tall. Whot is the
difference in elevation between the two mountains in feet?
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1. 312

2. 0

3. 5

5. 80,000

5. Approximately 11.81

6. 13760

1. #pproximately 1,020.564
8. Approximately 248525
9. 26960

10. #Approximately 8,525.04



Chapter 19 o

O <oV OODAOOEIOB

PERCENT means “per hundred. Percentages are ratios
that compare a quantity to 100. For example, 53% means
"33 per hundred"” and can also be written ]30_% or 0.33,

SHORTEVT: Any time you have a percent, you can
put the number over 100 and get rid of the % sign.
Don’t forget to simplify the fraction if possible!

EXAMPLES of o percent as a fraction:

g 2 g L5 1
% =100 2% =100~ 3

EXAMPLES of o fraction as a percent:

" 9 l_@_ [/
55 = = = i0g = LO%

- THIS IS A PROPORTION!
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EXAMPLES of o percent as a decimal:

05 65
Y = — = do = — = (.
©5% 100 0.65 0.5% 100 0.065
To turn o fraction into o percent, divide the NUMERATOR
(top of the fraction) by the PENOMINATOR (bottom of

the £roction).

SHORTCEVT: When dividing by 100, just
move the decimal point two spaces to the left!

EXAMPLE:

M _14:50-028 - 28%

50
(Once yov ge’r the decimal form of the answer, move the
decimal two spaces to the right, then include the % sign
ot the end.)

REMEMBER: =<'

Any number that doesn’t
have a decimal point has an
“invisible” decimal point at
the far right of the number: =

14 is the same as 14.0. %
RIGHT,
A ‘BOSS‘.

WE ARE
INVISIBLE! WE LURK
IN THE SHADOW/S!
RIGHT, ZERO?
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LET'S TRY IT AGAIN:
Five out of every eight albums that Lotrell owns are jozz.
Whait percentage of his music collection is jo22?

5
5 =5+8=00625 (Move the decimal fwo spaces

g8
to the right and include
o percent sign.)

Jozz makes up 0Z.5% of Latrell's music collection.

Alternative method: You can also solve
problems like this by setting up a proportion, like this:

5 X
8‘><'100
Bex=5:100

8 x=500 (Divide both sides by 8 so youv can
get X alone.)

X=0625 ~+ 6ZL.5% of Lotrell's music is jozz.
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Boss. ..
I'M AFRAID of
THEDARK...
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oH,
QROTHER.
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WECK vour {IOWILEDECE

1. \Write 45% as a froction.

2. \Write 68% as o fraction.

3. \Write 2715% as o fraction.

YOoU CAN WRITE
¢ YOUR ANSWER AS AN
IMPROPER FRACTION
OR A MIXED NUMBER.

4. \Write 8% as a decimal.

5 \Write 954% as o decimal.

6. \Write 0.003% as a decimal.

b

- . 4
1. 70 'S what percent?

15

L, ”
8. g0 's what percent?

3. In the school election, Tammy received 3 out of every 1
votes. What percent of the votes was this (approximate
to the nearest percent)?

10. If yov get 17 ovt o€ 20 questions correct on your next
fest, whot percent of the test did youv answer incorrectly?
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B9
L 100 = 20
8 1
2100 T 25
215 11 232
100 = 4 Ly
4. 008
5. 0954
¢. 000003
1. 30%
8. 1815%

9. #Approximately 43%

10. 15%



The key to solving percent word problems is to translote the
word problem into mathematical symbols first. Remember
these steps, and solving them becomes much easier:

STEP 1: Find the word "is" Put an equal sign above it. This
becomes the center of your eclua‘rion.

STEP2: Eeverything that comes before the word "is* can

be changed into math symbols and written to the left of the
equal sign. Everything that comes after the word "is* shovld
be written fo the right of the = sign.

117



STEP 3: Look for key words:

W "“What" or "Whoat number" means an vnknown number.
Represent the unknown number with a variable like X.

W "0f" means "multiply.”

W Percents can be represented as decimals, so if Yov
see % move the decimal two spaces fo the left and get

rid of the percent sign.

STEPY: Now you have your number sentence, so do
the moth!

SEXAMPLE:  \whotis 15% of 457

USE THE EQUAL SIGN FOR “IS."

USE x FOR
BT USE MULTTPLICATION
SYMBoOL FoR “OF -
X = O.'l% <45
CONVERT 75%
TO O.75.
X=3315

So, 3315 is 15% of 45.
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» EXAMPLE: 13 is whot percent of 2.57

13=x25  (Divide both sides by Z5 to get X alone)

052=x (To convert 0.5Z +o a percent, move the
decimal two spaces to the right and
include the % sign.)

52% = X

So, 13 is 52% of 2.5.

Don’t forget to double-check your math, read
through the word problem again, and think
about whether your answer makes sense.

EXAMPLE: 4 is 40% of whot number?

4=040+x  (Divide both sides by 04
to get X alone.)

10=x

So, 4 is 40% o5 10.
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“EXAMPLE: \whot percentage of 5 is 1.257

X+5=125
x=0125

So, 25% o£ 5is 1.25.



& CHECK Your [LIOWLEDEE .

1. Whot is 45% of 607

2. What is 15% of 2507

3. Whatis 3% of 177

4. 1lis whot percent of 207

5. 7 is what percent of 207

6. 11is what percent of 257

1. 35 is 10% of whot number?

8. 40 is 80% of what number?

9. 102,000 is 8% of what number?

10. George wants to buy a new bike, which costs $280.

So for, he has earned $56. \What percent of the total
price has he already earned?
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1. 21

2. 315

3. 241

4. 55%

5. 10%

6. 8%

1. 350

8. 50

9. 1,215,000

10. George has already earned Z0% of the total price.



® Chapter 2 e
TAXES AN FRES

TAXES

TARES are fees charged by the government to pay for
creating and taking care of things that we all share,
like roads and parks. SALES TAR is o fee charged on
something purchased. The amount of sales tax we pay is
usvally determined by o percentage.

The tax rate stays the Sales taxes are charged by
same, even as the price your state and city so that they
of things change. So the can provide their own services

more something costs, the to the people like you who live
more taxes we have to pay. in your state. Sales tax rates
That’s a proportion! vary from state to state.
—

For example, an 8% sales tax means we pay an extra
8 cents for every 100 cents (§1) we spend. Eight percent

con also be written as a ratio (8:100) or fraction ( ]%) )
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EXAMPLE: You want to buy o sweater that costs $40,
and your state's sales tox is 8%. How much will the tax be?
(There are three different ways fo figure ovt how much
you will pay.)

$40

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

STEP1: change 8% to o decimal
8% = 0.08

STEP 2: Multiply 0.08 and 40.
40x 0.08 = 312

So, the tox will be $3.20.
it

Don’t forget to include a
dollar sign and use standard
dollar notation when writing

your final answer.
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Method 2: Set up a proportion and solve to £ind the tax.

STEPY: 8% = O
100

STEP 2: Set your tox equal to the proportional ratio
with the unknown quantity,

8 —x
100 = 40

STEP 3: Cross multiply to solve.

100x = 320
xX=312

So, the tox will be $3.20.
Method 3: Create an equation to £ind the answer.
STEP 1: Moke a question: “What is 8% of $407

STEP 2: Translate the word problem into mathematical
symbols.

x=0.08 x40
x=32

So, the tax will be $3.20,
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Finding the Original Price
You can also find the original price if you know the final
price and the percent of tax.

"EXAMPLE: ' You bought new headphones. The receipt
says thot the total cost of headphones is $5339, including
an 8% sales tax. Whot was the original price of the
headphones withovt the tax?

STEP1: Add the percent of the cost of the headphones
and the percent of the tox to get

the total cost percent.
YOU PAID FULL PRICE, SO
. THE COST OF THE HEAD-

100% + 8% tox =108% PHONES IS 100%

OF THE ORIGINAL PRICE.

STEP 2: Convert the percent +o a decimal.

108% =1.08

STEP 3: Solve for the origjinal price.

5399 =1.08 « x (Divide both sides by 1.08 to get X alone.)
X =497 (rounding to the nearest cent)

The original cost of the headphones was $4999.
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FEES

Other types of fees can work like a tax—the amount
of the fee can be determined by a percentage of
something else.

EXAMPLE: 4 bike rental company charges a 11% late
fee whenever a bike is returned lote. I€ the regular
rental fee is $05, but you return the ToAs

. . ONLYA FEw/. ..
bike late, what is the lote fee, ond whot IRUTES T
is the fotal that you have o pay?

(Let's vse Method 1 £rom before.) %'G@?@

1% =01 65 x 0.17=11.05
So, the lote fee is $11.05.

To get the total thot youv have to pay, yov add the lote
fee to the original rental price.

$11.05 + §65 = $16.05
So. you have to pay §16.05.
Finding the Original Price

You can also £ind the original price if You know the final
price and the percent of the fee.
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EXAMNPLE: You rent o snowboard for the day, but

have such a blast that you lose rack of time and return
the board late. The receipt says that the fotal cost of the
rental was $66.08 including o 12% lote fee. What was the
original price of the snowboard rental without the fee?

STEP 1: Add the percent of the cost of the rental
and the percent of the fee to get the

total cost percent:
YOU PAID FULL PRICE,
SO THE COST OF THE
100% +12% tox =12% SNOWBOARD RENTAL
I5 100% OF THE
ORIGINAL PRICE.

STEP 2: Convert the percent +o a decimal.
N2%=112

STEP 3: Solve for the original price.
06.08 =112 -x

x=59

The original cost of the snowboard

rental was $59.00.
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1. Complete the following table. Round answers to the
nearest cent.

_ 8% Saoles Tax | 8.5% Sales Tax | 9.25% Sales Tox

Book $12.00

Total Price
(with tax)

Boord gome $21.50

Total Price
(with tax)

Television $§234.25

Total Price
(with tox)

‘2. You buy your favorite band's new album. The receipt says
that the total cost of the album is §11.65, including a 6%
sales fax. What was the original price of the album
without the tax?
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8% Sales Tax | 8.5% Sales Tox [9.25% Sales Tax
Book $12.00

Total Price
(with tox)

Board gome $21.50

Total Price
(with tax)

Television $234.25 $]8-l4 $]°|°“ $Z1(D-|

Total Price

(with +ox) $25299 | $2541 | $25592

2. $1099



® Chapter 22 e

“0‘

DISCOUNTS

Stores vse PISCOUNTS to get us to buy their products.

In any mall or store, Yyovu will

often see signs such as 2 5@/@ @F {:‘E

ALL SALE ITEMS!

But don't be swayed by signs and commercials thot promise
+o save you money. Calcvlate how much you will save to
decide for 9ourselF whether it's a good deal or not.

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

Calculod-ing o discount is like calcula’ring tox, but becovse yov

are saving money, Yov subtract it from the original price.
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EXAMPLE: 4 new hot costs $12.50. # sign in the window
ot the store soys, "ALL ITEWS 20% OFE" Whot is the discount
off£ of the hat, and what is the new price of the hat?

Method 1: Find out the valve of the discount and
subtract it from the original price.

STEP 1: Change the percent discount to a decimal.
20% = 0.20

STEP 2: Multiply the decimal by the original amount to
get the discount.

0.20 x $12.50 = $2.50

STEP 3: Subtract the discount from the original price.
$12.50 - $2.50 = §10

The new price of the hot is $10.00.
Method 2: Create an equation to find the answer.
STEP 1: Write a question: *What is Z0% of $12.507-

STEP 2: Tronslate the word problem into mathematical
symbols.

x=020.1250
xX=1215
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STEP 3: Subtract the discount from the original price.
$12.50 - $2.50 = §10
The new price of the hat is $10.00

Whot if You are Iuckg enough to ge+ on additional discount
ofter the first? Just deal with one discount ot a time!

" EXAMPLE: Volerys Videos is selling all games ot a
5% discount. However, you also have a membership card
to the store, which gives you an additional 15% off. What
will yov end up paying for $100 worth of video games?

Let's deal with the first discount:
25% = 0.25
0.25 x $100 = §25

So, the first discount is $2.5.
$100 - $§25 = §15

The §irst discounted price is $15.

Now, we can calculate the additional 15% discount from the
membership card.
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(DON'T FORGET THAT THE SECOND
DISCOUNT IS ADDITIONAL, SO IT'S

15% = 015 CALCULATED BASED ON THE FIRST
0.5 x $15 = §11.25 DISCOUNTED PRICE—NOT THE
ORIGINAL PRICE.)

So, the second discount is $11.2.5.
$15-$11.25 = $§63.15

The inal price is $63.15. That's o pretty good deall

Finding the Original Price
You can also find the original price if you know the final
price and the discount.

EXAMNPLE: # video gome is on sale for 30% off of
the regular price. If the sale price is §4199, whot
was the original price?

STEP 1: Subtract the percent of the discount from the
percent of the original cost:

100% - 30% = 10% UNLIKE THE EXAMPLES IN THE

LAST CHAPTER, YOU DID NOT
c PAY fULL PRICE—YOU PAID
STER 2: Convert the percent | o010 o 0r TE ORIGINAL

to o decimal. PRICE. SWEET DEAL!

10% = O

STEP 3: Solve for the original price.
4199 = 01 « X (Divide both sides by 01 to get X alone.)
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X = 5999 (rounding to the nearest cent)
The original price of the video game wos $5999.

Finding the Percent Discount
Similarly, you can also find the percent discount if yov know
the final price and the original price.

* EXAMPLE: Julie paid $35 for a shirt thot is on sale. The
original price was $50. What was the percent discount?

35=x+50 (Divide both sides by 50 to get X alone)

x=0.1 (This fells vs Julie paid 10% of the original price
for the shirt)

1-01=0.3 (We need to subtract the percent paid from
the original price to find the percent discount)

The discount was 50% off of the original price.

MARKUPS

Stores often offer discounts during sales. But if they did
that all the time, they would probably go ovt of business. In
fact, stores and manvfacturers vsvally increase the price of

their products to make a profit. These increases are known
aos MARKUPS.
135



EXAMPLE: = # video game costs $40 to make. To make
o profit, a monufacturer marks it up Z0%. \What is the
markup amount? \What is the new price of the gome?

Method 1: Find out the valve of the markup.

STEP 1: Change the percent discount to a decimal.
20% =020

STEP 2: Multiply the decimal by the original cost.

This is the markup.
0.20 x $40 = §8

STEP 3: Add the markup price to the original cost.
§40 + $8 = $48

The new price of the game is $48.

Method 2: Create an equation to find the answer.
STEP 1: \Write a question: "What is Z0% of $407

STEPR 2: Translate the word problem into mathematical
symbols.

x=020-40 x=8

STEP 3: Add the markup price to the original cost.
$40 + $8 = $48
The new price of the game is $48.
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Finding the Original Cost

Just like when you calcvlate for tax and fees, you can
also find the original cost if yov know the final price and
the markup.

' EXAMPLE: A bokery charges $5.08 for o coke.
In order to make o profit, the store marks vp its goods
by 10%. What is the original cost of the cake?

STEP1: Add the percent of the original cost of the cake

and the percent of the markup fo get the fotal cost percent:
100% + 10% = 110%

YOU PAID THE FULL ORIGINAL COST PLUS THE
STORE'S MARKUP, SO THE COST OF THE CAKE IS
ACTUALLY 170% OF THE ORIGINAL COST.

STEP 2: Convert the percent +o a decimal.
170% =11

STEP 3: Solve for the original cost.
508 =11« x

X = 7299 (rounding fo the nearest cent)

The original cost of the coke was $Z.99.
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1. A computer has a price tag of $300. The store is giving
you a 15% discount for the computer. find the discount
and final price of the computer.

WECK vour ({IOWILEDECE

2. Find the discount and final price when you receive Z0%
0££ o pair of pants that costs $48.00.

3. A bike is on sale for 45% off of the regular price. If the
sale price is $29915, what was the original price?

4. At a clothing store, a sign in the window says,
“Clearance sale: 15% o£f all items." You £ind o shirt you
like with an original price of $30.00; however, a sticker
on the taqg says, “Take an additional 10% o££ the final
price.” How much will this shirt cost after the discounts
are token?

5. You want to buy a new fruck. #t dealership A, the truck
Yyou want costs $14,500, but they offer you a 10%
discount. You find the same truck ot dealership B, where
it costs $16,000, but they offer you a 14% discount.
Which dealership is offering you o better deal?

138



10.

A monufocturer makes o bookshelf that costs $50. The
price ot the store is increased by a markup of 8%. find
the markup amount and the new price.

# bike mechanic mokes a bike for $350. A bike shop then
marks it up by 15%. What is the markup amount? Whot
is the new price?

A supermarket charges $3.24 for a carton of milk.
They mark up the milk by 35% in order to moke a profit.
Whot is the original cost of the milk?

Phoebe wants to buy o TV. Store #1 sells the TV for

$300. Store #2 has a TV that costs $2.50, but marks
up the price by Z5%. From which store should Phoebe

buy the TV?

A furniture store has a bed that costs $200 in stock.

It decreased the price by 30%. Tt then marked vp the
price by Z0%. Whot is the new price of the bed?

ANSWERS
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1. Discount = $45, New Price = $255

2. Discount = §9.60, New Price = $3840

3. Original price = $545

5. $2295

5. Dealership #'s truck will cost $13,050.
Dealership B's truck will cost $13,160.
Dealership # is the better deal.

6. Moarkup = $4; New Price = §54

7. Markup = §52.50; New Price = $402.50

8. Original Price = $2.40

9. Store #1= $300, Store #2 = $312.50.
Phoebe shovld bug the TV from Store 4¥1.

10. Original price = $200; Discount Amount = $60;
New price after discount = $140. Markup Amount = $2.8;

New price ofter the markup = §168
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® Chapter 28 o

# GRATVUITY is a "tip'—a gift, vsvally in the form

of money that you give someone in return for his or

her service. \We vsuvally talk about tips and gratuity in
regard to servers at restovrants. # COMMISSION is

0 fee paid to someone for his or her services in helping
to sell something to o customer. We vsvally talk about
commissions in regard to salespeople at stores. In both
cases, how much you pay vsvally depends on the total
cost of the meal or item yov purchased. You can calcvlate
gratuity and commission just like sales tox.

191



Again, the more your bill
is, the more the gratuity
or commission will be—
they have a proportional
relationship.

"EXAMPLE OF GRATUITY: At the end of a meal,
your server brings the final bill, which is $Z.5. You want
to leave a 15% grotuity. How much is the tip in dollars,
and how much shovld you leave in total?

15% = 0.15
$25 x 0.15 = §3715

The tip is $3.15.
$25 + 3715 = $28715

The total you should leave is $2.8.15.
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TEXAMNPLE OF COMMISSION: = My sister got a summer
job working ot her favorite clothing store at the mall.
Her boss agreed to pay 12% commission on her total sales.

At the end of her first week, her sales totaled $3,500.
btow much did she earn in commission?

12% = 0.2
$3,500 x 0.1Z = $420.00

She earned $420.

Alternative method: Yov can also solve
these problems by setting up proportions, like this:

Z x
100 =3,500
100x = 42,000

x = $420
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1. The Lee €ami|9 eats dinner at a restavrant for a total
bill of $45. They decide to give a tip of 18%. How much
tip will they gjive?

WECK vour ({IOWILEDECE

2. # saleswoman will receive 35% commission of her
total sales. She makes o total of $6,000. \What is the
commission that she will receive?

3. A business pays a catering company $8715 for a special
event. The business decides to gjive the catering company
o tip 0f 25%. How much is the tip, and how much does the
business pay in total to the catering company?

5. Mr.and Mrs. Smith pay their babysitter a total of §710.
They also decide to give a tip 0f 32%. How much is
the tip, and how much do Mr. and Mrs. Smith pay the
babysitter?

5. If you give your hairdresser a 10% fip on a $5 haircut,
how much will the total cost be?

€. The bill for dinner ot Zolo's Restavrant is $32.715. You
decide to leave a 11% gratvity. What is the total amount

of money that you will pay?
144



10.

Julio gets a job selling motor scooters and is paid 8%
commission on all his sales. At the end of the week, Julio's
sales are $5450. How much has he earned in commission?

Amber's boss tells her thot she can choose whether she
wants to be paid 12% commission or a flat fee (one-time
poyment) of $500. Her total sales for the period are $3950.
\Which shovld she select?

Moauvricio and Judith are salespeople ot different stores, and
both are paid on commission. Mawricio earns 8% commission
on his total sales, and Judith earns 9.5% commission. Last
month, Mawricio sold $2.5,000, while Judith sold $2.2,000.
Who earned more?

Luke is o waiter ot o restavrant. He receives an 18% tip
£rom o group whose bill is $236. Mary is an electronics
salesperson next door. She receives a 12% commission from
selling o total of $380 worth of electronics equipment.
Who received more money?
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$8.10

-l
.

2. $2,00

3. Tip = $218.15; Total = $1,09315
4. Tip = $22.40, Total = $92.40
5. $21.50

6. $38.32

1. $436

8. Amber's commission would be $4714, so she should
choose the $500 £lat fee.

9. Moawricio earned $2,000 in commission, and Judith
earned $2.,090 in commission. Judith earned more.

10. Luke received a tip of $42.48. Mary received a
commission of $45.60. So, Mary received more money

than Luke.
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INTEREST is o fee that someone pays in order to borrow
money. Interest functions in two ways:

1. A bank may poy You interest if yov put your money
into a savings account. Depositing your money in the
bank makes the bank stronger and allows them fo
lend money to other people, so they pay yov interest
for that service.

2. You may pay interest o a bank if yov borrow money
from them—it's a fee +heg charge so thot you can vse
somebodg else's money before Yyov have Yyour own.
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Yov need to know three Jrhir\gs to determine the amount of
interest that must be paid (i€ you are the BORROWER) or
earned (if you are the LENDER):

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

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

3. TIME: The amount of time thot money will be borrowed
or loaned

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

EXANPLES:
_9 _80 _10
9 months =5 year 80 days 355 Year 10 weeks oy Year

—N

Once you have determined the principal, rate, and time,
you can vse this SINPLE INTEREST FORMNULA.

interest = principal » interest rate x time
I="PR-T
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BALANCE is the total amount when you add
the interest and beginning principal together.

EXAMPLE:  You deposit $Z00 into a savings account
thot offers o 5% interest rote. Bow much interest will
yov hove earned ot the end of 3 yeors?

'Prin(;ipm (P) = $200 Simple interest can also

Rate (R) = 5% = 0.05 be thought of like a ratio.
o = . ) 5

Time (T) = 3 years 5% interest = -5

So, for every $100 you

ALWAYS CHANGE A _ :
PERCENT TO A DECIMAL deposit, the bank will
WHEN CALCULATING! pay you $5 each year.
Then you multiply $5

by the number of years.
Now, substitute these numbers —

into the formula, and solve!

I=P-R-T
T = (§200)(0.05)(3)
I =$30

After 3 years, you would earn an exira $30.
Not bad for just letting your money sit in a bank
for o few years!
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»EXAMPLE: = In order to purchase your first used cor,
you need to borrow $11,000. Your bank ogrees to loan
you the money for 5 years i you pay 3.25% interest
each Year. How much interest will yov have paid after
the 5 years? What will be the fotal cost of the car?

P = §11,000

R =35125% = 0.0325

T =5 years

I=-PR-T

I = ($1,000)(0.0325)(5)

I = $1181.50

You'll have to pay $17187.50 in interest alone!

With this in mind, what will be the total price of the car?

$11,000 + $11871.50 = $12,181.50

The cor will cost $12.,1871.50 in total.
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CEXAMPLE: Joey has $3,000. He deposits it in a bank
that offers an annval interest rate of 4%. How long
does he need to leave it in the bank in order to
earn $600 in interest?

I = $600 (In this case, we know what
P = $3000 the interest will be, but we
R = 4% (vse .04 don't know the length of time.
T=x We use X to represent

time and ill in all the other
LI=PRT information we know.)

$600 = $3,000(04)T

$600 = §120T (Divide both sides by 120
to get T by itself)

5=T

So, Joey will earn $600 aster 5 yeors.
TS BEEN

HAS IT BEEN
S YEARS YET? 2 HOURS.

i
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For 1 through 3: €nrique deposits §150 into a savings
account that pays 4.25% annval interest. He plans to
leave the money in the bank for 3 yeoars.

WECK vour ({IOWILEDECE

1.  What is the principal?

2. \Whaot is the interest rote? (\write your answer as o
decimal.)

3. \Whot is the time?

4. How much interest will Enrique earn ofter 3 9ears’.’
(Round vp to the nearest cent)

5. What will be Enrique's balonce after 3 9ears?

For 6 +hrough 9: Sabrina ge‘rs o cor loon for
$1,500 ot b% interest for 3 years.

6. How much interest will she pay over the 3 years?
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1. Mario also gets a car loan for $1,500, however, his interest
rate is % for 5 years. How much interest will Mario poy
over the 5 years?

8. How much more interest does Mario pay than Sabrina in
order 1o borrow the saome amount of money ot the same
interest rote over 5 years instead of 37

9. Whot does your answer for 48 tell yov obovt borrowing
moneg’.’

10. Complete the following chart:

INTEREST

INTEREST | PRINCIPAL RATE TIME
$2,574.50 5.5% Z yeors
$2976.00 -~ $6,200.00 12%
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1. $150

2. 0.0425
3. 3years
5. $95.63
5. $845.63
6. $1,350
1. $2,250
8. $900

9. The Ionger yovu borrow money, the more interest yovu

must pay.
0. @ INTEREST | PRINCIPAL  INTEREST RATE @ TIME |
$28320 . $257450 5.5% . 2 yeors |
- $29276.00 - $6,20000 12% 1 4years |
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PERCENT RATE

oF CHANGE

04
Sometimes, it is difficult to tell whether a change in the amount
of something is o big deal or not. We vse PERCENT RATE
OF CHANGE to show how much an amount has changed in
relation to the original amount. Ainother way to think abovt it
is Simply as the rate of change expressed as a percent.

7
7
v
7

\When the original \When the original
amount goes UP, amount goes POWN,
we calcvlate percent we calcvlate percent
INCREASE. DECREASE.

To calcvlate the percent rate of change:

CHANGE IN QUANTITY
ORIGINAL QUANTITY

First, set vp this ratio:

(The "change in qyan’rh‘g" is the difference

between the original ond new qyan‘rﬁg.)
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Second, divide.

Last, move the decimal two spoces fo the right and

add your % symbol.

“ EXAMPLE: # store purchases T-shirts from a foctory
for $2.0 each and sells them to customers for $2.3. \Whot

is the percent increase in price?

125 -120 5

= = =015 =15% increase

20 20

EXAMPLE: = On your first history fest, yov get 14 questions
correct. On your second test, yov don't study as much, so yov
get only 10 questions correct. What is the percent decrease
from your first to Your second test?

14-10_4 _2

= — =—==0.29 = 29% decrease

4 11 1

Remember to reduce fractions
whenever possible to make
your calculations easier.
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10.

WECK vour {IOWILEDECE

For 1 through 3: #re the following rotes of change
percent increases or decreases?

1% +o0 11% 3. 5.0025% 10 5.0021%
81.5% to0 36.2% g, qz%% to qz%%
31.5% o 15%

Find the percent increase or decrease from 8 +o 18.
Find the percent increase or decrease from 0.05 +o0 0.03.
Find the percent increase or decrease from 2 t0 2,222,

# bike store purchases mountain bikes from the
manvfacturer for $250 each. They then sell the bikes to
their customers for $625. What percent of change is this?

While working ot the taco shop, Gerard noticed that on
Sunday they sold 155 tacos. However, the next day, they
sold only 108. What percent of change happened from
Sunday to Monday?
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1. TIncrease

2. Decreose

3. Decreose

Y. Decrease

5. TIncreoase

6. 125% increase

7. 40% decreose

8. 11,000% increase

9. 150% increase

10. 20% decreose



@ Chapter 26 o
BLES AND
RATIOS

\We can vse tables to compare ratios and proportions.
fFor example, Sve runs laps arovnd o track. Her coach
records the time below:

NUMBER OF LAPS . TOTAL MINUTES RUN
yA b minvtes
5 15 minvtes

Whot if Sve's coach wanted to find ovt how long it

would toke her to run 1 lop? If her speed remains constant,
this is easy fo calcvlate because we have already learned
how to £ind unit rate!

1T 2
\We can set up this proportion: — = —
P Prop x o

2
15

1
#Another option is to set vp this proportion: ;

The answer is 3 minutes.
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CAVTION!

We can use tables only if rates are  « o

PROPORTIONAL! Otherwise, there is

no ratio or proportion to extrapolate
from or base our calculations on.

EXAMPLE: Linda ond Tim are racing around a trock.
Their coach records their times below. ”

®4

Linda
NUMBER OF LAPS | TOTAL MINUTES RUN

1 ?
/A _ 8 minutes
) 24 minvtes

Tim

| NUMBER OF LAPS TOTAL MINUTES RUN
1 ?

. 3 . 15 minvtes
4 20 minvtes
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If each runner's speed stays constant, how wovuld
their coach find ovt who runs faster? Their coach must
complete the table and find out how much time it would
take Tim to run 1lap and how much time it would toke
Linda to run 1 lop, and then compare them. The coach
con find out the missing times with proportions:

So, it takes Linda 4 minutes to run 1 lap.

TIM:

3

x 15

x=5

Woo.
So, it takes Tim 5 minutes to run 1 lap. O-+00
" Linda runs faster than Tim! $
0‘\
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Nathalie, Patty, Mary, and Mino are picking coconuts. They
record their times in the table below. fill in the missing
numbers (assuming their rates ater proportional).

1. Nathalie

. NUMBER OF COCONUTS MINUTES
¢ : !
‘ 5 30 '
' 48
2. Patty
| NUMBER OF COCONUTS MINUTES
N : :
! 2 14 !
. :
3. Mary
- NUMBER OF COCONUTS MINUTES
1
4
8 1o



Mino

NUMBER OF COCONUTS MINUTES
1
20
9 306
40
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1. Nathalie :
| NUMBER OF COCONUTS = MINUTES
' 1 f b
5 I 30
_ 8 48
2. Patty
| NUMBER OF COCONUTS | MINUTES
I i 1 1 I
f 2 f 14 f
f 6 42 '
3. Mary
" NUMBER OF COCONUTS = MINUTES
I i I 2 I
I 2 I 4
_ 8 I 16
4. Mino
| NUMBER OF COCONUTS | MINUTES
' i f 4
5 I 20
9 I 36 1
10 I 40

w

. Moary picked 1 coconut in the least amount of time: Z minutes.

— 1 .



Expressions and
Equations




@ Chapter 27 o

In math, an EXAPRESSION is o mathematical phrase thot
contains numbers, YARIABLES (letters or symbols used in
place of a quantity we don't know yet), and/or operators
(such as + and -).

EXAMPLES: x+5 Im-2/ 4 L

445 59 + -3

Sometimes, an expression allows vs to do calcvlations to £ind
ovt what quantity the variable is.

EXAMPLE: \When Georgja runs, she runs a b-mile loop each
doy. \We don't know how many days she runs, so we'll call
that number *d* So, now we can say that Georgja runs bd
miles. (In other words, bd is the expression thot represents
how much Georgio runs each week.)
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When a number is attoched +o a varioble, like (od. yov multiply
the number and the variable. Any number thot is used to
multiply o variable (in this case () is called the COEFFICIENT.

# CONSTANT is o number that stays fixed in an expression
(it stays "constant”). For example, in the expression bx+4
the constant is 4

An expression is made vp of one or TERM
more TERMS—a number by itsel or a number by itself
the product of a number and varioble or the product

of 2 number and

variable(s). Terms
iS separated bg an addition calcvlation in 2 math sentence

symbol. In the expression bX + 4, are separated by a
there are two terms: bX and 4. # or = symbol.

(or more than one varioble). Each term

4erms

/,6><+L/-

coefficient constant
variable
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*EXAMPLE: Nome the variable, terms, coefficient,
ond constant of By -2, ¢_|

- HUH? You might have

 thought terms were always
The variable is Y. separated by an addition
symbol ... BUT if you're
adding a negative number,
the # becomes a = ! Keep
an eye out for # and =

The coefficient is 8. when looking for terms
in an expression.

The terms are 8y and Z.

The constant is 2.

Operators tell vs what to do. Addition (+), subtraction
(=), multiplication (x), and division (+) are the most common
operators. Word problems that deal with expressions vse
words instead of operators. Here's a quick franslation:

OPERATION OPERATOR KEYWORDS
sum + grea’rer than
more thon
plus
odded to

increosed bg
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. OPERATION | OPERATOR KEYWORDS

*

difference - less than
decreased b9

subtracted from
fewer

product | X times
multiplied by
of

quo+ien+ < divided bg
per

EXAMPLE: ‘14 increased by g - 14+ g

. EXAMPLE: 1T less than h* = h- 11
(Be careful! Anytime you are translating less than," the second
number in the word problem is written first in the expression!)

| EXAMPLE: The product of -1and X" = -1 X
This can also be written (=1)(X) or =1(x) or -1x.

\ EXAMPLE: 'The quotient of 19 and W* - 99+ w
This can also be written °|W°|
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For 1 through 3, name the varioble(s), coefficient(s),
and/or constant(s), if applicable.

. 3y

2. 5x+1

3. -51m+ by - 21

For 4 and 3, list the terms.

y. 2,500 + N - Sw

5. 17+d(-4

For 6 through 10, write the expression.
6. 19 less than y

1. The quotient of 44 and 11

8. The product of -13 and k



10.

Katherine drives Z1 miles to work each doy. Lost
\A/anQSdQB, she had to run some errands and drove
o few extra miles. Write an expression that shows
how many miles she drove on \Wednesdoy. (Use X as
your variable))

There is o hip-hop dance contest on Saturday nights
ot a club. Because there was a popular DJ playing, the
organizers expected Z times the amount of people.
The organizers also invited an extra 30 people from
out of fown. Write an expression that shows how
many people they can expect to come to the event.
(Use X as yovur variable.)
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| CHECK YouR ALSWERS |

1. Varioble: y; Coefficient: 3. No constants

2. Vorioble: x; Coefficient: 5; Constant: 11

3. Voriobles: m, y; Coefficients: -5Z, b; Constont: -22
5. 71,500, 1, -3w

5. 1, d(-4)

6. y-1

1344+ oer %}

8. -3k

9. 21+x

10. 2x+30
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EIAEIOOVEIBO

Properties are like a set of math rules thot are always
rue. They often help us solve equations. Here are some
important ones:

The IDENTITY PROPERTY OF ADDITION looks like this:
a+0=a1 says thot if Yov odd zero to any number,
that number s+ags the some.

EXAMPLE: 5+0=5

The IDENTITY PROPERTY OF MULTIPLICATION
looks like this: @ X 1= 4. Tt says that if you multiply any
number by 1, that number stays the same.

EXAMPLE: Tx1="1
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The COMMUTATIVE PROPERTY OF ADDITION
looks like this: @+ O = D+ 4. Tt soys that when adding
two (or more) numbers, you can odd them in any order
and the answer will be the same.

EXAMPLE: 5 +11 = 11+ 3 (Both expressions equal 14)

The COMMUTATIVE PROPERTY OF MULTIPLICATION
looks like this: @ < b = b « Q. Tt says thot when
muliplying two (or more) numbers, yov can multiply
them in any order and the answer will be the same.

EXAMPLE: -5 -4 =4 -5 (Both expressions equal -20)

DON’T FORGET: The commutative properties only
work with addition and multiplication; they do
NOT work with subtraction and division!

When talking about properties, your teacher or textbook may
use the term EQUIVALENT EXPRESSIONS, which
simply means that the math sentences have equal value.
For example, 3 +11=11+ 3. (They are equivalent expressions.)
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The ASSOCIATIVE PROPERTY OF ADDITION looks
like this: (@ +b)+Cc = a+(b+C). Tt says that when
adding three different numbers, youv can change the
order that yov add them by moving the parentheses
and the answer will still be the same.

EXAMPLE: (2+5)+8 =2+(5+8)

(Both expressions equal 15)

The ASSOCIATIVE PROPERTY OF MULTIPLICATION
looks like this: (@ +b)ec=a+(be-cC) It says that
when multiplying 3 different numbers, yov can change
the order that you multiply them by moving the
parentheses and the answer will still be the same.

EXAMPLE: (Z-5)-8=2.(5-8)
(Both expressions equal 80)

DON'T FORGET: The associative properties only
work with addition and multiplication; they do
NOT work with subtraction and division!
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The DISTRIBUTIVE PROPERTY OF MULTIPLICATION
OVER ADDITION looks like this: a(b+ c) = ab+ac

It says that adding two numbers inside parentheses,
then multiplying that sum by a number ovtside the
parentheses is equal to first multiplying the number
ovtside the parentheses by each of the numbers inside the
parentheses and then adding the two products together.

The DISTRIBUTIVE PROPERTY allows us to simplify
an expression by taking out the parentheses.

EXAMPLE: Z(4+6) =2-4+7-06
(You *distribute" the "Z ¢" across the terms
inside the parentheses. Both expressions

equal 20)

Think about catapulting the
EXAMPLE: 1(x+8) = number outside the parentheses
inside to simplify.

7.7
w (x+8) = 1(x)+1(8) = 1x+56
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The DISTRIBUTIVE PROPERTY OF
MULTIPLICATION OVER SUBTRACTION looks like
thisa(b-¢) = ab-ac 1t says thot subtracting two
numbers inside parentheses, then multiplying thot
difference times a number ovtside the parentheses

is equal to first multiplying the number ovtside

the parentheses by each of the numbers inside the
parentheses and then svbtracting the two products.

EXAMPLE:  A(5-3) = 9(5)-9(3)

(Both expressions equal 18)

EXAMPLE: b(x-98) =

w (X-8) = 600 -b(8) = bx-48
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FACTORING is the reverse of the distributive property,
Instead of getting rid of parentheses, factoring allows
us to include parentheses (because sometimes it's simpler
to work with an expression that has parentheses).

EXAMPLE: Foctor 15y +12.

STEP1: Ask yourself, "What is the greatest common
£factor of both terms? In the above case, the GCF of

15yomd]2.is3. (15y=3°5°yomd]2.=3-4)

STEP2: Divide all ferms by the GCF and put the GCF
on the ovtside of the parentheses.

15y +12 = 3(5y + 4)

You can always check your answer by using the
DISTRIBUTIVE PROPERTY. Your answer should
match the expression you started with!

EXAMPLE: foctor 120 +18.

The GCF of 120 and 18 is 6. So, we divide all terms by b
and put it ovtside of the parentheses.

12a+18 = 6(2a +3)
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In each blank space below, use the property listed
o write an equivalent expression.

WECL vour (LSOWLEBEL

EXPRESSION | EQUIVALENT
PROPERTY EXPRESSION
| | |

Identity Property of Addition O

Tdentity Property of Multiplication y
L] L] |

Commutative Property of Addition b+14

Commutotive Property of Multiplication = @ o
n n n

Associative Property of Addition (x+4)+9
L} n n

Associative Property of Multiplication Te(r-1)

Distributive Property of Muttiplication 5(v+22)
over Addition
=

Distributive Property of Multiplication 8(1-w)
over Subtraction

Foctor 1Bx+0
Factor 14-352



. Distribute 3(x+ZYy-5).

. Distribute %(40 -3b-o0).

. Factor bx +10y+18.

. Foctor 39 -12h-199j.

Mr. Smith asks Johnny to solve (12-8)-1. Johnny says
that he can vuse the Associative Property and rewrite

the problem as 12 - (8 -1). Do yov agree with Johnny?
Why or why not?

ANSWERS
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CUECK your AWSWERS

PROPERTY EXPRESSION | coDVALERY
! Identity Property of Addition I 1) I b+0
| Tdentity Property of Multiplication I Y [ Yyelorly
. Commutotive Property of Addition I b+14 [ 14+06
r Commutative Property oFMuHipIicaﬁon. Gem i me8
: Associotive Property of Addition : (x+4)+9 I x+(4+9)
. Associative Property of Multiplication : Te(r« 1) I (Qer)eT
_ it o i | 54+22) | 5v+T0
et | g | 5-gu
: Foctor : 18x+0 : b(3x+1)
Foctor | 1-352 | (2-52)
1. 3x+by-15 9. 3(g - 4h - 33))
2. 1o- % b- % c 5. No, Johnny is wrong becavse
the Associative Property does
3. 2(3x+5 y +9) not work with subtraction—

the order in which Yov
subtroact motters.
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@ Chapter 29 e
MZ% TER

O 400 9

A term is a number by itself or the product of a number and
varioble (or more than one variable).

EXAMPLES:

5 (o number by itself)

X (a varioble)

1Y (a number and a variable)

16mnZ (o number and more than one variable)

In an expression, ferms are separated by an addition
calcvlation, which may appear as a positive or negative sign.

EXAMPLES:

Bx + 3y +1Z (The terms are 5x, 3y, and 12.)
39 +47h =19 (The terms are 392 41h oand -19)
R ALTHOUGH THIS MAY LOOK LIKE A SUBTRACTION SYMBOL,
YOU'RE ACTUALLY ADDING A NEGATIVE NUMBER.
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We COLLECT LIKE TERMS (also colled COMBINING LIKE
TERMNS) fo simplify an expression—meaning, we rewrite the
expression so that it contains fewer numbers, variables, and
operations. Basically, yov make it look more "simple.”

EXAMPLE: Denise hos b
apples in her basket. Let's call
each apple A"

We could express thisas d + Q
+A +0a + Qa4+ Q,bvutitwould
be much simpler to write 0A. When we puta + A + a
+Q + 4 + A together to get bA, we are collecting like
terms. (Each term is the variable A, so we can combine
them with the coefficient of b, which tells vs how many
Aa's we have.)

When combining terms with the some
vorioble, add the coefficients.

EXAMPLE:

Denise now has b opples
in her pink basket, 1 apple
in her purple basket, and 1

apples in her white basket.
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™~ A variable without a
We could express this as 0Q +a +la | coefficient actually has

but it would be much simpler to a coefficient of 1. So
“M” really means “1m”

write 14a. and “k3” really means
“1k3> (Remember the
identity property of
EXANPLE: Sx - 3x + 5x multiplication!)

(When there is a =" sign in front
of the term, we have to subtract)
Ax - 3x + bx = 1Ix

I€ two terms do NOT have the exact same varioble,
+heg connot be combined.

EXAMPLE: Tm + By— im + Y+ 8

(The Tm and -Zm combine to make 5m, the Sy and Y
combine to moke 4y, and the constant 8 does not
combine with anything,)

'lm+3y-2m+y+8=5m+4y+8

REMEMBER: Aterm 3ab can combine V\./lth 4ba,
because the commutative property

with a variable cannot be
of multiplication tells us that ab

combined with a constant.

SORRY—
WE'RE JUST
NOT A GOOD
CoMmBo.

and ba are equivalent!
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. . Also, mathematicians tend
When simplitying, we often to put their variables in

put the term with the greotest alphabetical order!

exponent first, and we put the
constant last. This is colled PESCENDING ORDER.

EXAMPLE: ImZ+Zm-0

In order to combine like terms, the variables have to be
exactly the same. So, 4y cannot combine with 3yz because
3Y? really means 3 ¢ Y « Y, so the terms are not alike.

Sometimes, we need to use the distributive property first
and then collect like terms.

EXAMPLE: 3x+4(x+3)-1

3x+4(x+3)-1  First vse the distributive property to
cotopult the 4 over the parentheses.

=3x+4x+12 -1 Next collect like terms.

=x+1 This is as simple as you
can moke this expression!
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@ CHECK vour (LOWLEDCE

%3

For 1 through 3, list the ferms in each expression.
45 + °l3 +1
ligh - bt + 4
2+mn - 4vt

For 4 through 3, list the coefficients and
the constant in each expression.

Im®+3y-1

19x> - 55‘9Z +11

For 6 through 10, simplify each expression.
Ix+1x

12y-5y +19

3t+bz-4f+92+2

19mn + bx:+ 2nm

10. Sx+3(x+1)+2x-9

ANSWERS 187




| CHECK YouURAWSTERS |

1. 4439y, 1

2. Tigh, -6t 4

3. 2,mn, -4vt

4. Coefficients: Z, 3, Constant: -1

5. Coefficients: 19, -55; Constant: 1
6. 18x

1. y+19

8. -1+102

. bx*+2lmn

10. 10x-0
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@ Chapter 30 e
EXPONENTS

O0O400¢ vV ONDO

An EXPONENT is the number of times the BASE NUMBER
is multiplied by itself.

- EXAMPLE: 4°

4 is the base number. The small, raised number 3 to the
righ’r of the base number indicates the number of times
the base number is multiplied by itself.

43 is read “four to
the third power.”

Therefore: 43 =4x4x4 = (64

COMMON MISTAKE:
The expression 4° does NOT mean 4 X 3.

Things o remember abovt exponents:

1. Any base withovt an exponent has an “invisible"

exponent of 1.
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EXAMPLE: 8 = &'
1. Any base with an exponent 0, equals 1.
EXAMPLE: (° =1

3¢ Be careful when calculaﬁng negaﬁve numbers with
exponents.

EXAMPLE:

-3t = -(38) = (3x3) = A VS. (-3 =(-3)x(-3) =9

Alwoys LOOK AT WHAT IS NEXT TO THE EXPONENT:
In the first example, the number 3 is next to the exponent.
So, only the Jis being raised to the second power.

In the second example, the parentheses is next to the
exponent, so we raise everything inside the parentheses to
the second power. The -3 is inside the parentheses and,
therefore, =3 is raised to the second power.

Simplifying Expressions with Exponents
You can simplify expressions with more than one exponent
by combining the exponents—the only requirement is that the

base must be the some. Tt looks like this:
190



xa ° Xb = xd*b
xa < xb = xa-b

AT'S 390,620
MORE POWER THAN
THE AVERAGE 5!
When multiplying powers with

the same base, write the base once, 8
and then add the exponents! A

EXAMPLE: 57 .50 = 546 - 58

If you want to check that this works, try the long way:

52 e56=5e5e5e5:5:5.5.5=5°

When dividing powers with the same base, write the base
once and subtract the exponents!

EXAMPLE: T°: 7% =77 =7

If you want to check that this works, try the long way:

L P O B3 By By
T
(We can cancel out two of the 7s on top and both on the
bottom because anything divided by itself equals 1.)

7 77-7-7-%K _
7 XX

11



Let's +r3 it with variables:

EXAMPLE: x- Ly- xt 1o Simpli€y, we keep the
base (X) and add the
exponents Z +4

o
=X%17
9y < CAN ALSO BE WRITTEN AS Z.X“y

EXAMPLE: 307+ 7Ta° Tosimplity a7+ A5 we keep
the base (@) and subtract the
exponents 9 -5,

=3a%: 7
DON'T FORGET THAT YOU CAN ALSO 39°
FORMAT THIS QUESTION LIKE A FRACTION 2a_
IF IT MAKES THE SOLUTION EASIER TO SEE. la®

When there is an exponent inside parentheses and
another ovtside the parentheses, this is called a
POWER oF A POWER. A power of a power can be
simplified by multiplying the exponents. It looks like this:

(Va)b = y9 b
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«%’ : Yom
Mnemonic for “Power of a 2,
Power: Multiply Exponents”:

Powerful Orangutans Propelled
Multiple Elephants.

EXAMPLE: (4%)° = 423 = 4° '_

If you want to check that this works, try the long way:

4 P=4 x4 x4 =4x4x4x4x4%x4=4°

EXAMPLE:

(3)(-"4/4)2 =32, x12, y4-z =32, x". 98 = quys
(Don't forget: Any base withovt an exponent has an
"invisible" exponent of 1)

Negative Exponents
What about i€ you see o NEGATIVE EXPONENT? You con

easily calcvlate o negative exponent by using reciprocals.

# negative exponent in the numerator becomes a positive
exponent when moved to the denominator. Tt looks like this:

XM= l
m
X 193



See a negative exponent?

MOVE I'T! If it’s in the numerator, move
it to the denominator and vice versa.
Then you can lose the negative sign!

=

11
o233 _ L
EXAMPLE: 3°= 5=

And the opposite is true: # negative exponent in the

denominator becomes a positive exponent when moved to
the numerator. Tt looks like this:

1
xm X"
1
EXAMPLE: 5—_2 =52=25
x5 y—3
"EXAMPLE: s Turn y'3 into y3 by moving
Xty .
it to the denominator.

Torn X% into X* b9 moving
it to the numerator.

X>e X4
The new expression is y3' 94 :

x4
It simplifies fo —3 .

19%



& CHECR vourLOWLEREE!

Simplify each of the following:
1. 5
2. 14m°
3. -2t
4. XeX°

5. 4x’. Zy o —3X°

+
¢. 7
- -16x* y*
7] 5x3 yZ
8. (10%:
9. (8m3n)®
5 =2
10. J 22 -
yt2

ANSWERS 195




8. 10°or 1,000,000

. 5l2min®

93




The ORDER OF OPERATIONS is an order agreed upon
bg oll mathematicians (and math students!) that shovld be
closelg £ollowed. Follow this order:

ﬂ@? Any calcvlations inside parentheses or
brackets shovld be done first. (This includes all
grovping symbols, such as () { } ond ( ).)

Zm@ Exponents, roots, and absolute valve
are calcvlated left to right.

5@@ Mvultiplication and division—whichever
comes first when Yov calcvlote left to righ’r.

ﬂ{['ﬂﬂ Addition and svbtroction—whichever

comes £irst when yovu colcvlote left to right
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Lots of people use the mnemonic “Please Excuse My Dear Aunt
Sally” for PEMBDAS (Parentheses, Exponents, Multiplication,
Division, Addition, and Subtraction) to remember the order of
operations, but it can be VERY misleading. You can do division
before multiplication as long as you are calculating from left to
right—the same thing goes for addition and subtraction. Also,
because other calculations like roots and absolute
value aren’t included, PEMDAS isn’t totally foolproof.

EXAMPLE: 4+3<Z First multiply the

5 and Z together.

=4+ Then odd.
=10

EXAMPLE: 0 +(12+:4)-2 Stort with the

calcvlation inside the
parentheses first.

=b+(3) 12 Next, multiply the
5 and Z together.

=b+0 Then add.
=12
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EXAMPLE: 37-4(b+1) -2 Start with the exponent

and the calcvlations
inside the parentheses.

=9-4(7)-2 Next, multiply.

=9-28-2 Last, subtract from

left to right
= -7

Whenever you have two sets of parentheses or brackets
nested inside one another, CALCULATE THE INNERMOST SET
OF PARENTHESES OR BRACKETS FIRST, then work ovtward.

SEXRAMPLE:  (14:(A-2)+1)+ b Start with the

calcvlations inside the
innermost parentheses:

9-2-1

=(14+7+1])- 6 Next, divide inside +the
brockets: 14:+1=2.

=(2+1]):0 Then, add inside the
brockets: 2+ 1=3,

- 3 [ ] b

=18
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For 1, £ill in the blanks:

WECK vour ({IOWILEDECE

According fo the order of operations, follow this order:
First, do any calcvlations inside parentheses or

(This includes all grouping symbols, such as (), § 3,
and [ 1)) Then, colculote exponents, roots, and

Next, do multiplication and division (it doesn't matter
whether yov do or multiplication first, as long
as yov calcvlate from to ). Then, do
addition and subtraction (it doesn't matter whether yov
do subtraction or first as long as Yo calcvlate
from to ).

For 2 through 10, simplify the following expressions:

2. 44817

3. 2+6b+8t

5. 9+(Q-4.2)
5. 42+(19-15)3
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10.

(-4)(-2) + 2(6+5)
(b-3)2-(4+-3)°
|6-8]+((2+5) - 3)?
02+ 42

(b - 4(15+5)) +(2%+(1+ -5))

ANSWERS
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10.

CLIECL YouR ASKERS |

brackets; absolvte valve, division,; left; righ‘r,
oddition; left; righ+

20

12

10

18

30

8

443

18

T
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@ Chapter 3

We vsuvally write numbers in STANDARD NOTATION.
EXAMPLE: 2.500.000 NOT VERY SCIENTIFIC. %

SCIENTIFIC NOTATION is o shorthand way of writing
numbers that are often very small or large by using powers of 10.

EXAMPLE: 2.3 x 10¢ 1 APPROVE
(which is the some as Z,500,000)

In scientific notation, the first number is grea’rer thon or equal
1o 1, but less than 10. The second number is a power of 10.

_EXAMPLE  of a very &ﬂ@@ number:
14 x10%=1400,000,000
EXANPLE  of o very smal number:
14 x10-7 = 0.0000000014
203



To CONVERT A NUMBER FROM SCIENTIFIC NOTATION TO
STANDARD NOTATION:

I¢ the exponent on the 10 is positive, move the
decimal that many spaces to the RIGHT.

I£ the exponent on the 10 is negative, move the
decimal that many spaces to the LEFT.

EXAMPLE: Convert 891 x 10 4o standard notation.

8a1x10' The exponent 1 is positive, so move
the decimal seven spaces to the right

89,100,000 (and fill with zeros),
EXAMPLE:  Convert 4.661 x 107° +0 standard notation.

4,661 x 10 The exponent b is negative, so move
the decimal six spaces to the left

0.0000046b1  (ond fill with zeros).

To CONVERT A POSITIVE NUMBER FROM STANDARD
NOTATION TO SCTENTIFIC NOTATION, count how many
places you have o move the decimal point so that there is
only a number between 1 and 10 that remains. The number
of spaces thot yov move the decimal point is related to the
exponent of 10.
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If the standard notation number is greod-er than 1,
the exponent of 10 will be POSITIVE.

EXAMPLE: Convert 3,320,000 to scientific notation.

5,520,000 Move the decimal point six spaces to get a
number between 1and 10:3.3Z.

3.3Z x 10° ¢~ The standard notation number (3,32.0,000) is
greater than 1, so the exponent of 10 is positive b.

. If the standard notation number is less than 1,
| the exponent of 10 will be NEGATIVE.

EXAMPLE: Convert 0.00071214 1o scientific notation.

0.0001Z714  Move the decimal point four spaces to get a
number between 1 and 10:7.214

1.274x10"*  The standard notation number (0.0001214) is
less than 1, so the exponent of 10 is negative 4.

You can use scientific notation with negative numbers, too.
For example, changing =300 to scientific notation would
be: =3.0 X 10%. You simply count how many places you
have to move the decimal point so that there is only
a number between O and =10 that remains.




Calculating Numbers in Scientific Notation
To MULTIPLY NUMBERS IN SCIENTIFIC NOTATION,
remember our shortcut for multiplying powers with the same
base. Just write the base once and add the exponents.

EXAMPLE: (Z x10%) (3 x 105)

=2 «10*+ 3« 10° Keep the base 10 and add the
exponents: 10%3 = 107,

=2x3x10%
=0 x107
To DIVIDE NUMBERS IN SCIENTIFIC NOTATION, remember

our shortcut for dividing powers with the same base.
Just write the base once and subtract the exponents.

. 8x107
~EXAMPLE: 4% 10
g _10° (
=— X 0% . Keep the base 10 and
4 . subtract the exponents:
. 10%¢=10°
=2x10°

EXCELLENT! MY WORK
HERE IS DONE!



& CHECE Your (LOYLERCE

1. Convert 2.29 x 10° o standard nototion.
2. Convert 844 x 10~ to standard notation.
3. Convert 1.20Z1 x 10-% to standard nototion.
4. Convert 4,502,000 to scientific nototion.
5. Convert 61,000,000,000 to scientific notation.
6. Convert 0.000054061 to scientific notation.
For 7 through 11, evalvate:
1. (46 x10°(2.1x10%)
8. (Zx10°)(3.3x10%)

9. (4x10%3x10°)

9x10!
18 x10°

11. 3.64x10°
26x10*

10.

ANSWERS 207




10.

1.

CLECE YouR ALSWERS |

179,000

0.00844

0.0000000012021

4507 x 10

61x10

5461x10°

9.66 x10°

0. x107

12x10"= 12 x108

5x10*

14 x 107



B Ohapber’ 3 2

SQUARE ROQOTS

When we SQUARE o number, we raise it to the power of Z.

EXAMPLE: 37 (Read aloud as “three squared.”)
3¥=3%x%=9

The opposite of squaring a humber is to take a number's
SQUARE ROOT. The square root of o number is indicated
by putting it inside o RADICAL SIGN, or V.

EXAMPLE: m (Reod aloud as "square root o€ 16

V1b=v4x4 =4and Vib=V-4x-4 = 4

When simplifying a square root, ask yovrself,
“Whot number times itself equals the number
inside the radical sign?"
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Perfect Squares I'M PERFECT!
V16 is also o PERFECT SQUARE, which is .m_,
o number that is the square of an in‘reger.

When yov find the square root of o perfect square, it is o
positive or negative whole number—in this case +4 The +
means "positive or negative’ (4 ¢ 4 =10 ond =4 « -4 =10).
EXAMPLE: 4 is o perfect square.

V4=12 (2+2=40and-2+-2=4)

EXAMPLE: 1is o perfect square.

Vi=#1 (1e1=1and -1+ -1=1)

EXAMPLE: ;]}- is o perfect square.

1T 1 (1,11 1e_1_1
J;=12 (z 7 Szond~7°"7 4)

If o number under the radical sign is NOT a perfect square,

it is an irrational number. UHO AR
You CALLING
IRRATIONAL?

EXAMPLE: V1 is irrational. Ve

EXAMPLE: w/f) is irrational. |?

210



CUBE ROQTS

When we CUBE o number, we raise it to the power of 3,

EXAMPLE: 7° (Read aloud as "two cubed)
2°=2x2x2=9

The opposite of cubing a number is to take a number's
CUBE ROOT. The cube root of a number is indicoted by
putting it inside a radical sign with a 3 on top, or '\/_

3
EXAMPLE: V8=2 (Read alovd as "cube root of 8
which equals ZXZLx2)

3
EXAMPLE:Y VZ1=3  (Read alovd s “cube root of yA L

which equals 3 X 3 X 3)
EXAMPLE: j/_] = 1 d alovd L
: 125 = 5 (Read alovd as "cube root of 125

, 1,11
which equals 5 X 5 X 5 )

When simplifying o cube root, ask yoursels,
"Whot number to the third power equals the
number under the radical sign?"

Perfect Cubes
Numbers like 8 and 21 are sometimes referred to as
PERFECT CUBES. Perfect cubes con also be negotive

numbers.
21



EXAMPLE: V-8=-2

EXAMPLE: V1= -1

212

(Read alovd as "cuvbe root of
negative 8+ which equals

-7 X -2 x-2)

(Read alovd as "cube root of
negative 1* which equals
-1x-1x-1)

(Read alovd as “cube root of

g

negaﬁve Z_'l which equals

yA yA yA
3 X 3 X g)
ISy
PERFECTER) A WO/';DT?



@ CHECE vour (LOWLERCE

1. Fill in each missing volve:

PERFECT SQUARE SQUARE ROOT
1

+2
q a a
+4
25
£6
49
+8
81 _
+10

PERFECT CUBE CUBEROOT

1 1
l 8
A
List the cube root of each of the Following numbers.
2, -21 5. -25 8. &
125
3. b4 €. O
1
". '1 1. 8

ANSWERS 213




CLECK Your QIUSWERS

j 1. PERFECT SQUARE SQUARE ROOT
1 +1
4 2
i +3
16 +4
15 5
30 +0
49 +1
b4 +8
81 49
100 +10
PERFECT CUBE CUBEROOT
1 1
8 YA
Y 3
2 -3 5. -5 —M%
34 6. 0

| - mx ‘ :
‘H;] il 3 /




If we want to compare There is a special irrational
number called =. It is the Greek

irrational numbers, it's easiest L . .
letter pi and is read like “pie.”

f0 Use approximation. ey The value of pi is 3.14159265...
AND STILL ACCURATE ENOUGH! but is commonly rounded to 3.14.
—_—

EXAMPLE:  \which is larger? b or Zx?

Becavse X is approximately 3.14, it means that Zx
is approximately Z X 3.14 = (.28,
x>0

The square root of o perfect square is easy to find, like
W/q = 3. But we can also find the approximate values of
numbers like W/Tor w/f) by "working backward.
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“EXAMPLE:  \which is larger, V5 or 217

First, we need to £ind ovt what is the approximate valve of
'\/g‘ro the tenth decimal place.

We know that 12=1 22=4 32=9 zoMFfANSTELY
or V1=1 V42 V2-3 T

So, V5 must be between Z and 3. therefore, V552,

The question asks us to compare the approximate valve with a
number that has a valve in the tenth place, so we can then try:

10%=4171=4412.2"=484 2.3*=5129.

So, V5 must be between 2.2 and 2.3, but it's closer to
2.7 .. therefore, V5522

Therefore V5 is larger than Z.1.

If yov needed o find ovt what is the approximate valve
of '\/g’ro the hundredth decimal place, yov wovld just repeat
the process of "working backward,” and try:

2.212=48841, 2.22:=49284 ... ond so on until you

found the closest approximation.

216



@&t

1.

10.

WECK vour {IOWILEDECE

Calcvlate 2. Round your answer to the hundredth decimal place.
Calcvlate 5. Round your answer to the hundredth decimal place.
Calcvlate =37 Round Your answer fo the hundredth decimal place.
Calcvlate %w. Round your answer to the hundredth decimal place.
What is the approximate valve of '\/3_+o the tenth decimal place?

What is the approximate valve o '\/(Ti-o the tenth decimal place?

What is the approximate valve of VZ +o the hundredth decimal
place?

What is the approximate valve 0 V5 to the hundredth decimal
place?

Which is the largest number: '\/ﬁ =, or 37

Drow a number line and place the following numbers in the

correct location: =3,0,1, x, V5

ANSWERS 217



[ CWECL your IISWERS

. 628

22, 151

3. 942

4. 151

5. V31

6. Vo224

1 Visa

‘5. V58224

9. The largest number is Vo,

0.

3L 0 1 V53224 w=s314 '_
et % ll :} I'/! >
0112 34/

4 3 2 A




@ Chapter I o

An EQUATION is o mathematical sentence with an equol
sign. To solve an equaﬂon, we find the missing number, or
varioble, that makes the sentence trve. This number is called

the SOLUTION.
“EXRAMPLE: Is X =9 the solution for X +12 =207
8+12=20 (Rewrite the equation and
substitute 8 for X)

20=20

Both sides are the same, so the solvtion (X = 8) mokes
the sentence trve.

“EXAMPLE: Is -0 the solution to 3x =187

3(-6b)=18
-18=18

Both sides are NOT the same, so -(0 is NOT the solution!
219



EVALUATION is the process of simplifying a mathematical
expression by first SUBSTITUTING (replacing) a variable
with a number, and then solving the expression vsing order
of operations—kind of like when Yyou have a svbstitute
teacher. Your teacher is replaced
by somebody else who does the
some function. fo

HI! I'M YOUR
SUBSTITUTE FOR
THIS EQUATION!

GREAT!
I REALLY NEED
A DAY OFF!

EXAMPLE: €valvate X + 1 when X =3,

3+1=4 (Becavse we know X = 3 we con take
the X out and replace it with 3)

EXAMPLE: €volvate 3y - (0 when Y= 8

3+8-0b (Becouse we know Y =8, we substitute Y with 8.
Then, we follow order of operations: In this
case, we multiply first)

=24-06

=18
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If there are two or more variables, we follow the same steps:
substitute and solve!

EXAMPLE: evalvate 4X - 1M when X =0 and m=4

4e6-1-4
-24-18
--4

EXAMPLE: €volvote 8'y t2 when Y = 3, 2=-2, x=-5

b-x
8 «3+(-2)
b-(-5)
_ 24+(-2) HINT: When variables
b-(-5) are in 2 numerator or
denominator, first simplify
27 the entire top, then simplify
- — the entire bottom, then you
1 can divide the numerator
by the denominator.
=7 Think about the fraction
bar like a grouping symbol.
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Independent and Dependent Variables
There are different types of variobles that can appear in
an equation:

The variable yov are subs+i+u+ing for is colled the
INDEPENDENT VARIABLE.

The other variable (thot Yyov solve for) is called the
DEPENDENT VARIABLE.

Just remember: The dependent variable depends on the
independent variable!

“EXAMPLE:  Solve for Y in the expression Y =5X+5
when X = 4,

Y=5+4+3  (The voriable X is the independent variable,
and Y is the dependent variable)

y=120+5
y=15
CHECK YOUR WORK If you’re unsure of your
answer, go back to the
=6x+3 original equation and
23 =5(4)+3 insert both values for the
variables, making sure
25=120+5 both sides are equal.
23=123

The onswer is correct!
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& CHECK vour (L OWLEDEL

1. €valvote X +b when x="1.

2. €valvate 5m -5 when m=19.

3. €volvote 16 -b when b=4.

4. €valvote IX - § when X=0b and Y=>5.

5. €valvate -5m-2n when m=06b and n=-2.

For 6 through 10, solve for Y in each expression.

) y='l - X when X = -1

=

J y=1‘1thenx=2.

8. y=_2_2_+z when =5
9. -5 when X=11 ond 2=98
X+2

10. y=_j(11+k)7- when j=-4 and k=1

ANSWERS 223







FOR

vaobh

Often, we are not given o humber to substitute
£for the variable. This is when we must
*solve for the vnknown," or "solve for X"

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

In order to do so, we must ISOLATE THE VARIABLE on one
side of the eqpal sign.

EXAMPLE: x+1=13
In order to isolote the variable (X) on
one Side of the equod sign, we must:

1. Think of oan equon‘ion 0s o scole, A A
with the = sign os the middle. Yov

must keep the scale balanced at all times.
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2. Ask yourself, "What is happening to this variable?"
In this case, 1is being added fo the variable.

3. So, how do we ge+ the variable alone? \We vse

INVERSE OPERATIONS on both sides of the equation.
What is the inverse of adding 7 Subtracting 1.
WHEN YOU SEE THE WORD INVERSE,

x+1=1% THINK ABOUT OPPOSITES!
X+ 1-1=15-1 (We subtract 1 from both sides
X=0 to keep the equation balanced)
CHECK YOUR WORK
x+1=13 Check your work by
b+1=13 plugging your answer into
13=13 the original equation.

Inverse is just another word for opposite. Here's o quick
rundown of all the operations and their inverse operations:

OPERATION INVERSE
fddition Subtraction
Suvbtraction fddition
Multiplication Division
Division Multiplication
Squaring (exponent of 2) Square root (/)
Cubing (exponent of 3) Cube root 3/
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" EXAMPLE: Solve for m: m-9=-13.

(Whot is happening to the m? The 9 is
being subtracted from m. What is the
inverse of subtraction? Addition!)
m-94+A=-13+9

m-=-4

m-9=-15

m-9-=-13 Plug Your answer
-4-9=-15 . (m=-%intothe

13=-13 v original equation.

L EXAMPLE: Solve for : -3f = 39

(What is the inverse of multiplication?

3= 39
Division.
=3+ 39 vision. Don't forget that in
__3 B _—3 order to keep the
) equation balanced,
f=-13 whatever you do to one
side, you MUST also
—————————— do to the other side.

3+ =39
L33 =3
> 39- 39
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CEXAMPLE: Solve for U % -9

-19 (Whot is the inverse of
division? Multiplication.)

= »|ke

Y.
x4_ 19x 4

s

Yy=-1
~ CHECK YOUR WORK |

g,
= -1

Pl
4

Ly -19--19

! '_Elﬂlll’_l.i._ Solve for g: 92 = 121.

92 =121 (What is the inverse o squaring?

'\/?‘ = '\/ﬁ] Finding the square root)
g =+l

L CHECK YOUR WORK
gt = 121 g = 121
=121  Tand) (M2 =121
121 =121, 121 =121 o,
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& CHECK Your [ OWLEDEL,

Solve for each variable.
1. x+14=122
2. Ix=-35
3. Y+ =124
y x-1=8

5 -1+m=-15

= -
8. 3 b
)

10. h*=169

ANSWERS 229




- 12

=31

--42

= 168

= 15



@ Chapter IV o
SOLVING MULTISTEP

'OOV“OODAOOEIOB

QUATIONS

Isolaﬁng the varioble is the goal of solving eq_uaﬁons becovuse

//

§ /
/
/
/

on the other side of the equal sugn will be the answer!

Here are the ways o isolate a variable: gg.

1. Use inverse operations (as many times as necessary):

EXAMPLE:  Solve for X: 3x+1 =128

3x+1=128 (What is the inverse of
3x+T1-1=28-1 addition? Subtraction)

3x =11 (What is the inverse of
3 _ 11 multiplication? Division.)
3 3

Xx=1
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2. Use the distributive property, LOOK FOR PARENTHESES

: . WITH A NUMBER ATTACHED
then vse inverse operations. TO THE OUTSIDE.

EXAMPLE: Solve for m: 3(m -0) =-12.

3(M-06)=-12 (We con distribute the 3 across the
terms in the parentheses like so:
3(Mm-6)=3m-3-06)

M -18=-12Z  (Add 18 to both sides)

m=0 (Divide both sides by 3)
m=1

“LIKE TERMS™ ARE TERMS
3. Combine LIKE TERMS, then THAT HAVE THE SAME

use inverse operations. VARIABLES AND POWERS.

EXAMPLE: Solve for Y: 4y + Sy = 90.
4y + Sy =90 (4y and 5y are like terms. So, we

can combine them: 4y+ Sy =9 Y)
9 y = Q0 (Divide both sides by )

y=10
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" EXAMPLE: = Solve for y: (oy +5= Zy -3

by+5=2y-3 (by and Zy are like terms but
by-2y +5=72Y-7Y -5 they are on different sides
of the equal sign. We can
combine them only by doing
the inverse operation on both
sides of the equation—the
opposite of 2y is -2y))
4y+5=-3

IT'S USUALLY EASIER TO DO THE INVERSE OPERATION OF THE
SMALLER TERM—IN THIS CASE 2y IS SMALLER THAN by.

4y+5-5=-3-5 (Next, subtract 5 from both
sides.)
%9 = -78 (Last, divide both sides by 4

to ge+ Yy alone.)

y=-1

Sometimes, several steps are necessary in order to
isolate a variable on one side of the equal sign.
This example vses all three of the previous tools!
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EXAMPLE:
Solve for W: -3 (W-3)-Mw-9=4(w+2)-12

3(w-3)-Mw-9=4(w+2)-12 (First, vse the
distributive property
to simplify.)

Sw+9-wW-9=4w+8-12Z  (Now, combine like
terms on eoach side of
the equoll sign.)

-2w=4w-4 (Last, use inverse operotions
o get the variable alone on
one side of the equation like so:
-1Zw-4w=4w-4-4w)

-lbw = -4 (Use inverse operations again)

(Don't forget to alwoys
simplify fractions!)

n—

Plug your answer into the original
equation to check your work.
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@ CUECK vour (IO LILEDEE

Solve for the vnknown variable.

1. bx+10=28

2. -Im-4=8

3. X+X+1x=48

§. 3y+4+3y-6=34

5. Uw-06)=-36

6. -5(t+3)=-30

1. 52+2=32-10

8. Nedxex=2x-1

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

10. -3(c-4)-2c-8=9(c+2)+1

ANSWERS 235




1 o x=3
2. m=-06
3. x=11
M. yY=0
5. w=121
6. t=3

1. 2=-0

9 n=--

15

10. C='ﬁ

a1
or 1]4




@ Chapter IE o
g@ﬂ/lwﬁ AND GRAPHING

SOLVING INEQUALITIES

\While an eqpaﬁon is o mathematical sentence that contains an
equal sign, an INEQUALITY is a mathematical sentence thot
contains a sign indicating thot the values on each side of it are
NOT equal.

EXAMPLES: X>4 x<4 xc4 x24

To SOLVE AN INEQUALITY, just follow the same steps as
solving an equation.

Solving an inequality is like
asking, “Which set of values

EXAMPLE: 5Sx+0<Z] makes this equation true?”

Ex+lo-b<21-0 (Subtract & from both sides)

5_X < E Divid ioble al
o 5 (Divide to get the varioble a one.)
xX<3
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There's only one difference: Any time yov multiply or divide
by a negative number, yov must reverse the direction of
the inequality sign. (Some kids coll this THE FLIPPIN'
INEQUALITY RULE")

"EXAMPLE: Solve for X: -4x 224

—3 < 2'—4 (Divide to get the varioble alone, but
A -4 #LS0, when dividing with a negative
number, reverse the ineqpali‘rg sign.)
xe-0
CHECK YOUR ANSWER!

Becovse ovr answer says thot X is less than or equal to -0,
we can fest this by picking any number that is less than
or equal to -(.

Test X = -0, -4(-6) 2 24
This is true! 74 2 24
Test X = -10. -4(-10) 224
This is true! 40224

Therefore, our answer is correct.
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The answer to any inequality is an infinite set of numbers.
(The answer X & -0 literally means ANY number less than
or equal to -b, which can go on forever!) But we can still
L represent this set of numbers with inequality symbols.

GRAPHING INEQUALITIES

In addition to wri’ring inequaliﬁes using sgmbols, we con
GRAPH INEQUALITIES on o number line as well. Here are
the different ways to graph inequalities:

1.  If the sentence vses a < or > Sigh, we indicate that the
number is not included with an open circle.

EXAMPLE: Groph X< 8.

N

The number represented by X is less than 8, so 8 is NOT
included in the possible numbers. Therefore, the circle is open.

2. If the sentence uses o & or 2 sign, we indicote this
with a "closed circle" to indicate that the solutions
covld equal the number itself.
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EXAMPLE: Grophx 2 0,

[ N
L] " 4

10 1 2 3 4 5 6 1 8 9 10

Because X is greater than or equal to O, O is included in the
possible numbers. Therefore, the circle is closed.

You'll probably see a question like this on Your test:
EXAMPLE: Solve and groph: -3x+1271.

3x+1-1271-1 Just solve for x and then
graph your answer.




@&t

Groph X >3 on o number line.

Graph Y < -3 on a number line.

Groph m £ -10n o number line.

Write the inequality that this number line represents

WECK vour {IOWILEDECE

N R

using X as your varioble:

1 1 1 i 1 Il 1 1 N
1 1 1 v 4

- 5 4 -3 -2 -1 0 1 71 3 4 5

5. Write the inequality thot this number line represents
using X as your varioble:

1
Z i i [ (| 1 1 [l | 1 |
N | . 1 ] ] ] ] ] ] |

M40 9 8 1 6 5 -4 3 2 A 0

6. Solve and graph: 5x >45,

1. Solve and groph: Zx +1<7],

8. Solve and graph: 1y -1£48,

9. Solve and groph: 8x -14x < -74

10. Solve and graph: -Z(w -4) 218,
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® Chapter 39 o

Often, we encounter real-life sitvations thot we con solve
with an equod-ion or inequali’rg.

EXAMNPLE: Josh is trying to weigh his dog. Because
the dog keeps running away, he decides to hold the dog
and step on the scale. The total weight is 115 pounds.
Josh knows that he weighs 151 pounds.

How much does his dog weigh?

To solve, we must tronslote the
given sitvation into a mathemadtical
eqyaﬁon or inequali’rg:
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THINK: WHAT
1.. Determine what operations are occurring. €~ INFODOI

KNOW?
Josh's weigh+ + dog's weigh+ = total weigh+
. . . THINK: WHAT
2. Whatis your unknown cluan+|+g7. This < INFO DON'T
becomes your varioble. I KNOW/?

The unknown quantity is the dog's weigh'l', which we'll
coll "d»

3. \Write your eqpaﬂon or inequali+9.
151+d =115

¥. Now, solve your equa’rion or ineqyalﬁg.

151+d =115 DON'T FORGET TO CHECK YOUR WORK
151-151+d =115 - 151 BY PLUGGING YOUR ANSWER

d _ 24 INTO THE ORIGINAL EQUATION.
The dog weighs

24 pounds. In word problems, look for key words:

“is” usually means =
“is greater than” usually means >
“is less than” usually means <
“at least” usually means 2
“at most” usually means &
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"EXAMPLE: A clothing salesperson earns a base
salary of $800 per month, plus a commission of Z0%
on sales. How much must the salesperson sell each month
if she wants to earn of least $1,200 per month?

1.0 Whot info do T know? The base salary of
$800 + 20% commission on sales must be
greater than or equal to $1,200.

2. \What is the unknown? The sales, which we'll call *S*

3. 800+ 0.25 21200

4. 800 - 800 + 0.Z2s 2 1,200 -800

Ols , 400
0Z = 02
s 22,000

The salesperson must sell ot least

$2.,000 to earn ot least $1,200 per month.
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EXAMPLE: Julian needs an average of ot least 90
points in order to earn an A" in his history class.

So far, his test scores are 9Z, 80, and 88. What is
the lowest grade Julian can score on his next test

in order to earn an "A"?

Here’s what we know: In order fo find an overagg,
you must add vp all of the numbers and then divide by

how many numbers there are (in this case, there are four
numbers). Also, G0 is the lowest thot we need the averoge to
be, so the inequality sign must be "greater than or equal o
Additionally, we know the first three test scores, but not the
fourth, so we'll call +that one 7

2+86+88++ 590
4

Lbb+1
7

@ 290(4)  (Multiply both sides by 4)

20l -260 ++ 2 360 -26b Suvbtroct 266 from
each side.

1294  Julion needs to score a 94 or higher on his
next test in order 1o earn an "A" in the closs.
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Don't ?orgew‘ to check Your work and ask: Is this reasonable?
In this cose, 9@3! Becovse he go’r +wo scores in the 80s,
he'll need two scores in the 90s to keep the average ot Q0

(or higher).
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1. Jeremy spends $84 on o bat and o skateboard. The bot
costs $33. How much does the skateboard cost?

WECK vour ({IOWILEDECE

2. Lucy goes to a department store and spends $90 on
clothing. She buys a dress for §30, a hat for $1Z, and
also buys a jocket. How much does the jocket cost?

3. Deliloh wants to purchase a vsed car thot costs §1,200.
She has $900 and con save §450 per month.
How many months will it toke her to save $1,2007

4. Robert tutors fwo students, Andy and Sve. Andy
pays Robert §10 per month. Sue pays Robert §50 per
month. How many months will Robert have to tutor
until he earns $6007

5. & car salesperson earns a base salary of $1400 per
month plus a commission of 5% on sales. Bow much must
the salesperson sell in order to earn ot least $4,500
per month?

6. Ling makes a base salary of $800 per month plus a
commission of 15% on sales. How much must Ling sell in
order to earn $5,000 per month?
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10.

Lotrell wants to keep his test average in his science class
ot 85 or higher. So far, he has earned scores of 85, 10, 94,
and 81 on his tests. What score must he get on his next test
to keep his average at 85 or higher?

A construction team is building several buildings. They want
the average fime spent on each building to be 15 hours or
less. So far, they have spent the following times for the first
4 buildings: 11 hours, 10 hours, 19 hours, 13 hours. How many
hours should they spend building the fifth building in order
to match their goal of an average of 15 hours or less?

In order to lose weight, Gerry calcvlates that he can
consume ot most 2,500 calories per day. For breakfast, he
eats 550 calories. For a snack, he eats 220 calories, and for
lunch, he eats 600 calories. How many calories can he eat
for the rest of the day and not exceed his limit?

Larry is giving interviews to different news reporters and
can spend up to Z hours doing all of the interviews. He
spends 35 minutes with Channel 1 News and then spends 45
minvtes with Channel T News. If Channel 5 wants to interview
him, how much fime can Larry spend with them and not go

over his time limit?
ANSWERS 249



[ CLECK YouR QUSWERS |

1. The skoteboard costs $51.

2. $49

3. T+ will take Delilah 14 months (or 1 year and Z months)
to save $1,200.

4. 5 months

5. The solesperson must sell ot least $62,000.

6. Ling must sell at least $2.8,000.

7. Lotrell must score ot least 89.

8. They need to spend 1 hours or less.

9. Gerry con eat less than or equal to 9430 calories.

10. Larry can spend less than or equal to 40 minvtes.






B Chaptaef 40 e
INTRODUCTION

GEOMETRY is the branch of mathematics that deals with
lines, shapes, and space. Here are some key concepts in

geometry:
Term and Symbol Example
Definition
LINE SEGMENT: | A norizontal bar A
a part of a line above the two \'
that has two Qndpoirﬂ-s I
endpoints i
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Term and Symbol Example
Definition

LINE: o line that A horizontal arrow 8
continues forever = above two points 2
in both directions = on the line

AB

RAY: A line # horizontal arrow
with on19 one that extends in

endpoint one direction. The ¢
endpoint must be
named D

first C_D’

POINT The name of 4
the point ?

PARALLEL Two vertical bars
LINES: lines that P4 -
are always the m "n i i il
some distance il n *
apart. They
NEVER intersect.

| ]

ANGLE: formed
by two rays with / A. 4
the same endpoint
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Term and Symbol Example
Definition

VERTER: The name of the i'
the point of angle that forms A
intersection of the vertex Z# f\
rays or lines thot Or the point 8
form an ongle thot starts the

ongle ZBAC
RIGHT ANGLE: o |M
90-degree angle L

PERPENDICULAR Q

LINES: +wo lines PlLa
thot form o righ+
omgle

CONGRUENT N

LENGTHS or L "
CONGRUENT ~ =
ANGLES: the o \’4.\;

shapes, lines, or

angles ore equal
in Size i Qz
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GEOMETRIC SHAPES

Plane geomefry deals with “flot* shapes such as
squares and circles. "Flot* shapes are TWO-DINENSIONAL,
or 2-D. A POLYGON is o closed plane figure (so it's two-
dimensional) with of least three straight sides.

_EXAMPLES:

POLYGONS NOT POLYGONS

DO Oﬂ
Solid geometry deals with *solid* shapes such as cubes

and spheres. Solid shapes are THREE-DIMENSIONAL, or
3-D. 4 POLYHEDRON is o 3-D figure.

_EXAMPLES:

7
/> o U

SORRY. I THOUGHT :
THIS WAS CHEESE. .
CARRY ON!
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TOOLS for GEOMETRY

Here are some fools that can help vs with geometry
problems. These tools provide clearly marked intervals o
help us determine the length of a line or the measurement
of an angle, efc, on a diagrom.

INCHES /ACTUAL SIZE!

1 2 3 4 5 6 7 & 9 10

CENTIMETERS

& RULER is a tool that we vse to measure distances as well
as draw straight lines on diagrams. Most rulers measure
lengths in two different units: One side measvres inches and
feet, and the other side measvres centimeters and meters.

EXAMPLE: Meoasure the length of the line in centimeters.

ecm ! 2 3 4 5 6 7 & 910

llllllllllllllIIIllllllllllIlllIlllllIlIlllllllllllllIlIllllllllllllllllllllllﬂ_

We place the ruler over the line to see what length the line is:

Therefore, we see that the line is 0 cm long
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THE 90° REPRESENTS

A PROTRACTOR helps us calcvlote the measurement of an
angle, as well as draw an accurote angle. There are several
types of protractors, but most protractors are in the shape
of a half circle with measvrements on the protractor that
show the size of any angle.

HERSURIVE AUGLES

EXAMPLE: Use o protractor to
analyze the measvrement of: ) A -

We place the protractor over the angle o see what degree it is:

ACUTE ANGLE
an angle smaller
than a right angle,
or smaller than 90°

o o
The protractor fells us that the anglle is either 50" or 150
But becavse we con see thot £ A is an ACUTE ANGLE, we

know that the correct answer is 30°
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EXAMPLE: Use o protractor to
analyze the measurement of Z8:

N

We place the protractor
over the angle
to see what
degree it is:

The protractor tells us thot the angle is
either 55° or 12.5°. But becavse £ B is

on OBTUSE ANGLE, we know that the
correct answer is 12.5°

DRAWINE AYCLES

OBTUSE ANGLE
an angle larger
than a right angle,
or larger than 90°

EXAMNPLE: ' Use o protractor fo drow an anglle that is 20",

€ © VERTEX

First, we draw a horizontal line for the base. \We place a dot
on one end of the arm—this will be the vertex. Then we place

the center of the protractor ot this dot and align the 0’ line
on the protractor with the horizontal line we drew.
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Then we €ind the angle
ond mark o dot ot the —3,
edge of the protractor.

Lastly, we remove the
protractor and vse a ruler
o draw o straight line from
the vertex to the angle's dot. €

EXAMPLE: Use o protractor and a ruler to drow o
+riomg|e that has the {-‘ollowing angles of measvrements:

95° 20° and b5°.

We first vse the protractor and ruler
to drow on angje thot is 95

We then vse the protractor

p ond ruler o draw the
20° ange and to

complete the triangle:

20°

N



Set Square

# SET SQUARE (also known as a TRIANGLE) is another

ool thot we can vuse to drow geometric shapes and anges.
A set square is also known as a friangle becavse it is in the

shape of a friangle. There are two types of set squares:
o 60-30 SET SQUARE and o 45 SET SQUARE.

# ©0-30 set square has the same angles as a 30-60-90

triangle and a 45 set square has the same angles as a

45-45-90 triangle.

4s°

459

Becavse each of the set squares are in the shape of a right
friangle, we can easily drow perpendicular lines by vsing
the set square and a ruler. \We con even use set squares to
draw parallel lines!
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- EXANPLE: Drow perpendicular lines using a set square
and a ruler.

The set square already is in the shape of a right triangle,
so all we need 1o do is vse o ruler to droaw ovt the rest of

the line: 1

45°

QO" Ygeo

>\ 4

N

a 10 1)

s
~

i 89 () =
-

| EXAMPLE: Use two set squares and a ruler to draw two
parallel lines.
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WECK vour ({IOWILEDECE

Fill in +he missing YOU CAN USE THE LETTERS A AND B
PQF+S of +he toble. THROUGHOUT YOUR ANSWERS. N
TERM DEFINITION SYMBOLS
USED

1. Parallel Lines

2. Perpendicular
! Lines

3. Line Segmen+

Y. Line

5. Rag

6. Use a ruler o complete each of the following exercises:
(0) Drow a line segment thot is 4 inches long,
(b) Drow a line segment that is 12 centimeters long,
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1. Use o protractor to complete each of the following exercises:
(o) Draw on angle thot is (03"
(b) Drow an angle that is 150°.

8. Use a set square to draw a line perpendicular to the one
below:

9. Use two set squares and a ruler to draw a parallel line o
the one below:
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[ ]
l

TERM DEFINITION SYMBOLS USED
1. Parallel Lines  Lines thot are
alwags the same a" b

distance apart and
that never intersect

2. Perpendicular | Two lines that
Lines form o ‘ﬂO—degree
angle (also known a-l-b
0S 0 righ+ angle)

3. Line # part of a line that |
Segment has two endpoints 743
4. Line A s+raigh+ line that
continves forever in A.B
both directions
5. Ray A line with only -

one endpoint AB



-
[
W =
i
-

(b)
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48 and #9 have more thon one correct answer.
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ANGLES

40 <SS VIOOOoODOg0¢O0O0ON

An ANGLE (Z) is formed by +wo rays with a
common endpoint. We vse PEGREES (°)

+0 measure the size of an omgle. ARM

ANGLE
VERTEX -

ARM
The three most "fomovus" omgles:

W A °|O° angle iSa qyar‘rer of a rotation.
Tt is also known as o RIGHT ANGLE.

90’
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Y= #180° angle is half of a rotation. Tt forms a straight line
7o
V4 N\
/ g \\
180°
/ \
/ \
¢ >

Y2 A 360" angje is o complete rotation.

&

Here's a quick breakdown of the different types of angles:

Measurees less
than 90

Measvres grea’rer




Measures exac+|9

0

Two angles whose
sum is 90°

Zaond Zb are
complementary.
Likewise, a 25° angle
and a 65° angle are
complementary.

Two angles whose
sum is 180°

ZAond Z8B ore A+B=180°
supplementary

Likewise, a
45" angle and o 45° 135

135° angle are
supplementary




Angles that share
o vertex and o
common side.
ZA08B and ZB0OD
are adjacent
omgles.

Angles formed bg
two in+ersec+ing
lines thot are

opposite each other;
they have equal

measures.
Zaand Zb are

vertical angles.

Angles that are
reloted becavse
they have the same
measvre.

We con vse the

2 sign to note
congruent angles:

Zag /b




We can use the various properties of angles fo find the
measure of unknown angles.

EXAMPLE: Find the measure of ZWYZ.

W. X A

Y

W is a line, so it is 180°
LWYZ and LAYZ ore complementary angles.
Therefore, ZW/YZ + ZAYZ = 180"

Let's assign £ WYZ the variable X and substitute ©0°
for LAYZ:

x+ 060 =180
x+60-60=180-60
x=120

L\WY2 =120°

2Nn



» ERAMPLE: = find the measure of ZB, ZC ond 4 D:

Z#A ond £ B are vertical (opposite) angles.
Therefore, ZA=43" /B =43

Also, ZA and ZC are supplementary angles, so
ZC+4%°=180°

LC+45°-45=180°-43°

LC=13T

ZC and £D ore verticol, so ZD also equals 157"

. Do all the angles add up to 360°7
> 43°+43°+137°41371°= 360° _,
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& CHECR Your (L LOWLEDEE,

-

-

Fill in the blanks:

AN _____ angle is less than 90",
_____________ angles add vp to 180",
Za ond Zb ore ;
________ | | e AN
angles p | X |

v h B
Z0o ond Zb are
________ omgles

b
These omgles
ore _ . ____.
a8 g/ 48

.13



6. In the diagrom below, ZX and £ are complementary.
I L X is 40° whatis £Y?

A

X

>

7. In the diagrom below, ZG and Z# are supplementory.
If £6 is 13T, whot is ZH7

G

8. If/Sis100°ond ZS is congruent to ZT whotis ZT7

\ s T



9. In the diagrom below, Z# is 50°. What is Z 87

8
\

¢

10. In the diagram obove, what is ZC?
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Acvte

Supplementary
Vertical
#djacent
Congruent

50°

43°

100°

130°

. 50°



@ Chapter &2 o
QUADRILATERALS

7,

::AND AREA®

"OUADRI")’ J'LATERAL"
# QUADRILATERAL is a polygon with four sides. Here are
some "fomovs" qpadrila+emls, ond how ’rheg ore reloted.

NAME EXAMPLE CHARACTERISTICS

flel E Opposite sides are parallel
Parallelogram and equal in length.

A parallelogram where all
four sides form right angles

A parallelogram where all
Rhombus sides are equal in length
A parallelogram where all

Square sides are equal in length and
all sides form right angles

Rectangle

by Has exactly two parallel
Trapezoid D sides, which are called base;
and basey. Sides do NOT
b, have to be equal in length.
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The PERIMETER is the distance around a two-dimensional
object. To calcvlote the perimeter of an object, yov add the
|eng+h of all of its sides.

EXAMPLE: Colcvlote the perimeter of the
parallelogram ABCD.

) 5cm.

8 cm.
8 cm.

5cem. D

P=AB+8C+CD+ DA
P=B+5+8+5
P=2bcm

The AREA is the size of o surface or is the amount of
space inside a two-dimensional object. Area is written in
"units squared,” or unitst,

Finding the area is like asking,
“How many squares can we fit inside the object?”
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In order to calcvlote the AREA 0F A PARALLELOGRAN,
multiply the base by the height. (This formula applies to

rec+ang|es, rhombvuses, and squares, t00.)

& = base x heighi'
or & = bh

EXAMPLE: Colcvlote the
area of the parallelogram.

A= bh
A=3.5
A=156

3 £t

5 £

An area of 15 £+ means that 15 squares with an area of
1 £00t% each can §it inside, S0 we say “fifteen feet scluared,"

or "fifteen square feet")

-

S £t

| 34t
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A parallelogram has the same formula as a rectangle because
it is made up of the same parts, so it must have the same area.
If we cut apart a parallelogram and rearrange its parts,
you can make it into a rectangle.

S LT/ W=—1=
base

SEXAMPLE: Calcvlate the area of the rhombus.

SOM

h=bh

A=5.0 bem.

A =30

A =30 om?

In order to calcvlote the AREA OF A TRAPEZOID, vse
the formvla:

;
Ao bcxseﬁZ base, h n

(

YOU MAY ALSO SEE THIS

1 YOU CAN CALCULATE
FoRMULA FoRMATTED A ==—h(b +b )
LIKE THIS: yA 17 Y27 THE AREA EITHER WAY.
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In actuality, we calculate a trapezoid much like a rectangle
or square. If we cut a trapezoid in half horizontally, the
height of each part is now half of what it was. Then we flip
one part over, and now it looks like a parallelogram. We’ve
cut the height in half and put the bases together to get the
full length, which is how we end up with this formula:

A=2h(b,+b)

EXAMPLE: Colcvlote the area of the +rapezoid.

A- base,+base, h 4 ¢t
/A
_4+8
A = 7 x3
12 8 £t.
‘A‘-TX3
A=06bx3
A =18 £

We can also calcvlate the area of o COMPOUND SHAPE
(o shape made vp of two or more other shapes) that is made
up of quadrilaterals.
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We do this by first breaking vp the compound shapes into
separate quadrilaterals. Then we find the area of each of
the quadrilaterals, and then add all the areas together fo
find the area of the entire compound shape.

EXAMPLE: Find the area of the following
compound shape.

Zin. 3in.

_l Tin. Sin.

8in.
8in.

1Zin.

We first break it up into smaller quadrilaterals:

Zin. 3in.

_l Tin. Sin.
|

8in.
[ gin.

1Zin.
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In other words, we have three smaller quadrila’rerals

thot look like:

8in.

Tin.

8-3=5in.

8in.

Calculoﬁng the areoa of each of the quadrila’rerals ond

adding them all vp looks like this:

Area=2x8+1x5+3x8
A=10+35+24
A=715in?
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1. Colcvlate the area of Tin.
the @ollowing rec+angle.

WECK vour ({IOWILEDECE

S5in.
2. Calcvlate the area of 14cm.
the following trapezoid. m
20cm.

3. Colcvlate the area of

5in.
the following trapezoid.
Tin.
qin.
8m.
g8 m.
gm.
AQem.

4. Colcvlate the area of

the €o|lowing rhombus. '
gm.

5. Colcvlate the area of
the €o|lowing rhombus.

284



10.

Roxie is coloring a rectangular sheet of paper. If the
base of the rectangle is 8 inches and the height is 1
inches, what is the area thot Roxie colors?

Mox wants to buy a carpet that covers his entire floor,
which is in the shape of a square. If each of the 4 sides
is 25 feet long, what is the area of the carpet?

Linda sees o rhombus someone drew in chalk on the
playground. She measures one base and finds out thot
it is b feet long. She measvres the heigh+ ond finds ovt

that it is 12 feet |ong. Calcvlate the area of the rhombus.

Sammy draws 3 identical rectangles on his paper. If
each rectangle has a base 0§ 15 cm and a height of
1Z cm, whot is the total area of all 3 rectangles odded
Together?

Mr. Lee draws o diagram of his property. His house is
shaped like o rectangle, with a base of 100 feet and a
height of 15 feet. Next to this house is his garage, which
is shaped like a square. €ach of the sides of the garage is
L5 feet. Calculote the area of the entire property
belonging fo Mr. Lee.

ANSWERS

285



CWECK your JUSWERS ||

1. 35in?

2. 272 cm?

3. 49in?

5. 80 m?

5. 108 cm?

6. 88in’

1. 625 £t

8. 12 £

9. A=15x12+15x12 +15 x 12 = 540 cm?

10. & =100 x 15 + 25 x 25 = 8125 §i2



3 Chapter 3 a

& TRIANGLE has three sides and three anglles. The symbol
for a +riomg|e is A. We can c|assi+‘9 +riomgles bg their sides:

EQUILATERAL b
TR!RNGLE ARE EQUAL.
3 EQUAL SIDES,
3 EQUAL ANGLES, 2 EQUAL SIDES,
ALWAYS 60 2 EQUAL
\\ ANGLES

SCALENE 3
TRIANGLE MEA‘“NE%?”?,’S’SLES
NO EQUAL SIDES, ARE EQUAL.

NO EQUAL ANGLES
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We can also classify triangles RIGHT

by their angjles: i~ TRIANGLE
HAS A RIGHT
ANGLE (90)
OBTUSE i
¢~ TRIANGLE
HAS AN ANGLE
MORE THAN 90° ACUTE
K TRIANGLE
ALL ANGLES
<90’ ARE LESS
| THAN 90

We can even combine both systems of classification
to describe a triangle more precisely by vsing this
TRIANGLE TREE!
Triangles
THREE-SIDED POLYGON

A AN 4

SCALENE ISOSCELES SCALENE ISOSCELES SCALENE ISOSCELES

A

EQUILATERAL



EXAMPLE:

ANGLES: There is an angle greater
than 90°, so it's obtuse.

SIDES: Tt has two equal sides.
TYPE: This is an obtuse isosceles triangle.

10°

EXAMPLE:

ANGILES: There is a right angle.

SIDES: None of the sides are equal in length.
TYPE: This is a right scalene triangle.

In order to calculate the AREA OF A TRIANGLE, multiply
the base times the height, then multiply thot amount by half.
The base and the height must always form a right angle.

. 1 :
Area of o triangle f = 7" base . he|gh+

orﬁ=%bh

If you cut a rectangle in half, the area formed by the remaining
triangle is only half as large as the area of the original
rectangle—that’s why the formula for the area of a triangle is:

! -
'A'=th -~ h
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“EXAMPLE: Find the area of the friangle.

-1
#=-bh
A= (14 e
14 yd.
A= 63 yd?

EXAMPLE: Find the area of the triangle. We know thot
the base oand the heigh’r must form a righ’r angle. So, the
height and the base are 3 inches and T inches.

Tin.
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We con also calculote the areo of a +riangle that is a

compound shape.

EXAMPLE: An artist drows o shape on the ground and
wants to color inside his shape with paint. What is the total
area of space that he will paint?

Hint: Think about which one of the amounts
ore the base and the height

St

G ft.

3 f

YoU CoULD
ALSO SOLVE THIS
< BY USING THE
FORMULA FOR
THE AREA OF A
TRAPEZOID.

a1 772 ez
A'—-IZ+15 & ZZZH'
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Find the area of the +riomgles below.

WECK vour ROWLEDEE |

4 in-
1.
3in.
3em.
|
3 /\ dlqﬂ
10 ft.
2
q. Chm.
= ﬁ ~
eqcm. ><& Sem. >

5. Find the areo G cm.

of this shape.

lem.
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10.

Linda has one side of a pyramid to paint for the scenery of
her school play. The side has a base of 30 feet and a height
0£ 10 eet. How much area will she paint?

Bruno is designing o flag with a height of 8 inches and a
base of 5 inches. He draws a line along the diagonal and
paints the area above the line red. How much area did he
paint?

The area of a triangular-shaped sail on a boat is b2 ¢z,
The height is 8 £t What is the bose?

Josh, #lice, and Henry stand af the same point. Josh walks
north 25 feet while Alice walks west 12 feet. What is the
area of the shape that Josh, #lice, and Henry make?

Mr. Lee paints a picture of a house. The wall has the shape
of a rectangle, which has a height of 5 inches and a base of
8 inches. The roof has the shape of o friangle, which has a
height of 3 inches and a base of 10 inches. What is the total
area that Mr. Lee paints?
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| CHECK YouR AISHERS |

1. bin?

LI
2. 4Zcm
3. 20 §t2
4. A=9cwm?
1) ez
5. A-]TZcm
6. 150 £t2
7. 20in?
g, 15 ¢t
. yA

9. 150 £+

10. Total area = area of the rec’rangle + oreo of the
friangle = 55 in%



@ Chapter &6 o
THE ?YEHAQOQ%AM

‘x\x\\\\\x\\

7
7
’
7

A right triangle has two "legs” and a
HYPOTENUSE—the longest side of a
right-angled triangle, which is always
the side opposite the right angle. The
Two legs are connected ot the right
angle. A and D are the length of the
legs (it doesn't motter which is @ and
which is D). The length of the hypotenuse, C, is always longer
than the length of leg A or the length of leg b.

LEG

LEG

The PYTHAGOREAN THEOREM is used to
£find the leng+h of o side of o righ+ +riom9|e. ¢ a

al+bl=ct >

Ina righ’r +riangle, the sum of the squares of the |eng+hs of

the legs is equal to the square of the length of the hypotenuse.
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EXAMNPLE: Use the Pythagorean theorem to £ind the
length of the hypotenuse of this triangle.

3in.
al+pl=cl
32, 422 (L
9+l = c* Yin.
25=ct (To isolote C, £ind the square root of both sides.)
5=c¢C

The length of the hypotenuse is 5 inches.

PYTHAGOREAN TRIPLES always make
right triangles. Here are a few popular triples:
32, 42- G2
BL+122=13
82+162=T11*

We can also vse the Pythagorean theorem to £ind the
missing length of a leg—solve it just like an equation.
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EXAMPLE: = Find the length of b.

at+pt =t
b 210 G em b
30 +b% =100
3(o 3b+ b =100 - 306 10 cpm.
= o4
i
b=8

The length of D is 8 centimeters.

EXAMPLE: Ffind the length of leg X in a right triangle
if its other leg is 1 inches long and the hypotenuse is
11 inches long,

Sometimes, it helps to draw a triangle
and assign values or variables to

xt+bt=ct each leg and the hypotenuse.
R

/A =
xt+49-49-121-49 BEPEEFECJ“%UJI
AxE= A1 <

_7 BECAUSE ¥72 IS
x=~12 ¢ NOT A PERFECT
SQUARE, WE CAN

LEAVE IT AS TS,

The length of leg X is NZ inches.
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1. Label the parts of the triangle
with the following terms:
leg, leg, right angle,
hypotenuse.

WECK vour ({IOWILEDECE

For 2 +hrough 5, £ind the Ieng’rh of the missing side.

12 m.
2.
Sm.
6 cm.

3' GCM.

q. N

15in.

> V3 . /
Jsh
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10.

Adam and Betty start at the same point. Adam walks 5 feet
north while BeH-y wolks 4 feet west If a s+raigh+ line were
t+o be drawn between Adam and Beﬁg, how Iong wovld the
line be?

# carpenter has a rectangular piece of wood that is 8
meters long and 3 meters wide. He cuts the piece of wood
into two triangular pieces by cutting it from one corner to
the other corner. How long is the diagonal that he cuts?

Johnny starts ot the base of a slide. He wolks 10 feetto o
lodder. He then climbs vp the ladder that is 1 feet +all before
siHing down on the slide. How long is the slide?

Beth tokes different measvrements of her door. The
diagonal length is 12 feet, and the base is 4 feet. Whot is
the heigh+ of her door?

An artist makes a sculpture that is a right friangle.

The height and the base are both

1 £eet long. What is the length 7 .
of the hypotenuse?

1 ft.
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- CECK your QIISHIERS

LEG |

LEG

2. 122+52=c? < The missing side is 15 meters.

3. b2+ 0 =c* = The missing side is VIZ centimeters.

§. a?+ 157 =T1* => The missing side is 8 inches.

5. a2+(¥3)2=W8) 9 a?+3=8-The missing side is V5 feet
6. 5 feet

1. 13 meters

8. 149 feet

9. al+4:=122 - J128 feet

10. T2+ T2=c? - Y98 feet
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B Chapber 415 e

Cl)

CIRCUM

ANDYAR

# CIRCLE is the set of all points that are equal distance
from a point that is colled the CENTER.

ALL THE POINTS THAT MAKE UP A CIRCLE
ARE EQUAL DISTANCE FROM THE CENTER.
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These are the important parts of a circle:
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To FIND THE CIRCUMFERENCE OF A CIRCLE, we
rearrange the equation for pi in order to solve for C:

C
x = E To get C by itself, multiply both sides by d:

¢
x(d)= =
( p ()
x(d)=C
Thus, the formvula for #inding the circumference of a circle is:
circumference = TU e diameter

And becavse the diameter is twice the leng‘rh of the radivs,
You con also €ind the circumf£erence with this formula:

C=2Tr

SEXAMPLE: Find the circumference of the circle.
(Use 3.14 as the approximation of T)

C = Td ‘ 6 cm,
C=314 (b) '
C=18.84 cm

The circum$erence is 18.84 centimeters.
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To find the AREA OF A CIRCLE, vuse the following formulo:

area = TU ¢ radius?

or
A =Tr?
(ANSWER IS IN UNITS?)
“EXAMPLE: Find the area y A
of the circle. (Use 3.14 as | A

the approximation of =) Kl N

A=xer’ o
A=314.5 _(Don’t forget order of operations!) ©
A=314.25

A=185cm? -
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12
TERXAMPLE: Find the area of the circle. (Use T as the
opproximation of X.)

Becovuse we know only the diameter,

we need fo divide it in half to get 14 in.
the rodivs: 14 +Z =7 inches. Now,

we can vse the formvla for areo.

# = xrt
A =xl*
_z o
A=
22 49
A= T
A = 154in
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1. Label the parts of a circle
with the following terms:
chord, center, é
diometer, radivs,
circomference.

WECK vour ({IOWILEDECE

2. The radivs of a circle is 9 cm. Find the areo of the circle.
(Use 3.14 as the approximation of )

3. The radivs of a circle is Z feet. Find the area of the
circle. (Use 3.14 as the approximation of T.)

4. The diameter of o circle is Z1 inches. Find the area of
the circle. (Use 272 as the approximation of X.)

5. The diometer of a circle is b inches. Find the areo of the
circle. (Use 3.14 as the approximation of T.)

6. # builder wants to make a window that is shaped as a
circle. The radivs of the circle is 8 feet. How much glass
should he buy to cover the area of the window? (Use 3.14
as the approximotion of X.)
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10.

# boker makes a circular coke that has a radivs of 1 inches.
If the baker wants to cover the top of the cake with
12

€ros+ing, how much Fros’ring shovld the baker vse? (Use 7 0s
the approximation of T

An architect wants to build a £lat roof for a circular
building. The diometer of the circular roof is 20 feet. Whot
is the areo of the roo£? (Use 3.14 as the approximotion of T.)

# furniture maker builds a round table that has a diameter
0of 1Z feet and wants to order a glass tabletop to go with it.
How large must the glass tabletop be to cover the entire fop
of the table? (Use 3.14 as the approximation of T.)

A painter is painting a circvlar sculpture. The sculpture has
o radivs of 5 meters. How much paint

should she vse to paint the sculpture?

(Use .14 as the approximation

of &)
HMM...
s
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2. 15434 cm?

3. 1256 £t

4. 3465 in”

5. 28.206 in*

6. 20096 £t*

7. 154 in?

8. 314 £

1. 13.04 £

10. 18.5 m?
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B Ohapt,er L6 o
THREE-DIMENSIONAL

400 VvVDODOoOOg00O 00N

# three-dimensional figure (3-D figure) is a shope
thot has |eng+h, width, and height It is also called o
"SPACE FIGURE" or o “solid"

CYLINDER PYRAMID
EXAMPLES: @J v
| }
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('POLY" IS GREEK FOR “MANY.” “HEDRON™ IS GREEK FOR “BASE.”

# POLYHEDRON is o 3-D figure that is made up of regjons
that are in the shape of polygons. The regions share a side.
(The plural of polyhedron is POLYHEDRA)

LATERAL
One type of polyhedron is o PRISM. side(s) of something

A prism is a 5-D figure that has two
polygon bases that are parallel and CONGRUENT (exactly
the some shape and size), as well as LATERAL faces (the
sides next to each other) that are parallelograms. Prisms
are coateqgorized by the type of bases they have.

A RECTANGULAR PRISM has all right angles, the bases

are parallel, and the lateral

faces are parallelograms. é? ]

RECTANGULAR PRISM CUBE

A TRIANGULAR PRISM has bases that are
A parallel triangles and lateral faces that are
parallelogroms.

HEXAGONAL
#And other types: PRISM
PENTAGONAL PRISM

There are other types of polyhedro:

A& CYLINDER has two parallel bases
that are congruent circles.
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# CONE has one circular base
ond one Vertex (or point).

A SPHERE is a set of points in o space that
are a given distance from o center point (it
looks just like o ball).

# PYRANID hos a polygon (not a circle) at its base. All of its
lateral faces are triangles. Similarly, pyromids are named
by their bases:

A wwosann [

rectangular pyramid

hexagonal pyramid — I‘\
@ '

There is a special ype of polyhedron called o REGULAR
POLYHEDRON. A regular polyhedron is o polyhedron where
all the faces are identical polygons, such as:

TETRAHEDRON 0 CUBE @
@OCTAHEDRON @ ICOSAHEDRON

DODECAHEDRON
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Imagine that we are slicing a 3-D
polyhedron open—yov con get different
2-D shapes depending on how Yo slice it.
These are known as CROSS SECTIONS.

I£ we slice a cube open with a plane, what are the possible
cross sections that we can get?

OH NO! YOU CAN SEE
MY CROSS SECTION. HOw
EMBARRASSING!
I£ we cut the
cube like this,
we end vp with
0 square (the

shaded 72-D

shape).
I€ we cut

the cube in o

diagonal direction . .

like this, we A\ )

end vp with a

rectangle (as

the shaded 2-D
shape).



If you slice a cylinder with a plane, there are a
few possible cross sections that can result.

If we slice the cylinder
horizontally, the
resvlting Z-D cross
section is a circle (the
shaded regjon).

I£ we slice the
cylinder vertically, the
resvlting 2-D cross
section is a rectangle
(the shaded regjion).
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HEEK Yo [ OYLEREE |

For 1 through 8, match each shape to its name.

1. Rectangular prism

2. Cube

3. Pyromid /A\

Y. Cone

2. Cylinder & ,

6. Rectangular pyromid i f &)\

1. Octagonal pyramid

8. Triangular pyromid | - 3

1. Stote the definition of a regular polyhedron and drow
a sample of a regular polyhedron.



~ For 10 through 13, What is the shape of each cross section?

10.
n.
1 L
12.
13.
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CWECK Your QUSWERS
1. Rectangular prism g

2. Cube

0
-
'

3. ‘Pgramid

& = =

4. Cone é

3. Cylinder ,
-6. Rectangular pyramid @

1. Octagonal pyromid

-8. Triangular pyramid 0
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9. A reqgular polyhedron is @
a polyhedron where all

+he foces are identical TETRAHEDRON ~ CUBE ~ OCTAHEDRON

polygons. Possible regular
polyhedra are: @ @

DODECAHEDRON ICOSAHEDRON

10. The shope is
o +riomg|e.

11.. The shape is
o rec+angle.

12. The shope is
o circle.

13. The shape is —
a circle. \ 7,
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® Chapter Ly e

The VOLUME of o 3-D figure refers fo the number of
cubic units needed to fill the figure. Or, put more simply,
“How much will €it in here?" The answer is the volume.

CONES ARE THE ONLY EXCEPTION...
PRISMS yRE ON THAT LATER...

In order to FIND THE VOLUME OF MOST PRISMS, use

the formvla:

Volume = Area of the base x Height of the prism
or V=Bh

We vse a capital B to indicote THE EXPONENT 3 MEANS
" “CUBIC"—THAT'S HOW MANY

thot it's the area of the base,- / CURES CAN AT TNSIDE

and that the answer is in UNifs>.
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Rectangular Prisms
To find the VOLUME OF A RECTANGULAR PRISN, we
can vuse

V=Bhor
V = length x width x height (V=1wh)

becovse in ac’rualH—g, those are exacﬂg the same equod-ions.

“EXANPLE: Find the volume ’ -
of the rectanglar prism. 26 m ’

P uinamasss
If we vse V= BA, irst, we must find %

the valve for B, or the area of the

rectangular base. (The formvula for the Or we can use

area of a rectanglle is A=Ixw) V=Ilwh, where
8 =|xw all of those steps
gl e v i are included!

8 = 30 V= lwh

Now we have all the informotion V= 05)02)

to find volume: V =060 ¢t3

V=8h

V=30x1

V=003
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Triangular Prisms

For the same reasons, in order 1o find the YOLUME OF A
TRIANGULAR PRISM, we can use

V=Bhor

V=5 x base x height x length (V= 5 bhl)

N )

]
| ‘EXM\I’LE‘ Find the volume
of the +r|angular prism.

WIS

( -—bhl

=z(4)(12) V 7(4)(12)(]8)
8 =24 1
V- 8h " 1 |
V=24x18
V= 43264 = | . 1

-

3-D FIGURES THAT

ARE NOT PRISMS

Cylinders

To find the YVOLUME OF A CYLINDER , we can use

320
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1 V=RBhor
! V=T x radius? x height (V=TCrh)

Ino cgﬁnder, the base is a circle, so we vse the formvula for
the area of a circle (A= xr? to find the areo of the base.

* EXAMPLE: Find the volume of the cylinder.
V=xrth 9 i

V= (314)(3)() - T

V=113 in°

Cones
Cones are o little different from other 3-D €igures—
to calcvlote the VOLUME OF A CONE, use the formulo:

L V= %x area of the base x height ( V= % Bh)

| or

V= 1% T x radius? x height (V

| 3 T rth)

=1
3

The volume of three cones added ’roge’rher amoun+s to a
cglmder so thot's whg the volume of a cone is = o€ the

area of the base x height! é é é E
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Like o cglinder, the base of a cone is a circle, so we con

use the formula for the area of a circle (& = xr?b) +o §ind

the areo of the base. So, if we combine the formvulos,
 V=lopl

we get: V 3 xrth.

= EXAMPLE: Find the volume of the cone.

Round to the nearest hundredth. j-
1 / 1\
i : -
4 3 h . / \
# I, \
V= 3 @A) /o
(I [ 0 ‘_
Ve % (3.14)(36)(8) A\NGZEEEP
V=30144in°
Pyramids
Similarly, fo calcvlate the VOLUME OF A PYRANID,
we can use 1
V= g@h

(like the cylinder, the volume of three pyramids put together
amounts to a prism). This base is a rectangle, so we can calcvlate
its area (B) with the formula #=bDA—just be careful not fo
confuse the height of the pyramid with the height of the base.
322



. xﬁm i Find the volume of the pyromid.

V= % (40)(60) om -l
V=800m®> € =

Spheres
To calcvlote the VOLUME OF A SPHERE, we use the formula

4
[ 3
A V-s’n’r :

All Yyou need is the radivs and then you can solve. And in o
sphere, every line from the center fo the edge is a radivs!

CEXANPLE: ' Find the volume of the sphere.

I
V= % Tl'r?’ _4 dl b, \
v- 2 6106 j} NENERER>
V=3106Mee O\ /
V90432 in? T |
- "~ 323
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For 1 +hrough 5, motch each Figure with its formula for
volume. (Each Figure may motch more than one formvla,
ond more thon one €igure moy motch each formvula.)

(ECL vour (L SOLLEREE |

1. RECTANGULAR V = lwh
PRISM :

V= gBh
2. CONE

V=xrth
3. PYRAMID

4 3

Y. CYLINDER V= 3™
5. SPHERE Vi %,,,zh
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1. Find the volume of the cone.
gcm.

8. Find the volume 4
of the pyroamid.

9. Find the volume of the cylinder.  fC_ ® )

10. Find the volume
of the sphere.

ANSWERS 395




 CHECK YouR AUSKERS | ]

1. RECTANGULAR PRISHN V = Jwh

2. CONE V= %wrzh or V= %Bh

3. PYRAMID V= %Bh

Y. CYLINDER V==xrZh

5. SPHERE V= %1”’3

6. V=Iwh=03-2 =306in’

1. V= «(319)+ 6% 8 = 30144cm?

8. V= «(3-2)-5=10>

9. V=xrth=(314)+ (32« 1=19182Z cm?

10. V= %wr5= %-(3.14)-(3)%113.04 m3



® Chapter L SR

RFACE

oo Vviooonogo0o 00N

SURFACE AREA is exactly what it sounds like—the area
of a shape's surfaces. We can calcvlate the surface area of
o prism by adding together the area of the base(s) and the
lateral faces. To find the surface areo, it is often easiest to
£ind the surface area of the NET—the net is what you have
when you unfold a figure:

& il
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SURFACE AREA of PRISMS

To find the SURFACE AREA OF A CUBE, calculate the area
of each side of the cube and add them together. €ach side is
o square, so use the formula # = /W. Or because we know
that each side has equal dimensions, we can simply calcvlate
the area of one side and multiply it by (0 because there are
six sides to o cube.

“EXAMPLE: Find the surface areo of the cube.

Jin.

3in.

3in.

You con vunfold the cube to see the surface areo more clearlg.
Becovse eoch side of o cube is the same, the area of each
surface is length x width, or in this example, 33 =9 in,

If we add vp all the areas of each surface:
Top: 9 in? Left: Ain?  Front: 9 in?
Bottom: 9 in?  Right: 9 in?  Back: 9 in?

Surface areo of the cube: V+9+9+9+9+9=54 int

\We con also calculate this bg +aking the areo of one side
(9inZ) and multiplying it by the number of sides (b).

QinZ x b sides = 54in?
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To find the SURFACE AREA OF A RECTANGULAR PRISHN,
calcvlate the areoa of each side and add them Jroge’rhelr. €ach
side is a rectangle, so we use the formula 7= /W for all sides.

EXRAMNPLE: Find the surface area of the rectangular prism.

10 em.
5 SIDE 1
qch:r U4 em. 10 em.
: = il s : SIDEY | &
Q 4 BEA A =
[ [
=l SIDE 2 ‘
10k, T
SURFACE AREA
Base 1 4.5=20cm?
Base 2 4.5=20cm?
Side 1 4.10=40cm?
Side 2 4.10=40cm*
Side 3 5+10=50cm?
Side 4 5.+10=50cm?

Svurfoce areo = base + base 20+20+40+40+50+50=220cm?

+ side + side + side + Side

To £ind the SURFACE AREA OF A TRIANGULAR PRISH,

agoain, simply calculate the area of each side and add them
together. When you "unfold" a triangular prism, the lateral

areos are shaped like rectangles, so vse the formvula for
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the area of a rectangle A = |w). The bases are triangles,
so use the formula for the area of a friangle A= %bh).
Las‘rlg, odd all of the areas +oge+her.

“EXAMPLE: Find the surfoace

area of the triangular prism.
3.

The area of each
+riangular base:

ALl

A th
e F
TS

A= bt

The oreo of eoch rec’rangular side:

SIDE 1: SIDE 2: SIDE 3:
A=lw A=lw A=lw
A=5x1 A=4x1 A=3x1
A=35 A=18 A=2]

Svurfoce areo = base + base + side + side + Side

Surfoce areo = 0+ 0+ 35+ 28+ 21=906 £
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SURFACE AREA of FIGURES

THAT ARE NOT PRISMS

To £ind the SURFACE AREA OF A CYLINDER calculote
the area of each side and add them together. \When Yyov
"unfold" a cylinder, the lateral area is shaped like a rectangle,
S0 You use the formula for the area of a rectangle #=Ilw)
The bases are circles, so you vse the formula for the area of
a circle (A=xr?). Lastly, add all the areas together, like so:

| surface area =
| area of rectangle + area of top circle + area of bottom circle

" EXAMPLE: Rex wonts to find the surface area of o
cglinder. He alreadg knows that the areoa of the rec‘rangle
is 30 inZ. If +he radivs of each of the

bases is Z in, whot is the surfoce i,
area of the cylinder?

4in
A =30+ wrt+ xrt 9in,

A=36+(314)« 2% +(314) - 27 2in (e
# = 6112in*

Sometimes, we are not gjiven all the measvrements we need.
But that's no problem—we can DERIVE (extract) all the
measurements we need from the cylinder's diameter
and height.
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»ERXAMPLE: Find the surfoce area of the cylinder.

First, let's calculate the area of the rectangular lateral area
with A =/ X W. The width of the rectanglar loteral area
isn't gjiven, but the width is equal to the circumference of
the base, which we can £ind ovt bg using the formvula for
circum$erence (C = d).

LATERAL AREA

Cmwd | ]
C =(3.14)(6) -z =4
C=18.84 inches

Now we con find the areo of g in.
the rec+angular loteral area:
A=Ixw

A =8 x 18.84 “—
A = 15012 in?

Next, we find the area of the bases (simply halve the
diometer to ge‘r the rodivs: hal§ of 0 inches is 3 inches).

A=xrt

A =314(3%)
A=314(9)
A=28.206in?

Finally, add vp the surface areas of both bases
and lateral area:

Surfoce areo = 28.20 +28.26 +15012 =201.24 int

C = WIDTH OF THE
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The SURFACE AREA OF A SPHERE is easy to calcvlote. If
we know what the leng+h of the radivs is, the surfoce area is

. A=4Tr* |

“ERAMPLE:  Find the surface area of the sphere:

A = 4xrt

A=4(1Z) N '
A = 50.24in”
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& | CHIEC vow (0L ERELE

Find the surfoce area of each #igure.

1. 2.
1%
5 in. 5 in: 5 Cm.




10.

Susie has a small rubber ball that has o radivs of 3 inches.
If£ she wants to paint the entire surface of the ball, how
much paint will she vse?

Susie pumps some air into the ball and increases the radivs
by 1 more inch. If she wants to paint the entire surfoce of
the ball a different color, how much paint will she vse?

Mgles has o cardboard box and wants to €igure ovt the surfoce
oreo. The Ieng+h is b inches, the heigh+ is 4 inches, and the
width is 8 inches. \What is the surface area of the box?

. Sarah wants to make can of sovp that is shaped as a

cglinder. I£ the can is 1inches tall and has a radivs of 3
inches, how much material shovld she vse to make the con?

Lonce has a wedge of cheese and knows the measurements
of cerfain parts of the cheese wedge.
\Whot is the surface areo of the wedge?

Yov migh‘r need 10 vse
the 'Pg’rhagorean theorem to
£ind the missing side!
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| CHECK YouR ASKIERS ]

A=0bx52=150 £t

-l

A=2(2+5)+(2+8)+2(8-5)=132 cm*

R

3. #=1(;8h)+Bh+Bh+Bh
- 2(7+5+3)+2+10+810+5+10=165in’
4. A=dxri=4.(314) - 36 = 45216 m?
5. A=drri=4.(314)+25 =314 m?
6. 11304 in
7. 20096in?
8. 208 in?
1. 1884 in?

10. The missing side is 10 cm. Therefore, the surface areo

; YA
is 90 cm?. AT DI T
MISS THE CHEESE?
RATS!



@ Chapter 9 o

ANGLES, TRIANGLES,
aoo0o a0 ARNE 4900 a2c0

TRANSVERSAL LINES

INTERIOR ANGLES

We know that a +riomg|e has three sides and three omgles.
One of the special properties of a triangle is that the sum of
all three inferior anglles is always equal to 180° Always!

EXAMPLE: In AABC L Ais30° ond £ 8is 10°
Wwhot is Z.C?

Becovse we know that the omgles
of a triangle always total 180°

A+B+C=180

30+70+C =180 .

100+C =180 7 '
4

C=80 ¢

Therefore, Z.C is 80°.
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" EXAMPLE: In AJKL £Jis45° and ZL is 45°
Whot is Z_ K2

Becouse we know that the angles of a friangle total 180°

J+K+L=180
45 + £ + 45 =180
k=90

Therefore, Z K is 90°

EXTERIOR ANGLES

\We know that a +riomg|e has three interior angles. But
triangles also have EXTERIOR ANGLES—angIes on the

ovtside of the friangle. In AABC below, Z.S is one of the
exterior angles.

Angles C and S are supplementary to each other,
therefore C+S =180°
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* EXANPLE:  In the diogram below, Z X is 100° and
LY is 50° \Whot is Z W~

We must £irst §ind the valve of £ Z.
Becavse oll three interior angles add up o 180°,

X+Y+2=180
100+50+2 =180
2=30

£ W is an exterior angle to L2, therefore
Angles Z and W are supplementary,

2+W=180°
30+ W=180"
W=150°

Notice anything about the previous problem? The
measvrement of an exterior omgle iS the some valve
os the sum of the other two interior angles!
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“EXAMPLE: In the diogram below, Z# is 55° and
£ Bis 43° \Whatis £ D7

A D

Becavse Z_ D is the g
same valve as the sum of

Angles A and B, £ D is:

55+ 43 =98"

TRANSVERSAL LINES

A transversal line is a

line thot cuts through two OR
parallel lines, such as: L

#AS We con See, o
transversal line creates 8 angles. But by s+ud9ing the
omgles, we con see thot many of the omgkas ore congruenﬂ

In the diagmm below, Line R is o transversal that cuts
through Lines P and A, which are parallel to each other.
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We know that Z_1 is congruent to 23 becovse they are
vertical omgles. For the same reason, we know thot the
€o|lowing angles ore also congruen’r:

L1=/L4
45=/]
Lb=/8

But what else do we know? Becavse P and A are parallel,
the transversal forms CORRESPONDING ANGLES—
angles that are in the same position in relation to the
franversal and therefore congruent. Thus, the following
corresponding angles are congruent:

L1 =/5
L2=L06
£3=/L1
£4=/8

Furthermore, because P and R are parallel and cut by a
transversal, it means that Z.1is congruent to Z.1 becouse
they are ALTERNATE EXTERIOR ANGLES. Alternote
exterior angles are on opposite sides of a transversal

and outside the parallel line. Thus, the following alternate

exterior angles ore congruen’r:
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Similarly, becavse Lines P and & are parallel, it means that
£ 3 is congruent to Z.5 becavse they are ALTERNATE
INTERIOR ANGLES—angles thot are on opposite sides

of a transversal and inside the parallel line. For the same
reason, Z 4 is congruent to Zb.

So, putting all of this information together:

Z£1,5,5, and Tare congruent.
£ 7,4, 0b,0nd 8 are congruent.

The opposite of all of this is also true:
If you don’t know if two lines are parallel—
look at the alternate interior or exterior angles.
If they are congruent, the lines are parallel. =L
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@& CHECE vour (IOWLEREL

1. InAPARLAisT5 S

and ZR is 10°. R

What is ZP? 2 >
2. InAABC LAis5

and ZCis5° b

Whot is Z 87

3. In/\PAR obove, L Pis20° and ZRis 131°.
Whoat is Z Q7 \Whot is Z.S7?

4. In AABC £ Bis89° and £ is 43°. Whot is Z A7
Wwhot is Z.D7?

5. In the diagram below, Line X is parallel to Line ¥ If Zb
is 42° determine each of the following angles:

() La =
(i) £Lg-=
(iiiy Zh=
(iv) Zc=
V) Zd =
i) ZLe = P
ANSWERS 343




| CHECK YouURAWSTERS |

1. 95°

2. 110°

LA=1% /L5=4%

gl

LA=48 LD=137"

=

. ) ZLa =138°
(i) £.g = 138°
(i) ZLh = 42°
(iv) Lc = 138°
V) Zd = 47°
(Vi) e =138°
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SCALE DRAW

INGS

SIMILAR FIGURES are figures thot have the same shope,
but not necessarily the same size. Similar figures have
corresponding angles (angles that are in the same relotive

position on each figure) that are congruent (equal in size).

Similar figures also have corresponding sides (sides that

are in the same relative position on each figure) thot are

proportional in size (when one part of
the shape changges, all parts of the
shoape change).

The symbol for
similar figures

is ~~.
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EXAMPLE: AABD ~ AEFG

The +riangles ore similar becovse +he3 have congrueni-
omgles ..

LA2LE
[ B=z2/F
LD=z2/6G

...and their corresponding sides are proportional in size!

EF=1.48
£6=1-AD
FG=1+8D
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I€ we know two ?igores ore similar Figures, we can use
their proportionality to £ind missing measurements.

S EXAMPLE: AABC ~ AGHI Find the missing

Ieng‘rhs X ond y
8 g ’
G °
o (7 50° Q
# o) \©, %)
i 22
13 y
oo o’
c I

Becavse the triangles are similar, the corresponding
sides are proportional in size. Start with a complete set
of sides, and find the missing proportional size in the
other triangle.

B_c = Fi;z. B_c =#/;I USE CROSS
o | eI | e
LIVIPR I O
b" "x By

x =132 ly-286

x=12 y=16
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I€ we know two €igures ore similar ?igores. then we can

also use their proportionality to £ind missing measurements
in BOTH figures.

“EXANPLE:  AABC ~ A\ DEF find the missing

lengths X and y
D 15
4 5 g €
i g 27 y
C F
DE_48 #8_DE
DF AC BC EF
5_5 5.5
21 x 8 Y
15x =135 Sy =120
x=9 y=14

\We can also vse the proportionality of similar figures
to find missing angles.
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W AMNO ~ A PAR. Find the missing ZM.

L A N N IR B B |

N

=/

0

* =

Becavuse the triangles are similar, the corresponding

omgles are congruent

Theresore: ZN2 ZR=30° oand £Z02 ZR=100"

Because all the angjes of a riangle add vp +o 180"

LM+ /N+£0=180°
ZM+30°+100° =180°
LM=50° |__j;|||||||||||||

[ I ) I )
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# SCALE PRAWING is a drawing that is similar to an
actual object (or place)—just made bigger or smaller.

The SCALE is the ratio of the length in the drawing 4w
to the actval length.

EXAMPLE: In this scale Gin.
drawing, Tinch equals 5

feet of floor. Whot is the

actual perimeter and area

g fthe rgom? I SCALE: 1in. = 3H.
Becavse 1inch equals 5 feet of floor, the length is:

linch _ b inches
5 feet  x feet

The length is 18 feet.

Becavse |inch equals 3 feet of floor, the width is:

linch _Z inches
5 feet  x feet

The width is O feet
The octual perimeter is: 18 + 6 + 18 + b = 48 feet.
The actval area is: 18 X b =108 £+2
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Where do you often see scale drawings? MAPS!
They are one of the most common places that scale is used!

* EXRAMPLE: A mop shows the rood between the cities
of Springton and fogsville. The legend of the map says
that Z inches represents 5 miles. If the distance on the
map between Springton and Foggsville is “linches, what
is the real distance?

FOGSVILLE

Set up a proportion:

Zinches _ 1inches
5 miles X miles

Therefore, the real distance is 11.5 miles.

L] EEEEEEE
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1.

In the above diagram, AABC ~ /\ DEF find x.

2. Using the obove diagram, £ind y
12

J
L
6 o - _—1/0" m
5 0 y P 4
- -~ - <~ 21
L 1 | Y
7, ™
y - | P

3. In the above diagrom, D\GHT ~ DA\ JKL. find m.

. Using the above diagrom, find p.

5, Using the obove diagmm, £ind Q
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10.

Pavl reads on o map that 1inch represents 1 miles.
He measures the distance between two spots to be 8.5
inches. What is the real distance?

# mop soys that 4 centimeters represents 10 kilometers.
Whot is the real distance that 18 centimeters represents?

Mark is drawing o mop of his room. His room is 15 feet
long. He wants to let Tinch represent 5 feet. What is the
length of his room on the map?

The distance between Appleville and Tanwood is 350
miles. Joe wants to draw o mop where 1 centimeter
represents 1 miles. What is the length between Appleville
and Tanwood on the map?

A map says that 4 inches represents 10 feet. A barn

on the map has a length of b inches and a width of 12
inches. What is the real perimeter of the barn?

ANSWERS
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| CLECK YouR AISTERS

2. 1.2

3. 45°

4. 20

5. 015

6. 59.5 miles

7. 45 kilometers

8. 3 inches

9. 50 centimeters

10.15 + 30 + 15 + 30 = 90 feet
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STATISTICS

STATISTICS is the study of doto. PATA is o collection of
facts—sometimes these facts come in the form of numbers,
words, or descriptions. There are two types of datox

> g

QUANTITATIVE DATA
information given in numbers.
Usually this is information that

you can count or measure.

QUALITATIVE DATA
information given that describes something.
Usually this is information that you can observe,
such as appearances, textures, smells, tastes, etc.
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Quantitative Qualitative
ata Data

' V2% 4 5 ¢ 7
AT (282 A0aR | [ e D
S e b RR AR AR B
| The-#-06 | 2 3.4
ol RARRRER | [aee [@ @
Tl T
| The # o feiendly?
'a:;::-sc]:ss ﬁ%ﬁ%i%% e J, l l l
N CECE e ;
=3 21 (R
“ A’Q#‘L
se| T |lEs L9

Statistics help us collect, interpret, summarize, and present dota.

COLLECTING DATA
Whot is a statistical question? & STATISTICAL QUESTION
is a question that anticipates many different responses.
Answers thot di€fer have VARIABILIT Y—variobility
describes how spread out or closely clustered a set of dota is.

THINK: “How many answers are possible?”
If only 1, then it’s not a statistical question.
If more than 1, then it is a statistical question.
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CONSIDER THESE 2 QUESTIONS:

1. How old am [? This question has only one answer.
I+ is not o statistical ques‘rion becovse the answer
cannot vary (there is no variabili’rg).

2. How old are the students at my school?
This question is a statistical question becavse there can
be different answers. Not every student is the same age,
so the answers will vary (there is variabili‘rg).

EXAMPLES: TIsceoch question o statistical question?

What is your phone number? WO—there is no variability.

How many televisions does each family on your street own?
YES—answers will vary,

How much did you pay for your last hamburger?
NO—there is only one answer.

How many brothers and sisters does each student in your
school have? YES—answers will vary,
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The answers to a statistical question are "spread ovt* and
can be quite different—so there can be HIGH VARIABILITY
or LOW VARIABILITY

EXAMPLES:

How old are the people shopping at the mall? The answers
will vary greatly, so this question has high variability.

How old are the students in the 7th grade? The answers
will all generally be within one or two yYears of one
another. Becavse the answers won't differ much, this
question has low variability.

Why are data and statistics important?
1. They help us identify problems in the world.

2. They provide evidence if we are trying to make a
point in presentations or discussions.

3. They help us make informed decisions for our future.

- EXAMPLE: = Should I go to college?

Statistics fell me that in Z01Z, the average salary for
college graduates was $46100 per year, while the
average salary for high school groduates was $2960.
So, T better go to college!
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SAMPLING

SAMPLING is when we toke a small part of a larger grovp
to estimate characteristics about the whole grovp. For
example, there is a grovp of a thousand people, and we want
to £ind ovt how many of them love math. It would take a

long time to ask all one thousand of them! Instead,
we interview only a portion of that group and use ouvr
findings abovt that portion to draw approximate conclusions
abovt the entire grovp. In other words, we toke o somple!
# somple represents the entire grovp.

Of course, it is important o make sure that your sample is

a good representation of the entire group. for example, yov
know that at your school of 100 students, there are a lot of
boys and also a lot of gjrls. You randomly choose Z0 people
and discover that in your sample, there are 19 gjirls and only
1 boy. Most likely, this is not a good sample becavse your
somple is not a true representation of the entire school.

EXAMPLE: A thousand people work at a factory. You
want to £ind ovt how many people are left-handed, so yov
ask 20 people if they are left- or right-handed. Ovt of
the Z0 people, only 3 are left-handed. (Approximately how
many left-handed people work at the factory?)
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Because there are 3 left-handed people out of the 20,

it means that 220 of the sample is left-handed.
So, we can apply this number to our entire population of
1,000 people: YOU COULD ALSO SET UP A

/ PROPORTION TO SOLVE THIS:
3 é = L
],OOO X 2.—0 = 160 20 1000

Approximately 150 people are left-handed.

S EXRAMPLE: ' There are 520 students in Jimmy's school.
Jimmy wants to know how many students play soccer.
te asks 0O classmates and finds out that 8 students play
soccer. Approximately how many stvdents at his school
ploy soccer?

Because 8 out of 00 students play soccer, it means thot

8

Z
7 = 3¢ of the sample play soccer.

60 15
To apply this number to our entire population of 520 students:
520 x = = (933

So, we can estimate approximately 09 students play soccer.
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@ |CHEEL vour RIOWLENCE

1. Stote whether each of the ?ollowing qyesﬁons
oasks abovt qyanﬂ’raﬂve or qualh‘aﬁve doto.

(R) How many boys are there in o school?
(B) Whatis your favorite ice cream £flavor?
(€) What color shirt are people wearing?

(p) How many students are excited abovt the game?

2. Stote whether each of the €ollowing quesﬁons is o stotistical
qyes’rion.

(R) How many cars does your family have?

(B) How long does it take you to do your homework each
night?

(€) Did yov watch TV last night?

(P) Whot is the average height of the students in your
grade?

3. State whether each of the following sitvations has high
variability or low variability.

(R) How much do people spend on their food ot a
restavrant?

(B) How many cell phones do you vse?

(¢) Whot grade did each student in your closs ge+ on the
last moth test?

(P) How many bathrooms are in your home?
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. Janet has 30 classmates in her classroom. 18 of those
classmotes are girls. If there are o total of 500 students in
her school, approximately how many students are gjrls?

. John swims 2.5 miles and sees a total of 12 fish.
I¢ John swims for o total of 8 miles, approximately
how many £ish will John see?

. Susan plays basketball for 8 minutes and makes 14 points.
If she plays for a total of 21 minvtes, approximately how
many points will Susan make?

- Larry wants to guess how many marbles are in a box that has
o height of 18 inches. He calculotes that there are 3Z marbles
in o height of 5 inches. Approximotely how many marbles are
in the box?

. There are 140 cars in a parking lot. Bob looks at 15 cars
and finds out that Z of those cars are gray-colored.
Approximately how many cars in the parking lot are
groy-colored?
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. (R) Quantitative

(B) Qualitotive
(€) Qualitative
(D) Quantitative

- (R) Not o statistical question
(B) Is o stotistical question
(¢) Not o statistical question
(p) Is o statistical question

. (R) High variobility
(B) Low variability
(¢) High variability
(D) Low variability

. approximately 300 gjrls

. approximately 384 (or 38) fish

. approximately 36.15 (or 31) points
. approximately 115.Z (or 115) marbles
. approximately 18.66 (or 19) cars




® Chapter 52 o

o<

After o statistical ctuesﬁon is asked, we collect all the doto.
All the numbers in the dota are called o SET. Once we have
our set we then have to describe and analgze the doto.

MEASURES of CENTRAL
TENDENCY

One tool we can vse with our data set is MEASURES OF
CENTRAL TENDENCY. A measure of central tendency
is a single number that is o summary of all of a data set's
valves. This is much easier o understand than +r9in9 to
present all of the dato.

- EXANPLE: My grode point average (GPA) is a measure of
central fendency for all of my grades.
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The three measvres of central ’rendencg most vsed are:

1. The MEAN (also called the ARITHMETIC AVERAGE)
is a calcvlated central value of a set of numbers.
To calcvlate the mean, add all of the numbers, then
divide the sum by how many items there are.

EXAMPLE: e surveyed five city blocks o see how many
buildings are on each. Our data set was: 5, 10, 12, 13, 15,
What is the mean?

5+10+12 +13+15 =55 Add all the items.

55 : 5 =11  Next, divide the total by the number
of items (there are 5).

The mean is 11. This means that there is an average
of buildings on each city block.

The mean might or might not be
one of the items that you started
with—it doesn’t have to be!
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2. The MEPIAN is the middle number of o dota set
when aoll of the items are written in order, from
least to 9rea+es+.

EXAMPLE: T trocked how many leaves fell from the
tree ovtside ovr classroom window each dag in October.
My dota set was 52, 84, 26, 61, T3, What is the median?

20, 52, b1, 13, 84 First, write the items in order
£rom least to grea+es+.

The median is 01, becavse b1 is the number
thot falls in the middle of the ordered dota set.

The greatest value in a data set is called the MARXIMUM,
The lowest value is called the MINIMUM. And of course,
the middle number is called the median.

What if there is no @ A
item in the middle? e

We simply find the mean of
the two items in the middle R

(add them together, ?
then divide by Z).
_—

A
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EXAMPLE: Our school held o car wash fundraiser for
o class frip. During one hovr, I received six donations in

my bucket. T received $13, $15, $34, $2.8, §25, $20.

What was the medion donation?

13,15, 20, 25, 728 34 First write the items in order

£rom least to grea‘res’r.
The middle numbers are 20, 2.5,

20+125 =45

The median might or might

45 + 72 =225 not be one of the items

that you started with—it
doesn’t have to be!

The medion is 2Z2..5.

This means thot median is equallg between the two numbers
in the middle of the ordered dota set.

3. The is the item in a dota set thot occurs
most often. I's Ok to have just one mode, more
thon one mode, or no mode!
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EXAMPLE: Ten students took a moth test, and their
scores were:

15, 80, 90, 68, 95, 100, 18, 90, 55, 15. What was the mode?

55, 68, 15, 15, 18, 80, Put the items in order to
90, 90, 95, 100. see if any items repeat.

Both 15 and 90 occur twice.
So there are two modes: 15 and 0.

This means that the numbers 15 and 90 occur most often

in the dota set.

" EXAMPLE: T osked six people how many pencils they
have in their bog. The amounts were: 1, 4, 8, 8,1, 4.
\Whoat was the mode?

1144 8 8. Put the items in order to see if any items repeot.

Becovuse ALL the items occur the some
omount of times (fwo times), there is no mode.

This means all the numbers appear in the data set the same
amount of times.
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MEASURES of VARIATION

Another tool we can use to describe and analyze ovr dota
set is MEASURES OF VARIATION, which describes how
the valves of a dota set vary. The main meoasvre of
variation is RANGE; range is the difference between the
minimum and maximum unit in a data set. The range shows
how "spread out" a data set is.

EXAMPLE: \When asked how much money they had
in their pockets, students in Mrs. Philler's class gave the
€ollowing oanswers:

$6. §11. $20. §4. §1. §15, $10. §8, §5, §1, $2, $12, $4.

OR THINK
Whot is the range of the dota set? IRARGESHICHR oW
20 -1=19 (Ronge = maximum unit = minimum vnit)

So, the range of answers is $19.

This means the money each student has can range vp
to $19 in difference.

A data valve that is significantly lower or higher than the
other valuves is called an OUTLIER. An ovtlier can throw

off the mean of a data set and give a skewed portrayol
of the data.
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«»EXAMPLE: At Carlitos' Taco Shop, five students ote
the following number of tacos:

JED: 3 tacos
DENISE: Z tacos
VERONICA: 3 tacos
KATRINA: 4 tacos

—
. aCoS

Which person seems to be the ovtlier? MIKE

I£ we calcvlote the mean, we con see clearlg thot
Mike skews the dota:

5+2+35+4+9=1]

THINK CRITICALLY!

21:65=42 ASK, “DO THESE
NUMBERS MAKE SENSE
GIVEN THE DATA?"
Most students ate 4 or fewer tacos, P

but Mike's amount skews the averoge to above 4.

3N
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@ CHECE Yowr G IOVLEREE

1. When asked how many hours they spend on a computer
each day, students gave the following answers (in hours):

2,5411545 12

(R) Find the mean.

(B) Find the median.

(¢) Find the mode.

(p) Find the minimum and maximum.

(E) Find the range.

(F) Do there seem to be any ovtliers? If so, what are they?

2. On their last science test, ten students earned the Following

scores: 10, T1, 82,100, 97, 871, T, 91, 38, 81.

(R) Find the mean.

(B) Find the median.

(¢) Find the mode.

(D) Find the minimum and maximum.

(E) Find the range.

(F) Do there seem to be any outliers? If so, what are they?
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1. (A)5
(B) 4
(e)5
(D) The minimum is 1. The maximum is 17.
() 16
(%) Yes. The ovtlier is 17.

2. (R) 188
(B) 815
(¢) 1
(D) Minimum = 38, Maximum = 100
(E) bZ
(F) Yes. The outlier is 38.




® Chapter U3 o
DISPLAYING
- DATA -

Once data has been collected and organized, _
it can be displayed with charts, grophs,
or diagroms. For example, just by
looking ot o pie chart, a scientist can
see what percentage of extinct animals

were primotes.

TWQO-WAY TABLES

A TWO-WAY TABLE is a lot like o regular toble, except that
it shows two or more sets of data about the same subject.
The dota relotes to two or more different categories

or qualities. You use a two-way toble to see if there is a
relationship between the categories.
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SEXAMPLE: Mr. Noyeri collects data from the students
in his class about whether they play sports after school
and whether they complete all of their homework. Is there
evidence that those who play sports after school also fend
to complete their homework?

PLAY DO NOT

COMPLETE

HOMEWORK 14 b (4 +6) = 20
DO NOT COMPLETE 2 ; AN

HOMEWORK

TOTAL (14+2)=1 G+4 =10 20

From the totals, we can see thot there are 206 students,
ond we con answer a lot of ques’rions, like:

¥ How many students only play a sport after school? | 2

* How many students only complete their homework? | 6

k How many students do both? |14

¥ How many students do not play a sport and do not
complete their homework? | 4

The common subject is the students, = READ TWO-WAY TABLES
and we can conclude that if you play CAREFULLY! SOMETIMES,

THE RELATIONSHIP THEY
sports after school, yov are also SHOW IS THAT THERE IS
likely to complete your homework. NO RELATIONSHIP AT ALL!
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LINE PLOTS

# LINE PLOT displays dota by placing an *X* above
numbers on a number line.

- EXANPLE: This line plot displays the number of books
bought by each of the 15 customers at +he local bookstore

lost week. X
X X X
X% X
X X X X | % X
— Attt
23 %56
NUMBER OF BOOKS BOUGHT

"EXAMPLE:  Ten students were asked, "How many people
(including 9oursel€) live in your house?" Their answers were:

4,0,32,454 1,45 Create a line plot to show
this data.

2,5,44445,5 06,71 First putthe data in

X numerical order. Then write
X an "X* above each response
X X on the number line.
X X X x X X
+—+—tr—ttt—t+—>
op/4 2/3189/85 407

What can yov "read” from this line plot? The most common
answer was 4 (the mode), followed by 5. The range is
between Z and 1, so the range is 5. The median is 4.
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HISTOGRAMS

Like o line plot, a HISTOGRAM shows the frequency of
dota. Instead of marking the data items with Xs, however,
a histogram shows them as a graph. Note that a histogrom
has two axes (sides) in order to show the different
frequencies and characteristics.

CEXAMPLE: This histogram shows the heights of trees
on each street in my town. In this case, the €requencg is
the number of trees, and the characteristic is the heigh’r

of the trees. o
= Bl
J J
<
o+ 1
QJ
s
u- “ g
1 <
From the :
groph, bk, T
30-35 36-40 41-45 46-50 41-45 46-50
we see:

Hei sh‘l (feed)

There are 3 trees whose heights are between 30 ond 35 feet:
there are 3 trees whose heights are between 30 oand 40 feet,
there are 8 trees whose heights are between 41 ond 45 feet etc.

This is the same example as the earlier line plot.
Compare the difference between line plots and histograms.
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"EXANPLE: Ten students were asked, "How many people
(including yourself) live in your house? Their answers were:
4,6.3,Z,45 47 4 5. create a histogrom to show

this data. First, put the data in numerical order. Then,
create o bar above each set of responses.

V'S
5
3 Y
=
. I
1
>

1-2 3-4 5-¢ 1-8 9-D

Number of Peorle Living in Your Home

™

BOX PLOTS

A BOXPLOT (also known as o BOX AND WHISKER PLOT)
displays dota along a humber line and splits the data into
QUARTILES (quarters). The different boxes show the
different quarters—25% of the dota is in each of the four
quarters. The size of each section indicates the variability of
the data. The median splits the data into two halves.
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The median of the lower holf is known as the LOWER
QUARTILE and is represented by "Q1 The median of
the vpper half is known os the UPPER QUARTILE ond is

represented by Q@3-

EXAMPLES:
Minimum Ql Median Q3 Maximym
-  SEBEEL AR s s ey ey o

SR INE IRE AR JNE JNE {EE, S IRC AN

rS
S — MAXIMUM
ik iEEEEEeE
5 + :
b & : Q3 Upper quartile
3 oo
2+ Median
1 —en
0 =
-1+ — Q1: Lower quartile

-l - |
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TO CREATE A BOX PLOT:

1. Arrange the data from least to greatest along a number line.

2. Identify the minimum, maximum, median, lower half,
and 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 upper

half of the data).

5. Mark these values on a number line and draw the boxes.

"ERXAMPLE: The students in Mr. kruk's class earned
the following scores on their test: b4, 8Z, 16, 68, 94,
96, T4, 16, 80, 0. creote a box plot of this dota.

(g4, 68, 10 14, 'l(% 16, 82, 86, 94 96

MINIMUM MEDIAN MAXIMUM

(- — ?
B il

LOWER HALF UPPER HALF
kirst, arrange the data from least to greatest.
Next, identify the minimum (©4), maximom (6),
median (10), the lower hal§, and +he upper half.
Next, calculate the lower quar’rile bg finding the
medion of the lower half of the data.

Lower quartile = the median of 04, 68, 10, 14, and b,

which is 10, &= THIS IS THE BEGINNING OF a1,
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Ym9 Next, calculote the upper quartile by finding the
median of the upper half of the dato:
Upper quartile = the median of: 10, 8Z, 86, 94, and Vb,
which is 8b.  «— s 15 HE END OF 03.

W Last, put values above a number line, and droaw the boxes.

Minimom Ql Median Q3 Maximym

€4 70 2 g2 88 qy

e I o S SEESIAN MRV
Ymp This means:

25% of scores were above 80.
25% of scores were between 1o and 80.
25% of scores were between 10 and 6.
25% o€ scores were below T10.

In the box plot above, the right-hand portion of the box
appears wider than the left-hand portion of the box. \When
box graphs are not evenly divided in half, this is known as
SKEW. If the box plot has o wider right side, the groph is
described as being SKEWED RIGHT, as above. If the box
plot has o wider left side, it is SKEWED LEFT. If the box
plot is evenly divided into two equal sections, it is described
as being SYMMETRIC.
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SCATTER PLOTS

#SCATTER PLOT is o type of graph that shows the
relotionship between two sets of data. Scatter plots graph
doto as ORPERED PAIRS (this is simply o pair of numbers
or mathematical objects—but the order in which they appear

together matters). A
-

SEXAMPLE: ' After o test Ms. "Phinney asked her
students how many hours they studied. She recorded
their answers, along with their test scores. Create o
scatter plot of hours studied and test scores.

NANE NUMBER OF TEST SCORE
HOURS STUDIED
Tommy l 45 | 0 I
Lotril | 1 60}
Sophia 4 az
Michael 35 8%
Monica 2 1
Davey 5 100
Eva 3 0
Lance 15 12
Becca 3 10
Sarina 4 80
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To show Tammy's dota, mark the point whose horizontal
value is 4.5 and whose vertical valve is 90,

100 ¥ { )
915 4
95 4
2.5+ ®
0 1 L] ®
815 1 L] TAMMY

&5 1 LINE OF
8254 BEST FIT

§0 1+
715+

754
2.5+ Py

70 4+ ®
675+

65+

o+ e

Test Scores

0.5 1 15 2 25 3 35 4 45 5
Hours Sfudied

By graphing the data on a scatter plot, we can see if there
is a relationship between the humber of hovrs studied and
test scores. The scores generally go up as the hovrs of
studying 9o up, so this shows that there IS a relationship
between test scores and studying.
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We con draw a line on the graph that roughly describes
the relationship between the number of hours studied and
test scores. This line is known as the LINE OF BEST FIT
becavse it is the best description of how the points are
related to one another. As we can see, none of the points lie
on the line of best fit, but that's okay! This is becavse the
line of best fit is the best line that describes the relationship
of ALL the points on the groph.

Eva studied only 3 hours, but still got a 90. Becca
also studied for 3 hours, but got a 70. A scatter plot
shows the overall relationship between the data, while
individual ordered pairs (like Eva and Becca) don’t
show the general trend. Eva and Becca might
be considered outliers in this situation because
they don’t follow the typical pattern.

Scatter plots show three types of relationships, called
CORRELATIONS:

POSITIVE CORRELATION: As one set of valves

increases, the other set increases as well (but not
necessarilg every valve).
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EXAMPLE:  As the population increases, so does the
number of primary schools.

A
e 25+
S 4 'Y
~C
A 204 *
Y 1 o "
S . ‘
£ |54 o0
o °
o B o
o
= 0 oo
& AENE BR
25 s{e®

Lo

I i (N : : i N
S00 1000 1500
PoPu'afioh

NEGATIVE CORRELATION: As one set of volues increases,
the other set decreases (but not necessaril9 every valve).

EXAMPLE:  As the price of peaches goes down, the
number of peaches sold goes vp.

Price of Peaches
°
(]
P [ J
o
-~
|

Mllber Sold

A
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NO CORRELATION: The valves have no relationship.

EXAMPLE: A person's IQ is not related to his or her
shoe size, so there is no correlation.

l:O:E 0 .0 ° 4 o0
O+ o

T o o o *

(&} 60:'. ¢ e ®

Vol T 11118
SAoe Size

U‘T-
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@ |CHECL vour LOWLENCE

1. Answer the ques’rions based on the +wo—wag table below.

DONOT
CARPOOL CARPOOL TOTAL
RECYCLE 44 54 ag
PONOT 10 721 43
RECYCLE
TOTAL 60 81 1M

a) How many people only recycle?

b) How many people only carpool?

c) How many people do both?

d) How many people do not recycle and do not carpool?

e) What conclusions can Yyov moke from this informotion?

2. & jewelry store keeps track of how many items each

customer buys. Create a line plot of the data they find:
51125451283541
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A store asks its customers how many plants they own. The
onswers were 3,5 110,125 8,312,914 3 12,8 4
Creote a histogram of their responses (use a range of 2 for
the horizontal scale).

The trock team recorded the number of kilometers each
runner ron for one week. The results were as follows:

14, 25, 40,10, 14, 16, 25, 16, 23, 1, 18, 22, 34 1Z, 16, 15.
Find the median, the 1st quartile, and the 3rd quartile, and then
create a box plot with this data.

# food delivery company calcvlates the distance that

it drives fo different customers in one night. The resvlts
are as follows: 11, 30, 21,5, 9,11, 1 22, 4 25.

Find the median, the Ist quartile, and the 3rd quartile. Then
create a box plot with data.

. In each of the following scatter plots, state whether there is
positive correlation, negative correlation, or no correlation.

(R) 1
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_L.F Twelve students were asked how many books +he9 reod
last Year, as well as their ELA final exom score. Creote o

scotter plot that displays their responses below. Conclude

whether there is a positive, negative, or no correlation.

FINAL EXANM NUMBER OF

SCORE BOOKS READ
0 47
bZ 1
85 32
2 15
b4 18
88 30
az )
54 L
az 39
6 29
100 44
To 31

| I




‘f‘l.} )54 bl 44 d)121

e) There is not a strong relationship between
recycling and carpooling

"2/ Number of Ttems Bought
1112,2,3,344

X
55518 N3 X
X
1

0-2 3-5 ¢-8 9-11 12-1




4. Median = 10, 1st Quartile = 14, 3rd Quartile = 24

Minimum Q1 Medion Q32 Maximym

5 10 15 20 25 30 35 Yo

5. Median = 14, 1st Quartile = 1, 3rd Quartile = 25

- [ -

Minimum Q1 Median Q3 Maximym

B e B T I S
0 5 10 15 20 25 30 35

6. (R) Positive correlotion (B) No correlotion
(€) Negative correlotion (D) Positive correlation
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There is a positive correlation.
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® Chapter B& o

PROBABILITY is the likelihood thot something will happen.
I+ is a number between 0 and 1, and con be written as a
percent. When you asked about something's probability,
yov are asking, "How likely is it?" & larger number means
there is o greater likelihood thot the event will happen.

CERTAIN 1007 or 1. Certain event

100% o

The sun wil rise  tomorrow.

75% LIKELY

50% or 05 Eq'ua' chance it
will o will net happen

ﬂ

The c. will be “heads,'_'

50% ‘5"/’52‘ CHANCE |

25% UNLIKELY
0% or0: No chance it well
happen at all. Impossi“e.
0% &
IMPOSSIRLE

we will sep twe moons in ovr 5[<y!
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Flipping a coin is a well-known probability question. When we
£lip, it covld land on HEADS or TAILS:

The ACTION is whot is happening. In this case, the action
is £lipping a coin. The OUTCOMES are all of the possible
resvlts of an action. In this case, there are exactly two
outcomes: heads or tails. An EVENT is any ovtcome, or
group of ovtcomes. In this case, if the coin lands on heads,
the event is heads. If we £lip the coin twice, and it lands on
heads twice, the event is heads and heads. When we £lip a
coin, both ovtcomes are equally likely to occur—this feature
is sometimes colled RANDOM.

When we are trying fo figure out the PROBABILITY OF AN

EVENT (P), we use a ratio to find ovt how likely it is that
an event will happen:

number of favorable outcomes

Probability{Event) =

number of possible outcomes
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~EXRAMPLE: \What is the probability of a coin landing on tails?

number of favorable ovtcomes

‘Probabi|i+3(€ven+) =

number of possible ovtcomes

The number of fovorable ovtcomes (landing tails) is 1
and the number of possible outcomes (landing heads or

landing tails) is Z.

P(tails) =% = 50%

So, there is a 50% chance that the coin will land on tails.

‘EXAMPLE:

‘Probability (Event) =

P (Red) = %= 20%

What is the
probability of
the spinner
landing on red?

 pURPLE
YELLOW

\

number of favorable ovtcomes

number of possible ovtcomes

There is a ZO% probability that the spinner will land on red.
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SEXAMPLE: What is the

probability of
— the spinner
landing on red
or purple?

number of favorable ovicomes

Probability(Event) = number of possible ovtcomes

P(Red or Purple) = % = 40%

There is o 40% probability that the spinner will
land on red or purple.

If o probability question is more complicoted, we can make
a table to help ovrselves.

"ERXAMPLE: Bob flips a coin twice. Whot is the
probability that he will flip heads twice?

Let's make o table that lists all the possible combinations
Bob can have when he £lips the coin twice:

ua

OUTCOME OF A OUTCOME OF | COMBINATION
THE 1STFLIP | THE 2Wp FLIP | OF THE 2 FLIPS

| heads | heads Z heads
| heads | tails 1 head, 1 +ail
| tails | heads 1 tail, 1 head
tails tails Z tails
== .



Then we plug this info into the probability formulo:

'PrObObilii'g(Evgni-) _ humber of Favorfzble ovtcomes
number of possible ovtcomes

‘Probabili’rg( 2 heads) = ] = 25%

T Ly
In addition to using o chart, we covuld also draw
o tree diagmm.

"EXAMPLE: ' Sue rolis a die twice. Whot is the probability
that she rolls "double sixes” (she rolls b twice)?

Let's maoke o tree diagram thot lists all of the different
possible ovtcomes:

R 28D ROLL
1sT ROLL 2wb ?LL 1sT ROLL .
2 1
3 3
1 . 4 =
5 11
3 3
1 1
2 r 1
3 3
y 2 b
5 5
¢ 3
1 1
1 e 5
3 3
DOUBLE
3 Y ‘ : | S<I)>(ES!
5 5
3 [3
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L

Then we vse the probabili’ry £OYIYIU|O1:

?rObabi|i+9(Even+) J number of Favorflble ovtcomes i
number of possible ovtcomes |

Therefore, ovt of the 30 possible outcomes, there is a total of
1 outcome that has double sixes.

Probability(double sixes) = 3]—(0 =128% ¢ }5‘{;’2’3&%{,‘;&7,& ‘ j

The COMPLEMENT OF AN EVENT is the opposite of the
event happening,

EVENT COMPLEMENT
| win ! lose -
i rain I horain |
| heads ! tails

The probability of an event plus the probability of its
complement always equals 1. In other words, there is o

100% chance that either an event or its complement
will happen.

Probability{event) + Probability{complement) = 1
OR
Probability{event) + Probability(complement) = 100%




"EXAMPLE:  If the chance of rain is 30%, then the
chance of no rain (the complement) is 10%.

50% + 10% = 100%

EXAMNPLE: The probability that o student ot your school
is left-handed is 10%. What is the complement
of being left-handed, and what is the
probability of the complement?

The complement of being left-handed is being right-handed.
15 P(left-handed) is 10%, then...

P (left-handed) + 'P(righi-—handed) = 100%
10% + P (right-handed) = 100%
’P(righi-—handed) = 90%

So, the probability thot a student ot school is
right-handed is 10%.

CHECK YOUR WORK!

Does P(left-handed) + 'P(righ+—handed) = 100%7
Yes! 10% + 0% = 100%.
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“EXAMPLE: 4 company has 1Z male employees and 20
female employees. I one employee is chosen ot
random to receive a prize, £ind the probability
that the person selected will be a female.

number of favorable ovtcomes
number of possible ovtcomes

Probability(Event) =

The number of favorable ovtcomes is calcvlated as the
number of female employees: Z0. The number of possible
ovtcomes is the same as the total number of employees ot
the company (IZ men + ZO women = 37 employees).

Probobility(Woman wins prize) = g—g = 62.5%

So, the probability that a woman will win the prize is 6Z.5%.
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& CHECK Your LOYLERCE

Match each word to its definition.

1. Ovtcome R. The likelinood thot something will happen
2. Complement B. Possible result of an action

3. Probobility €. The opposite of an event

4. event D. Any outcome or group of ovtcomes

Find the probability
using the spinner.

5. Whot is the probability of

lomding on green? PURPLE

6. What is the proboability of fiLiow
not lomding on green?

1. Whot is the probability of landing on green or purple?

Find the probability vsing the phrase "Great Wall of China.*

8. If o letter is randomly chosen, what is the probability of
choosing the letter #7

9. If o letter is randomly chosen, what is the probability of
choosing a vowel?

10. If o letter is randomly chosen, what is the probability of
choosing a 87

ANSWERS 403



1 s
5. 5 or 20%

1.4 o
6.1 5-50r80/o

7. L or 409

g
g. % or 18.15%

6 ;
9. 6 or 315%

10. 0%
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@ Chapter U5 o
The COORDINATE.

-~ PLANE -

# COORDINATE PLANE is o flat surface formed by the
intersection of two lines or AXES: the horizontal line, known
as the X-RARIS, and the vertical line, known as the Y-AXIS.
The x- and y-axes intersect (cross) ot the ORIGIN.

O

5:4 y-axis
4
3
origin  *
> X-0XiS
<5432-1 12345%)6
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#n ordered pair gjves the coordinates (exact location) of o
POINT. They are called an "ordered pair" becavse the order
matters. The x-coordinate always comes first, then the
y—coordina‘re, like so: (X,y ). The x- and y—coordina‘res ore
separated by a comma and surrounded by parentheses.

The x-coordinote of the origin is 0. and the
Y-coordinate of the origin is also 0. So, the ordered pair
of the origjn is (0, 0).

If the x-coordinate is POSITIVE,
move RIGHT £rom the origin.
2@ If the x-coordinate is NEGATIVE,
move LEFT from the origin.
If the x-coordinate is ZERO,
you STAY ot the origin.

I the y-coordinate is POSITIVE, @
move UP from the origjn.

v @ If the y-coordinate is NEGATIVE,
move POWN from the origin.
If the y-coordinate is ZERO,
you STAY at the origin.
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EXAMPLE1:  Plot the point (4, b).

For the x-coordinote: start ot the origin,
then move 4 spaces to the right on the x-axis.

Next, apply the y-coordinate: move b spaces vp
on the y-axis.

Y

A

10

q

4

7

G s
5

4

3

2

1

= - > X
-10-‘7—8—7—6—5-4-3-2-1_1 1 2 34 5 6 7 & 9 10

2

-3

4

-5

-6

a

-8

9
-10

7
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EXAMPLE: Plot point A (1, -4).

by
A
10
q
g
7
6
5
4
3
2.5
1
< - >
-10-‘7-8-7-6-5-4-3-2-1_1 1 2 3 45 6 7 &8 9 10
-2
=3
-4 .A
=5
-6
1
-8
-9
-10
\

Sometimes, a point is directly on the x- or y-oxis.

4 EXAMPLE:  Plot point R (4,0) and point 5 (0, 2).
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The coordinate plane is divided into four QUADRANTS.

Y
QUADRANT Ii: 5 A QUADRANT i:
Al x-valves are 4 Al x-values are
neqgotive (x<0) positive (x>0)
ond all y—values ore 3 ond all y-values
positive (y>0). 2 ore positive (y>0).
=X, +y) : (+x, +4))
‘-5-4-3-2-11 12345'X
QUADRANT Iii: -2 QUADRANT IV:
#ll x-valves are -3 #ll x-values
negotive (X<0) 4 are positive (x>0)
ond all y-values ore 5 ond all y—values ore
negative ( y <0). J negative (y <0).
(=X, -y) (+x, -4))

A

910
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DISTANCE

If two points have the same x-coordinate or the same
y-coordinate, we can £ind the distance between the points.
First, £find the difference of the two different coordinates
by vsing subtraction. Next, calculate the absolvte valve of
that number.

" EXAMPLE:  Point A is located ot (Z,9). Point B is located
ot (5,9). What is the distance between Points A and B?

Point A and Point B share the some y-coordinate (which is
9, so we simply find the difference of the x-coordinates,
which is

5-2=30r2-5-=-3)

Next, we calculate the absolvte valve of thot number ( |3|
or |-3]), which is 3.

Therefore, Point A and Point B are 3 units apart.

I you plot Points Aand B, then draw a line to connect them,
you will ge’r o horizontal line becavse the y-coordina’res ore
the some. The same method works if the x-coordinotes

are the some.
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EXAMPLE:  Point P is located ot ( 5% ) -% ).

1 3
Point @ is locoted ot (5 T -1 7 ). Whot is the distance
between Point P and Point 67

Becovse Point P and Point @ share the some x-coordinote
(which is 5%), we first find the difference of the
y—coordinod-es, which is:

2 ( 3) 2,.3_ 8 1_B_,]

= —-—— —_— =, ¢t —=— = |—

5 4 12 172 272 17

5

4

Next we calcvlate the absolute
valve of that number, which is 1—

12

1
Therefore, Point P and Point @ are 1— units apart.

12

I£ you plot points P and @, then drow a line to connect
them, yov will ge+ o Vvertical line becavse the x-coordinates

ore the same. AND THEREFORE AREN'T
ON A VERTICAL OR
HORIZONTAL LINE
But whot if Yyov need to find the distance H

between two points that don't share a coordinate?
Youv can vse this distance formulo:
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d=V(x,-x)2(Y,-Y,)?

THE SUBSCRIPTS JUST SHOW THAT THERE IS A FIRST POINT AND
A SECOND POINT—IT DOESN'T MATTER WHICH POINT YOU CALL
FIRST OR SECOND, ONLY THAT YOU KEEP THEM SEPARATE.

EXAMPLE: Point D is located ot (11, =2). Point E
is located at (7, =5). Whot is the distance between
Points D and E?

First, assign the valves of the first and second coordinotes.

X=Ny=-,x-=1Yy =-5

Then, plug the valves into the formula.

ORDER OF OPERATIONS
d =V (1 =11)2 + (=5 = =2)2 & COMES IN HANDY HERE.

d=V(- 4) (- 3)

d=V16+9

d={25

d=5

Therefore, Point P and Point E are 5 units apart.
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&l

. What quadrant is (4 -b) in?

What quadrant is (8,20) in?
What quadrant is (-3,-1) in?

What are the coordinates of point A?

. What are the coordinates of point B?

Whot are the coordinates of point €7
Plot Q (-4, 8).

914

BECLK vour (L LOWILEDEE

. What quadrant is (-5,9) in?

Y
A
. Plot R (O, -06). g
;
6
5
4
3 .A
2
¢ 1
A
< -8-7-9-5-4-3-2'-1_1 T 2 3450671238 %
-2 ®
5 B
4
-5
-
a
-8
v




10.

1.

12.

The coordinotes of Point 6 are ( 1,-2). The coordinates
of Point H are (71 10). What is distance between Point 6

ond Point H?
. , 2 1
The coordinates of Point S are ( g "Ig), The coordinotes
1

1
of Point T are (-5 ﬁ,"l g). What is the distance between
Point S and Point T?

The coordinotes of Point K is (Z, O). The coordinates

of Point L is (8, 8). Whot is the distance between
Points K and 17

ANSWERS
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| CLIEEL YouR AUSKERS
1, II ggﬂ

2, IV o
3. 1
¥y IIT
Y
5 (43) A
6 (2.-1) o ¢
1. (-12,0) ¢
5
8. ond 1. «~ 4
| 3
\j 2
1
A
<-8-7-G-5-4-3-2-11 1 2 345678 7%
2
.3
"
5
_G.R
I
-8
A 4

10. Point G and Point H are 12 units apart.

11. Point S ond Point T are (o% units opart.
12. Point K and Point L are 10 units apart.
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® Chapter B¢ e
RELATIONS, LINES,

o 4 o0 <& AND o O N

FUNCTIONS

A RELATION is o set of ordered pairs .

(like the x- and Y-coordinoates are in a _ %‘% J
“relationship). In a relation, all of the .
x-coordinates are called the POMAIN, and

oll of the y-coordinotes are called the RANGE.

wzs,
,

Y

ad <

/ /
&,

. EXAMPLE: Nome the domain and range for this relation:
(-5,-3) (-2,0) (1,3) (4,6) (1,9).

DOMAIN (oll the x-valves): {-5, -2, 1, 4, 13
RANGE (all the y-valves): £-3,0 3 0,93

ALWAYS LIST THE DOMAIN AND RANGE IN NUMERICAL ORDER.  +

Sometimes, when we are given several ordered pairs,
we can connect them by drawing a straight line through
all the points.
417



EXAMPLE: Groph the relation (-5,-3) (-Z,0) (1,3) (4,6)
('1,9) by drawing a line through all the points.

/\\d
10

\Nweuﬁ\nw.n

> X

<-c-5-/-1 T 2 3 4 5¢ 7 8 410
L 4 ./C

w N -

& relotion coan be any kind of relotionship between sets of
numbers, but FUNCTIONS are o kind of relationship where
there is only one y-valve for each x-valve. In other words,
a function is a kind of relationship where none of the
x-valves repeat. In the example above, none of the x-values
repeat, so this line represents o FUNCTION.

Yov con eosily determine if a relation is a function bg
grophing it and doing o VERTICAL LINE TEST. Just

droaw a vertical line on the graph—if your vertical line ever
4§18 K- or Two!



- touches two points of the relation, it's not a function. In
_other words, the vertical line test proves that none of the
x-valves repeat, and a relation is a function i€ none of

e domain numbers (x-coordinates) repeat.

1

L

4

y

4
ﬁ—v—%—r

ae

A

v

Jﬁ;

(
|
‘r
P

y
N
{ 3

I ;I ,(
1
)

]

N

-




EXAMPLE: Is the relotion shown in the toble o function?
Groph it to check your answer.

'  DOMAIN (x) | RANGE (y) |

(X9

5
>

[ ]
.»—.NWJ:U\Q’}\IOQ

% 7543231 23 ¢5¢738 °%

e

L T R T T
QI O L& W

&

Is this a function? Yes, becavse all of the valves in the
domain are different. Does it pass the vertical line test?
Yes!
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EXAMPLE: Is the relotion shown in the table a function?
Groph it to check your answer.

I DOMAIN (x) _ RANGE (y) |

.5 1 3 |
5 e
- 1 5 |
— .5
l 4 | /A l
4 | b
P
g
SN
Ve |
2 ‘
MR T[1z345¢67¢€ . o
E
v

i

Is this o function? No, becavse there are values in the
domain that repeat.

Does it pass the vertical line test? No. & vertical line can
touch two or more points, so this is NOT a function.
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INPUT and OUTPUT

This is what a function looks like algebraically: y =X+1
The INPUT refers to all of the x-valves (the domain) that
can be substituted in the formula for X. The OUTPUT refers
to all of the y-valves (the range) that result affer we input
the x-valves and simplify. If we have the function, we can

create an INPUT/OUTPUT CHART to get
all the valves we need in order o groph
the function.

“EXAMPLE: Groph Y = x + 1

INPUT IS THE
INDEPENDENT
VARIABLE.

OUTPUTIS
THE DEPENDENT
VARIABLE.

INPUT (x)| FUNCTION: y= x+1 OUTPUT (y). ORDERED PAIR (xy)

2 | Y= | 4 (-2,-1)
A e 0 (-1,0)
0 | y=0s | (0.1)
1 ! Y=1+1 I /A (1,2)
7 Y=2+1 3 (2.3)
] 1

\ 5
| 4

3 s

2 @

14

<5 4 3 -2 -1‘_1 1 2 3 4 5776
-2
i)
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We don’t need to be given any input values, because we
can choose any value—each input creates a unique output,
and they all represent the function. However, it is a good
idea to pick input values that are easy to calculate.

EXAMPLE:  Groph Y = -2X + 3.

INPUT (x) F““nggi OUTPUT(y) ORDERED PAIR(x,y)
y=-1x+

2 | Y-2(De3 | 1 (-2,7)
0 | Y=-2(0+3 3 (03)
4 Y=-24)+3 -5 (4,-5)

Because we could pick
s any values for X, we
connect the points and
draw arrows on each
end of the line to show
that the inputs and
outputs continue in
both directions. Every
point on the line is an
input and an output.

* 75432101 12345¢c71¢Xx%

. .
LR N e b s bbb
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Sometimes, a function has the input and ovtput on the
same side of the equal sign. When this happens, we simply
rearrange the equation to solve for the "output* In other
words, isolate the Y on one side of the equal sign.

=~ EXAMPLE: Groph y -3x=-4

y- 3X = -4 (\We need to isolate y
so we add 3X to both sides)

Y- 3x +3x = -4+35x

Y= 3x -4 (Becavse X and -4 are not like
terms, we can't combine them and
simplify this function any further.
But now we can rearrange it so it's
in standard function format and
make an input/ovtput chart)

INPUT (x)  FUNCTION: OUTPUT (y) | ORDERED PAIR (x y)

| Yy=3x-4 ,
-1 | Yy=3(-1)-4 : -1 . (-1,-1)
0 - Y=3(0)-4 | -4 | (0,-4)
1 Yy=3(1)-4 -1 (1-1)
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234567’)6

i

o ™~

vy I M &N

S 4 3 2 4

-6

-1

-1

-3

-4¢
-5
6

0-7

-8
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@ |CHEEE o CUOYLEREE

1. What numbers make vp the domain of this relation:

(1.5)(-5,2) (1,-1) (4,-6) (-Z,4)?

2. Whot numbers make vp the range of the relation in the
question above?

3. Is the relotion in clues‘rion 1 o function? \A/hy or whg not?

4. Groph the relation shown in this table:

| DOMAIN (x) | RANGE (4) |

L
6 E
3|
o | 3
3 5

5. Complete the input/ovtput chart and graph y =X+1

INPUT (x) FUNCTlOZNI OUTP\IT(y) ORDERED PAIR(X,y)
y=x

-1
0
5
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6. Complete the input/output chart and groph Y = -3X + 1.

INPUT (x) FUNC:IO?: OUTPUT (y) ORDERED PAIR (x )
v Rl
-1
0
2

7. Complete the input/ovtput chart and groph Y = X = 5.

INPUT (x) FUNCTI%N: O“TPUT(y) ORDERED PAIR(X,y)
y-x-

- - =

-4

- : 3 = - -

0
1

8. Complete the input/output chart and groph Y + 2X = -4

INPUT (x) F\INZC'l'lO?: OUTPUT(y) ORDERED ?Alk(x,y)
y+1x=-

ANSWERS 4217



ang | | | . (- | |

[ Ol E@i& VWR LM@WE'@ =

1. Domain: {-3, -2, 1, 4, 13
2. Range: {-0,-1,Z,4,53
3. Yes, becavse none of the x-valves (in the domain) repeat.

4

\
[ I

#

‘-10-‘7-8-7-6-5‘-4-3-2-1 12 3 4566784910
I

...m«‘.n:uﬁqw-no
> e

—> X

=
|

L T R T R
O DR IO UL WA A

A
NS
A |

{
e

5. (CHART) f

CINPUT () | F\INCTIOi“: OUTI’UT (y) ORDERED I’AIR (%, y)
2l Yy=ez | 0 | (2,00

0 y=0+2 | 2z |  (0D)

3 TN EEl IR [ (35)




5. (GRAPH) Y

st e
4
3
1
1
‘f-5-4-33-11 12345:)6
-2
=3
-4
=5
6. Yy

INPUT (x) | FUNCTION: OUTPUT (y) ORDERED PAIR (x )

y=—3x+1
4L Y=3a 4 (-1,4)
0 lYy=30e1 | 1 (0,1)
2| Y=-3()+1 5 | (2,5)
1.1
st
e
3
2
i
:-5-4-3-2 -1_1 12345:)6
-2
-3
-4
- ®

929




£ INPUT (x) F““C'ﬂg“: OUTPUT(y) ORDERED ?NR(X,y)
YrXE
Cy=x+5
-4 | Y=(-4)+5 | 1 | (-41)
O | Y5 15 | (0,5)
1 ] Y=(1+5 | b R (1,6)
Y
c|l ®
‘1
4
3
2
o 1 ::{
TS a Iz 1 1T 23 45 % g
¥ 5
2 o ]
-3 3
" 2
5 1
€] R R T 123795 ke
2
3
_4’
5
¢c| ®
8. L

INPUT (x) | FUNCTION: OUTPUT (y)  ORDERED PAIR (x y)

-

e
4 Y294 4 (44
0 | Yy=20-4, -4 | (04
1 y=2m-4 b (1,-6)
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® Chapter 57 o

SLOPE is commonly referred to as the steepness of a line.
More specifically, slope is a humber that is a ratio that

describes the tilt of a line:
I RISE is how much a line

SLOPE = RISE goes up or down.
RUN < RUN is how much a line
moves left or right.
i
EXAMPLE: # line with o slope of %
RISE=2 23 3|
RUN-=3 & 3 X

# slope of £ means thot

5 3

every time the line rises Z. it also runs 3.

431



Another way fo understand slope is that it represents
UNIT RATE, or a ratio that shows the units a line rises
per 1line it runs.

/A
The previous example shows that a slope of 3" means that
every time the line runs 3, it also rises Z becovse:

SLOPE= 2B _ 2

— ,sorise = 7 ond run = 3.
RUN 3

But another woy {0 see it is:

A

‘
S 3
SLOPE = RISE _ 3

RUN 1

/A

This says: fFor every fime a line runs 1, it rises 3
Look closely ot the graph and You con see this ratio as well.

TYPES of SLOPE

We can vse the graphs to compare two different
relationships by comparing the slopes. The larger the slope,
the faster the rote.

EXAMPLE:
Bob walks an average of 5 blocks per minute, and Jane
wolks an average of 5 blocks per minute.

Use the graphs to determine who walks faster.
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2 - 5 blocks
5 f/ t minute
q Y
<
(@} _4
< g 1 TO COMPARE SLOPES,
- . SIMPLY START AT THE
ORIGIN AND USE
114 E RISE pATIO.
RUN
4 N
\ 1 23 >
g MINUTES
U 9 5 blOCkS
1 JANEs slope = ==
ST » 1 minute
4
"
93
o}
@2
1
2 |

MINUTES 7

Becavse the slope of Jane's speed is steeper than the slope
of Bob's speed, it means that her speed is faster.
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There are four types of slope:

1. POSITIVE SLOPE:
rises from left +o righ’r

2. NEGATIVE SLOPE:
falls from left to righ’r

— <

F 3
’
¥




3. ZERO SLOPE: 2
iS horizontal becavse the
rise is 0, and O divided

by any number is 0
¢ i » o

4. UNDEFINED SLOPE:
is a vertical line because the

run is O, and any number |

divided by O is undefined

- <

e 3
®
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B THIES YOU WEEE To
RWoY ABOOT SLOPE:

1. Any timé y(;u move UP, |
" thatisa POSITIVE RISE. !
© T | .
| 2. Anytime you move DOWN, 4
[
‘g g R R S A g sy

3. Any time you move RIGHT,
thatis a POSITIVE RUN.

. Any time you move LEFT,
thatisa NEGATIVE RUN.

3. The slope is the SAME everywhere
ona STRAIGHT LINE.
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FINDING the SLOPE of a LINE

To FIND THE SLOPE OF A LINE, pick any two points on
the line. Starting ot the point farthest fo the left, drow a
right triangle that connects the fwo points and vses the
line as the hypotenuse. How many units did yov go vp or
down? That is your rise. How many vnits did Yov go left
or right? That is your run. Put your rise over your run,
and yov have the slope.

EXAMPLE: Find the slope of the line.

Y
aH
° B
RISE = 3 . !
RUR:= 6 ;
RISE=3
A 2l run=0
o i
R R B T2 3 4 5 ¢’ x
-2
v

3.1
SLOPE= 2 =

(# slope of l means that every fime the line rises 1
it also runs Z.)
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"EXAMPLE: Use o slope triangle to £ind the slope of

the line.
by
st Pick two points:
3 A (], Z) ond
[eP B(31)
B
1 o
< N T N~

Y
4 Start with the point farthest to the left:

i
z I A Drow o righ‘r +riangle
B to 9e+ from & to B.
1 o
¥ S | 1 2 3 4 5 X

v

RISE = -1 (Because you moved down 1 space)
RUN =7 (Because you moved right Z spaces.)

RISE 1

g1

SLOPE = — =
RUN /A yA

(The slope is = 1 everywhere on the line.
Any time yov rise -land run Z, you'll be back on the line.)
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There is also o FORMULA FOR SLOPE that you can use
when youv know two points on a line:

! Sl()p€= the change in y or M= Y=Y

the change in x X," X,

“EXAMPLE: Find the slope of the line thoat goes through
(Z,3)ond (4,0).

1. Label each gjven valve as (X, Y ) and ( X,, Y. ).
X=1 4,=3 x,=4 Y,=06

2. Use the slope formula and substitute the valves:

ms= =Y _ 6-3 _ 3

xz-xj 4-2 yA

b)
SLOPE = 7

SERAMPLE:  Find the slope of the line thot goes through
(-5,0) ond (-Z,-0).

me= Y.~ 9 = —6-6 —b+-0 2_12' = -4
X=X -2-(-5) -2+5 3

SLOPE = -4
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You can also graph a line if yov know only one point and
the slope. You have all the information you need—a starting
point, the number of units it rises, and the number of units
it runs.

EXAMPLE:  Drow the line that goes through (0,-4) and
has a slope of %

Begjin by plotting

the given point (0,-4). 2
2
!
< 2345 X
2k 5 #
3|2
Then, vse the RISE b
and RUN of the slope K 0.-4)
to find the next point. v 7
SLOPE = 3

Lastly, connect the points

that you created, and droaw

arrows ot the end of the line

o infer that the line goes on forever.
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& CUECK Your 3

1. Is the slope positive, 4
negaﬁve, 2ero,
or vndefined? 1

¢ 3 -2 -l 1 1 2 3 e
-2
-3
N
2. TIs the slope positive,
negaﬁve, 2ero, 2
) T -3 -2
or vndefined?
1.’
3
3
3. Is the slope positive, 2
nego’rive, 2ero, !
. ¢ X
or vndefined? -3 -2 -l | 1.2 3
-2
-3
A 4
3
4. Is the slope positive, 2
. 1
negative, zero, L
-3 -2 -]

or vndefined?
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5. Use a slope triangle to
{£ind the slope of this line:

—_ N W e 0

4

» <

-6 -5 -4 -3 -2 -

1 2 3 4 5 ¢°

6. Use a slope friangle to G'ﬁ
{£ind the slope of this line:

5
4

e 3
2
1

S R R T 23 4 5 ¢ %

-2
-3 e
-4
=5
-6

992



7. Use the slope formula to find the slope

of the line thot passes through the points
(2.8) and (5,D).

8. Use the slope formvula to find the slope

of the line that passes through the points
(-3,2) and (-6,10).

9. Draw the line that goes through ( 35)
and has o slope of 4

10. Drow the line that goes through ( b-2)
and has o slope of 0.

WHEW. . . THOSE
SLOPES WERE PRETTY
INTENSE!
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CUECK Your QIUSWERS

1. Zero /
f’—-:\I///
2. Positive Y T
3. Nega’rive 6 1
4. Undefined >
4 ~
3
yA
5. Slope = 6 -3 4 2
Z 1
:-G -5 -4 3 -2 - 1 I’X
b -2
=3,
Py 4
-5
-6
(9 ) 74
6. Slope = — — Y
1 Y
Yy
& 3
2
1
R -11 T 23 4 5 %
_(p -
= @
1 4
v
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N &

12345678?)6

- o~ O VN T Mm &N —

-1
-2

-1

-2

v

2 3 4 5 6

1

9495

10.




@ Chapter 58 o
LINEAR EOUATIONS

U

o--DoAM--onm

FUNCTIONS

# LINEAR EQUATION is an equotion whose graph is a line.
# linear equation always has the form:

y=mx+b

Y represents every y-valve on the line, M represents
the slope (the ratio 0§ :'5‘: ), and b represents the
Y-INTERCEPT (where a line crosses the y-oaxis). If you
know the y-intercept, yov know the valuve of y at the point
Where the line crosses the y-oaxis, and, therefore, yov also
know the x-valve there becavse it is always Or1¢ yov know

both the y-intercept and the slope of a line, you can graph

the line.
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Becavse the graph of a linear equation is a straight line, this
means that all linear equations are functions...except for
vertical lines!

"EXAMPLE: ' Groph Y=7x+1

The equod-ion of a linear function is y =mx+ b soin
this cose:
/A

1
b=1

First, plot the y-intercept (in this equation, where
Y=10and X =0). From there, we know from the slope ( T
thot we must rise Z and run 1. Then we continve +o

plot points until we have a line.

Y
Lasﬂg, we connect the ¢ ¥
points and draw an 5
arrow on the ends of 4 7
the line o show thot 3| @ 1 ’
it keeps going in both 2 2
directions. 1 : s
‘-3-2-11 123456#)6
-2
-3
2
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» EXAMPLE: ' Groph y-—x 3.

The eqym‘ion of o

Pay close attention to positive and

linear function is Y negative symbols so you don’t
Y=mx+ b 4 mistakenly plot the wrong point!
: : ) 3
So in this cases
2
b=-3 :
‘-3-2-1 1234567))('
o 1 -1 °
—12 -2 o > L
1
=T J
yA
-4
v
EXAMPLE: Groph y=x Y
4
3
The equation of a - .
linear function is 1 el
- 1
Y=mx+b « 4
so in this case: 3241y 2 3
b=0 *
-3
m=1lor— ~

1

Because y = x is the same as y = Ix+O
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Even if the given eqym‘ion doesn't look like this: y =mx+b,
we can manipulate it so y is isolated on one side of the
eqpal sign.

EXAMPLE: Groph Yex= 4.
Y+x=4
Y+X-x=4-x
y= 4-Xx  (We con putthe —X before the +4,

soitisin Y=mx+ b form.)

Y=-X+4 (Now we know the y-intercept and

slope is -1
m = -] 3
S
6
b=4 .
4#
e
-1
.
2l
1
*3 K 41 1 2 3 4.5 G’x
-2
=3
A
—
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EXAMPLE: Groph 2y -4x-2=0,

y-4x-1=0
2y -4x-2+2=0+1

y-4x=1

Ly-ax+4x=1+4x

Zy=4x+2

Think: How can I get y
isolated on one side
of 'er e:iua’ sign?

(A
s| o
g Z
3| o
V2
15
L »X
1123456'
-2
..3¢



SHORTCUT ALERT! Any time you have an equation thot looks
like: "y = (a number); plot a point on the y-axis at thot
number, and trace a horizontal line going through the point.

SEXAMPLE: Groph y=2.

€very point on this line has a y-coordinate equol

toZ: (0,2)(12) (2 2), ete.

F-6-5-4-3-2-1 123456’)6

-1

REMEMBER: The slope of a horizontal line is zero.

———/
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Similarly, any time youv have an equation thot looks like
X = (a number)" plot a point on the x-axis at that number
and trace o vertical line going through the point.

"EXAMPLE: Groph X =-5

€very point on this line has an x-coordinate
equal to -5,

b
T

S
Yy
3
2
1

4 23 2 - 1 2 3 4 5 6

A
o9 ©
<
R

REMEMBER: The slope of a vertical line is undefined.
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& | CUECK vour (LOWLEDCE

1.

Whot is the slope and y-intercept of Y = 2X + 57

/A
. What is the slope and y-intercept of y 3= gx +17

What is the slope and y-intercept of y = %X ?

Whot is the slope and y-intercept of Y + X = -17

Groph y E %X -3

. Groph y =-3x+1

Groph Y + Zx = O

8. Groph 3y = Ux - b
9. Groph Y = -5.

10. Groph X = (.

|

)

ANSWERS
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CLECK Your QIISWERS

. Slope = % y-intercept = (03

el

[

. Slope = —%, y-intercept = Oh

i

. Slope = % yY-intercept = (0,0)

=

. Slope = —%, Y-intercept = (0-2)

Y
A
5.

= »X
54324, 1234 3
6.

_N W e O

y 2
A 3
L/
-5
"
.
G
5
y
3
2
1
A-5-4-3-2-1_1 12345G7g:x
-2
3 y.
4# /
L/
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€

3 4 5

2

1

v T MmN

I

2 3 4 5

1

re

N

2 3 4 5

1

A\

€

N T M N

-5 -4 3 2 -1_1

v F M N

-4 -3 -2 -1_1

-5

-2
-3

4
-5

n F ™M N

10.

403 -2 4

-5
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3 Chapter 59 »

AND %%@m

But why stop ot one line? We can take two linear equations
and study them together, such as:

ax + by=c

dx+ey=f

This is known as SIMULTANEOUS LINEAR EQUATIONS.
Becavse each of the linear questions represents a line,

we can ask, *If T draw two lines, where do they
intersect? The process of finding the answer is called
SOLVING SIMULTANEOUS LINEAR EQUATIONS.
There are three ways of doing it.
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GRAPHING

We can solve simultaneous equations by graphing
each linear equation and then finding where they intersect.

EXAMPLE: Groph the simultoneous equation to
f£ind the solution.
- x+y=5

Ix-y=4

First rewrite each of the equotions into the Yy=mx+b
form in order to graph each equation better.

We can change the first equation from X + Y = 5
1o y ==X+ 5, ond chomge the second equaﬁon from

Zx-y=4+o y=2x—4.

Then, we graph the equations
by vsing the y-intercept Y
ond slope from each.

From the graph,
we con see thot

_ N W e O

the two lines — CRE| W R ?‘x
intersect at (3,2).

So, the solvtion 1o the
simuttaneous equation is ( 32)

| N Y
h o e,w N o~
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EXAMNPLE: Groph the simultaneous equations to find

the solution.
21X+ y-= -7
21X+ y-= 3

In order o graph these more easily, change the
first equation from Z.X + y-= -Z to y-= -1x - 17,
and change the second equation from X+ y =3
to Y =-1X+3. y

aH
Then, we groph the
two equo’rions.

_—N W e W

There ore no

intersection R T2 34 5°%
points, so there is

NO SOLUTION 10 the
simultaneovus eqyaﬁon.

II|I|
(6, I R 76 S Y

How can there be WO solution? Let’s look back at the original
two linear equations. The first linear equation is Zx+ y=-2
and the second linear equation is Zx+ y=3.1n other words, the
equations tell us that the expression Zx+ y will equal -Z and 3
AT THE SAME TIME. Of course, this logically doesn’t make
sense because something cannot equal two different numbers!
g That’s why there is no solution to this simultaneous equation.
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*ERXAMPLE: = Groph the simultaneous equation to
£ind the solution.
4x-1y=0
Ix-Y=5

We can change the first equa’rion from 4x - Zy =0
to Y = Lx - 3, and change the second equation
from Zx-y=3+oy=2x-3.

Grophing the
Two equations,
we realize that
they are the
exact same line!

In this case, we can see that the two lines overlop

each other and intersect at every point along the line,
so there are an INFINITE NUMBER oF SOLUTIONS
to the simultaneous equation.
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SUBSTITUTION METHQOD

\We can also vse algebra fo solve simultaneovus linear
equations—one woy is known as the SUBSTITUTION
METHOD. In the substitution method, we £ind the solution
by rewriting one equation and then svbstifufing it into

the other equation.

» EXAMPLE: Solve the simultoneovs equations by
using the substitution method.

4x+y="1 @ First, number your
3x+1yYy-=1 @  equotions.
Then, rewrite equation @ag: y = 4x +7
and substitute it
into equation @:3x+2(-4x+1) =9

Now we can solve for X: X - 8x +14 =9
-bx =-5
x=1

Substituting X = 1 into either ®or @,
or Y= -4x + 7] we find thot Y = 3,
so the solvtion is (X, Y) = (13).

You can P"‘g either the x- or y-value into
both origind' equa'h'ons to check your work.
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. EXANPLE: Solve the simultoneous equations by
using the svbstitvtion method.

-Ix+0by=1 0,
xX-4y=12 @

We can rewrite equation @os: x = 4 y+ A

ond substituvte it
into equation OF -Z(4y +2)+ by =1

Now we can solve for Y: -BY - 4 + by = 1
-2y=5
5
Yy=-7
Subs+i+u+ing y=- 2 into either @ or @

yA
or X =4y + 7., we £ind thot X = -8,

| _ 5
so the solution is: (X, y) = (—8,-2).

ADDITION METHOQOD

The third way fo solve simultaneous equations is by using the
ADDITION METHOD. The goal of the addition method is to
eliminate either the X or Y variable by adding their opposite.
First, we multiply all the terms of one equation by a constant
that will get one of the variables fo add vp to zero. Next, add
the two equations together, in order to eliminote a varioble,

ond then solve the simultaneovus equa’rion.
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"EXAMPLE: Solve the simultaneous equations by
using the addition method.

4x-y=-1 ® First, number the
~3x+ 1y =19 @  equations.

Then, multiply each term in equation 0, byZ =

and call it equation ®'= wE MULTIPLY BY 2
' BECAUSE THEN -2y IN
8x-1y=-1 Q)] (D)’ wiLL cANCEL
‘ . _ ouT 2y IN (2) IN
Now add equation @' and equation @ THE NEXT STEP.
together: .
8x-2y=-14 @
5x+1yYy=1 @
8x +(-3x) +(-29) + 24y = -14 + 9
OR TRY ALL THREE
5x=-5 IF YOU WANT TO
= = TRIPLE-CHECK YOUR \WORK.

Substituting X = =1 into either 0D o @
we find that Y =3,

so the solution is: (X, Y) = -13).
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We can multiply the ferms of both equations if thot is

what is necessary to solve the problem. Just find the least

common multiple of the x's or the y's and multiply each
term accordingly fo eliminate the variable.

"EXAMPLE: Solve by using the addition method.

2x+5y=3 @
3x+4y=1 @

The LCM of ZX and 3X is bX. Therefore, we must
multiply equation @ by 3 and call it equation @"

bx+1By=9 @

Next, multiply equation @ by -Z and call it equation @'

-bx-8y=-1 @
Now add equaﬁon (D' ond equa’rion @' +oge+her=
bx + 15y = 9 @'
-bx -8y =-1 @
bX +(-6x) + 15y + (-8y) = 9 + (-2)
1y=1
y=1
Substituting Y = Tinto either 00O o@

we find thot, X = -1,
so the solution is: (X, Y) = ( -1.1).
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@& |CHECE o CLOYLERCE

1. Solve the simultaneous equation by using the graphing
method:

X+yYy=5
Lx+y-=1

2. Solve the simultaneous equation by using the grophing
method:
-X+Yy=4
xX+y=1

3. Solve the simultaneous equation by using the graphing
method:
x+2y=0
X-Yy=0

. Solve the simultaneous equation by using the graphing
method:

-4x+3Yy="0
Ix-4y=1
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. Solve the simultaneous eqyaﬁon bg using either the addition
method or the substitvtion method:

x-y=19

X+y="]

. Solve the simulfaneous equa‘rion bg using either the addition
method or the suvbstitvtion method:

x+y=10
Ix-y-=-4

. Solve the simvltoaneovs equaﬂon bg using either the addition
method or the suvbstitvtion method:

3x-2y=10
2x+3y =1l

. Solve the simuvltaneous equon‘ion by using either the addition
method or the substitvtion method:

bx -3y =1
-X+Yy= -1
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CLECK Your QIUSWERS

1. Solution: (4,-1)

—

—_— N WRE LD 4 00
)c:

< >

104987654324 ,|12 N s lel718 40

-2
-3
-4
-5
-6
s 7
-8
-q
-10"
2. Solution: (-13) y
A
10 =
q
g
1
6
5
4
03
2
1

09876-54324,012345678490
-2
3
4
5
-
7
-8
-q
-10

\ §

466



3. Solution: = (4,-2) 1

—_ N WE U U000
)&

—

>
2. 3 4567 8 4910

098765432

-1
-2 o
-3
4
LS
-6
-
-8
-9
Y -10
A J
§. Solvtion: = (-3,-2) 19
g
7]
6
S
4
3
2
1
09876543214 123456784900 T
o 2
13
4
-5
-6
-7
-8
9
-10
J
5. Solution: = (8,-1) 7. Solution: = (4 1)
6. Solvtion: = (Z,8) 8. Solution: =(%-%)
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NONLINEAR FUNCTIONS are NOT straight lines when
they are graphed, and they are NOT in the form Y=mx + b
One exomple of a nonlinear function is a QUADRATIC
FUNCTION. In o quadratic function, the input variable (X)
is squared like so: X 2 The result is a PARABOLA, which is o
U-shaped curve.

"EXAMPLE: Create an input/ovtput chart
and groph Y= X G
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INPUT FUNCTION: OUTPUT @ COORDINATE

(x) Y=xz (Y) POINTS (x,Y)
o S D hnl =) N (NN N S0,
2 y=(2)* 4 (-2,4)
-+ y=(-N% 1 ! (-11
0 y=(0)* . 0 _ (0,0)
111l y=(1)? 1 (11
zl ] y=(2)* 4 (2,4)
) y=(3)* 9 (3,9)
iy Y 24
10‘
® q [ J

g

7

(A

5

® 4 ®

3

2

@ | ®

‘-5 4 -3 -2 -1 | 1 2 3 ¢4 S’x
-V
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Create an input/ovtput chart
and groph Y=-Zx%+1

INPUT
(x)

FUNCTION:
Y=-1x%+1

OUTPUT
(Y)

COORDINATE
POINTS (x,Y)

Y=-2(-2)*+1
Yy=-2(9+1
Yy=-8+1
y=-1

g

(-2,-1)

Y=-2(-N%+1
Y=-2(N+1
Yy=-1+1
y=-1

(-1,-1)

Y=-2(0)%+1
Yy=-2(0)+1
y=0+1
y=1

(0,1

Y=-2(1)%+1
Y=-2(1)+1
Y=-1+1
y=-

(1,-1)

Yy=-2(2)*+1
Yy=-12(9+1
Yy=-8+1

y=-1

(2,-7)




M




Another example of a nonlinear function is an ABSOLUTE
VALUE FUNCTION. \When grophed, the result is shaped

like o "V

EXAMPLE: Create an input/ovtput chart

and groph Y = |X|

472

INPUT | FUNCTION: = OUTPUT COORDINATE
(x) y=|x| (Y) POINTS (x,Y)
-2 y=|-2| 2 (-2,2)
-1 y=[1| 1 (-1
0 y=|o| 0 (0,0)
1 y=|1| 1 (11
2 y=|2| 2 (2,2) [
Y
?
3
. 2
MR R
N 3 -2 -1 ‘ 1 3 R



“EXAMPLE: Create an input/output chart
and graph Y = -|x|+1.

INPUT
(x)

-1

COORDINATE

FUNCTION: OUTPUT
Y=—|x|+1 (yY) POINTS (X, )
y=-|—2|+1
Yy=-1+1 -1 (-2,-1)
y= -1
y=-|—]|+]
Y=-1+1 0 (-1,0)
y=0
y=-{o]+1
y=0+1 1 (0,1
y=1
y=-|—1|+1
y=-1¢1 0 (1,0)
y=0
y=-|2|+1
Y=-1+1 -1 (2,-1)
y=- |
‘1
=3 7 3 0%
L 4 = ®
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& CHECK vour (HOWLEDCE |

1. Complete the input/output chart and graph Y= x=+1

INPUT FUNCTION: OUTPUT COORDINATE &
(x) Y=xt+1 (Y) | POINTS (x.Y)
e i | |
-1
0
1
— _

w w

2. Complete the input/output chart and groph Y= -2xt.

INPUT FUNCTION: OUTPUT COORDINATE

(x) Yy=-1x* (y) | POINTS (x,Yy)

! T | ] ! !
-1 |
1 !

ammm | | !
; }



J_:_F Complete the input/ovtput chart and groph Y = |X| +7.

INPUT
(x)

FUNCTION:
y=Ix|+2

OUTPUT
(Y)

COORDINATE
POINTS (x.y)

k)

-1

0

/4

4

| 1'!% Complete the input/ovtput chart and groph Y= -|X| =1

INPUT
(x)

FUNCTION:
y=-Ixl-1

OUTPUT
(Y)

COORDINATE
POINTS (x,Y)

=5

-3




CLECK Your QIUSWERS

OUTPUT | COORDINATE
(Y) POINTS (x.y)

Ll ineuT
(x)

-1

476

FUNCTION:

Y=xT+]
y=(—Z)Z+1
Y=4+1
y=5
y=(-1%+1
Y=1+1
y=1
y=(0)"+1
Yy=0+1
y=1
y=(F+1
Y=1+1
y=1
y=(2)*+1
Yy=4+1

5

(-2,5)

(-12)

(01)

(12)

(2,5)




INPUT FUNCTION: OUTPUT COORDINATE

(x) y=-2x* (y) | POINTS (x.y)
y=-2(-2)
-1 y=-1(4) -8 (-2,-8)
y=-8
y=-2(y
-1 y=-201 -1 (-1,-2)
y=-1
y=-2(0)"
(0] y=-2(0) 0 (0,0)
y=0
y=-2(17
1 y=-2(1) A (1-2)
y=-2
y=-2(2)*
yA y=-2(4) -8 (2,-8)
y=-8
Y
|
1
32 -1_1F1 2 3 4 3
e-2 [
=3
4
-5
5
=T
e g e
\ 4
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INPUT

478

(x)

OUTPUT

FUNCTION:
y=Ix|+2 (Y)
y=1-3l2
Yy=3+1 5
y=5
y=|-1|+2
y=1+1 3
y=3
y=|OI+Z
y=0+2 i
y=2
=|2_|+2
Yy=1+1 4
y=4
y=l4l+2
Yy=4+1 )
=b ]
i
(4
'Y 5
4 [ ]
3
2
Al
AR R T E T 4§ 57
-2
A 4

COORDINATE |
POINTS (x.Yy)

(-3,5)

(-1,3)

(0,2)

(2,4)

(4,6)



INPUT

OVUTPUT | COORDINATE

FUNCTION:
(x) y=-Ix|-1 (Y) POINTS (x.Y)
y=-1-5l-1
-5 y=-(5)-1 -6 (-5,-6)
Yy=-b6
y=-13I-1
3 y=-(3)-1 -4 (-3,-4)
y=-4
y=-|o-1
0 y=-(0)-1 -1 (0,-1)
y=-i
y=-Izl-1
2 y=-(2)-1 3 (2,-3)
y=-3
y=-I5|-1
5 y=-(5)-1 6 (5,-6)
y=-b I
Z
2
1
:-5-4-3-2-1 12345:7('
-1®
£2
-3 -]
o -4
-5
o -6
7 o
v
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X “?L@M%°“

Besides plotting points, drowing lines, and creating variovs
other grophs, we can also use the coordinate plane to drow
shapes. We just plot points and connect them with lines.

- EXAMPLE:
Plot the points (2,-3), (4,-3), (4,]), and (Z.,)).
Then identify the shoape thot is formed by
the points.
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First plot the points:

b
5‘
4
3
2
1 o o
ST 53132 1112343 c T X
-2
-3 o o
-4
25
\ 4
Then create the shape
by connecting the dots: Y
5‘
4
3
2
! [ o
N e R R T2 345 ¢71°%
-2
-3 o )
-4
-5
) 4

I+sa rec’rangle!
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SERAMPLE: ' Piot the points (-2,3), (Z,3), (0,-3), (4,0), ond
(-4,0). Then identify the shape that is formed by the points.

Y

First plot the points: st
‘ 4

3 ®
2
1
N 1 R N

-2
-3

Al
-5

v

Then connect the dots: Y

5‘
i

3 ®
2
1
N R S R N EN 2

-2

The points create = T
a pentagon. “
-5

A 4
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DON'T FORGET: \We can find the length of the side
of a figure if the x-coordinate or the y-coordinate is
the same. So, we can solve problems related to shapes
on a coordinate plane.

"EXAMPLE: A square is plotted on a coordinate plane.
Three of its vertices are A (1,-3), B (5,-3), and € (1,1).
Whaot are the coordinates of point B, the 4th vertex?

First, plot points 5\2

A B and C on the 4

coordinate plane: 3
21 €
1l o

N R N EEEEEN T

-2
31 o ®
4| A B
-5
) 4

Becovse we know o square hos four equal sides,
we onlg hove to find the leng+h of one side.

Becavse Point A and Point B share the some
y-coordinate, we can calcvlate the distance between
the two points by finding the difference of the
x-coordinotes, which is 5-1=4
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Therefore, the distance between Point € and Point D
must also be 4 units, ond the distoance between
Point B and Point P must also be 4 units.

So, the coordinates
for Point B are (5,1).

Y
'y
5
4y
3
2l ¢ )
1| o +
‘-7-6;-5-4-3—2—11 T2 3 4 5 ¢ 1%
-2
-3 ® °
4! A B
5
A "4
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Q| CHECK Your (LOWLEDEE

1. Plot the points (1,-3), (5,Z), and (71,-2). Then identify
the shape that is formed by the points.

2. Plot the points (-3,1), (1,2), (-Z,-3), and (Z,-2).
Then identify the shape that is formed by the points.

3. Plot the points (-1,2), (Z,-1), (1,4), and (4,1). Then identify
the shape that is formed by the points.

4. Plot the points (1,0), (1,4), (3,2), (3,4), (-1,2), and (-1,0).
Then identify the shape that is formed by the points.

5. # square is plotted on a coordinate plane. Three of
its vertices are ot A (-5,4) B(Z,4), and € (Z,-3).
Whot are the coordinates of Point B, the 4th vertex?

6. A rectangle is plotted on a coordinote plane. Three of

its vertices are ot A (1,3), B (3,-2), and €. (3,3).
Whot are the coordinates of Point B, the 4th vertex?

1. # square is plotted on the coordinate plane. Three of
its vertices are ot A (Z,4), B(-2,4), ond € (Z,0).
What are the coordinates of Point B, the 4+h vertex?

8. A rectangle is plotted on the coordinate plane. Three of
its vertices are ot A (-5,-2), B (-5,3), and € (b, 3).
What are the coordinates of Point B, the 4+h vertex?
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CLECK Your QIUSWERS

1. The shape is a friangle.

2. The shape is a square.

PY Y
3 &
2 o 2] @
1 ® 1
¢ > ¢ —>» X
1 1 2 3 4 5 6 7 g 232 - 1 1.2 3
=1 -
=2 o 5] ®
3] @ o -3
L A
A J

3. The shope is a rectangle.

4. The shape is a hexagon.

Y Y
545 51‘
41 o 41 @ L
3 3
Q2 92 &
1 'Y 1
:2-11 12345:)6 T-,I ,23457X
. J )
-ZQL L 2
5. (-5,-3) 6. (1,-2)
7. (-2,0) 8. (b,-2)
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S

® Chapter 62 e

TRANSEFORRM

fATIONS

Besides plotting points and shapes, we can also vse
the coordinate plane to work with shapes and figures.
A TRANSFORMATION is o change of position or size
of o figure. When we transform a figure, we create a
new figure that is reloted to the original.

TRANSLATIONS

One type of transformotion is o TRANSLATION, which
is o fransformation that moves all the figure's points the
same distance and direction. However, the orientation
and size remain the same. The newly translated figure is

colled the IMAGE, and the new points are written with o
PRIME SYMBOL (*).
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EXAMPLE:

If you translate a figure
more than once, you

can label the new figures

with DOUBLE PRIME ("),
8! [ TRIPLE PRINE ("',

C s or more!

L R0 )

_N W e

LY
T 6 -5 -4 -3 2 - 1234;@7'X
cl

L,
A_l

AABC = AABC

L T S R SR
~N O U W N

DON'T FORGET THE SYMBOL FOR CONGRUENT IS €.

These congruent triangles have corresponding sides thot
are the same length and corresponding angles thot are

the same number of degrees. They are simply plotted on
different parts of the coordinate plane, so only the locations
of the triangles are different.

To do a translation, move each point according to the
given criteria.
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EXAMPLE:  Given AABC translate it as follows:

(x +4 y+3).
Alis
X=2+4=2

Y Y=2+3=2

s '=(2.1) First, write the original
4 ( coordinotes.
3
2 A Then calcvlote each
et e
, ¢ >y  Troanslated point by
5 .4 3 2 12 3 4 5 i A
4 ‘B . adding 4 units to the
ol 1 ; x-volve (X+4) and
o then adding 3 units to
B ‘5" the y-valve (y +3).
ORIGINAL IMAGE Lastly, plot and label
A2 -2) A @ the imoge as A'B'C'

B(-2,-4 8'(,-)
¢ (-4,-3) | C' (0, 0)

If it's a simple translation like this, you can simrly move
each point by counting the units on the coordinate
’,lane. If it’s more COMPlex, you can calculate the
translation seParafely and then Plof your new Poinfs.
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EXAMPLE: ' Given the polygon LMNO, transiate

it os follows: (x -3, Y+ o).

i

SR
D

Le 21 oM

I

ORIGINAL INAGE
L (-2-2) L' (-5, 4)
M -2) M' (-2, 4
N (, -4) N' (-2, 2)
0(-2,-49)  0'(-5,2)

990

First, write the original
coordinotes.

Then calcvlate each
franslated point by
subtracting 3 units from
the x-valve (X-3), and
then adding & units to
the y-valve (y +0).

Lastly, plot and label
the image as L'M'N'0’



REFLECTION

# REFLECTION is o transformation thot £lips a figure over
o LINE OF SYMMETRY—if you fold the paper ot the line of
symmetry, the original and the image would match exactly.

EXAMPLES:
VERTICAL LINE
OF SYMMETRY
y HORIZONTAL LINE
: D' sk L) ! OF SYMMETRY
0
YOU\;RS"\ q H 3 I
[ ] 5 [ ]
e2] o "o 4 o)
El. F‘I F .E 3
<.5-4-3-2-11 T2 3 4 50 F /‘”. 21 ) *J
_2 . H. Il N
) 5 43 2 T 2 3 4 5 %
3 -
The line of reflection
can be the x- or y-axis, '3\/

/A\DEF< AD'E'F but it doesn't have o be.
HIJK ¢ H'TYk'

In both of the reflections above, the original figure and its
image are congruent. The original figure and its image are
also the same distance away from the line of symmetry, so
we can soy that they are EQUIDISTANT from the line of
symmetry.
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To do o reflection, move each point according to the
given criterio.

EXAMPLE: ' Given AEFG, reflect the shape over

the x-axis.
o 4 UNITS AWAY FROM
asier To worl Pmn
by point than fo mave the THE REFLECTION LINE
W‘w'! ﬁgur! atonce.
Y First, count how many
G ‘ units each point is away
ey

from the line of sgmmeh‘g
ELf 4 4 (in this case, the x-oxis)
ond droaw the reflected

<3 N EEEE 5% point the same distance
2| & (4 away on the other side.
31 €\
-4 [ [}
S 6| I Lastly, plot ‘om‘d I‘abel the
v image as EF G
ORIGINAL IMAGE SHORTCUT: When a figure is
reflected across the x-axis, the
E (1, _2-) E' (], 2-) sigh o‘F'Hre )'-va'u! wi"sim':ly
F (4, _4) F' (4, 4) change to the opposite.

G(Z,-9 6'(1,4
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EXAMPLE:  Given the polygon HLJK, reflect the

shape over the y-axis.

pY
I >
e 4 .I
J'e —3 sJ
.H 2 H.
o “x
* -6 -5 -4 -3 -2 1_1 12 3 4 5 G‘)X
WV

First, count how many units each point is away from
the reflection line (the y-axis) and position the reflected
point the same distance away on the other side.

ORIGINAL IMAGE

H(3,2)  H(312)
IG49 {16549
J6,3) | J(-63)
K41 | K4

Lastly, plot and label the
hew image as H'TIK

SHORTCUT: When a

figure is reflected across
the y-axis, the sign of the
X-value will simrly clmhge
to the oPchife.
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DILATION

# DILATION is o transformation that enlarges or reduces a
figure by o SCALE FACTOR. The scale factor is the amount
by which you stretch or shrink the original figure. \When

you change the size of o figure, there is o CENTER OF
DILATION, which is the fixed point in the coordinate plane
around which the figure expands or contracts.

EXAMPLE:

ORIGIN IS THE CENTER
OF THE DILATION.

In the above figure ABC, side AB hos a length of 5 units
and side AC has a length of 4 units. If ABC is enlarged
by a scale factor of Z to make A8 'C' side AB' hos o
length of 10 units and side AC ' has o length of 8 units.
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AB'C' is twice as large os ABC. The two triang|es
- are also similar becavse the corresponding angles are
- congruent and the sides are proportional.

_B:IIS_MEANSJHE_NBALDILAIED_QB.ECMLI_-—J
LITERALLY BE A FRACTION OF THE ORIGINAL SIZE.
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WHEN YOU ENLARGE A FIGURE, THINK
. ABOUT HOw A SHADOW GETS BIGGER AS
EXAMPLE: THE LIGHT SOURCE GETS FARTHER AWAY.

Given the polygon EFGH, drow the dilation imoge with
the center of dilation ot the origin and a scale foctor of 3.

SCALE
ORIGINAL | FRCTOR IMAGE
€3 °3 €' (3,9
F (3, 3) °3 F' Q9
G (30 °3 G' 9, 3)
H(Z,) °3 H' (6, 3)
PR
10 El Fi
9 ] 0
g
7
6
S
4
AR 2EAT HE!
5 Hl Gl
1) oo G
‘i3-2-1_1 1 2 3 4 5 6 7 & 9 10 >x
_2*
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CHECK YOUR ANSWER

You can check your answer by connecting the corresponding
points (for example, Eto€')oand extending the line beyond
the two points. If the line intersects at the origin, your

onswer is correct.

EXAMPLE: Given ALMN. drow the dilation image
with the center of dilation ot the origin ond a scaole

foctor of %

ORIGINAL | cncros
L0 | 7
M| o4

: | - l |
N (<6, 4) 1

IMAGE
L' (-1, 3)
M' (-1,
' (- Y
V3D 3
e ¢
5
[ 1 4
N mlL
1050 2
Ml. 1 {
<-c-5-4-3-z -11 1 2”x
_2~'
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CLOCKWISE:  COUNTERCLOCKWISE:

ROTATION

# ROTATION is o
transformation thot

turns a figure arovnd D —

a fixed point called the CENTER OF ROTATION. The
number of deqgrees thot the figure turns is called the
ANGLE OF ROTATION. The criteria tell us the degrees that
the shape moves, whether the shape moves CLOCKWISE

or COUNTERCLOCKWISE, and the center of rotation.

& rotation does not change the size or shape of the figure.

This means the image ofter the rotation is c,or'\gruernL to the
original \Cigure.

NOTICE POINT € DID NOT
MOVE. IT IS THE CENTER

EXAMPLE: OF THE ROTATION.
I£ you measvre ZACH' 2 B
you will find that A C .
moved A0° in o A

couvnterclockwise direction.

If you meoasvre Z BCB' A 8
you will find that B’

moved 90° in a

counterclockwise direction.

AABC 2 AA'B'C
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So this means that ABC was rotated 40° in o
counterclockwise direction to form A'8'C. Also, the two
friangles are congruent—the corresponding sides are the same
length and the corresponding angles are the same degrees.

Rotations can also be performed on a coordinate plane.
Usvally, the origin (0,0) will be the center of rotation.

=

THIS COULD ALSO BE A 270° COUNTERCLOCKWISE
ROTATION—-YOU END UP AT THE SAME PLACE.

EXAMPLE:  Rotate AABC A0° clockwise.

4 ORIGINAL | IMAGE
ol ¢ ACLD) | A2
B | B(-,3 830
.2 cC-40 . .¢C¢04
Ce Al A% og'
D e e -11 12345)x

Whot hoppened? The x- and y-coordinates swopped places
and then took the appropriate signs for Quadrant I.

)

SHORTCVUT: Every time a QUADRANT II
figure rotates 9O°, the figure (-x, +y)

moves one quadrant and the

QUADRANT I
(X, +y)

x

1 2

QUADRANT IV
(+x, =y)

2 -
QUADRANT III
(-x,-y)

coordinates swap places and
take the signs of the quadrant.
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Y
ra

QI o] "%k ar
7108 CLOC,‘Z}GO' 90" rotate one quadrant
& %
»y 180" rotate two quadrants
4 -3 22 - 1t 2 3 4
-
. 2 270" rotate three quadrants
180 5
» 90°
QIII QIV
v

EXAMPLE:  Rotote AABC 180° clockwise.

Rotate each point 180° or +wo quadrants clockwise
(the coordinates swap twice).

A
ogfér%xcl.’(??sg;gn: Ais(3,1), so A is (-3,-1).

Both coordinates are

y negative because A" wil

—_ N W R

} be in QTIT.
o8

Bis(3,4) s08'is (-3,-4)
*A because B' will be in QIIL.

e

1234'X

Cis(1,1).soClis (-1,-1)
becavse C' will be in QITT.
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EXAMPLE: Rotate AABC 2710° clockwise.

Rotote each point three quadrants clockwise (the
coordinates swop three times).

51

B'A 4

.‘-——3—__.

Ais (-2,3),so A is (-3,-2).
C' Both are negod-ive becovse
A' will be in AT.

Bis(3,3)s08'is(-33)
becavse B' will be in QI

Cis(3,-5) 50 is(5,3)
becavse C' will be in QT.

EXAMPLE:  Graph the AABC and its image after

o rototion 0§ A0° counterclockwise.

ONE QUADRANT TO THE LEFT

A ORIGINAL = IMAGE
A 7 A(35) | A (-5 -3)
4 B(-3,-6) « 8' (6, -3)
c! : C(2,06) C' (-6, 2)
T -11 I B R A
14". _-z .Bp
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@ |CHECL vour LIOWLENCE

1. Groph a polygon with the following points: # (-4, 2),
B (-1, 2),C(-Z,-1), and D (-4, -1). Then translote it as
follows: (X +b, y-3).

2. Graph a polygon with the following points: € (3, 5), F (4, 1),
and & (Z, 4). Then translate it s follows: (X -3, Y- 4).

3. Groph o polygon with the following points: P (-Z,4),
A (=3, 1), and R (-4, 3). Then reflect the shape over
the x-axis.

§. Groph a polygon with the following points: S (1, Z),
T4, 4),U®&-2), ond V (Z, -2). Then reflect the shape
over the y-oxis.

5. Graph o triangle with the following points: A (-Z,-0),
B (Z, 8), and C (Z,-4). Then dilate it by a scale factor
of 1.
/A

6. Groph the quadriloteral with the following points:
# (-2,-06), B (-2,-3),C (4, 3), and D (4,-6). Then
rotate it 180 clockwise around the origin (the center
of rotation).
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1. Graph a polygon with the following points: # (1,2), I (3, Z),
J (3, -3), and K (1, =3). Then rotate it counterclockwise by
90° around the origin (the center of rotation).

8. Groph o polygon with the following points: L (-4,4), M (-,4),

N (=Z, 1), and O (-5, 1). Then rotate it counterclockwise by
180° around the origin (the center of rotation).
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CLECK Your QUUSWERS

204

\1
s4 N
4
3
A 2]
° ® 2
1
5 4 3 2 - T2 3 4 5%
) e -1 A-.. .B'
D € =
-3
= (] ]
-5 p*
v
Y 3
54 ]
4 °
3 G
2
[)
Gl IJE 'F
‘.5-4-3-2.'11 T2 3 4 5 %
2
-3 0
(]
o) F
-5
v




[

["2)
T. ﬂ..U
™
~ o>
W e -
e >
v T MmN ./u:.wﬂ...\..u
Y




> X

1 2 3.4 5%

)
..

€

% -~ W N F m &

-1

5 4 .3 2

12 3 84 5

-1

S5 4 3 2
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54
Il 4 Jl
o 3 o
2|He T
H'o 1 + I/“
:-5-4-3-2-11 12345:)‘
-2
3| e °
" R |
-5
v
Y
A
L M >3
o e 4
3
2
Oe opN !
:-5-#-3-2-1 123#5:)6
-1 Nl. .Ol
-2
-3
-4 ° °
sl M L
v
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3 Chapter 63 o

RELATIONSHIPS

We can vse math o make
predictions abovt the future!
By using a table or graph,
we can show o trend.

PROPORTIONAL M:F;R?U“Ng%ﬂ’zé”
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EXAMPLE:  An ort student is trying fo calculote how
many tubes of paint he will need for his mural. If he is
using o +ubes every 4 days, how many tubes wovld he
vse in 8 days? How many tubes would he vse in 10 days?

First, use the given info 1o create o toble:

-

PAYS NUMBER

OF TUBES
) )
g8
10

Then, using the rotio d days: 0 tubes, £ind the
missing numbers by making proportions for
each scenario:
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FOR THE SCENARIO OF 8 DAYS:
Let X represent the number of tubes needed for 8 days.

Al 18
b x
4x = 48
X=12

ANSWER: for 8 days, 12 tubes are needed.

FOR THE SCENARIO OF 10 DAYS:
Let X represent the number of tubes needed for 10 days.

4.10
b x
4x = b0
X=15

ANSWER: for 10 days, 15 tubes are needed.

Next, use the information in the completed table
to create a groph and predict the future! “Days*
are your x-values, and "Number of Tubes" are
your y-valves.
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A

First, plot the points we know on a coordinate graph.

PAYS NUMBER

OF TUBES
4 ©
8 12
10 15

Then drow a line through these points.

v
A

18
17
16
15 (-
14
13
12 (-

—
—

_ N WEe WU J90g 00

U
N

—
U
_—

12345678 9101112131415161718

U
N

yl
A )
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We can see from the graph that they form a straight
line. We can also see that the graph goes through the
origin (0,0). Therefore, we can make this observation:
Whenever we graph data and it forms a straight line

ond the line goes +hrough the origin, Wwe can say thot two
quantities are in o PROPORTIONAL RELATIONSHIP

AS ONE AMOUNT GETS BIGGER OR SMALLER,
THE OTHER AMOUNT WILL ALSO GET )
BIGGER OR SMALLER BY THE SAME RATIO.

SERXAMPLE: Larry jogs 4 miles in Z doys and
1Z miles in 4 doys. Is this a
proportional relationship?

e -
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Let's put these two data points on a table
and then groph it:

PAYS NUMBER
OF MILES

2 ']l T4
12

\When we draw o s+raigh+ line, we see...

Y

A

14

12 ®
10

g

¢

4] o

2

A T T cfonm’~

_Zv

... thot the line does NOT go through the origin,
so we know that it is NOT a proportional relationship.
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UNIT RATE

We can also use tables and graphs to find the UNIT RATE,
which is the rate ot which something is completed during
1unit of measurement. We just have to study the line we
drow on the graph.

EXAMPLE: In 3 minvtes, Sandra can climb 9 flights
of steps. Use a groph to find the unit rate,

Y

1 ® « \We can find the unit
rate by plotting the
point we know and
droawing a line through
it and the origin. Let
the x-axis represent
minvtes and the y-oxis

represent flights.

SLHITA
_ N W e ) Jd XY O

J UNIT
<~ RATE

¢ > X
-1 1 2 3 4 5 6

v MINUTES

\We con also find the answer to this bg making o rotio:

Let X represent 2 = l
the number of flights 14
she climbs in 1 minute, 5x = 9

xX=3

Sandra climbs 3 flights in 1 minvte.
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@ | CHECK vour (LHOWLEDCE

1. In 3 seconds, Mary Lov answers 1 question. In b seconds,
she answers Z quesﬁons. Use this information to answer
eoch of the #ollowing qpes’rions.

(R) Complete the missing parts in the toble below.

TINE NUMBER
(SECONDS) | OF QUESTIONS
. : ‘ .
£ :
= .

(B) Use your toble to plot the points on a groph.

(€) Based on your graph or toable, is this a proportional
relotionship?

2. In 4 minvtes, Bob reads 4 pages. Use a graph fo find
his unit rate.

ANSWERS 515



1.

CLECK Your QEUSWERS

(R)

(B)

TINE NUMBER ﬁg//
(SECONDS) OF QUESTIONS

A SNOILSAND 10 YATNNN

3 1
6 | | 2
9 3
Y
AN
g
7
6
5
q Lo
3 o
2 K )
1 @
\ 12345678‘110’)6
¥

TIME (SECONDS)

(€) Becoavse I con draw o straight line that passes
through all the points and also goes through the origin,
it is o proportional relationship.
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2. Bob's unit rate is 1 page per minvte. o

b
A

UNIT RATE

€ » X
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