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Advance Praise for Head First Algebra

“Head First Algebra is a clear, easy-to-understand method to learn a subject that many people find
intimidating. Because of its somewhat irreverent attitude in presenting mathematical topics for beginners,
this book inspires students to learn algebra at a depth they might have otherwise thought unachievable.”

— Ariana Anderson

“The way this book presents information is so conversational and intriguing it helps in the learning
process. It truly feels like you’re having a conversation with the author.”

— Amanda Borcky

“What do punk bands need to know about algebra? How will quadratics make your listening experiences
better? Crack the spine on this to find out in a fun and engaging way!”

— Cary Collett

“This has got to be the best book out there for learning basic algebra. It’s genuinely entertaining.”

— Dawn Griffiths, author of “Head First Statistics”

“I wish I had a book like Head First Algebra when I was in high school. I love how the authors relate math

12

concepts to real-life situations. Not only does it make learning Algebra easy, but also fun

— Karen Shaner

“Head First Algebra is an engaging read. The book does a fantastic job of explaining concepts and taking
the reader step-by-step through solving problems. The problems were challenging and applicable to
everyday life.”

— Shannon Stewart, Math Teacher

“The book is driven by excellent examples from the world in which students live. No trains leaving
from the same station at the same time moving in opposite directions. The authors anticipate well the
questions that arise in students’ minds and answer them in a timely manner. A very readable look at the
topics encountered in Algebra 1.”

— Herbert Tracey, Instructor of Mathematical Sciences, Loyola University
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This book is dedicated to my parents and teachers for believing that I could
be good at math, even when I didn’t agree.

— Tracey

This book is dedicated to the amazing teachers I've had in life—starting
with my parents who taught me that the most important is to keep learning;

— Dan
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Teatey Pilone /1/

Tracey Pilone would first like to thank her
co-author and husband for being unwavering

in his support and open enough to share the
Head First world with her.

She is a freelance technical writer who
supported mission planning and RF analysis
software for the Navy, right before she decided
to write a math book.

She spent several years before becoming a
writer working as a construction manager on
large commercial construction sites around
Washington DC. That’s where she actually
used Algebra on a somewhat regular basis
and saw first hand that math is what makes
buildings stay up.

She has a Civil Engineering degree from
Virginia Tech, holds a Professional Engineer’s
License, and received a Masters of Education
from the University of Virginia.

Dan Pilone

Dan Pilone is a Software Architect

for Vangent, Inc. and has led software
development teams for the Naval Research
Laboratory and NASA. He’s taught graduate
and undergraduate Software Engineering at
Catholic University in Washington, D.C.

This is Dan’s second Head First Book,

but it still comes with some firsts: his first
book outside of Computer Science and

his first book co-authored by his wife (who,
incidentally, is much better looking than his
last co-author. Sorry, Russ.) Working with
Tracey on this book changed it from being
work to being family fun time. Well, not
entirely, but still an amazing experience.

Dan’s degree is in Computer Science with a
minor in Mathematics. For anyone who needs
inspiration that Algebra can be fun, fire up a
good game of Halo and think about all the
x’s, v’s, and z’s that make it all possible.
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what is algebra?

Solving for unknowns...

Do you ever wish you knew more than you know? well, that's
what Algebra’s all about: making unknowns known. By the time you're through

this first chapter, you'll already have a handle on X being a lot more than a mark

where treasure’s buried.
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Follow the rules

Sometimes you just gotta follow the stinking rules.

But when it comes to Algebra, rules are a good thing. They’'ll keep you from
getting the wrong answer. In fact, lots of times, rules will help you solve for an
unknown without a lot of extra work. Leave your dunce cap behind for this chapter

because we'll be following a few handy rules all the way to a perfect score.
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Sometimes an equation might be hiding things.

Ever looked at an equation and thought, “But what the heck does that mean?” In times
like that, you just might need a visual representation of your equation. That's where
graphs come in. They let you look at an equation, instead of just reading it. You can
see where important points are on the graph, like when you'll run out of money, or
how long it will take you to save up for that new car. In fact, with graphs, you can make

smart decisions with your equations.
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inequalities
Can’t quite get enough?

Sometimes enough is enough... and sometimes it’s not.
Have you ever thought, “I just need a little bit more”? But what if someone gave
you more than just a bit more? Then you'd have more than you need... but life
might still be pretty good. In this chapter, you'll see how Algebra lets you say,
“Give me a little more... and then some!” With inequalities, you'll go beyond

two values and allow yourself to get more, or less.
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You can graph equations with two unknowns, but can
you actually solve them? You've been graphing all kinds of expressions
lately: C and t, x, and y, and more. But what about actually solving equations with
two variables? That's going to take more than one equation. In fact, you need an
equation for every unknown you've got. But what then? Well, a little substitution,

a few lines, and an intersection are all you need to solve two-variable equations.
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expanding binomials & factoring
Breaking up is hard to do

Sometimes being square is enough to give you fits. so far,

we've dealt with variables like x and y. But what happens when x is squared in

your equations? It's time to find out—and you already have the tools to solve these

problems! Remember the distributive rule? In this chapter, you're going to learn how to

use distribution and a special technique called FOIL to solve a new kind of equation:

binomials. Get ready—it’s time to break down some really tough equations.
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quadratic equations
Getting out of line

Not everything in life is linear. But just because an equation doesn't

graph as a straight line, doesn’t mean it's unimportant. In fact, some of the most

important unknowns you'll have to work with in life end up being non-linear.

Sometimes you've got to deal with terms that have exponents greater than 1. In

fact, some equations with squared terms graph as curves! How's that work? Well,

there’s only one way to find out...
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functions
Everyone has limits

Some equations are like suburban neighborhoods...

...they’re fenced in.

You'll find that in the real world, many equations are limited. There are only certain

values that an equation is good for. For instance, you can’t drive a car -5 miles or dig

a hole 13 feet up. In those cases, you need to set boundaries on your equations. And

when it comes to putting some limits on your equations, there’s nothing better than a

function. A function? What the heck is that? Well, turn the page, and find out... through

the lens of reality TV.
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The input limits are the domain of the function
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Function graphs have limits

Just before the second episode of Pajama Death TV...
Graphing reveals the nature of a relation
Functions pass the vertical line test

But... what about the rest of the tickets?

Use the function piece you need

The numbers are in... and?

Pajama Death’s show was a hit!

Download at WoweBook.Com

379
381
382
385
388
393
394
397
401
402
403
407
408
411
413

XV



table of contents

xvi

real-world algebra
Solve the world’s problems

The world’s got big problems... you’ve got big answers.
Hundreds of pages of math, and what do you really have? A bunch of x’s and y’s,
a’s and b’s? Nope... you've got skills to solve for an unknown, even in the most
difficult situations. So what's that good for? Well, in this chapter, it's all about the
real world: you're going to use your Algebra skills to solve some real problems.
By the time you’re done, you'll have won friends, influenced people, and saved

yourself a whole bucket full of cash. Interested? Let’s get started.
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the principle amount you’re borrowing 429
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The Top Five Things (we didn’t cover)

You’ve learned a lot in this book, but Algebra has even
more to offer. Don't worry, we're almost done! Before we go, there are a

just few gaps we want to fill in. Then you’ll be onto Algebra 2, and that’s a whole
additional book...
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#3 Absolute value equations 453
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#5 More practice, especially for factoring 454
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pre-Algebra review
Build on a solid foundation

Do you ever feel like you can’t even get started?

table of contents

Algebra is great, but if you want to learn it, you have to have a good understanding of

number rules. Suppose you're rolling along and realize that you forgot how to multiply

integers, add fractions, or divide a decimal? Well, you've come to the right place! Here

we’re going to cover all the pre-Algebra you need—fast.
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How do you work with negative numbers?
Addition and subtraction of integers
Multiplication and division of integers
Absolute Value

Number sets
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Putting it all together - fractions
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Sometimes multiplication takes forever!
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how to use this book

Who is this book for?

If you can answer “yes” to all of these:
o Are you comfortable with numbers and pre-algebra?

e Do you want to learn Algebra by learning the concepts
and not just looking for practice problems?

e Are you familiar with integers and fractions and ready to
move onto solving for unknowns?

this book is for you.

Who should probably back away from this book?

If you can answer “yes” to any of these:

o Are you someone who is really uncomfortable with
fractions and decimals?

e Who is looking for Algebra 2 or Statistics information? < ‘)

[£ £his is the ease, pick up

e Are you someone who is obsessed with plugging things Head Fivst Statisties.
into a calculator?

this book is not for you.

[Note from mavketing: this book is
for anyone with a eredit tard.]

XX intro
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We know what youre thinking

“How can #hs be a serious Algebra book?”
“What’s with all the graphics?”

“Can I actually learn it this way?”

Vour by -
Thig oréin think,

We know what your brain is thinking [ et

Your brain craves novelty. It’s always searching, scanning, waiting for something
unusual. It was built that way, and it helps you stay alive.

So what does your brain do with all the routine, ordinary, normal things you
encounter? Everything it can to stop them from interfering with the brain’s
real job—recording things that matter. It doesn’t bother saving the boring
things; they never make it past the “this 1s obviously not important™ filter.

How does your brain know what’s important? Suppose you’re out for a

day hike and a tiger jumps in front of you, what happens inside your head
and body?

Neurons fire. Emotions crank up. Chemicals surge.

And that’s how your brain knows...

Great. Only 520
more dull, dry,
boring pages.

This must be important! Don’t forget it!

But imagine you’re at home, or in a library. It’s a safe, warm, tiger-free zone.
You're studying. Getting ready for an exam. Or trying to learn some tough

. . . . v beam Q
technical topic your boss thinks will take a week, ten days at the most. You “ ek WO o
T\,\\g sn
Just one problem. Your brain’s trying to do you a big favor. It’s trying to <V
make sure that this obviously non-important content doesn’t clutter up scarce \
resources. Resources that are better spent storing the really big things. Like

tigers. Like the danger of fire. Like remembering where all of the
warp zones are in Super Mario Brothers. And there’s no simple
way to tell your brain, “Hey brain, thank you very much, but no
matter how dull this book is, and how little I'm registering on the
emotional Richter scale right now, I really do want you to keep this
stuff’ around.”

XXi
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how to use this book

We think of a “Head First’ reader as a learner.

So what does it take to learn something? First, you have to getit, then make sure
you don’t forgetit. It's not about pushing facts into your head. Based on the latest
research in cognitive science, neurobiology, and educational psychology, learning
takes a lot more than text on a page. We know what turns your brain on.

some of the Head First learning principles:

Make it visual.mages are far more memorable than words alone, and make learning
much more effective (up to 89% improvement in recall and transfer studies). It also
makes things more understandable. Put the words within or
100% + 0% _ 5% near the graphics they relaFe to, rather th.an on .the bottom
or on another page, and learners will be up to twice as likely to solve
problems related to the content.

Use a conversational and personalized style. Inrecent studies,

‘Whaddup, girl? I can
help you out... T've got
tons of friends, you

know. Have you seen my
Facebook page?

students performed up to 40% better on post-learning tests if the content
spoke directly to the reader, using a first-person, conversational style rather
than taking a formal tone. Tell stories instead of lecturing. Use casual language.
Don't take yourself too seriously. Which would you pay more attention to: a
stimulating dinner party companion, or a lecture?

Get the learner to think more deeply. In other words, unless you actively flex your
neurons, nothing much happens in your head. A reader has to be motivated, engaged, curious, and
inspired to solve problems, draw conclusions, and generate new knowledge. And for that, you need
challenges, exercises, and thought-provoking guestions, and activities that involve both sides of the
brain and multiple senses.

Get—and keep—the reader’s attention. We've all had thel really want to learn

this but | can't stay awake past page one” experience. Your brain pays attention to

things that are out of the ordinary, interesting, strange, eye-catching, unexpected.
Learning a new, tough, technical topic doesn’t have to be boring. Your brain will
learn much more quickly if it's not.

Touch their emotions. We now know that

your ability to remember something is largely

. N Kill X
dependent on its emotional content. You remember what you care o

about. You remember when you feel something. No, we're not talking
heart-wrenching stories abouta boy and his dog. We're talking emotions -
like surprise, curiosity, fun, swhat the..?”, and the feeling of “I Rule!” that

comes when you solve a puzzle, learn something everybody else thinks is Gaming Headset

Headset with

S
hard, or realize you know something that “I'm more technical than thou e gt
e

Bob from engineering doesn't.

XXii intro
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Metacognition: thinking about thinking

If you really want to learn, and you want to learn more quickly and more

I wonder how
I can trick my brain
into remembering
this stuff...

deeply, pay attention to how you pay attention. Think about how you think.
Learn how you learn.

Most of us did not take courses on metacognition or learning theory when we
were growing up. We were expected to learn, but rarely laught to learn.

But we assume that if you’re holding this book, you really want to master 0o
Algebra. And you probably don’t want to spend a lot of time. If you want to

use what you read in this book, you need to remember what you read. And for

that, you've got to understand it. To get the most from this book, or any book

or learning experience, take responsibility for your brain. Your brain on this

content.

The trick is to get your brain to see the new material you’re learning as
Really Important. Crucial to your well-being. As important as a tiger.
Otherwise, you're in for a constant battle, with your brain doing its best to
keep the new content from sticking.

So just how DO you get your brain to treat Algebra
like it was a hungry tiger?

There’s the slow, tedious way, or the faster, more effective way. The

slow way is about sheer repetition. You obviously know that you are able to learn

and remember even the dullest of topics if you keep pounding the same thing into your
brain. With enough repetition, your brain says, “This doesn’t fee/ important to him, but he
keeps looking at the same thing over and over and over, so I suppose it must be.”

The faster way is to do anything that increases brain activity, especially different
types of brain activity. The things on the previous page are a big part of the solution,
and they’re all things that have been proven to help your brain work in your favor. For
example, studies show that putting words within the pictures they describe (as opposed to
somewhere else in the page, like a caption or in the body text) causes your brain to try to
makes sense of how the words and picture relate, and this causes more neurons to fire.
More neurons firing = more chances for your brain to gef that this is something worth
paying attention to, and possibly recording;

A conversational style helps because people tend to pay more attention when they
perceive that they’re in a conversation, since they’re expected to follow along and hold up
their end. The amazing thing is, your brain doesn’t necessarily care that the “conversation”
is between you and a book! On the other hand, if the writing style is formal and dry, your
brain perceives it the same way you experience being lectured to while sitting in a roomful
of passive attendees. No need to stay awake.

But pictures and conversational style are just the beginning. ..

XXiii
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how to use this

Here’s what WE did:

We used pictures, because your brain is tuned for visuals, not text. As far as your xz—4 2% _ 3
brain’s concerned, a picture really s worth a thousand words. And when text and 145 4\ \ /V
pictures work together, we embedded the text i the pictures because your brain works All binomals
more effectively when the text is within the thing the text refers to, as opposed to in a / \
caption or buried in the text somewhere. 943 x—y
We used redundancy, saying the same thing in different ways and with different media
types, and multiple senses, to increase the chance that the content gets coded into more Lo T TN
than one area of your brain. '/ \\

1
We used concepts and pictures in unexpected ways because your brain is tuned ." “l
for novelty, and we used pictures and ideas with at least some emotional content, ' v ?
because your brain is tuned to pay attention to the biochemistry of emotions. ¥
That which causes you to fee/ something is more likely to be remembered, even —— 3

if that feeling is nothing more than a little humor, surprise, or interest.

We used a personalized, conversational style, because your brain is tuned to pay more

friends? No problem...

attention when it believes you’re in a conversation than if it thinks you’re passively listening
Tll get those mails right out.

to a presentation. Your brain does this even when you’re reading. °

We included more than 80 activities, because your brain is tuned to learn and
remember more when you do things than when you 7ead about things. And we made
the exercises challenging-yet-do-able, because that’s what most people prefer.

We used mudltiple learning styles, because you might prefer step-by-step procedures,
while someone else wants to understand the big picture first, and someone else just wants
to see an example. But regardless of your own learning preference, everyone benefits from
seeing the same content represented in multiple ways.

We include content for both sides of your brain, because the more of your brain you
engage, the more likely you are to learn and remember, and the longer you can stay
focused. Since working one side of the brain often means giving the other side a

chance to rest, you can be more productive at learning for a longer period of time.

And we included stories and exercises that present more than one point of
view, because your brain is tuned to learn more deeply when it’s forced to make
evaluations and judgments.

We included challenges, with cxercises, and by asking questions that don’t always have

a straight answer, because your brain is tuned to learn and remember when it has to work at
something, Think about it—you can’t get your body in shape just by watching people at the
gym. But we did our best to make sure that when you’re working hard, it’s on the rght things.
That you’re not spending one extra dendrite processing a hard-to-understand example,
or parsing difficult, jargon-laden, or overly terse text.

We used people. In stories, examples, pictures, etc., because, well, because you’re a person.
And your brain pays more attention to people than it does to things.

XXiv
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the intro

Here’s what YOU can do to bend
your brain into subwission

So, we did our part. The rest is up to you. These tips are a

starting point; listen to your brain and figure out what works

for you and what doesn’t. Try new things.

Cut this out and stick it

on Your retrigerator.

Slow down. The more you understand, the
less you have to memorize.

Don’t just read. Stop and think. When the book asks
you a question, don’t just skip to the answer. Imagine
that someone really s asking the question. The

more deeply you force your brain to think, the better
chance you have of learning and remembering.

Do the exercises. Write your own notes.

We put them in, but if we did them for you, that
would be like having someone else do your workouts
for you. And don’t just look at the exercises. Use a
pencil. There’s plenty of evidence that physical
activity a/ule learning can increase the learning

Read the “There are No Dumb Questions”

That means all of them. They’re not optional
sidebars, they’re part of the core content!
Don’t skip them.

Make this the last thing you read before bed.
Or at least the last challenging thing.

Part of the learning (especially the transfer to
long-term memory) happens g/ you put the book
down. Your brain needs time on its own, to do more
processing. If you put in something new during that
processing time, some of what you just learned will

be lost.

Talk about it. Out loud.

Speaking activates a different part of the brain. If
you’re trying to understand something, or increase
your chance of remembering it later, say it out loud.
Better still, try to explain it out loud to someone else.
You’ll learn more quickly, and you might uncover
ideas you hadn’t known were there when you were
reading about it.

&)

@)

Drink water. Lots of it.

Your brain works best in a nice bath of fluid.
Dehydration (which can happen before you ever
feel thirsty) decreases cognitive function.

Listen to your brain.

Pay attention to whether your brain is getting
overloaded. If you find yourself starting to skim
the surface or forget what you just read, it’s time
for a break. Once you go past a certain point, you
won’t learn faster by trying to shove more in, and
you might even hurt the process.

Feel something.

Your brain needs to know that this matters. Get
involved with the stories. Make up your own
captions for the photos. Groaning over a bad joke
is still better than feeling nothing at all.

Use Algebra in the Real World.

There’s only one way to get comfortable with
Algebra: do it a lot. Now, that doesn’t mean you
need to lock yourself in a room with graph paper
and pencils. But it does mean you should think
about how Algebra fits in to the world around you.
What problem are you trying to solve? What are
the knowns and unknowns? How do they relate

to each other? The point is that you won’t really
get Algebra if you just read about it—you need

to do it. We’re going to give you a lot of practice:
every chapter is full of exercises and asks questions
that you need to think about. Don’t just skip over
them—most of the learning actually happens when
you work on the exercises. Don’t be afraid to peek
at the solutions if you get stuck, but at least give the
problems a try first.

you are here » XXV
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how to use this

Read Me

This 1s a learning experience, not a reference book. We deliberately stripped out everything
that might get in the way of learning whatever it is we’re working on at that point in the
book. And the first time through, you need to begin at the beginning because the book
makes assumptions about what you’ve already seen and learned.

We start off by teaching how to solve algebraic equations.

Believe it or not, even if you’ve never taken Algebra, you can jump right in and start solving
for unknowns. You’ll also learn about the deeper motivations for the study of Algebra, and
why you should learn it in the first place.

Calculators are only for arithmetic you can’t solve easily, NOT for
solving equations.

There are lots of calculators out there that can do lots of things, including solving equations
and plotting graphs. Since the entire purpose of working through this book is to learn how
to solve and graph equations yourself, using a calculator to do it would just cheat you out of
your learning experience!

If you're rusty on some pre-Algebra topics, we can help.

You need to be able to work with fractions, decimals, integers, and exponents to get into
Algebra and solve for unknowns. The good news is that if you have a decent understanding
of these concepts, but you can’t quite remember how to get a common denominator, there
is a big appendix at the back to help you. It’s quick and dirty, but it can bring you back up to
speed on how to work with those tricky pre-Algebra topics.

XXVi
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Algebra is not just about getting the right “answer.”

There’s a lot in this book about the process: writing out the steps, understanding what’s
going on at each point, and really understanding what you’re doing. We have taken a
lot of time to make sure that each exercise is well explained, and there’s a reason for
it—you’re trying to learn here, right? So don’t just skip to the 2 = 5 and see if you're
right, because that’s only a piece of the answer.

The activities are NOT optional.

The exercises and activities are not add-ons; they’re part of the core content of the book.
Some of them are to help with memory, some are for understanding, and some will help
you apply what you’ve learned. Don’t skip the exercises.

The redundancy is intentional and important.

One distinct difference in a Head First book is that we want you to really get it. And
once you finish the book, we want you to remember what you’ve learned. Most reference
books don’t have retention and recall as a goal, but this book is about learning, so you’ll
see some of the same concepts come up more than once.

Everyone can learn Algebra, even if you think you're not a “math
person.”

You need to leave all of this “I’'m not a math person” stuff behind. Everybody is a “math
person,” you just might not know it yet. You actually do a lot of Algebra every day; it’s
just not labelled that way. If you haven’t yet found your inner “math person,” or you’re
rusty, you've come to the right place. You’re going to finish the book knowing how to
handle Algebra. Now get going and solve some equations!
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Technical Reviewers:

Ariana Anderson is a PhD Candidate in Statistics at
UCLA and a member of the Collegium of University
Teaching Fellows. Her research involves the integration
of neuro-imaging and statistics to create “mind
reading” machines.

Amanda Borcky is a student at Virginia Tech in
Blacksburg, VA. She is studying Dietetics and hopes to
practice Clinical Dieteics in the future. This 1s her first
time technically reviewing a book.

Dawn Griffiths is the author of Head First Statistics.
When Dawn’s not working on Head First books, you’ll
find her honing her Tai Chi skills, making bobbin lace,
or spending time with her lovely husband David.

Karen Shaner is a grad student at Emerson College
in Boston pursuing a MA in Publishing and Writing in
addition to working at O’Reilly. In the little free time
she has, she enjoys contra dancing, spending time with
friends, singing with the Praise Band, and enjoying all
that Boston has to offer.
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Shannon Stewart is a former fifth grade math
teacher. During her five years in Mesquite, she was
grade level chair as well as recognized in Who’s Who
of American Teachers. She graduated from Hardin
Simmons with a BS in elementary education and then
went on to graduate cum laude from A&M Commerce
with a Masters in Education. She currently resides in
Texas with her husband Les and her son Nathan.

Herbert Tracey received his BS from Towson
University and a MS from The Johns Hopkins
University. Currently, he is an instructor of
Mathematical Sciences at Loyola University Maryland
and served as Department Chair of Mathematics
(retired) at Hereford High School.

Cary Collett majored in physics and astrophysics in
college and grad school, respectively, so needless to say,
he learned a great deal of mathematics and will tell
anyone that algebra 1s the hardest subject in the field.
He current works in I'T and lives in central Ohio.
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1 what is algebra? ¥
+ Solving for unknowns... *

This is so sweet, but how can
we possibly afford it?

I don't know... but it can't
be that much, right? The
salesman said that twelve times
its price was $22,400, and that
didn't seem too much at the time.

Do you ever wish you knew more than know? well, that's
what Algebra’s all about: making unknowns known. By the time you're
through this first chapter, you'll already have a handle on X being a lot more
than a mark where treasure’s buried. You'll get a handle on equations,
keeping both sides of an equation balanced, and why solving for unknowns
really isn’t that big of a deal. What are you waiting for? Go on and get started!

this is a new chapter
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2

algebra is everywhere

It all started with a big gaming sale

Jo has been watching the game system battles for a while now and
has finally decided on the one she wants. Her favorite system’s on

sale this week, and she’s ready to buy. But can she afford it? That’s
where she needs a little help from you.

This is the system Jo's been
walfihg Fo\r - it’s on sale...

but will the s\/s{:cm and a few
ateessories tost {00 muth?

KillerX 2.0
SuPER e
1 aming System
6“1' The brand new KillerX
2.0 includes full circle
entertainment value.
One game controller
included. (KILLX-112)

I can handle $199 - but is
that really how much the
system's going to cost?

Q
° Gaming Headset Bia B )
Headset with microphone, 19 Badie
ideal for online gaming Games
i 567) A variety of games for
the KillerX system
(HD-ISH-5309)
K Jo's |
cen wait;
Yight gam ting for the
¢ ¢ system 4,
Oome a’ona_
Chapter 1
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what is algebra?
What does a system really cost?

When you buy things—especially expensive electronic things—there are lots of pieces
that add into the price besides just the number on a sales flyer: sales tax, an extended
warranty, shipping and handling, etc. So what will a KillerX system really cost?

erXZ.0
Gaming Sys
The brand new Kille
2.0 includes full circl
entertainment value.

game controller inclu
(KILLX-112)

There’s tax on the systew...

The base price of the system is §199. After that,
we need to think about taxes, which are 5%. Let’s
figure out how much Jo’ll have to pay in taxes:

~Kiqure it out

ans 5 ut. Remember this,
% Sa\is tf|*o'?océ-~ Youll need it again in 4 mim;.
TN h,

$199x0.05=3$ | r)

Heve’s the o,
' Wi
£ You're rvs‘ty on Your detimal math, Jus{: furn 4o e pulled fro
the appendix and brush “F.,

9inal #199
m the ad.

..ahd the extended warranty, too.

Jo’s about to spend $199 on a game machine, and she wants to

purchase an extended warranty plan for an additional $20. Let’s
put that in the price, too. What price will Jo need to pay?

onSO\C-"
& The ovigmal price of the ¢
$199.00 < ™ |
L e sales tax You «cngwcd

I out earlier...
+$20.00 ~—
Find the

«— Add all these up and you get
how muth Jo really needs to
total cost spend to buy the eonsole.

_and the extended wavranty-

you are here » 3
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solving for unknowns

This is stupid. T thought we were
supposed fo be learning Algebra!

Figuring out the total wasn’t just addition! It
was solving for an unknown—and that’s
Algebra. In this case the unknown was how
much everything was going to cost.

$ 199.00 « The ov'u_x)‘ma\ price ©

l L ..the sales tax we figwcd
9.9
..and

out earlier...
+$20.00 ~—

the exkended wavranty-
{12895 —

he

This was the wnknown — You \\z:c:l\ w{‘,as
other information: You knc.w e
¢ prite that Jo was 9oing ’

S\g:/ Jc\; walk ouk with that tonsole, an

that was the unknown:

‘(: the Lov\SO\Cn'

Algebra is about solving for unknowns

Algebra 1s about finding the missing information that you’re looking for

by using the information you already have. The unknown could be the cost of
a car loan, the quantity of soda you need, or how high you can throw a water
balloon. If you don’t know it, it’s an unknown.

All the other things that you’ll learn in Algebra are just ways to jiggle things
around to help you find a piece of missing information. There are rules about
when you can multiply things or when you can bump something from one side
of an equals sign to another, but at the end of the day, they’re all just tricks to
help you find that missing piece of information you’re looking for.

4 Chapter 1
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what is algebra?

Jo’s got more unknowns

So Jo knows how much it will take to buy an awesome gaming

system, including an extended warranty. But she still doesn’t have any
games... or another controller... or a headset.

Jo started with $315.27 in her bank account. Now that she’s paid for

the console, how much can Jo spend on accessories? Let’s start by
writing this out in words:

L— Wviting 2 Yro\)\crn ou{‘:t \gb{?\\;’
rted-
Account Cost of _ Money for oy ok

—_ - ) ) ‘{',O orY abou{:
balance console accessories ~ Yeudontrecd Laac. !
numbers at this stag

We know how much the console costs ($228.95), and we know how

much Jo has in her account ($315.27). Now just fill in the blanks, and
we can figure out Jo’s accessory budget:

\ . mo“ Jco SYc“d
\ V;I"\ :Lt,css:\r"\cs, Jois 3
happy 3°me
$315.27 — $228.95 =

Heve's wha{’g\;n ,Q Q

Jo's attount. Heve's the ost of the fv:{!nl:wt?c
tonsole You Figured V
out earlier:

you are here » 5
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X means unknown

Consele Pricing Up Clese

Let’s take a closer look at what we just did. First, we’re going to swap out the
unknown box for the standard Algebra version of an unknown—an xv\

X = money for accessories Theve's ™ '“35‘cjcto+,’s
Lhe letter * = ’

$315.27 — $228.95 = $86.32 = x gt the mest SO0,

? \etter used
Heve’s what's in | ? 5
attount. h her Heve's the cost ~-and heve’s our

of the tonsole you unknown.

figured out earlier.

DL =X = n
$86.32 =x 1l re sk oy 58

hev tricks you tan
We can also turn this around to be: e - " e i .‘"\Ywuv‘
do later in the chapter:

the same,
is that these ave
{:H"‘S ‘(:OY now 1* he % is on the
x = $86032 M vcgard\css O‘C whcthcr {', (4
vight o lekt.

Understanding a problem and finding the unknown, %, is working with
Algebra. Using tricks like writing the problem out with words and flipping
things around are just ways to make finding that unknown possible.

Cool! $86.32 is still
plenty to spend on
games and a headset.

Soling for
any un]mown

is Algebra.

6 Chapter 1
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what is algebra?

X marks the spat unknown

Stands in for
Your unknown. Was vules {',\\a‘\: say
Could be h \ what You La&\a‘vf
) 1 D%
somC'(:hi: o mueh tank do W

9 weishs, h
doas You need 4o Pu‘;’“’aman
S"'Shz or ho

W mueh it il ——
tost {5 sy, Your bro'(:h:“r"s

—_—
arm back o, cDoles,.’ ave
Oy, d b e e X, 'é
O letters ! Other legy

st on
s B R

iable
moex oF a Called the vérla
'::Q '\::n\)CVS' n {',\'\C Cﬂua{':‘o“'

x 18 just a user-friendly stand-in for the unknown box we used earlier. x is easier to write
and it’s what you’re looking for when you solve an equation. The unknown in any given
situation is called a variable. In the real world, problems present themselves every day;
translating them into mathematical equations allows you to solve them.

therejare no
Dumb Questions

Q: Will the unknown always be x?

A: Nope. As you progress with math, you'll see x, y, and z pretty
often. You can use any letter that you want, though.

Q,: Back on page 6, how come you could just flip that equation?

A: All we really did was switch the same equation around, called

manipulating the equation. There are rules about exactly how you
can work with equations without changing any values, and we'll learn
lots more about them in the rest of this book.

you are here » 7
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equations are math sentences

Equations are math sentences

Equations, like the one you used earlier to figure out how much Jo could
spend on accessories, are just math sentences. They’re a mathematical

way of saying something. So when we talked about Jo’s account balance,
we were actually using an equation:

for
of _ Money 10!
unt Cost = ries
ﬁgfa?nce ~ console acce?so
,k The ac,t,ow\{l minus how muth -~~C°(ua|s how muth
balance- we spend on the "¢ have left for

tonsole... atcessories.

tentes s3Y
T\\CSC "\a‘h\\ sen )
Lhe same thing They Y‘: e
difGerent forms of the
Our equation means “The account balance minus how much we spend on the oblem.
. same PY
console equals how much we have left for accessories.” So, that means that the

account balance must equal the cost of the console plus the money for accessories.
If we write that sentence as an equation it looks like this:

Account _ Cost of Money for
balance console accessories
) R e
The actount eauals how Pl mut
balance... ' mutch we spend we have left

on khe conso\c--~ "“OY dllessories. E(Iuations Can

l)e rearrange({
Both sentences mean the same thing; they’re just phrased differently.

Over the next few pages, you’ll learn how to rearrange math

sentences and make sure that you don’t change any values. llke sentences‘

8 Chapter 1

Download at WoweBook.Com



what is algebra?

Math Magnets

Below are some word problems and magnets. Your job is to make equations
from the magnets that say the same thing as the word problems. Once you
have the equation put together, circle the unknown—the value you need to
figure out. Then, write out your equation in a complete phrase.

1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription
to the Platinum membership, which is $12 per person. How much will it cost
them in total?

. he
Then c\rL\C {3
_ L that you
....................... K T :zg;cl(p fioure out:
9'\
faui onc{magne{: in W ‘baYJCCd s
SPo .. eSS
/_\ AQOY' \’O\A
ont

Now write your .. The cost, per membership times
equation in words:

2. Jo started playing a hot new game, but she only has two hours before she
has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, and 41
minutes on level 3. How much time does she have left to play level 4?

This fime bui
/ whole cqua-{?:h_“u 'd the

Now write your
equation in words:

Cost per number of | Time for Level 5

membership games level 3

Time until
Jo leaves

money for
all the
memberships

you are here » 9
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magnets solutions

Math Magnets Solutions

Below are some word problems and magnets. Your job is to make equations
from the magnets that say the same thing as the word problems. Once you
have the equation put together, circle the unknown—the value you need to
figure out. Then, write out your equation in a complete phrase.

1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription
to the Platinum membership, which is $12 per person. How much will it cost
them in total?

d to
L s problem we €€
Cost per money for e JCNSS}:V how muth wmoney
membership | X all the solve ko spend-
membershjps Jo has to ¥
Now write your . The tost pex membership times the number of Jo and her brothers equals

equation in words:

2. Jo started playing a hot new game, but she only has two hours before she
has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, and 41

minutes on level 3. How much time does she have left for level 4? Vb e nee
W
e v
Time for + 'l;ime for Time until
level 2 evel 3 Jo leaves
Now writeyour The Lime for level | plus the time for. level 2 plus the time for level 3

equation in words:

Level 5

_ @RA\N
‘PQWEWR
' You could also have made an equation that says, “Time until Jo leaves

minus the time for level 1 minus the time for level 2 minus the time for
level 3 equals the time for level 4.” Would that be any better? Why?

Number of
games

10 Chapter 1
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what is algebra?

r- —-—- == - - - - - - =-=-=- = ="

EQUATION CONSTRUCTION

Now you build the equations! Take the “math sentence”you wrote and translate it into an
equation. Use the numbers that were given and X for the unknown.

1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription
to the Platinum membership, which is $12 per person. How much will it cost

them in total?

Cost pef
membership

Money for
all the
memberships

Figure these out

from the Froblcm ___-L_/

S‘{:a‘{‘,c'ncnf.

We need a vaviable to stand in
for what we've {‘,\r\/'mg {0 find,

so wc’“ use %

|
I
|
|
|
|
I
|
|
I
|

I : -
I Thisi"‘eahss The same ‘H‘ihﬁ for this
mul{:lplica{;;on problem — you £ill in the
| (_ % tor the unknown.
2. Jo started playing a game that just came out, but she only has two hours
I before she has to go out. She spent 20 minutes on level 1, 37 minutes on level 2,
and 41 minutes on level 3. How much time does she have left for level 4? |
Wakeh this one.
I Howrs or m\nu{lcs'
i v
I Time for + 'l;lme for Time until
| level 2 evel 3 Jo leaves
| S S S = e |
I Use this line o combine the numbers I
I and write a shorter equation. I
L e e e e e e e e e e e e e e e e e o = ]

you are here » 11
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simplify, simplify

e e
| EQUATION CONSTRUCTION SOLUTION |
Now you can build the equations! Take the “math sentence” you wrote and translate it into an
I Algebraic equation. Use the numbers that were given and X for the unknown. I
I 1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription I
to the Platinum membership, which i{ $12 per person. How much will it cost
I them in total? I
I Cost per - Money for I
hi X - all the
membersnip
I memberships I
| Here's the unknt;w':i I
. {',O be solved:
I P12 x & = x looking I
| 3 brothers + Jo = & |
I 2. Jo started playing a game that just came out - but she only has two hours I
I before she has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, We need minut: I
and 41 minutes on level 3. How much time does she have left for level 4? . minutes heve
sinte the time for the
I levels is in minutes. v I
: ¥
| Time for A+ Time for Time until
| level 2 level 3 Jo leaves
| 20 + 3 + & + % = 120 |
ve simplified the equation
Qood work — youve simplrTiee _
| here — that will make it easier 1o solve. SN 9e + % = 120 I
e S

12 Chapter 1
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what is algebra?

Now SOLVE for the unknown

Jo is trying to decide if it’s worth it for her to buy a LIVE subscription. She has
10 games, and 7 of them don’t have any online play. How many does she have
that can be played online? Does it make sense for her to buy the subscription?

=

We've 90ing £o | i

. J""‘P ri hf
into the equation wi{:hgou'l:
the sentence. [£ it helps,

j\ (V '\/ou tan write it out, but
Some unknown 10 oames.- \)MS‘E ‘thinkins about the
number of 9ames... L games.-- 3 €qudtion in words ‘cirs{:

should be enough to help.
What we really care about here is what X is—the unknown number of games.
We don’t really care about the seven games on the left side of the equation. In
fact, we can get rid of that seven as long as we make sure we do the same
thing to both sides of the equation.

An equals sign means that both sides are the same. So if we take 7 away
from one side, we have to do the same thing to the other side of the
equation:.

=

(' And that leaves us\

[ h ames lex T
- E |0 oames- with three &
number of 9ames... 1 games.. . o b

We
Q E tan take away 7 games by ‘5

su ‘(:raf:l:ihs 7 from bot
h .
oF the equation. 2052 sides
So here’s what we have left:

Hmm, I can only play 3
games online. I'm not going
to get that subscription
just yet.

you are here » 13
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isolate your variables

How does that help! I'm not going to
spend the rest of my life drawing pictures
of all my problems.

You don’t need pictures to do algebra.
What you need is a way to use the operations that you already know

(addition, subtraction, multiplication, and division) to solve equations.

The tricky part? You must preserve the equality. Equality means the
same. When you do something to one side of the equation, you have
to do the same thing to the other side of the equation.

Here’s another way to look at Jo’s online problem without pictures:

The answer is 9oing 4o be
% = something, so we need 1

to get vid of the seven \L :

«+7 il lo # the initial equation for
- heve we vaJC"ad" : Jo's games- /
.7 Q‘(om both sides Jm \ * +)/"71 0 -7 >
presevve the equality-- '

I
: 3 . .
ﬁ* T ‘\ And |10 - Tis whith is all

Sinee 7 — Tiso we I
1y ) we end ded o know
with Jus{: X on this side... A : we neede

When you get x all by itself, you’re isolating the variable. That’s
the most important part of solving an equation. Isolating the variable
means you've gotten the variable by itself on the left side of the
equation and everything else stacked up over on the right. If you can
isolate a variable, then you’ve solved the equation—the answer just
pops out, like X = 3.

Knowing that your goal is to isolate the variable means that you know
which numbers to move away from the left side. Since you’re trying to
get x alone, that means that you move the seven, not the 10!

14 Chapter 1
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what is algebra?

8o which operation do you use when?

The opposite of addition is subtraction. So, if some number is being added on
one side of the equation, and you want to move that number to the other side, you
can subtract that number from both sides. The math term that describes opposite
operations is tnverse operations.

The basic math operations are addition, subtraction, multiplication, and division.
An inverse operation is the operation that undoes an operation (like addition undoes
subtraction). Inverse operations let you shift a number or variable from one side of
the equation to the other by “undoing” that number on one side of an equation.

This is why when Yyou needed

to get vid of the seven (an + _
added number), You subtracted

seven from both sidcu

The inverse o\?cra{ion for

addi{jon is Sub{'xali{ion...

When you want to solve an equation:

Q Look at the equation and figure out what numbers to move.
Using Jo’s equation, we had to get rid of the 7. That’s because we’re
trying to isolate the variable, the x.

e Figure out which operation to use.
You need to use the inverse operation for the number to remove it. For a
subtracted number, add. For a divided number, multiply, and so on.

e Preserve equality.
Whatever you decide to do to one side of the equation, you must do to
the other. That keeps the equation the same.

@RA\N

PTQAWEWR
There are other inverse operations out there. Can
you think of other operation pairs that work?

you are here » 15
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inverse

Inverse Operatiens Exposed
This week’s interview:
Just who are the inverse operations?

Head First: And welcome back to Algebra at Night.
Tonight’s guest... or guests... are inverse operations. So do
you guys always travel in pairs?

Inverse Ops: Well, yes. We're not inverse operations
unless both of us are here. We’re about maintaining
balance.

Head First: Ah, right. So addition is always paired with
subtraction, multiplication always with division.. why is
that?

Inverse Ops: Opposites attract, and multiplication is the
opposite of division.

Head First: Same with addition and subtraction, right?

Inverse Ops: Yeah, and we’re all opposites because we
all undo each other.

Head First: When you say undo each other, do you
mean if there’s a multiplication, than division can make it
go away?

Inverse Ops: Well, not really go away—remember, our
job 1s to keep everything in balance. We just move things
around. If you have a multiplication you need to move,
you can undo that multiplication with a division—on both
sides of the equation.

Head First: Ok, I think I get it—you can move numbers
from one side of the equation to the other. So you're
pretty useful for getting a variable by itself?

Inverse Ops: Absolutely! That’s what we do best. A
little addition here or multiplication there, and you can get
almost any variable by itself.

Head First: Very cool! So any last words before we sign
off?

Inverse Ops: Just a couple thoughts. You have to be
careful that you keep the equation balanced. There are
also a few more pairs of us floating around out there, but
they’ll turn up later.

Head First: Well, it’s been great talking to you—all of
you—and I appreciate you coming by. Until next time,
may your multiplications always have a division, and your
additions subtract.

Laverse operations lnelp
you isolate the variable.

BULLET POINTS

from your problem to setup an

equation with the unknown. variable.

= Algebra is about solving for = The unknown is called a = You can isolate the variable by
unknowns. variable. using inverse operations to
= You use other information = |n order to solve for a variable manipulate the equation.

(like x), you need to isolate the =

Addition is the inverse of
subtraction, and multiplication
is the inverse of division.

16
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what is algebra?

vWwW Below are equations that have unknowns and numbers on both
sides of the equations. Use inverse operations to isolate the
variable and solve the equation.

- ." ol 5.
Th\smcahs O /_\ ou have an * mv\{:\\?\\cd :-\‘Iong
1/ 2 \::\rai,’z the r\g\n{ inverse opevd
5 L4 x —_ 'I 5
Make sure you apply

5 X = 1 25 = it to both sides...

- <— Mnd ‘Iou’rc done!

X.6=47-11

=
1
—
w
[l
N
O

This also

means {:imc:\\’
3(x)=5

=
_|_
N
N %

_|_

N

N
i
NN
Ul U
w
5
[

Why are there dots

and parentheses for
multiplication? What's wrong
with x?

Eath of these mean

wulbiplication ’2

Whoever thought it was a good idea to use x to mean A simple dot: 5 X = 125
the typical unknown apparently didn’t mind the

confusion it might cause with the multiplication sign, x. Parentheses: ( ) —
However, lots of other people did. 5 X) = 12 5

They gave up on usir.lg x for multiplication and came Nothing at all: 5 X = 1 2 5
up on with a few easier to read options:

you are here » 17
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solve these

D°h]{: ‘pov-
ﬂtf to theek
Your work _ :
ahSwCroback ;ﬂ:‘}t P’Ua YOIAV‘ q

makc Sure i{: works.

=
+
N
N
|
o
N
Il
N
9|
|
)
N~

A ost done /‘7 X=. 3 .........

,S \\

o % and 5.x=125 whak’s Ehe

5x25= s o < it to both sides...
* 125 5 25 ° 2{ 'I !E e g ¢

Here vou need +o There's a “~ 11” over here, but
N ut ‘J the way, sc? ‘if:if . ¢an figure out “47 — || ;s’{:huevcz: ’
inverse operation and add |3 no need to move it anywheve.

to both sides. X 6 = 47 - 1 1

Below are equations that have unknowns and numbers on both
sides of the equations. Your job was to use inverse operations to
isolate the variable and solve the equation.

/—\ Heve You have an * e ‘eraf\ovx?_

vight inverse ¥

Make sure You a?yly

pod yo've done

This one was a little {:v-icky.

=
°

(@)
olo
o~
[l
RS
o~
olo
o~

_— ] x=_% “

) Plrob’cm | .
which You ¢an 56{:';:“:0 ) ChCCk Ehis one +o0...

by dividing bofh gges by &, byb=4&1-ll

l(Thc hew

_ diVid »
3 (X) 5 S)’mb:[d by

fnd cheek this oney Just 0 x40 — 573 o 16667
makc e ‘H’\a{ ‘(:Y'aﬂ‘t.‘on s VT e

righ{:-
5/3 %3 = 9

And a change for division too...

The division sign you’re used to seeing was
tossed away, too. Instead you’ll see things
like this:

18 Chapter 1

A slash: 125/x =5

125 \ These are \')us‘{', two other

Stacked: T = 5 ‘\_/ ways 4o show division-

Download at WoweBook.Com



what is algebra?

Match each example of something you’ve learned in this chapter to it’s

name. Be careful, some of the names are used twice!

Operation example
Inverse operation for addtion

Oppostte of multiplication

7/3

Operation name

Division

Equation

Manipulating the equation

Variable

Subtraction

you are here » 19
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who's

SQ\LLUT\QW
Operation exaniple Operation name
Inverse operation for addition o
Division
Oppostte of multiplication
Equation

Manipulating the equation

X
2x Variable
X 3 23 = 5 23 Subtraction

20
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what is algebra?

. « Jo's aoing to
Jo is ready to accessorize! by 3 conple of

games on s\?ccia|.

Jo figured out that she had $86.32
left in her account for accessories.
She decided that she wants to get
more games and not worry about the
headset just yet.

Jo did some quick Algebra to figure
out how many game she can buy:

After I figured out I
could buy 2 games, I went to buy them
and it came up to more than $86.32!
T must have done something wrong - T
thought I had enough money!

Yox = 86.32
el =86.3249 ), e

ust, enovgh ¥

= 2.007( games:

Fix Jo's problem! Figure out where she went wrong.

you are here » 21
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always check your work

Fix Jo's problem! Figure out where Jo went wrong.

ﬂu/uug:your work...

C\\cb\c‘“‘b

You'll find as you go forward with Algebra that the problems
become more complicated, and it’s pretty easy to make a mistake.
Jo didn’t divide correctly, and that got her! Checking your work
doesn’t mean just looking over what you did. It also means using a
specific technique called substitution.

Substitution uses your solution in the original equation

Substitution means putting something in for something else. A substitute
teacher is in the place of a regular teacher, right? To check your work, you
substitute in the answer you found for the variable in the original equation.

Substitution is a process that can be used not just for checking your work,
but for other things too. When we get to more complex equations, and
equations with more than one variable, you’ll want to use substitution as
part of the solving process.

Checking Jo’s work:

49« = 8b32
49(2.007) = 8b322

N 89343 K 8632

Jo's work
Yox = 86.32

/{7*/7(, = 86.32/49

Take Jo's
answer gpg The answes
.S"bsfifu'(:c don"\’,’"‘a}(’t’\"
! oF x in <0 \)OS \NY‘OV\S.
[4 Oi‘iaina’
€quation,

22 Chapter 1
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therejare no
b Questions

Dum

Q,: So about this “checking your work” thing...

A: Do it. It's easy to do, and it will tell you if you have
the right answer!! Seriously. If you have an equation like
5+ x =11, and you say x = 2, when you plug 2 back in you
end up with 5 + 2 = 11, which is seriously wrong. x does not
equal 2. It's easy to check your work after you've solved for
the unknown.

Q: When else will we use substitution?

A: You'll see it come up again and again—always with
checking your work, but also as a starting point to solve
equations with two variables, for graphing lines, figuring out
inequalities ...keep reading, we're getting there!

Q} Why are there different notations for
multiplication and division?

A: It's really more convenient and a lot less confusing
than the traditional multiplication and division signs. As

you get to later chapters, you'll see more complicated
equations where being able to show division as a single line
really makes a huge difference. Multiplication (especially
with parentheses) is the same way—sometimes what's
inside that parentheses can get pretty complicated. Finally,
multiplying a number by a variable is so common that just
writing them next to each other is a lot less confusing than
having a multiplication symbol in between.

Q— When should | use parentheses versus dots
versus just bumping the number and variable together?

A: There's no difference between the different notations;
it's just whatever is easier and looks cleanest. If you have a
number times a bunch of things, you can use parentheses.
We'll talk a lot more about that in chapter 2. If you have a
number times a variable, just push them together. As for the
dot... well, it's good for variety if you're bored with the other
notations.

With division, you almost always see the stacked form,
unless you're typing an equation in a word processor or an
email, where the stacked form is a pain. In those cases, you
can use the slash.

what

Q,: Do addition and subtraction have other notations,
too?

A: Nope, they stay the same. Plus means addition, and
the minus means subtraction, but...

Q} What's the difference between a negative number
and subtracting a positive number?

A: As far as working with them, none. That means that
when you have a -4, it's the same thing as + (- 4).

Q} There seem to be a lot of elements that go into
solving an equation, how do | keep track?

A: There are a lot, but they'll soon become second
nature. Once you get used to working with equations, you'll
automatically use inverse operations to move numbers
around, you'll simplify the equation you end up with, and

then you'll just keep going until you get that variable by itself.

Later we'll follow the exact steps, but really they are just
“what you do” when you get an equation. Probably the
easiest one to forget is checking your work...make sure you
doit!

Substitution means
Putting a new
value bhack into the

original equation,

Download at WoweBook.Com
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need more video games...

Jo’s perfecting her set up with that new game she bought with what she had left of her savings.
Help her figure out the details!

During Jo's embarrassing trip the first time she tried to buy the games,

she put back the headset and just bought the new game, so she has

$33.55 left. The new game is networked, so it's time to invest in that Make sure o
LIVE subscription ($12) and the headset ($39). How much does she check your work...
need to save up to buy all of these accessories?

MahiPulafe yo

ur H
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ahd-Soer _F'ok ch'ua{:lo’\

Jo wants to buy an extra level for her game on LIVE, and it's 720 points.
It costs $1 for 60 points. How much will it cost for the new level?

b0 points (number of dollavs) = total point tost of the level

oviopnal cqUItIoH

24 Chapter 1
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what is algebra?

Now how much does Jo need to come up with? She wants all the
accessories and the new level for her game...

This one is YrcH‘,\/
s‘craighlc(:owa*d"'

Jo has figured out that she can sell some used games that she’s already
beaten to pay for the headset, subscription, and extra level. She can get $8 a
game. How many games does she need to sell to cover the new stuff?

you are here » 25
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solve the equations

Jo's perfecting her set up with that new game she bought with what she had left of her savings.
Help her figure out the details!

During Jo's embarrassing trip the first time she tried to buy the games,

she put back the headset and just bought the new game, so she has

$33.55 left. The new game is networked, so it's time to invest in that Make sure o
LIVE subscription ($12) and the headset ($39). How much does she check your work...
need to save up to buy all of these accessories?

LIVE subseription + headset = money Jo needs + savings balance

5l - 3355 = x + 3355 - 3355

{1745 = x
\ L n the
;o 1243=T145F 3355 qhbibite . q—ejco ff:af v
Chetk the work = G % oﬂ?,‘“a\ Cg\ua'bon

Jo wants to buy an extra level for her game on LIVE, and it's 720 points.
It costs $1 for 60 points. How much will it cost for the new level?

b0 points (number of dollars) = +otal point cost of the level

bOx = 720

Divide both  Ox =720 __— This is the h{c:w
sides b\/ 0. M b0 division notation.
\—7

Substitute batk ‘=12

n for +n he ‘/

ovigjnal equation b0(D) = 720
720 = 120\

26 Chapter 1
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what is algebra?

Now how much does Jo need to come up with? She wants all the
accessories and the new level for the game...

This one is pretty

. avd...
New ateessories + new level = +otal money Jo needs Slf‘ra'ghuorw ’

1745+ 12 = x

12945 = x
chskitete 1745 + IEMA—;
batk 2945 = 2945 v
Now we know the total
that Jo needs.

Jo has figured out that she can sell some used games that she’s already
beaten to pay for the headset, subscription, and extra level. She can get
$8 a game. How many does she need to sell to cover the new stuff?

total money Jo needs = number of games to sell

amount she can get per game

2945
=

b 3

368125 = x

2545 \'

——=13.8I25 o
° That 3 point whatever number works — but {:\nlsl u:\— w a(:n ccs .
3.68125= 3.68125 < oames we've selling — so Jo at,%,uall\( nccd&:}:o sell & o

get enough money fo get all of this stutt!

you are here » 27
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equation

Equation fraining

Let’s put all your mad equation solving skills together to
solve a real world problem using Algebra:

e Write the equation to solve it -
Once you understand what you need to find,
write out the equation in algebraic form. Use x
(or some other letter) for your unknown.

0 Understand the problem statement
Each problem will come with hints and an
unknown. Figure out what you’re looking for and
what other numbers in the problem will help you
solve it. Think of it verbally first.

0 Check your workl!
Check that you have the right answer by plugging
your number back into the original problem in place
of the unknown.

e Write the equation as unknown = number
Once you've gotten the variable by itself, you've
found the solution!

h

X = something

28
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what is algebra?

e Figure out how to isolate the variable
Use 1nverse operations and work the arithmetic
when you have actual numbers to get the variable
by itself on one side of the equation.

X <

i ation for
Tnbfk:;ﬁ?asjéa:??: division...

-~ n
/ e Manipulate the equation
x Apply your techniques to actually move the numbers

Yo Wee® around 1n the equation to get that variable by itself.
\& yor V‘f-" Ahne Co\“ak\o\“) Make sure you always keep the equation equal by
-\,,,\Y\'\S;\I“'\‘5 and YOO doing the same thing to both sides.
ek e YD ieue®
. \3%\0"
ma“‘Y“

G Rewrite the equation

Clean up the equation by performing any arithmetic
you’ve setup after you moved things around and see
if you’ve gotten the variable by itself. If not, apply
another technique to get the variable by itself.

|
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Download at WoweBook.Com



algebra saved jo’s day

Jo has an awesome setup!

After a trip to sell off 4 games and buy a headset, Jo signed into LIVE
and bought that new level, and she is ready to play!

30

KillerX 2.0
Gaming System

The brand new KillerX
2.0 includes full circle
entertainment value. One
game controller included.
(OPOD-112)

Jo bough{: this
with her savings... Z

Then she bough{: and sold
a few 9ames, so she tould
afford a new headset and
online Play.

Jo’s about to spend hours on her new
game—but when she’s done, it’ll be
easy to figure out what game she can
afford next!

4

Vo — read
to
9amey, a")’zimc./.{akc on any

Chapter 1
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what is algebra?

Equationcross

Take some time to sit back and give your right brain
something to do. It’s your standard crossword, all of
the solution words are from this chapter.

puy
=

Across Down

2. The operation that undoes some other operation. 1. The anti-multiplication.

5. Use this to do away with addition. 3. Stands for an unknown.

6. Checking your work is really just .......... 4. Math sentences.

8. Plug your answer back in to .......... it. 7. Algebra is solving for ..........

10. Avariable, by itself. 9. The key thing an equation promises.
11. Jiggling the equation around to solve it.

you are here » 31
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math toolbox

Math Toolbox

-+

X

\, The inverse opevation for

multiplication is division...

BULLET POINTS

= Algebra is about solving for unknowns.

= You use other information from your problem to setup an equation with the unknown.

= The unknown is called a variable.

= |n order to find the solution to the equation, you need to isolate the variable.

= You can isolate the variable by using inverse operations to manipulate the equation.

= Addition is the inverse of subtraction, and multiplication is the inverse of division.

32 Chapter 1
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what is algebra?

Equationcross solution

Bl T

W
RELERRLEE

=
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2 (more) complicated equations

Taking Algﬁbra on the rgjd

I used to be so afraid of the
unknown, but now Bob can take
me anywhere...

Imagine a world where there is more than ONE thing
you don’t know. Yes, it's hard to imagine... but there are problems out
there with more than one unknown. Not only that, but sometimes you've got
one unknown that appears multiple times in the same equation! No worries,
though... you already know how to manipulate your equations. Add that
knowledge to the tools you'll learn in this chapter, and you’ll be solving more

complicated expressions in no time at all.

this is a new chapter 35
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pajama death

Paul loves “Pajama Death”

Paul is a huge fan of the punk band Pajama Death. The band’s
kicking off their US tour this week in Florida, and Paul’s determined
to be there. Paul’s got his savings ready to blow, but he’s got no idea
how much cash he needs to pull out of his account.

Can you help Paul?

Paul has $1,330 in his bank account and is willing to spend it all.
In fact, Paul wants to bring his buddies and really blow it out this
weekend. But how many friends can he bring? Not only that, but
there are a lot of costs to keep up with:

TiCkcfs

P

Pavl = n
s %:\ Qa

K W

Food

Pauls

budd
[ up for 5 . '3 o alWays

6o
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(more) complicated equations

Always start with what you know

The best way to work any problem is to figure out what things

you know and what things you don’t know. The big unknown in Paul
aul”

this problem is how many friends Paul can bring. Let’s call this S Savings A
g for guys. We also know Paul’s got §1,330 in his bank account. Date Descript: ccount
Paul can spend up to that amount on the trip. 571 Ption A
B mount
alance

Here’s what we know:

$1330.09

Number of >
guys to take

dis
The ma* Paul tan spen
K_ Money Paul 7'|7)’50 _ that's the st

. on-
tan SFCV\d \\k“ow“" In owr Cq“a

But there’s still a lot of things missing. We can’t simply set these
things equal to each other... that doesn’t make any sense.

0 ()

What else has to go into the equation to add up to the total cost
of the trip? Does it matter how many people come?

you are here » 37
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each guy costs something

What else has to go into the equation to add up to the total cost
of the trip? Does it matter how many people come?

) These three depend Wh, .
Qas is the same no matter how Jpon how many 3YS . at we were mIssing is {he

ma s ave in the ear- Expense of {he trip ;
Y 9vY ) v ¢ 3’ ’\—’\ ip itself.
The ¢tosts are: 93s, hotel, food, and tickets. Some depend on how

There’s a COST for each guy

Paul is going to have to spend money on gas to get to Florida. But what
about food? Tickets? Hotel rooms? Those all depend on how many
guys come (and Paul is one of those guys).

So we’ve got to figure out the fixed costs, like gas, and then we’ve got to
figure out how much each guy costs. That’s got to be multiplied by each
guy, and added to the fixed costs. And all of that has to be related to
how much money Paul can actually spend.

So we’ve got something that looks like this:

Fixed Cost per

+ [ )
costs guy

) / Y 5

Fixed Costs HCV‘C'S how many

are j Eath pevson that Thic f
Costs that don’f\)us{z i‘;ec‘;P:;’ o come comcs"mcans move 'l:hh:(: ';f?‘ o
:hahse deP"‘din on “am Faul. food, another ul €an spend.
OW many quys Come. Licket, ete.

The fixed costs won’t change, but the total cost goes up as we add

more guys (g). The question is how do we figure out how much
each guy costs?
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(more) complicated equations

Costs Magnets

Now that you have the basic idea of the equation, use the magnets below to
put together what the cost of the trip is based on the number of guys coming.
Remember, some costs depend on how many people are there, and some don't.

Money Paul

ear ns each
Mco:neépia;udl eek ($120)
($1330)

Number of m

friends )

Friend #3

Hotel room
price
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how much will it all cost?

Costs Magnets Solutions
Your job was to use the magnets below to put together what the cost of the trip

is based on the number of guys coming. Remember, some costs depend on how
many people are there, and some don't.

And heve's how mul';\\ it tjan
all add vwp fp - we vip 3:;:?@
- assume Paul is gong N
« didnt use something like (Paul + Friend #I o it : \)us{;sc
Be sure Yo hevre... betause Lhat assumes Yyou e ?'B%O ot b

i 2. :
‘;\fc:;:\[dk:tw how many Lriends Paul ean bring. )/

Money paul
can spend
($1330)

)\ needs food,

¢ important part — each Su‘ld Lo multiply

Gas is our the fixed eost — it

doesn't \rcall\/ matter if Paul s th
gomes by himself or if he u \:c:jcc;c{, and a place to va}‘. Wesn:,: figure out
.C\rams lo FCOPIC C'OWh—S{:\/lc these tosts b\l the mm\?ﬂ‘ . 5“\1 ko be,

into his ear. So this stays over how muth this whole thing is 903

here on the left.

This is wh\/ the number of (o)
' 9uys (9) is our unknown...
ve need to figure ot ho
tosk of the . T 26h 94y affects the @
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(more) complicated equations

Replace your words with numbers

Now that you’ve got a general equation, you're ready to put
some numbers in. You can replace the boxes below with actual
numbers for each cost...

Dude, gas is $4 a gallon
now. Sucks. We're going to
need about $160 for gas...

Fast food for most
meals - say $60 for
the trip, each?

Ok- tickets for the
show are going to be
$50 each.

Here's a hotel for
$100 a night, and it's
a 3 night trip, so it's
$300 for the trip.

Use the specific numbers for the costs to figure out the actual
9
\/‘"5 to equation for the trip. (You don’t need to solve the equation, just

) {',Y‘
T e Te e it “g’ n get it to a form you can work with.)
Liaure out — leave it 35 9

your C‘\“a{‘on' D

Money paul
can spend
($1330)

Gas

FIESE 1ePlace €3tk «evvvreereeeeeessereeeseeeeeeseee e see s e e e e s et ee et e e e ettt ettt e e,
b‘;" Wi;d' the actual
values fvrom ‘t") PR R R LR LR T L RR P T CRTLRRERTET
Conversation above... S N
.............................................................................................. Now L\cah u? {hc\. Y
mbers and simpl
'{\;\;\c equation 3 little
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what'’s the equation?

Use the specific numbers for the costs to figure out the actual
equation for the trip. (You don't need to solve the equation, just
get it to a form you can work with.)

d have kept this ‘;’o*

ow shoul
\gs—'\s. 9 is fhe unknown we ve

Leying 1o solve for. D

Money Paul
can spend
($1330)

7160 §, ]
/ or aas, £b,
,”5 L 9as, 760 fo\

food ,

or a ticket, 4 d ,"30
for the hotel for Jc:c frip.o N

160 + 9 * (60 + 50 + 300) = 1330

Add these wp and you 2RSSR L 2 T 2000 T 200 8 T o
et 410 pev guy: —_— — - s WOV i )
FE L6090 (A10)=1330............. T:;: ;wdf‘-‘“’j’o

Here we Just did a little tlean
uP — now this is lookihg like an
cqua'l:ion we £an solve....
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(more) complicated equations

Now solve for g... one step at a time
You’ve got an equation (160 + 410g=1330) that can tell you how many
guys Paul can take on his trip. Back in Chapter 1, you worked equations

to isolate the variable. In this case, the variable is g, and we can use
inverse operations to get to just g:

/; 160 + 410g = 1330

We havc -ﬁose{: lbo

of‘[‘ o_‘_'- A ...and over to this
bhe cogagn sde of | side.
‘ We'll need to get
that 4lo out of
the way too...

..Ut you have to keep the equation equal!

We need to isolate the variable (g) in this equation to figure out how many
guys can go on the trip. But where should you start? There are fwo things
you need to do to get that g buy itself: you’ve got to get rid of the 160 on
the left side that’s added to 410g, and you’ve also got to get rid of the 410

that’s multiplied by g. And no matter what you do, you’ve got to keep the
sides of the equation equal.

ﬁ 160 + 410q = 1330

p N
/62 ‘Z‘C move {he O khe K102

irst2

_ %RA\N
PQAQWEWR
The cost equation is a multistep equation. You have to deal with both the 160

and the 410 in order to solve for g. Which should you do first? Will you get
different answers if you do one before the other? Which is right?
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follow the rules

If you follow the rules, you'll ALWAYS
get the right answer

The most important part of equations is that they stay equal on both sides.
So you could first move the 160 by using subtraction, if you wanted to, or
you could deal with the 410g part first by using division. So the question is

really, which is easiest to do first? Sc‘fi°"‘5"/~-~ theve’s nothin

wr ith pieki
If you try to get rid of the 410 first, you'll need to divide both sides of the ol "V?h:“f_’jc Picking the easy way
equation by 410. Since 410g isn’t the only thing on the left side of the n T Comes to Algebra.

equation, we have to divide everything by 410, like this:

eW:V;if to divide
v ing b
PO 140 + Koy = 1330

)
evs aven L

tlo Q%o P Tf::ﬁ:ft ork ith
03902 + g = 3.2439
- 03902 + 03402 + ¢ = 3.2439 - 03902
Now we subtract 9= 2.8537

03902 Lrom both sides.

Working with 410 first was fine, but we were left with all those nasty
decimal numbers to work with. That’s not bad, but without a calculator, it
might be harder than it really needs to be.

Even though you’ll get the same answers doing things both ways, sometimes
one particular way is easier. Let’s try and work things out the other way, by
subtracting the 160 from both sides first...

When you've got more
than one way to solve
an equation, look for the

SIMPLEST way to work

with your ec[uation.
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(more) complicated equations

Whole numbers are usually easier
to work with

Instead of dividing everything by 410 and getting that nasty
160/410 thing, let’s try subtracting 160 from both sides of the
equation, like this:

. - 1%Q + [B0.+ 4104 = 1330 - 160
e have 4, do . .
same thing 4, bﬁ:i }1\03 = 1170 = Subtratting fivst left

. s easier numbers
sides of {he equation, rlo :

\Q‘LQ 4—,0 work with...
ST T 226537 T el i

<ame Answer. division, riah{; at the end

Doing the subtraction first was easier, and we got the same answer. It was
easier for two reasons: you didn’t have to deal with decimals until the end,
and solving the equation took less steps!

It’s not always easy to determine which steps you should do first, but the
good news is that even if you don’t pick the easiest strategy, you can still
get to the right solution. Just follow the rules, and you’ll get the same
solution, no matter what order you work things out in.

So 2.8537 guys can go on Paul's
trip? That doesn't make any

sense... How are we supposed to
take Paul, one other dude, and
.8537 of a third guy?

Guys don’t come in fractions.
The number for g doesn’t seem to
make sense. What do you think we
need to do here?
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manipulate

therejare no
b Questions

Dum

Q— What about the order of operations? Don't | need to do
multiplication and division before addition and subtraction?

A: If you have a bunch of additions, subtractions, multiplications,
and divisions all together that you need to work out, then yes, you
need to follow the order of operations. But what we're doing here

is just manipulating the equation. We're keeping things equal by
doing exactly the same thing to each side of the equation. When you
manipulate an equation, it doesn’t matter what you do first as long as
you do that thing to both sides of an equation.

Q; Do | always have to solve my equations twice? How would
I know which operation to do first on a problem?

A: You don't have to solve problems twice. We just did that here to
show that either approach works. As for what to do first with different
problems, well, it depends. When you have the option of doing
addition or subtraction to get terms from the left to the right, they're
usually the easiest to knock out first. Then you have fewer things to
deal with for later manipulations, like multiplication or division.

Q,- Can there be even more complicated equations? What if
there are lots and lots of steps?

A: Equations can get really long, and we’'ll get to some of
those later, but the general idea remains the same. You'll need
to determine which variable you need to get by itself and then
manipulate the equation to get that variable alone.

It doesn’t matter how many times you apply inverse operations or
multiply both sides of an equation or any other operation. As long as
you follow the rules, you'll get the solution you're after.

Q: When you start with a big long problem, do you have to
write the problem out with words first?

A: Not really. It's up to you, but using words is a helpful way to get
the idea of the problem you're solving down on paper without getting
bogged down with numbers.

Writing out a problem also means you have to step back for a second
and think about the context of the problem.

We’re going to talk a lot more

about the order of operations.

Don’t worry if you're still a little

confused about the order of operations.

We’ll be using the order over and over in

the rest of this book. By the time you’re

through, you’ll be a pro when it comes to

ordering your operations.

46
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RANN

o éévowev

Paul’s buddies are right! Our equation charges each
guy $300 for the hotel. But we can put two guys in
each room. How do we fix this? What part of our
equation has to change? Is the cost for each guy still
based on the number of guys?

(more) complicated equations

I can bring 2.8 guys,
including myself. Hmm. O'Brien
you're a bio major—can I bring
0.8 of one of you guys?

So, you technically got a correct solution for g, but 2.8537 is
probably not the right answer for this particular problem. Since
Paul can’t bring 0.8 of a person, the right answer to the problem
is actually 2 guys (including Paul). Since you can’t bring 3 guys (3
is more than 2.85, so more than Paul can afford), you’ve got to go
down to 2 guys: that’s Paul and one buddy.

When you’re solving an Algebra problem, part of the problem
is working the equation... but another part of the problem is
keeping up with what the problem means. That’s called the
context of the problem. Math is not just about numbers or
manipulating equations; it’s about solving real-world problems.

Whoa - hang on. You can afford to
bring more of us if you don't pay for a
hotel room for each of us. We can put
2 people in a room.

you are here »
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one variable, many appearances

A variable can appear in an equation
MORE THAN ONE TIME

The hotel rooms cost $300. And right now, we’re multiplying that
$300 by each guy on the trip.

160 + 9 * (b0 + 50 + 300) = 1330

‘ in, then
,( his $300 oets added i
_‘r:u:\shl\?\icd bsy he number of guys: So

eath oy costs {200 in hotel fees.
But now, we need to take that $300 and separate it out. Each
guy doesn’t have to pay $300 because 2 guys can fit into a

room. So let’s pull out the $300 hotel fee first:

160 + 9 * (b0 + 50) + 300 = 1330 Now &he 1100 doesn't ok |
N~ multiplied by each ouy-- b“ﬁ {\n;;ud
it vight... the tost is s{-.,l ve
to the hwnbcr 0‘(: 5\4\\{5 gomg.
For every 2 guys, the room costs $300. So for each guy, then,
the room cost is $150... like this:

160 + o * (b0 + 50) + 1509 = 1330

Sinte eath quy is ?ayingj\ KT\\evx malbiply oY ?1;00) ot

half, we divide 300 :
by 2 4o get 150, each oy ¥ ¥V

Wait - we have two g's in the equation
now. What are we supposed to do with
those? Are they the same?

YES! If the same variable shows up more than once in an equation,
the variable has to have the same value. A variable just represents a
number in an equation. So each time g shows up, it must represent
the same value.

In fact, since g represents the same value each time it shows up, you
can combine terms where g is the variable. For example, 2g + 3g =
5g. Let’s see how we can use that to help us out...
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(more) complicated equations

Below is the new trip cost equation. Use the new costs to figure
out how many guys can go if they share a room. Be careful, this
equation will take multiple steps, and you'll probably need to
combine some g’s.

Heve's the tost eaquation with the
hokel cost broken ou£.. Start by
simy\i‘c\ling the cv\ua‘bon-
First, work inside the
.............................................................................. ek e Bhe

Then solve for the number

of guys Lnat tan Come-

BRANN
BARREL L

There’s something tricky about this problem
related to whether an even or odd number of
guys come. Can you figure out what it is?
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context is king

Below is the new trip cost equation. Your job was to use the new
costs to figure out how many guys can go if guys share a room.

Fiest we'll get vid of the
paventheses by adding up the values.
60 + g * (b0 + 50) + I504 = 1330
160 + 110g + 1509 = 1330 <— Then tombine the like terms
60 + 2609 = 1330 <~ 10 +150 = 260) .

{ ¢ the
-160 + 160 + 2609 = 1330 - |60 . Sd: b
& rl\‘:g :\/ sbtratting |60 from

1609 = 1170 both sides of the cqua{:'\on.
b0q = 1170
X 260 R Now, to get the g by

9=45 i{:SCI‘(",.wC need to divide
both sides by 260.

And heve's our new answer!

So does this answer work? Really, how many guys can come?
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(more) complicated equations

Wow - much better. So it looks
like 4 of us can go if we double up in the
rooms. Before I say anything to the guys,
how can we be sure this is right?

Always check your work!

That’s a great question, with an easy answer. You need to
check your work. It’s easy to do. Just plug your answer back
into the equation wherever your variable appears, and make
sure both sides of the equation come out to be the same.

Check that you got the right answer by plugging your answer
back into your equation and making sure things are equal.

Makc sure yOu use {-'hc
¥ veal solution: 4-5.
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always check your work

Check that you got the right answer by plugging it back into the
equation and making sure things are equal.

.......................... 160, 1 9.2.(60 +.50) + 1209 = 1330

Checking your work proves your answer

You solved for g, substituted your answer back in to check it, and made
sure you got the right answer. 4 people can go on the trip to see Pajama
Death, twice as many as when each guy has his own room!

So now you’ve handled food, you’ve handled hotel rooms, and you’ve
handled tickets. There’s only one thing that could turn this whole trip

on its head...

52 Chapter 2

Dude, can my
girlfriend come?
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BULLET POINTS

equation.

®  Aterm s a piece of an equation. "

= No matter how many terms you
have, you're still looking to isolate
the variable in order to solve an

(more) complicated

Whether you're manipulating an
equation, combining like terms, or
isolating a variable, you still have to
follow the order of operations when
you start to solve an equation.

Q: Why did we plug 4.5 back into the
equation when we said 4 was the answer
to the problem?

A: The numerical answer to the equation
is 4.5. That's the value that makes all of the
numbers work out. But since Paul can't bring
half a person, 4 is the answer he actually
needs. But, when we go back to check our
work, we need to use the mathematically
correct answer, 4.5.

Q: Is it worth taking all that time to
check your work?

A: Absolutely. It is crazy-frustrating to go
through a whole problem and get an answer,
but get it wrong. That is a totally preventable
problem if you go back and check your work.

Q: My work looks a little different than
the solution, but | got the right answer.
Did | do something wrong?

A: Not at all. With Algebra, you just need
to apply the rules consistently, and you'll get
to the same answer. The solutions we've
presented are the way we would go about
getting the answer, but they're definitely not
the only way.

therejare no o
Dumb Questions

Q: When we isolated the variable, how
did you know to subtract before you
divided?

A: We were trying to minimize the number
of terms we'd have in our division. If you can
reduce the number of terms in the equation
by combining like terms, that usually makes
things easier for later steps. There will be
fewer terms to deal with. By subtracting both
sides, we could get rid of the 160 altogether,
and only have to divide one term by 260.

Q,: What if | miss combining a term?

A: No problem. As long as you manipulate
the equation using the rules properly, you
will not get a wrong answer... but your
problem may get more complicated.

If you do start to feel like you're going down
the wrong road, don't feel like you have to
keep going that way. Just go back to your
original problem and start over.

Download at WoweBook.Com

Q: How can this be math if there is
more than one way to do the problem?
Isn’t there supposed to be just one right
answer?

A: There’s a big difference between “one
right answer” and “one way to get there.” A
big part of mathematics is that there are
different ways to solve problems and still
arrive at the same (correct) answer.

For example, you could do away with
multiplication and just use lots of additions.
But using multiplication is another way to get
to the same answer. Different problems will
need different techniques, but you should
always end up at the same place when
you're done.

Algelyra is ahout
solving for an
unknown, but it’s also
about malcing smart
choices about how to
get to that solution.
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manage pajama death

This is your chance to look at some problems, write some equations, and do some manipulating.

Pajama Death’s Profit

This tour for Pajama Death is pretty important. They make most of their money
on the road (the music industry is a tough business). The deal Pajama Death
has with the record company is that they get the same percentage of profit from
all of the different revenue they make on tour. In order for the band to make
$15,000 a show, what is the minimum percentage of the revenue they need to
get from the record label?

Touring Revenue
1. Avg. Food Sales-$17,000/night A couple of hints 2 crw.,&agc
2. CDs (sold at the show)—-$10/each, 100 per show. will be a detimal or vattion in

i h type of
i - A an cqua{:lon, and eat N .
o ookt St0reach 4,000 conth o vevenue will have the same proti

4. Tickets—$50/each, 4,000 seats per venue. ‘;Cru“{;agc.
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(more) complicated

Pajama Death’s Loss

One of Pajama Death’s concerts got a little out of hand, and the venue has fined
them $3600. They are charged the same amount for each problem (broken fan,
bartender that resigned, etc.), but the band needs to know how much that per-

incident amount really was.

Figure out how much they were charged per incident.

Concert Incidents
1. 4 ceiling fans were broken
2. 3 guitars lost their necks

3. 2 bartenders quit to become roadies

Download at WoweBook.Com
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one problem, many approaches

wW This is your chance to look at some problems, write some equations, and do some manipulating.
Touring Revenue

1. Avg. Food Sales—$17,000/night

2. CDs (sold at the show)-$10/each, 100 per show.
3. T-shirts-$15/each, 800 sold per show We used “P” for
pereentaae, and since
4. Tickets—$50/each, 4,000 seats per venue. it's the same for each
. source of revenue, it
These ave eath pieces The total profit will just be g iy 51l the equations.

of vevenue that weve £he total vevenue times the
i bov o Vro£i£ yerccnﬁagc-
\'s’ceda: ¢ (" Food Profit = 17,000-P , ~

CD Profit = 10+ 100 P For CD's, T—shivts, and Litkets, you have

_chi o . . . N cevenue by aking the
L O = 5 el e e e
Ticket Profit = 50 - 4000 - P /\“_/;’ﬁ

Total Profit= Food Profit + CD Profit + T-shirt Profit + Ticket Profit

In £he proble S/ \ / / ave dividing both
statement V\ e e 1,000, WHY?

. . |dc5 b\f ] In0S

i %, 15,000 = 17,000P + 1,000P + 12,000P +200,000P - Becawe ¥l 72k¢ o
A casier, and 1T 5

make $19,000 15.008Q.= 17, 060P + 1,069~E + 1_ZLGOE + 200, 60QP \:33\ ~ You “)us{ have J(:k:

ormoe Jpga.  “Tpoe  Toee  teea  Tope 4o the dvision t0 2l

the terms on bokh sides

N—\/—\ o b
15 = 17P + 1P + 12P + 200P% These ave all in terms of of the e at
“P,” so they ave like terms

15 = 230P
— late the
3350_ igp o e B e 5
x o b . : ere are a :
dividing O : few ways to do :
15 _p this problem.
230 Convert toa You may not have divided
0.0652 =P detimal, and then by 1000 or added up all
3 YCYLCV\{’» : of the terms first, but they

6.52% =P should all get you to the

same answer.
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(more) complicated equations

Pajama Death’s Loss

One of Pajama Death’s concerts got a little out of hand, and the venue has fined them
$3600. They are charged the same amount for each problem (broken fan, bartender
that resigned, etc.), but the band needs to know how much that per-incident amount
really was.

Figure out how much they were charged per incident.
Concert Incidents

1. 4 ceiling fans were broken

2. 3 guitars lost their necks

3. 2 bartenders quit to become roadies

2b For 4
A eeliny fars 9 ‘5“‘%% Pteder 4 3600&’&, o

. b 2 2023600 <
e,/ 9r=3600 <

€ Sam Since th i
one vapi Cnf, w o able i th
Fiab)e. X. € Can y5e Yy = ‘?ﬁ)p_ :: cah{;c;”‘bihe like ‘(:cv-rcnssamc’
’—\a. ﬁ 9et 7x...

~then we divide
both sides by 2. X= 400

™ 1y 4800 v

h i
avﬂ; ::d \\ﬁo\:’)‘ Inat's skeey:
nly '

Now eheek Your work b\/ Plu%ing Yyour answer back in...

4(400) + 3(400) + 2(400) = 3600
1600 + 1200 + 800 = 3600
3600 = 3600
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multi-variable equations

What’s a road trip without some girls?

You've figured out how many guys can come, but what about girlfriends?
Paul doesn’t have any more money, so if girls are coming, Paul can’t bring
as many guys. Not only that, but girls might not cost as much as guys to
bring...

I want to go too! And I'm not
real excited about being the
only girl, so I want to bring
some friends..

So there are a few things we’ll need to change with the equation to add
girls to the mix:

- Girls don’t want to share a room with a guy—they’re going to
need their own hotel rooms.

- Girls only need $30 for food. Q

The problem we have is that our current equation multiplies the number
of guys coming on the trip by their costs:

° Cost per —
guy

ply the number of quys Limes the /\

Heve we multi |s that cost 3

Number of guys
1o take (g)

. but now we've 5"{: 9 This is Paul’s
S changes.- Y
;?E{‘éc‘:'cwe a\lmoun{:. We need to make some " 5“‘|£\mcndz
Amanda.
L]
We need another variable
Since girls have a different cost associated with them, we need to treat them
separately in our equation. We’re going to have to introduce another variable.
Let’s call this variable » for girls (since g is already taken...). Now our equation
looks something like this:
leteJ + ° Cost per + ° Cost —
costs u .
8 per girl
{ Number of Q Number of 5
5u\/s {:o {;akc 53r|5 {:o {‘,akc Moncy Paul
¢an spend
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(more) complicated equations

Use the information about cost per guy and the information
about cost per girl to write up the new equation we need to solve
o b to figure out who cam )
! 550 or a s
ib0 for food, 1 730 for 'Food, 50 for 3

! 7

Lickek and 1300 for the tieket and 1300 {.
hotel for the trip- hotel for the ‘Ev-iP..?rbf: cno

rooms with 9uys.

costs guy .
‘Per girl
of

Number

guys to take givls to take Money Paul 5
------------------------------------------------------------------------------------------------------------------------------- CanSFChd

Be caveful when you tombine
o Your vaviables = make -fwc- e
You onl\/ mi% 5’5 with 9s and

. )
............................................................................................................... vfs.wlﬂ\.Y.'.$.~.......................
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there are girls now

Use the information about cost per guy and the information

v
about cost per girl to write up the new equation we need to solve
to figure out who can come.

: evms alveady. They ave T
te e e m he thapke e dre the sime type of costs for
the same as eavie e givls, just some diffevent values.

N )

) ) W
g1y per girl

q Number of Q Number of 5
quys to take givls to take Money Paul
e SO SPER
Gas + o * (bood + ticket price) + * (hotel/2) + v * (Kood + tiekeD) +v * hotel/) = 71330
S R
SR Food is 130 .7c.°.\f. cach 5Wl oo Ticketsave the - ,,:M. for. gicls, but. it
same, quys o 3."‘5' has 4o be ‘5‘“‘5 only!
---------------------------------------------------------------------------------- S O e
The equation veally hasnt ehande
mi\:"—\iﬁ it's just similar tosts with
'''''''''''''''''''''''''''''''''''''''''''''''' é;'éaa-‘{{é;\é[;,'é'ﬁ;b‘té,"f:""""D"""'"""""""”""""""'
............................ 160 + .92 (60 + 50) 41509 + v * (30 +50) +150¢ = 1330 ...
........................................................ 160 + 1109 + 1909 + 80c + 150 = 1330 ...
\ \g
...___..__..___.._Wb_c_n.._vf’.?_F_‘;';f.‘::\f:mw ...................... 160 + 2609 + 230r = 330 Setaly .
Jc',“mﬂ(:\\\’ol;’s and ¥'S with ¥'s " one sig Pmberg
S Wi
................... e SO B0 £ 2600 4 230e = 1330 - lb0
2600 +230c =170 ..
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(more) complicated equations

Now what do we do? We have
two variables in there, g & r!

Two variables seem to be a problem, but it’s something we can handle.
Just think about how you worked with one variable. You put together a
equation to say how things relate to each other in terms of the variable.

So with just guys, we were putting the cost of the trip in terms of the
number of guys going, the g variable. Even the individual parts of the
trip were that way, like how we figured out the cost of the hotel:

Hote] Cost Up Close
How muth the WY

will be sYCV\d“"S on

hotels..- \Hotel Cost = 15Og

Y

i terms OAG uys

The hotel costs are in terms of guys. The base
hotel cost is §150, then for each guy that comes
along the total hotel cost goes up by that amount.

Hmm - how does this relate to
combining like terms like we did earlier
with g's and r's?

Great question. For that, we need
to talk a little bit more about what
exactly a term is...

you are here » 61
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terms are algebraic chunks

A terwm is a chunk of an algebraic equation

It’s important to make a distinction between a variable and a term. A variable is some
letter we use to stand in for something that’s unknown: g for guys, # for girls, etc. A term,
on the other hand, is just a piece of an equation. So, the equation 6g + 10g = 32 only has
one variable, g, but it has three terms: 6g, 10g, and 32. When we talk about combining
like terms, it just means pick the terms that have the same variable, 6g and 10g, and
combine them: 6g + 10g, so 16g.

But how do you figure out how many terms there are in an equation? They’re held together
by multiplication (or division). So, 60b is a term, but 60 + b is two terms. How about
3(x+2)? Well, that’s just one term. Everything is glued together because everything is
multiplied by 3.

“In terms of” is the secret to multiple variables in an equation

In Algebra, a lot of expressions have multiple variables. The most common
equations you will see in multiple variables will be x and y, even though in our
equation, we’ve got g and 7.

When you get into multiple variable equations, this is where “in terms of™

really starts to matter. If you have an equation in two variables:

. It’s much easier to work with if you get one variable “in terms of” the
other. That makes substitution possible.

. An equation in two variables establishes a proportional relationship
between the two variables. This is Lhe key to

our gu\[—g'w\ \wob\an

. . . . ; back
‘ A single equation in two variables can not be solved without an / - wel c-o ": 3 setond--
additional relationship. Lhis in jus

Sum it up

Term — A piete of an algebraie statement that is
velated b\/ mu|‘{:i‘>|ica‘l:ion or division.
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(more) complicated equations

Match each equation to a description of which variable is in terms of
which other variable. Some equations have two correct answers, and
some descriptions will be used twice!

T =15d — 45 + 2* Can be simplified to variable fin terms
of variable »

5

o= 12 -2
h-—e=a+ e Variable @ in terms of variable £
Q= 7"361I4 Variable h in terms of variable e
f-r= (r _8 6)° One variable is not isolated (yet)
h—-5=4+12 - % Variable T in terms of variable d

you are here » 63
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in terms of...

SQALLULUTI\QN

T=15d — 45 + 2*

Can be simplified to variable fin terms
of variable »

h-e=a+12-2
Variable Q in terms of variable x
Q= xlI 4 Variable A in terms of variable e
(r — 6)° One variable is not isolated (yet)
f —r= 8
5 Variable T in terms of variable d
h-5=4+12 - e

BULLET POINTS

®  Keep in mind that “in terms of” may = You need to fully understand a

be all you need when solving a problem before you do anything else.
problem. = [f you have constants in your

®  Break a large problem into smaller problem, you can use the actual
pieces to make it easier. number or use a letter to stand in for

it, if that makes things easier.

64 Chapter 2
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(more) complicated equations

I think we should have
the same humber of
girls as guys.

What'’s the relationship between
guys and girls?

From what we know about multiple variables in
an equation, we have to find another relationship
between guys and girls (g & #) in order to get any
further with Paul’s problem. To make things fair,
let’s say that we have to bring the same number of
guys and girls. That’s a new relationship!

If we say we have to have the same number of guys
and girls coming on the trip, then we can say g = 7.
Once we say that, everywhere you see an #, you can
substitute in a g (since they are equal). Suddenly the
equation looks a whole lot more solvable...

Finish up the road trip equation, and solve for g. Then
solve for r.

_ . = v, we tan substitute
........................ 2600 +.230e. 2 1170 . S T e e

£ 9 wherever e
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what's the context?

Yor job was to finish up the road trip equation, and solve for
& Then solve for 7.

...................................... S e —

We only show one detimal but the o k
£ull answer is 2387155102 Qoing back {o the new g = v velationship, you also know
that v =2.3. That makes sense, beeause the total number

of o+ v is still &b, just like when it was just guye

therel)are no

o
Dumb Questions

Q; Why did we only write part of the Q,: So can we just say that g =r? Q,: Can it sometimes be the end of the
decimal, and not the whole thing? problem if you don’ t have a number?

A: Sure, because that's the second What if you can only get an equation in
A: Because for this problem, we can relationship (equation) that we were given terms of two variables?
only bring whole people. You could round for this problem. It was part of the problem
down to the nearest whole person and statement, and we just worked with it to A: Depending upon your problem, that
just show two decimal places, but to avoid solve our initial equation. Knowing that g =#  may be all you need. It's another case of
confusion, we used one decimal place. means that you can substitute g back in for needing to think about the entire problem,
Remember to always think about the context 4. iy the original equation and then solve for ot just the equation. The goal may just be
of the problem. The math might work out to one variable. the proportion of the variables and not a
2.387755102 people, but who really wants to numerical answer.

be that .387755102 part?
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(more) complicated equations

Hey, we've got o get going. I
have enough money to bring 4 of
us. It's me, O'Brien, Amanda and
her best friend!

RQaCI TriP! With a little Algebra, you’ve figured out

how many can go@and how much the whole thing is going to cost.
Pretty impressive. Now there’s just one more thing to sort out...

Mmcor{:una'l:cl\/, this is 3

= problem that even 3
[ Algcbra book can':; SVCG"Z

solve...
We have to agree on music
to listen to. There's this
A great new song by Fergi... it's o
...................... really deep.
.............................................. First we'll aet vid of the
""""""""""""""" paventheses by adding up the values.
.............. ;rhcn tombine the like tevms
1330 <~ 110 +150 = 240).
_ - _ 1d ok the
T g St e
Wl .
2605 =170 both Z\dts of the c‘\ua‘bon.
40 = 1170
2507 0" © > Newts get the g by
9=45 itself we need to divide
both sides b\/ 26Q.
you are here » 67
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simplify these

APPly the
ord
oPerations F‘iﬂr:g of

Simplify each of these mathematical expressions and combine like
terms. So remember that a term needs to be held together only by

6+5x-10y+2y-2x+3y-4

multiplication or division.

_3xy+4y(x_2)_%x .........................................................................

.................................................................... (9+3) 1 1
S Xy-Al+ 5 - gx-075x-2y This one
.................................................................... s started
.................................................................... DDyt fom oy T

3(3b-g)+37-—° _4+g-10
(10-2)
68 Chapter 2
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(more) complicated equations

Multicross

Take some time to sit back and give your right brain something
to do. It’s your standard crossword, all of the solution words are
from this chapter.

Across Down

2. Use ..... to check your work. 1. More than one variable.

3. Plug your answer back in to ..... it. 3. You can do this to like terms.

4. Equations express a relationshipin ..... ... ... some 4. In order to solve an equation, you have to do this to the
variable. variable.

5. Tells you what you're looking for and what you need to find it. 6. An absolute value equation typically has this many solutions.
6. A piece of an algebraic statement lumped together through

multiplication.

7. When solving a problem, it's always important to think

about ......

you are here » 69
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simplify the expressions

Simplify each of these mathematical expressions and combine
like terms. So remember that a term needs to be held together

only by multiplication or division.

"N -
i ma on
m the Problem 2

6+5@2x+3y-4 zantcll}k“‘, 2(y-1)+4-5
Atk ot the  Multiplication —~ “~
................. POy ke tems g the ’}*‘/-7—”*-% and divisi
dl.s*{:hbu'bvch .....
................. ER L Teito B Property Ley-2xt 4 - x
-+ 4
_3xy+4y(x_2)_%x C\Cah‘“g “Y P S S T .....-i_.’.\;s..;s..'.\.o.{..a..l.l.k.é.:t-:é;.;;\.l;l}%‘;.;
L the Lrattion because theve is an additional
vaviable (\/) in the term.
“Bxy + 4‘y(x—-2.) .
@xy—4z+%—%x—0.75x—2y
S Convert 1o a
(6) e 2) < 4_7. + | I 3 icracflon
< Y T F A

~
pavens (—2;7—)x\/ - 42 +-%- --Z'F - -qg:x -2y
3(3b-g)+37-—2 4+ g-10 exponent
(10-2) 27)<§—lb+'—' 3.2
s 7 IRl i e S
0b-9+3 121410
................................ 3 division -/
exponent K_52-7\/ -6+ '%_""4’:" —-;’Fx -2y
3(3b_5)+a___%_+5__|0 ...................... L
W Y o2 — S S R
% - 33) +9- 7‘*‘ 9 - 10 Jusk 2 “o‘ha{jon ‘2
................................................................ Cha“%c 2-9 ,6-1‘_ ,*
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(more) complicated equations

Multicross Solution

Take some time to sit back and give your right brain something

to do. It’s your standard crossword; all of the solution words are
from this chapter.

TINTIER[MIS 0 F
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algebra toolbox

Tools for your Algebra Toolbox

This chapter was about solving
more complex algebraic equations.

BULLET POINTS

No matter how many
terms, you're still looking
to isolate a variable in
order to solve an equation.

The order of operations
says what order you
should work on things.

You'll need one
relationship for each
variable in your equation in
order to find an answer.

Make sure you're dealing
with the same terms when
you combine parts of an
equation.

If you have constants in
your problem, you can use
the actual number or use
a letter to stand in for it if
that makes things easier.

Aterm is just a piece of the
equation held together with
multiplication or division.
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3 rules Yor numeric operations

* #
+ Follow the rulfs ¥

Mom says if I don't do my
multiplication first, she'll take
away my ethanol-powered remote
controlled helicopter. Bummer...

Sometimes you just gotta follow the stinking rules.

Yes, there comes a time in everyone’s life when mom and dad are out of the picture,
and there’s nobody making you clean your room or surrender your cell phone until your
homework’s done. But when it comes to Algebra, rules are a good thing. They’'ll keep
you from getting the wrong answer. In fact, lots of times, rules will help you solve for
an unknown without a lot of extra work. Leave your dunce cap behind for this chapter

because we’ll be following a few handy rules all the way to a perfect score.

this is a new chapter

Download at WoweBook.Com
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be the judge

Math or No Math

It’s the quiz show that’s sweeping the nation—Math or No Math. This
new primetime hit pits two contestants against each other, struggling to solve
math problems. It’s easy to find contestant, but Math or No Math needs
help. They don’t have any judges to figure out if contestants are getting the
problems right! That’s where you come in....

You’ve been brought in to judge this week’s show. Good luck...

|‘C \/ou'vc no{', sure abou‘{:

Problem #1: ﬁ exponents, burn to the appendix..

2+(2+4) +(6-3)" -5 443

o) O
(o) (o)

Both contestants have alreac[y

weig]neJ in with their answers.
But who's rigltt?

/

ThIS is K 3 ‘éc‘ T\\-\S \s

74 Chapter 3
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BE the judge
Your job is to judge what Kate and

Jack did. Mark up their work step by step
to show how they each got their answer.

2+@+4%M6-3Y—5-@i§)

Weve's hov
Kalc6‘5°l° —\ 2 5
2+(6)+(3) -5_<\O>

)

2+(é)+7—5—<%>

her answer

2+(G)+(3)2—5-(

N

Whe's 1ight?

(Circle one) Kate

Download at WoweBook.Com

The oviginal expression

zﬂ2+®+m-3f—5—P+3

Jack

rules for numeric operations

10 ) Heve's what
Jack did.

fo4+(0-3)2-5-(25°)

oute3--(33)

osneo (35

12-5-(25°)

eo-(%2)

2+3
ve-(%5°)

Wg+3 117
A0 T 10
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who won this round?

BE the judge solufion
Your job is to judge what Kate and
Jack did. Mark up their work step by step
to show how they each got their answer.

<’

2+(2+4)+(6-3)2—5-(21;63)

e
Kate combined the parentheses First...

{
2+(@)+(3)2‘5“<\50>\

ﬁhcn cl
’ Cleaned
{th ‘pkacfioh ‘

P
2+<6)+(3)2»5»<

|-
S~———

simyli(:icd the squared term

24(029-5-(3)  Yate devided 4o

work with groups

™|

The oviginal expression

Jaek went
left to vight

@&+ (633)*-5-( 22

%_5_<2\?>

¢
_5_<%&P>

Then, 143 = I,

addCd 2+6 ‘CiY‘S{; {')\CV\ so squav‘c ‘{',\'\a't
g \ exponents, then
3+9-5- <—> addition and )
2 o ..Jatk worked his ( 2+ 3 >
' sub*{:\rac{:lon.. enive ‘woblcm {'\rom @ A0
added ¢ sv‘o&aﬁ“’ lelt 4o vight &
w\\a‘h was le
' 3
(re-(203)
1
115 1 \\‘
2 \\b- E
10 2
) o ,
\X]}!@ ) tlg}!t? (Circle one) P Jﬂék add what’s left.
Wondeyr why? 117
.CCP "'eadiha to 10
76  Chapter 3 ind out moye.
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rules for operations

How come Kate's right?
Who says? Jack's answer
makes sense too!

Kate is right because Kate’s answer
follows the rules for working with numbers.

Kate solved the expression properly because she used the
order of operations. She got the correct answer because
she followed that order—which is really just a rule for
working with numbers—precisely.

If you don't follow the rules
nothing's going to work out
the way it's supposed to.

Jack DIDN'T follow the rules, so Jack Straﬂfb“‘!
got the wrong answer. menating
authority

Jack worked his problem from left to right. That seems .
‘C\S\A\'C-

pretty logical, but since that’s not what everyone else
doing Algebra has agreed on, he’s not going to get the
right answer to problems.

Equations and expressions are written to communicate
an order. That order needs to be the same for
everyone who works with the expression, or
there wouldn’t be any right answers. Hello math chaos!

You need to learn and use the order of operations to
solve problems, and that’s what we’re going to do next.

That way, you can be sure you—and the Math or No

Math contestants—are following the rules.

The order of o]oerations 1S one
of the ways everyone can get the
same answer to the same Prolalem.

77
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there’s order to algebra

There’s an order for working expressions

The order you’re supposed to work with numbers in a math expression is called
the order of operations. If you always follow the order of operations, you’ll
get the same answers to problems that everyone else does. Here’s the order:

The Order 0f Operations

You need to work through
and 56": all O‘F those pietes
simpli«cicd first and write

'[\ An\/‘[;hing in heve
( ) those down.

Parentheses

Parentheses include everything that is grouped in the expression. <sions
Lhese ave all expre

Sinte £
hey 9
This is Kate /F//\( inside Yarch‘t“cscsb{: {S\ISJ('?C\’
and Jack's 7 724 (24+4)+(6-3)°"-5- (21;63) simplified n fhe ies
original cv\ua{:ion-

Exponents

Everything in the expression that is raised to a power, any power (that
includes roots, t0o).
This is an exponenty, & Abter Sim?\i‘(:\['mg inside the
2+(6)+ (3@ 5- (%) parentheses, the exponent
needs to 9o next-

Multiplication & Division [

Mul{i?hcaﬁon and division
ave the exatt opposite of
These operations are equal in order, so work left to right, simplifying both ,3h other, so they ave the

the multiplication and division parts of the expression: same “sbrcng{:h" opevation.

We don't have any muH‘,iPliLa ion
o division for this problem, so 2+(6)+9-5- (%)

we leave the expression as—is.

Addition & Subtraction L ddition ¢ subtraction

are also opposites.
Addition and subtraction are equal in terms of the order, so work from left

to right doing all the addition and subtraction. Once you've finished that,
the expression should be simplified.
2+(6)+7-5-<%> = 11% RN
> Addition ¢ subtraction gy,
Work what's still theve lcf{: 1o vight. the “weakest” oPerations ‘
so 'l:hey 90 last. ’
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Math Magnets

rules for numeric operations

Time for a little extra judging. Below are several problems that are
partially worked out. Your job is to figure out what the next thing
to do in the problem is. Use the order of operations, and place the

correct magnet for the operation you'd do next.

For this one, what is the Liest thing you do
inside the paventheses?

What goes next?

t s ")\AS{Z

RCMCW\\)CY; a voo
an C%YOV\CV\ .

~1)+/4 -

~04+0.1(6 +,9)

(12 +13)" +7

A(%)-4-2
)4
Al
inside

This one is bricky — take \Iow
( )SZ i time, and You qll Z gure it out
(25 +7
6
547
° then

Exponent '
Exponent Parentheses Exponent
Multipi ication Subtraction T m
Itio
— Parentheses d
you are here » 79
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magnet solutions

Math Magnets Solution

Your job is to figure out what the next thing to do in the problem is.
Use the order of operations, and place the correct magnet for the
operation you'd do next.

Sinte cvcv\/{‘)\ing is grouped over the 2,
you need to sim?lify inside the parentheses
—and in there the exponent goes Liest.

(6-3-2+4%) , 8 4 1_(2

2 | Exponent ' 12 - 3 3) ‘ Subtraction '

e
12 3 Inside the paventheses is

You should drop the parentheses, and

onent. (khe square voot). simplified, so the next thin
then do the expone £ (the quare ¥ — (g )— % —? is ”“‘I‘UP'iCa{:ion. ex 9
8 1 ——
2.(-1D)+/4-3 l Parentheses b _1< 12 >_§_8 .....N.’e..'t.phcation

You skill need to work inside the paventheses — but you need to
handle the exponent inside fivst — and don't forget that voots
are just another way of writing exponents. N

-04 + 0.1(6 + s/§>3 I Exponent ' inside , Parentheses b

(12 +13)"* +7
6

12 .
(25)74_7 'z\c addition goes Fivst betause
6 / s grouped over the division sign.
5+7

6 [ Addition ' then Wb

Multiplication

ts ave lekt over

These magne Exponent
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Q: Where did the order of operations
come from?

A: It was established by early
mathematicians (geeky people who do

Algebra for fun) who were trying to compare
their work. The order let those folks talk to
each other and get the same answers for
their problems, which is a pretty big deal.

Q} Why did the order of operations get
set up this way?

A: The strongest operations go first.
Parentheses are a way to say, “Do this first!”
Then, exponents, and then multiplication and
division. Finally, addition and subtraction.
And we work on what's what's left by moving
from left to right because that's the way we
read.

Q,: Are roots exponents?

A: Yes, which means that they go second
in the order of operations. If you need a
refresher on the details, just turn to the
appendix, where exponents and roots are
discussed. A root is just an expression raised
to a fractional power, like 1/2 or 1/3 (for
square root and cube root respectively).

therejare no
Dumb Questions

Q— Do inverse operations always go
together in the order of operations?

A: They do. Addition, subtraction,
multiplication and division are pretty
straightforward. Exponents and roots are
also inverse operations.

Q: Do I have to memorize this?

A: Yes, but if you just think of the
operations going in order of strength that
should help.

Q: Do I need to reduce fractions right
away?

A: The fractions are up to you. If
you want to work with large numerators

and denominators, you can (but it's not
recommended).

Q- So are fractions really division, or
can you leave fractions alone?

A: Both. In the case of a fraction, you're
not changing the value of the number, just
how it's expressed (1/2 vs. 0.5), so you can
work with it either way. If you want to divide
your fractions to get a number like 0.5, you

can... or you can leave fractions as they are.

Download at WoweBook.Com

rules for operations

Q; When can you drop the
parentheses? Do they need to stay after

you did what was inside?

A: That's up to you. Just like the fractions,
when you've combined whatever was in a
set of parentheses and you're down to the
most simplified form, you're done. Some
people like to keep the parentheses to
indicate multiplication or to clarify exponents,
but it's not required.

Q; This seems like a lot of steps. Is it
hard to keep track of all this?

A: It can be, that's why you should write
down your work as you're solving a problem.
In fact, since Jack wrote down his steps, we
were able to figure out where he made his
mistakes, and why he got a wrong answer.

[t's a good idea to
write down what
your expression looks
like at each step.
You can lceep track

of what you did and
check your work.
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back to the game...

7
I

Rate

Math orr No Math

N
v

Jack

Back to Math or No Math...

Here we go: it’s time for round 2. The rules have changed a
bit, too. Now contestants get one point for getting a problem’s
answer right, and another point for getting the right answer
Sirst. So speed is definitely a factor.

Let’s see how Kate and Jack do, especially now that everyone
knows the order of operations...

Problem #Z2:

The Ordes 0f Operations

o Parentheses

e Exponents

e Multiplication & Division

e Addition & Subtraction

82 Chapter 3
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rules for numeric operations

BE the judge
Your job is to judge what Kate and

Jack did. Mark up their work step by step
to show how they each got their answer.

Kate's Work v\ Y Jack’s Work
1 1, (1 1 ovignal expression (1 1. (1, 1
(p+6)+5+(peg)rg oo [g+6)+5+(5-8+3

AL3\ AL (A A A3 A (Aeg)s A
(7*§>*§*<7'8>*7 (2 5) 5 (2 8) 2
'\ 3 '\ \ 5 +i +l+ lo +1
3+(3+5) 43 (v 0]+ 3+(378)+3
l+1+i+’-} M, 2 4 A
2 2 95 10 10 2
4 M, 2 ,4,5
\rirg 16*10 10 10
4 A3, 45
75 1010
58
«
\V})(ﬁ)’&% fig})t? (Circle one or both) y
75
Kate Jack Neither
W}]@% g@luﬁ@n Wa;% f&ﬁt@%t? (Circle one) Fractlons arelnthe
appendix.
Kate J&ék Rusty on fractions? Just flip to the

appendix in the back for a little help.
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kate wins again

BE the judge sofufion
Your job is to judge what Kate and
Jack did. Mark up their work step by step
to show how they each got their answer.

Kate’s Work u

u Jack’s Work

| c,g\wcssmn 1 1 1 1
+ 6 8 owgma ( + 6 1 1, 1
Kate s{',a‘r‘th 2 5 2 2 s " 2 5 2 2
tonverting chnowg— IV
\
i:?rt:ggns /\, arcn‘h\r\C:\CS ( VL3 ) + % + ( % . 8) + %
ALV AL(A, A fiest so he
right avay.- (7*5)* 3+(38)+3 i tommon
anOm\na{:oV‘s- . 6 A A A
then grouped /’\—NB A 4 A (\%+W>+§+<7.8>+7
. . LR I FY I
the fikths 5 ( 5 5) o) Now the
—X aventheses 3¢ A4 2 A
Next. she 1,4 Pdled, s 1070 * 12
rcordzrcd what 5 + 2 + 5 +4 ", tammon
was left to get me
he tommon ) pf‘/\\ One movre dc“ommabvs AN + 2 + 4_0 + i
dcnomma{-py-s A+ /_{ + i v.eov-dcr'ms A A0 A A0
together.... S and she tan
add the whole A3, 45
54 kmjb o .
S
RcduCc fhc i
Yy w0 vaction and 10
\V}](ﬁ) S f]g})t? (Circle one or both) make it Proper Y
o T bo’dn 7 9%

I io‘\: \‘t "‘5

Whese solufien was ’Eastegt.

Neither

(Circle one)

i
\ Ka{:c was
ay £ B
84  Chapter 3 a ton of z Y taster — she saved

steps over Jack.
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rules for numeric operations

What? Kate totally blew of f
the order of operations, but
got the right answer. What's
that about?

There are properties as well as rules.

Kate didn’t ignore the order of operations; she
just used some other properties of numbers first.
Kate used the associative and commutative
properties to work with her equation, and then
applied the order of operations.

Properties like the associative and commutative
properties are really just another type of rule... and
you can apply these properties before, during, or after
applying the order of operations.

BRAVN
SARREL L

Go back and look at Kate’s work. Circle where
you think she used a special property. Don’t turn
the page until you think you know where Kate
did something sneaky.

you are here » 85
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re-group your equations

You can re-group your equations

The associative property lets you change the grouping of
numbers in addition or multiplication operations. Suppose
you’ve got a bunch of numbers you need to add. You can

change the groupings of those numbers around all you want.
In fact, that’s what Kate did:

Kate’'s Work

Kate used the assotiative property
%o ve—group parts of her problem.
Go she worked with common

denominators next 4o eath other
fivst, and then did the vest.

What'’s going on here? Because all of the operations are addition,
the parentheses don’t affect the outcome. The associative property
says that when you’re performing addition or multiplication,
grouping does not affect the outcome, so you can regroup those
types of problems all you need.

You can take a problem like 10 x (4.2 x 0.225) and reorder it
to something easier, like (10 x 4.2) x 0.225. It’s much easier to
multiple things by 10 than 0.225, so it’s better to rearrange the
grouping of this problem some.

Sum it up

The Assotiative Pro\?cr{:\/ - Changing the 9groupings
of a set of numbers being added or multiplied
does not thange the outeome of the o?cra‘{:ion.

86 Chapter 3
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rules for numeric operations

Here's your chance to put the associative property to work. There
are two expressions next to each other, regrouped for you. Do the
answers come out to be the same?

We've alveady changed the grouping for
you — see how it works both wa\/s!

1w

Are the answers the same?

Yes No

12-565-3) *

Are the answers the same?

Yes No

Why did the answers come out the same for some of the problems and not for the others?

Are the answers the same?

Yes No

124 +2) vs

Are the answers the same?

Yes No

you are here » 87
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associative practice

Your job was to solve both sets of problems, see if the answers
came out the same, and figure out why you got the results you did.

Rearouping
e ¥ R\
1 1

(§+%)+§ ve: %+(%+%) tifi,\t; %(9 2) v (% )2
[B+5)+ L L+(3) ﬁ‘g%’*—“E Lae (302
(,i'o-)+% ....................... ,%)r% ...... G s
.......... 1818 BT
3 :

Are the answers the same? Are the answers the same?

— _ These two are the >
No same — the assotiative No

\7"°\’"ch wovks heve.

W lY\%
12-(5-3) " (12-5-3 iﬁ?: Dol 12:(-2) v (12:4)s2

thanoed the
12 - () (n-3 value of the 12 = (2) (3) =2
........................................................... sohukion —{3\\53
o CY{? -
......... 'o"\\/é“":ioihuc\lworkb“\/l
Whoa — those don't match. for these! This didn't work either — the
""""" R’éé;é;‘.?'i};é'Ké}’é‘a’iay’\’{.\;j‘sfki“'"""""'"" I R I I I R R I I R A A A I AT AP AT

Are the answers the same? Are the answers the same?

Yes @ Yes

Why did the answers come out the same for some of the problems and not for the others?

88 Chapter 3
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rules for operations

The associative property only works for
addition or multiplication - NOT subtraction
and division.

This means you cannot regroup subtraction or division
problems without changing the value of the solution. You
have to solve expressions with subtraction and division as written.

therejare no
b Questions

Dum

Q,: So do we need the order of operations

or not?

A: Yes - the order of operations
(parentheses, exponents, multiplication &
division, addition & subtraction) is the order in
which you need to simplify a problem. With the
associative property, you are not changing the
order of operations—you'll still do parentheses
first—you're just moving certain parts of a
problem around.

Q; What's the point of the associative
property anyway? So what if | can move
groupings around?

A: The associative property means you

can work through an expression in the easiest,
fastest way. Grouping together fractions that
are easy to work with saves tons of common
denominator time, and you can do the same
thing with decimals, too.

Grouping things in terms of how you want to
work on them can sometimes help you get
started on a tough problem, too!

Q} Are there more properties?

A: Yes - we're going to talk about two
more in the next few pages, the commutative
property and the distributive property. The
commutative property lets you reorder items
in an equation. The distributive property helps
spread multiplication and division out across
the equation (or pull it together into a single
term, but we'll get to that later).

Q,: So the associative property lets me
change the order of numbers, right?

A: No - the associative property just says
you can change the grouping of numbers that
are added or multiplied. But you can’t change
any orderings, or move numbers from one part
of your problem to another.

However, all is not lost, There is a property that
will help you out with ordering: the commutative
property. Once you get that figured out, you'll

be able to reorder and regroup. Keep reading...

Download at WoweBook.Com

The associative
proPerty says
you can change
groupings in
addition or
multiplication,
but M with
subtraction or
division!
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re-order your problem

Tt looks like Kate did more
than just re-group things... she
re-ordered things too. So is

° there a property that lets you
move humbers around, too?
You can re-order numbers as well
as re-group them... using the
commutative property.
The commutative property deals with the
order of the terms in addition or multiplication
operations. The commutative property says
that you can add the numbers involved in 4
addition operations or multiply the numbers ate did something
in multiplication operations in any order Leicky wiith the order
and not affect the value of your answer. of these numbers-
he
\(ou il have to .‘Qo\\o £
order of cra{:\O"; a“vc A\ (3.1 A
do ,,\‘,\ch\v\'\ca{:'\ov: ¢ 2t (3 + —> +4+ > Yake moved the .
additions Ehovd™ S halves toaethet,
ALALh make the addition
277 + 5 +4 easier-

She moved the whole numbers ~—

together, and she didn't have \{ %

to mess around with im 4

proper ~— -, '\+L}+§

Lractions either-

Sum it up

The Commutative Property — You tan thange the order
that terms are added or multiplied without changing the
value of the answer.
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rules for operations

" _ . _ ho ap, I?
unch of equivalent expressions, in full costume, are playing a °
party game, “Who am 1?” They'll give you a clue, and, based on

what they say, you try to guess what property they use. Assume

they always tell the truth about themselves. Fill in the blanks to

the right to identify the attendees.

Tonight’s attendees:

Any of the charming properties you've seen so far just might
show up... and they may even work together!

What property was used?
(15 + 14) + 2 isequivalentro 154+ (14 4+2)
2+¢8¢16 isequivalentto 82«16
1 1 is equivalent to l l) o
G4+ [p+) semaone [Grd)reen
5(0.5+0.12) isequivalentto (5 0.5)0.12
127(16 - 0.177) + 16 + (4 + 0.23) \
iS equivalent tO ................................................... >
0.177(16 - 127) + (16 + 4) + 0.23 You may need

movre than one ‘For
tevtain problems.

BULLET POINTS

= The associative property says you can move = You can't use the associative or commutative
parentheses around in addition or multiplication properties with division or subtraction.

expressions without changing the answer. = The order of operations always tells you what order

= The commutative property says you can change you need to work through an expression.
the order of the terms around in addition or
multiplication without changing the answer.

91
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property roundup

Abuneh of s ~ ho am p»
unch of equivalent expressions, in full costume, are playing a °
party game, “Who am I?” They'll give you a clue, and, based on

what they say, you try to guess what property they use. Assume

they always tell the truth about themselves. Fill in the blanks to

the right to identify the attendees.

Tonight's attendees: S Olut.lon

Any of the charming properties you’ve seen so far just might
show up... and they may even work together!

Only the yavm{hcscs

thanged... this i assotiative What property was used?
L
(15 + 14) + 2 scquivalentto 15 + (14 +2) The assotiative propecty
The order changcd heve...
. | %k tommutative.
248416 isequivalentto 8.2+ 16 oo The commutative property

This one’s a little fricky. The ovder of the two groups
thanged.. but the attual groups stayed the same.

g
(3 . 4) + (% + 1_13) is equivalent to (1 + 1) + (3 . 4)

273 The commutative property
The paventheses moved, b.u{:
nothing else did: assotiative:
5(05 . 012) is equivalent to (5 -05)0.12 ... The assotiative property

127(16 + 0.177) + 16 + (4 + 0.23)
is equivalent to\) Heve, the Irouping changed,. “OMMUTARNE PrOPECTIES ..........

—_——
0.177(16 + 127) + (16 + 4) + 0.23
N bubso did the order of things.
92  Chapter 3
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rules for

Properties Exposed
This week’s interview:

The associative and commutative
properties - who does what?

Associative Property: Hi, commutative. Is
everything all right? You look a little mixed up.

Commutative Property: Ha, I get it. Mixing it
up is my specialty. If you have some additions or
multiplications, I can move the numbers around
without causing any problems.

Associative: Nice. I work with addition or
multiplication too, but I’'m not allowed to jiggle
numbers around. I just work with parentheses.

Commutative: Wait, aren’t parentheses the top of
the food chain in the order of operations?

Associative: Yes, and that’s who I work with.
There are strict rules, though. I can’t mess with the
order of operations or change the answer, so I can
only move parentheses around if they are all around
additions or multiplications.

Commutative: Yeah, I have the same rules. I can’t
change the answer, so I can only reorder numbers
in addition or multiplication, too. I guess you’re not
allowed to do anything with division or subtraction
either, right?

Associative: Right. Subtracting or dividing
changes the answer, so I can’t change those types of

groupings.

Commutative: Same problem over here. Order is
really important for subtraction and division, I guess,
so I have to keep my hands off.

Associative: You know, I think we need to clear
something up, as long as we’re chatting here.

Commutative: What?

Associative: That both of us can be used outside
of the order of operations without changing the
answer.

Commutative: Sure. 'm used to it, but I guess that
can seem confusing. We work any time! Addition or
multiplication, they can be regrouped or reordered at
any point when you’re simplifying.

Associative: See, we’re always helpful. Oh...
before I go, did you hear the one about the addition
expression that was wrongly accused?

Commutative: It had its sentence commuted.

Associative: No, what about it?

Download at WoweBook.Com
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the final round

00 00 0000000000000 0000000000000000

2 7
Jack 50{: one ?o'm{‘, last ro?md J ,
for getting the problem vight,

but Kate oot 2 For being
vi3h£ a_vﬂ fast.

Rate Jack

...Q........Q....Q...OQ....QO.

: Math op No Math |

o
©0 0000000000000 0000000606060000m 00

000000000000 OCGOIOGISITS
00000000000 OCGOGOGOGIOSS

It’s an important round...

The next round’s worth two points, which means
the pressure’s on: you’ve got to judge the next

problem correctly, or there’s going to be a real
brawl over who wins tonight’s Math or No Math.

The Order 0f Operations

Q Parentheses

9 EXPonents

The problem’s worth a single point again, and
there’s a bonus point for solving the problem as
quickly as possible. Not only that, but both Jack and
Kate know about the order of operations and the
commutative and associative properties.

6 Multiplication & Division

O  Addiion s Subtraction

The Commutative Property

You can change the qr_der
of the terms with addition or
multiplication without changing

the results.

Problem #3 - The final round

Simplify this:

94 Chapter 3
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rules for operations

BE the judg®
Your job is to judge what Kate and

Jack did. Mark up their work step by step
to show how they each got their answer.

Kate’s Work
1,5 ,11 2
12(3 +§+15) #3715
4 2(s)
(4+10+11)+32-15
(25)+3%-15
254915 Time: 45s
\9
Jack’s Work
1,5 11 2
12(3+§ + 3] +3° - 15
\2(%—2>+ 32-15
Time: 1m 20s
AP
25+9-15 = 1\
\V}!(ﬁ)’g f(ig})t? (Circle one or both) \V}](ﬁ:$ J;'&ﬁte%t? (Circle one)
Kate Jack Neither Kate Jack
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another win for kate?

BE the judge sefufion
Your job i to judge what Kate and
Jack did. Mark up their work step by step
to show how they each got their answer.

Kate’s Work
12(%+%+%)+32—15
Instead of
These WVE:CY}ER —> | 2(5) Sim?liiyi"ﬁ inside the
hat's lext atter ( X g @ 2_ Parentheses, Kate
‘Iclhc denominators ave % Vgt %% *37-19 multiplied each tevm
canteled out

inside by 12.
(4+10+41)+32-15
All that was left was 25) +32-15
1o do the exponent and _ .
then 3dd and subbvact. — 20 77 15 Time: 45s
Jack’s Work
12(%+%+%)+32—15
Jatk had to /\4 0 M Heve's wheve Jaek lost:
et all the '\2(W + vl + W) +32- 5 dealing with all these
zrat,’cions Leactions:
with the same
mi . 2 K\
denarinatrs '\2<€> *32-15  The exponent
is next. Time: 1m 20s
P

Jack Cane,
) eled -
hmgs out ;,eﬂ_c. 25+9-15 = 19

%(ﬁ)’g tig})t? (Circle one or both) \Xq’](ﬁ)’% J;aﬁt%t? (Circle one)

@ Neither Jack
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rules for numeric operations

Are you kidding me? Every time
we figure out how to judge these
things, Kate pulls out another trick.

The distributive property lets you multiply over
several numbers. @ndirs not a trick, really)

Kate got rid of all the fractions in one step by multiplying all

her fractions by 12. That canceled her denominators. When you
multiply everything in a group by the same numbers, you’re using
the distributive property. Let’s take a closer look at what

exactly Kate did... and how you can do the same thing;

Kate’s Work -

Here’s Kate’s work, broken down even W&y UP OI@SG

further. So what’s really going on?

Ka{c mu\{i?\kd > + 5 + 11) + 32 _ 15
eath term /_

inside the . / L 5“;{; d'dhlf changc
Inq e
‘l:;wjm{:hcscs N <«2.7+,\2. 9 $17e 2>+32»'\5 oy S‘(:eg se at

HCYC) Ka‘hc =

S‘"‘Y\ \‘(: \Cd cat’h

{rattion bY
drw\dm?) out the
n m\h {’pY‘S- ° ° ° ° °
denomivaters (4 ,gv «+//2‘ 5+\/2%\\>+32_\5

These F&C'l‘,ors

are all that was @@@ +3%2-15

'C‘F‘t &F{cy— the

denominato Lo
tanteled ou:;s. were  (4+40+11)+32-15 « order of operations

ey A2 .
('\23’\4_ 6,54"\2'\2'\'\)4-32—/\5

Che went on with the

(25)+3%-15
25+9-15
19

you are here »

Download at WoweBook.Com

97



distribute, distribute

Distributing a value over a grouping
doesn’t change a problem’s value

When you take a value and multiply over a grouping, you’re distributing
that value. The distributive property says that if you have two groups
multiplied together, you can simplify the groups, then multiply; or multiply
first and then simplify.

Here’s the piece of Kate’s work where she used the distributive property:

Here’s the work i

insi You simplif
Here's what Kate did. She multiplied {:';)Sldc {;hC. Parentheses ‘Filr‘s":;, az:d
through Livst, then simylificd. \4 en muH:oply_
— )
T~ ™ " (1 .5 11)
] 3 6 12
The 12 outside
the parentheses is 12(i + 10 + Q)
AR 12 " 12 " 12
muH‘,lFllCd with eath 25
number 'msich 12(&)
?arcnfhcscs. 12
These two are the same = 25
working inside the paventheses
fiest or multiplying fiest
....................................................... therejare no
Dumb Questions
Q,: Can we multiply before we do the parentheses? Q: What if there is subtraction or division inside the

parentheses?

A: Yes. If you have a situation where you're multiplying two groups
together, you can multiply and then simplify; or you can simplify and < It doesn’t matter. You just have to keep the same operators

then multiply. after you distribute a value that's outside the parentheses. If a
number is subtracted inside the parentheses, it's still subtracted after
Q- Isn’t the distributive property ignoring the order of the distribution.

operations? .
Q,- So parentheses don’t have to go first?
A: No, it's just knowing when you can work around the order of

operations. Just like with the associative and commutative properties, A: Not if you're multiplying what's in the parentheses by a number.
the distributive property is about working with problems in a simpler, In that case, you can distribute the number over the grouping.

more efficient way. And these properties work with the order of

operations, not against them.

98 Chapter 3

Download at WoweBook.Com



rules for numeric operations

It's time for you to practice your distributions. Take the

expressions below and simplify them in two ways: by distributing,
and by following the order of operations. Which way do you

think is faster for each problem?

2(4-2+11)
4 Y

Distributive Property Order of Operations

Distributive Property Order of Operations

Distributive Property Order of Operations

( 18(110-80+3-22-10) l

Distributive Property Order of Operations

you are here »
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distributive drill

Your job was to take the expressions below and simplify them
WVV in two ways: by distributing, and by following the order of
operations. Which way did you think was faster for each problem?

(2(4-2+11) ~ e 4(2%*790*%*2%) \/
Distributive Property Order of Operations Distributive Property Order of Operations
..... N L T 1~ g v - N - I
.......... oty o owtdadad o ag
............... Y v . S
Which way was faster? Why? Which way was faster? Why?

..... awswcw'-'ijﬁs'“\?" OP"a'Ew"S'Sqmckcr

31,53
J 24(8 12%6 4) w/ & 18(110-80+3-22-10) 3/
Distributive Property Order of Operations Distributive Property Order of Operations
3 _ | S _ 2 _2,20_1¢
243 - 24 4247 - 2142 l”f(f/; %5t 9% ﬂ-) (1980 - 1440 + 54 - 39b - 180) 18(1)

Which way was faster? Why? Which way was faster? Why?

...... | Ehink that the distributive way was " The order of operations was the faster way togo

...... faster since all the fractions went away.  since the numbers worked out in the parentheses

..................................................................................................... o .fut, - the winber nside had bee

.............................................................................................................. u9¢, the distribuive. Properdby -+ -
would've been 7

the way to 90.
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rules for numeric operations

The Commutative Property

You can change the order
of the terms with addition
or multiplication without

changing the results.

How am I supposed to remember all this?
First there was the order of operations, and now
there are all these rules... it's like a paragraph

for each one. I'm supposed to memorize these?

You can memorize some general
equations, not a lot of text.

Remembering all those sentences for each
property is a pain... and this is math, not
composition! Fortunately, we can turn these
rules into some simple equations.

But to do that, we need a way to represent
numbers... we need constants. But what
exactly is a constant?

you are here » 101
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constants stand in

in for a number

A constant is a term used to describe an unknown in an

equation that represents a number that doesn’t change. In
other words, a letter “a” on one side of an equation is the
same number as an “a” on the other side of an equation. The

constant just represents a number.

A constant stands

——

Constants are great for turning specific problems into more
general ones because we can use letters instead of specific
numbers. For example...

This is a very svct,\(:'\c problem, and

isr't easy to vemember

8216

2.8.16 1 equivalent to

Cpapa

c

not easy to vemember

Now, the sycci(:ics of the problem
are not specific. This is a muth
easier thing to remember.

We ean take 2, ~and ¢all [6 o » <

ahd Call i'{‘, “8)".. "
well call 8 o

Go now we tan ¥
£an vearrange num
mu\‘t\\?\\cd This is

wi{',hou{:
At first, it might seem like these letters are just ‘zro\nVJC‘[
as hard to remember as a bunch of sentences.

But let’s make things even simpler:

This is the commuts 4
or mulfiplica{io: Ve property

a*b=>b-a
a+b=b+a

&

This is the commutative property
for addition.

102 Chapter 3
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member that ,wc
bevs if theyve

the commutative

an\f onds.

A general ec[uation
is just a way to
remember rules
that apply to

all numbers in a
certain situation.



rules for operations

You know more than you think... try and match each property

statement to it’s name. Be careful, though... some of the property
names are used twice!

alb+c)=ab + ac

The commutative property
a+b+c)=(a+0b)+c
a*b=>b+a The distributive property
a+b=>b+a

The associative property

alb+c)=(a-b)c

103
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which

SQALLUTI\QWN

Match each property statement using constants to it’s name. Some of
the property names are used twice!

Property name

Property

alb+c¢)=ab + ac

The commutative property

a+b+c)=(a+0b)+c
The distributive property
ab=b-a
a+b=b+a The associative property

albec)=(a-b)c

104
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The Commutative Property

You can change the order
of the terms with addition
or multiplication without
changing the results.

rules for numeric operations

ﬂne Commutative prOperty

mlkighieation
a*b=>b+a
f additic,
a+b=b+a

The Associative Pro]oerty

:;orlrjn (;avr\;_t(;]hagge the grouping of

Ith addition or multiplicati
. ] ica
without changing the outco?ne. o

The Associative Property

moliplication

albec)=(a-b)c

Laddi{:ioh
a+b+c)=(a+b)+c

The Distributive Property

A number being multiplied by

a group produces the same
result by either simplifying the
group and then multiplying, or
multiplying each term within the
group and then simplifying.
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The Distributive ProBerty

alb+c)=ab+ ac
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it's all

Roll the credits...

After going through Kate’s work, we figured out that

she got all the problems right and was the fastest.

2

2)

o

Kate solved the first question using the order
of operations.

After seeing what happened with Jack, everybody can’t just
go their own way, so the order of operations is important.

Kate solved the second question using the
associative and commutative properties before
applying the order of operations.

Kate got done faster and smarter and could make the
fractions much easier.

Kate got the third question right, faster, by
using the distributive property first, and then
the order of operations.

Kate made fractions much easier by distributing;

Jack was the runner up. He learned the order of operations from his first problem,
but he needed some more properties up his sleeve to compete with Kate.

106

(2)

@)

Jack got the first question wrong because he didn't follow the
order of operations.
Jack tried to solve the easiest parts of the question first, regardless of the
order of operations... and completely missed the question.

Jack got question two right by using the order of operations.
Unfortunately, Jack didn’t use the associative or commutative properties, so it
took him longer than Kate to solve question two.

Jack got question three right, too, but he lost the speed
competition again.
The order of operations never let him down, but it slowed him down!

Keep those juc[ging skills Polishec[...

you never know when Math or No

Math migllt need you again!
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rules for numeric operations

Propertycross

Take some time to sit back and burn these properties
into your brain. It’s your standard crossword; all of
the solution words are from this chapter.

MEEEEEEEEEEEEN
AEEEEEEEEEEE B

AcCross Down

1. x,y,z but subject to change 2. Means how many times you multiply a number by
5. Tells you which computation you do first itsef

7. Ord. of Opers. 3. Afractional exponent

8. The a,b,c's of Algebra 4. Property that lets you change the grouping

9. Constantly commutative (includes =) without changing the results

10. Associative property only works with addition 6. Property, addition, terms, multiplication,

and operations, order

11. Property that lets you multiply each term in a
group by the value being multplied with the whole

group
12. Different representation, same result

you are here » 107
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crossword solutions

Propertycross Solution

.ﬂﬂﬂﬂﬂﬂﬂgﬂ
R
%Eﬂﬂﬂﬂﬂﬂgﬂﬂﬂﬂﬂﬂﬂ

T N
PEMIDALS
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Tools for your Algebra Toolbox

This chapter was about numeric
properties that are important to
understand in order to work with
equations.

Th e or dcr O‘F o?cra‘tiOhS

o Parentheses

rules for numeric operations

BULLET POINTS ——

The associative property
deals only with grouping.
The commutative property
deals with order.

The distributive property
handles multiplication of groups.

The order of operations will
always correctly simplify an
expression.

A variable is an unknown that
can change with the problem

9 Exponents situation.
. A constant is a known or

©  Mutiplieation unknown that does not change.

and Division

" l
Addition and Th
Subtrattion e aSSocia-tivC PV'OPCk fy ’
The (,ommu‘{za‘{:i‘/c ‘?Y'OPCY“{',\/ a + ( b
te)=(ay b) + ¢

a-b=>b-a a(b°c)=(a-b)c

b+a
The distributive Property

a+b

/

Al of these propecties

good For mumbers

~

a(b+C)=ab+ac

are
and unknowns-

Download at WoweBook.Com
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exponent OPeréttlons

.Podcasts that spread
* like the plague

that's a good thing...)

*

iTunes totally sucked
me into podcast subscriptions.
Now I only turn the TV on to

catch the latest Lost episode.

Could you multiply that again? Could you multiply that again?
There’s another way to express multiplication that's repeated over and over and over
again, without just repeating yourself. Exponents are a way of repeating multiplication.
But there’s more to exponents, including some smaller-than-usual numbers (and we don't
just mean fractions). In this chapter, you'll brush up on bases, roots, and radicals, all
without getting arrested for any sit-in protests. And, as usual, zero and one come with

their own problems... so jump into a podcasting exponentiation extravaganza.

this is a new chapter 111
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podcast-palooza

Addie’s got a podeast

Pddie, rodeast
voduter
exbraordindve

Addic)s Com?u'{;gr.
Can you say 19872

112 Chapter 4

T've been producing
my own Podcast, but now I need
better quality gear... and new
equipment is expensive!

Pnew CCCC"J(X.\L

Addie podcasts about ctazy celebrities.

Addie’s been getting a lot more listeners lately. To take
it to the next level, she needs new equipment to deliver
an even better podcast... but that takes a lot of cash.

Addie’s got a website to host her podcasts, and she
wants to advertise on her site to raise funds for new gear.
She’s lined up some possible sponsors, but they won’t
help out until Addie proves she can get some real traffic
on her site. Addie needs to:

@ . .monitor the daily hits on her website over
the next 2 weeks.

@ ..prove her site can generate at least

5,000,000 hits in the next 2 weeks!

Wow, that's 3 lot.
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exponent operations

Let’s mobilize Addie’s listeners

Addie knows she’s i
got big fans. Here’ 5
to send out to her 3 top listene:sr-e s a letter she’s worked up

Dear TOP 3 Listeners,

1°m trying 1o get some sponsors for the podcast
so we can buy some new equipment. There will be
some advertisers tracking the hits to the site
over the next two weeks, and we need to have
5,000,000 hits in a single day-

please make sure that you visit the site today
and send this email out 1O 3 more people- It
everyone keeps visiting the site and emailing 3
new people for 14 days, | think we” 1l make i1t!

Thanks,

Addie from the starTalk pPodcast

Write down the e i
quation to figur
the end of 14 da gure out how many hits Addie wi
; e
each day to ViSit);]séraz?tum[;ngleach of her 3 top listeners teIIsV;I:Lget to by
e. Don't worry about solving the equation fre people
or now.
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repeated multiplication

Your job was to write down the equation to figure out how many hits Addie
will get to by the end of 14 days, assuming each of her 3 top listeners tells 3

more people each day to visit her site.

No. of hits = 3 times 3, every day for 14 days

Each day, we mu\{i\?\y by 3, sinte
3 move people get involved.

Wow, that's a lot of threes...
and hard to kcc? up with.

IM Chat: Exponents

~

114

[That equation is HUGE. )

[Well, it's 14 days, and if everybody who gets the

\

Jo

vound Z

Jane email hits the site, that’s 3 times 3 for each day.
[ Hmm, | don't really get why... )
( Here’s an image. Here are the first 2 rounds.
Jane

Ok - so the number of hits on day two is 2
threes multiplied together. And 14 days is 14
threes multiplied together.

Addie — N\ vound 2
Jane \ \

N ! = / vound 2
v

vound |  vound 2

vound 2

vound |

vound 2
| keep trying to work this out with my calculator, but | vound
keep losing count of how many threes I've put in. oh vound 2
nd 2
There’s a better way to do that. Do you o
Jane know anything about exponents? vound 2
da\l 1= > N
e =
John
Exponents are a shorthand way to show
multiplication over and over again. It works with
Jane your calculator, too. Two numbers, not a row of 14.
D John
Jane

I'm lost. What are you talking about?

S

Chapter 4
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exponent operations

Expenents Up (ose

Exponents are a special notation used to express repeated multiplication. That’s
just what we need to figure out Addie’s number of hits without counting a lot of
threes: a way to show multiplying by 3 over and over.

When you see a number with an exponent, it looks like this:

C*Yonf-“{"

ﬁx(J&x *X°*X...* X

base This means mulfl\’l\/ * J

by ikself “a” times.

The base is the number being multiplied (in Addie’s case, 3), and the exponent is the
number of times you repeat it (in Addie’s case, 14). Those two numbers are all you need
to put in your calculator, and you’ll get the answer.

r------- - - - - --=-=-=-=-=-=-=-"=-1"°

EQUATION CONSTRUCTION

Rewrite Addie’s equation using exponent notation, and solve (using a calculator to get the
number is a good idea).

This is the cﬂ\ua{ion for Addic's

I website hits. I
hits = 3¢3¢3¢3e3e2e2e2eTeTeTeTeTe]
[ o |
L |
I .................................................................................................................................................... I
I I
I .................................................................................................................................................... I
I I
L o e e e e e e e e e e e e e e e e e e ]
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exponential simplification

EQUATION CONSTRUCTION SOLUTION

Your job was to rewrite Addie’s equation using exponent notation, and solve.

That's |4 theees!

hits = 3232323030303030303030303e3

3 is the base because it's

| the number being mulfiplicd,\

hi‘[;s = 3'4'4/_\'4' is the c%\’oncn{ betause that's how
I ..................................................................... mah\/ -{;imcs- You m'.‘b?l\/ 3 by i‘{:SCL‘C, .........................................

I / Over & wmillion hits on the [4th day.
h= 3= 4,782,969 That's awesome... but not enough.

That's not going to cut it. T
need 5,000,000 hits to get
sponsorship. I need some help!

Whaddup, girl?
T can help you out... T've
got fons of friends, you
know. Have you seen my
Facebook page?

/

Addie's brother, Alex

116 Chapter 4
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exponent operations

Can Addie and Alex get enough hits?

Alex has offered to send off another round of emails for Addie. He’ll start
with 3 friends, just like she did, and try to help get 5,000,000 hits in 14 days.

To figure out the total number of hits, you’ll need to figure out how to add up
both groups that Addie’s working with. In chapter 2, you combined like terms
to help Paul on his road trip, and this is the same idea. You may remember
from chapter 2 that a term is any part of an equation held together with
multiplication or division. Since an exponent is just a shorthand version of
multiplication, that means exponential terms with the same base and
the same exponent are like terms.

With exponents, you can combine terms that have the same base. Let’s try that
out and see how it works:

Math Magnets

Write the new equation for the number of hits that Addie and Alex
will get. Will she reach 5,000,000 now?

Addie tontatts 3 Lriends... Now Alex eontatts 3 ‘FV'iC'\dSI too.

L

Use » be h{_\:
\\'\ R e L R R T
umoes ok L E%‘?onth{'} with the
1\ = 2( ) same base ave like terms.
v i,
mber of hits

"
| . 14 9,565,938
14 3

Yes

you are here » 117
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mutiplication or addition?

Math Magnets Solution

Write the new equation for the number of hits that Addie and Alex
will get. Will she reach 5,000,000 now?

Addie contacks 3 friends..  Now Alex contacts 3 friends, 4oo.

2

14 E%‘?oncn{‘,s with the
same base ave like terms.

£ Tha‘(:)s
h = 9,565,938 mumber of pit:

Yes

Wait. Why is that
2(3') and not (314)2?

Because (3'%)? is multiplication, not addition.

A term is something held together by multiplication, which
means that the entire exponential term is treated as a group. S 3% s one Lerm,

When you group two like terms together, you’re adding those not two-
terms together. But if you take those two terms and use

exponents (that ? at the end of (3')?), then you’re multiplying,

and that’s not what we want. Look:

Remember — the exponent

means You muH:iFl\/,

/‘@ += 23" e\ (314)2 = 3%« 314-‘_J
This tevm plus'f{his means two of This is just another way to write
term . the same for, mulkiply 3% by itselé 2 times

118 Chapter 4
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exponent operations

Ok, so (3"*)2 isn't the right answer,
but how would you work that sort of problem
out, anyway? I guess we could write out a
bunch of 3's in a big line?

Well, that would work, but that's a lot of threes...

Writing out the multiplication by hand will work; it’s just not very convenient. )
Look how long this thing turns out to be: So many 35

(314)22314.314
=(3+3+3+3+3+3+3.3-3-3.3.3.3.3)(33+3.3-3-3-3.3.3.3.3.3.3.3)

=3 What's the final exponent? Count
__ them up and £ill this box in.

But look, there’s a pattern! Here’s what this means:

b N .
X)) = X te=— — Multiply 2°I4; it's the same thing
( ) \/o: go{:/ when we did it the long way-

We combined those exponents with like bases before. Is
there anything else we can do with like bases?

Exponents with the same base are LIKE TERMS.
That means they can be added, subtracted, multiplied, and divided.

Try division:

314_3.3’.3.6/3./3. +3-3.3:3:-3-3-3
3.7,

3
32" 3°3.3:3:3:3:8:3:3:3-3:8

=3 o 3 K "F You write it ou{:, You an

see how many Faetors you
tan divide out.

Write the general form to combine like terms. We've gone
ahead and done the first one for you.

314
B T A 3 e
(34)° = - (473“‘-32—xa-x”—

Go batk to writing the whole thing out i
You need bo, but You tan -Cigwc it ou‘(:!

you are here » 119
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different powers

Your job was to write the general form to combine like terms.

For division, Yyou tan \')us{‘, subtract
the dcnomina{‘,o\r c%?oncn{‘, ‘(:ro»\
£he numerator exponent (it's just
a c\uick way to (:igwc out whith
ones You divided out). j{

You just multiply the two 343:3+3:3+3:3:3+3:3:3433:3:3+3
expanents toncther. C e

Start b\/ doing it the long way — it's 16 threes.

Alex is flaking out on his sister

Addie,

Sorry, but 1 totally forgot to
send out that email for your
podcast until today. 1 hope you
still make 1t.

Alex didn’t send out any emails to his friends until
the third day. That means he only has 12 days to
get the word out. Will Addie still make it?

120 Chapter 4
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exponent operations

Now will Addie make it? Figure out how many hits she’ll get since
Alex’s email only has 12 days to work, not 14.

Write the new equation and solve it:

Do the exponential terms have the same base? Yes No
Civele one \4_/
Will Addie still have enough hits to make 5,000,000? Yes No
you are here » 121
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like terms?

Now will Addie make it? Figure out how many hits she’ll get since
Alex’s email only has 12 days to work, not 14.

K~ Alex has two fewer days, so that's 12

— 2% 12
Write the new equation and solve it: h=3"+3

What s the general form of this equation? ___ h=x"+x N
5 These tan't veally be combined easily.
o Use xand y as bases and” Sinte.they dont have the same )\
aand b as exponents. exponent, {hcy’vc L‘/_O_T ke Lerme.

Do the exponential terms have the same base? No

[ But Just by 314410
hits. [t's pretty close.

Will Addie still have enough hits to make 5,000,000? @ No

Phew - Alex didn't blow it. So now, I really
can just wait to hit 5,000,000. As soon as the ad
company sees that in a couple of weeks I'm finally
going o snag some gear. Hello, Apple store.
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therel;n‘e no

Questions

Dum

Q: : Why use exponents and not just multiplication?

exponent

Q: How do you work with exponents with different bases?

- Because it can save you a bunch of work. Writing out a value to A: We're going to be looking at those next. But fair warning,

multiply over and over again is tedious and leads to error. And when
the numbers start to get really big (like an exponent of 14), they are
just impossible to deal with otherwise.

Q; Why do you need the same base and the same exponent
to do addition and subtraction?

A: Because they need to be like terms. Remember that
exponents are a shorthand for multiplication. Because of the order
of operations, you can't add two multiplication expressions together
without doing the multiplications first... unless you've got like terms.
If the expressions are like terms, then you can collect them together
into a single term. That's exactly what adding exponential terms with
the same base and exponent does!

Q: Where are exponents in the order of operations?

A: They're second. Since exponents are just a more powerful form
of multiplication, they go before multiplication. So it's parentheses,
exponents, then multiplication and division.

there’s not much you can do to make those problems simpler. If you
have two bases, then there are two things that need to be multiplied,
divided, or whatever. There’s not a good way to combine terms like
that since you've got to keep track of both bases separately.

* What happens if I'm dividing exponential terms and the
exponent becomes negative?

A: Great question! When you divide exponential terms, you
subtract the exponents. This means that you could end up with a
negative exponent. The good news is that this is easy to deal with.
A negative exponent just means 1 over the positive exponential term.
So:

2tis 172,

x®is 1/x®
...and so on.

123
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dark days for addie

There’s always a villain...

The Movie Podcast heard about Addie’s plan to increase
subsribers, and they don’t like it. The sponsorship Addie’s
trying to get... well, it’s money out of the Movie Podcast’s
pocket. So now they’re fighting back.

Dear Top 4 Movie Podcast Subscribers,

The Stngalk Podcast is trying to steal
gdyzrtlsers from us! If they hit 5,000,000 hits
in € next 10 days, our sponsor is i

leave our show. i Jotng to

We need to fight back! Don’t go to the Startalk
page, anq egai Startalk users, telling them
not to either. everybody emails 4 people

we” 1l pull enough hits so that she won~t ma&e it!

Thanks,

Movie Podcast

Every person that hits Movie Podcast’s
page instead of Startalk Podcast’'s page
is taking away potential hits. What does
this mean for Addie’s chances to score a
new sponsorship deal?

124  Chapter 4
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exponent operations

e e
EQUATION CONSTRUCTION |
Since Movie Podcast is going to take away hits, how many will be left? Is Addie going to make it or
is she in trouble? I

Write the new equationand solve it ) |
Don't Forgc{: about what )\
Addie and Alex alrcady id.  reereeeee et e e e et e e e e ettt eaeeeeeeaa s I

Will Addie still have enough hits to make 5,000,000? Yes No

Civtle one

If No, how many more hits does Addie
need to get to 5,000,000?

Write the equation in general form:

How many different bases are involved? 1 2 3
How many different exponents? 1 2 3 I
e S
you are here » 125
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more exponents

r-—-=---- - - - - - - - ----=-=-= |
EQUATION CONSTRUCTION SOLUTION |
Since Movie Podcast is going to take away hits, how many will be left? Is Addie going to make it,
oris shein trouble? I
Addie’s orignial hits \ fA‘C*,S email (two days late) I
D W Movie Podeast’s email:
Write the new equation and sobveit: b =37 437 =47 0 dayslebtaa st |
emails eath.
Uh oh. Movie Podeast - h=4762,69 + S3LAK - LOX8ETE I
made enough of a den{:\
to push Addie below the b= 4—'2'65’334— ................................................................. I
numbers she needs. I
Will Addie still have enough hits to make 5,000,000? Yes
Less what she has now I
The number of hits (thanks o the folks at |
she needs \‘ Movie Podeast)
If No, how many more hits does Addie
needtogetto50000007 5000,000 - ALUSE = ToIbY o |
Addie needs {o tome |
wp with over 100,000
new hits! I

Write the equation in general form: h= 3% 432 _ 4l

£ The new teem has 8
................ b=ty o dibfevent base AND A

These are the same from earlier — // ditfecent “\70,\5,\{-,.

same base but diffevent exponent.

Since Addie and Alex sent Lheirs out to the same
number of folks, {:hc\/ have the same base. Movie
Podeast sent it out £o more people with less time. ?

How many different exponents? 1 2 /@
That's why we have three diffevent vaviables listed for the
exponents. [t also means that they can't be easily tombined.

I

I

How many different bases are involved? 1 @ 3 |
N I

I

I

I

I

126 Chapter 4
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exponent operations

Since those terms have different
bases, they can't be combined as
variables, right?

Different bases = NOT like terms.
Terms with different bases are not like terms (regardless of the exponent).
They just don’t have anything in common. As exponential terms, they’re
not multiplying the same number, regardless of how many times. &
AS we Saw an\\C")

they've only like
{cv\vlns if the base

AND the exponent

ave the same

You can’t add exponents with different bases

If we just talk about the bit of Addie’s equation that has two terms, it
looks like this:

This is Juf{ a piete
of Addie’s equation.

You know that you can’t add or subtract these two because they’re not
like terms. Multiplication and division don’t work either. Exponential
terms being multiplied together just get written together, like this:

xb (yc) — xb .yc — xbyc

These ave all same thing, Jusﬁ 1//
written differently, but you tan t

tombine them at all.

Why can't we just
mush everything all
together, like (xy)°°?

you are here » 127
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exponents

The order of operations says exponents FIRST

You can’t split up bases and combine different exponents because each base has
to stay with its own exponent. The order of operations says that exponents go
before multiplication. That means the exponents have to be simplified before

they can be combined with something else.

OK

xb<yc> — xb .yc — xbyc

A e

These ave all ok
because the exponent
S'ans with the base.

This s NOT ok.

- @&RA\N
TAwWEWwR

Test it out with real numbers - try 32 and 42. Can you show that (3?)(43) is not
the same as ((3)(4))@® without working things all the way out to the answer?

therejare no
b Questions

Dum

Q: Do | really have to memorize all of these rules for working
with exponents?

A: No, because you can always work through these equations by
working out each term separately. But if you can remember these
rules, you'll be able to combine like terms and solve equations more
quickly. It's much easier to combine terms and do one calculation.
That's a lot better than working out a ton of terms separately,
especially if the terms can be combined because they're like terms.

Q; What if the bases are different and the exponents are the
same?

128

A: Well, there's a little bit you can do there. If the exponents are
the same, then each term is being multiplied the same number of
times, so you CAN mush them together, like this: x"oya = (x\/)’

It only works because of the commutative and associative properties.
This is all just multiplication, so you can mix up the order, and it will
still work.

Q,: So what about that Brain Power? How could you show it
without solving the math?

A: You can do it with variables, so instead of 3 and 4, let's use x
and y. Then we have x%* = xexeyeyey and
(xy)@C=(xy)b=xyexyexyexyoxyoxy = XoXoxoxoxoxoyoyoyoyoyey
You can just look at those two and see they're not equal.
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exponent operations

But what about all those hits I need? I need
734,166 more hits, and T only have 9 days

left. I can't lose that sponsorship, or who
knows how many subscribers T'll lose, too.

Addie needs another round of emails.
But how many does she need to send out? Addie has only
9 days left and she needs to figure out how many emails

she needs to start with today to make up for the campaign
that Movie Podcast’s running.

We've got to work our exponent “backward”

Let’s go back to Addie’s equation. We’ve got different
information this time: the number of hits we need and the

number of days left: Number of |
emails

Per day per pevrson

no. of hits

Thc humbcy-
days

This is the general form
of the original equation.

-

Now we fill in the things we know:

T34 1bb

«
o
R

34166 =

Now we need o solve for x.

What do I do with
that? I can't solve for
a base.

you are here » 129
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roots are inverses, too

A root is the INVERSE of an exponent

We need an operation that can unravel an exponent. So when we have the

exponent, what’s the base to get a certain answer? Well, that’s the root. When Addies equa Lion.
you find a root of something, you’re finding the number that can be

multiplied over and over to reach the final number.

For Addie, we need take the ninth root of both sides of her equation. That 73+)I b6 = )(7 ﬁ

will isolate # and give us a numeric value on the other side.
We'need the 4

root heve.

This is the Co\“fbon —

we started with 734,166 9
’ = X

£ We take the ninth voot of both

Y T34,166 =20 i T e e o
9/ 734,166 = x

How did you figure out
that crazy root? Do you have
to be some sort of times-

table genius?

We know this side needs to be x betause
+he voot and the C%Voncv&: are the same,
and they cantel eath other out.

Rosts Up Clsse

It’s time to pull out a calculator. Look closely—you can punch any root of any
number in there and get a solution. Most calculators have a way to punch in both

a root key and the root you want (like 9 or 3). A
sk a teather, of

Let’s look at a little closer at roots: look this up in Your
¢aleulator’s instructions.
The little ('\ndcﬁinuw\bf;c This s\lmbo\ is called
shows how many hmes T the vadical. |t means
voot needs to be mulkiplied ‘N / ‘(:ind—{’:h—c’\roo{:

(in this ease, 2 —= Y9 =3

he

37’ = q (SCC 'l'- /Q o

conncc{\on?.) This is the rgtii-

If you wanted to read this, you’d say, “The second root of nine is three.” The
actual root is three, and it’s the number that you multiply twice by itself to find the
number under the radical. So, to find the ninth root for Addie, all you need is a
calculator.
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exponent operations

It's the moment of truth. How many more emails does Addie
need to send out? Is there any way she can pull this off?

Is there any way she can pull it off? Yes No
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exponents and roots

It's the moment of truth. How many more emails does Addie
need to send out? Is there any way she can do it?

Punth this into your caleulator and \/

\/ou," 5:{: a number \You £an use.

Solve AdiE’s TOOT: ... . i iiiiie e ” BAbb = %

This number goes on and on, but
thi 1s enovcp 4o get theidea

She needs to send out 5 emails in the fivst vound.

How many emails does Addie need to send out? 2 o X o0 o T e L .

is i £ those situations where Yyou ,
b o oot the contert of the problen. _She needs more than 4 so thabss

The answer heve isnt & 4849 emails. ——7

Is there any way she can pull it off? No

Addie ean also veeruit more of Alex’s
[ Lriends if she needs people to send mail to.

o O T'll get those mails right out.
9 c[ays later...

You’'ve helped Addie land a big check!

Addie’s site cleared 5,000,000 hits, no problem. Her
sponsorship deals on, the subscribers are pouring in, and
Addie’s off to get some great new gear from her local
Apple store. Next up... a video campaign on YouTube!

132 Chapter 4
Download at WoweBook.Com



Qj Just put the problem in a
calculator? Is that for real?

A: There are actually several ways to find
roots of numbers. There are tables where
you can look them up, there’s even a way

to find them by hand that looks like long
division. But honestly, they're all really old

school. For most folks, a calculator is perfect.

Another way to get near the root of a number
is to remember the perfect squares (2x2=4,
3x3=9,etc.). Then you can get an idea of
what numbres might at least be close to
what you're looking for.

Q; What's the inverse operation of
exponents? The radical?

A: Not quite. It's finding the root. The
radical is the symbol for the operation. It's
just like the dot symbolizing multiplication.

Q,: What if | see a radical without an
index number?

A: Assume an index of 2. That's the
square root. It's convention that if there isn’t
an index, then the equation is talking about
the square root.

Q: Can you have a fractional
exponent?

A « Yes. That simply means you should
take the root of the base. For example, if
you see 1/2 as an exponent, it means square
root. 1/3 would be the third root, and so on.

therejare no
Dumb Questions

Q,: My calculator doesn’t have a 9th
root button, what do | do?

A: You can write a root as fractional
exponent. So, a ninth root can be written

as T34, 1bb Of 346607

Most calculators have an exponent button.
So you could just put in a root of (1/9) and
get the same answer.

Q: Will I ever need to solve for an
exponent and not the base?

A: Not anytime soon. There are more
operations out there that you can use to do
this sort of problem, but they’re well beyond
this book. Don't worry about it for now. (Isn’t
that good to hear!)

Q: What about an exponent of 07

A: Any number raised to the 0 power is
one. Why? If you go back to the division

of exponents, you subtract the bottom
exponent from the top exponent. If you end
up with the same term on the top and the
bottom, then it's the base to the 0 power.
That's always the number “1.”

Q,: What about an exponent of 1?

A: Any number raised to an exponent of
1is itself. That means an exponent of one
is implied over EVERY number and EVERY
variable. It can come in handy sometimes to
know that.

Download at WoweBook.Com

exponent

Q,: Can an exponent be negative?

- Yes - it means that it's the exponent in
the denominator. So X = 1_
)(Z
That ties right in with subtracting exponents
again. Since there’s no exponent in the
numerator, it's a negative exponent.

Q,: Can you use negative exponents to
get rid of fractions?

A: Yes. If you have an expression with
fractions in it, you just rewrite the expression
with the denominators as negative
exponents. This really only helps if you find
working with exponents easier than working
with fractions. Of course, some people prefer
that, and it's a perfectly okay way to work.

This also works the other way: if you think
fractions are easier than exponents, just pull
out all your negative exponents and rewrite
them as fractions.

Q,: I've heard of something called the
principle root. What's that about?

A: When we talk about finding roots,

we're actually talking about finding the
principle root. That's the positive root of a
value. There are other roots to numbers, too,
though. The most common is the negative
root. For example, the principle square root
of 9is 3, but -3 is a square root of 9, too,
since (-3)(-3) = 9.
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exponent cross!

Exponentcross

Raise yourself! Can you get all the words?
They’re all from this chapter.

Across

2.Any number raised to an exponent of zero is
4. Exponents are a faster form of
7. The number of times that the base gets multiplied is the
8. Any number raised to an exponent of one is
9. A fractional exponent is actually a
10. The inverse operation of an exponent is a

134 Chapter 4

Down

1. A negative exponent means that the exponential term can be
written as a

3. Another word used for exponent is

5. Exponents with the same base and exponent are

6. The number in an exponential term that gets multiplied
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exponent operations

We’ve written the exponent operations that we’ve been talking about in
terms of general variables. Match each expression to it’s simplification.

Variable Prqblem The simplified version

xa-b

xa_l_xb xa—b

22X — x°
The expression is
already simplified.
x a
y b
you are here » 135
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simplify the expression

Variable problem

xa.xb {_\
a-

Since these av
(4
not the same X\\

base and the x¢ — xb

Same C*POhcw(;,

t xa+ b Heve \/;:;‘;dd;
hCV‘c's ho{:hjh comen '
€lse You ean dg
x a
x b x a
X'+ X ’ xXe- b Subtraction works
heve betause You have
the same base and the
T same exponent.
like terms.

2x

These ave not the

same base or the x°
same exponent, so

theve's nothing You
tan do heve, either. &

b

a_xa

SQALLUTI\QN

We’ve written the exponent operations that we’ve been talking about in
terms of general variables. Match each expression to it’s simplification.

The simplified version

Raising an exponent
X to an Cﬁ‘?ov\cn{; is \')us{:
more multiplication.

The expression is

\/—/ already simplified.

136
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BE the caleulator

Your job is to hilzy caleujator and erunch
the numbers like your ca]eulator would.
You']l need to apply what you just
learned ahout negative exponents
and raising hases fo zero. And
since you're playing caleulator,
don’t use one!

[ \s
| ‘(:rcc ‘bo \7\:&, n cv\ua
f\“ns 3 few times - these /22\4_ yi_
LE\A\d {‘A\ic a gcw s{',q)s.

Tr\/ and tome wp
with two ways to ,
approath this one. 5

? ..................................

There are a few
diffevent ways to do
this one too — tome up

with two if You ¢éan. D{

S O —

exponent operations

Just remember your exponent

properties... v
1,467° + 1,856"' =

you are here »
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be the calculator

BE t})(“/ calculat@t Any number 4o Any pumber vaised to

Zero is one. ne is i Ik
Your job is to lﬁ(lzy calculator and erunch \c/ e )be
the numbers like your ca]eulator would. v 1
You'll need to apply what you just 1.467° + 1,856 = ¢
learned about negative exponents | + 1,856 = 1857
and raising hases fo zero. fnd e

since you're Playmg caleulafor, e
don’t use one!

All theve is 4o do is simpl:
implify th
These numbers can't be added ﬂ ( cxPDChﬁs and then add thm. :
- \ {;\\ same
W‘H‘M: mg ‘ch: same base —;12 2° = 2:2+2:22=4+8 —Klz\/
exponent an +2°=_  Fit1l:l°1 =Tte =
d When You multiply expo ts
ms ave the same base an Ply exponents,
E“EE;‘E:I, csﬁYoncn{:S; but that's ok ) / You ean add them up ‘C'VS‘E-
Gnte we've multiplyiny 2%.2°% = 223 =2°=132
\ The thing to remember to do
¥ didnt have to do 2 heve is subtract the exponents.
ow
s, buk there wsm a gl oL
few vioht options: 5_7 _ T g Then, just treat that negative
0 T N T exponevt 383 devoming e ‘(:\rac-{;ional

s7-1=5-2 = 0.04 — notation or decimal both work).

. tive The vesult ; .
iLe the frattions as nedd esult is that you will
ok ben 2 D ki
ThCV'C avre 3 ‘FCW ‘H’\YC same basc ay\d {hc same
different ways to c%\’ov\cnb they ave like terms.

do this one too. | )
33437 =2203% = 7,(—-) X
— % TR e e 2127
yA 2 &—— You tan vetognize them as like
Pri _5 Lerms as frattions and add
T e LA them Sicst, then simplify.
1 + 1 - z ) Yf’u tould simpliac\/ them fivst,
27 27 27 without £aking advantage of

TSR OO R PR SRR SOUUUPPPPRRPRON expanent vules............leevennnn.

138 Chapter 4
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exponent operations

Exponentcross Solution

you are here » 139
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exponent toolbox

Tools for your Algebra Toolbox

This chapter was about numeric
properties that are important to
understand in order to work with

equations.
L
E*\’Ohcv\{:ia\ terms R
c*?ov\c“’(« o a
Z_ Xy = (xy)
( . x@ S x * x ® xooo ® x (xa)b:xab
base N This means wuldiply * by i U o
“a" Limes- F _ xa ., o

Yt x° =]

€Xponential
€rms ol: fhc Same

These are the e

neval £,
oPerations for 2x|>oncn{:z:|mz e
base and di‘F‘FCV‘en‘(: bases.

BULLET POINTS

To multiply exponential terms with the same base, just

®  Exponents are shorthand for repetitive multiplication. =
add the exponents.

= The base is the number that gets multiplied.
= To divide exponential terms with the same base,

. . , .
The exponent is how many times the base is subtract the exponents,

multiplied.
To raise an exponential term to an exponent, multiply

u
= To add or subtract terms with exponents, they must
the exponents.

have the same base and the same exponent.
Rules for dealing with exponents apply to numbers and

u
= Adding and subtracting those terms is just combining )
. variables.
like terms.

140 Chapter 4
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5 graphing "

“A picture’s worth
*1,000 words *

T'll capture a lot more than
a smile with this snapshot,
Jjust you watch.

Sometimes an equation might be hiding things.

Ever looked at an equation and thought, “But what the heck does that mean?”
In times like that, you just might need a visual representation of your equation.
That's where graphs come in. They let you look at an equation, instead of just
reading it. You can see where important points are on the graph, like when
you'll run out of money, or how long it will take you to save up for that new car.

In fact, with graphs, you can make smart decisions with your equations.

this is a new chapter 141
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yard mowing and financial planning

Edward’s Lawn Mowing needs help...

Edward has been running his own lawn mowing and bush
trimming business for a couple of years now.

Here’s what his business looks like now:
* Edward charges $12 per lawn.

* Edward has 7 current weekly customers.

* Edward mows each yard once a week.

S
N

Edward gets paid weekly.

This 18 Edwa\’d'

W Edward’s Lawn 9ervice s

Edward has a list of new things that he wants to buy so he can

Edward’s d)’ihg for expand his business—he’s thinking long term. He’d like to find
Séme enhancc».ch{:s o out when he’ll be able to purchase each of these items:
'S mower-.

¢ Blade sharpener: $336

€ Hedge trimmer: $168

¢ Bagger attachment: $504

142 Chapter 5
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graphing

T need some help. I've got
to do some planning, but I've
got no idea how to do that...

Edward needs help to SEE what his
financial future looks like.

Ed wants you to help him plan out when he can make
future purchases, help him decide how fast he needs to add
clients, and get his business financials organized.

You have all of Ed’s information, his income and his
clients, and a list of things he wants to buy. Sounds like an
equation just waiting to happen...

BRAMN
ARKREL L

Using the information that Ed has given you,
figure out the general equation for his income
over the next weeks and months.

ev o’ for

Use the letter,
Esdc’s cash and £ for {-’M\

n\m\\)cv‘ o‘(: weeks-

R~ Just do Your best, and turn
the Page when \/oulrc ";h\rough-

you are here » 143
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general equations rock

BRANN
BARKBEL L SQLLUTIQN

Using the information that Ed has given you,
figure out the general equation for his income
over the next weeks and months.

This is what thanges, we’l|

This is how muth Ed has mad‘c ?}VC“ call it 4 ¢ _
some length of time, call it “C. for time).
oo [ Ed's tash = all lawns in 3 week times cost per. lawn times weeks
! Z k\_/
_ e makes il /_r .
This 1s k",‘?‘.“.'.\..“.&:&:; Tlawes:... ... C— ( 7 ,2'){: .........................................................
per \awn, and he
.................................. G Bt e
Now Ed can know what his cash is at ANY time
The general equation that you’ve written can work in two different ways
because you have two variables. If Ed has a time when he wants to know
how much money he’ll have, you just substitute that time for #, and solve
for €. Or, if Ed knows how much money he wants, you can tell him
when he’ll get there by substituting the amount in for € and solving for &.
So when can I get
o o that hedge trimmer?
Substitute for C, solve for t.
Just substitute the value of the hedge
trimmer in for € and solve for .
Ed’s geneval cash flow equation
Z—hishc/;ibaé trimmer C = 84t
osts £/6@.
T T 168 = 841
84 e
ill £his in
‘CI‘ :t T\'\ls is how may\\l WCCkS Ed .
K/ needs to eut lawns to 55{" his
hedge trimmer. 2 Jamsuy

144 Chapter 5
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graphing

Ok, great. But what about the
blade sharpener? Or the bagger?
T need to know when I can start
thinking about those, too.

Figure out how many weeks it will take for Ed to earn enough
for the blade sharpener or the bagger attachment. Then Ed
will have an idea of what he can do.

Time for a blade sharpener:

145
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ed’s financial future

Figure out how many weeks it will take for Ed to earn enough
for the blade sharpener or the bagger attachment. Then Ed
will have an idea of what he can do.

SO S5 %SO
This is cxac{:ly the same protess we did 22p = ﬁ(ﬁ
before: We plug i how much eash Ed needs, 0% B .

.......... a.'.\a .{.Hé.h. .S.bl‘}.c. :Foy- numbcv‘ O‘C wcc’(s] {_’

Ok, so 4 weeks to save up 4=¢

for “the blade sharpener.

Well, it makes sense that it would take +he
longest o save for this one, the bagger is 1504

Great, we get it, okay? And if Ed wants a

edger, we do it again. New blades, again. And the
next thing, and the next thing... isn't there a way
to NOT do this over and over again?

146 Chapter 5
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graphing

Why don’t you just SHOW we the money?

What if we could come up with a way where we could look up a value, like the
amount an accessory costs, and then see what t was for that amount? In fact, there
is a way to show all the possible “what if’s” that you can have for an equation. A
graph allows you to draw all of the possible points for an equation and then look
up different points as you need them.

Then you can see how much money Ed will have at any given time and tell him
if he can afford something, without having to solve that same equation again and
again. Let’s start by taking the information we know and drawing it on a grid:

Thcsc are ‘Eh e

L= > numbers
ltem | Price (1) | ffow pers that

hq Fu'vc Q'Ycady
B|adc 33b iSWCd out.
sharpener
ta d\raw {;\\csc --------------------
W;h{-:, called Hc_dsc |68 (_\
\;\ot‘c‘ms porks =/ __brimmer

Plot the other two points to
see if you can get a better
idea of what’s going on.

on d S‘f\d' Basgcr oLy
a‘[:‘l:athmcn‘l:

TC(Ed's cash

U
(=]
(]

B
U
en]

I
(=]
(a3}

e and Ith e ©-should
veek linc en sf ick it on {:hc 4‘

e (4, 33¢)

/
(
\\ Eyeball it _ where 334 o

U
S
s>}

98]
jes]
D

N
(€3]
[e>]

N
[
(]

-

(3]
D

-
(=]
(&)

tn
D

t (weeks)
R 3 5 ¢ 7 ¢ 9 10

— Answers on the next page.
you are here » 147
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connect the dots

Now we can LOOK at Ed’s cash pattern

1C (Ed’s cash

(€1
o
(&}

05,504
N

_\_\

N

=N
i
()

I
L=>]
[«>]

w
L
(o)

7{‘ 334 \\ ; :ccm Peice () /i”l
ade

/'_\\

e

w
(e}
()

U
[e>]

sharpener

No

5)
[e]
(o]
)
/
1
X
o 1
9—:
[
1
1
1
'
p——
o |
o
i
1
1
H
Al
i
1

o 2158 ——" {rimmer

Bagger 504 ‘
attathment

—_
(&3]
[en]

—
o
D

(&)
(€3]

t (weeks)

Big deal. How does a bunch of dots help me? T
still don't see any way to find out when Ed wants
to buy something that's worth, say, $245.

What about points that aren’t plotted yet?

We need to find values for dots that aren’t yet on the grid. But look at
the points you've already got... they seem to be in a straight line. If
you draw a line that connects all of those dots, you’ll be able to use it
to figure out different time and cost values.

Like, say, when Ed can afford that $245 pair of noise canceling ear
buds he’s been checking out. Let’s draw a line, and then look up
where $245 crosses our line.

Draw 3 line Ehrough the
Yo\hJ(',S~ Qo ahead-

148 Chapter 5
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graphing

Graphs show an ENTIRE relationship

Once we add the line to the picture of the points that we’ve figured out, it turns out we’ve drawn a
graph of the relationship between € (Ed’s cash) and ¢ (the number of weeks he’s been cutting grass):

® (b, 50%)

o (4, 334)

t These are
the same ?o'm{:s that
we plotted earlier

o (2, 14g)

There’s something else that covers the entire relationship

We also have an equation that covers the entire relationship between € and ¢:
C =64t

It turns out that what we have—the graph with the line and everything—is
actually a graph of the equation. It shows us the equation and lets us look at
how € and # are related.

On top of that, this graph shows a trend for the equation: the general direction
that the relationship is heading. Ed’s graph is trending upward. That means he’s
going to have made more money as time goes on (meaning he’ll keep moving
lawns, save more cash, and so on).

Now, when Ed wants to buy something, he can just look up the value for C he
wants. Let’s see exactly how that works...

149
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graph your equations

BE the planmer

Your job is to play financia] planner. Use
your cash-flow graph for Ed to figure out
when he can make some future purchases.
You should not need to do ANY
computations this time - the graph
will do the work for you!

® (b, 50%)

C = 84t

® (4, 334)

® (2, |4g)

How Jong unti] Ed can get those $245 noise canceling ear huds?

k’ Don't get freaked out about exact numbers
heve — \')us{ gcf 4o the tlosest week.

150 Chapter 5
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Q,: Is the graph of the equation the line
or the points?

A: Both. A line is made up of an infinite
number of points. So the points that we
computed for Ed were just a few from the
relationship. Once we draw a line, that's the
graph of the entire equation.

Equations and graphs both demonstrate

a relationship between variables. In this
case, the variables are C and t. Graphs and
equations are just different ways of showing
the same thing.

Q: How do | know where to plot my
points if they don’t fall on an exact line
on the grid?

A: Don't stress! Just look at the numbers
on the axis (that's the line at the edge of

the graph that tells you what numbers go

on what grid line) and estimate where your
point should go. As long as you're consistent
about being close, the graph will be good
enough to use.

Another thing to think about is that graphs
won't always be as big as Ed's is. He's
thinking pretty long term. If you've got a
graph that you can work with just between
0 and 10, for example, it's going to be much
easier to be exact with that smaller range of
numbers.

thereqare no R
Dumb Questions

Q; What's is exactly is a trend again?

A: Atrend is just the general direction
of a line. If a graph is heading upward, that
means that as one variable increases, so
does the other. And if the line is heading
downhill, as one variable increases, the
other variable decreases.

Q: How do | know which number to
plot using the bottom axis, and which
number to plot with the side axis?

- Usually, each axis on your graph is
labeled, like “time” or “number of weeks” or
“Ed's cash.” Once you see that, you'll be able

to plot each value along the right axis line.

If not, you should label them! If your
equation is in terms of x and y, then the x is
horizontal and the y is vertical. In the case
where your variables are different, hang
on—you'll be learning how to identify the
structure of a linear equation, and then you'll
be able to see which variable is acting like
the x and is horizontal.

graphing

Qj Can a graph show any variables?

A: Just like with equations, you can

use any variable you want. x and y are the
most common, with x typically being on the
horizontal axis, and y on the vertical axis,
but you can use anything you like.

Q: Do we have to figure out the points
first every time? Or can we just draw the
line right away somehow?

A: You don’t have to always plot points
first. We're going to learn some methods
that you can use that don’t require ANY
computations at all. Then, you'll be able
to graph an equation by just looking at the
equation. But you're going to need some
more information first...

Q: Can a graph show any variables?

A: Just like with equations, you can

use any variable you want. x and y are the
most common, with x typically being on the
horizontal axis, and y on the vertical axis,
but it can be anything.

A gra]oln and an equation are just

different ways of looking at a

relationship between two variables.
P
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project the future

BE the plmer solufion
Your job is to play financia] planner. Use
your cash-flow graph for Ed to figure out
when he can make some future purchases.
You shou]d not need to do ANY
computations this time - the graph
will do the work for you!

C ={34'Jc

\

A new blade is f‘g’s

For the ear buds -
start at 1245 here
and vead down otk
the line

How Jong unii] Ed can get those $245 noise canceling ear buds?

After 3 weeks

152 Chapter 5

Download at WoweBook.Com



graphing

Ok great, now I can
see what's coming up
and plan some expansion.

The graph gives you all the answers.

Just by looking, you can let Ed know the details about
when he can afford things. Now he’s going to get
started with his mowing season and save up to buy
new lawn accessories.

° TS bagger

C = e4t

e blade sharpener

E ar\)uds

But sometimes tltings cltange... like
lturting your leg in a freak weed
whacker accident...

153
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new circumstances, new equations

I broke my leg running over a
pothole, and it's going o be 10
weeks 'till my cast comes off. But
my customers need their grass cut!

Ed needs to subcontract.

Ed can’t afford to lose all of his customers

this early in the summer. He’s only 3

weeks in and will be out of commission

for 10 weeks. Luckily, his brother agrees

to help him out... for $19 alawn! <« —— Ey. brother

Even though Ed only gets $12 a yard, knows that
Ed’s desperate, so he’ll have to make up Ed is stuek/
the difference on each lawn out of his

own pocket.

Ed has 3 weeks worth of lawn

mowing money in the bank now-..

A new situation needs a new equation

Ed need to know how much money he’s got in the bank and how long he can afford to
pay his brother. Ed was charging $12 a lawn, and his brother costs $19, so it’s going to
cost Ed $7 extra per lawn until his cast comes off.

‘ Can Ed afford to pay his brother and keep his customers?
You need to work up a new graph showing Ed’s new situation—paying
money instead of making money—for 10 weeks.

‘ Will Ed run out of money before his cast comes of f?
This 1s only a 10 week situation, but Ed doesn’t have a ton of cash. At
the end of the 10 weeks, what will Ed have left?

154 Chapter 5
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graphing

Work with Ed on a recovery plan. You need to figure out what Ed has, what it will cost him to hire
out his brother, and when Ed will run out of money.

Write Ed’s new cash equation:

Use C and + like we did before — but you
also need to keep in mind how muth money Ed
S‘E8Y£Cd w“a\ ahd Sub{\‘ac{ W\'\a{', F\CJ" S?Chd ......................................................................................

When does Ed run out of money?

That will happen when C = O

Will his cast be off? (circle one) Yes No

If Ed will still be in a cast, how can you figure out how far into debt he’ll go?

Just Jjot down some ideas — no numbers oy

any{:hing -of ways You eould (:igwrc it out.

you are here » 155
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equations predict the future

Work with Ed on a recovery plan. You need to figure out what Ed has, what it will cost him to hire
out his brother, and when Ed will run out of money.

Ed’s Cash = Ed’s savings + Ed’s income — Ed’s brother’s cos

Ed made 7*12 a week for 3 j ( Ed’s brother = 19 per lawn*7 = 133
This is “C” weeks, that's 3¢7¢|2 = 252 84t Jawns per week = 133t

We (:igwrcd this out last time \/

C =252 + @4t - I133¢

N
C=1252-49
When does Ed run out of money? 0=1252-49%
If we solve the equation for C=0,”
the t will be when that happens. 49t +0 = 252 - % + M.{:
49% =252
“This decimal goes on For 3 while, bt it doesa't 'ﬁ' ' ;7?_ """""""""""""""""""""""""""""

matter. What \/ou'\rc after is the number of

weeks, s0 5 is the answer weneed. T~ _t=5142. — 00—

Yes <— Ed’s east is s{;aying on for 10 weeks, so

he’s only going to be halfway through that

before he's out money.

If he'll still be in a cast, how can you figure out how far into debt he'll go?
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graphing

How can I see how far into debt I'm going?
Can you make me another graph?

GRAPH
IT!

C (Ed

Draw a graph of Ed’s new equation.

C =252 - 49
£C=0, thent =5142
You need one more point, so you can draw a line. Try setting t = 0; it's easy

to solve for. Once you plot those two points, you can just draw the line,
and that’s the graph of the equation.

&~ HCY‘CJS some WOYkS\’a(fC
........................................................................... “c \IO\A V\CCd l‘{',

[S]
(e}
(]

I
U
(]

I
<o
(]

(o8}
(€2
o

UJ
=]
(]

NI
(]

N
[en}
(e}
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graph it

GRAPH IT!
SOLUTION

Draw a graph of Ed’s new equation.

C =252 - 49
£ C =0, then t = 5142

You need one move point so You tan dvaw a

C =252 - 49¢

252)
° (0,

C =252 _ 49¢

/

(5, 0

line. Tey setting t = O; it's easy to solve for.

Ed gets his tast

Q/ off at week |0 _

s0 how muth will he
owe? Can we read
this off the 9raph?
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graphing

We need to expand the graph fo read
that last value, right? If the C values went
lower, that would work... but he's in debt,
so C will be less than zero.

The Cartesian Plane allows values to go BELOW zero

Lots of graphs need to show negative numbers. The math standard for a
graph is called the Cartesian Plane. Using the Cartesian Plane, both
of the axis values can go negative, which means your values can also be
negative, or less than zero.

Here’s what the Cartesian Plane looks like:

p This is the

This is the - ks
°\uadvav\£ mmbecioty 7
¢ .
81 QuadY‘An one 1S
1 wheve all of the
ll 6 I values for the ‘
C\)uadkanf two is 5 ‘5*3\7)" are yosihvc
a":}iCV‘C {:hc X Va’lACS 4+ This is the OY‘iSin,
y V:lheaafive and the 3T 4he very tenter of
ues are Positive, ?K{')\c graph ﬁ\ e the
' X x-axis

10987654321, 12345678910

Il il IV

Quadvant three is 5l

wheve al\ the values 61 Quad\ran‘{: ‘("ow is
are nega{:ivc - % 71 wheve the » values
and Y Bt ave positive and the
S y values ave negative.
104

We need negative values

for Ed’s debt equation...
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the cartesian plane

Let’s graph Ed’s equation on the Cartesian Plane

Just because we started with a smaller portion of the plane for Ed’s graph doesn’t mean
we need to stay there. If we put Ed’s graph on the Cartesian Plane, we’ll be able to read
off the value we need and figure out how far Ed is going to go into debt.

When we first started with Ed’s graphs, we just made up a grid and plotted the points
we knew. Each point was actually an ordered pair: one number followed by another
number. We write those like this: (0, 252). The first number is the horizontal number,
the second is for the vertical, and the parentheses say the numbers are connected. So
cach point for Ed’s graph is (¢, €), where ¢ is time, and C'is Ed’s cash:

On the standard

1C(Ed's cash)  Cartesian Plane -
2 e his is the y—axis

C=12% - 49t | For this .
\j 0. need ‘60 Po'h‘é/ yOu
and Jo over
0 252) up 252
"7 2001
100} [~ Ordered paic

(5.0 eet

On the standavd
Cavtesian Plane —
this is the »—axis

10987654321 12345%78910
-100+

-200¢

-300+

-400+

-500t

Ed’s graph has two INTERCEPT points

A linear equation is an equation that expresses a relationship between two
variables—like the relationship between Ed’s cash and time. The line that
represents a linear equation has points where it crosses the x-axis and y-axis,
called intercepts.

Where € = 0 1s the #-intercept, which 1s where the line crosses the #-axis. And
where ¢ = 0 1s the value for the C-intercept, where the line crosses the C axis.
These intercepts are usually called x- or y-intercepts because x and y are the
standard labels for the horizontal and vertical axis lines.
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graphing

Hey, how can you just extend the
lines into those other quadrants? We
don't have any points to plot over there.

Lines go on forever.

After you've figured out any two points for an equation, you can draw a
line through those points, and you’ve graphed your linear equation. But
lines don’t just stop. If nothing changes, they’ll go on forever—to infinity.

It makes sense that two points make a line, but why? Because to be a
specific line, you need a point and a direction. If you plot just one point,
you can draw lines in all different directions that go through that point.
Once you've picked a second point, you know which direction that line
has to go to hit both of them.

To graph a straight line:

6 Plot two points that satisfy your equation.

6 Draw a straight line through (and past) your two points.
Lines go on forever in both directions, so the line you draw has to go
past both of your plotted points.

e Add arrows on both ends of the line.

The arrows indicate that the line goes past the part of the equation
represented on your graph.

The truth about linear equations...

A linear equation is an equation that defines a line. That means any equation
of this type, when you graph it, will produce a line. You can identify a linear C=1252 - 49¢
equation by looking at it: if it has one or two variables, those variables have an Q f
exponent of 1, and all of the terms are constants or constants multiplied by
variables, it’s a linear equation.

Ed's co\ua{:ion is lineav:

The tevms ave all either
one of the two vaviables
Once you have looked at an equation and determined that it’s linear, plot two mul{i‘?hcd b\/ a tonstan
points and draw your line. Start by setting one variable to 0, and solve for the or \')usjc a tonstan

other variable. Then flip the variables: assign the second one to zero, and solve

for the first. This will give you your two intercepts. Then you can draw a line

through the intercepts, and you’ve got your graph!
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bullet questions

Q: Why are intercepts such a big deal?

A: Because they are one of those

things that makes life easier. Ever noticed
that when you throw a zero into the mix,
equations seem to get easier? Since the

x- and y- intercepts both allow you to set one
coordinate in an equation to zero, they make
finding a point to plot pretty easy.

Q; I've heard of a table of values, what
is that all about?

A: Atable of values is a more formal way
of solving an equation to get points to use

on a graph. Typically, you set up a table with
columns for the x value, the y value, and the
equation. You plug in values for x and solve
fory, and then vice versa. In fact, that's a lot
like we did with Ed... just a little more formal.

The big difference between using a table of
values and solving just for the intercepts is
speed. You're only solving for two, easy-to-
find points with intercepts, and that's usually
pretty quick to do.

BULLET POINTS

vertical axis.

m  Thetypical variables fora graphare =
x for the horizontal axis, and y for the

®  x-intercept is the point where the
graph crosses the x-axis (x, 0).

m  To solve for the x-intercept, sety=0 =
and solve for x.

therejare no
Dumb Questions

Q: What about equations with more
than two variables?

A: That's a 3D graph, and we won't be
doing any of that! You don’t need to worry
about those types of graphs in Algebra.

Q: Is there a way to check my graph?

A: Yes. The easiest way is to solve for
another point and make sure that it's on
your line. For our example, if you substitute
x = -1 and solve for y, the y-value you come
up with should be on your line. If it's not,
something’s wrong.

Q: Why is that grid called the
Cartesian Plane?

A: This standard form of a grid was
created by a guy named Rene Descartes in
1637 as part of his work to merge Algebra
and Geometry. It works perfectly since we're
going to be creating shapes (like lines) that
can be described by Algebraic equations.

Q; Why are the quadrants written in
roman numerals?

A: That's just the standard way all
mathematicians talk about graphs—using
roman numerals.

Q: Is there a standard variable for
each axis?

A: Yes, typically x is the horizontal axis,
and y is the vertical. That doesn’t mean they
have to be, though. Ed's equation used C
and t, and that was okay, too.

The Cartesian Plane just shows a
relationship between two variables. You
can either swap out the variables in your
equation for x and y, or you can re-label
each axis in the graph.

= Ordered pairs look like (x, y). The
horizontal axis goes first, and then

the vertical.

®  The y-intercept is the point where the
graph crosses the y-axis, (0, y).

To solve for the y-intercept, set x = 0
and solve for y.

Lines are defined by two points and
go on forever.
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graphing

Using the full Cartesian plane, read Ed'’s graph to figure out how
much he’s going to owe 10 weeks from now.

500l C (Ed's cash)

C=1252 - 49¢

; t (Wg\&). Ed’ s (,asjc

J0-5 8 7 % 5 4 3 2 7 8 9(10 ~ omes okk 3
-100{ |0 weeks
2200
300¢
4001
5001

How much is Ed going to owe?

Just get this from the graph. You

don't need a super—exatt number:

After Ed’s cast comes off, he's going to go back to earning $84 a week.
How long is it going to take him to get out of debt?

To solve this, you have 1o 9o back to Ed's /

original equation, C =@e4t
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ed’s going negative

Using the full Cartesian plane, read Ed'’s graph to figure out how
much he’s going to owe 10 weeks from now.

500! C (Ed's cash)

C=1252 - 49¢

100+

ds tast
B otk ot

040 -8 F 6 5 =4 3 2 I
10 wee¥s

100}

) -200}
That’s about -250
-3001

-400}

-500+

How much is Ed going to owe? Edis 9oing 4o be about ,‘lZGO in debt.

C =64t

After Ed’s cast comes off, he's going to go back to earning $84 a week.
How long is it going to take him to get out of debt? —> 250 = é4¢

f‘Z;o is {hc new 'thlhg WCrV'C ‘clndma ou{: ;W\C ................................................
for, so we substitute it into the equation, 250 = A{.‘

................................. Just the vay ve did bekore @R GET
That's just about 3 weeks, wow. That 297. =+

164 Chapter 5
Download at WoweBook.Com



graphing

Well, 3 weeks wasn't too long,
and now that my cast is of f, maybe
I can get more customers and make

up for my lame start.

Ed needs to take on new clients.

Ed needs to get his summer back on track. He’s into June
and healed up, but he owes money and wants to make up
for lost time. Ed’s created a new form where he details
each lawn, so he can give potential customers new quotes.

Ed’s focusing on how hilly lawns are, so he can charge
more based on how steep a lawn 1s. Here’s his new form:

W Edward's Lawn Serviee e
New Custormer Estimate
Customer name
& address:
L\ feo
How docs he | Jope Evaluation: Slope = 0 412
(:igwrc that out?
Slope > 0 *20
Slope <0 *]5
Overall lawn cost: _
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what’s the slope?

Ed’s figuring out the SLOPE of lawns

To make sure he’s consistent in figuring out how steep a lawn is, Ed’s
developed a system. He starts at the street and measures some key
features of the lawn. Then he puts that information together and
turns his information into a number for the slope of a lawn.

Here’s how it all works:

How Far up (
[ P lor down) from
Rise the street the hill goes.

Run m the
Run H W ¥av ovevr ‘cvo
T sJ:vcc’c the hill goes-

For the
. _Rise _ 10 feet wp _
lawn below: Slope = =
Run 5 feet over

W Edward's Lawn SePVICe s

New Customer Estimate

Ed’s slope =

That's 9reater than O, so that

eans this lawn is ao;
" 9oin 1) [ 'l',
720, based on Ed’s ncx?/ Prici:;.

Custormer name »
& adiross: Mrs Ethel P. Humphries, & Infiite Loop

feo

Sope fvelugtion: ~ stope =0 -
stope =0 |0 feet high
P $20 -
(@)
Slope <0 *]5
Overall lawn cost: $20

This is the street heve. 0 feet high
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graphing

Figure out the slope for each of Ed’s new clients and how much he’s
going to charge. Remember: Rise over run!
GI‘&PI] Slope Lawn Charge
« The house is 5
o & feet off Lo?k back at
o the ground. Ed’s chart.
3 The house is
The street 2 & feet over.
level is at O.\; . oo Rise ~
so4 32 L P Ran JE
Bl
3 P
3
-4
5
[y - vy
Rcmcﬂ\bcr
The s.‘cvcct \x The house is O feet N Yos-\lcwc and.
level is at 4 . ofF Lhe ground. ( down 1 negative
2
x Slope = Rise _ _
543 2 ! 34 s Run L
; The house is 2
N feet over. e
3
-4
-5
. This Foih{: is
5 2 ‘FCC‘E up.
The street here * &
. is 2 feet up Ly’ X N
1 4— ‘(:CC‘{'« ovevr . Rise
Slope = = =
sS4 3 2 A L Run L
21 e
3
5
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slope solutions

SQALLUTI\QN

Figure out the slope for each of Ed’s new clients and how much he’s

going to charge. Remember: Rise over run!

X

The street —\

The house is O feet

GY&PL Slope Lawn Charge
The house is
o & feet off
| the ground. Another uphill
3 The house is tlimb, so ;20
evel is at 0.1 . : eet up
5 4 3 2 -1\ 1 2 3 a4 ' SlOpC - EISC - - ' fl 10
4 un 4_ ‘FCC {: over I e

This is a negative slope, so
’s downhill and it's 7 1%-

level is at 4 ) off the ground.
Slope = Rise
5 4 -3 2 1 1 3 4 5 un
. The house is 2
2 feet over.
3
) This point is
5 2 Fcc‘(: uP.
The street here * &
. is 2 feet up- \3 . 5
A& feet over x Rise
Slope =
5 4 -3 2 1 1 2 3 4 5 Run
2
3
5

> = -2 i 15
A wite, %la{; slope,
[ so \')us‘[: i 12 1

0 - 0 {12

Hey, that's a lot of
dough. I'm starting to

168 Chapter 5
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graphing

These slopes are just
lines on a graph, right? So
don't those lines represent
equations, foo?

A line on a graph always
represents an equation.

In fact, if you know one point on a line
and the slope of a line, you can write out
the equation for that line.

How can that be?
That seems too easy.

An equation can take several different
forms... and you can use the form that
helps you out the most.

When linear equations are written a certain way, they
have a particular form. The form is just the order of
the variables, numbers, and operations. Sometimes

a form has two points, and sometimes it has an
intercept and a slope.

But no matter what form of a linear equation you’re
looking at, every line has a slope, intercepts,

no exponents greater than one, and two
variables. Understanding the forms just means
knowing how to interpret the equations and write
them in different ways.

169
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point-slope form

Linear equations in point-slope form

The point-slope form of a linear equation represents an
equation as a point on the line and the slope of the line. So as
long as you know a line’s slope and one point on the line, you can
use the point-slope form:

There’s a lot going on here, though, so let’s take a closer look.

170

" rCPV“C“{ZS the

av\d % are our sl ope of 3 line.

ngo var\ab\cs’ﬁ \/_\ This s an
Point o),
@ Wha‘ts (xl, y1> 'éhc hhc

this?

4

When You see Lhese in an

attual equation, H\:\/ I\
be numbers, like (3, ).

Poiny- Slo}’e

Way Up Clsse
The point-slope equation

C?y—y1=m(x—x1)

These terms probably look a little weird and are a little confusing, Are they
variables or constants? And what are those little numbers?

n o K

Q_ Subst,‘ri\?{} —j

Here’s the deal. The little 1’s below and to the side are called subscripts. They indicate
a specific value of x and y, and since the subscripts are the same, they indicate that those
x and y values go together. So here’s an ordered pair:

(xl’yl)

This pair represents a point somewhere along the line. It can be an intercept, but it doesn’t

have to be. With any single point you can still write the equation.

Since they’re a point on a graph, they are also constants, not variables. So in the point-slope
form, you’re taking an ordered pair that represents a point on the line and splitting the two

numbers of that pair up in the equation.

Chapter 5
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graphing

How does a point and a slope get you a line?

You've actually already seen how to figure out slope. We used the idea of rise
over run to figure out slopes for Ed’s yard estimates:

The number of wnits up or down
— Rise « ("c?)aﬁvc vise means down).

Slope =

Thc number of upits
V‘Iah"‘, or IC‘C‘{: (ncaa{:i\/c
run means go left).

Run

And you've already got one point on the line, so
here’s what you do to draw the entire line:

Ty Run
o Plot the point. 4
If you start with the point-slope equation, a1 R' se setond Yo\w\:
that means your point is: ( 1, yl) L (% \I)
dl fiest point
1T (%1, \/,>
e Interpret the slope and use it to plot — N
the second point. R
If you just go up the rise, and over the run
you can plot the point you land on, and then 1
draw your line. 37
4T
©  connect your points to form a line. ?
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no dumb questions

Q,: (x,» y,) can be any point?

A: Any point on the line. Ed knows

two points for his lawns, so we could pick
whichever one we want to use for the point-
slope form of an equation.

Q: This slope thing seems a little fuzzy.

“Downhill,” “rise,
math words?

run”... are these really

A: Sure. Just because it's Algebra doesn’t
mean it's complicated and weird. These
concepts can be much easier to learn with
more basic terms. Saying that a negative
slope is downhill just makes sense, right?

therejare no
Dumb Questions

Q: Why is the slope so important?

A: Every line is defined by some type
of slope. If you have a negative slope or a
positive slope, you'll know if y goes up or
down with X.

That translates into whatever two variables
you're working with. For example, Edward

saves more money (C) as time (t) goes on.
So that equation has a positive slope.

Q: Do we need to memorize the form
of the point-slope equation?

Abter some

mav\-‘?u\a«hoy\, .

A: Yeah. It's pretty easy to do, though.
The slope-intercept equation comes from the
definition of slope.

rise The rise

W SoPe =S e the
stands di\cwccrcncC
for slove between two

‘= m = 2 =1 Y-toordinates
X —x

/\
The vun is the differente
between the values two *
toordinates.

y-y=m(x—x)

X, and y,have the opposite sign.

The trickiest part of this equation is that positive x, and 'y, values
are subtracted. That means if you see addition signs in the point-
slope equation, you’re dealing with a negative coordinate value,

not a positive one.
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graphing

Try graphing a couple of point-slope equations using what you
know about form to make it easy!
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sharpen solution

N
y+1=%(X-I-8> —eisxl

Try graphing a couple of point-slope equations using what you
know about form to make it easy!

60 uP one I 7\

and over two YHi=7"G+e

(_b, O)
\

fie

Y=
5 ) The point given from the equation is (-5, 3)
) ) The % toordinate is ncga{:ivc
L e because it's added in the enuation
-2

; Theslopeis3

own 2 and
over 3 < That, means that the slope is down 2, over 3
e,

y-3=3"(x+9
174 Chapter 5
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graphing

What about Ed's lawns? Do we know enough
about to write an equation for them now?

We sure do!

With just one point and the slope that
you’ve already figured out, we have
enough to write equations for those lawns.

Let's do it...

175
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more point-slope equations

Let’s use the point-slope form

If you take Ed’s first lawn and use the information you’ve
already figured out, you can write the equation for that
line with mo additional calculations:

+ The house is

& feet off

the 9round.
The house is
4 feet over

X

The street
level is at O.\

- N W B

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

Slo?c =

b b G b s

~

We ¢an \')us‘l: {ake the values
we know £rom here.. The \aoin{: is (&, &) because
the lawn goes b feet vp and

Lhen & feet over-
~ and put them in here. ‘/

¥_>‘ y_y1=m(x_x1>

The slope is | for £his lawn.

v
y - 4 =1 (x — 4)
=——"This is an equation in a
?oin{—sloyc form.

The same holds true for any line for which you know a point and the slope. Just start with the
general point-slope equation, and substitute the values for m and x, and y, , and you have a
valid equation for the line.

Watch the signs! If you have a negative value for either x, or y , put it in the equation with the
negative and then simplify. You’ll end up with an added value in the equation for the line.
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graphing

Write the equations for the other two lawns that Ed evaluated in point-slope form.

y
5
The point you're
T"\C S£YCC£ = Thc house s 0 ‘CCC{; gOing tIO u);el.j ( )
level is at 4 R off the ground. R OOPPORRE
’ | Slope= -2
1
N General
S S A 1y point-slope
The house is 2 equation: Y. =% =X =x)
2 feet over.
=3
-4 This lawn’s
5 point-slope
equation: e
y This point is
’ 2 feet up- The point you're
The street heve * goingtouse:  ( )
is 2_ ‘FCC'E uF. Tl M M .=l
< S § ° >
- w Slope = 0
b & feebovee T e
N General
4 3 2 1 ] 2 3 4 5 .
y p0|nt-§lope
B equation: ... Y=Y = (X o x)
-3
-4 This lawn’s
5 point-slope
equation: e
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increase ed’s business

Write the equations for the other two lawns that Ed evaluated in point-slope form.

The street —
level is at 4

/ off 4he 5\round

The house is O feet

is 2 feet up. -

The street here *

/,,_\

The house is 2
feet over.

A

This is the poi
Point whey.
9aPh starts, at the sfe\:ti

The point you're \l
going to use: (o, %))

Slope= -2
General
point-slope
equation: ... J. —yl—m(x— X
This lawn’s
point-slope _
equation: y-4=-2-0)

I£ you simplify, this is
-4 =-2x

This is wheve
The point you're / the house i
gongtouse: (4,2 )
Slope= 0 .
General
point-slope
equation: ... y—y1=m(x—x1) .....
This lawn’s 0

point-slope
equation: Y ‘“7(‘*’\

1 look like the \rig\\{: Lorm
heve's another Torm
would work better.

That doesn’
anymove. Maybc
out there that
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graphing

So now what do we
do? With a O slope,
everything's messed up.

With a slope of 0, things get weird.

There are cases where the point-slope form won’t
quite describe the line, like when a line has a slope
of 0.

That last lawn is definitely a straight line. So how
do we express an equation for that line? Well, we
know that the equation will have to be in terms of
x and/or y somehow, but what about slope? How
does a zero-slope work?

Horizontal lines require a different form ..\ . .

Ed is looking at a nice, flat lawn. The rise of the line is 0, so line is always O
it doesn’t matter what the run is because the slope will still N)
come out to be zero.

Writing an equation that describes a horizontal line like this
1s actually pretty simple. Since all of the y values are the
same (2 in this case), you can just write:

/

Write in Your Y—values heye.

So since the slope is zero,
what happens to x? It can't
be zero, too, right?

There’s an x with a coefficient of O.

If you have a coefficient of a variable that’s zero, the
variable will disappear. This equation can be written as:

y-2=0x

It still doesn’t really look quite right. Good thing
there’s another form that will work better...

2 JJamsuy
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standard form

Equations also have a standard form

There’s a form of a linear equation called the standard form. A
horizontal line is a very specific case in which point-slope won’t
work, but there’s a more general form. The standard form actually
takes both p and x into account and works when the slope of a line
is zero:

o by 2 Can You (:igwc out what 3 and
/ﬂ b would be for a line whevre the
3, b, and ¢ are numbers in C‘\uabon o A

an ct\ua{:ion for a line.

In this form, there’s no m. That means none of those variables
mean slope. And a, b, and ¢ do not stand for anything relating
to a graph, either. So this form isn’t quite so easy to turn into a
graph. But that’s okay because this equation handles every type
of line, no matter what.

>

That's OX + ly=12 So,if weseta=0,b=1and
¢ = 2, we have the equation

for Ed's flat lawn, right?

That's right!

Any other form of a linear equation can
be turned into the standard form. So
we can turn the earlier equation, y = 2,
into the ax + by = ¢ form.
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graphing

Are there any
other forms we need
to know about?

There’s one more form... and this
form IS great for graphing.

The last equation form that’s left is similar to
point-slope in what it contains. This last form

comes with a point and a slope within the
equation.

This form includes the y-intercept, so it’s called
the slope-intercept form.

The slope-intercept form is EASY tfo graph

Not only that, but slope-intercept comes with the same constant for slope,

m. So m is the slope, just like it was earlier. On top of that, x and y are still
variables, like all the other forms of linear equations. The intercept is the part
that’s different. Here’s what this format looks like:

This is the same slope \(

we've been talking about y=mx + b (0, b) is the y-intereept. So b is

vise over vrun. where a line erosses the y—axis.

m = slope, like always-

To draw this line, just plot the y-intercept at (0, b) and then find your
second point using the slope, m, just like you did before.

Sum it up

Slope inteveept equation — A linear equation of the
form y = mx + b where m is the slope of the line
and b is the toordinate for the Yy term of the
y-intercept.
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equation form review

Linear Equatisns Up Clese

Point-slope form

This form has a lot going for it. It gives you a quick point to plot, and it gives you a
slope, so you can plot the rest of the line.

The downside is that if you need to manipulate this form, you’ll have to use a lot of
distribution and parentheses, and the constants aren’t together, either.

m-‘—&sc
/ RUV\

y—y =m(x—x)

Rise

A

POint-lePe Any point on this line
1s great for tan be (x, y)-
graplning, but not

for manipulating

the equatlon. Standard form

Standard form is straightforward—a and y both have a
coefficient, and there’s another extra constant. This form
works for all lines, and it’s an easy equation to manipulate.

Graphing is tough with standard form because you don’t
have a slope or a point to start with. The only way to
graph this form is to solve for a couple of points and then
plot those points and draw a line.
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graphing

Slope-intercept form

This form gives you the p-intercept, and it gives you a slope so you can plot the rest of the line.

Slope-intercept is a good middle ground. It’s easy to manipulate, and it gives you a point right
away. However, if the y-intercept for the graph is really high or really low, it can make graphing
the line really tough.

y=mx+b

\ m = Rise

RMV\

¢ TN

The y-intereept
is (O, b).

Slope—intercept 15 great for

This is @ negative

graplning lines that cross the Rise dlope - Jc:c vise
. n we
y-axis near the origin and is Sf,\,;sa

pretty easy to manipulate.

ax + by =c

A
\/

( Standard form is

davd form tan
ftzzvhc all lines, intluding

ea anipulate
Curky cases e thest sy to manipulat

but hard to gra]ol\.
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know your equation forms

184

4 Team Chat: Forms of a Line )
You can tell, just by looking at an equation,
what the graph will be?
[Yeah - just by remembering those forms. \
Jane
But how do we know what these things will
look like? Are they really going to be lines? John
Yeah - if there’s an x and a y without
Kristina squared terms or anything, it's a line.
Ok fine, it's a line. But what kind? You can’t ohn
really just pull numbers out of the equation
and treat them like points.
Jane Yeah - as long as you know what form
you're looking at.
/That‘s the part that's hard for me. )
John
Here’s how | remember: point-slope has
Kristina parentheses, slope-intercept has x and y
on opposite sides, but no parentheses, and
standard form has x and y together.
D John
Kristina
That helps, but to see what an equation really looks like, though, we need to graph it, huh?
g )

Use the equation form to your advantage

You know enough now to look at an equation and graph it, if it’s
a point-slope or slope intercept equation. If it’s in standard form,
then you know to solve for some points (y = 0 and x = 0 are easy
ones), and then plot your line.

You can look at
an ec[uation and

grap]m it if you

That means most of the time no computation is required! Just draw. l‘now tlle ‘[Or 1.

Chapter 5
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GRAPH

graphing

IT!

You're ready to graph some equations. Here are several equations
in different forms... draw a visual representation of each one.

you are here »
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which form?

GRAPH IT!
SOLUTION

You're ready to graph some equations. Here are several equations
in different forms... draw a visual representation of each one.

\I = 3% - 2
“Rise” 3
Equation: Y= 3¥—2 and “vun’ I~
E\is .is the SIO.PC'] This is the y-intercept
el vnisl  coordimate (0,-2).

\g{ar{; heve, with the
inteveept (0, -1)-

A
Equation: Ix+0y=7 All of the —
................................................................... beints have
7 as their »
TR Just. by vemembering that...................... value. This is
the O makes Y 90 away, you a vertical line.
¢an see that thisis x = 7
.............................................................................. -
=7
What form is the equation?  This is in standard form. ’
v

o ‘; Tlrslo?c_is nch{:ivc one over two. T
That's down [, and \righ{: yA
Equation: YT 2==5(x-1)

yt2= _% (x -1
This means the y value for \
your- point i -~ Sinte the. .- 3“{\;\2"‘: . ]‘?3‘._.525;9 ® ‘:‘J° ..........
orm subtracts the point, ot J;hak (:':rs{:
~(~2) becomes +2. P :

.............................................................................. gbrt a£ (l) —2-)

Qo down | and
Q the vight 2
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therejare no
b Questions

Dum

Q: Why does m stand for slope?

- Nobody really knows. Descartes (Mr. Cartesian Plane
himself) didn't use it. There are ideas about “modulus” or
maybe it’s just because it's a letter in the middle of the alphabet.
At this point, it's just what everyone else uses.

Q: Why do we use “b” for the y-intercept?

A: Well, that's another mystery, like slope. In modern day
math, several other countries use different letters for the
y-intercept, like k, n, or h.

Q: If x and y are on the same side of the equation, can
the equation still be in slope-intercept form?

A: Sure, but you'll have to manipulate the equation to get it
in the form y = mx +h. The signs can be different, but that just
means that the constant is a negative number.

Q} Why are m and b constants but x and y variables?
How can you tell when a letter is a variable and not a
constant?

A: The constants are what will appear as numbers in
a typical situation. When you learn a standard form of an
equation (like slope-intercept), you know now that m and b are
constants because they'll always be the same in the equation.

And here’s another clue when looking at a new equation: the
coordinate plane is based on x and y, making them variables. x
can take on all sorts of values, just like y, but m and b stay the
same.

Q- If m is a whole number, then what'’s the “run” of “rise
over run”?

A: Think back to your fractions! Any whole number is the
same as a fraction with the whole number in the numerator and
one in the denominator. So, if you have a slope of 5, then it's
the same thing as 5 over 1, or, “rise 5, run 1.”

graphing

- You keep saying that “form” is what's important. What
does that really mean?

A: The form of the equation is just the arrangement of
variables and constants. For example, in a point-slope equation,
you have to have the y isolated on one side of the equation and
an x term on the right for it to be in point-slope form.

Q; What if | have an equation like y = x? Is that in any
special form?

- Yes.y = x is exactly the same as
y=1x + 0, which is slope-intercept form. So here, m =1, and
b = 0. And since you have an m and a b, you're ready to plot
your graph.

- When would you start with a graph and need to write
the equation?

A: It happens a lot, actually. When you have a plot of actual
data—financial data or experimental data—and you need to
write a line to generalize what's happening, you'll have a graph
before you have an equation.

Q: You can really just figure out the slope and the
intercept and write an equation?

- That's the beauty of having standard forms. Everybody
knows that the coefficient for the x term is the slope, and the
constant that's added onto the equation is the y-coordinate of
the y-intercept.

I your slo]oe is a whole
number, the RUN of the

slo]oe is that num]oer, and

the RISE of the slo])e is 1,
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ed’s growing

T've been cutting those three new lawns
for 2 weeks now. More people want

quotes, and it's oo much for me o keep
up with, so my brother’s going to help.

Ed and his brother have gotten over
their differences. To make up for
taking all of Ed’s money early in
the summer, his brother is going to
work for free to finish the season.

Ed has been evaluating his lawns based on
drawings and deciding how steep the slope is, but
his brother decided to get creative.

He’s using a “new system” and when he turns
the form in to Ed it has equations for the lawns
mstead of the pictures.

T can't work this way - I need
his stuff in pictures so I can
decide how much to charge.

188
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graphing
Your job is to convert each equation to a form

that you can graph. Then, graph each equation
so Ed can get these customers estimates.

W Edward’s Lawn Service s

Ed’s brother wrote equations N@W CUStOmQr [ShmatQ Ed likes o work with pietures.

instead of dvawing the lawn. This is what his brother was

. supposed to fill in.
Lawn Evaluations:

Qith's Lawn

Chadwick's Lawn
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draw the equations

Your job is to convert each equation to a form
that you can graph. Then, graph each equation
so Ed can get these customers estimates.

I Edward's Lawn Serviee s
New Custorer Estimate
Lawn Evaluations:

Srrith's Lawn
Y:-_,x+7
2
| This equation s in sope-intereept form,
The intertept is 0 T) and thesepe i 2.
| That means the vise s 3 and e B 7
Chadwick's Lawn

190
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graphing

So what's the final
amount I'll end up with

after all these new yards? SN

Ed’s had a busy summer—and not all of it good. He started out
strong, broke his leg, had to pay his brother crazy amounts just to
keep his customers, but then things started to turn around with a
bunch of clients. Here’s what happened:

(1)

2]

Ed spent the first 3 weeks of summer mowing 7 lawns, for $12 each.

Ed broke his leg and had to spend the following 10 weeks in a cast. His
7 clients were still paying $12 a cut, but Ed’s brother was charging him
$19 alawn. He ended up $250 in debt.

For two weeks, he goes back to cutting the original 7 lawns for §12 each,
and three new lawns, one for $20, one for $15 and one for $12.

Then his brother signed up these last 2 lawns at $15 a lawn. He’s going
to cut all of the lawns for the rest of the summer—6 weeks.

How much is Ed going to end up making? I you
need some luelp, turn the page for a few hints...
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project ed’s future

Figure out how much Ed is going to make by the end of the summer. Draw him a graph to
show his cash projections for the next 22 weeks (that's how long his plan runs).

Fill out this chart to get started:

How manY | How muth lj'o‘i“ Emdu ch Ed’s vunning

Wec\( ’H: \awns? per lawn? make? ‘[:o{:al tash

|-3 {12 {252

Py —

Broken lcg,’

Diffevent vates: 8 ¢13 per week at
|5—1b lo at 12 cach, | ot 115, | 2 weeks = § 262

and | at 520

Diffevent vates -

#131 + 130 per week You need to write an

l7"‘2-2- all of the lawns = { 16l per week equation and plot a

from 15 = 16 plus 2 graph for this part!
more at 7 |5

Write Ed’s cash equation for the end of the summer:
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graphing

Plot the new equation here:

How much will Ed end up with at the end of the summer?

Read it from the araph — it's week b.. /\
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the future looks bright

Your job was to figure out how much Ed is going to make by the end of the summer, and draw
him a graph to show his cash projections for the next 22 weeks (that's how long his plan runs).

How muth
How many How much did Ed Ed’s Funning
Week # | 13wns? ev lawn? 2 total cash
ee awns¢ P | make? Cas
l —-3 9 ’sl 12 f’e‘\' per ‘:Jeck for 3 ,s' 252
weeks = §252
4_ l 4, 9 12 per Ialwn, but it 49 per week for )
- | cost him 19 per lawn 10 weeks = — ’s' 490 - 1238
Broken leg/ = — {7 per week
Diffevent vates: @ £13] per week at ¢
IG—'I b o at 512 callih, latils, | 2 wezks :— £ 262 2%
and | at §20
Diffevent vates - ] ! ‘
§131 + 130 per week You need to write an
l7"‘2-2- I 1.zll of ,J;hc llzwles = 7 1] per week equation and plot a
rom : T]g Plus 2 graph for this part!
move at {

Write Ed’s cash equation for the end of the summer:

This is a lot like Ed’s early cqua{:ion,
but he’s now making more money a week.

C=1blt +12

This is in the y = mx + b form - easy to ?lou

—

Cash = #16] a week Limes weeks + 12 he stavts with

The y - in{crccp{: is (0, [2)

D on't fo
money E4 3¢t about {h,

started with.
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graphing

C=Il6lt+12
, |2,

Read it From
the graph -
i{,’s week b.

How much will Ed end up with at the end of the summer? f' 1000

$1000! Even after the broken leg - that's awesome. I'm
going to take the graph you made and make some plans!

A picture might also be worth 1,000 bucks!

Sometimes an equation has a lot to say about the future. In
fact, an equation can tell Ed how much to save, how many
yards to mow, even how a particular yard will profit his
business.

But sometimes you need more than a bunch of numbers
and letters. In those cases, a graph can help you see your
equation... and make informed decisions.
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graphing practice

If there’s a line, graph it! If there’s a graph, find the equation for the line.

3 V' N
of v
3=—Fx
y+ 5 -
7
6
...................................................... .
4
...................................................... 3
2
...................................................... . )
Point #1 ¢ >
oint #1: (| ) . 9 -8 -7 6 -5 -4 -3 24 1.2 3 45 6 7
-2
=3
...................................................... _4
=5
...................................................... %
7
...................................................... .
. . -9
Point #2: ( ) e v
y
5
4
3
1
2 y=g5x+ 3
1
X
4 |'§
N | 4
3 4 3 : ! -1 2 ? 2 ? Slope= ...
2 Y-Intercept=___ . ...
3
-4
-5
N
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graphing

A
Qo ahead and S
write on the 4
oraghs ; Slope = .............
2 Y-Intercept=___ .. ..
: =Xt
< —
5 4 3 2 1 %3/4 5
-2
-3
-4
5
4
_1 Point: T
m=¢ (-3,4) |
4
......................................................... 3
2
......................................................... :
« >
......................................................... & 4 4 9 ] s 3 4 i
-1
......................................................... 2
-3
......................................................... )
......................................................... >
v
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solutions

If there’s a line, graph it! If there’s a graph, find the equation for the line.

Point #1: (_5 )

\/=rm<+l)

Up | | dope - inkertert
0,3 Theslopeis \1' J
2 T : y:§x+3
1 X
4 1
54032 o2 3 45 Slope= ... % ..
X Y- Intercept = (0,3)
-3
-4
-5
+

198 Chapter 5

Download at WoweBook.Com



graphing

Qo ahead and S
write on 4

(3(3\7\‘5 3

A~
Ny
o
Lo
L
-

"= ™~ Points (3,4 oy | rd e ] W
I AN
point =slope. .. pc A Then draw the line 3
y - 4= - (x +3) 2
Bccarc£u|{hc5.5hchah5¢d :
because it's a negative three. ¢ >
......................................................... s 4 3 ; ; 5 3 a5
-1
......................................................... _.2
3
......................................................... N
......................................................... _5
v
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graph cross!

Tools for your Algebra Toolbox

This chapter was about graphing BULLET POINTS ——
equations.
®  Alllines have a slope, m.
m  Slope is defined as rise over run.
®  Lines usually have x and y
intercepts, unless the lines
are completely horizontal or
completely vertical.
= |inear equations have two
.l:c P| variables, and neither of the
v sian aneé variables have an exponent
ThC Ca greater than 1.
This is £he his is he
o\uadran{: number: Q (— ! :,c:ss L one is
‘ v 9T y b Quadvant on
8 ‘ — wheve all the
ll 7 l values for the "
‘e
e . w7 chandard form
advant two is : . : .
S:crc thhc % values ave i This is the 0‘2‘5"" This = the
neaative and the Y 2 the very center : Foans _
va\?Acs ave positive. 1 / of the graph N <) ax + by =C
47—9876—54321-1123456789
E t
, , -3 : g
I“ . |V » PO'W(‘.—SloFc form
Quadvan{'. hree 6 Ruadrant four is m = Rise
is wheve all the 7 whevre the x values / Ron
values ave negaTve: 8 ave positive and the
N and 3 : -Q‘L y values are negative. = yl = m ( X — xl)

Slo?c-—in‘[:crcc‘?‘[: form r
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6 inequalities
o x *
Can't quite get enougl;.: *

Oh, the inequality of it
all... T should have been enough,
but I came up just short.

Sometimes enough is enough... and sometimes it’s not.
Have you ever thought, “I just need a little bit more”? But what if someone gave
you more than just a bit more? Then you'd have more than you need...but life
might still be pretty good. In this chapter, you'll see how Algebra lets you say,
“Give me a little more... and then some!” With inequalities, you'll go beyond two

values and allow yourself to get more, or less.

this is a new chapter 201
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fantasy football is algebra

Kathleen really loves foothall

Kathleen wants to start her own fantasy football team but needs
your help managing it. Each team is limited to spending no
more than $1,000,000 on player salaries. Your job is to help
Kathleen put together a balanced team.

Each team can spend $1,000,000, but I
need to spread that out over my defense,
some offensive players, and a quarterback.

As mand%e’ of Yathleen's
S MW
Leam, \’ou’VC 50’(, to

. ‘h .
‘E;‘i‘:; :: eath Yos\hon.

Away League NS

Position

/7 Defensive Team

For dhccrssc, Running Back

)’ou - -
get 4o b“)’ 3 whole Wide Receiver
€am gs 4 unit, not Kicker

Just single Players. Quarterback
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The cost of all players can’t be
wmore than 1,000,000

Kathleen needs to fill her team roster and keep her total costs under $1,000,000.
Here are the choices Kathleen’s got for her team... lots of decisions to make!

Runnini Backs

Mike Anta $197,000

Broncos $300,000 Bobby Hull $202,187
W $200,000 Rick Timmer $185,200
mm Ed Babens $209,115

$250,000

Kickers

Team Cost

/->

Heve are the team and
P'a\/cr lists You tan Fick

from 4o
m %0 put togeth
Kathleen’s -l;ca,,?c «

Joe Amten

pete Hock

[t Eotens |

$209,100

T

Quarterlaacks

inequalities

Tony Jaglen $208,200
Eric Hemal $175,000
Pat Brums $199,950
Dan Dreter $202,400

Using the team price equation below, can you come up with a team
that works? If not, why? Is there a problem with the equation?

Defensive Team Cost + Running Back Cost + Wide Receiver Cost + Kicker Cost + Quarterback Cost =1,000,000

Download at WoweBook.Com
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compare using

Using the team price equation below, can you come up with a team
that works? If not, why? Is there a problem with our equation?

You're really working with a comparison...

We aren’t looking for equality here. The cost of the entire team
just needs to be less than or equal to $1,000,000. What

we need is a way to show that the cost can be less than that
amount, just not more than it.

When you have a comparison, you use something different . coual 1o
. . . v :

than an equals sign. For that, use a comparison symbol like Means “less than or €q

less than (<) or greater than (>).

Defensive Team + Running Back + Wide Receiver + Kicker + Quarterback < $1,000,000

v T~ L you
All the P'a)’CV'S, The ma* (;d\a Y
added up. tan spen

So the < sign compares one side

°0 of the equation to the other, right?

More than and
less than are

The <, >, £ and 2 symbols are comparisons. COMPARISOE
The first one, <, means the thing on the left is less than the WORDS‘ You’ll

thing on the right. The next one, >, means the thing on

the left is greater than the thing on the right. The last two see tllem all tlle
are less than or equal to and greater than or equal to, respectively.
Statements using these comparison symbols are called time 1n WOI'C[

tnequalities since it’s about two things not being equal.

PI‘Ol)lemS.
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inequalities

4

------------------------------- [nequalities Up Clase --

The = sign means “equal to,” and you already know how it works. It
means both sides of an equation are the same:

says

The eauals s\‘bnws e

thing on
every N

e
x+7=10

With Kathleen’s problem, we’re dealing with inequalities. That means that
the two sides aren’t equal, but there is still a relationship. An inequality can

be written with one of four symbols. They all express a different relationship:
greater than, less than, greater than or equal to, and less than or equal to. They
will appear in an equation exactly where you would expect to see an equals sign:

1S equal $o Lhis side.

Everything on

this side-- is less than- this side.

T+7<10°

Below are some inequalities. Some are correct, some aren’t. Write
whether each inequality is true or false.

o<10 1234>1233 oo
8>4 . 101 <1015 oo
4<8 =356 e
10=10 ... ~10<10 oo
L23>3.2 . —8<—4 .
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inequalities and the number line

Below are some inequalities. Some are correct, some aren’t. Write
whether each inequality is true or false.

5<10  tre 1234 > 1233 tree
Rem mb ) This
St 8> e 101 <1015 e .
fg‘_ﬂf;o{%o,{h?: :ncc 4<8 {:\r‘uc ........ -3>6 ‘calsc ......... Ncsa{j,vcs Lén be
true. 1010 bue ~10<10 true brieky! - s more

................. +han —@ even ‘{')\0\&5\'\
1.23>3.2 false _8<—4 Hrue 8 is bigger than k.

Inequalities are COMPARISONS

The inequality symbols provide a way to compare two numbers, or two
sets of numbers. Let’s take a look a the number line, which is a great way
to see the relationships between numbers. Numbers are smaller as you go
to the left of the line, and they get bigger on the right.

| is left of 3,50l s less

han (<) 2.
is less than Plot both numbey-s o
X/ £ on the number line \ >
1<3 T
5 -4 -3 -2 -1 ? 12 3 4 5
The number to the left on JC“‘ L
i ine 1 the smallest:
Pos'\‘k'wc fwo -l:shg:c;}tcr '\Cga‘{:ive three. S a|ways | )
REPESE: | &
5 -4 -3 -2 -1 (i) 1.2 3 4 5

L is to the vight of =3 on the number line, so

2 _
Negative g s less than peophive & is greater than —3.

S _8<—4 <’/ - ! :
8 -7 6 5 4 -3 -2 -1 0 1 2 3 4 5
. _— |

{ _Bisto
me thing heve. s
i:cc\e‘c{‘, of =&, so W's less
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inequalities

Hey - what about my team? I've
made a bunch of picks, but T
still need a quarterback.

Q
Q
Home Awa eague

PO O 0

Defensive Team Steelers $ ?Z?;g?)o

Running Back Mike Anta $ 212,000

Wide Receiver Eric Freider $ 55,000

Kicker Rick Vuber $155,

k

Queneres Total $ 897,000
Rem
. C':Ibch Kafh’ccn Can °h,
PChd /I,OO0,000 {39'(',3’ Y

Write an inequality using the money Kathleen has already spent
and figure out what'’s the most she could spend on her quarterback.

o o wth . eopa L
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why inequalities matter

v Write an inequality using the money Kathleen has already spent
and figure out what'’s the most she could spend on her quarterback.

Defensive Team + Running Batk + Wide Receiver + Kicker + Quarterback < 1,000,000

I'm just not getting it. We did exactly the
same math as if it had been an equals sign. Why
are we going through this inequality stuff?

The big difference between an inequality and an
equality is the MEANING of your ANSWER.

The solution to the equation means Kathleen can spend at most $103,000
on a quarterback. But that doesn’t mean she has to spend exactly that
amount. If there was a quarterback for $94,000, Kathleen could spend
that, and her equation would be true ($94,000 £ $103,000).

Reading the solution of an inequality is the easiest way to make sense of
it. For instance, “q is less than or equal to 103,000.” With inequalities, a
range of answers work. The answers that work with an inequality are
called the solution set.

}So\u{jon set is all of %:\nc values

‘{',\\3{ Sa‘bs‘c\l an 0 . ev less
Kathleen's £ase: !

Lhan or equd
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Q: Why do we need inequalities?

AZ An inequality is a lot more realistic

in many situations. If you only need to find
out if you have enough gas, any amount of
gas over what you need is fine. So that's an
inequality.

For Kathleen, there are a bunch of different
ways she can spend $1,000,000, and they
all work...even if none of them add up to
exactly 1,000,000.

Q: What's the difference between “less
than” and “less than or equal to”?

- "Less than” means that the solution set
includes everything up to (but not including)
the value on the other side of the inequality.
That includes decimals and fractions, too.

So, if you have x < 6, x can be any number
below 6. For example, 5.99999999999 is
okay, but not 6 itself.

If you change the expression to x < 6, then
6 is an answer that works.

Q} Same deal with “*greater than” and
“greater than or equal to”?

A: Yes, except the answers are higher.
So if the inequality is x > 6, the solution set
is above 6, for example, 6.000000001.

Q; We performed inverse operations
around an inequality sign. So do
inequality signs always work just like an
equals sign?

A: Well, not always. We'll get into more
detail later, but as long as you're only doing
addition and subtraction, the inequality
behaves just as an equality.

therejare no
Dumb Questions

Q: What do you mean, not always?

A: With multiplication and division of
negative integers, things can get interesting.
In those cases, the inequality sign can
change. We'll talk more about that in just a
few pages.

Q: Does this inequality thing really
help? | mean, having a whole mess of
answers doesn’t seem very exact.

A: It's not. What is important to
understand is that when you're dealing with
many real-world situations, you don't need a
single number. You actually need to know all
the numbers that would work.

Algebra is able to deal with many more
complex situations than traditional arithmetic,
and this is one of them. Part of Algebra is
manipulating expressions to figure out the
solution, but you also have to check that
your solution actually makes sense.

Q: When do you use a number line?

A: Any time you feel like you're not quite
sure about a comparison or how to analyze
your answer. We'll revisit number lines later
in the chapter as a way to show the entire
solution set.
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Q; An equation usually has a set
number of solutions, right? How many
solutions do inequalities have?

A: Inequalities have an infinite number
of solutions. You're trying to find the
boundaries: the highest or lowest values
that are allowed. Once you know that, you
can solve your problem. And remember, just
because there might be an infinite number of
mathematically correct solutions, it doesn’t
always mean all those values make sense in
the real world.

For example, there are infinite numbers
between $102,999.999 and $103,000.00,
but they probably don't make a whole lot of
a difference to Kathleen. Since she’s talking
about money, $102,999.999 is basically the
same as $103,000.00 for her problem.

Q,: With equality, it means the same
thing on both sides. What does inequality
mean? Not the same?

A: Generally, yes. By reading the
inequality symbol that is used in the

expression, you can figure out exactly what
the relationship is between two sides.

Q,: What about that # sign that

I've seen in math books? Is that an

inequality?

A: It means “not equal to.” Like:
446

As symbols go, it's not very descriptive. It is
an inequality symbol, though.
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multiply or divide with negative numbers

Inequalities involving some negative number
operations need special treatment

Kathleen still needs a good quarterback, but there’s another way she can stack

the deck in her favor. The fantasy football league she’s in allows you to handicap
another team by buying “penalty points” before a game. For every penalty point she
buys, the opposing team loses ten yards of offense when they play her team.

I'm playing my brother's team next,
so I want a safety net for the upcoming game. T

What ¢tould Kathleen

want at least 50 yards of f my opponent. |
: - have said to make this

Since Kathleen said she wants at least 50 yards, we’ve got
an inequality. We can let g be the number of penalty points
Kathleen needs to buy, and we have this inequality:

-10g <-50

Take a close look at this. For every pentalty point (g), the
opposing team loses 10 yards (-10). And Kathleen wants her
brother to start out at -50 yards.

To solve this, we need to divide both sides by -10:

_\I\Og < —50
—-10.~ —-10

This tan't be
g<5.07 9

we must have

something wrond heve

There is so much wrong here; I don't even know
where to start. Why is -10g less than or equal to -50
when Kathleen said “at least"? Then, you get g < 5? That
works for g = 5, but anything less than that, and it's

completely wrong! If g is 4, then we end up with -40. And
that's less than or equal to -50?

Inequalities with negative numbers need
some SPECIAL RULES.

Let’s take a closer look at what’s going on.

210
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Negative inequalities work BACKWARD

inequalities

First let’s deal with the “at least” part of the problem. Kathleen wants at least 50 yards
taken off of her opponent’s offense. 51 yards, 52 yards, 60 yards... those all work. But
40 yards is not enough. Since these are actually negative yards for the opponent, that

means -50 yards works, -60 yards works, but -40 yards doesn’t:

[ We know 20 \/ards wovks...

-70 -60 -50 -40 -30

¢

. but so do -0, =70, ete.

Since numbers on the left of the number line are less than numbers on

the right, the expression we’re trying to solve has to be less than -50. So
what we end up with is this:

-10g=-50

Whatever the left side of our inequality comes out to be, it has to be less
than or equal to -50.

Multiplication and division of negative numbers
causes problems for inequalities

So now we need to figure out what went wrong at the end when we
solved for g. The reason that the inequality doesn’t work with negative
numbers is simple: negative numbers are backward. For example, -10 is
actually less than -2, exactly the opposite of the positive numbers 10 and 2.

One wmillion is 3 Ten is not 3 ver

veally BI6 rumber b/ / big numbey...
But, sinte it's —1,000,000 < —10
negative, it's way
less than zevo, and
it's value is small.

Jout it's also ?rc{',{:,y
tlose 1o zevo, s0 1L
value is bigger-

The end result of all of this is that when you multiply or divide by a

negative number, the relationship expressed with the inequality is reversed.

That’s because you’re changing the direction of the relationship of the
numbers to zero.

So, how do you handle that?
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-20 -10

I you multiply

or divide Ly a
negative number
the ine({uality
hecomes backwards.
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multiplication and division with negative numbers and inequalities

FLIP the inequality sign with negative
wmultiplication and division

Since the value of negative numbers is the opposite of the size
of the number, negative numbers reverse the relationship of the
mequality. For an example, let’s multiply both sides by -2.

Nine, a \705‘£‘V‘ Ncgaf:ch one, 3

number \ { ncga’civc numbey

9>-1
Multiply by -2 —_
for example. (-2)97 —1(-2)
—_— M
Y & Now £he one is

— 187 2% positive two —

1 is a big number, 7 a bigger value.

but, now it's ncgaJcivc,
a lesser value. _18@ T e we
L.

The inequality started with a larger number on the left and ended
with a larger number on the right—the opposite relationship. The
solution to how to work with this is easy. When you multiple or divide
by a negative number, flip your inequality sign..

Use the number line to visualize the relationship

Plot 9>_1

10 11 12 13 14

> [neveasing values
his wa

MuH:iPly b\/ -2, and You e

need to £lip the incqua\l'i{:\/...

Plot —18@
——t+—tt+—+——++—+—+—+—+——+—+—+—+—+——+——+—+—+—+—+—+—+—+—+—+—+—
-19-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 cIJ 1 2 3 4 5 6 7 8 910111213 14

[neveasing values

this way

212 Chapter 6
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When you’re working with an inequality
and negative multiplication or division...

Q Start with a valid inequality.
The inequality can contain numbers or unknowns, and it just needs to
be true (and if you can check it with a number line, that’s good too).

e Work with the equality just like an equation, as long
as you don't need to multiply or divide by a NEGATIVE
number.

€  Multiply or divide both sides by a NEGATIVE number.
If you need to multiply or divide by a negative number, be sure and do
that to both sides of your equation. But you’re not done. Anytime you
multiply or divide by a negative, you’ve got to immediately...

o Flip the inequality symbol in the equation.
Do this right away! Greater-than becomes less-than, less-than-or-equal
becomes greather-than-or-equal, and so forth. And you have to do this
every time you multiply or divide by a negative number.

It’s easy to visualize the location of your numbers on a number line and figure out how

the inequality relationship changes. The inequality sign is just a way to keep track of the
relationship in your equation. Your job is to work with your equation and the inquality sign
in a way that preserves a correct relationship.

So, all you have to do is reverse the inequality when you multiply or divide by negative
numbers. You’re not changing the expression... you're actually preserving the expression.

Download at WoweBook.Com
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Negative

numbers get
LARGER in
value as they
get CLOSER

to zero.
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no dumb

Q: How can we just flip the inequality?
Isn’t that changing everything?

A: Actually, flipping the inequality is how
you keep things the same. If you remember
the number line,when you multiply or divide
by a negative number, you change the
relationship between the two sides of the
equation.

The inequality symbol is just keeping track
of which side is worth more. A high negative
number is worth much less than a low
positive number (and visa versa).

Q: How do youflipa<?

A: If your inequality has an “equal to”
component, you replace it with the opposite

“equal to” inequality. So, “less than or equal
to” flipped is “greater than or equal to.”

Q: Can you tell me again exactly what
a solution set is?

A: The solution set for an inequality
contains ALL of the numbers that make your
inequality true.

214

therejare no
Dumb Questions

Q: Will I ever have to flip an inequality
sign more than once?

A: Possibly. If the inequality is written

in such a way that you have to multiply or
divide both with a negative number more

than once, you'll flip your sign more than

once. Just flip your sign every time you do
the negative multiplication or division, and
you'll be okay.

It's just like when you solve equations; if you
apply all the rules correctly, you'll get the
right answer every time.

Q: What if | need to multiply or divide
by a fraction, or a decimal. Do | need to
flip my inequality sign then?

A: Only if it's a negative decimal or
fraction. It doesn’t matter what form the
negative number comes in; if it's negative,
you'll need to flip the inequality sign.
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Q,: What if | add or subtract a negative
number?

A: There’s no flipping required. That's
because you're preserving the direction

things are going. If you add a negative
number to both sides, both sides of the
inequality will be moving to the left on the
number line at the same rate. That means
the sides of the equation have the same
relationship to each other.

Remember, it's all about the relative
relationship of the sides. If that doesn’t
change, then there’s no reason to change
anything.

Q,: What if we're just simplifying an
inequality by multiplying or dividing

one side of an inequality by a negative
number? Something like (-3)(2) > -10?

A: In that case, since you're not moving a
negative number across the inequality, you
don't change the sign. So, if you work the

example, you get -6 > -10, which is correct.



inequalities

Now that you can handle negative inequalities, you can solve
Kathleen's penalty points problem correctly. Here are a few other
inequalities to try out, too. Use the number line at the bottom to
check your work.

“I'm playing my brother’s team next, so | want a safety net for the
upcoming game. | want at least 50 yards off my opponent.” Figure out
how many penalty points Kathleen needs to buy.

The league gives 40 points for each game you win, and you have to have more than
260 points to get the Heisman Trophy at the end of the season. How many games
does Kathleen need to win for her Quarterback to get the Heisman?

League rules say if you have more than 10 penalties in the season, your team is disqualified.
Kathleen wants to make sure she spaces penalties out evenly over her 16 games. What's the
maximum number of penalties she can get per game and not get disqualified?

-19-18 -1

10 1

o
'
O -
'
o0
'
N
'
o A
1
[
1
g
1
w
'
N
'
I
—_—_
—
N 4
w 4
g
w1 4
o A
N
0 -
O
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sharpen

Now that you can handle negative inequalities, you can solve
Kathleen'’s penalty points problem correctly. Here are a few other
inequalities to try out, too. Use the number line at the bottom to
check your work.

“I'm playing my brother’s team next so | want a safety net for the
upcoming game. | want at least 50 yards off my opponent.” Figure out
how many penalty points Kathleen needs to buy.

......................... 08 C B0
......................... ?%9.3913:»%?&3:%0«“'?
[ =T N e SO WRen O e
............................. 525 iy

The league gives 40 points for each game you win, and you have to have more than
260 points to get the Heisman Trophy at the end of the season. How many games
does Kathleen need to win for her Quarterback to get the Heisman?

W LD
........................... Ow > 260 . o —— Nosign fligping heve e,
4—0 - \/OU)Y‘C dIVIdlhs b\/ a
.................................... 6. .é....................?.o.s._l£.|.v.e..i\.u.'.“.b.cv.....................................................................
w > 0,

League rules say if you have more than 10 penalties in the season, your team is disqualified.
Kathleen wants to make sure she spaces penalties out evenly over her 16 games. What's the
maximum number of penalties she can get per game and not get disqualified?
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Math Magnets

inequalities

Using the magnets below, fill in the blanks to solve the inequalities.

12> 2¢ — 4x + 16

—164+12>2x — 4x + 16

um\)ﬂ‘ ‘t\"a{"

Choose any W Al JC\I

/ sa{:\s-(:\es the incqu
4(5) + 16

Chetk YYour wovk:

12> 2(5) -

i k a
a ood ided Jco \7|L
l::nbcv that's easy to w
with to Lest these och

@

pa
9 P&

=)

15-3y>-9y + 18

18 415-3y>—9y + 18

>
3y >— 9y + 3y
-3>— 06y
-3 )
y

Chetk Yyour wovk:

15-3(3)>-9(3) + 18

Put Your solution back into
'U\c ohglna, cqua{::on ‘bo make
sure You got {:hmgs vight.

LS
-

you are here »
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math magnets solution

Math Magnets Solution

Your job was to fill in the blanks and solve the inequalities.

To Lombmc like terms, \Iou
need to put the numbers
on ont side and {',\'\c

Comuine 12> 2 — 4x + 16 vaviables on the other 153559y 1 18
ke Lo Ty
—16+12>2x—4x+16- —18+15—3y>—9y+18 -18 '
-
—4[7])2 Yaive dwidna 012 — 6y
e 2 B _2x eoative number
n S e \V\Cﬂua\\‘t\!

Flip the vemoVe th

= l
mc‘\ua\‘ \I ».E'x \/\b .

Cheek Your work: F\‘Y &:{‘1\{
nea

712 2(5)-4(5) + 16 Chetk your work
We picked 7 heve o 12 > | 10-20+16 '

ke the math e l: /2 weld 15 -3(3)>-9(3) + 18
ook anpthimg over E g E e ot 3 __J\

ECk

T thought inequalities had a solution
SET as an answer. How can we check our
work with just one value?

Check your work with a value
from your solution set.... but
which value?

The solution set has lots of values. In fact,
let’s take a closer look at solution sets on

our number lines...
218 Chapter 6
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inequalities

You can visvalize a solution set on a number line

The number line is a great way to visualize a solution set. You’ve been using
number lines to show points, but how about a range of points or an
entire solution set? That would help us pick numbers to check our work
and also help to understand what numbers will satisfy an inequality.

Here’s what we need to do:

s is Kathleen's o N
T s oy 42 < 103,000

Determine the point of interest (in this case, 103,000). This is the known
boundary point of your solution set.

@/ Look at the inequality symbol to decide what type of point to start with.

< or > Draw an open circle Q)

This indicates that the solution
~ set goes wp o the boundary, but
does not intlude it

This indicates that the
< or = Draw a solid point. .K— is indi

soution set intludes the

boundary point. \l\oi,ooo

-10000

™ e

T T T T f f T f f ;._
10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

@/ Draw an arrow along the number line in the direction of solutions that work.
That’s to the left on your number line for “less than” solutions and to the
right on the number line for “greater than” solutions.

' -@—
90000 100000

We want less than (or Cﬂual +0), 103,000
so our line goes to the lc(::c_:_) J/
‘ | <
-10000 ?

10000 20000 30000 40000 50000 60000 70000 80000

———All the numbers from the cirele =
at 103,000 and below ave you are here » 219
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no dumb

therejare no
b Questions

Dum

Q,: Why bother with the number line?

A: The number line is useful as a tool to help you
understand a solution set. If you are having trouble visualizing
which numbers are included with your solution, try plotting your
inequality on a number line.

Here’s another way to think about the number line: a number
line is really just a graph with a single axis. And your line is a
plot of all the points that solve your equation on that axis.

Q: Isn’t all of this number line stuff a little juvenile?

A: Absolutely not, especially if it helps you get your
solutons. Anything that helps you to understand an inequality,
a relationship, or a solution is valuable and should be used.
Just because you learned about a tool when you were younger,
doesn’t make that tool less useful now.

Number lines, in particular, are extremely helpful when you're
trying to work with integers and inequalities. When you go back
and forth around zero, it can be easy to lose track of which way
you're going!

Q: What do we do if there’s a big number and | can’t
draw a line that goes up that high?

A: You need to be flexible with how big your spacing is on
the number line. When we showed the quarterback’s salary on
the previous page, the tick marks were 10,000 each. Until then,
they'd been at 1 or 10 each. It just depends on your problem
and the situation. You can always draw your solution; you just
have to show your number line in the proper scale.

You can change the SCALE

on your number line without
af{ecting the VALUES on that
number line. Use whatever

scale malces sense {01‘ YOUR

Particular inequality.

BULLET POINTS

= Number lines are a great tool for
checking work and visualizing
solutions.

L] ‘fOI‘SOI’Z

m Of0r<or>

®  Justindicate the direction of the
range on the number line—you can’t
draw them all!
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inequalities

Solve the following problems and graph the solution sets on the number lines.

The high school baseball league is trying to determine their MVP, and they're reviewing the stats

for the season. To win MVP, a player has to have a batting average greater than 0.320. The batting
average is the number of hits for the season divided by the number of at bats. There are 12 games in
the season, and each player has 4 at bats a game.

How many hits does a player need to be a contender for the title of MVP?

U U U U U U U U U U U U U U U U U U U I U U U U U ; ; ; ; U U U U U U
-19-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 CIJ 1 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19

It's the last round of darts between Joe and Sam. The score is Joe, 18, and Sam, 12. Whoever has the high
score after Joe’s turn is over wins. There’s also a rule that if you hit your opponent in the ear with a dart, it's
an automatic deduction of 3 points. Sam said something about Joe’s Mom, so now Joe wants to know how
many times he can hit Sam in the ear and still tie or win the game.

-19-18 -1

10 1

3
'
_
o
'
_
e
1
—_
N
1
—_
&
1
-
N
1
—_
=
'
_
P~
'
O -
'
0
1
N
'
o A
1
v+
1
g
1
w
'
N4
1
=
—_—_
_
N
w 4
g
[
o A
~ 4
0 -
O
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exercise solution

Solve the following problems and graph the solution sets on the number lines.

The high school baseball league is trying to determine their MVP, and they're reviewing the stats

for the season. To win MVP, a player has to have a batting average greater than 0.320. The batting
average is the number of hits for the season divided by the number of at bats. There are 12 games in
the season, and each player has 4 at bats a game.

How many hits does a player need to be a contender for the title of MVP?

h
................ MVP batting average > 0320 e 200 e
Number of hits 0320 0320 vaviable, we need
No. of games * 4 batsagame 5. to multiply by 8
.............. ere, we just wrote ot the 48 o >0320 -48
ce\ua‘[;ion in words to 36‘{: S{:ar‘l:cd
................................................................................................ h=1936 ol
Think about the ?"°b""" This 18 the
.......................................................... ™ z.can'.thays.Q-.’e."......:3...................................so\\,lc\onsc
hit, so veally it's h > 15. \)/
t t t t t t t t t t t t t t t t t t t ! t t t t t t t t t t t t t t C\‘ ’ % t
19-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 5 -4 3 -2 -1 0 1 2 3 4 5 6 7 8 910111213 14151617 18 1

It's the last round of darts between Joe and Sam. The score is Joe, 18, and Sam, 12. Whoever has the high
score after Joe's turn is over wins. There’s also a rule that if you hit your opponent in the ear with a dart, it's
an automatic deduction of 3 points. Sam said something about Joe’s Mom, so now Joe wants to know how
many times he can hit Sam in the ear and still tie or win the game.

f—\ WC U\SCd uEn

Joe's store after > Sam’s store now 18 - 3(E) > 12 for ear.
Joe’s store now — lost points > Sam’s seore now 7,,( +18-3E) > 12 7}@
More 3‘t{3ih3 started work j\ -3(E) > -b

Divide by a negative, so lose _AE) !
the incc\uali{:\/ symbol. >~

Flip the — ¥ Joe tan whatk
.................................................................................. inequality. E<2 Sam twite in the

eav and still tiel

ettt ————+— ! &0
-19-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 (i) 1 ;\\% 3 4 5 6 7 8 9 10 111213 14 1516 17 18 19
| : |

i he INEQUALITY goes on forever, but for our
222 Chapter 6 The whole solution set for the INEQUALITY goes on )

PROBLEM, it stops at O. You can't whack a guy in the ear negative times!
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inequalities

Inequalities can have
TWO variables

Kathleen wants to pick a different defensive team. That

T need some help -

. ' $103,000 is not enough 04
gives her more money to work with for the Quarterback, for a quarterback...
but now she has two things she doesn’t know...
Home [ANE eague
Yathleen ositio
hev =
“"‘ovcfi Defensive Team 797,000
dC‘QC“S\?JC\( and Running Back Mike Anta o 2'000
Leam P . Wide Receiver Eric Freider 55'000
freed v so™ Kicker Rick Vuber $ 155,
h.
wmove €35 Quarterback 000
Total 5 564, «_\
Kathleen an
only spend

Use the information above to work out the new inequality for the
two missing salaries: Defensive Team and the Quarterback.

you are here » 223
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sharpen solution

Your job was to work out an inequality for the salaries of the
Defensive Team and Quarterback.

Defensive Team + Ruvm'mg Back + Wide Receiver + Kitker + Quarterback < 1,000,000

ia{:\\\c;"\!‘;“:ac . /7d + 197,000 + 212,000 + 155,000 + q< 1,000,000
........... hese Qv

Let’s call this d-

A
................................................................. So, here is our d‘f“’\ﬁ,ﬂfg",OQQ
(:'mal incquali{:\/-

224

So, what can I
do with that?
Subsitution?

Put 185,000
in for q.

Substitution is

almost always a
good idea.

For example, suppose you
find a quarterback you

ke who makes §195.000. —185/000 + d + 185,000 < 436,000 — 185,000

d + 185,000 < 436,000

You can substitute back )

into the inequality, and You d°"{:' need _{"o %(S 251,000

then you’ll always get flip the _'"F‘\'fal'{-’\/ 5

another valid inequality heve, H"? ' J"SJC N,

that you can use for the subtrattion. oW we know how
defensive team, d. much is left for

¢ detenseive team.

Chapter 6
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inequalities

Trial and error every time? That seems
really inefficient. Is there another way?

Remember graphing? With equations, a graph gives you an entire line
worth of solutions (if the equation has two variables). So graphing is
actually a way to see the solutions to an equation.

Let’s try graphing a basic inequality. There are a couple of things to
keep in mind:

G When you graph an inequality, start with a line.
Just graph the inequality the way you would any other equation.

e Figure out what range the inequality’'s solutions fall in.
Is your answer above or below the line? This is similar to graphing with
the number line: think about how your answer relates to your line.

These ave just some e Mark the side of the line your solutions are on.
hin{‘,st{’z 35{';“\/“ " / You can used dashed lines, solid lines, shading... anything you want.
stavrted; well 9¢

into details soon!

Try graphing the inequality on the graph below.

>3x+2
[/{SC fhlS SFace y

V‘

. > >’ouy~ Work
:-F you heedo.éof /l

Just do your best.. well

{:cw pages-

Lalk details on the next

you are here »

Download at WoweBook.Com

225



sharpen solution

Your job was to try and graph the inquality below. How
did you do? Here's what we did:

_,’-his i-z.i" Point—
Slope orm/
y>3x+ 2[\\)(‘["\“&:\’“"9
N

m ( S\OYC)

c /_ Msin? the SloPc, 90 up 3 and over
inte Y is greatey one Yor Your second point. (,5).
than £he |?h‘c\
:E'Aa‘(:ion, “:hc area
greater y values
is shaded. )
K_/H"es the line
( < .
The line is dashed because w's
The solution set s the “greater than,” so it's over,
E_"NTlR_E shaded area. but not ihcluding the line.
An\/ value in this area

works for the inequality-

226  Chapter6
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inequalities

Use a graph to visvalize the solutions to an inequality

Graphing inequalities in two variables is like graphing equations, with some extra shading, (Just
like solving inequalities is like solving equations.) If you have an inequality, to graph the whole
solution, you need to do the following:

o Start with a valid inequality in two variables. The variable on the
vertical axis (usually y) needs to be isolated.

e Decide the format for the line:

boundavies a-\'C
< Qr > Draw a dashed line. -— o = = — _‘2;:11\\1 Lhe same 1ded
as the onc® that :c\'
e numoe
uSCd AQOY' ‘h
<< Qr Z Draw a solid line. \ine!

e Draw the line the way you would an equality. Just make sure that it’s
dashed or solid, depending upon your inequality.

e Figure out if the shading should be above the line or below the line.

y > OT > S]maJe hlgher y values.\ m

y <or < Shade lower y values.

©  Shade the graph.

@?RA“«
TAWEWR

What does the shaded region actually represent?
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shading an inequality graph shows solutions

Answers made in the shade

Look at our example from earlier, and plot one of the solutions. Does that tell you
anything about what the shaded area represents?

A'dashcd line (beeause
it's greater than).

Shading shows potential answers

The ordered pairs in the shaded region satisfy the inequality. Every
pair is a solution! The great thing about this is that it makes trial and
error a thing of the past. If you decide you want x to be -1.5, you
can use all the y values that are greater than the line and still satisfy
the inequality.

Give it a try! If you substitute in both numbers, you should always Au 0'[ tlle
get a valid inequality:

ordered Pairs

y>3x+2 .
ks v\o&cd w¥ Try (-1.5, 3.2) 3(15)4 2 m tl‘e SI'aCIeCI
W 2 > o(—1. . .
on ;c\\i N0 e — 32 2 region satlsfy
and ¥ s WM
aded aved 32>-45+2 t11e mequallty
3.2>-25
NG Cee, Khe
'\V\C°\“a\.\b, |
s{\\\ \‘O\ds'
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inequalities

Inequality
t>2(d-0.5)
y—-3>x-7

X
y2—§—3
y>2(x —0.5)

X
yS—é—?)
y—-3=>2x-7

Match each inequality to its graph.

Be careful, not every equation has a graph!

Its graph

Download at WoweBook.Com
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who does what solution

SQALLUTI\QN

Match each inequality to its graph.
Be careful, not every equation has a graph!

inequal%t_y Its graph
t>2(d-0.5)
y—3>x-7

The incc\uali{:\/ is similar to
the first graph, but the
inequality is the wrong way

yZ—%—B

This one has the Wrong

Criablcs (not t£d).

y>2(x —05)

<
IA
|
NGl

This is similar to the
second graph, but it
y_3 > x-17 wou\dhave{‘pbca

solid line.

230 Chapter 6
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inequalities

So I can graph the players I have left, then
all T have to do is look at the rosters and the
graph to figure out the options I've got.

. /\J Graph Kathleen’s inequality. You'll have to
This is feom d+ q < 436, 000 getd in terms of g first. We've setup the
grid so it will work for the problem, so be
sure to pay attention to the tick marks!

eavlier-
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sharpen solution

Graph Kathleen'’s inequality. You'll have to
get d in terms of q first. We've setup the
grid so it will work for the problem, so be
d+q = 436,000 sure to pay attention to the tick marks!
-q+d+q< 436000 - q

................................................................. This means \Iw
have 3 S\OYC O‘c "'

\/ou\r “d” in‘{:crtc?‘t

is 436,000 \

Y N A

5 f f For the problem, the solutions ean only
%v § i '% s be yosi{ive (you)vc not 9oin +o 56‘{'. 3
§ % i § quarterback to pay yow tev all).

PR s
uwam»mm:ﬁﬁﬁw

S

i —

it

s
Tt -

/

b

1
;
§
i

PR ——

.,

Y

%’%Y
The whole

A

ﬁ% o

shaded vegion is

i
R

e ARSI g

£
1 £
. , H |
1 for the ineuaity 'R
g gt S RY W N1
1 o i 7 ?i
i) § . % 1

e

WWM«@*«M“‘W?;W%

T

£Z

# P

R o 0,
i
-
oy
e SRR
P

7 RN

e

An\/ ?oin‘[: You \?|o‘[: on the 5va\>h in the
shaded region will work.
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Are you ready for

Now, using your graph, help Kathleen
make some picks. You need to pick
a defensive team, and then see what

some foothall?

quarterback you can afford. To use the Team Cost
graph, pick a defensive team, and find Broncos $300,000
: . ron d

it on the d axis. Then, read across for ¢ 5200,000

values that will work.

Try and get as close to using all Kathleen’s

available money as possible.

Ok - so who is it?? I need a defensive
team and a quarterback!

Defensive Team: ........................... .

Download at WoweBook.Com

inequalities

Quarterl)acks

Tony Jaglen $208,200
Eric Hemal $175,000
Pat Brums $199,950
Dan Dreter $202,400

Quarterback: ... )
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kathleen has a team

Excellent! The Eagles are in for my
defensive team, and Dan Dreter is taking
the Heisman this year!

Quarterhacks

Tony Jaglen $208,200

| 200,000

Eric Hemal $175,00

Dan Dreter $202,400

300,000 wavk-

This is the i

y You tan have t\uav{:cvbacks up

to about ?']G0,000-

With the Eaogles
at $200,000,
ou £an aﬁord
a QB ")us{', s\'\\/ O‘(:
#250,000.

234 Chapter 6
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Inequa]itycross

inequalities

All things (not) being equal, while you’'re waiting for the season
to play out, pass the time with a crossword.

-‘

= £
o

[

AEEEEEEE

Across

2. Inequalities have up to an
solutions.
4. Depending on how complex your inequality is, you might
need to flip the sign
5. When you graph an inequality, the answers are the
area
10. You can plot an inequality on a
visualize the relationship.
11. The uppermost or lower most value that solves the
inequality is called a
12. Negative numbers get
zero.
13. Large negative numbers are
0ones.

number of

to help

as they get closer to

__small positive

Down

1. An equality says two things are equal, but an inequality is a

3.1f you multiply or divide by a negative number across an
inequality, you need to it.

5. The shaded part of a graph represents the
_ fortheinequality.

6. Solutions to inequalitiesshould be considered in the

of the problem.

7.1f the boundary is not included in the solution set when you
graph it you should use a

8. If the boundary is included in the solution (equal to), you use
a circle.

9. If the inequality is greater than or greater than or equal to,
then you shade the part of the graph.
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inequalitycross solution

Inequalityeross Solution

236 Chapter 6
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inequalities

Tools for your Algebra Toolbox

This chapter was about algebraic
inequalities.

Less than

< means less than

Less than or CQual to |

mushed up with an
\ess than equals sion

This is the Yess than
» .
or equal Lo sign-

<t =< £
= Greater than on equal {o

Greater than

> means greater than

mushed up with an
equals sign This is the “greater
l than or equal to” sign.

BULLET POINTS

= Number lines work for visualizing solutions for one
variable inequalities.

n @ for <Or=>
= Ofor. <Or>
= |ndicate the direction of the range on the number line.

®  The Cartesian Plane works for visualizing two variable
inequalities.

m  Use a solid line for graphing “less than or equal to” and
“greater then or equal to” inequalities on a Cartesian
Plane.

Use a dashed line for graphing “less than” and “greater
than” inequalities on a Cartesian Plane.

Once you've drawn the line, shade the region above or
below the graph where the valid solutions are.

When you solve an inequality, you get a range of valid
solutions called a solution set.

To solve an inequality, you manipulate it like an
equation, unless you have to multiply or divide both
sides of the equation by a negative number.

When you multiply and divide the equation by a negative
number, you need to flip the inequality.
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7 systems o} equations

*
Know what you don’t know
* * S

Well, T understand you don't

know either... but what else can you

tell me about what you don't know? Yes,

dear... it's really important. I need to

know what you know about what you
don't know.

You can graph equations with two unknowns, but
can you actually solve them? You've been graphing all kinds
of expressions lately: C and t, x, and y, and more. But what about actually
solving equations with two variables? That's going to take more than one
equation. In fact, you need an equation for every unknown you've got. But
what then? Well, a little substitution, a few lines, and an intersection are

all you need to solve two-variable equations.

this is a new chapter 239
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preparing for the party

It's New Year's Eve, and Zach
has a bunch of Peo])le coming
in just an hour. Problem is, he
hasa't made drinks yet...

My girlfriend was supposed to do this, but
she's still getting ready. I have no idea how to
make punch. She said the punch has to be 52%
sparkling, but that's all T know. What the heck am

o I supposed to do with these percentages?
'Lat“ —_=
joow * =N
S ga“on
lpo% SParkl (>/ /7 punch bowl
Cidey... ng A'O% s‘aar\(\\ng How does that make
V\,\ga\?‘?\c juiee: 52% SYa"'k'i“f) punth?

240 Chapter 7
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systems of equations

Help Zach out. He needs an equation to figure out how much cider and how much

pineapple juice to use to get a 52% sparking punch.

This should be in M

What form of linear equation are you using? (circle one):

Standard form Point slope form

N

Dont forget to
label the axis:

Graph the equation:

Do"}f fo
Iabel the V‘gc.-(:

axis

What are the intercepts?

What do they mean?

Write the equation for the amount of punch to use:  ...........oooiiiviiiiireiieeee, e—... This is Just the.amount,. .

in ga“ovxs, o‘p eath £ pe
o-F \)uicc to use. /

Slope-intercept form

Download at WoweBook.Com
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visualize the mixture

Help Zach out. He needs an equation to figure out how much cider and how much

pineapple juice to use.

What form of linear equation are you using? (circle one):

To graph this, you ould solve for
manipulaﬁc the cqua‘f:ion ) 56{: it
Then \/ou'“ know the slope, to0.

the in{:c\rccy{;s or
into slope—intereept.

Point slope form

—

Whatare the intercepts? ... sbstitute ¢HPE5
0 for ¢
= 0+p=5
p=0
..................................................... Ty g
tt0=5

— T}'\is is a linear equation.
[t's got slope, intercepts,

and no exponents greater
than |.

Slope-intercept form

tetp=5
-/(+c+/=s_?
t=5%-p
Now s 1 ¥ =-p+5

242 Chapter 7
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systems of equations

Graph the equation: Dor't forget to

label the axis:

C+P:5

Start with (0, %),
using the intercept (o, 5)

The slope is -,
whith means down |
to the \righ{: l.

Don "é Foy-scf '60

Weve's the °Jd"cov)'

'm‘tt‘fuvb !

BRAMN
BARKREL L

What does the graph show? What happens as ¢
gets bigger? What about as p gets bigger?

you are here » 243

Download at WoweBook.Com



some answers won't make sense

BRANN
BARRELL SQLLUTIQWN

What does the graph show? What happens as ¢
gets bigger? As p gets bigger?

This graph shows that as ¢ goes up, p goes down.

A line weans infinite solutions A line

Since we have a line that shows the entire relationship between p
and ¢, we know that this equation has an infinite number of
solutions for the problem. That means that there are an infinite
number of ways to mix up cider and pineapple juice to make 5

represents

an infinite

gallons... which does not help Zach. numl)el‘ 0{
points.
(-1, 8)
4, D

4 gallons of L= p 45 b gallons of cider
IP"“QPF’eguiCe and J and - gallon of e=-pt5

9allon of 4; b4=_+5 pineapple juice
would Woork,ada. d would work... -l=-b4+5 J

A

Look closely at the graph. Do all of
the solutions represented by the
line make sense for THIS problem?

244 Chapter 7
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systems equations

You can’t have -1 gallons of liquid!

If you’re working with a real-world problem, you have to keep in mind your
problem’s context. The values for ¢ and p can’t be less than zero because
you can’t have less than zero gallons of punch.

So we know that some of the answers on our graph don’t work, but we still
don’t know what mixture Zach should use. So what do we do now?

So what was the point of all
that graphing?

We have MANY
solutions.

All Zach has is a bunch of
ways to mix up cider and
pineapple juice to get 5
gallons. But Zach needs more
than just 5 gallons of mix. He
needs 5 gallons of mix, and
he needs a 52% sparkling

00y 52}%
punch at the end. So there’s 7 S
: e 5 gallo
something we’re missing... 0% sparkling 4 Pugch ol

pineapple juice. H°:’ does that make
% sParkling Puneh?

Zach is worried about how sparkling the punch is, not just what will
fit in his bowl. Write another equation for the punch. This one has to
be about how sparkling the punch is, not the overall amount.

245
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two variables means two equations

To write an equation Lor this,

Your job was to come up with another equation, related to how
sparkling Zach'’s punch is. Here’s what we did:

&~ This is the total

figure out the amount °£ ..................................................................
spavkling fhat would be in one
mixkure of punch ¢ stands for the  |e + 0.4y = 052(5)
.................................. Volumc 0‘(: CidCV‘- T
% (.07 The fuige
Cadex s |00 40% ;ge;f)

volume of ?undh.

P stands £or the volume
of Vmea?\?lc )uiéc.

?7
We dropped the | Lrom le.

Qj Where did those numbers before ¢
and p come from?

A: We applied the same logic to ¢ and p
that we did for the total volume of punch. If
you can multiply the total volume of punch by
the percentage of sparkling (converted to a
decimal), you can do the same thing for the
other two liquids.

100% sparkling cider = 1¢

40% sparkling pineapple juice = 0.4p

Q: How can you just “figure out” the
amount of sparkling punch?

A: This problem of Zach's is actually a
classic mixture problem. Mixture problems
like this are usually based on a proportion, in
our case, how sparkling the punch will be. If
52% of the total punch needs to be sparkling,
then the amount of punch that is just
sparkling is 2.6 gallons (52% of 5 gallons).

246 Chapter 7

therejare no
Dumb Questions

Q: Can | rewrite the equation in terms
of x and y to make it easier?

Q: How can we work with these two
equations together?

A: Sure. Either you can have the equation A: That's what's coming up next. But the

and the graph in terms of x and y or in terms
of c and p. It's really up to you.

- How much do we need to worry
about negative solutions?

A: For this problem, you don’t need to
worry about negative solutions since you
can’'t have negative punch.

We'll look at how to express those types of
limitations as part of an equation when we
learn about functions in a few chapters.

Download at WoweBook.Com
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solutions, and the sparkling equation has an
infinite number of solutions. There's a way
those solutions can work together...




systems of equations

How does the sparkling equation work?

The problem Zach has with just the first equation is that there are an infinite number of
ways to mix the ingredients together and get 5 gallons of punch. But none of those solutions
specifically deal with his girlfriend’s request that the punch is 52% sparkling.

By coming up with another equation that deals with the mixing, we can figure out which
solutions create the right mix. This second equation will help because we’re using the same
variables representing the same thing.

c = The amount of sparkling cider, in gallons.

p = The amount of pineapple juice, in gallons.

To develop the second equation, we took the second piece of information that we had
about each variable—how sparkling each liquid is—and applied it to the variables to

come up with a new problem:.
Za(,\\’s S\V\-cr'\cnd gave

him Lhis num ev-
(ﬂ 52% carbonated _ C\W Jve hazy dbout how
= 5 gauons X 0.52 {-,o\(u ock with detimals and

. the
ts — jump
?CY‘CCV\ \)d bY\AS“ up-

Pl[ﬂCll

a‘v\nnd\* an

= 26 gallOns

This is hoy, muth pure

sPalrklins ’i"(uid We need. \j\

If you apply the same idea to the ¢ and p variables, we’ve got a new equation.
The sparkling cider 1s 100% sparkling, and the pineapple juice is 40% sparkling:

This is the volum? 1C + (004)1) = 206

tider that's sparkling

Gll of ). Th v ¢

jui Pi
Juice ﬂw ) heaPP/e
Just 4_0%{25 carboha&dl

We've got another linear equation B ﬁzp‘;&;w

This 1s another linear equation in terms of the same

variables that we used in the first equation, ¢ and p. What can we _dO with the _
This equation is in standard form, and you can work Seco_nd equation to help find a
with it in exactly the same way. solution to the punch problem?

you are here »
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two equations with the same variables

BULLET POINTS

m  The graph of a linear equationisthe = You always need to remember the
infinite number of solutions that context of the problem.
solve the equation.

Now we have TWO linear equations

So now we’ve got two equations with the same two variables. ¢ is the
volume of cider, and p is the volume of pineapple juice. Since both
equations talk about the same thing, with the same variables, they can be
looked at together:

We know that this is a linear equation —
< uhith means that all the points on the
c+p=>5

solution line solve this equation.

C + O.4p — 2.6 This is a linear equation, too. All the points on

this equation’s line solve this problem.

One e.qgation is in terms of tgtal volume of punch, and the A I.ineal" e([uati()n is
other is in terms of the sparkling volume of punch, but both

equations are about volume. Each equation comes with representec[ Ly a

an infinite number of ordered pairs that will solve the equation.

Remember, solving an equation means coming up with values for LINE. Ever y POlnt

the unknowns that will make that particular equation true. 11 l .
What we need, though, is a set of numbers that will solve both on that line 15 a

equations. We want a set of numbers that will result in 5 gallons olutio 0
of total punch and that will also result in a punch that is 52% 5 ll[ n { r THAT

sparkling. So how can we find a solution that works for both pARTICULAR

equations?

Let’s start out by graphing these two equations... on the same l,lneal" equatlon.

Cartesian plane.

248 Chapter 7
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systems of equations

GRAPH
IT!

Graph both punch equations on the same Cartesian plane.

c+p=5 c+04p=26

Use this spate for an
Y work
to do to 9raph the cqua{ions.you need 1

you are here » 249
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graph it solution

GRAPH IT!

SOLUTION

Graph both punch equations on the same Cartesian plane.

c+p=5 c+0.4p=26

When You F'O{Z (O,

the Point just past half—
between the 2. and the 3

What do you
ok this point |

X
1) means:
z.e),P 6 4, 1,

wa y

We alveady did ¢
+ p= 5, so this

is the same line J
From earlier.

e ttOAp=26 Are there any points that solve both equations?

—5 ... piest % = 26 - 047 ............ . 1t locks like (4,1 will work for BOTH equations.
e=-04p+12b

........................................... = R LE o The nbertart s (0,14

Just convert that slope 1o a Fraction

and it's muth easier o work with.

250 Chapter 7
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systems

The INTERSECTION of the lines solves

BOTH linear equations

The point where the lines meet is the point where both equations

have a solution. So for Zach’s punch problem, we need to find

where the two lines meet. That’s the amount of liquid we want to o
make the perfect party punch. Perfeet” is 5 gallons ot 521%

—

svark\ing V\mch-

To make the Perfect puncln:

The volume of pineapple
juice, in gallons \'“P =4 gauons

The volume of Cidcr/c = 1 gallon

in 5a”ons

Both equations individually have an infinite number of
solutions.

Each line is an infinite set of ordered pairs that satisty that
particular equation and make the equation true.

The point where the lines intersect solves the problem.
The intersection is the solution because it solves both equations at
the same time. The intersection is a point on both solution lines.

equations

Check the solution point (4, 1) in both equations to see if it works.

Is our solution right?

Download at WoweBook.Com
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find the solution to both equations

Your job was to see if (4, 1) solved both punch equations.

The point we've _ _
workig it s (5, NCFOAP =26 ctp=>5
| +044) =26 4+)1=5
...................................................................... T R
kb= whesben /525
J <olves them both and solves A
26=125b the Yvobltm!

Solve multiple unknowns with a
SYSTEM of EQUATIONS

You've just solved a system of equations! A system of equations is a
group of equations that can be treated as one problem. The solution is the
point that satisfies all of the equations at the same time.

4 _——
system of

€quations

Solution: (4, 1)

When it comes to a system of equations, though, you have to
have two equations to find two unknowns. Why? Because if
you only have one equation with two unknowns, you have a line that
goes on forever.

To know which point on the line to pick, you need more

information. A second equation gives you a second line, and then I.[ you have itwo

you can find the intersection of the two lines to solve your system.

unknowns you need
t_&o inJePencIent
relationsllips 1o

find the values of

the unlcnowns.

252 Chapter 7
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Q: Do we have to check our work?

A: Yes! Really, we're going through this
again? It takes like two seconds and then
you know you got the right answer. Imagine,
walking away from a problem knowing it's
completely right.

It's also good practice for manipulating the
equation and substitution.

Q: Is graphing the only way to figure
the answer out?

A: Stay tuned, there are more options
coming up! The big advantage of graphing,
though, is that it helps you see what could
happen if something changed in your system.

Q: How did you know you can work
with both equations together?

therejare no
Dumb Questions

A: Well, it goes back to understanding the
situation, not just manipulating equations.
Algebra is a tool to solve a problem
you're dealing with, not the other way
around. So when you're working with
equations, you need to always keep the
context of your problem in mind.

Zach was interested in a punch that was
not only 5 gallons, but also had the perfect
amount of sparkle. That means you need
two equations, not just one.

Q: What if | only have one equation
and two variables, can | get an answer?

A: Not without some kind of extra
information. To figure out one unknown, you
need one equation. To figure out two, you
need two equations. To figure out three...
well, you get the idea.

systems of equations

Qj What is a system of equations
good for in real life?

A: Quite a lot, actually. Mixture problems
(like we used here), supply and demand
situations, area and perimeter, distance
vs. time problems..... pretty much anything
where you've got two related unknowns.

Q,- If I have two equations with the
same two variables, is there always a
solution that solves both equations?

A: Not necessarily. Sometimes there isn't
an answer to the two specific equations. This
means the lines never intersect.

More trouble... Zach dropped some glasses

When Zach and his girlfriend were setting up for the party, Zach broke a few
glasses. The glasses were rented, so Zach’s got to pay to replace them. Now
Zach’s trying to figure out how many more glasses he needs, and he can’t

remember how many of each type he dropped. Here’s what he knows:

Kathleen said we
paid $33 for broken
glasses, and there were 7
broken glasses.

These tumblers cost
¢4 eath to veplate-

BRANN

The wine olasses
cost 1b 4o veplace

4

BARBEL L

Write the two equations that Zach can
use to figure out what glasses he needs.

Download at WoweBook.Com
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visualize

Two kinds of glasses... that’s TWQ unknowns

Now that you’ve worked with a system of equations, you know that’s what we’ll
need to help Zach. He has two unknowns:

fho:lcma;y o é\ﬁ any ok
S€) X< oW m
\Sx ‘H\CSC: \I?

Since we have two unknowns, we need
two equations:

. A cost equation: 4x + 6y = 33
The tumblers, x, are $4 each, and the wine glasses, y, are $6 each.
Zach paid a total of $33 in replacement fees.

. A number of glasses equation: X +y =7
Zach broke a total of 7 glasses.

Solve your system of equations using a graph

Graphing both equations is a way to find the values that satisfy
both equations. We can graph the line that solves each equation,
and then find the intersection point. Then we check our work

in both equations, and Zach’s in and out of the glasses store in
time to party.

o 6raph both equations.
Use whatever method you want to put both
solution lines on the same graph.

e Determine the intersection point.
Using the gridlines on the graph, find the point
where the two lines meet. That point satisfies both
equations.

e Check your solution point.
Go back to both equations and substitute in your
solution point. Make sure that the point is valid.

254
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systems of equations

Let’s solve the glasses problem

These ave both in /\
standard form, s0 3

4x + 6y =33

+y=7
we'll m&n\?u\aﬁc them x+y
{-p\lr-mc-\'b(:or —ﬁ*+pf$+5\/=33—-4'x _/*4./‘_'.\/:7_*
easy oraphing. by =33 _ }
" ’f:l‘ T _4—1,i Y= T-x
= 33 - = x4+ 7
\/ . -?2( Y t(, D
Ih‘ECV‘CC t O‘F (O, 33) and _ IH{ZCY‘CC? o,
2 SIOFC ‘:,\C —4" B \/Y - :2-_%4. % with a SIOPC o£ -l
3

What the heek is that
in‘hcrsct.{:ioh ?oih‘{:?

We can’t read the

intersection off the graph.
Now what do we do?

you are here » 255
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substitute one equation in the other

You can substitute substitution
for graphing

Sometimes graphing a system of equations just isn’t
useful. The points of intersection aren’t falling along
gridlines, for example. In those cases, you can use
substitution to solve your system of equations instead.

To make substitution work, start with solving one
equation for one variable.

oS

x+y=7

-ﬂ+x+)f=7-\/
x=T-y

We'll solve this for

% in teems ot Y-

Now you’ve got a way to represent x in terms of y.
So now, put that value for x into the other equation.
That’s the substitution part:

We use this value

““or %, in the
4x + 6y = 33 SECOND equation.
4.(7_\/)+6y=33

Now we've got all ‘/ y = some number

\/, and tan solve
this equation.

Once you have y, just put that value back into your ¢
first equation and solve for x. Use Your value xo

Y to solve xor

xty=71 . .
_ The substitution
% + number = 7
% =7 = number met110c[ WOI'](S
The great thing about substitution is that you can get a Lecause a system o{
fraction or a decimal answer, and it’s no big deal. With the
graphing method, that doesn’t work well. e(IuatiOﬂs iS a set O‘[

The substitution method works because a system of equations
is a set of equations with the same variables. If you can solve
for one variable in terms of another variable, you can get a
valid equation in terms of one variable.

equations with the
same unknowns.
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systems of equations

BULLET POINTS

= To solve a system of equations with of one variable, substitute it into the
graphing, the intersection of the second equation, and solve for the
lines is the solution. only variable left.

= To solve a system of equations with = Asystem of equations is a group
two variables using the substitution of equations that can be treated as
method, solve one equation in terms one problem.

Using substitution, figure out how many of each type of glass Zach needs to replace.

you are here » 257

Download at WoweBook.Com



remember the context of the problem

Using substitution, figure out how many of each type of glass Zach needs to replace.

x+y=17
—ﬂ+x+)f=7—y
x=T-y

So do You see any{:hing
suspicious about £his ans

4'(7—y)+6\/=33

28 -

4x + 6y =33

by+by=133

wer?

Qj Is the substitution method better
than the graphing method?

A: Better isn't really the right word.
Substitution has some advantages: you

get an exact answer, and since you're not
estimating on a graph, it may be more exact.

It has some disadvantages, too. There's

a lot of equation manipulation to be done,
and that can take a while. Substitution

also doesn't allow you to see any of what's
going on. If you are trying to figure out what
happens anywhere else in your system of
equations, substitution doesn’t help much.

258 Chapter 7

therejare no
Dumb Questions

Q; Why is it ok to treat both equations
as part of the same problem? Can you
really exchange two variables in two
different equations?

A: If the problem statement says that they
are the same two variables, then they are!

It can either be the problem situation (like
Zach's punch) or two specific equations that
are given together.

The reason you have two equations and two
unknowns is that you know two different
things about how these things are related.

Download at WoweBook.Com

Q,: How do | decide which equation to
use first? How about which variable to
solve for first?

A: It's a bit of a judgement call, really. The
best bet is to look at both equations and
figure out which one is the easiest to work
with. The important thing to remember is
that you will always get to the right answer
eventually, as long as you keep your
algebraic manipulation within the rules.



systems of equations

We didn't break half a
glass. Kathleen must have
gotten how much we paid wrong.

O
Q
Ka‘{:h’ccn

Oh, sorry - T just
checked again; it 9 Q
was $30. o

Using Kathleen's new cost, figure out how many of each

glass Zach needs to get. Graph the problem and then use

substitution to check your answer.
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always check your work

Your job was to (re-)figure out how many of each glass Zach
needs to get. Graph the problem and then use substitution to
check your answer.

Kathleen got us {:\\c.
vight number this time. l

CXEXET 4x +6y=§5 ......
7 bx + by = 30 GO0 - o t
= _x+ = . e
..... W CFY*S*Y new inter CY\_/ 60 dzch';4'3“d
19ured ) _ over (1,,[)_
vt g S ) Hat K+ by =30 - A
Ay =30 - 4«
............................................... T L E Sz
y=5-4x This haswt

.................................................................. changed.

Cheek with
eeeeeeiiaaaaaa, Subs‘l:i‘l:u‘{:ioy\ e

v - bx +42 =30

-2x+42 =130

................................... 48— 2%+ 40 =30 - 42

Zach and Kathleen have enough glasses and the perfect punch wix. The
party is well on its way. But now there’s a new wrinkle...
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systems of equatio

The girls are going to leave if T
don't get the music right. What
do I need fo do?

Everyone loves a little slow dancing.

Zach’s figured out that if he increases the number
of slow songs, then more girls will stay. He wants to
play a slow song for every two fast songs.

But Zach’s got to put a playlist together for the rest
of the party, and he needs your help.

Each song is about four
minutes long, and the party’s
four hours long.

Four hours of music
=4 hours * 60 minutes an hour
= 240 minutes

240 minutes =

4 minutes a song QT‘“ tobal mumber of

songs for the Yar{"\/'

ns

Come up with two equations in standard form with two unknowns
to figure out how many fast songs and how many slow songs Zach
will need.
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sharpen solution

Come up with two equations in standard form with two unknowns
to figure out how many fast songs and how many slow songs Zach
will need.

plus the number
The number of of fast songs  is bO — we figwcd out that
................................................... S\OW SOV\SS - Was ‘thc -{-ptal humbCY‘ O‘c SOth""”
being played at the party.

Equa‘f:ion #2 — slow songs V. -(:as{: songs Another way 4o think of +his is

s=—§ to say that theve ave half as
z man\/ slow songs as ‘('\as{: songs.
............................... Wc£oundou%{ha{{hcrcshoul’dbc_I‘F

one slow song to 2 fast songs.  \—"" Ls —-; /2-/

................................... L e‘{:rsv_c__wh{_lc{:h‘sso.{'sm_
................................... s‘{;ahdav‘d ‘COYV'\; +)°°~ ~—> —‘c Zs —}/7!,

therejare no
Dumb Questions

Q,: Does it matter which equation comes first? Q,: Can | use any variables that | want?

A: When you're working with a system of equations, it A: Yes! We picked s and f to stand for slow and fast,
doesn't matter what order you work with them. As long as but you can always stick with the basic x and y. If you use
you consistently follow the rules of manipulating an equation ~ something besides x and y when you're graphing, make sure
consistently, you'll be fine. to label your graph axes correctly.

Ugh. It just takes
forever to do this... I wish
there was a faster way.
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systems of equations

IM Chat: Adding Equations

~

I Hey, those letters are just numbers, right? j
Yeah...
Kristina
And they’re the same letters in each
equation, right? John
Kristina ( Yeah, so? k
/What do you mean? )
John
Jane Well, we can add the first equation to the
second equation.
Huh. That's true, since the variables are the Kristina
same in both.
] (What would be the point of that? \
ohn
Well, what if you can cancel things out? Jane
Like won't the positive f and negative f
cancel? Then you'd just have s to solve for.
John (What? | still don't get it... \
Like this: Jane
ke this: S + f = 60 These ct\ua{:ions tan bC.
Now You have + added together, just like
one equation ang 28 —F =0 ) you add numbers together
one unknowp,
~———>3 =60
Kristina (Oh, | see, now we can just solve for s! \
/That’s what | was thinking... j Jane
Kristina

It's sort of like substitution, but even quicker.

N

)
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solve faster with elimination

t is gone with almost no work

With some clever addition, you’ve gotten fout of both equations. Because these
two equations are a system of equations, and they have the same unknowns, you
can skip some steps by just adding up all of the terms of both equations. If the

equations are set up right, you’ll lose one of the variables and make life much
easier, without graphing or substitution.

Now you can solve for s, and then substitute it back into either one of the
original equations and solve for f:

s+f=60

= b ,2/() +f=60 _20
S \>s)<;\)<»)<'° f = 40
«(:;,\: \ W &_ - and solve for £

Eliminate a variable with the ELIMINATION METHOD

Solving equations this way is called the elimination method. The
elimination method is the process of adding up both of the equations
and then working with the resulting equation.

This 1s a valid way of working with equations because both equations have
the same unknowns, just with different relationships. Specifically, since
you’re dealing with an equation where the left side, s+f, equals the right
side, 60, you're doing the same thing to both sides of the other equation.
So you're still following the rules of Algebra. This method is really useful
because it can cut out a whole bunch of steps in your solution.

Sum it up

The elimination method — 3 method of solv'mg

a system of equations through adding the

two ca\ua{:ions {:ogc{:hcr and working with the

vesulting equation.
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Q,: Can we always just make variables
disappear?

A: Yes, if your equations are set up the
right way first. You need coefficients that will
cancel each other out. We had -1f and+1f,
which add up to zero. We'll talk more about
how you can set that up in a moment.

Q: Does it matter which equation we
put the first solution into?

A: No. Once you solve for one of the
unknowns, you can substitute your value into
either equation to solve for the remaining
unknown.

That makes sense, right? The solution for a
system of equations is still the ONE point
that will solve both equations. That means
for that one point, x and y (or s or f) are the
same for both equations.

therejare no
Dumb Questions

Q: Why is it ok to just add up two
equations like this?

A: The elimination method is like high-
speed substitution. The variables are the
same thing at the solution point. So you can
work with both equations because they are
both describing the same variables. Each
equation is just written a different way, so
combining them gets you a single solution.

Adding the equations together is just another
way of working with all of the variables. It's
like manipulating both equations at once.

Q: Which method should | use:
graphing, substitution, or elimination?

A: The good news is that any of them

will work for any problem. As you saw, the
limits on the graphing method is you have to
be able to read the graph, so it's tough with
decimal or fractional answers.

BRANN
ARKREL L

Go back to Zach’s punch problem. Try solving it
this time using the elimination method.

Total punth eaquation ’\c + p _5

Sparkivg 139" TR0 L 0 4D = D 6

systems of equations

Substitution is the most straightforward, but
it's a lot of back and forth. That can take a
lot of time, and there's a greater chance

for mistakes. Elimination is great if your
equations are setup right, and they’re usually
pretty fast, too.

Qj What if the equations aren’t set up
to cancel each other out?

A: Then you'll need to manipulate one (or
both) of the equations so you end up with
variables that will cancel each other out.

Suppose you have two equations, one with
a -4f, and one with a +f. You could multiply
that entire second equation by 4 (all of the
terms, both sides of the equation so it stays
equal), to get 4f, and then add the equations
up. That will give you a situation where the
variables will cancel out.

Download at WoweBook.Com
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set things up to cancel

BRAMN
BARREL L SQLULUTIQW

Your job was to solve the punch problem from
earlier using the elimination method.

Mply this entie

These two won't tantel =N Lation by =
oszsi Jc:cy’rc both postive c+p ........ 5 L_/y

................ FAetf=5 -k S

& ga"ons of pineapple Juice That's c%&d‘{',l\/ what
we 50{‘, last time!

The elimination method requires PLANNING

For elimination to work properly, you must have two variables
cancel each other out.

These two tanteled
oul betause £-

The songs

=0
seree |-
+ 23 0 Nothing tantels

out vight away
s =60 heve.

The songs system of The punch system of
equations was already set equations wasn’t set up
up to easily cancel out. to cancel out.
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systems of equations

Manipulate your equations for elimination

Add the two punch equations together and, you’ll get an equation in two
variables that you still can’t solve. To eliminate a variable, you need to
have the coefficient in front of one of your variables be the opposite of the
coeflicient in front of the same variable in your second equation.

After figuring out your system of equations, you need to look at the system
and figure out a couple of things:

e Do either of the variables cancel each other
out when you add the equations together?
For the punch equation, we started with

+lecand +1¢, and +1p and +0.4p.

None of these cancel out right away:

e If not, figure out what variable to eliminate.
Which variable are you going to try and get to be the
opposite coefficient of the same variable in your other
equation? Here’s where some strategy comes in.

Which variable?

The options with the punch are to change one of the +1es to a-le, or
change around the +1p to a -0.4p, so the ps cancel out.

Let’s try and work with ¢ since there aren’t any decimals. So how do we
change a +1¢ to a -1¢? Multiply the entire equation by negative one. Then
we can add the two equations and use elimination.

Determining the variable to cancel out, and manipulating the equation to get
there, is the tricky part of the elimination method. Here are a few things you
can look out for:

h constants that
other, like 2 and 4.

Look for variables wit
are multiples of each |
And 1 works with anything.

To make the variable constants cancel
each other out and keep your equation
balanf:ed, YOou need to multiply the entire
€quation by the right constant.

you are here »
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after eliminating

use substitution

therejare no
b Questions

Dum

Q: What if | pick the wrong variable to eliminate?

A: There’s really no “wrong variable.” As long as you properly
apply the rules of manipulating an equation, you won't get the
wrong answer.

There is usually an “easiest” variable, though. You'll get a better
idea of which variables to choose as you have more experience
solving equations, but if there’s one that has a coefficient of

1, it's usually easiest to go for that variable. Then, it's easy to
figure out what has to be done to the entire equation to make it
work and eliminate the variable.

Q: Why is it ok to add up the two equations?

A: Because both equations are using the same variables,
representing the same things. It's just like adding two numbers
together. But you can't swap around sides or otherwise change
the equations. Just add the two equations together to eliminate
one variable, and solve.

Q: Does it matter which equation | put my solution value
back into?

A: No, either one will work. But just like choosing which
variable to eliminate, there’s usually an easier equation to use. If
one equation uses whole numbers, and the other uses fractions
or decimals, it's probably easier to use the equation with whole
numbers to get a quicker solution.

Q,: So | should use substitution for solving all my
systems of equations?

A: It really just depends on the equation. You can use
graphing, substitution, or elimination, and all will work. It’'s really
just a matter of figuring out what works best for you in a certain
situation, and going with that.

Remember: as long as you follow the rules, you'll get the same
answer no matter which method you use.

BULLET POINTS

= Always check your work.

= The toughest part of the elimination
method is figuring out which variable
to eliminate.

= Always apply the same multiplier to
both sides of the equals signs.

After you've eliminated and solved
for one variable, use that value to
solve for the other variable.
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systems equations

r- —-—- == - - - - - - =-=-=- = ="

ELIMINATION CONSTRUCTION

Look at the following situations, write the system of equations, and then solve them using
either the elimination method or the substitution method.

Zach has been working on figuring out his income from the party. He let people get tickets
two ways—either in advance for $18, or at the door for $22. He had a total of 1,512 people
come to the dance and collected $31,566. How many tickets were advance sales, and how
many were purchased at the door?

Zach ordered 11 cakes for the party and paid for them, but the bakery called him up and
said they couldn’t find his order. He knows that the tiered cakes will serve 150 and the
sheet cakes will serve 104. How many of each kind of cake did he order to feed everyone?
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elimination construction solution

r- —-—- == - - - - - - =-=-=- = ="

's“-
e <7 150t 4 1045 = 1512, & 156t - 1505 = 1650
| Jogper A POR RO BE Z i TZERR RS0
S BN :
| ke eath sheet eake I5pt +104s = 1512
I —4bs = |38
............................ 3= T &b
|
_ -] _ Zath needs 3 sheet cakes — -
I ........................ 3 ++'+3” ..... 3 ...................... 3 nd 6 {:‘ucrcd cakes {;o ...... S ...................
I iy /— feed everyone.
L o e e e o e e e e e e e e e e

ELIMINATION CONSTRUCTION SOLUTION

Look at the following situations, write the system of equations, and then solve them using
either the elimination method or the substitution method.

Zach has been working on figuring out his income from the party. He let people get tickets
two ways—either in advance for $18, or at the door for $22. He had a total of 1,512 people
come to the dance and collected $31,566. How many tickets were advance sales, and how
many were bought at the door?

To have the as Q d=1512 —> _lea + d) = —l8(5l2) = —lfa -led = -277,216

concel et Are ST ATIRE LSRR AR SRR R AR g
first equation N +22d=31568 — . g5+ 22d=73I58
nceds £° bc ........................................................................................................
multiplied by I8 dd = 4352

........................................................................................... 4.

-1088 + a +l = 1512 -1022

..................................................................................... Thc advam:c salcs

wevre

a= 424 A2 and the dikets ot

M he door were 1088 tickets.

Zach ordered 11 cakes for the party and paid for them, but the bakery called him up and
said they couldn’t find his order. He knows that the tiered cakes will serve 150 and the
sheet cakes will serve 104. How many of each kind of cake did he order to feed everyone?

The total number

Lof B ke bdazll TR e el mnber | c150 9 = cl50d1)
plus sheet cakes ot people from earlier.
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systems of equations

System of ‘Equations Exposed
This week’s interview:
One problem but two equations?

Head First: What’s it like being a system of
equations? Do you find you have identity problems?

System: Not at all—just because I have multiple
equations, doesn’t mean I have multiple personalities!
All of my equations work for the same problem.

Head First: I didn’t mean to upset you. I just meant
that being made up of two completely different
equations must be tricky.

System: It’s all I've ever known. Really, I just think
it’s easier to have a couple of equations that describe
me. The equations working together is what really
makes me tick. Since I usually have two unknowns, I
couldn’t be solved uniquely without both of them.

Head First: There are a number of ways to solve
you—Ilet’s talk about substitution, okay?

System: Ok. The substitution method is one of my
favorites because it gives you an exact answer, but
there’s really not much planning involved. You just
go ahead and get one variable in terms of the other,
and then switch equations and substitute. It doesn’t
require any fancy thinking ahead.

Head First: Doesn’t working that way occasionally
get complicated?

System: That’s true. You get one variable, let’s
say x, in terms of the other, which is probably y
with some constants. As you start performing the
substitution, there can be a lot of manipulating to
work out a solution.

Head First: There’s another option for finding an
exact solution, right?

System: Certainly, that’s the elimination method.

With elimination, you have to figure out in advance
what variable you need to cancel out. Once you do
that, all of the manipulation is done in advance.

Head First: What do you mean?

System: Well, with the elimination method, you
add up the two equations, all the terms on the left of
both equals signs, and all of the terms on the right of
both equals signs together. As long as one variable is
eliminated, you will end up with one equation in one
variable.

Head First: I see, that does sound easy. But
speaking of seeing—what about those of us who like
to see what’s going on?

System: Well then there’s the graphing method.

To solve me that way, you just graph both equations
and look for an intersection. Graphing is great for
getting a sense of the trends of both lines and a good
starting point for guessing what may be coming next,
say 1f you add more cider.

Head First: System, it’s been a pleasure. You’re
complicated, but nobody can say there aren’t plenty
of ways to work with you!
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a party to remember

Zach’s party rocks!

You've done a lot of work, so
I want you to come out to the
best New Year's party ever!

Using the graphing method
and elimination, you figured
out the perfect punch.

pineapple juice \
The Songs :
Using the elimination method, you
figured out how many slow songs and S+ f= 60
how many fast songs Zach needs to pick
to keep the girls happy. 28 - f =(

S = 20 20 sloy,
f o
- 40 40 fast songs

We're reaJy to Party!
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systems of equations

Kathleen, Zath's
S\Y\‘(:r\cr\d

When shopping leads to relationship ruin!

While Zach has been busy planning his party, his girlfriend,
Kathleen, has been getting ready too.

In addition to being a fantasy-football mogul, Kathleen loves to shop.
She’s been hitting the mall pretty hard lately, looking for something
to wear to the party.

Fiﬁeen Kathleen’s shopping is not something that Zach 1s a big fan of] so

when she gets a good deal, Kathleen makes sure Zach knows
Minu—te about it.

M S teP Tor the party, she needed dresses and shoes. She found an
y y awesome sale: dresses for only $16 and shoes for $8 a pair. That
means Kathleen only spent $72 in total!

While showing off her purchases, Kathleen said that she bought
twice as many dresses as shoes and got 6 things all together.

Using his mad Algebra skills, Zach did some quick math and then
got pretty upset. They’d argued about this before. “How could you
lie to me?” he asked her.

How did Zach know that Kathleen was lying?
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mystery solution

When shopping leads to relationship ruin -
solved!

How did Zach know Kathleen was lying?

To figure out that Kathleen was lying, Zach needed to °Fte n °nu,te
to figure out how many pairs of shoes and how many Fl € Ml

dresses she actually bought. Let’s start with figuring Mys—tepy
up some equations:

Solved

o Figure out the knowns from the problem:

Dresses: We'll call them d, and they’re $16
each.

Shoes: We’ll call them s, and they’re $8 a pair.

Totals: $72 spent, and twice as many dresses
as pairs of shoes for a total of 6.

9 Let's write some equations and set up the system:

Twite as many

s shoes
e SRS, v
2d4+s=6 °

16d + 8 = 72" streer pnt

Each /] / total of #12.
dvess is ,

d1b. Shoes are 18

! a pair.

Now we just add them Up..
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systems of equations

e Use elimination to remove a variable.

i ced 3 -8
Let's eliminate s, so we n

for the top equation- Multiply the
entive top equation by @ i

4-2d H9=6¢ __ —16d - 8s =— 48

+

16d + 8 =72 16d + 8 =72
0d + 0s = 241

What the... Why
the tough factors?

Equations that aren’t true are INCORRECT.

0 times the number of dresses plus 0 times the number of pairs of
shoes doesn’t equal 24. This doesn’t make a lot of sense, and it doesn’t
explain why Zach is mad at Kathleen. So elimination isn’t working.
Let’s try graphing the lines and see what’s going on.
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sharpen your pencil

Rewrite the equations into a form that you can graph. Then plot the
solution lines on the Cartesian plane. Does their intercept tell you
anything about Kathleen's story?

16d + 8s =72

276 Chapter 7
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systems of equations

V' N

...... -10..-9

S -8 ..... -7 ..... oy 6'5 ..... -4 ..... -3 ...... oy 2 ...... o 1_‘|

v
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sharpen solution

n

we have to

Rewrite the equations into a form that you can graph. Then plot the
solution lines on the Cartesian plane. Does their intercept tell you

anything about Kathleen'’s story?

so ik we wan to ot !
_ "\*,‘.b ormat)

colate the d16d + 8s = 72

S #16d + s = 728

lbd _  8s 12

=

T T

:—.L.s-‘l‘i
yA

yA
Sloyc—:——,z—_-/\

Plot the paint (077 )

and 00 down | over -

You tould have worked with these

equations any
t;'\a?h them, but the graph should

look the same.

wa\/ \/ou wanJud JCO

2d+s=6
7/2d+/=6_s
.2'_d_=__—s-—+ —‘;
ya yA yA

o~

lcl:‘l’ s =

X

= N U 4>}nch\l°°\9

H
iy
o
'
1
'
1
1
A
-
N
1
RN
-

There's no

O oo NN Wm A WwN

intersectio

S

4
A |

\
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When shopping leads to relationship ruin - solved!

How did Zach know Kathleen was lying?

systems equations

Zach knew from his quick math that there is no solution to Kathleen’s equations,

so she must be lying about something.

The lines are parallel! That means that there isn’t any one
point that will satisfy both equations. Parallel lines go on
forever without crossing, so there’s no intersection.

That means that what Kathleen said can’t be true because
there’s no combination of shoes and dresses that will satisfy both
equations. That means she has an extra dress or something!

Hmm - I noticed that
those lines have the same slope
but different intercepts...

Fifteen Minuge
Mystery
Solved

Parallel lines share a slope, but

nothing else.

That’s actually the key indicator that two lines are

parallel. If you have two equations with the same

slope, you don’t need to graph it. The lines are

parallel, and there’s no solution.

Well, except for one case...
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different equation but the same line

Sometimes two equations aren’t two lines

You know a lot about equations at this point: you can graph them a bunch of different ways, and
if you have a system of equations, you can solve them three different ways. Not only that, but if

you have two equations with the same slope, there’s no answer, right?

Not quite.

You can have two equations that have the same slope, but they may look a little different.

However, when you plot them, the lines look exactly the same:

ave two -
e (s o
skart with 8x + 12y = 60 V=

Just tonvert both
eaquations to slope= S\ 8y 1 12y = 60
intevcept. 12y =— 8 + 60

y+5

Those two don't 4 _ 2
look the same, 6 3
until you veduee Same slope!
{hcmm _é _ g
127 3
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nce both équétioﬁs are the same line,

‘that means that every point on the line
'satisfies both equations—there are an
infinite number of solutions.

éSo, if you come across two lines with
‘ithe same slope, just check and see if the
intercepts are the same, too. If they are, it’s

the same line, and if not, they’re parallel.



systems of equations

Look at the following systems of equations and answer the questions
about them. Then solve them with whatever method you want..

26+ 3y =100
—0.50 — .75y =— 25

What describes these two lines? (Circ|e one) .......................................................................
Intersecting Parallel  The same liNe e
Y e,

—% + 2y e 8

-3x—-3y=-30

What describes these two lines? (Circ|e one) .......................................................................
Intersecting Parallel  Thesame line
Why
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exercise solution

t Solve the following systems of equations using the method shown.

—A(-05% - 0.75\/) = _4(-25)
2x + 3y = 100 ><?mm ....................... % .................................

—05x — .75y =— 25 the same! — 24 + 37 = loo

What describes these two lines? (Circ|e One) .......................................................................

Intersecting Parallel ( The same liNEN e

Why  Betause these lines ave the same,

[ i le

this problem with The best way {0 hand ‘

YoCsia;\uJ:iZn o\‘rs gra?hing, oo No this is to actually Like when you ‘pih da
Sualdccv how You do that, you multiply both equations.  Common d‘c'\ornina or
'snhou\d 53{5 the same answer: or trattions.

—-3x—-3y=-30

\\4
g
|
o
K
|
)

~

s
I
g
|
W
e

—bx ‘If? = ._2,4’

What describes these two lines? (circle one) —b* e :_60 ..............................................

-Ax 8%
@ Parallel Thesameline ... .HL.. T2 ki y=-8

Why Because there’s a point for the solution
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Systemeross

Got a system for equations? Great. Now use your
system for solving a crossword. Hint: it’s your brain!

systems of equations

Across

3. Always your work.

5. Solving one equation in terms of one variable, then putting it
into the otheristhe__ method.

7. Setting the system of equations up and adding them
together is called the method.

8. Always remember the of the problem.

9. A group of equations that can be treated as the same
problem.

10. If you have two unknowns, you need equations.

Down

1. The solution to a system of equations is the
of their graphs.
2.Lines that have the same slope are .
4. For the elimination method to work, you haveto .
6. The number of solutions to an equation that a line represents
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systemcross solution

Systemeross Solution

il
n

E Eﬂﬂﬂﬂnﬂﬂﬂﬂﬂﬂ

r
"
i3
A
n
n
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systems of equations

Tools for your Algebra Toolbox

This chapter was about solving
systems of equations with three
methods.

S\[s‘l:ans of ca\ua{:\ons o
o‘: (4 uations is 3 5vou\7 0‘(: Cf\ua{.',\or:hc Yo.m{: thajc

: S\IS&"aLd asa\onc problem. The solution \s‘E c'

\::‘;:E\es all of the equations at the same

A system of solution: (4, 1)

equations

BULLET POINTS

= Always check your work. = After you've eliminated and solved for
= The toughest part of the elimination one va “?ble’ Just go and finish it up with
substitution.

method is figuring out which variable to
eliminate. = For 2 linear equations with 2 unknowns,
you either have a single solution (intersect
once), no solutions (don't intersect), or
infinite solutions (same line).

= Always apply the same multiplier to both
sides of the equals signs.

you are here » 285
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expanding binomials & factoring

X . * *
Breaking up iIs hard to*do

So she said, "I totally hate
the new 90210," and T said,
"Forget it. You're totally square.
And we're breaking up.” And that
was it... we were over.

Sometimes being square is enough to give you fits.

So far, we've dealt with variables like x and y. But what happens when x is
squared in your equations? It's time to find out—and you already have the
tools to solve these problems! Remember the distributive rule? In this chapter,
you're going to learn how to use distribution and a special technique called
FOIL, to solve a new kind of equation: binomials. Get read—it's time to

break down some really tough equations.

this is a new chapter 287
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math or no math revisited

Math or No Math sewi-regional masters final

Our champion, Kate, is back to defend her title against a new challenger, James. It’s
up to you to be the judge again... but this time, the problems are even harder.

Problem #1: Simplify this expression

(x +3)(2x - 1)

answey

Here’s what they got: [ James
/%

Kate's Q
av\S‘N ev O (6]

Who's right?

KI

Kate's back

{'ﬁ dC‘F hd N\
hev ‘Ei-{:clc. James is veady to )

Lake Kate down.
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expanding binomials and factoring

Who's right?

Below, Kate and James both showed
their work. Kate did her work by
multiplying the whole first expression
by the second. James did his work by
splitting up the first binomial.

A// oviginal expression \
(X+3)(2x—1) (x+3)(2x_1)

Zw*"3 x(2x-1)+3(2¢-1)
%\j:i‘::ms L}Xz +5% -3 2X2 =X +06x -3
2X*+ 5% -3

How do we figure out who’s right? Well, if you know a solution,
substitution will work. So you can try plugging the right x value into

each of their equations and see if the math works out. If the values don’t

come out right, then one of the simplifications that Kate and James
ended up with isn’t correct.

This is disfkibu{:ina

of

2x-1 4o both parts

the first binomial.

The producers told you the correct value for x- is 3 and the equation is equal
to zero. Substitute -3 in the different equations for x, and see who's right.
Show your work, and don't forget to circle the correct expression, too.
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sharpen solution

The producers told you the correct value for x- is 3 and the equation is equal
to zero. Substitute -3 in the different equations for x, and see who's right.
Show your work, and don’t forget to circle the correct expression, too.

........ x==3 o A4 x -3 wd S
T A oo A v ek SO 2D +S-H-3
................................................. AP 153 L HO NS
.................................................... K S eolc ARSI bodt otk SO
. ot S Tt vkl o/ o s

= to equal zevo,
so this one is
Co\r\rcc{:-

Okay, but how did James actually come up
with his answer? I mean, that's great that the...
ahem... producers had the right answer-... but

we don't usually have people giving us answers,
right? So what's really going on?

Those expresions are binomials.

To understand what James did, you need
to know how to handle exponents in
equations. That means learning about
binomials and polynomials.
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expanding binomials and factoring

Binowmials are groups of two algebraic terms

Kate and James are working with binomials on this round of Math or No Math.
A binomial is an expression that contains #wo algebraic terms. Binomials

are actually part of a larger family: polynomials. Poly just means many, so a
polynomial is any expression with multiple terms.

So anytime you see an expression with more than one term, think polynomaial.
And if there are just two terms, think binomszal. Look:

{;C‘f"‘s are \\C\d

Ohc or bo{:h O‘p mCm\)C\'i N ion, SO
terms ean be Sﬂuﬁt:d. i:gc{i\f‘“ w'\:t\,\\ miﬁfl:'t::
. 2% is atkualy Y4
be & mik oF \\>x 2 — 4
Theve tan

Var\a\o\cs an h,

2x — 3
- N

All binomials

Thc “:Wo {‘,C\rms tan bc

Even though these ave ( oy b tarms can
numbevs, they've also terms /
X — )<

“2+3

x — 5 b& a binomia[./

Thrcc ‘{:chns = '(:Irihomia’

Sum it up

Pol\/nomial — an cx\?rcssion COn'{:aining any numbevr o‘c
algebraic terms with whole number exponents of at least O.

Binomial — is a special case of a polynomial that is a
group of two algebraic tevms.

you are here »
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the distributive property and binomials

The distributive property, revisited

Look back at the problem Kate and James were given in the contest. You <x + 3) (Zr — 1)
can’t simplify the algebraic terms within the parentheses. So how about just

doing the multiplication? Since the expression can’t be simplified, we’re going

to have to do multiplication with multiple terms—we’re going to have to

distribute. Both terms in the first binomial need to be distributed

over both terms of the second binomial.

We need Yo "‘“\*"Y\\’ m
b T Gy 3) (26 — 1)
a7

b .and 3 Limes 1x
and |, also-
Distribute ALL of your first binowial...

The distributive property is all about multiplying groups together. Here’s
what that looks like:

The distributi is..-
“property @b+ ¢)=ab+ace oyt

The fiest JCC"""S ¢tan be muH‘,l?llcd b\/ both
terms of the binomial

That’s great if you only have one number multiplied over a binomial. But
we’re dealing with is a binomial multiplied over a binomial. So we’ve first
got to distribute both terms of the first binomial over the entire second
binomial.

Multiplying two binomials means you
have to distribute both terms from
the first binomial over both terms of

S —
the second binomial.
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expanding binomials and factoring

Simplify binowmials with the distributive property

So now we just need to actually distribute our entire binomial. Before digging into Kate
and James’ problem, let’s take a look at how we’d do this distribution in general:

Typieal binomials:

% plus 3 tonstant. \
“~(x+a)(x+b)

. NG
S?\'\{: wp the ‘C\‘rj:(: binomial Z =
and disbribute i N x(x +l>b) +<\a<x " b)
~-and 'Hlth 'hu’{:iPI

ev :
Tt ot s x2 4+ by + ax + ab

Now we can simplify a little bit more. We have two x terms, bx and ax. Since a and
b are constants, bx and ax are actually like terms. We can combine those:

. These ave the two constants
tonstants, like 2. L) anetan
a ayl\g \zrir: :a: be added u‘,\/ multiplied together. This usually is
o 18. Y (“ano{:hcv- number, like 35 or 90.

x2+(a + b)x + ab
This is combining like te
c'\ua'l:ion even further.

vms, to 5‘"‘\"](:\/ the

Use the distributive property and simplify the Math or No Math challenge.
................................................. 320 = 1)
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sharpen solution

ombining like terms:
P with the same

S~

After ¢

we end v

Ehing James 90t

w(2x = 1) +3(2x - 1)

le—x-l'b*—%‘%—/ Mult

Use the distributive property and simplify the Math or No Math challenge.

(x +3)(2x = 1)

L S\?li{: the First binomial,
so we tan distribute it

gy Lhinas v 8
\ook Eor like terms:

therejare no R
b Questions

Dum

Q} The distributive property says we have to spread out
both terms?

A: Yes. The distributive property says that you have to distribute
the first binomial over the entire second binomial. That means both
terms of the first binomial need to be multiplied by both terms of
the second.

Q,- Expanding binomials seems complicated. Is there an
easier way?

A: There are some tools you can use, but you've still got to
know that multipying binomials is really about distribution. It's not
that bad as long as you take the first terms and multiply them over
the second binomial.

Q: So this works the same for numbers and variables?

A: It sure does. Of course, in cases where you've got all
numbers, you can just work inside the parentheses first and avoid
all this distribution. But you've noticed something important: any
rule that applies to variables also applies to numbers.

Q,: How often do you really have to multiply binomials?

< Actually, you're most likely to use this the other way around.
We'll talk about it in the next section, but when you have certain
types of equations, you'll have to go from that equation to a couple
of binomials. Sound confusing? Don’t worry, we're going to spend
a lot more time on that next.

BULLET POINTS

= Multiplying two binomials is a "
common Algebra problem.
property.

To multiply two binomials, you .
need to apply the distributive

Each term of the first binomial
needs to be multiplied by each
term of the second binomial.
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expanding binomials and factoring

Simplify the following binomial expressions. Make sure to
combine like terms!

(y-1(y -7 (44 x)(3-x)
Wateh the s\gnsl.
(@ + 4)(a - 6) (—x—=3)(x+3)
you are here » 295
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sharpen solution

v Your job was to simplify the following binomial expressions. You
should have combined like terms, too.

|£ will wov\(' You tould also rcwri{|:c the
with ¥ 400! binomials and muH‘,'l\?\/ _
£y (y-1D(y-17) Ay wt 3) 2 0. (4+x)(3-x)
............. W-P-14-1 AL b e et
................ Yoo N-NAT L S i et S
...................... Y-8 t1 \+'2
Wa{:d\ the s\gnsl.
(@ +4)(a—6) { Cx_3)(x+3)

\)us.t Larr\, ‘(’,hYOUSh {hc

o cath opevation
sign e —x(x +3) - 3(x+3)

ala - 6) + 4(a - 6)

............ @ -tatha-24 e Sk S
al_ - 24 -x -6x-9
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expanding binomials and factoring

00 0 00 0000000000000 000000000000000

N 17
v I

Rate James

...Q........C....Q...OQ....QO.

Math or No Math:

(J (J
0000000000000 00000000000000 00 00

00000000000 OCGOGOGOGINOSS

[ ]
(]
(]
(]
(]
(]
(]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
(]

Problem #Z2: Simplify this expression - fast!

(x + 2)(x - 2)

Here’s what the contestants got: [ ‘ii'::;
s is binomial-
¥ St R (x+2)(x-2)
- x(x=2)+2(x-2)
x2- s ;%+2 -2)
-4

Who's fastest?
And who's right?
S

K&"ZC)S up ‘l‘,o hev
old trieks, eranking
'{:h\rough the speed
vound. But how?
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look for square patterns

Kate cheated, didn't she? She
didn't even show her work!

Kate looked for patterns instead of
working the problem out.

Have you ever noticed little patterns in a friend’s
phone number or how a football team runs their
offense? A pattern lets you figure out what’s going on
based on some key things you recognize... and you
don’t have to work anything out.

Math is like that sometimes, too. There are patterns
that let you avoid lots of extra work.

The SQUARE pattern

If you have two binomials that only differ in the sign of the second term, you’re
dealing with a square pattern. In the problem that Kate and James just worked
on, the first term of both binomials was x and the second term was 2 and -2.

fiest ‘u‘(m,.m th second term in
Winomidls 18 " $ oth binomials is 2.

We tan work this out (X + 2)()( /&/ The minus sign La‘f‘.ricd through
‘{’,\'\C V\OV'ma\ Wa\l ‘{'P see X(X _ 2) + 2()( _ 2) {:0 ‘l’,\'\C ‘C'ma‘ SO\U‘{'JOV\‘

w\'\a{ the answer is.
x2- 26+ X+ 2(-2)

[ ‘Fl?‘sf 'éekml\ﬂ)( 2 ._L{ & T\’\\S 13 {’,\\

% Squar,
ed.
Leem squaved

The
bokh

ThiS is .6;'

e scl‘,Ohd

What you've got here is the difference of two squares. You square the
Jfurst term and subtract from it the square of the second term. Everything
else gets canceled out and goes away.

So anytime you see two binomials that are exactly the same, except for
the sign before one of the constants, then the solution is the difference of
the squares of the two terms. You can just skip the middle steps and jump 7 .- is what K

right to the answer! ate saw

when she solved the

. 5 5 ’as{: PVOHCM.
x+a)lx—a)=x" —a

One of these signs must be positive,

has 3
the other must be negative. i

T\’\C answev a\wa
neoative sign heve
298 Chapter 8
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expanding binomials and factoring

What about when the signs are the SAME?

But what about when you’ve got two terms that are the same in both binomials,
and the signs before the constants are the same? Let’s work one out:

The first Lery, ; Y " The setond term it
mn e seton )
Poth bihowa’s is x. (x + 5) (x + 5) both b\nom\a\s is 9

x(x+5)+5&+5)

X2+ 9x + ox + 25
A This is the second

Thls is fhc —= x2 + 10x + 25 ‘tCYW\J 6, S‘\llaVCd'

'V‘S'(: Ckm' X

sSqu Ak )
e This is 2 fimes the setond term.
Another way to think about this is the square of a binomial. So this is
This 1s with the

really just a binomial multiplied by itself.
saan S"shs...

. . - ~and this is with
Binomial Squarec[: (x +a)’ =x2+ 2ax + a2 - Trete Iy

Binomials with different signs: (x + a) (x — a) = x> — a’=.
solubion 1 the "
—l}\\&ucncc of Lwo sauave

Below are some binomial problems that you can test out the
squares patterns on. No showing your work here... just look for
the right pattern, and write down your answer. Good luck!

x+3)x-3) Cc+9Dx+9

o Lhis nc's a It
ricky. Th sians
@ =10 @ +10) b b 00T €7
;/hnegaﬁve this time.
at does th £ o g
the solution? o s
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sharpen solution

Your job was to solve the binomial multiplications below, without
working through each problem step-by-step. How did you do?

x+3)x-3) x+9x+9
.................. - S LT e
<ans ave quare the tir erm, squa
S\.h(f JCM‘(,SE\; answev S~ the last term, and add ;:1“ -
dikkerert, times the fivst Limes Lhe last

| entt ©
is the dikkeven teem in the middle.

(2)( — 10) (2)( +ywo S"\VAY‘65~ (x _ 7)2 /
44> — 100 & 14+ 49

i ill square *
< isn't as havd as it seems. You Sh. a
::‘(‘; :)s,“bu%, fhe differente is in the middle {‘fcr"\.'
You mul{i\?l\/ 2 by % b\/ the second term, which is
negative 1 So you aet negative 4%

tlxerelire no o
Dumb Questions
Q,: Those patterns are great. Will they always work? Q: What if the binomials are close but don’t exactly

match one of those square patterns?

A: As long as the binomials match one of the patterns, then

you bet! Just make sure you watch your signs and coefficients. - Then you're going to have to use distribution to figure out
what the simplified equation really is. Multiply the terms through,
collect your like terms, and then you have the answer. But these

patterns only work if there’s an exact match.

Binomial Sc[uareJ: (x+a)’ =x2+ 2ax + a?
Binomials with different signs: (x + a)(x —a) =x* — a’

300 Chapter 8
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Sometimes there’s just not a pattern...

Suppose you’re on a fast-paced, high-dollar game show, forced
to simplify binomials at a moment’s notice. When the square
patterns aren’t working, you’ve got to have another way to
simplify binomials.

But distribution isn’t that fast. Thankfully, there’s another sort
of pattern you can follow, called FOIL. That stands for First,
Outside, Inside, Last. Here, let’s take a closer look:

Simplify this: S0 our square batterns

(x+a)(x+b)

G First:

Multiply together the first

Multiply x

0 Outside:

Multiply together the outside
terms of both binomials.

Mul{',i\?l‘/ a and % {'psc{:hcr. —_

0 Inside:

N
. . (x + a) (x +
Multiply together the inside r

terms of both binomials. inside teem thside 4,

e Last:

Multiply together the last (x + a) (x +

two terms of both binomials. ok yerm }

Download at WoweBook.Com

Let's suppose that 3 a,
Multiply % and * together. ~
«\

(x+a)(x+b) —>

7t LN
terms of both binomials. Ist term Ist term

A~
(x+a)x +¢b) —_— bx
outside teem outside term

Multiply a and b toaether.
N Jether —

expanding binomials and factoring

d b aV‘Ch){Z fhc Same,

Woh){: work.

and b together.

b)) —> |ax

by, —> \ab
last term
L

N

Then just add it all ups  x2+ bx +ax +ab

you are here »
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first outside inside last

FOIL ALWAYS works

Let’s use FOIL with some real binomials... ones that don’t fit
into one of our square patterns:

(x+1)(x-=3)

F‘\YS{'"D (X + 1) (.X' - )/\,1{/.\, Last

22+ (=3)x + (1x) + (D (=3)
Outer _ 9 _ 3 Inner

x2 x2—=3x+1x -3 mult iPIica :
1Qury
come ey ) _ 2% -3 g
Lomb\"\“‘.’) 0‘(: \\kcd
Leews at he en
Solved using FOIL Solved using distribution without FOIL

FOIL saves you an extra step, but it also makes the steps
you do have to do a lot easier. You don’t have to think
about distribution as much, and you’re usually left with an
easy combining of like terms at the end.

And, best of all, FOIL always works, even if there’s not a
pattern to use!

BULLET POINTS

(x+1)(x-3)
x(x=3)+1(x-3)

D'Sf""buf,o

ISa/_é

case of distribution.
®=  FOIL stands for First, Outside,

®  FOIL lets you apply distribution
without lots of... well... distribution.

= Multiplying two binomials is a special =

Inside, and Last. L]

FOIL is just a tool to help you apply
the distributive property easily and
consistently.

Patterns like the squares patterns

can help you solve a problem really

quickly, but FOIL will always work.
~——
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expanding binomials and factoring

Binomial Multiplication Magnets

Here are some problems from previous Math or No Math competitions.
See how you would have stacked up by filling in the missing pieces.

(x = 3)(x+4) (y — 10)(y + 2)
vt - -2 y2 o~ 10y
....................... .
K Use FOIL “‘“Jmf\: J
Lhese n )us{’, two ste?
1)( 1) (c=5)(c-2)
x—5)x+2
( 2 2 €2
cz .............. + ...............
(x_|_1)+(x+1) (3+x)(7—x)
8 8
J— + —
1 e -
. i -

= oL oY, 0
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binomial multiplication magnets solution

Binomial Multiplication Magnets Solution

Here are some problems from previous Math or No Math competitions.
See how you would have stacked up by filling in the missing pieces.

oy
Firsf j

Outside

304  Chapter 8

—3)(x+4)

ax |— 12

I xe+ x - 12 |

lns]dc

6 |-

(y —10)(y + 2)

[z} wE)
y?lﬂ.ﬂ.

(c=5)(c—2)
6‘2./;20\&:}..4-.. o
SEAY

(3+x)(7=x)
m e
I’m'
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7 7
I I

Rate James

Math or No Math:

Kate needed some help keeping her terms straight
in round 1:

Kate did this

— one twi e.
(x t 3> (27(/1)_ FolL wiuld'vc

hel
@” KT oK =3 o T

'l:V'aCk O‘F her
5 distribution and
x"+95x -3

prevented hey
mis{:akc_

But Kate totally nailed the next round by using
the squares pattern.

(x+2)(x—2)§

2 _ Kate vecognized
X 4 identical {:Scrms
and used the
difference of

two sqares.

expanding binomials and factoring

We’'re more than halfway through the
Math or No Math competition, and
here’s where the contestants stand:

James used the distributive property, but not FOIL. Still,
he got the right answer and took the points in round 1:

(x +3)(2x — 1)

ip this
\ \{ou tan 5\“\’ ‘{:
A‘T using FO“"

/ \ e 2 raRv]

<\ 2% = \/+J(4,\
2

XX OBl gt

betause he

2X 4 5)( - 3\/ maniPulafed the
equation properly.

Although he got the right answer, James got crushed
in the speed round.

(x + 2)(x - 2)
x(x-2)+2(x-2)

XZ—?/+%+2(—2)

x2-4

James got the
vight answer, but
was too slow in the

SV“d vound.

The contestants are tied up.. on to the next round.

you are here » 305
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speed matters

Problem #3: Another speed round...

Wow... Lhis s the n ties
11x N %x B %x ’ooking problem ;c{‘:;s “t
=1

ate wants Em s;_’c
. vattion
11x-|—131x—3fx wid of D B 11x+%x—%x
4 1%—1 3 4 +§—Z

Ka{:c uses 3 Lommon

denominator +o '\'\""’L\X‘Q" :'\"‘l’; WhGXM
tombine like terms 3 1 5 A4 1 =4

what
in this sjccy‘ D A A \'\aﬂ’CV\Cd 4 A\ s
’?22X+%X-%X:%+%—% heve? All ) 3 4
hese terms AAX = A

nteled S
Vst mitiglied a7 el oy et Mo

everythin by ll.bo % z somehow?
get vid frattions: 77x :i Al that's left is 4, < = A
77 77 reduce the fraeti, A

x=F - LJ
[
Time: 1 minute 35 § Time: 355
Same answer, but James blew Kate

away. How do you think he did that?
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expanding binomials and factoring

Un-distribution is called FACTORING

So far, we've talked a lot about distribution. That’s when you

take a number or term and multiply it over a group of terms. But .
James did just the opposite of that... he un-distributed, which is A {aCtOI‘ 15
called factoring in Alglebraland. Let’s take a closer look. Here’s a term tll at,s
what James started with: c[
. 11, _ 33 multiplied over
Heve's the origjndl 11x + ?x - Tx P
b o 2 -1 an ENTIRE
1+3-%

expression.

James actually saw this another way, though... he saw that everything

on the top part of the fraction could be represented as being

multiplied by 11. So here’s how the same expression looks, with that This was the Lrick one... but
11 shown explicitly: James realized that 33/4 i

veally the same as || % 3/4.

/\/l/"\
o oulled an |
James basma‘\zc:w}?.c.dmzci\ng 11 * X + 11 M % X — 11 . 3 . % X
ot of Caf—‘f look like this. 1 1 =1 <>
the expression — 1+ 3794 Nothing's changed here... £his is

he same equation as before.

When you’ve got a number or term that everything else 1s multiplied by,
that number or term is called a factor. So 11—and x, for that matter—

1s a factor of the top part of this equation: €\ olied
bC m\A\‘bY \e
Lor tan
t I(‘a{;\wr{:cvw\s ko get back
llx is 4 ‘radfoy- sow {-11“: OY"\‘S\V\Q\ go::v:cSS" on.
S e ¢ . "
:nld.#r'buﬁe this Fac{;o:ha,,d llx(l + %, - 2) your eapation
vite is sepavately, like Lhis. T 1
l+3-5 )
3 4

But look... with that 11x pulled out, the remaining terms on the top
match the fraction’s denominator exactly. So we can cancel all that out!

31
1xlr s 3 _ 4) These two ave the same

=1 quantity, so they eancel out.
1 ) —0/

3 4
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factoring explained

Factoring is un-mulitplying

Pulling out common factors from a term or group is called factoring. (Clever, isn’t
it?) Once you’ve pulled out a common factor, you can work with the group or the
factor, doing things like canceling terms (which is what James did).

Factoring is, basically, the opposite of multiplying. And when you’re working with a
group of terms, factoring is the opposite of distributing. Remember, the distributive
property is all about multiplying groups together:

The distributive
Sroporty alb+c)=ab+ac <—

\_/Y\/ )
e 5 That berm is mltipled by 0 3¢t this
T\\\S \S {:his 5Y‘O|AP-~~ evr.

tommon Leem:

So the opposite of this is to take the solution, and pull out the common factor:

ab+ac=a(+c¢)

disa Loet,,
oth femsj " _.so we tan Luen that

inbo @ tommon attor
mulkiplied over 3 oyrou-

By taking advantage of the distributive property in reverse, you can pull out
common terms. By manipulating the terms this way, you can set up an equation
that is usually easier to work with. Sometimes you can cancel out a common
factor, or even an entire group.

. Factoring is the inverse of the distributive property.
Inverse

. Factoring is pulling numbers and terms apart
by finding terms that multiply together to make
another term or expression.

308 Chapter 8
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expanding binomials and factoring

Factor by looking for common terms

Factoring isn’t a nice process like FOIL... it’s more like looking for patterns.
But these aren’t patterns that are as easy as the square patterns. Instead,
you've got to try and “see” common factors in an expression. Sound tricky? It
is a bit, but you’ll get better with practice.

Here are some ways to get started when you’re solving an equation and you
think factoring might help:

B/ Look at your equation. If there are quite a few terms, look for numbers
that repeat, or multiples of numbers that keep showing up.

< n numbers-
11x + %x - %x Slart out b\[ \°°\|‘;"?l§?; ::\Y;'a;;/sﬁ' but
1 = R, Youe 8% 0 1l another

1_3 3 %1, so
1+3 4 2315 %

I£ \/ou'ke ms{;y on
B/ Next, figure out the greatest common factor (GCF) of the terms the 4CF, Jump to the
you're interested in. This is probably one of the numbers that kept — PPendix and by,q), up.
showing up in the first step.

Lor -
s is the part to fat
_?\\n:i ’sc\\c 4C¥ of 1% % *

E/ Pull out the GCF and write it down, and then write in a set of
parentheses. Inside the parentheses, write the new terms that are
left after the GCF is pulled out. These are your original terms, each
divided by the GCF you just pulled out.

The tommon 1cat’.‘bor for
all of those terms is |lx, What's 1e£t inside is £he oy

so pull that out. w terms divided b‘/ the 6CF ginal

3 4

1

11x(1+l—§)
_1
3
I+3-1
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interview:

Factoring Exposed
This week’s interview:
Can factoring really help?

Head First: Welcome, Factoring. Good to have you!

Factoring: Thanks! I'm really looking forward to
explaining more about who I really am.

Head First: There does seem to be some confusion.
What exactly are you?

Factoring: Any time a term, set of terms, or
equation has a factor removed from it, I'm the one
doing with work.

Head First: That scems pretty general; can you be
more specific?

Factoring: Not really, I'm just flexible that way. I'm
a general term, that’s all.

Head First: Well then, what would you say your
strengths are? How can you help?

Factoring: Well, when you use me to get your
variable away from all of its coefficients, equations
seem to get a lot easier to solve.

Head First: Ok, that makes sense. So it’s sort of like
high-speed variable isolation, right?

Factoring: Exactly! One easy step and you’ve
got your variable alone. Then you can solve your
equation. Who doesn’t love that?

Head First: It does sound like you're pretty
powerful.

Factoring: Well, yeah! I don’t like to flex my
muscles too much, but I do have some mad skills.

Head First: Do you work with any other
properties?

Factoring: I'm the way you can undo a distribution
or multiplication, since I identify factors and remove
them from a group you’re working with.

Head First: Hmm, interesting.

Factoring: And, although I don’t work directly with
them, the associative and commutative properties
need to be involved most of the time, too.

Head First: Anything else you want to add?

Factoring: Don’t forget implied numbers! If a
variable 1s written alone, there’s a one if you factor
away the variable. People forget that all the time!

Head First: Thanks for your time... this was great.

Factoring: Thank you for letting me clear the air. I
feel so separated from the group most of the time.
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expanding binomials and factoring

Use factoring to solve these Math or No Math bonus problems.
Once you've factored, go ahead and solve these completely.

8+ 24x — 16x
00 =4

you are here »
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sharpen solution

Your job was to factor and then solve all of the equations.

3 FCVC we onl
X, 3x _ actored a half, 4y — 3y
? + 7 =6 but You tould've 5y -3= y
| , - 1Cali‘[k)\rcd out 1/2x
if You wanted. 5\/ -3=y 42

_{(x+3x)=

I
\&)%(Hw:sm Sy-3=4-3
R il By w=l4s
%-‘—‘-'Z :'_4—
........................... T I O >

\(ou tould hav
dblems 3 rumbe

e so\VCd {hcsc
of way$

ave how We
z2_5_¢ \X\tst“’:c“ £ psloo® 8y 4 24x — 16x _ oy
i the same 100
3 3 ou end wp W o
b [} e unknowm b
I () @x + 24x - Ib4) = 24 (100)
)

T&%{* (p-%) =5 (3) R) 8x + 24x - |bx = 2400
p-5=15 8x (I +3 +2) = 2400
p-5%kG=15+5 8x (b) = 2400
8x = 2400
S o a NG . I e

x =50
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1 P
I 4
Rate James

expanding binomials and factoring

The final round: Kate can pull even
and force a tie, or James can ride off
with the grand prize.

:Math or No Math:

Q Bring it on! Q

Problem #4: Solve this...

(x-3)(x+7)=0

izz:s split u}? the equation and set
Yate expanded cxpressions equal to zevo.
(x=3)(x+7)=0 &c omid. (X =3)(x+7)=0 l
X2+7X—3X—2'\=O§J X-3=0 aNd/Or Xx+71=0
X2+ H-2120 x-3+3=0+3 X+]1-}=0-7
Kate doesn't know ‘-
what to do an«U ~ > ? X=3 aNd / or __¥

_ @wtxu«
‘PQWEWR
Why did James get two answers? Which of his
answers is correct? Is either answer correct?
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any number times zero is zero

Zero times anything is 0

Kate was working her problem out the normal way, but James
noticed something... his two terms multiplied out to zero. Suppose
the first grouping is a, and the second grouping is b:

be quantities,

variables, whatevey.

I{: a- b = O numbers,
N —

Then: a=0 andior pHh =0 “

Theve's no way T
numbers £an "‘“\'E‘\"\I

1o ‘5‘{: zevo.

two NON,uro
‘«Escﬂ\ﬂ'

Now, if a is (x-3) and b is (x+7), we just have to solve for x so that
either (x-3) is 0, or (x+7) is O.

If either of those groupings is zero, then it will cause the entire
equation to go to zero. That’s called the Zero Product Rule: any
number or term multipled by zero is always zero.

Let’s zero these things out...

(x=3)(x+7)=0
~— —
We n dci{:hcvaorb{:obc a . b _ 0
z:‘roc;o make this wovk o:/

Y
aLO\A\d\)CO X — 3 — O and/OY X + 7 — 0 bcou‘d be O

x—343=03 x47-1=0""1
x=3 and x=—1

1
\\_/ Bo_fh of these solutions

will work beeg
. . . . us
If either a or b is zero, then the entire equation goes to zero. So make the endin ¢ lﬁ”_

ire e

if x 1s 3 or -7, the equation works out. James was right; there are work out 45 0 XPression
actually fwo right answers for this problem. ’
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Q,— Does a common factor have to
appear in all the terms in an equation?

A: You can factor any or all terms of the
equation. But when you pull out the factor,
it's only multiplied by the terms you pulled
that factor out of.

In Algebra, all of the terms on one side of

the equals sign are typically factored at once.

But in more complicated math, you may
have several factors in a single equation.

Q: What if | choose a right factor, but
it doesn’t help me solve my problem?

A: As long as you follow the rules and
factor correctly, you can always go back

to your original equation. Just like inverse
operations and distributing, all of these tools
can be tried out and undone if they don't
help.

BULLET POINTS

equation.

®  Factoring is a tool to "
help manipulate the

= Any time you pull out a
common number or
term, you're factoring

therejare no
Dumb Questions

Q— How come James got to work on
only part of his equation at a time?

A: That's thanks to the Zero Product Rule.
Since only one part of the equation has to be
zero, both of those pieces can be set equal
to zero and then solved independently. By
applying the ZPR, you can work with two
equations separately, and both solutions will
work.

Q,- How can we have two solutions for
a single equation?

AI Good question, and we'll talk about
that a lot more in the next chapter. For now,
you just need to know that if you substitute
each value you found for x back into the
equation, and you get the right solution,
you're good to go.

expanding binomials factoring

Q; How can | tell when to factor?

A: Well, it depends. Usually you can get
at the solution for a problem several different
ways, factoring being just one of them.

If you try factoring something and it doesn't
get you anywhere, don't worry; just try
something else!

Q; What about equations in terms of
multiple variables? What if we have x, y,
z, and w?

A: They can be factored the same way.

If the GCF has multiple variables, you can
factor them all out. Another strategy with an
equation of multiple variables is to factor out
just one of the variables, if you can. And, of
course, the Zero Product Rule is always a
great option.

The Zero Product .
Rule means that

if terms multiplied

together equal zero,

then one or all of those
terms must be zero.

Factoring to get an
equation in the form

of two terms multiplied
together to equal zero
means that you can
use the ZPR to solve.

Download at WoweBook.Com
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kate lost! OO
7 2

[ o

Rate James

: Math or No Math

Sorry, Kate, but the Zero Product
Rule put me over the top.

To recap the rulings:

o James and Kate expanded binomials
James was careful with distribution, but Kate wasn’t, so
she got her first problem wrong. Then, they both learned
FOIL. Next time they’ll both be faster and more reliable.

e Kate's squared pattern skills rocked
Kate knew the difference of two squares right off the
top of her head and didn’t need to do any work.

e James' factoring frenzy blew Kate away
James knew that factoring to make a manipulation
easier worked great... and he proved it.

e The Zero Product Rule works.
James finished up with applying the ZPR to solve a
tough equation. Since Kate didn’t know about the
7ZPR, she was out of luck.
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expanding binomials factoring

Poo] Puzzle

Your job is to take terms from the pool
and place them into the blank lines
in the expressions. You may not
use the same term more than once,
and you won't need to use all the
terms. Your goal is to complete
the solutions for each problem.

6d + 4d — 18 =d

6d +4d — 18/ = d +18 —12a — 3ab + 9ab =0
6d +4d-¢ =d+ 184 .. G )=

Note: each term from
the pool can only be
used once!

9
2
-12 + 6b d(6 +4-1)
-12-3b +9b 2 6b 6d +4d -d
a a
-12 + 6b
a

317
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pool puzzle

Poo] Puzzle Jolution

Your job is to take terms from the pool
and place them into the blank lines
in the expressions. You may not
use the same term more than once,
and you won't need to use all the
terms. Your goal is to complete
the solutions for each problem.

6d + 4d — 18 =d

6d +4d — 18/ = d +18
6d +4d-¢ =d'+ 18-/

6d+ad-d =18

...... de+4-1) =18
d(9)=18

9 9

318

—12a — 3ab + 9ab =0

........... 6b =12
b b
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expanding binomials and factoring

Binomia]cross

First, use the inside of your brain to get at the clues that are outside
your immediate recall to burn them into memory at last...

S

ANEEEEN

Across Down
4. A special case of polynomials made up of two terms 1. The product of two hinomials that only differ by sign is the
6. First, outside, inside, last difference of two
7. A quadratic equation will have solutions. 2. When the equation equals zero and is a product of terms,
8. Values held together by multiplication one or more must be
9. When you factor, look for the (abbr.) 3. FOIL really works because of the property.

10. Square the first term, twice the second, square the second 5. The distributive property describes how to multiply
11. To help simplify solving quadratics, manipulate them to be .
equal to . 6. Un-distributing
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binomialcross solution

Binomia]cross Solution

'S
o 2

W0 EEEN

o= N

g o
ol 0O
o
VT

-~
<=

Wﬂﬂgﬂﬂﬂ! ]
R

[~
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expanding binomials and factoring

Tools for your Algebra Toolbox
This chapter was about expanding BULLET POINTS —

binomials and basic factoring.
= Multiplying two binomials is a
special case of distribution.
®  FOILis just an acronym to
F 0' L help you apply the distributive
property correctly.
To multiply these two binomials: (x +a) (x +) = Patterns like the squares
patterns can help you solve
a problem really quickly, but
G Firest: (x + a) (x + b) :
7 A FOIL will always work.
. : - Ist tevm
Multiply together {:h.e fiest 1t ker fer = Factoring is a tool to help
terms of both binomials. NN manipulate the equation.
\ e )
o Outside: % « e = Any time you pull out a
Multiply together the outside x+a)(x b) common factor, it's factoring.
Lerms of both binomials. o keem = The Zero Product Rule
o Inside: inside £ means that if terms multiplied
nside: b) together equal zero, then one
Multiply together the inside (x +a)(x + or all of those terms must be
Lerms of both binomials. inside Leyy, zero.
e Lask: = Factoring to get an equation
(x + a)(x + b) in the form of two terms
Multiply together the last 7 (‘ \ ke multiplied together to equal
fwo terms of both binomials. \ask e \os zero means that you can use
¢ the ZPR to solve.
x2 + bx + ax + ab
Binomial squaved: (x +a)’ =2 + 2ax + a>
Binomials with
diffevent signs: X+ a)x—a)=x -
—
The Zevo Product Rule P
i a+b=0
Then a=0 ad/oc b=0
you are here » 321
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9 quadratic equations

+ .
Getting out of line *

This is stupid. I'm just

supposed to wait in this line

all day? Look, it even curves
around the block!

Not everything in life is linear. But just because an equation
doesn’t graph as a straight line, doesn’t mean it's unimportant. In fact, some
of the most important unknowns you'll have to work with in life end up being
non-linear. Sometimes you've got to deal with terms that have exponents
greater than 1. In fact, some equations with squared terms graph as curves!

How’s that work? Well, there’s only one way to find out...

this is a new chapter 323

Download at WoweBook.Com



head first u and water balloons

Head First U is at war!

HFU has a tradition of frat wars
during pledge week.

The pledges have to nail the opposing fraternity’s
president with water balloons. Jon’s a pledge and
has to hit the president at least three times during
pledge week, or he’s got no hope of getting into
Theta Theta Pi.

And, guess who he’s asked for a little help... you!

2

on's the I
C&P{:aih Ot cdﬁf
heta Thet, Pi. amemmmmeal
el e P Qammd
/' \\ \£a's house
Thcta The'l:a II \\ Dc
i's houst I,,' \ an Yo oW s A ‘\‘
h W \
’l \)o:«\—fx ba\\OOV\S w‘\: o \\
:" \:xcc Lbebween the ‘\
i ‘Q‘(a‘t houses: ‘||
-' 2 )
! S |
_‘:J 1
< Vo Where the water
O6I1 balloon should land
x (distance from the = )
front of the catapdt) 1 P Ganns Delta’
2 feet 2 feet preser
Traditionally, the water balloons have been
launched by hand, or maybe with a slingshot. Jon
is out to make Theta Theta Pi history, though...
324  Chapter 9
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guadratic equations

Jon’s uparading his technology

Jon’s bringing in a catapult. With a catapult, he can be i The site
more accurate and hit Pi Gamma Delta’s president even ?rdc?: s ca{"ao}?_-ulc{;ch ta {;yul £ in
harder, and that means he’ll get into the frat for sure! lists the vange

terms of an equation
The catapult comes with a range equation in

terms of height and distance. If you know how
high you want a balloon to go, you can figure out
where to place the catapult so it plummets right
down on the Pi Gamma Delta president’s head.

This is the website where Jon

Only trouble is, Jon doesn’t know
Algebra... that’'s where you come in.

Here's the vange equation.

BRANN
BARREL L

For the first shot, the Pi Gamma Delta president is sitting on the lawn, so the
height is zero, h = 0. Figure out x so Jon can place the catapult in the right spot.

We'll get. you started..
\C\hr—‘ O when the president

make this easier to _
E&:’ﬂ?’\ilci i ;:t Lipy-- =x2+ 100 £ 70 =N icanthe OGN e

....... e T W R T VT Y I (1) N

Now what's x2 Subsbibube in 3 cowle obvabess e,
and see what You tome up with.
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quadratic equation overview

BRAVN
BARREL L SQLLULUTIQW

For the first shot, the Pi Gamma Delta president is sitting on the lawn, so
h = 0. Figure out x so they can place the catapult in the right spot.

Taumake thiseasiec o —x2 + 108 +70=h. ... byx=20 20°-1020)-T5=0%
N \r\, mu\JCi ‘

o A0 TB2 0 sto
i T [ (R [ SRy 1) FES (1) N

x2-10x=75=0 yx=0 o o-lolo)-1=07
Now, what's x2 Tey a touple of values oub with el "75:*'0 ..............
substitution and see what You tome up with.

teyx =10 10* - 1o10) - 15=07? You may have picked diffevent values. That's

e e T e e e it Rat bl S
.......................................................... 1540 o ecvocisnt the way 1090 There must be a

way to solve these things alaebraically.

Introducing a new type of equation: quadratic

lineav eauations

A quadratic equation is any polynomial equation that has a degree of We saw with (Whith is 3
{wo; that just means that the largest exponent for any variable is two. The like 3 = by -1 it\\cﬂ .
degree of the equation also dictates how many solutions there can be, and degree of one) tha o
since a quadratic equation has a degree of two, these equations can have &—— one solution pev vanapie:

up to two solutions.
p AN We actually saw several

So Jon’s equation needs to be manipulated to solve for x twice. The Zero /— quadratics last chapter-... we
Product Rule (ZPR) can also help. If we can manipulate the quadratic were turning them into two

equation so it’s a product of two quantities equal to zero, these equations binomials, but {:hc\/ started

will be a lot easier to solve. out as quadratics.

Expanding two binomials made a quadratic equation, so maybe factoring
the quadratic back to two binomials is the way to go. Let’s try that and see

what happens. Any equation with
a c[egree of 2isa
quac[ratic equation.

326 Chapter 9
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guadratic equations

.Rcmcmbcr, this is o b

Factorin Ma nets s O-.. the Presidend . use the heig)
8 st same level a5 L.fé;i;‘ “tanding ot fif

Use the magnets at the bottom of the page to fill in the blanks, and Pult.
see if you can solve this problem on your own.

X = 10x — = O The last two numbers n;cd {';’osbc
/ mulkiplied together 4o be =17
PR) WC'“ m

To use the 7 Liog khat
d two "\uan{',\{’a“s ( _ ) ( ) —_—
el ultped toaethe L — + =0
cqua\ zevo
, of these values will be )
Wc I explain wheve this Twoahd {:w: will be numbers. We'll explain wheve this
sign tame from la'(:cV"/Q *, ( sign came feom later-
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factoring magnets solution

Factoring Magnets Solution

Your job was to use the magnets to solve the quadratic and help Jon

(:'\ uvre
L. ek art: To %19y
hit the opposing frat’s president. This is the tricky ©

bCY‘S) ow have
out these two W'{';wo m:’“b evs that

x2—10x =75 =0 have two Jd“we:—’lé T b, when

i t
// :;\:c‘\:\l'k:;c\\cr, tome out 1o 10, the
The fivst Jccrm/—\‘

LOC‘(‘(\L\CY\k, O‘( * WM Lhe oY \3\'\3‘ Cq\la k',\o'\-
S %

sinte % K x = (_) (+@) =0

CF=)=0 G Y =0
+[Z]+ L) [)=0 + =] —@+.+@=O -\
. [: =0

Use this space to check your work by expanding back out the binomials:
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guadratic equations

Where does Jon put the catapult?

So x is -5 or 15. But what does that actually mean? How can a catapult fire a

balloon a distance of -5? Keep in mind the context of this problem. How can a
water balloon travel -5 anything?

A negative distance means that the balloon goes behind the front of the catapult.
That doesn’t make sense in this context, so we can ignore that answer. What we

needed was the 15. The balloon will travel 15 feet. So let’s shoot the catapult from
15 feet away from the president...

——————
- ~
- ~

’¢" ~‘~\ Pi éa',“ma
Theta Theta Delta's hort
Pi’s house e . \A
¢ A \
) ! wA‘hCY \)3\\0" ‘\‘
2 %
! =
(e b
/ ca{i&Pulf - WhCV'C 'U')C wa‘{:cy-
606II balloon lands
<
x (distance from the )
Lront of the ca‘[:a\?uH‘) Pi Gamma DCH.:a :
€ L 4 \wcs'\dCV\JC out In
-5 feet 15 feet the yard--

Uh oh... the president’s relocated

While you were figuring out how to hit the president, he got clever and moved!

-.but whil
Now the president’s hiding in a custom-dug water balloon bunker. vie You were

‘Facﬁoring, he was
di%ihﬁz and now...

The 21 foot hole changes things. Write the
new equation that you need to solve for Jon.

hes saﬁc down n 3

yyd 721 foot hole.
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factoring takes planning

The- height

The 21 foot hole changes things. Write the new equation that you

need to solve for Jon.
V\ ‘{ou \'\

18°a negative

height because it's a a hole —2] = —x* + |0x + 75

ahd i'E)S bclow{hg Sround .......................................... /N .................
........... %— =+ 10x+ 75+ 2l 0.= x> +10x 196

ave to g0 back to the original equation,
so Yyou tan substitute the new h back in.

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

You should always factor with a PLAN

If we’re going to get the balloon to hit the president, we’ve got to
solve our quadratics faster this time.

What we did with the first equation wasn’t very organized, or
consistent. We tried a bunch of factors, and then had to do FOIL in
reverse. Neither was that quick.

Let’s look closer at what we did with x? - 10x +75 = 0 and figure out
how to get a bit faster.

o

We need a standard form.

The equation needes to be in the standard form of a quadratic, set

to zero. You have to have the zero, or you can’t use the zero product
rule and split up the possible solutions.

We need two binomials.

Once the equation is in the proper form, you know you’re going to
need two binomials that start with x. Fill those in and you'’ve already
got half of the terms ready.

Figure out the other two terms in the binomials.
The last two terms need to accomplish two things. First, they have to
be multiplied together to get the constant in the quadratic equation.
Second, they need to add together to get the middle x term.

The standard form of a quadvatic
equation is three terms

2
an x> term, an x term, and a tonstant.

) )

x-lox-T5=0
(x Wz )=0

These need o be multiplied

together to get 15
v
(x Is)x B =0

These need to be added (or subtracted)

to get the x teem the -10x.
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Picking the last two terms to fill in for the binomials is the trickiest part of
factoring. Sometimes it helps to get even further into the details.

x CIx N=0
N Picking these two

The easiest way to find out what numbers you can use is to list all of the possible
factors of the constant term of the quadratic equation. Why? Because when you
multiply this thing back out using FOIL, you know that those two numbers multiplied
together will end up as the constant in your equation.

1B=Toe Onte You know that these are the o\lﬂc'lov\S, then
= move on +o look at the » term, 10, in our
=203 \t/:‘;:c. ?ﬂ\crc needs to be a set of these that
=@ added (ov subtracted) together gets to 10.
I5-5=p

Look over these factors closely. Which pair will let you get to the middle x term? Since
our middle x term is 10, we can take 15 and 5, which have a difference of 10.

(x 19)dx 9)=0

quadratic equations

Factoring Up Close

Q Fill in the signs and check your work.

To finish up your binomials, fill in the signs. Your binomial constants (x— I9)Nx +5) = 0O

need to be multiplied to get the same sign in front of the constant (75),
and added to get the right x term (-10x). Then, expand the binomials
you came up with, using FOIL, and make sure that it matches what you
started with.

X +6x-I5x-T5=0
X -lox-T75=0

Use your new factoring skills and the equation you just wrote for the subterranean president to

figure out where the catapult needs to go now.

Download at WoweBook.Com
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exercise solution

Use your new factoring skills and the equation you just wrote for the subterranean president to
figure out where the catapult needs to go now.

O=—x*+10x+9 M5 not quite the vight

~—— form... but you tan swap the
v~ zevo to the other side-
—~x*+10x+9% =0

Then get vid of

that =l > 410k 4 %) = -0

X -lox-9% =0 < Now we'v

advatic equa
ions for the last m B for a qu
The options 10 (x Nx )=0

hwo Levms tome Xrom qb = e’
= 1\—3 o
~27e3 We also know that we need -10x

in the middle, so the two tevm
=2k & / need to work out + lo. :

f_lb.b\‘ﬁ‘

(x 18)x b)=0

e n s{:andard (:0""‘
tion.

For the signs to get a =96, one has to be positive, and one negative.
Since we want a —|Ox, the bigger number is the negative, -6

L

(x+8)x-16) =0

f\ \’ Use FolL 4o thetk this ,.b

x+b=0 x-lb=0 (*+b)($—|gi=g
_ #,Ib*“’b*’ - /
%-l')(-f'/(:o_-b +/b+x—-}6—0+“> *2—|O*_ﬁbf-o
x=-b k= Ib e ko shick the catapult back Ib fect to

hit Pi Gamma Delta wheve it hurts!
—~———_

Yeah! Direct hitl He can

o O run, but he can't hide...
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quadratic

BULLET POINTS

= Quadratic equations have up to two
solutions.

finding the product of two binomials.

= You need to check that your factoring
is correct using FOIL.

®  Factoring a quadratic equation means

= Finding the constant terms for
the binomials is the hardest part of
factoring a quadratic.

= Quadratic equations need to be in
standard form before you factor.

Dum

Q: Do | have to write all of those teeny steps?

A: Not forever. Whenever you learn something new, it's good to
write down as much as you can so that you can check your work.
We actually wrote down a few middle steps that make it easier to
understand. The binomial only needs to be written once, not 3 times.

The bottom line is that you should write down as many steps as you
need to so that you can understand and complete your work.

Q: Is this just FOIL backward?

A: Yes! We're working on figuring out what two binomials will get
you back to where you started. Why? Because if you apply the Zero
Product Rule, you can solve the quadratic!

Q: What are quadratics good for in the real world?

A: Quadratic equations can be used to address a whole new set of
real world scenarios. For instance, Jon’s equation is a simplified form
of a projectile motion equation that describes how objects will travel
in the air.

Quadratic equations are also used to design parabolic microphones,
satellite dishes, and suspension bridges. They are even used to
design water fountains like those outside fancy Las Vegas hotels.

therejare no
b Questions

Q- How can one equation have two solutions?

A: When you have an equation with a degree of two, there are two
solutions. Remember, a solution means a number that makes the
equation true; that's it. As you check your solutions, you'll see that
there really are two ways to make these equations work.

Q,: What's standard form for a quadratic equation?
A: The general way to write it is ax? + bx + ¢ = 0.
Qj What if there’s an ax?? We've only done just x? terms.

AZ Things get more complicated. The process doesn't change, but
if you think back to FOIL, that means two things. First, the first terms
of the binomials need to come up to ax?, not just x?, so now you're
looking at a coefficient in front of one or both of the x terms.

Second, that means when you expand the binomials back out you
have to keep that coefficient in mind when you're getting the x term.
It means you're looking at a lot more trial and error to get it done.

Q: Can you always factor an equation?

A: Yes and no. There are methods, like completing the square,
that allow you to work with fractions to factor any equation. But it's
tricky and really more of an Algebra 2 topic, anyway.

So what does a quadratic that doesn't easily factor look like? Good
question. Turn the page and see...
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anew problem for Jon

Pi Gamwma Delta built a wall!

Over night, Pi Gamma Delta got some of their engineering
majors to supervise their pledges and build a wall between
the frats. Now the president figures he’s safe because there’s a
lot more than just a couple of bushes protecting him.

\ of the w-a
\;a;’\oo“, \m‘h ‘N\\\ 3 t\eav
/”””--;’. the wall?
Theta Theta
Pi’s house //
III A
lm 7 Foof
l” \)on's sliek i
I3 Ca{:aPu I{;
Ol
x (distance from the
front of the catapult)
) >

That wall is 9 feet
tall. Is there any way
we can make it how?

KP'\ Gamma Delta’s

\wcs\den{: feeling
safe behind the wall.

Jon has no idea how to figure this out.
But you do. Now you need to figure out another &
value: 9 feet. No problem! Just do what you’ve been
doing, and you can find out if A of 9 feet works.

Download at WoweBook.Com
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quadratic equations

Can Jon clear the wall? Start back with the original equation and
put 9 in for h, then solve.

Something weird is 9oing 4o happen. Just
flip the paoe when you 9et 1o a PAFE e
where Yyou Eccl \/ou’rc stuek...
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sharpen solution

Can Jon clear the wall? Start back with the original equation and
put 9 in for h, then solve.

WWe know we want

it 0 90 9 feet. x>+ 10x+ 75 =h To get the equation in

s{;andard ‘co‘rm, W€ hee
<>+ |0x+75=19 to 5&, a zevo over heve.

"7'*l+'0*+75=‘/'ﬁ .........................................................................

Jaggn =l 4 10x + bb) = _I(0)

The options for the last bbe |
.................................................................................. {;wo{’,ﬂ‘ms tome Yrom bb = L4
=223
LR PP P PP PR PP PP 33. D e
.................................................. We.need to constants that canbe added 2 =lle b

And that’s the weird thin
9 we warned
about. Facﬁoring doesn’t alwa\/s work. i

Now what?
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guadratic equations

Got any ideas where we should
put the catapult, Oh Great and
Wonderous Pledge Captain?

Jon: We can’t figure it out. This equation won’t work out.
Scott: Jon, if we don’t hit these guys—

Tim: Hey, you guys, what’s this thing in the small print on
the website?

Scott: I didn’t see that earlier. Let me see.

o )

\) on S,Lo{'}\'a

/52
Scott: Oh yeah, there it is. It says: X = —b Zba = dac
Jon: What the heck is that?

Tim: It looks a little like the range equation that it came with.
It uses «, right?

Scott: What about all those other letters: a, b, and ¢. Where
are they coming from?

Jon: I'm not sure, but let’s figure it out.

Scott: Quick, or the president’s going to move again!
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exercise that formula

Try out that weird equation that Scott found and see if you can find x. Then Jon will know if he
can whack the Pi Gamma Delta president on his head, even with a wall in the way.

This s standa

............................................................................................................. 8 Gt ;

. rd Fow.. e
The equation we This is the c"\“‘a{"""‘

quation.

Standard form is :
.......................................................................... 2. crarl Fbhrd e =0 feereeieeenn
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quadratic equations

We left You Plcn‘f:y of voom to
work {:hings out/
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exercise solution

Try out that weird equation that Scott found and see if you can find x. Then Jon will know if he
can whack the Pi Gamma Delta president on his head, even with a wall.

R LR EELRIERIEEEENS ThiS'iS'stahdava'{fa;"';,;C’
The equation we This is the equation a quadvratic cqua{:ioy.'.“

Standard form is :
.......................................................................... 20 i) ...3*7— +bx+e=0

............................ This is all the information You need. to. solve this Problem........oooovooooooooooooo
The tricky part is splitting up the formula for x into

£wo pieces: one with minus and one with P'usv

Make sure You hold onto
K.z 10%.2.66.2 0 these negative sigus. . ....ooorrererrirnriinnns

Use these a b, and
¢ values..-

|
............................................................................... W Ehe signs heve
O Watt 2

x = = (=10) £/(-10)* - &(1)(—bb)

After substitution, simpli‘(:y

............ QS'WGITGS\/outah

................................................................ T e

At this point, we need to split up the formula to deal with
fe e ettt ettt ettt s eeeaa et aaann 'Eha{ ’?hﬁs‘b\-’ MRS ‘E"\]hSJ‘Tha‘t mcahs WC’I]JUS‘E ‘\SVC onc h
cqua{:ion with addition, and one with subtraction.
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guadratic equations

i s how You SCE T
solutions 1o the co\ua{',ion‘

Same "eduation; ‘but: one

xlzl b4

.............. other has.a. minus SO0 ..o D
%, = lo - 19.07188

................................................................ This is a vounded solukion. ... .

x=29018 ¢ % = - 90768

2_ yA

e e e e
x,:-.M-E?;‘M—*L:—”f%‘H' ..................

Now, eheek Your wovk and make
........ sure.these solutions ave ok.

%2~ |0Ox - bb =0

................................................ k\.\ié.-‘.s.c\o“.cuqv?)\?...........................

¥t —|Ox - bb =0

o
We Yovded some; S

\oe t,ov\s'\dcvcd Lhe same:
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interpreting quadratic solutions

9 feet is not a problem

After using that formula from the side of the box, we figured out that 9 feet
works for the catapult at two locations: -4.54 feet and 14.54 feet.

Both of these numbers are the distance from the front of the catapult to the
location where the water balloon will be 9 feet off the ground. That’s good
news for Jon because it means that the water balloon is above 9 feet before
it passes the front of the catapult and until 14.54 feet away. As long as the
catapult is less than 14.54 feet from the wall, it should clear it!

[-xl-IOx-—U::O/-\/

= 145394 x = - 453%
\valloor
Q ‘h ‘\: ‘ \\ as
Pak: "l dear the ¥E
..’ b s o 1
90( Qcc\:
_____ I oo
Ia's house
Thc“:& Thc‘{:a /’/ \ ~ ~ Dc \
Pi’s house - \\
\
/! \
ll A 1
] \J
H 7 1':00{;
:' wall
O0II
x (distance from the K amma Delta’s
< ° front of the catapult) > \\j\:-cés\dﬂjt about to
5C+’ y\al\cd

Nailed him!
That's twicel

90
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quadratic equations

What was that thing that you
used? Jon just found it in the
small print on the websitel

It’'s the quadratic formula.

There’s a formula out there that can give you the solution
to any quadratic equation—no factoring required— and it’s
what was printed on the side of the box.

The quadratic formula

The other way to solve a quadratic equation besides factoring is by
using the quadratic formula. The quadratic formula is written for
the standard form of a quadratic equation that allows you to solve any
quadratic equation, whether or not it can be factored.

The 3, b, and & in this {cquahon
in the

ave the 3, b, and € in .

standard form of 3 u\uadrabc.

b4

ThlS iS 'H\C X .h {:h
i e X =
3 ~2a

quadratic equation.

This symbol

«
means “plus or minus.”

The quadratic formula is great because you can use it to solve any
equation, but it is a bit cumbersome. To get both solutions for the
quadratic (remember, a quadratic has two solutions), you have to work
with the “plus or minus” symbol. To handle that, you simplify the
expression once for addition of the quantity under the root, and a second
time for subtraction of the quantity under the root, like this:

x_—b+\/b2—4ac . _—b—-/b*-4ac
lT_ 2a e o= 2a

The subseript is \_/
Just a way to tell

€ dnswers aPaY‘f-
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no questions

therejare no
b Questions

Dum

Q: Why didn’t we use the quadratic formula first? Isn’t
factoring a waste of time?

A: We didn't do this first because we knew that you would say
that! The quadratic formula is fantastic if you can't factor, but if you
can, factoring quickly gives you the whole number solutions.

Another issue with the quadratic formula is that it's easy to mess
up. You need to watch the order of operations and the square root.
If you get either of those wrong, then your answers will be wrong.

Q: That square root was really long. How much of it do we
have write down?

A: It's a judgement call. There is a standard for how many
decimals you should use, called scientific notation. For now, let's
say that two to four decimal places is enough.

Q: What if there are fractions for a, b, or c?

A: That's no problem. You can do two things:

First, just go ahead and put the fractions in the quadratic equation
and simplify. It can sometimes be pretty difficult to do that, but if
you watch your order of operations, there shouldn't be a problem.

The other option is to multiply the equation by a number that will
allow you to clear the fractions, like 4 if you have 1/4 or 3/4, then
use the resulting coefficients in the quadratic formula.

Q; Will the square root always be a decimal?

A: Most of the time it will be, so you'll need a calculator. There
are, of course, perfect squares (9, 16, 25, etc.), but it's not very
often you'll get one under the radical.

Q- Will real world equations have decimals?

A: Most of the time you'll have decimals. Unfortunately, the
real world tends to be messy and not easily quantified. A lot of
equations deal with real materials (like water or steel) or real

phenomenon (like speed) are based on measurement, which

typically are written in decimals.

Q: Where did the quadratic formula come from?

A: The quadratic formula can be derived using a special
factoring technique called “completing the square.” If you use the
a, b, and ¢ general constants when you complete the square, you'll
come up with the quadratic formula.

You'll learn how to complete the square for any equation later on in
math... it's nothing to worry about right now.

Q; What if the value under the root is negative?

A: You mean, what if b? - 4ac is negative? Well, you can't take
the root without learning about a whole new class of numbers...
and that's another book altogether.

So what do you do if you come across this now? Keep reading...

The quadratic formula requires precision.

You have to get the order of operations right when you’re
working with the quadratic formula. Everything under the
radical has to be simplified before you can take the root.

You also have to watch the signs! It's easy to lose track, so if you need to
write all your steps out, that’s a good way to keep from making mistakes.
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quadratic equations

Tim and Scott pulled out the slingshot from last year to try and ping the
vice president of Pi Gamma Delta while Jon’s setting up the catapult
again. Help them figure out where they need to shoot from.

 is the distance the slingshot needs
" 4o be Lrom the wall £o make T QU +o e

g"L‘e*:‘B .......................................................................................................................
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sharpen solution

t Tim and Scott pulled out the slingshot from last year to try and
ping the vice president of Pi Gamma Delta while Jon’s at it. Help
them solve the new problem to figure out where they need to be.

 is the distance the slingshot needs

" 4o be from the wall to make it over. -oeereereenseeeeee e x: _bib2_4ac .......................................
g"L‘e*:‘B 2“ ..................................................
x = - (-8) £\/(—8)* — 4(1)(I3) Wateh the 5'.5,.5!

2

ettt e e

ill work, so

L These are the two values that wi

""""""" T W 2 Tk TRV caam
slingshot will get the balloon over the w.\j\

................... o8kt 13=0 L X3 =0

BB 8GBL A 1320 (2.260) -8(2.268) +13=0. . ...

....... 32856 - 4585 41320 e BI3A8 G A 3 =0
0= o\/ Thevre was some rounding in /?5_00472_ = 0\/

theve, so this is basicall\/ 0.
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quadratic equations

BRANN
BARREL L

Here are two quadratic equation for you to work on—be
careful—some weird things are going to happen.

You tan ¢hoose between
X txt = 0 factoring or using the
o\uadra’cic Lormula.

x24+10x+25=0

Try to factor it here: Use the quadratic formula here:
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brain barbell solution

BRAMVN
BBARKBEL L SQLLUTIQWN

Here are two quadratic equation for you to solve.

Be careful - some weird things are going to
happen. ’ J0ms You €an thoose between

fattoring or using the

Let's tey Fattorind Fiest ¥ Ex+7=0 <« quadratic formula-
&7 The only fattors add up
(x+ )(x+ )=0 7=7-1 10 b or 8... no g00d.
This C‘\uaJcion ¢an't be fattored, so
b S0 —daE el uae the quadratic formila
i 2a To foll
2 L—_To tollow the order of o evations,
y= 1+ 12(I) 4(1) (7) work under the vadical ‘p‘:\rs{:. o

e
-1+ @8 That's a negative number!

B r— What does that mean?

What's the weird thing that happened here? There’s a negative number under the vadical,
so You tan't get the square root.

x24+10x+25=0

Try to factor this: Use the quadratic formula here:

(x+5(x+5)=0 _—b+/b*—4ac

\/ \ *= 2a

_ —10+,/10% — 4(1)(25)
x+5-%=0-° x4+5-5=0-° r= 2)

x=-05 xX=-—09 _ =10 +,/100 — 100

X =
But theve's only one answer!/ x = @ =— 5
5 =

__ 10
_/) 2
This goes away.

What's the weird thing that happened here?  The numbers under the radical cancel out, so

there’s only one answer.
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quadratic

Wait a second! T thought that the quadratic
formula was always supposed to work. With that
first one, we're totally stuck before we even finish
under the radical! In the second one, the root just
goes away. What's that about?

The quadratic formula always works... but it may give
you some surprising answers.

A quadratic can have two solutions... but it can also have one solution. And,
to really throw you, sometimes the solutions are undefined. An undefined
solution is what we call a solution that forces you to take the square root of a
negative number.

So how do you know what to expect? It’s all about the discriminant.

What the heck is a diseriminant?

The discriminant is the portion of the quadratic formula that is under the
radical, that square root sign:

. IFb% — 4ac > 0 , then there are 2 real solutions.

This is the typical situation we’ve been dealing with so far: two solutions that
are independent and real.

‘ IFp? — 4gc = (), then there is only one unique solution.

In this case, there’s just a single solution that makes the quadratic true.

‘ IFh? — 4ac < 0, then the solutions are undefined.
Here, there aren’t any real x values that will make the equation true. This is
because you’d have to take the root of a negative number.
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interview:

exposed

The Discriminant Expesed
This week’s interview:
Are you hard to work with?

Head First: Hi Discriminant. It seems you haven’t
gotten much publicity lately.

Discriminant: So true. Most of the time, people
are required to learn about me, but they just don’t
appreciate my usefulness.

Head First: Umm, yeah. So, what exactly are you
good for?

Discriminant: I'm a short cut! Using the quick
b’ - 4ac check can save you from doing lots of work.

Head First: How so?

Discriminant: If you just run that formula and
compare it with zero, you can figure out how many
answers you're looking for with a quadratic equation.

Head First: I see. So if you’re less than zero, the
solutions are undefined, right?

Discriminant: That’s true. There aren’t any real
numbers that can be squared to get a negative
number.

Head First: What about if you’re equal to zero?

Discriminant: There’s just one number that works -
so if you’re going to solve the equation, you know that
you’re only looking for one answer.

Head First: And if you’re greater than zero?

Discriminant: Then there are two solutions, like
you’d expect for a quadratic equation.

350

Head First: So it’s a neat little trick to figure that
stuft’ out, but how does it really help to figure you out
first, instead of just factoring?

Discriminant: It’s almost like checking your work
in advance. If you know how many solutions you’re
after, you’ll know when you get some solutions you’re
on the right track.

Head First: That seems helpful. Do you have any
other tips?

Discriminant: If you figure me out and I turn out to
be a perfect square, the solutions to the equation may
be a round number.

Head First: Just to review, why are the solutions
undefined if you’re negative?

Discriminant: Because you can’t take a root of a
negative number. A negative square root is undefined.
That’s a property of a square root.

Head First: Thank you so much for your time. Now
I think we all have a better understanding of what you

do.

Discriminant: Thank you! I'm so sick of being seen
as a waste of time. I'm actually a real time saver.
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quadratic equations

Simplify each discriminant and then match it to the corresponding
possible solution to the quadratic equation.

Discriminant Value Possible solutions to the quadratic
equation that created the discriminant:
b*— 4ac ="?
You don't have to wovrk
out the actual solution.
See if You tan use \')us{:
(6)2 -4@)©) the diseviminant to Qigwe
this out.
-1
(5)° — 4(1)(~14)
-2,7
1)* - 4(7) (1)
Undefined
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who does what solution

SQALLULUTI\QWN

Simplify each discriminant and then match it to the corresponding
possible solution to the quadratic equation.

Diseriminant Value Possible solutions to the quadratic

b? — dge =7 equation that created the discriminant:

0
-1
(5)" - 41) (-
......................... LS
-2,7
1 -4(7)Q)
....................... 21T
Undefined
(4)" — 4(=2)(=2) YB
o .
....................................................... This is all abo.,{: .{:hc
%k of solutions... the
- Fiminant made it ez
(2)" —4(3)(3) 1o see whi Y
- wi lCh 0‘(“ ‘{‘,hc;c are
32 Possible SOIu{:ions.
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The o\uadva{:it, Lormula
_p+ /b - dac

2a

X =

quadratic

therejare no
b Questions

Dum

Q,: Checking my work with the quadratic formula
is a pain...

A: Yeah, it kinda is, but it's worth it. The quadratic
formula is pretty easy to mess up... those signs can be
a real killer.

The decimals make checking your work tricky, too, and
they make solving the original equation difficult. That's
why checking your work is so important!

Q— Why can’t you take a negative square root?

A: Because a negative times a positive is a negative.

A square root is supposed to be two things that are
exactly the same multiplied together, and you can't do
that and get a negative.

You can, though, take a cube root of a negative number.

Since a cube root is three numbers multiplied together,
a negative times a negative is a positive, times another
negative is a negative.

The sfandard £orm of a
quadratie equation

axz‘l"bx-f-c:o

Q; If | want to start with the discriminant, do |
have to get the actual solution for it to be useful?

A: You can totally eyeball it! If you get 1 minus some
giant number, it's obviously negative, and that's all you
need. Just use your best judgement!

Q} Which is better, factoring or the quadratic
formula?

A: It depends. Usually, if an equation’s factorable,
then factoring is easier. If you start with the discriminant
and it comes out as a perfect square, it's probably a
good idea to try factoring first. If you factor, you get
nice whole number answers, which makes life so much
easier.

On the other hand, if you just want to solve an equation,
go quadratic, and you'll get the answer every time. The
downside is that it's easy to mess up.
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amoving target

Frat Wars, part deux

This is taking too
long, and the president’s running
around now! We need to get at
least one more hit or we're out.
We need to speed this up morel

/) ? ‘ch;

After their unsuccessful attempt to hide their president in a hole and behind
a wall, P Gamma Delta has figured out that Jon can be really exact with his
water balloons, if he has time to calculate. So now the president has decided
he’s going to just keep running around since we can’t work that fast.

To aim the catapult properly, we need to be able to work out two things:

o What heights can we hit? is that we've
Jon’s water balloon can only go up so high, and there’s a different « for The problem is dvatie

o got to solve the quadra

| over and over. We veally

need o \')uch be able o look
hi somehow..-
e For every height, where does the catapult need to be? these things up

Jon needs the position for aiming, which is x. Then he can nail the
president and get himself and his fellow pledges into Theta Theta Pi.

354  Chapter 9
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quadratic equations

—)(l 4+ IO‘/~ + 79 =h P\ éamma

J DCH',a,s ho‘i

I'm just going
to keep moving...
then they're hosed.

Pi Gamma Delta's

\avcs\dCh‘l’,

A graph lets us SEE valves...

Just like when we were working with linear equations and wanted to skip
calculations, a graph would help us see all possible solutions.

We need to figure out the relationship between distance and height, so for
any distance, we know the height to shoot balloons, and vice versa. So we’re
looking for the relationship between two variables, x and h.

If we had a graph, we could just read off points and tell Jon without having
to run a bunch of calculations. The thing is, this equation has an x? term in
it, so how does that work? It’s probably not a line, is it?

_ @?A\N
PQAwEwR
What shape do you think this graph
will take?
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graphing a quadratic equation

How can you graph x%?

We know lots of stuff’ about an equation in the degree of one: it has
a slope, some intercepts, and it’s a straight line. But a second-degree
equation may have some other shape that we don’t know about yet.
We do know that it can have two solutions, not just one, which must
mean something about the graph...

The simplest way to plot a graph of an equation is to plot a few
points, and then connect the dots. Since we don’t know the shape of
this graph, let’s start by picking a bunch of points and plotting them
to see what we come up with.

Fill in this chart with the right A for each x.
HCVC are some

*—Values. Yc,.,
‘pigu\rc out the /X
h--Valucs.

% x>+ ]ox + 775 h

—(5)* + 10(5) + 75 100

Ol

(00)

w

Use this space for extra work:

356 Chapter 9
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quadratic equations

Plot using the points that you just found on the facing page, and draw
the resulting curve.

i t ooes
a smooth line ‘H\a
E\t::ug\\ a\\ 0‘(: {',\\c Yom‘ts-

x>+ 10x+ 715 =h

you are here »
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sharpen solution

Fill in this chart with the right h for each x.

x>+ 10« + 75 h

%
5 57+ 1065 + 75 100 pms point is (5, 100)
8 (8 + 10 + 715 A 6w
This one was aetually 10 ~(1or + lolioy + 75 75/v‘\ 1o, 75
nice and easy. -(3* +10(3) + 75 P \ \ (3, 9b)

S

(0 +10(0) + 15 / 96 ]/ 0,19

Use this space for extra work:

-(@)*+10@)+75=-bt4+80+75=19

-(l0)* + 1o(l0) + 15 = -100 + 100 + 15 =15

-3*+103)+75=-9+30+75=9b

Plot these

358
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quadratic equations

Plot using the points that you just found, and draw the resulting curve.

a smooth line that goes

E\t‘f:ug\\ all 0‘(: the \70\“{5-

(lo, 75)

_$1+|O%+75:\'\

What sha]se is this?

Don’t worry if your curve isn’t
exactly a smooth shape.

The point of the exercise was to have you figure :
out the general shape of the equation, not draw :
a curving masterpiece.
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a quadratic is shaped like a parabola

A parabola is the shape of a quadratic equation

A parabola is basically a “U” shape. The width and placement of the U-shape
changes, depending on the equation. A parabola is also symmetrical around an
axis of symmetry and it’s lowest (or highest) point 1s called the vertex.

This particular Parabola’s

line that splits the Pois of s of symmetey | th
Yavabo\a in halt- C s\fmchcY\[ Y-axis. BZ'E it ;Zesi'{-, ‘
always work ou'{; {ha{ way.

/ The overal| ShaPc is

Cymmetrital means it's the same e o o
on both sides of the araph- S

VCV"(:CX is a.l:

he olrisiy,,

The simplest parabola, y = &%, is symmetric about the y-axis, and the vertex is the
origin (0, 0). It’s the most basic parabola, and that makes it a great example to use
to talk about the parts of the graph of a quadratic equation.

Once you start adding x terms, coefficients, and constants to a quadratic equation,
the graph changes. Jon’s catapult graph was upside down because our quadratic
had a -a* term. Other coefficients in front of the x? affect how wide of narrow the
U-shape is. The x term and the constant term in a quadratic equation move the

basic parabola around on the plane: up, down, or side to side.
The y = x* parabola is the basic
y P

sluape of all o[uadratic equations.
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quadratic equations

Graphing a parabola depends upon the vertex

Once you know what the vertex of a quadratic equation is, you can pick some points on
the left and right of the vertex to draw a nice curve. That’s all you need!

Finding the x-coordinate for the vertex is easy, it’s: ¥ =— b
2a

To find our catapult’s vertex, start with the equation in standard form and use the formula:

x>+ 0%+ 75 = h
7 ’k ——

a:-/ b-:,O ¢:79

b

X=— o
2a ~(5)*+10(5) + 75 = y
=4 X —-254+50+75=y The vertex is ( 5, 100)
2(+1)
100 =y
=5 Subs‘l:ifu{:c the
*—Ctoordinate fo
vertex back ?h.(:or{t:e [t may seem like a ]o{? to rcmcmtcr-
C"t“ajion to get the vetical The more \/lclm EOJ:: lec.rl a:idri .
Coordi (h, in ou mo o IS Wi °."‘
vdinate (h, v case). {S:::ondr:azwc. ook Veep ot 1, and
Use and understand the vertex don't gve up-

The vertex is either the top or the bottom of the parabola. How can you tell? If
the quadratic starts with a positive x? term, it’s the bottom of the parabola; if the
quadratic starts with a negative a? term, it’s the top of the parabola.

Vertex
To finish the graph after you
know the coordinates for the
vertex, you just need a couple
of points along the two sides of

< the parabola to finish the graph.
-2
To pick the rest of the points to
graph, just go to the left and the
Verkex right of the vertex, and you’ll
ev

have the basic shape.
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Jon can hit a moving target

Here goes - T'll tell you where
the president is if you tell us
where to stick the catapult.

Ceott, fraternity pledge
and tatapult spotter

K +10x+T5=h

362 Chapter 9
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quadratic equations

Here are the locations that Scott’s calling out. Use the graph that
you drew to figure out where to put the catapult.
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sharpen

Here are the locations that Scott’s calling out. Use the graph that
you drew to figure out where to put the catapult.

Divecet hit!

e

4+ 10xtT5=h

364
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quadratic equations

Work with the parabola, the SMART way

Now that you know all about the shape of a parabola and how it relates to the equation
and the discriminant, we can put it all together and see how everything works.

Oue oigind s 2 410x+T5=h
eo\‘,a{-,'\on

o We know that the parabola is pointing down because the
x?-coefficient is -1.

9 You can easily figure out the vertex with x =— 2%

x==(10) = %to{s) +75=h

2(-
_ —(25)+50 + 75 = h
Substitute this back into 100 = h
the original equation 4o i B
¢ oviginal equation to find
the other vertex toordinate.
That means the vertex is at (5, 100) when you plot the graph.
b* - &ac
e Evaluate the discriminant to find out how many solutions there will be
for the catapult’s quadratic equation.
. — I
diseviminant = 10* - 4(-1)(15) an 2£¥0) that

- , < is aveater th :
=100 + 300 CSinte {:\\\S \Sc S;:C cho rca\ so\u{;\ons. This was 'H)c ‘Firs_l:

= 400 " mears ther time You solveq L,
cqua'l:ion, h=op
. .

Two real solutions to the (__ ( E + @) =0 /

equation indicates two x

values where the vertical /
value (k in our case) is
zero. We already know QE» =0 @ — 0

those values:

(15, 0) and (5, O) +E - [FRo + [15) - e 0 5
X = x:—@

What if the discriminant
was 0 or less than 0? What
would that mean for the graph?

The parabola can sit two other
ways on the Cartesian plane
with respect to the x-axis.
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the discriminant

The discriminant can help with our graph, too

Discriminant values fall into three categories: greater than zero, less than zero, or zero.
We’ve talked about what those values mean for the number of solutions to a quadratic
equation, but what about for the graph of a quadratic?

. F b 2 4dac > 0 There are 2 real solutions, 2 place§ that
the parabola crosses the x-axis.

The solutions for the quadratic equation are the two values that work when the
equation is set to zero and where it crosses the x-axis.

. F b2 —4dac =0 There is only one unique solution, and the
parabola only touches the x-axis.

Like the picture of p = x?, the graph sits on the x-axis but won’t cross the axis.

‘ IF b 2 _ 4ac < () The solutions are undefined and the graph
sits above the x-axis and never crosses.

An undefined solution means that the quadratic equation has no number that
will work if the equation is set to zero. On a graph, it’ll look like it’s floating...

S0 here’s our final graph:

Take all that information, and you’ll end up with the same graph as
before. But, this time, we’ve got some built-in checks for our work.
We knew to expect an upside-down parabola, with two real solutions,
that crossed the x-axis in two places.

The solutions
for a quac[ratic

Thg Parabola should be
upside down and ¢ross
he x—axis twice.

o

ec[uation are
the x values
when the
other variable

The solutions
are (=5, 0) and

/ (15,0) whith work
with what the
distriminant told us.

(usually y) is 0,
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therejare no R
b Questions

Dum

Q: What'’s the deal with always having two answers?

A: When we talked about the discriminant, there were three
different options for answers. One answer, two answers, or no
answers. The basic parabola, y = x?, only touches the x-axis at
one point, so that's one solution.

The typical parabola, like the catapult's, has two solutions and two
places it crosses the x-axis. When we used the quadratic formula
to solve this equation, the answers we got were the two places
that the parabola crosses the x-axis.

Q: How do | find the vertex again?

S
A: The vertex has a consistent x coordinate,” =~ 2a It

is a fantastic place to start plotting points because it's the top
(or bottom) of the parabola, and you know that you'll have
symmetrical points on either side of the vertex.

BULLET POINTS

quadratic

Q,: Is there another way to graph a parabola besides
plotting points?

A: Yes, but it's complicated. We're just scratching the surface
on parabolas, and in order to learn all the deep dark secrets of
parabolas, there’s a lot more math involved. Algebra 2 will explain
all of that! For now, we'll stick with plotting points, usually starting
with the vertex.

Q: Which kind of quadratic equations have a graph that is
an upside down parabola?

A: If an equation has a negative x? term, the parabola is upside
down, or pointed down. If the x? term is positive, then the parabola
is upward.

Q: Is there a way to find the axis of symmetry?

A: The axis of symmetry is the vertical line that goes through
the vertex of the parabola.

So if you think back to the standard form of a vertical line, it's just
x = the x - coordinate of the vertex, which is: y =— ZL
a

= The basic shape of a quadratic
equation is called a parabola.

= The uppermost (or lowest) point of the
parabola is the vertex.

= The x- coordinate of the vertex is — 2%

®  Aquadratic equation has 0, 1, or 2
solutions.
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Jon’s the newest brother

Woo hoo! We're in! Even
with the president moving
and climbing, we nailed him.

OOII

I don't understand
how they got me every
time. Crazy pledges!
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quadratic

Let's put it all together. Work with the following quadratics using all of the techniques you've learned.

x2—4=0 How many solutions are there? 0 1 2

How will you solve it? Factoring Quadratic Formula

Which direction will the

parabola be facing? Up Down
Sxz+4x—-11=0 How many solutions are there? 0 1 2
How will you solve it? Factoring Quadratic Formula
Which direction will the
parabola be facing? Up Down
Bx2—x+13=0 How many solutions are there? 0 1 2

How will you solve it? Factoring Quadratic Formula

Which direction will the

parabola be facing? Up Down

369
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quadratic exercise

Work on one more, but graph it this time.

x2—11x+28=0 How many solutions are there? 0 1 2

How will you solve it? Factoring Quadratic Formula

Which direction will the
parabola be facing? Up Down

Graph it heve

N

370 Chapter 9
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quadratic equations

This 1 3 di

x+ 2

-%-i'x-l'z

x = [.I3b

2 —
fference ©

souaves:
o e N D-D =0

Let's put it all together. Work with the following quadratics using all of the techniques you've learned.

=0

=-2

xz+4x—-11=0

4=0

*x-2=0

-—0-2 7&+*-Ii=o+z

x=2

x = -b -I;Jbl - %ae
2a

% = & +(BF Z &G

2(%)
x = -—4’;!‘] 23b
10

x = 4 +{ 23b
10

x2—x+13=0

x= -4 {236
10

x = -1.93b

There aren't any solutions, the
distriminant is less than O

How many solutions are there? 0] 1 @
How will you solve it? Quadratic Formula

Either one of these will work, but factoring is easier-

Which direction will the

parabola be facing? @ﬁ Down
You know this because the coefficient
in front of the x* tevm is positive.

Greater than zevo —
b* — &ac = 16 ~ 4(5)(_11) = 236 Lhere ave 2 solutions.

How many solutions are there? 0] 1 @
How will you solve it? Factoring ([ Quadratic Formula
Which direction will the

parabola be facing? @ Down

‘H\ah 0. Theve

\utions!

That's less
b* - 4ac = | - 43)13 = _55 aven't any vedl =0
How many solutions are there? @ 1 2

How will you solve it? Factoring Quadratic Formula

Which direction will the
parabola be facing? Up Down
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exercise solution

Work on one more, but graph it this time.

b — dae = (I ~ 428 = 9

x2—11x+28=0 How many solutions are there? 0 1 @
x-NDx-4)=0 How will you solve it? Quadratic Formula
x-1=0 x-4=0 Which direction will the
parabola be facing? Down
+/+x—]f=0+7 +ﬁ'+x—ﬁ'=0+4" Vertex (x) = -b/2a 5.61_b0.5+26=\/

=] ‘_\ N %= —(;(l,l)) 3025 - 605+ 28 =y
,)\ *A-:“ —-2..25:.\/

@rayh £ here Tf?is means You know two z
Pom'f:s, (7, 0) and (4’, 0).

=% -llxt 10

Y

l The verter

372 Chapter 9
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guadratic equations

Quadraticeross

Make sure both sides of your brain balance. Here’s a,
crossword to get the right side working.

2

-

ANEEEEEEE

Across Down
4. A quadratic is centered on the . 1. The top (or bottom) of a parabola is a
6. The shape of a quadratic equation is a 2. You can't take a root.
9.1f you can't factor an equation, use the 3. The terms under the root are the
5. An equation with a squared variable
10. Breaking a quadratic into two binomials 7. Factoring quadratics is backwards

8. A quadratic equation has solutions

— > Answers on page 376.
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tools for your algebra toolbox

Tools for your Algebra Toolbox
Factoring quadratics: Thc Sfanda\rd ‘FOV‘M o-“ a

Fo'rm maH:crs. ﬂ“adratic equ afion

The eauation needs Lo be in standard form of a q\:adra{:ic,
sek to zevo. You have to have the zevo or Yyou can't use

Lhe zevo produtt vule and split up the possible solutions. T
P_lox-T5=0

S { ° . r %
€t wp the binomials.

Onte the equation is in the proper form, you know you've N =0
going to need two binomials that start with x. Fill them
in and you've alveady got half of the terms donel These need o be multiplied

ether et 5.
Find out the other two terms - together 2o 3¢t

O
\ (x I9x 9% =0
in £he binomials. x X

ax2+bx+c=()

The last two terms need to attomplish two things. These need to be added (or
They have 4o be multiplied together to get the subtracted) to get the »
tonstant in the G\uadra{:'lc CG\uG‘{fth (75). They also term the -0

need to add together to aet the % teem (-10%).

(x-I5)x+8) =0

= Fill in the signs and ¢heck Your work. |, _ t 5
To finish up the -cad:oh £ill in £he signs. Thcy need to be Crmeie e

multiplied to get the same sign in {
me sign in front of the tonstant (75)
and added to get the vight x term (=10x). Then, expand the

binomials You tame up with, using FOIL, 3
’ , and mak 3
matehes what You stavted wi {:hﬁ nd make sure that it

BULLET POINTS

x> - l0ox-T15=0

®  Quadratic equations have up to two solutions. = Finding the constant terms for the binomials is the

®  Factoring a quadratic equation means finding the hardest part of factoring a quadratic.

product of two binomials. = Quadratic equations need to be in standard form before

= You need to check that your factoring is correct, using you factor.

FOIL, before you solve.
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The a\uadratic formula

the distriminant

—bi/?'iél//aE
b /b = dac

_ 2% usihg the quadratice ‘(:o!rmuda

The quadratic formuls ean be used o
quadratie cﬁlua{:ion of the form:

The distriminant 52— 4ac

The distriminant is a tevm that used to desevibe
the portion of the quadratic formula that is
under the vadical. Greater than zero, there ave
two veal solutions to the quadra{ic cqua‘[:ion. £
it equals zevo, there is one veal solution, and if

it's less than zero, there are no veal solutions to
the equation.

Shdpes on 3ra|>;,s

Vertex

or the vertex is

-b/23

ﬂua'l:ions

the *—Ctoordinate ®  Aquadratic equation has 0, 1 or 2 real

quadratic equations

solve a

l ax*+bx+e=0

BULLET POINTS ——

= The basic shape of a quadratic
equation is called a parabola.

= The uppermost (or lowest) point of the
parabola is the vertex.

= The x- coordinate of the vertex is — 21’71

solutions.
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crossword solution

Quadraticeross Solution

| T
S 0[FIS|V M Eﬂﬂﬂ
X

-
E
a
il
al
i
v
i

u
ﬂﬂﬂﬂﬂﬂ!ﬂ

i3
N A Wi
Eﬂﬂﬂﬂﬂﬂ 0 R MULIA

T

i
ERRE A T0R TIN]6
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10 Yunctions

* L
* Everyone has Igzwts %
X

All my friends say he's got
no range, but at least I'm
the master of his domain
now.

Some equations are like suburban neighborhoods...

...they’re fenced in.
You'll find that in the real world, many equations are limited. There are only certain values that
an equation is good for. For instance, you can't drive a car -5 miles or dig a hole 13 feet up. In
those cases, you need to set boundaries on your equations. And when it comes to putting
some limits on your equations, there’s nothing better than a function. A function? What the

heck is that? Well, turn the page, and find out... through the lens of reality TV.

this is a new chapter 377
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pajama death

Dude, it's time to go big time: bigger venues,
more fans... But to get to the next level, we
need $52,375 for new equipment. How are we
going to make that much money?

It’'s up to YOU to raise cash for Pajama Death.

After hearing all that you went through to get Paul to their
concert, Pajama Death figures you’re a real fan... and a
financial wizard. They need you to take their future to a
higher cash plane.

Your first order of business? Figure out how much Pajama
Death stands to make off the new reality TV show their label
just signed them up for. Nobody likes to sell out... but some
new touring gear would sure be sweet..

378
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functions

Pajama Death TV

Here’s the deal: the network wants an 11-show deal, and Pajama
Death gets 5% of the proceeds. That includes advertising revenue,
plus ticket sales to live tapings each week. The show’s 90 minutes
cach week, and the network guarantees 20 ads per show.

AdS on TV are one
sourte of "C"CXC' Admission 1o the

Total
reVCnue ‘taFings makc moncy, {.}oo‘

Pevr Show

= +

This is what you

need 4o Figuee out. 1% hour show — 20 ads Tickets are

How muth tash will
Pa\‘)ama Dcaﬂ\ make? $100 a Seat.
Ads are $1000 each. A
The numbey-
O'F seats sold
Varies Per shoy,

Write up the equation for the per-show revenue and figure out how much Pajama
Death will make if they sell 1,515 tickets to the season premiere.
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modeling the real world

& The number of ads per show times the cost per ad
otal revenye R Z1000(20) + 100x 777 % is the number of tickets

’\——
The eost. pey. ticket

For 1515 seats, R = 20,000 + 100(151%) = 171,500

P Death's eut 5% = (0.05)171,500) = £ 8575 = [ vetty goed for one shou

..................... R7.20,000.4.100%..........cccciiiiiiiiiiiiiiii e

Your job was to figure out the revenue from doing the TV show.

An cquation to model the
vevenue is based on the
ads per show, the tost per

.. .éa,. .a;\.a. .c.o.é{:. .o.‘c. .a.. ‘E[’(J’(’C‘ ; .

and how many tickets ave

e .S.o.l.d. o a 'Shbw~ .............

Uh oh... there’s a change in venue

At the last minute, the taping location changed. Now only 1,511 seats are
available, not 1,515. Sound hokey? In the real world, limits exist all the time. An
equation on paper doesn’t have limits, but problems in the real world do.

Our current equation doesn’t say enough about the problem it models. Sure, we
can solve for R, but there’s nothing to prevent us from accidentally putting in too
many seats for x... and overestimating what Pajama Death will actually make.

The equation is valid

The equation © L Hor all ¥s, 4o
valid for al| R’s. R = 20, 000 + 100x

Limits for this equation will come from the x vales, not R. Since R is totally
dependent upon x, if you limit x, which is the number of tickets, then R will
also be limited.

So what do we know about the number of tickets (x)?

‘ Worst case?

The worst case scenario for Pajama Death and ticket sales? Nobody
comes. That’s zero tickets sold.

‘ Best case?
Pajama Death sells out all 1,511 seats. If you sell more than that,
people are going to be mad because they’ll have nowhere to sit... so
that’s the maximum x value.

380 Chapter 10
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functions

Equations have limits (most of the time)

The real world is full of limitations like tickets, time available for a TV
show, the number of songs that Pajama Death can sing before they lose
their voices... and each of these limits may need to be modeled with math.

Fortunately, Algebra just happens to have the perfect thing for this In the Pa: Deat

situation: a function. Among other things, a function can limit certain vewrith Yama ;a h equation,
. . . . . . [} 1

values for its variables. These variables are called inputs in a function. en as a function, the

<l:‘\am‘{: would be x, the number
sca‘f:s sold.

For Pajama Death, the limits will be the maximum and minimum number
of tickets, 2, that can be sold. Those limits will make sure that we don’t
go figuring numbers for more seats than there are, and in turn, limits the
amount of money that Pajama Death can make in a show.

A function can be expressed as an equation

A function is really just a special type of equation, and usually carries
along some extra information. And since equations can also be functions,
there needs to be different notations for functions, so we can tell what
we’re dealing with. A function isn’t written in terms of a variable like y,
but is instead written like this: f{x).

So we can use the powers of a function to limit the revenue equation for Just hkf YCSU\AY ,\fr‘::t)lczo
Pajama Death, we need to rewrite the equation as a function. To limit / a ‘(:uv\t:{‘,lo.n docsvi’ oD or

the number of tickets, we’re looking to work with the x variable, right? be £(x), it ?a; o fhe most
That means the expression needs to contain x and be set equal to f{x). v(x). But - * N see.
So we can dump R, and rewrite this equation as a function: eommon function you

The vaviable inside the paventheses

ThlS ‘F means “a is {hc '"\Yu‘{: Varlablc
"‘unc{ion of”

K_7 Ax) = 20,000 + 100x

. . . l
The equals sign means somethin Sl'wl
diffevent now, it means “s ch’mcd by

BRANN
SARREL L

Fill in the limits for the Pajama Death revenue function.

Ax) = 20,000 + 100x <zx =<

you are here » 381
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domains dictate limits

BRANN
BARKBEL L saLuTI\QWw

Fill in the limits for the revenue function.

This is the worst
tase — nobod)’ tomes The show sells out/

Ax)=20,000 + 100r “so  <x< ==

Ih ()
The input limits are the domain of ( ot
the function f(x)

All functions have a domain, which is the set of valid inputs for

the function. The group of values which is valid for the function

1s usually written as an inequality. The domain inequality is

in terms of the input variable, which is the variable inside the

parentheses of the f{).

% is valid from O through
1511 (£hat's why you

needed less than or equal
+o, not \')us{: less than)

So for our function, x is the input, and the domain is all the
numbers that x can take on: 0 to 1,511.

For the function: The domain is: Z

Alx) = 20,000 + 100x o <x< Bl

In general, the domain of a function can be completely
arbitrary (based on the problem or it’s situation) or
defined because of the expression itself. How many therejare no °
tickets you can sell is arbitrary, because it’s dictated by — Dumb QUGSUQHS ]
how many seats are in the arena. It’s not something
related to the math expression.

Q: What do you mean, limited because of the
expression itself?

A: Many mathematical expressions don't go on forever,

and are self-limiting. If you have an expression with an

x denominator, a parabola that only covers part of the

Cartesian plane, or a place where you may end up with

Au { . a negatiye square root, th_e domain is limited due to the
unctlons expression, not necessarily because of the real world

. problem the function models.
llave a JOmam.
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functions

Only 473 people came to
the first show. That was lame.

X is within the domain.

Only 473? It looks Pajama Death fell a lot short of
what it was hoping for, at least for the first show.

Still, we knew that 473 was a possible value,
because it’s greater than (or equal to) 0 and less
than (or equal to) 1,511. That’s what the domain
does: gives us all possible input values.

How much did the band make for the first show? If the numbers
stay at 473 for the remaining 10 shows, will they make enough to
The function for revenue buy the new equipment they want?

you are here » 383
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sharpen solution

How much did the band make for the first show? If the numbers
stay at 473 for the remaining 10 shows, will they make enough to
buy the new equipment they want?

v 473 is within the
fx) = 20000 +100x ©0 < x < Isll domain, so it's ok 1o use.

5% of the vevenue = (0.05)(6T300) = § 3,365 < 3= @ lot less than the band needs

|| — £hat's |0 more shows plus
/ {hc one {:ha{ a\vcad\l hav"c“cd ....................

Total at 473 = I (3365)

Paja

cna .6£ .{_’.hc. season; .'.O. move. S}\OWs. .w .....................................................................................................
, , % Pa\)ama Death is not going
137, 015 is way less than 7 52,375 to make enough for the new

equipment they need!

What a terrible turnout.
We're never going to sell out

stadiums! We can't sell out and
still not get our gear! That's a
total zero-input situation.

384 Chapter 10
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Functions have minimum and maximum outputs

Function inputs make up the domain, we know that. By limiting the numbers that can
go into a function, we’re limiting the numbers that can come out of a function. If only
1,511 tickets can be sold, we can figure out the most that f{x) can equal... and we can do
the same for the minimum value of the function. These minimum and maximum values
are the limits for the output of the function.

The process of determining a function’s outputs is called evaluating the function. So
every time you plug in x, and solve for f{x), youre evaluating the function for a certain
input value. That’s really just like solving the equation, which you’ve done a ton of times.

So what’s the MAXIMUM we can make?
What’'s the MINIMUM?

Using the domain as the starting point, we can find the minimum and maximum
outputs of a function. That’s basically saying, how small and how big can f{x) get?

flx) = 20,000 + 100x CO < x < 1511

We tan evaluate the funttions at these extremes

+ {the minimum and mam. um Ow
?H?Sc Lunttion (not all ‘Cuncbons).

Evaluate the revenue function to determine the maximum amount of money that Pajama Death
can make for the rest of the season. Suppose Pajama Death sold out every remaining show
after the poor season premiere sales. What would they make over the entire season?

385
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outputs are the range

Evaluate the revenue function to determine the maximum amount of money that Pajama Death
can make for the rest of the season. Suppose Pajama Death sold out every remaining show
after the poor season premiere sales. What would they make over the entire season?

£(x) = 20000 + 100 0 < yx < ,5\?'\ Backbﬂ\c o\rig'ma\ Lunetion
x) = " < <
T T T Tl T
N te for a sold out show
£Usl1l) = 20000 + loo5l1) Evaluate 1o

£04s11) = 1Moo €— The way to write this set of input output would That’s mueh more than
................................ bc as an OY‘dCYCd Pair (’5”) 17”00) ‘H\c ,‘52.,375 ‘H’\C\/ nccd!
..... 5% of the revee = (0O5)NITNO0) =1 6555 rlo@s59) 1335 =005 o/

_j‘ Suppose there are |0 more sold out
This is how muth the band would shows with the one lousy show...

make for one sold out show.

All of the valid outputs are called the range

Just as there is a set of inputs over which the equation is valid (the domain)
for every function - there is also a range. The range of a function is the set
of numbers over which there are valid outputs. The range actually provides
the minimum of the function (the lowest possible output) and the maximum
(the highest possible output) of the function.

You write the range like the domain: as an inequality. Also like the domain,
functions are written with their range so you can know the limits of the
function’s outputs. And, of course, the range for certain functions will be
limited because the graph may not cover the entire Cartesian plane.

The limits of the domain don’t always give you
the maximum and minimum outputs of a function.

In the case of the revenue function, the least value of the

domain results in the minimum value of the range, and the

highest value for the domain results in the maximum. That’s
because we’re dealing with a line that has a positive slope. If the line had
a negative slope, though, the values would be reversed. If we had a curve,
the maximum could be in the middle of the domain!
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Ok, so functions have a domain
and a range. Is there anything else
T've got to worry about? This stuff
seems pretty useful...

Functions have a very specific definition.
The thing about functions is that they aren’t always
defined in terms of equations. Functions are even more
general...

Funetions Way
Up Clsse

What we’ve learned about functions so far are some characteristics of functions:
domain, range, inputs, and outputs. But what’s a function, really?

The official definition of a function is:

A function is
in a single output. It can bhe representeJ as an
equation or as a set of ordered Pairs, and has
hoth a domain and a range.

here one input results

relation? What's that?

Download at WoweBook.Com
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math has relations

Algebra is really about relations

A relation is the general way in which two sets of numbers go together, All c[
and they are usually represented as ordered pairs. The difference you nee
between a relation and an equation is that there does not need to be a

pattern in a relation: it can be totally random. A relation does have a {OI' ar elatlon
domain and a range, which you can determine directly from reading the .

ordered pairs. 15 a set 0{

Let’s look at a simple relation that’s not based on an equation to get an OI‘C[eI'e(I Pail‘Su
idea of what we’re talking about:

The domain and range tome from

/—\ ( veading the points in the velation.

. jon. Th i

poe {006 -0.20) (Looman
tur

ni d
begjnning and the en oY
the velation. 'H:s unttion

{2,4} = These ave just the
{(—1,0,1) & possible values that this

Range: velation tan take on.

i in siaht, b
is stil| a ke’a‘al:ion. “

A function is just a specific type of relation. It’s a relation that has
one output for one input. That means that the relation above
is not a function, because for the input 4, there are two possible

outputs, 1, and -1.
The x value s thc®

D in:
and there ave two in this {(4,1), (4, — 1), (2,0)) omain {2,4)

relation that input . Q Z\ Range:  {1,0,1)
Theve ave two possible outputs
for the 'myu{: & -l and |

_N_Q'_I1 a function

-oum it up

Relation — A set of ordered pairs
with a domain and a range.
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A bunch of function terminology, in full costume, are playing a
party game, “Who am 1?” They’ll give you a clue — you try to
guess who they are based on what they say. Assume they always
tell the truth about themselves. Fill in the blanks to the right to
identify the attendees.

Tonight’s attendees:

FUNCTION, DOMAIN, RANGE, RELATION, EQUATION, INPUT,
OUTPUT, f(X)

I'm the values that come out of a function.

| can be an equation or a set of ordered pairs, but either
way I'm fun!

| represent minimum and maximum outputs of the function,
but be careful, you can't just use the lowest and highest
inputs to get me!

I might be a function, but I'm not as organized as an
equation, I'm just a set of ordered pairs.

I limit the inputs for the function.

The easy way to tell if ordered pairs or an equation are a
function is if you see me around, I'm a dead giveaway.

| might be a function, or I might not, but | define one or more
variables in terms of numbers.

I'm a value that goes into a function.

Download at WoweBook.Com
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who am |

390

A bunch of function terminology, in full costume, are playing a
party game, “Who am [?” They'll give you a clue — you try to

guess who they are based on what they say. Assume they always

tell the truth about themselves. Fill in the blanks to the right to
identify the attendees.

Tonight’s attendees:

FUNCTION, DOMAIN, RANGE, RELATION, EQUATION, INPUT,

OUTPUT, f(X)

I'm the values that come out of a function.

| can be an equation or a set of ordered pairs, but either
way I'm fun!

| represent minimum and maximum outputs of the function,
but be careful, you can't just use the lowest and highest
inputs to get me!

I might be a function, but I'm not as organized as an
equation, I'm just a set of ordered pairs.

[ limit the inputs for the function.

The easy way to tell if ordered pairs or an equation are a
function is if you see me around, I'm a dead giveaway.

| might be a function, or I might not, but | define one or more
variables in terms of numbers.

I'm a value that goes into a function.
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Q: Afunction doesn’t have to be an
equation?

A: Nope. A function can be an equation,
but it can also be a set of ordered pairs. In
that case, the ordered pairs are going to
be (input, output). Ordered pairs probably
seem weird, but it's much easier to figure
out the domain and the range - it's given!

And remember, an equation for a line
defines an infinite set of ordered pairs.

Q: Are range and domains given, or
do | have to figure them out?

A: It depends upon the situation.
Sometimes the domain or the range will
be given, sometimes it will be part of the
problem statement (like ticket sales), and
sometimes you'll need to figure it out. But
more about that later.

Q: One input and one output...
what'’s the big deal about that?

A: It means that in a function you won't
get two f(x) values for one x, ever.

Q- Are all equations functions?

A: Nope. That's something that you'll
need to figure out soon enough, too. If an
equation has multiple output values for one
input, it's not a function. It's still a perfectly
good equation, though.

thereqjare no o
Dumb Questions

Q: The ordered pairs look a lot like
ordered pairs for graphing. Is that a
coincidence?

A: No, you can graph functions just
like you graph points or equations. We're

coming up on the details of how it works,
but graphing helps out a lot with functions.

Q: Does the one input, one output
thing mean that you can’t have the
same f(x) value as an output for
different inputs?

A: You're saying, can you have a
function like this f(x) = {(1,4), (-1,4)}? The
function can have the same outputs for
different inputs, that's fine. You just can't
go the other way... so {(1,4), (1,3)} is
NOT a function. You can't have different
outputs for the same input.

Q: Is the maximum of the function
the maximum of the range?

A: Yes. But the tricky thing is you can’t

necessarily get those values from plugging
in the low and high values for the domain

to find the range.

Q: Why not?

A: Because if your function has any
kind of a curve in the middle of your
domain limits, you may miss a maximum or
a minimum for the function.

For example, if the vertex of a parabola
was between the two points for your
domain, the maximum range for that
function would be based on a value
between your domain’s limits, not at one
extreme or the other.

Download at WoweBook.Com
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Q,: This function thing has a lot of
rules...

A: The definition of a function was
created by mathematicians, to make sure
everybody’s consistent with what they're
talking about. That's important so that
everyone gets the same results.

Q- Are all functions relations?

A: Yes. Since functions have a domain
and a range and represent a set of ordered
pairs, they're a relation.

It doesn’t work the other way, though. A
relation does not have to have a one
output to one input requirement, so it isn't
necessarily a function.

Q,: Why would you use a relation?

A: It's a math way to tie numbers
together that may not have an easy
pattern. Think about statistics; if you were
keeping track of housing data, you'd just
need an address and a price. It really
wouldn’t matter what order they were in or
how much they each cost.

A function is
always a relation,
but relations

are not always
functions.
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~

IM Chat: Understanding Relations

Jane

Kristina

Jane

Kristina

Jane

Kristina

Kristina

Jane

I'm totally confused. What does a relation have to do with anything?
We were working with functions, and then these things showed up.

( Not really, they've always been there. \

I think | get relations. They are just any set of
ordered pairs. Super general.

Right. There’s all these rules about what makes up a function,
but a relation just has to be any set of ordered pairs.

What about equations? That's what we've
been doing for ages, and now they’re gone.

They're not gone! Remember, an equation is just a way to
write an infinite number of ordered pairs. They have a pattern.

/ Oh! An equation is also a relation, right? )

( Must be, because it's a group of ordered pairs. L

Huh... but what about functions? Are they
equations or not?

(They can be, but they don'’t have to be. \

[The definition of a function is a relation with one output for k

each input. That's a set of ordered pairs that follow some rules.

) Same deal as before, though, right? If an equation follows ]

those same rules, one input to one output, it's a function.

[-)

John

John

John

John

John

John

John

OK... I think I'm getting it now...

N

Chapter 10

Download at WoweBook.Com




functions

Relations, equations, and functions
all go TOGETHER

These three terms are just different ways to characterize a group
of ordered pairs. That’s a lot to keep up with, so let’s take a step
back and look at all three terms. How do they relate? How are
they the same? When are they different?

. Relations, linear equations, and functions are all sets of
ordered pairs.
An equation 1s just a set of (x, y) points if you graph it. The same is
true for functions and relations, although the ordered pairs don’t have
to connect for functions and relations.

‘ Relations, linear equations, and functions all have a
domain and a range.
The domain is the valid input values, and the range is the valid
output values. The domain and range may be infinite, but they
always exist.

. An equation in two variables MUST be a relation and
MAY be a function.
Since an equation is a list of an infinite number of points, that
means all equations are relations. But functions still have that special
one-input-to-one-output rule, something not required by equations.
So not all equations are functions.

. A function MUST be a relation and MAY be an equation.
Functions are very specific. They have to be a set of ordered pairs,
and that makes them a relation, too. But not all sets of ordered pairs

_ @RA\N
PQWEWR
Since some functions can be written as an

equation, how do you think you work with
functions? Can you graph them and solve them?

can be expressed as an equation.
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interview:

The Funclion Exposed
This week’s interview:
How do you like to be treated?

Head First: Hi function! We’ve been learning
a lot about you lately.

Function: Thanks, that’s very flattering

Head First: But what everyone wants to hear
about you, 1s, how do people work with you?
Just like a plain equation?

Function: In some ways, yes. If I happen to
also be an equation, you can solve me for values
in the same way you do with an equation.

Head First: So if we set f{x) = 0 that’s ok?

Function: Yes. That way you can solve for the
zeroes of the function.

Head First: What about graphing?

Function: Again, if I'm written as an equation
with a domain and range, you can graph me in
the much the same way as you would a regular
equation. But you have to show the constraints
on the graph.

Head First: Oh, I see, so we should only graph
the values where you’re valid, over your domain,

for example.

Function: Right. So if my domain goes from
-1 to 10, then the graph for me should also only
go from -1 to 10.

Head First: So really, if you’re written as an
equation, we can just treat you the same as
equations?

Function: Yes and no. You can, as long as
whatever you’re doing is within my domain and
range. Don’t go drawing a graph that goes too
far, or solving me for values that aren’t in my
domain. If you do that, it won’t work.

Head First: So you’re more constrained than
an equation?

Function: Yes, but I prefer to call it realistic.
The world has limits, and so do 1. It means
that with me, you can work with more realistic
situations.

Head First: Thanks. Now we have a much
better idea of how to work with you...

Constraints on functions allow
you to be more realistic in the
way math represents the worlc[.
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Does that mean we can
graph a function?

You can always graph a function.

Not only that, but you know enough from
graphing linear equations to know the
general shape of most functions. You just
have to show the domain and range on your
graph in some way.

BRANN
BARREL L

Find the range for the Pajama Death revenue
function by graphing the function.

functions

Ax) = 20,000 + 100x
0<x=<1511

Download at WoweBook.Com
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brain barbell: solution

BRAVN
BBARRELL caLuLuTIQw

Find the range for the revenue function by
reading it off the graph.

Stop the line heve, at x = I5I] with a
cirele at the end 1o vepresent a limit. flx) = 20,000 + 100

0 <x <1511
\ - bit o(: ovﬁ
With a bit of reworks g4 _ 100x + 20000
‘{')\IS 1S now in 'U'\c ..........................................
y = mx + b format. b= 20,000
wm = 100

Ranoe

Sinee the stale of the graph

doesn't veally work with usin

the slope, we'll need another

P\is Foir?fl is a solid ¢eirele point to plot. Ty x =100, it's
ecause it's a limit of Lhe within the domain.
unttion’s domain.

(0, 20,000)

100, 30000)...="............

,\
This is the possible vange of vevenue for the
function, vead vight oft the graph.

Don’t worry if your graph
wasn’t perfect.

Graphs aren’t always super-exact. Focus on
getting the basic shape, and finding the points
at the domain limits.
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functions

Funetion graphs have LIMITS

The graph of a function doesn’t look that much different from the graph of an
equation. You just have to represent the limits of the function on the graph. Even
marking the endpoints of the domain with filled-in dots is familiar: we did that when
we graphed inequalities.

Just think of graphing a function as graphing an equation, with a twist.

0 6raph the basic equation on a scale of f(x) vs. x scale.
Just substitute the f{x) values for y on a typical Cartesian plane, and
go ahead and graph your function. So youw’ll usually have an x axis,

and an f{x) axis.

e Look at the domain for the function and remove the
graph outside of the domain.
Erase, scratch out, don’t graph that part, but remove the pieces that
don’t matter.
This is the domain. Just eut the 0 < x < Isl
9raph off before 0 and after I5]).

e Draw the termination points.
When you draw an inequality on the number line, the
termination points are solid or empty circles, depending upon
the inequality. Functions are the same way.

(= . {\ This indicates that
Sinte our ovaph is less S & Z Draw a solid point. Y the graph intludes the

than or c‘\ua\ 4o for k) Yo.m{:
both domain Va‘VCSJ{;‘C
have e seld T Draw an open circle o This inditates that the araph goes
< & > ‘Q- up {‘,o Jc\'\c boundar\/, bu{: does noJC
intlude the boundary ?o'm{

e Read all the values you need directly off the graph.
Just like when you graphed a linear equation, now you can get
any value you need. This includes the range, even when it’s not a
linear equation.
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398

BULLET POINTS

®  Graphing functions is similar to
graphing equations.

a solid point for an “or equal to”

a less than or greater than symbol.

= To show the limits of a function, use

inequality, and an open point for just

= The best way to get the range of a
function is to read it from a graph.

= To find the zeros of a function, set
f(x) equal to 0.

thereqare no R
b Questions

Dum

Q; How can | figure out the domain of my function?

A: It depends upon how the function is presented. If it's
given as an equation in a problem, analyze the problem
situation and see what limits there are. If the function is a set
of ordered pairs, the domain can be read directly from the
points presented.

Q: How do | find the range of my function?

A: The best, easiest way is to graph the function and
then read the range points off your graph. Why? Because if
anything weird happens to the equation (or with the points)
between the boundaries of the domain, you'll see it.

Q: Can | just evaluate the function for the upper and
lower values for the domain and get the range?

AI Sometimes, but not always. This really only works if you
have a line with a positive slope. If you have a quadratic, with

the vertex between the boundary points, that won't work at all.

Unless you are positive that you know exactly what is going
on with an equation or a relation presented, it's best to graph
your relation and then determine the range.

Q; What's the difference between the range and the
maximum and minimum values?

A: Good question. The range is all the f(x) values the
equation can take on. The maximum and minimum values for
the function are the boundary values... but just those values.

Q- How can you tell if an equation is a function?

A: An equation is a function if and only if for each input
there is a single output. That means for each x, there is only
one f(x) value. If you think about it, there’s a way to see it on
a graph, too... but more on that later.

The best way to find
the range of a function
is to read it off a graplt.
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functions

The parabolic mics that Pajama Death wants to buy conform to this equation: f(x) = -2x2 + 12x - 9.
The inputs start just above zero, and go through 5. They need to know the range of outputs for the
mics so they can buy the right PA for their stage rig.

you are here » 399
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exercise solution

The parabolic mics that Pajama Death wants to buy conform to this equation: f(x) = -2x? + 12x -
9. The inputs start just above zero, and go through 5. They need to know the range of outputs
for the mics so they can buy the right PA for their stage rig.

This negative means the This is on of oue
Parabola is UPSidC down. domain bow\dar\cs. —\/
..................... L0 =220 020 29 Sebst x 2 0 2200 1120009
Thls i ‘th dom n:
e Is the domain: greater tha
............................... 0<x <5 zerouboand imehings,  $0==9
Sinte this is a quadratie, Heve's the other
....... {:xra{:gmdtht""{"‘_\a domain boundaY\f

Vertex % =_2L =

Subst. x =5 —2(5)° +12(5) - 9

——50+60-9=1

Range: -9 < £(x) <9

Now, Jus{: vead the %

vight off the graph

)
This is a tase wheve Vertex = (3, 9)
i you had ")\AS{', Ych

n ‘H’\C cy\dvo'lh{'ls

0‘(: the domain, Yyou

wouldn't have 5°Jc en

fhe vight vange
Range boundary values:

This one needs to be
a tlosed tirele... less
than or equal to.

This needs to be an
open tivele, because it's

greater than.
-9
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functions

Just before the second episode
of Pajama Death TV...

So is this a general admission
seating thing? Or do we have to
worry about assighing seats?

Assigned seating SHOULD BE like a function!

Assigned seating is really a lot like a function. There’s an input
- the seat number - and an output - the customer ID who’s
sitting in that seat.

Take a look:
Input (seat #, s) Output (Custower 1D, ¢)
Seat 110 \/ 75
Theve should be a one— Seat 112 - 63
to—one ma\’\""?) heve. ng Seat 125 /_\> 85
seat produces 3 SINGL Seat 110 %5 0

Lusfhomc‘( |D) no move.

Seat 75 e — 56

In a function, we can only have one f{x) for every x, and that’s
what we want here. We don’t want any duplicate f{x) values,
because that would mean two customer IDs are associated with
the same seat. Not good!

BRANN
ARKREL L

Jot down some ideas of how you could check to see if the relation
between seats (s) and customer IDs (c) a function.

you are here » 401
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using graphs to test for functions

Graphing reveals the nature of a relation

The difference between having the seat assignments right and wrong is
exactly the same as the difference between a relation and a function. If
the seating assignments are one input to one output, then everybody has
somewhere to go... and that’s a function. If not, there are going to be fist
fights over a relation that should have been a function, but wasn’t!

Let’s downshift and examine the difference in the graphs of two sets of
ordered pairs; one that’s just a relation and one that is actually a function.

Function One % Just a relation

= o every f(x).
Ax) = (1,2),(2,5), (<1, — 2)) Perfect. {1,2),(2,5),(1,4)}

[ R ﬁ
FOY one %) ‘{')\CYC

are muH:'l\’\C (x)

Two f(x) values for one x... that's like two y

Loa ) a
00 values for the same x, right? Sort of like a vertical values. So Lhis isn g
line? Lunetion.

A vertical line is not a function!
A function can’t have more than ffx) for any x. That’s

like saying for a given x value, there can’t be two points

lined up vertically:

Function Just a relation
f(x) = {(13 2)’ (29 5)’ (_ 13 - 2)} {<1a 2)7 (2, 5)’ (13 4>}

‘ky ( ‘k)’ (2—;6)

5 o g / 5 ®

4 =9 For this one % value R 4 4

, theve are TWO £(x) , '

. Valu'ncs... this is NOT \ .

1 ap a funetion. ~——~+"1Taw

¢ b ¢ >
u 4 3 - - 2 3 4 LA 4 - - - ' 4
KN
(—-,) _'2-) 4 =2 %u an m v ‘{:h 2 . ‘{',O C\\Cs
3 I ove This 3 The line Tow -
) ne anywhere... . two Yo\n{:&-- his
s ::\tlic;t{;ho:\,d Wo 5 ion't a funetion
ut
v Points at onc;— v
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functions

Functions pass the vertical line test

This whole “looking at the graph” thing is called the vertical line
test. It’s based on the fact that if you have two points that are vertically
stacked, anywhere on a graph, then that graph is NOT a function.

So if a vertical line passes through two points on the graph, it’s NOT a
function. That’s it. To test a graph, you can use a ruler, your eyeball, or
run the edge of a piece of paper over the graph to see if it’s a function.

Are the seat assignments a function?

Inputs (seat Outputs (Customer
number, s) number, c)

4 : - Seat 110 =75

¢ Seatll2 63 S
..... 8 0 ........... ........... ........... ...........

ol Seatno a0

P S S R O e U O W O
Y U T W
O T
00 T W e

:....1.0, .......... ........... ........... ........... ........... ........... ........... ........... ........... ........... ........... ...........

v
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sharpen solution

Are the seat assignments a function?

Inputs (seat Outputs (Customer
number, s) number, c)

V'S : : - Seat 110 § 75

¢ Seal12z 6
..... 8 0 ........... ........... ...........
g 5 : Seat 125 © 8 : '

..... 70 ........... ............ Seat 110 ..... 4

(=}

N

o

=100 - YRR

o+~

-

Py

o

I~
QL

e
..... 5 0 ........... ........... ........... .......... (15, %°

..... 30 ........... ........... ........... ........... ........... ........... ........... ........... ...........

..... 20t ........... ........... ........... ........... ........... ........... ........... ........... ...........

..... 1ot ........... ........... ........... ........... ........... ........... R ........... ...........

This velation didn't pass the vertical line test at s = | 10, so that's the s value that
need to genevate ditferent ¢ values.
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BULLET POINTS

functions

= Agraph allows you to use the
vertical line test and see if it's a
function.

= Agraph shows the domain of a
function or relation.

m  Agraph also shows the range of a

= Agraph can provide the zeroes of an

function or relation.

equation or a function.

therejare no
b Questions

Dum

Q} So, should | always graph a function?

A: It depends upon what you're after. A graph of a function,
equation, or relation, is the best way to visually look at the
situation and it does give you valuable information, but there are
some limits.

You are limited to what you can actually read from the graph. If
there are decimals involved, or the scale of your graph is large, it
can be difficult to read values.

Creating a graph takes time. If you are in a test situation and
you're only after a specific value, then just evaluate the function
for your specific value, and move on.

Q: Can you really just treat functions like equations?

A: It's a really good starting point. If a function is represented
as an equation, you can solve for the zeroes of the function, and
then graph the function.

The only things to watch are that you limit the graph properly
(keeping the domain and range in mind) and substitute 0 for f(x).

Q: Is it always f(x)? Can it be, like, f(t) or something?

A: Sure! It's typically f(x), but that's not required. The format
is really what you're looking for; it can be r(qg) or g(t) too. r(q)
indicates r is a function of g, for example. The axes on any graph
will need to be adjusted, but other than that, everything else
would be the same.

Q,: Functions seem like more work than just equations.
You've got to keep up with domains and ranges. So why are
they so much better?

A: Better is a pretty subjective word. The thing is, functions are
just more realistic in most cases. The real world has limits, and
with functions you can easily communicate what those limits are
and see them on a graph. That's a helpful thing.

405
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VIPs mess up the numbers

What's going on? During the sound check
we had VIPs showing up with free tickets.
What's the deal with them?

The second show is starting, and now there are
free tickets? How does that change things?

After running back to check the fine print, there was a clause in
the contract that you (and Pajama Death) missed!

Apparently, the network can issue 350 free tickets per show to
VIPs. It makes the audience look cooler... or so they think.

What does that mean for

Pajama Death’s income?

The FIRST 350 tickets are always free!

Wow, this complicates things. So now, there are still 1,511 possible
seats. But for each show, the first 350 seats are given away, no charge
(and no revenue for Pajama Death). Then, the rest of the seats are
sold at the normal rate. So we’ve got something like this:

1511 Seats

N
Per show, how $' — +

much money will
they make nglg?

ickets are $100 a
seat, but the first
50 are FREE

Still 120, 000 in

ad vevenue
This is fine — - 0
n¢ ﬂ\c domain is

still in terms of %, so th
funclion is oo Flx) = 20,000 + 100x 0<x<35
No matter ho¥ many For the fivst 350 seats, here's

no vevenue. So this domain

i .Jc\ncrc i—;\ca’c f(x) = 20,000

YCOY\C Lom';él‘ ‘t\c\(c cha es, ay\d so dOCS 'thc
less t\\f!\{: vevenue 1S .)“it 0 =x =350 £.m22‘-on output for that domain.
o owL O

.S
406  Chapter 10 ad vevene 1
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functions

But... what about the REST of the tickets?

The tickets that are sold after the VIP’s are handled are still $100 a piece.
That means the equation is almost the same as before... but only after those
first 350 tickets are gone.

So that throws in a new wrinkle. Revenue is $100 per ticket, but only for
tickets 351 and up. We’ve got to account for that: [¥'s not 100 ¥ x anymore... We have to

K@—@ the Efarsfc 350 tickets, since
_l;:‘:::\ui:\con./* f(X) = 20, 000 + 100x K\_/{:\'\osc all go for tree now.
~> f(x) = 20,000 + 100(x — 350)

This s the P
uPdateq equation 351 < x < 1511

The domain thanges, too. This

So now we’ve got two different functions, each with a separate equation 'thltl:ﬁ: ﬂgg}tig IO—G[;/TL\/ works for

and domain. So how do we show that mathematically?

One function, two parts = real life

These functions can be treated together, as long as you keep track of
where things are happening. When you have a situation like this,
where the function needs to have different values over different parts of
the domain, is called a piecewise defined function. We show this as
one big function, with different domains, like this:

in is written next to the
This bratket means that you have to Eath domain is wri .
co:sid;r the equations together. \ \/ equation the domain applies to.

{20,000 0<x<= 350}
Ax) =120,000 + 100(x — 350) 351 < x < 1511

N i
Lo this ‘Fum:{:ion behaves di«cwccren{:ly

based on the input domain.

How do you evaluate a piecewise defined
function? You can't figure out Pajama Death’s
income until you know how to do that...

you are here » 407
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piecewise defined

Use the function piece you NEED

This is another case where it’s pretty important to keep in mind
what your function represents. In the real world, you have to
consider an entire situation, and with piecewise functions, the
domain 1s the key. Since you have different equations applying to
different inputs (in this case, x values), you just need to determine
which equation applies to the situation you’re working on..

To evaluate a piecewise function

What happens if you need to evaluate the function for a number?
You just see what domain that number falls in, and use the matching
equation to evaluate for that value. It goes like this:

o After you have a value to evaluate,
determine where the value falls in your
function's domain.

e Evaluate only the portion of the function
that applies to the domain.
Use the correct equation, evaluate, and use or plot your
answer. Any other pieces of the function don’t apply!

Graph piecewise functions just like “normal” functions!

Graphing is much like it was for regular functions. You just graph the
equation that applies, over the domain where it applies. So you’ll have a
different section of your graph for each piece of the function... and that’s
okay. That’s why the function’s called piecewise in the first place.

The conventions for the points at the end of the domain are the same: solid
circles and open circles, depending on the type of inequality.

BULLET POINTS

®  Piecewise functions are just a series of functions =  To evaluate a piecewise function, just determine
grouped together. the domain that applies and evaluate the portion

= The domains typically don’t overlap. of the function that applies.

Piecewise functions allow you to express that

" The graphing rules for functions don’t change. different things are happening at different times.

408
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functions

Graph Pajama Death'’s revenue function. Show both sections of the domain in one graph to
see the entire picture of what's going on. The new graph will show you all the possible revenue
values for each type of ticket sales.

. .F‘*.‘*Pf .9¥aPh just this .piece

€ revenue tunttion.

Thcn graph ﬂnc setond J
............ P"‘f‘v‘:‘{:he'a%;a{i'o',;f"

“0<x< 350—5: T T 351 < x <5l —’\):
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exercise solution

Graph Pajama Death’s new function. Graph both sections of the domain in one graph to see the
entire picture of what's going on. The new graph will show you all the possible revenue values

for each type of ticket sales. We ¢am use the boundary poin £ 4o geaph this one

This part is Jus{: a SJcraiSh‘l: line! betause it's linear — if it was a parabola we'd need
.............. .2.(.)...0.0.6..:.. ........................()...;.}..;..3.5.6......... .“l’A’S‘C”{HC.Vt‘V‘tC%‘“”“““““““““.H“““““”
f.(.’.‘.).E.{.2..0.’..&?9(.)..‘."...1.(.)9.(.’.‘..—...3.5.9).....3.5..1...5...x.é..1..5..1.1}....f.(.a..s.'.).f..'99.(3?’.?:!?999.3 20100 (331, 20100
£(x) = 20000 + 100% - 35000 £Usll) = loosll) 15000 = 136100
............................................ (,5”)“>§
£(x) = l00x - 15000 SlmP_,hc.y the eXPression and oo
......................................... 3( r& 'V\'EO an easier ‘pormaf.
| |
| |
b\O_< % < 350““‘|Z/\351_5x_<_15ﬂ /\I
| |
| |
| |
! (511, 138 h
) 00)
| I’)is
l 1 boungy,
I 1, olid
(e
| |
| |
| |
| |
| |
| |
The fivst ?a\r{: is the
line £(x) = 20000. 1
| |
I‘s~| (351, 20100) |
. . lid \aoin{'.s |
th domain boundavies are so
E:causc Ehese ave less than or equal to |
| |
| |
| |
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functions

The nuwmbers are in... and?

The season has finished up and it’s time to figure out how much Pajama Death cleared.
You need to go back and re-figure the first show revenue with the VIP tickets in mind,
and then crunch the rest of the season numbers.

r--—-—— " -=--=-=--="=--=--=--=="="n
REVENUE CONSTRUCTION

Using the graph for the revenue, fill out the chart to find out if Pajama Death made enough
money to go shopping!

Death Revenue

I I
I I
I Show Number Af{endancc Total Revenue Pajama Death’s 5% I
| ! 4T3 I
I 2 13 I
I 3 789 I
| ; T I
| p 1246 |
I I
b 1234
I I
7 1499
I I
1412
]
I I
I q 1461 I
Is it enough for the
I 10 15l new equipment, I
Il costing $52,3757
| 1503 |
YES NO
| Total Pajama |
I I

e e e e e e e e e e e e e e e e e e - o]
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revenue construction solution

F — — = = = = = —_— —_— —_— — — — — — — — = -
I REVENUE CONSTRUCTION SOLUTION
Using the graph for the revenue, fill out the chart to find out if Pajama Death made enough
I money to go shopping!
I Chow Number | Attendance | Tokal Revenue Pajama Death’s 5%
| I 473 32, 300 1,615
I z 23 20,000 looo
| 3 269 63,900 319
| 4 974 82,400 4120
I
| 5 1246 109,600 5480
| : 234 | losfoo 520
126,200
| 2 1412 b310
| . 145] 131,100 555
b Is it enough for the
I 10 15l 136100 beos new equipment at
52,3757
| Il 1503 135300 6765 )
NO
| { 54, 0l0 :
Don’t worry if
the va)
I araph are )'Z i values You vead off th ”K .
arah la':r cexéu:U)’ the same. Since the ‘ ot P?\{)ama e
I 9 You have to CS'l:ima{;c some Death Revenu
I
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functions

Pajama Death’s show was a hit!

The show got way more popular and Pajama Death made enough money to
buy everything they wanted.

Now they’re going to make that new album and play huge concerts, all
thanks to you! Now that you helped them understand how much money they
can make, they might take this music thing seriously!

Hey, thanks a million.
Couldn't have done it without
you, so we wrote you a song.
It's called...

413
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piecewise exercise

Look at the piecewise function and graph it to determine the range.

2624+ 8 -1 —-5=<x<0
Flx) = x 0<x<3

+5 3<x <8

414 Chapter 10
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long exercise

gubsf\‘tu{l
backin for G0 = 2 4 B |
{hc ‘C(‘ﬁ)

Look at the piecewise function and graph it to determine the range.

2224 8c—-1 —-5<x<0
f(x)=x O<x<3
%+5 3<x =<8

Sinte the boundaries of the domain ave
......................................................... on-the. cight.and left.of the verbex, ...
we'll use them for ?oin{:s — (s

............................................................................ C»c‘—g’ —asrras 129 7

f) =8-16-1=29

vertex (-2, -9)

£ =« Now, just plot these points. Bu,{ be car.c("ul
.................................................................................... abou.Jc:).whaf. .{:\/\26.9.(;.?91.'!{.25. you rchOH-’mﬁ

solid ‘CO‘(' “or cﬂ\ual {‘p" incﬂ\ualiﬁcs, and

Samc dcal wrth thc ‘aS£?|ch ...................................................................................................................
of the Lunetion, it’s lineav-

- K
fx) =3 +5

416
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functions

(_ 51 7)

3,4

—x
f)=3%3+5%

f(x) =24t 8x - \?

(33) |
f = * 8 24

o, -

\ Just betause it's one function, it doesn't
mean that the ?oih‘{:s all have to mateh up-

vertex (-1, =P

Don't fov-gc-(; this/

/

Range: -9<$60 <9

you are here »
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math crossword

Functioneross

Get your right brain functioning. It’s your standard
crossword; all of the solution words are from this chapter.

.‘

Ll

Across Down
6. The definition of a function is one input equals one unique 1. The top of the range is the
2.Arelationis any setof
7. An equation is a 3. Afunction does not have to be, but can be, an
8. Afunction is a
9. The limit on the inputs of a function is the 4. The limit on the outputs on a function is the

5. Away to limit an equation is to write a
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functions

Tools for your Algebra Toolbox

This chapter was all about functions.

ok 3 funttion

am
F\V\d ‘t\\c dOW\ on th abs also

When Y‘reseh‘ud with an CO\:\;’L the domain by

Q}gu‘rc division b\! 0,

. a )

a funttion .\’wt\\: equation o \Q: wagger- | ks

uhdcvs‘ba“d\““sc 3 “csa{wc "Eot‘, u:‘,a\-abo\a [ 0“\\’\ .
cases W ev ;'\ ws \\ ,\,‘ can it .

ey k0985 O“ch:g::&cs'\a“ flane and £12 Find the range of a

covers 73¥ o, m3Y helg-

khe do"‘i"V ‘cuhcﬁo“/ 5*3"‘\ the ‘(:um:‘(:ion.

o£ o The :cs_,’shway to 90 about finding the vange is 4o
e graph- [here are some cases (like linear equations)
%O\V e ‘cOV' thc zevoes :hzrz \/fw ﬁan casiIY tell what the vange will be —
untion. ut typieally 3~fayh-?3 is the way to g0. Onte you
o bow o do b st Simply set know the domain, it's just a matter of eutting
\fzu )a\v;ad‘ld m\:c £he vemaining expression for ‘ off the graph and intevpreting what's left.
*)=0 and so

. [£'s exactly the same vules .as w\;suvior:‘n\:g
with cqua{:ions; inverse o\vcrahonsf -n: e

\advatic equation, the whole thing The boe l
?s the value for » {hat makes the Lunction tru

|€ you have @ graph and You tan vead the Va“‘; EValua{:C 'H\C ‘Fuhd:ion-
oun 5 2
thvc £(x) = O, Yyou tan even vead it steaight . Jjust means that You are given an input and the

SO0 the 5ra\>h! are locking for the output. The hardest part abou{:y
this unS‘l:ioh is undersjcandins what it’s askin3!

Working with pietewise funttions. r

i 3 i Lunctions
retewise funttions ave \)us{: diffecent
‘;::\;’: tonether that apply over diffecent ?afbbo(:
the domain. The imyov{',av\{: %hing to vemember is
wovk with eath piece sepavately-
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math crossword solution

Functioneross Solution

> <] ]
<

#
(= 7~

. =
< %

i
v
i
afin
i
A
i
S
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11 veal-world algebra

v F &
Solve the world's problems +
X

So I factored in how
much you loved me, solved for the price of

this car, and you're right... you're definitely
the man for me. Let's get commutative!

The world's got big problems... you've got big answers.
Hundreds of pages of math, and what do you really have? A bunch of x's and y's,

a's and b's? Nope... you've got skills to solve for an unknown, even in the most
difficult situations. So what's that good for? Well, in this chapter, it's all about the
real world: you're going to use your Algebra skills to solve some real problems.
By the time you're done, you'll have won friends, influenced people, and saved

yourself a whole bucket full of cash. Interested? Let's get started.

this is a new chapter 421
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buying a car with algebra

T've got some money saved up, and
I'm going to get a great job when I
graduate in 9 months. I definitely need

some wheels... T just need a good loan and
some financing terms I can handle.

Financing? My friend, you've come
to the right place. Now look what can I do
to get you in this car, today? I've got no-
interest, low-interest, long-term... you name

it, we can make it happen. Budget? No worries,

we'll get you way more car than you thought
you could afford.

Mar s 3 czh e
o ke
N w . ew 5
L s W
ko oo W
d-car
Wow, £an You 3y use
salesman? Better wateh out
Lor this guy--
The object of A,
‘)CC O‘F Ma% s
32?—8”“5% a
422 h 145,000 SPOV"{’,S ear.
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real-world algebra

Max has a lot to think about to get into the car of his drea.ms. Herg
are just a few of the pieces of paperwork Max has to consider... write

down a few details to get Max started.

VEHICLE DESCRIPTION

FORMULAS

VIN THFACALG4UISCoOL

1992 HF 5.01 SALOO
TPAYSENGER Esxgwguv SIDEROR
AUTO OVERDRIVE TRANSMIssioN RIS e
PRICE INFORMAT
Byg;;kei’ £ INCLUDED AT NO EXTRA cHARGE Aron
- ‘nSllI’anoe HICLE SHOWN AT RIGHT: STANDARD VEHICLE PRICE $18540.00
<oy Dealing PRTIENALEQUBMENT | 1cs '
) noY ) * ELECTRONIC AM/FM STEREQ RADIO -SPEED CONTROL 4260
‘ | R S sTenco s AN creycoce
NSURAN(’E : POWER WINDOWS -WHEEL EBRIH323F2778 HEA PERFORMANCE 1190,00
CART : INTERVAL WINDSHIELD wipgRs FRONT LIENGE GROUP 198,00
© FULLINSTRUNERIELD ¥ RONT LICENSE PLATE BRACKET e
P ACHORMEN PIMALEQWER HEATED DRIVER'S sear 366.00
- TEMPERATURE GUAGE QETIONAL TRACTION-LoCK BUTTON 1700,00
Ist N 4 Aok Lo aaipimone 0N 163400
a . GRAPHIC EQUALIZER S
e 50‘“ onal Sav:[ngs DJUSTABLE 27800
Full Name: TOTAL VE
HICLE & Op
s K@ - DESTINATION AND DRI Ehy 2633898
Addr o AUTO LOAN APPLICATION TOTAL BEFORE DISCOUNTS 28670.00.
/ip:
City, State, Z1P RED WITH A
i) AddressT Vepiog —_—
Fmail Icle Make; Formy q
Fome Phone
T W .
Length of 1st National Savings
CHECKING ACCOUNT STATEMENT
yrs. Vi 1234 SQL St. PO Box 1000 G(iS $3670.00
LorO Dataville DV 26849 PAGE: 1 of 1 TELY
Ren'
cocial Ned Period o) o)
2009-03-31 00004-323-3477-8
DRAWA DEPO BALA
$7,267.00 =
o $7.164.00 $25000.00 )
$7,104.00 5 5=
zacamy [T m
$500.00 $7,574.00 7358
$7,374.00
$7,264.00
$36.00 $7,300.00
$7,300.00
you are here » 423
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what goes into a car payment?

Your job was to write down some of the things Max has to think
about when it comes to buying a car. Here's what we wrote down...

4 IM Chat: Car Payments

There are a lot of things that go into buying a car, but most
of these depend on how much the car costs, right?

Kristina Max can put together. Most dealerships require at least $1000.

[Yeah, and that’s going to depend on how much of a down payment L

JAnd don't forget that Max has 9 months of school left before he even gets a job! )

John

payment and monthly payments have to come from savings.

[Hmm, that's tough. Since he doesn’t have a job, his down
Jane

That's right. Ok, so his savings has to be 9 months times whatever his monthly

payment is, plus his down payment. We can write that as an equation like this: John
savings = down payment + 9 (monthly payment)
Then we just solve for the monthly payment

Kristina and the payments obviously can’t be negative. So it's not just a simple equation.

[Well, it's tricker than that. The dealership says we have to have at least $1000 down, l

Hmm... if we need to limit the values that work, we need
to use a function, right?

John

p. (Yeah. We have to write this as a function and limit the domain and range. \
ristina

J Oh wait! If we have it as a function, then we can graph it, right? )

John

(Yup! And that will show us down payments versus monthly payments. \
Jane

! . John

That'll be really helpful. Let’s do it...

424 \_
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real-world algebra

Write Max’s equation as a function, find the domain and the range, and graph it.
Suppose Max has $7300 saved. How much can he afford per month for a car?

{1300 Call this dlm). Call £his .
<savings balance = down payment + 9(montly pamem‘)ﬁ‘>

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

‘500
m
I

-50 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 "
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sharpen solution

Write Max's equation as a function, find the domain and the range, and graph it.
Using that information, how much can he afford per month for this car?

{ 1,300 Call this d(m). Call this .

<

savings balance = down payment + 9 (montly pament)@
1300 = d(m) + ?(m) < We want d(m) in terms of months, so let’s isolate d(m)

and think in terms of Ehe down ?a\/mcn{.

Feom both si

could also subtract 7m

-1 dlm)) = (-=T300 + 9m) | tugejc d(m) by ihsc,\l:. Either approach
MuH:nPlyb\/_H;oworks\)us‘E '{i\'c'..’.'ﬂi’s"\i\?‘.[-p.\,om ..............................................
make d(m) Posi'tivc. d(m) = 7300 _ qm

.................................. Iohc "‘Oh'ﬁhly Pa\/"\Ch{: has

be O or move.

Domain: 0 <£mf70_0\ Range: 1000 < d(w) < 7300

ill have
th ev boundary, the most that Max wi
E:;ilablcc V:Y;" T13200- fll\/OOO, £he minimum down ?a\/mcn{:-
So that’s 16300. Take that and fj'.v'.dc over 9 months, And ..o
his maximum monthly \78\/vncn+, is 100/ month.

75007 d(m)

7000 9graph veally mean? ‘

[£'s showmg that the higher £he

own Pa "‘eh‘t, _(:h -
av‘;i’ab,CYmoh-{:M e smaller Lhe

6500
6000

5500 Y Payment.

5000 P

4500 2 » |

. i |‘c Max Pu{:s f‘IOOO d?wn, that
oo ~ means that hell have 700 a

o * month available for ya\/mcn{:s. And
2500 £hat will max out how muth he tan
i . spend on 3 £ar-

1500 : : : : : : : b 's{: : : : :
L R N i This is the bigge : 6 _
1000 ?oss'lblc mon{’)\l\[
500 b pagment for Max \L A
m
|

-50 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 "
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real-world algebra

4 IM Chat: Principle and Interest )

J Nice! So $700 a month for payments. We can work with that. )

Oh, wait. We forgot about car insurance. He's required to have that. | made a
Jane few calls. We should assume $150 a month. If we subtract $150 a month from his
$700 payment, that means he can actually afford $550 a month in payments.

jThat's still pretty good. Hello, new wheels. )
Kristina

Whoa, hang on. We haven't talked about interest yet. We know
what Max can pay each month, but not all that money goes to his
car... he's got to pay a bank interest to borrow money.

Jane

That's right. Banks charge interest on the principle—how much
you borrow. So Max can pay $550 a month, but it's not all actually John
paying for his car, right?

Right, so $550 is spread out over interest and the principle. We
Kristina need to figure out what kind of loan he can work with. Some of these
guestionable dealers are charging ridiculous interest rates.

So we need to worry about that loan. The total loan is going to be the
principle he borrows plus the interest they charge him. Something like this:
principle + interest = total loan

John

Ok, and from Max’s perspective, he needs to pay it off by the monthly
payments times the number of payments he’s going to make, like this:
total loan = monthly payment x number of payments

e Jane

Exactly, so let's figure out what Max can afford...

& J

BRANN
SARREL L

Combine the two equations from the guys' IM chat to get one
equation that allows us to solve for Max's monthly payment.

Kristina
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accounting for interest

BRANN
BARRBELLSQLLTIQW

Combine the two equations form the guys' IM chat on page 427 to get
one equation that allows you to solve for Max's monthly payment.
Equaf,-on 2

Total Loan = Mon{',hl\/ Pa\/men{:s ¥ Number of Pa\/mcv\{s

Eouation I

We tan set fhe Tkt T R
: | (Peinciple  + Interest .

ide of equation | equa ) Now e ‘

igoc‘c,hc vight side ( Number of payments < the moni}t:[;é l::;::{z isolate

co\ua JON e wem e L DL .

(Principle + [ntevest) _ Monthly £~ This is what we want...
Number of payments payment Max’s monthly payment.

Ok, that's great. But how much

is my interest? My bank sent me to
this website, but I don't know what
any of this really means...

Leisure Vehicles

Used Vehicles Hybrid Vehicles

New Vehicles

3 Years 4 years 5 years

Max's dream car costs $25,000.

(Principle + [ntevest) _ Monthly
Number of payments payment

424,000
Determined by the teem
of the loan Max thooses
428  Chapter 11

/
7950 max

We can fill in the things we know and then
solve for the rest. We know that Max can
afford $550 in a monthly payment, and that
the principle of the car he wants is $24,000.¢
With interest rates and terms, we should be
able to fill in the rest of that equation, too.

Remember, the car
tosts 25,000, but
Max is ?u‘H:ing $1000
down. So £ha£ leaves
7'24—,000 to borrow.
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real-world algebra

Calculate interest from your interest rate
and the principle amount you're borrowing

We know what terms the bank offers: 3 years (36 months), 4 years (48 months),
and 5 years (60 months). And we know the interest rates from each of those
terms. What we need for our equation, though, is the amount of interest. So
how can we get that?

Well, you can Google "simple interest," but we've done that for you. Here's an
equation to give you the interest based on a term and principle:

| means total in‘cc\rc\j,. { L"ZZ‘Z:‘;I"S’EC; as

¥ you look up 3 simple ; The ne
equation, YoquiH Fi::;:fms\{/” Liwy = (7« Bo)n<—"0x YEARbg
equation like this.

This means simple interest - Jd‘"clsl [witial 'éim.oun{‘, borrowed,

also ompound intevest, but you don t the printiple

need to worry about that heve.

of Payments
not months)

The bank offers three different terms, and the interest will be different for each
term. So we need to figure out the total interest for each term, and then plug that
back into our original equation to get Max's monthly payment:

TN

(Principle+ Interest) _  Monthly 3%7
= (7’ . B())n =
Number of payments payment

Figure out the interest for the first option: 3 years at 3.0% interest.

/\ Wateh that your numbers ave in the vight form

Isz'mp — <;f . BO) n (detimal form of the pereent).
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recalculate the payments

Figure out the interest for the first option: 3 years at 3.0% interest.

o . . .
3.0% is 0.03 in detimal form. Remember, this term is in

Isimp = (}’ . B;O)/n—/ YEARS, not months.
Ly = (003+24000) 3 <—/

...................... _ 1000 down \’3‘["‘5"‘&
| =100 N2 2000
T That. means that Ehe total intewest
...... ,S'MF—Z“)O(_/forﬁhcg"lca‘”ﬁc“"‘w‘”bcfll’lbo

Now SUBSTITUTE to figure out Max's monthly payment

Now that we know the total amount of interest in the first option, we can
figure out the monthly payment for Max's dream car on a 3-year term:

24,000

Monthly ‘k

paymenty

(Principle+ Interest)
Number of payments

We should be able to
figure this out now:

This is the number of months: 3
years times |2 months 3 year.

This is the amount of total

inkevest from earlier Ny ’ v~ Thisis what Max
(24’ 0030 —;22’ 160) — 726.67 > IS';GO tan a‘F‘FOV‘d
This is the monthly
payment for option |

I can't afford that! What
about the longer terms? I
really want that carl

430 Chapter 11
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real-world algebra

Figure out if Max can afford either of the other two loan options,
the 4-year term or the 5-year term.

Option #2: 4 years at 3.5% interest

you are here » 431
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sharpen solution

vV Your job was to figure out if Max can afford a 4-year or 5-year
loan term.

Substitution back into the
equation that You eveated earlier

Option #2: 4 years at 3.5% interest

—

(24,000 + 3, 360)
[ =GeBn _ Wsteh the detimal here. 412

| = (0035 » 240004 1570 > §550

........... e
This monthly payment is still too mueh for
o g OO Max. Here's hoping that the next one worksl
'sm =3360‘_\\_ ............................................................................. M?.%..will.c,,d.up...., ................
This is the total interest 4o be of 28gpp" uF Wing 3 {ois)

Paid over the life of the loan

Option #3: 5 years at 4.0% interest
(24,000 + 4, 800)

| = (¢*B In =460

Sim [4 S |2

| = (0.0% * 24000)5 {480 < {550

Sl"l?

[ =(90)5 Cweet! [& works! Max can

! S 2Cbord his cav if he takes the

longest loan- He'll even have 370
lefL over eath month.

1 L}
1 1
1 |
: What is the real price of the car when you include interest for the different loans? :
1 What if Max could make a larger down payment? What if he waited until closer 1
: to graduation so he could pay more per month when he gets his job? :
1 L}
1 1

432 Chapter 11

Download at WoweBook.Com



therejare no
b Questions

Dum

Q: Why is the interest equation so complicated?

A: The equation that we're using for interest is a standard
equation for figuring out simple interest. It's actually not that
complicated, although the unusual letters and terms do make it look a
bit trickier at first glance.

Q: How does that interest equation really work?

A: This equation; Zsimp = (r+By)n
is actually fairly simple. It states that the total interest of the loan is

the interest rate times the amount borrowed, multiplied by the time
the money is borrowed over.

The lesson here? Two things really drive up the cost of a loan: how
much your interest rate is, and how long you borrow the money for.

real-world

Q,: When | figured out the interest, it was more for the five
year loan, but the monthly payment was lower. Why is that?

A: With the way the loan works, the time factor is a bigger
influence than the interest rate. Adding a year onto the loan adds 12
more payments. So there's a lot more interest, but it's spread out
over 12 extra months. The end result is a smaller monthly payment.

It's worth noting in the long term, a longer loan will make the car cost
quite a bit more. A shorter loan would mean less interest and would
cost Max less overall. Shorter is better, if you can afford it.

BULLET POINTS

= |n the real world, equations often
need to be limited and turned into
functions.

= Calculating interest is just solving an
equation for an unknown.

v

= The interest equation states that the
length of a loan and the interest
rate affect the monthly payment.

m  Carinsurance is a constant, not a
variable. It's a fixed amount.

I can afford the five
year loan. That's awesome!
Now I can buy the car!

433
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mind the

Max doesn’t own that car just yet...

Max is ready to go. He can afford a $1,000 down payment, and the
monthly payments on a $24,000 loan if he pays the loan back over five
years at an interest rate of 4%. He can even still cover insurance!

But now there's something else to consider...

Going with bank financing over my terms?
Whatever. But, buddy, what about gap
insurance? You need that, you know? Oh man, you
never heard of gap insurance? You don't want
your lovely new car to look like this, right?

434
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real-world algebra

IM Chat: Cars Depreciate

This guy gives me the heebee-jeebees. What's this
gap insurance he’s talking about?

Jane Well, you know how cars depreciate right away? The

problem is that cars depreciate really quickly at the
beginning and end up being worth less than you owe.

J Wow, seriously? So Max could end up owing the bank more money? ) Kristina

Jane Well, Max won't really end up owing more, his car is just worth a lot less.
It works like this: say he borrows the $28,800 that he needs to buy the car

($24,000 plus interest). Well, as soon as he drives off the lot, the car is
worth about $20,000 because of depreciation.

So if he’s in an accident on his way home from the dealer, John
then he gets $20,000 back from the insurance company, since

that's what his car’s worth. But he'll still owe the bank the entire

$28,8007 That seems pretty unfair...

Kristina Wow, he’d still owe the bank $8,800 and
not have a car anymore?

Exactly. So, what this "salesman" is trying to sell is Jane
called gap insurance. It covers the gap between what a
car is worth and what is still owed to the bank.

Kristina But that's one more thing to pay for, isn't
it? Can Max even afford that? Is it worth it?

)

John

We’'ll need to run some numbers to figure it out...

N
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calculate what the car is worth

s bhe bark g')A’,OOO

t for his
Jc a3 bank sha{:cmn : - ‘ow \ {: cs{;
Suppose Ma’f 90 d look like. o e e o !
tav... this might be what i o 3
28,800 é/
Bank Balance $
$ 20,000

2008 Car - current
depreciated value

Max’s tar is worth onl

s

120,000 onte he drives it
the lot.

Pepreciation is a sad fact of life

Things get old fast... especially cars. Tires, brakes, fluids, and wear on
the engine happen every mile that you drive. That’s why used cars are
less expensive than new cars.

Depreciation is the term that is used to describe exactly how much
value a car has lost. The depreciated value is the value of the car
minus the depreciation. In other words, it's what the car is worth at a

particular moment in time. This is 3 piecewise Qund:'\sgn!c s etk
Unfortunately, cars lose about 20% of their value as soon as you drive _7. Forgot what Jc\\ajTo"‘zi: d etails.
them off the lot. Then they lose their remaining value over about 10 batk in Chapter
years, at which point they’re basically worthless. -
But the bank still gets their money
The value of the car, then, is actually dropping faster than you're
paying the bank. So there's a gap between what you owe the bank, and
what your car is worth:
Thcrc's 3 9ap... the
% dnffcrcnte bd:WCCn o
YOW' amount owed / ‘ Car’s Va,uc and Wha{: ur
2.0‘5 down at 3 THE 6AP owe the bank. yeu
ixed vate as 4

You Pay the bank

eath month. Your tav is usually
worth less than
You ac{:ua\\\/ owe,

H\oug\\-
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real-world algebra

You need to figure out some functions to model the gap. Write a function for Max’s loan balance,
and the piecewise function for depreciation. Don't forget your domains!

These funttions should both be
v(d), values velated to time.

Loan Balance:

Domain:

L Assume the car depreciates
evenly over 10 7cavs cxcq?’c or

that £.rs£ 20% dvop- _2

Depreciated Car Value:

you are here » 437
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exercise solution

t You need to figure out some functions to model the gap. Write a function for Max’s loan balance,
and the piecewise function for depreciation. Don't forget your domains!

Use minus because each i

. a‘ . . Pa)'mcw{: 1S

‘g\“; E:::;l‘:\a:gv {_;‘mc |owcrm9 what You owe.
s

S
Loan Balance: ..._...............ccc.c........ W) = 20600 - 460t yumber of months .

bu\/s his ear, and goes for 0 months (five
\/cars), the term of his loan.
Piete one of The initial value

et Al
the funttion of the car \\/ less the dc‘grcua{uov\This L 20% of the kil
Depreciated Car Value: A ......... V) = 25000 - 02250000t 4 cac value, times &
This is onl\/ true
...................................................... M0 =125000 -5000% O E<] T Lo the first month,
Piete two of [ Fivst, figure out what the car is piece | of the
‘(:uncﬁon.

worth atter the initial drop. ~> = 25000 - 0.2(25000) = 20000

The new initial value — ol R We know the car’s 9oing to drop

......................................... —> v = 20000 - -5~ (200000t over 0 years. Average that out s

This is still the value of £he ear \ a'10% pev Year dvop

over time, just for t> 1. v(t) = 20000 - |bbt Divide by 12 4o get Lreom a
....................................................................................................... '\/‘c'é‘r'l'\j?a{:'c' & 'é'%éiyi{;};[\]'v'r'ii{:'c'."""’

V —am .
in: 2<t<b0 This is true for the vest of the

Domaln ......................................................... I:I Coc‘thcloénéamon{hs .............................................

S .
Put it all together, and here is the total gap situation: ozs«%::c:{;i:‘}:i{ani :h:l ‘;/‘JC‘”‘S
ndle

exactly the same way.

o(g) = (29000 5000t 0 < ¢ <1, ,
= 120000 — 1661 1<t < 60 It's a system of

: ctions
v(t) = 28800 — 480t 0 < t < 60 “equations! Fun

Wc”ﬁ {Zedhhic
ave funetion

3lly equation
S, So it’s bo{:h
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real-world algebra

Hey, that's just a system of equations.

If we graph them, we'll "see" the gap, and we O o
can solve for where the gap stops.
GRAPH
IT!
Graph both functions to "see" the gap.We got you started by
graphing the first part of the depreciation graph.
. S (1)< (000 =500 0 <11
Depretiation Y= 90000 - 166t 1<t < 60
Loan Balanee —7v(t) = 28800 — 480t 0 < t < 60
S v(t)
35000
30000 i
: Heve’s piece:| of the
depretiation function.
250009 N
20000 |@
15000
10000
5000
3 t
: >
-5 5 10 15 20 25 30 35 40 45 50 55 60
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graph it solution

15000
10000

...... 5000

..... 250004 N

~~~~~ 20000 |4

GRAPH IT!

SOLUTION
Your job was to graph the system of equations representing the
gap. What did you come up with?

/—\ 25000 — 5000t 0 <=t =<1

Degretiation 20 =0 — 1660 1<1 < 60
Lo n n
an Balance ——— v(t) = 28800 — 480¢

This i“{CV'SCC'Ei:o

: Max's ear is worth cxacﬂy as
i muth as he owes the bank.

n Poih{:: is wher;

This is the 53‘;/ The dis{:ar;cc \
between these £wo lines is what * * ¢

Max would owe at any point. Q:

Fro;n arovmd : H\
onward, Max's tar is wor ;
b move Than he owes the bank-

No insurante ?vob\ans hcrc.:

5 10 15 20 25 ,30 35 40 45 50 55 60

25 months.
Max has a 9ap to worry about for over
That's 2 I/SZ ycaVS_’ Better drive carc&lly, Max...
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real-world algebra

Hey, enough with the fancy numbers.
You know I wouldn't steer you wrong. Let

me just get you to sign right here next to
Option 2, and you won't have to worry your
pretty head about this gap business...

ance - Terms and Premiums

Gap Insur

i th
This insurance will cover any gap
the time of an accident.

at exists at

option #1
th
18 months of coverage @ $20 per mon’

option #H2
th
3 years of coverage @ $60 per mon

What should Max do? S]moulc[ he l)uy gap

insurance? If S0, which option is better?

you are here » 441
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pick the right coverage

You don't need to GUESS with Algebra

Max definitely needs some type of gap insurance to cover him while
his car is worth less than he owes. But which option? 1 or 2?

Between the graph, the functions, and your mad Algebra skills,

you can figure this out. You need to determine Max’s maximum
potential risk at any time, and how much the different gap insurance
options cost. You also need to think about his monthly budget and

the overall cost of each gap insurance option.

... but remewmber to keep the context of
the problem in mind

First, we need to know how much Max can afford in
additional premiums on top of his car payment and
existing insurance. But that's not the only thing Max

needs to worry about.

Here’s what we need to do:

o Figure out what Max can afford.

Gap Insurance - Terms and Premiums

This insura i
nce will cover ¢ . .
the ti f - '+ cover any gap that exists at
me of an accident,

Option #1

18 months of coverage

@ $20 per month

Option #2

3 years of coverage @ $60 per month

Determine Max's leftover balance from his initial purchase and
make sure he can afford either premium for gap insurance.

e Evaluate Option #1.

Figure out the worst case gap over the first 18 months (that’s Max’s
risk), and the total premium that he’ll pay for this option's coverage.

e Evaluate option #2.

Figure out the worst case between 18 months and 3 years (that’s
the additional risk that would be covered with option 2), and the
total in premiums he’d pay over three years for option 2.

e Pick the wisest option.

Using the new information and the graph of the gap, what’s the

smart plan? Which option should Max choose?

442 Chapter 11
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real-world algebra

Use this space to figure out Max’s gap problem.
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sharpen solution

Your job was to choose the smartest insurance for Max.

(24,000 + 4, 800)
0 Find out what Max can afford. T =4¢p
s

We (:igwcd this out way back

Max was
.................................. on?agcﬁ’gl‘”“‘" d ,
picking 3 loan. 7480 < $550

$olss the lov\gcs{:

e Evaluate Option #1. loan and haVH‘ﬁVC‘r--

e Evaluate option #2.
Months MVOWEHY Premium

Thc overall maximum visk s still

~
... Premiums paid = 36(b0) = §2160 < T4 option L premiuns 18000, in. the Lirst. fev-morrth
, ut the maximlum visk not tovered
The premium is 160 a month, so Max ean afford that, too. by option | is § 2000, around
........................................................................................................... "\ .6;‘%5.1.6..0.‘;. .7.................. e eee

e Pick! OP{:ion #2 is not worth rU Max would have to pay over ,‘I' 440 extra (oP{:ion 2 tost — o?{:ion |
tost) to cover an additional visk of 12000. So his extra premiums end up only potentially saving
him 600! Better 4o take option | and drive carcqcull\/ around month 19 and 20!
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real-world algebra

VN

..... 35000 0

Lo&h Baiancc

..... 30000 - :

 This interseetion Poin'l:zis wl'»c\rcé

: ) .
§/1/Ia>(s ¢ar is worth exad:ly as
‘muth as

..... 25000¢ he °WC§ the ba_nk.

..... 20000{0%, —=pl |

35000 ) O e —

;Dcyvccizzi{:ion

10000 .............. ................................... F ............... "....

...... “5000 move 'h\'\a“

From avound 28 months
Ma#s £av IS WOY'

he owes the bank.
ems here.

onward:

No insurante probl

5 10 15 20 25 30 35 40 45 50 55 60

\r—/ Mag\as a 9ap to worry about for over 25 months.

Option #I That's 2 1/2 years! Better drive cavehully, Mar...

N )

——
OP‘(:iOh #2
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take a lap

Max plans to pay you to be his
financial planner

Max is thrilled you saved him so much money and still managed
to get him into the car of his dreams. He's even promised to keep
using you for all his financial decisions.... and tell his friends!

To get here, you used a lot of advanced Algebra skills:

Expressing equations in terms of variables
Using functions with domain and range restrictions

6raphing functions and reading results

Solving systems of equations and functions

I'm out of here in my new car! I'm protected
from an early accident, and I can make my
payments, no problem. You totally rule!

Hey, we want our turn. What do you charge?

()
Open for business! "~ o ° %
Since your success with Max, there's a
whole line of people just waiting to pay
you for financial advice. Better open an
office... and use some Algebra to plan
your own financial future!
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real-world algebra

Wrapupeross

You did it, you made it through the whole book! But
don't relax just yet, there's a crossword to do first...

Across

3. Legal inputs to a function are the function's

6. A car loses its value when it leaves the dealer because of

7. The legal outputs from a function is the

8. You should always drive

9. Always evaluate the solution in the of the
problem.

Down

1. Using more than one function with the same variable is
solving a of functions.

2.To use Algebra to solve real world problems you need to look
for

4. Represents a comparison between values rather than
equality

5. The difference between what a vehicle is worth and how
much is still owed on a loan.
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wrapupcross solution

Wrapupeross Solution
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aPPeHCHX (i: 16%;9\]61‘3 * /"‘uch already.,_ ’

« The Top Five Things
. (we didn’t cover) 4

Even after eating all of
this, we're going to have

some left. o

You’ve learned a lot in this book, but Algebra has
even more to offer. pon't worry, we're almost done! Before we go,

there are a just few gaps we want to fill in. Then you'll be onto Algebra 2,
and that’s a whole additional book...

this is an appendix 449
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negative exponents

#] Negative Exponents

We touched on them in chapter 3, but as a quick refresher, here’s what a negative
exponent looks like:

-8 — —
b ——*a

Combine that rule with multiplying exponential terms, and you can divide exponential
terms too, like this:

What’s going on here? It’s really a matter of cancelling things out... here’s a simple
example, where you can see the cancelling in action:

| 92 (2~ 2 1
isbributing the —F = AR/ = 732
Pt 21T (2-2.2) " 2

Sinte both approaches are both
valid, the answevs are the same.

ik 92
\AS'\“(B*,\\C d\\I\S\o \ 2— — 22_4 _ 2_2 6/

2l keem 1€ 21

c*?onc"b

A negative exponent means that you divide one by the exponential term, with its exponent stripped
of its negative sign. Negative exponents are a great way to get rid of fractions. Any fraction can be
rewritten as a negative exponent, and you can work with it the same way you would work with any
other exponent.

N t' Take ‘{',\'\‘i |
eogative exponentid
§ teem... /},
exponents iy 1
In general: X0 =g et
mean you can X tasa

dcnomina-{;o )

get rid of Q’Wi’chou’c the
{ .’ negative sign,
ractions.
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Working with negative exponents

The only difference in working with negative exponential terms
and regular exponential terms is keeping track of the sign.

These are the exponent vules
that ave in Chapter 4~ fl

Negative exponents also give you flexibility

leftovers

Take this one for example...

a_-b — _at(-b)

%% = x [+'s the same

{:\'\ing, \')us{:
watehing the signs!

Just do the same thing for any other operation
as it comes up.

If you come across an exponential term in a denominator, you can write it as a negative exponent and
remove the fraction. Then you can manipulate the equation the way you want to.

For example: 6

5+

Q These are exactly

the same expression.

(x3) =5 + 6x-2(x3)

you are here »
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table of values

#7 Table of values for graphing

We mentioned them a couple of times, and even showed one, but what exactly is
a table of values?

A table of values is a table that is set up with both of the variables that are
in an equation and allows you to easily keep track of the results for different
substitutions. It’s another way to keep track of points for graphing. For lines, it’s
not typically necessary because you only need two points, but for other shapes...

This is from thapter 9. This table
shows the equation, the x values, and
the \'csul{:ihg h values.

L e tlont b

Since the
equation s
quadratie, it

100 ¢a Parabo’ .
fJC&VJc with 5 (&) + 10(5) +T5 :
hese values and
£ill in the resJ:... ‘ _@)* + 0@ + 15 9

8
(o) + lolio) + 15 1

I
‘ (o)* +10(0) + 15 1G
()

You can set one of these up for any equation you’re graphing, if /

you think it will help you keep track of what’s going on. >+ 10x+75=h
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leftovers
#3 Absolute value equations

You've learned a lot about how to manipulate and solve equations, but we didn’t get to cover
how you handle an equation when there’s an absolute value in there.

You know how to handle the absolute value of a number, but what if you have a variable
inside the absolute value signs that you want to isolate? When you have an equation with an
absolute value, even though there is only one unknown, there are two solutions.

x|

7

1= x|
his must be true because )
T°;55£:; the number of it's 7=|x|
Zign with the absolute value. x=Torx—=—"7

What happens if there’s more than one term inside the absolute value signs? If that

happens, you have to treat the whole quantity inside the absolute value as an unknown,
and isolate it before you can do anything else.

You have to treat H\c/\b\ﬂxx‘-{- 31292042

\\)( + 3» YaY‘{Z as an

unknown and isolate it. ‘ x4+ 3| -2

Now this 1s where it gets weird. Remember the absolute value signs mean that the absolute
value of whatever is in between them is equal to 2. That means whatever is inside those

bars could be 2 or -2!
f_ |x+3|:2 ’_\

x+3=2 x+3=_
x+3=2-3 x+3=—2-3
X == or x=-5

To remove an absolute value, you need to isolate it,
and then solve whatever's left using an option for
both signs. It means you have to solve it twice.
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less calculator,

#4 (alculators

Generally, the work in this book can be completed by hand (if you have enough paper). If you
used a calculator, it didn’t need to be anything past a basic calculator with exponents.

There are alot of calculators out there that can graph, solve equations, and plug and chug the
quadratic formula for you. For now:

Don’t use a calculator to solve your equations!

The point of this book and the material in it is to learn how to manipulate the first level of
equations while understanding what is going on. If you simply plug things into a calculator,
what you've really understood is how to work your calculator!

As you progress in math, you’ll need
to use technology more - but not yet!

45 More practice, especially for factoring

The best way to get good at all of this work is to practice it more. Working through the
exercises in this book is a great start, but you should pull out your classroom textbook and
work on those problems, too.

This book describes all of the principles you’ll need to work in most Algebra I textbooks,
and the more you work on them, the better you’ll get.

Factoring, in particular, is a skill that you will be able to do much faster the more you do it.
So keep practicing....
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appendix i: pre-Algebra review

s
4 Build on a solid foundation
*

I didn't start out as a
prima ballerina—first c o

there were little tutus.

Do you ever feel like you can’t even get started?

Algebra is great, but if you want to learn it, you have to have a good understanding of

number rules. Suppose you're rolling along and realize that you forgot how to multiply
integers, add fractions, or divide a decimal? Well, you've come to the right place! Here

we're going to cover all the pre-Algebra you need—fast.
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understanding numbers

Algebra starts with numbers

If the you hear the weatherman say it’s “minus five,” you know that it’s really cold, colder than
zero. Numbers sometimes need to indicate that they are less than 0, and they do that by adding a
negative (or minus sign) in front of the number.

Mims This is a typical ncgab.vc
' number. The ncgafwc s
——5 'Ihd'\ta{:cd b\[ Lhe minus sign-

5 So, that’s a negative number. What are the other numbers, the plain
@ ones? Those are positive numbers. They are indicated by no sign
‘5\0 or a positive sign. If you're working with whole positive and

negative numbers, it means that you’re working with integers.

Bo‘(:h oF 'chsc
are positive
numbey-s

These ave all
examples
integers.

Sum it up

lnfcgcrs — The whole numbevs, inéluding all of the

ncga{:ivc numbers, zevo, and Fosi{:ivc numbers.

{..-3,-2,-1,0,1,2,3.}
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pre-algebrareview

How do you work with negative numbers?

Operations with negative numbers are similar to operations with positive numbers; you just have to
keep track of the sign of the numbers that youre dealing with. The first thing to understand is how the
negative and positive numbers relate to each other. The number line will help with this.

Th e "umb er Ii" e Inequalities explained.

Don’t worry, we explain inequalities
in the book. If you’re hazy on the
> (greater than) or < (less than) symbol, then
jump to the first few pages of chapter 5 on
mequalities. That should clear you right up.

Bisto the \ekt
el 3¢

than l.

@
5 _& r

-2 - 2 3 i %

To determine the relationship between integers, plot both numbers on a number line. The number farthest to
the left is always less. That’s because the left side of the number line is headed off to negative infinity, a very,
very small number.

The number farthest to the right is always the larger number. Since as you go farther to the right on the
number line, you are closer and closer to positive infinity—a huge number. Looking at -3 and 1 on the
number line, it’s clear that -3 1s less than 1 since it’s farther to the left.

Use the number line above to plot the relationships and fill in less
than or greater than signs.

—4_ 4 4_1 -3 -1

you are here » 457

Download at WoweBook.Com



sharpen solution

Use the number line above to plot the relationships and fill in less
than or greater than signs.

The negative version of 3 number will

always be less than the positive version. . 4 < k—\

! o : : : : : : o : >
-5 4 3 -2 - ! 2 3 g

{ d
mbevs are of the same sign an
l\fo:;l:c:‘lhm the bigger number is lavger. 4 > 1

— &—— & —
| "
With negative numbers
. 3 < — 1 negative a number is, 'éh

'ch movre
e smaller it is.

BULLET POINTS

m Integers are all the “counting = Anumber line can help clear up
numbers” (0, 1, 2, 3...) and all the which integer is bigger.
negative numbers (-3, -2, -1, etc.).
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pre-algebrareview

Addition and subtraction of integers

You've probably been adding positive numbers for ages, so you have no problem with
that. The good news is that when you’re working with numbers of the same sign, there
are some simple rules to follow.

Q Adding two positive numbers is a positive number.
Nothing’s changed here. They just keep going up!

e Adding two negative numbers is a negative number. l/—h\\ practice

With two negative numbers, just add the number part first and put a Lhis n 3

negative sign in front of it; that’s it. setond-

Working with wmixed integers

Did you notice that there’s no “subtracting positive numbers” on that list? Now that
you’re working with integers, the line between addition and subtraction gets a bit murky.
Subtracting a number is the same thing as adding a negative number. For example, 2-3 is
the same as 2 + (-3).

How do you know? To actually perform the operation, you can work with the number
line. The rules are simple: for every negative number (or subtraction), move left on the
number line, and for every positive number (or addition), go to the right.

Move \cﬂ: on the

S'{i&r‘t a‘{: 2 on n\m\\)CY‘ line b\[ 3.
the number line. V4 You'll land

A2 -3=—1,""

cdvee 3 2 | Shart here

e Rules for adding & subtracting mixed integers.
Move left on the number line for negative numbers, move right for
positive numbers.
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handling signs in multiplication

Multiplication and division of integers

To multiply and divide integers, you use the same operations as with regular positive
numbers, with a few simple rules about how you work with the signs. When you come
across an integer multiplication problem, first figure out the number piece:

This is what you need to
learn the vules about.

This is the

oviginal problem:
Fivst \')us{: do the
numbev yach. J

The rules for integer signs - multiplication and division

/)
6 AND A SIGN (A POSITIVE
OR A NEGATIVE)

Now that you know where you need the rules, here they are. Remember, you just
carry out the multiplication (or division) as you would for positive numbers, and then
add the sign in front to get your answer.

0 A positive number multiplied or divided by a positive
number is a positive number.
So, you figure out the number part, and that’s it.

G A negative number multiplied or divided by a negative
number is a positive number.
The two negative signs cancel each other out.

e A negative number multiplied or divided by a positive
number is a negative number.
So, if the numbers are mixed, the negative sign carries.

So now let’s add a sign to

that problem: —2%3="17

-2X3=-06

Let's try it...
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pre-algebrareview

BE the caleufafor

Your job is to play caleulator and 7T+ 4 =
figure out these integer operations.
Remember a]l the new rules you've
learned! Work with the
number Jines - they help. —-3-8=__
use the number lin) .
\&1?:“ -:,\\t\fvc both negative,

b
L

theyl stay negative
. o ‘the number
T Ix-32=_ T Featt
$|3'\'
3_6=
| "
40981654321 | | 2345678 9I0
-5+ (-4 =__
| *
40981654321 | | 2345678691l
-3+7=__
| *
Ol T 5D e | ]

2345678910
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calculator solution

BE the c&ICUI&t@f $@Iuﬁ@n

Your ﬂj;oh is to play caleulator and Sghure ; This is 3

out these integer operations. Remember a _ warm up:

the new rules you've learned! Work with T+a=11¢
the number lines - they help.

You ean use the
NN yfumbc!r line, too, but
_3 _ 8 - 11 smtc{:fhcy)rc bo‘(:h
negative, You €an just
add them wp and \|)<cc|>

) going.
f | cath other Theve's only one negative,
The ncg&{)wcs cante : ;
ok 30 162 pose X/ oty V;\/ Remember, the mm\_’cv
- 1 X_ 32 - 32 4 ><_ 5 —— 20 Yart O‘C {‘)\C OPCY'&‘E‘O'\

doesnt thange at all!

3-6=—23

(\/\b\/\‘ljﬂ\ g
: : I I I I ! \}/\IN/\‘ :
5

10961654321 | | 23456786 9I0

This is exattly the same thing as

\jqu:’ subtracting 4-
-5+ (=4=-9
& Lo the left .
: ‘ : 1 | 1 | : |

40981654321 | | 2345 678691l

I‘F )'Qu add ..
30 to the ri;h’;zs'bve number,

—_3+7=4
1

i } } } f } —@— f } t f f } } i } —
10987654321 | | 2345678691l
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Absolute Value

Absolute value is the operation of stripping an integer of its sign. The upshot of that, of course, is that all of
the numbers end up positive. Here’s what it looks like:

Ths 1 -
\uke value s\
The absolute value Z\En m‘cans aosolw
“‘c&kih\\: sign © this ’ _6 ’ _ 6 and ‘ 6 ’ _ 6
numoeyr-

How do you treat the absolute value sign and the numbers inside it? The absolute value sign acts like
parentheses; you have to do what’s inside it first and then take off the sign. So if it shows up in an expression
you’re working with, you have to handle it before moving on.

If you think of the absolute value sign as a brick wall, that might help.

'\'ma\
T\\\s'\s‘h\‘co‘“g\?‘G_S‘:‘—Z‘ 2

\on-
C*YYCSS‘

Lt
YOu have {o T\\cm.s
this #irs{;, do Lhe s\

6—8

Il

|
\")
Il

2

BULLET POINTS

m Absolute value means take the sign m The absolute value of a negative

away from the number. number is a positive number.
m The absolute value of a positive m  An expression inside the absolute
number is a positive number. value sign needs to be simplified

before the absolute value is taken.
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measuring distance from zero

What absolute value means

Absolute value really means the distance between a number and zero on the number
line. It’s important in cases where you’re more interested in difference than direction.
The number alone tells you how far you’ll travel, and the sign tells you the direction
you’ll move in—to the left of zero, if the sign is negative, or to the right of zero, if the
sign 1s positive.

Absolute value means caring about the distance, not the sign.

Jou tan A0 \co‘%‘ch‘sﬁasw
w tan ““m\)CY'
ek o7 |2 = 26N
wo Ty
-1 —_
\l | *
— N

o b A | 123 A4S b7
| I

L & The di

Absolute value is always positive; it’s the
distance from zero to the number.

The distante between 1 and

2€v0 1S \)’)

Sum it up

Absolu{:c Valuc — The absolu‘{:c valuc o£ a numbcr is
the value of the number without its sign. [t is the
distance o«c the number ‘crom zevo on the number line.
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pre-algebra review

Simplify the absolute value problems below. Remember, you're
looking for the distance between zero and the number.

[£ doesn't matter which sign is theve; the
absolute value means +ake it away-

Simy\i£\/ 4he absolute
value fivst, then do
khe subtraction

25 —[13 + 4| 25 1+ _13 4|
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sharpen solution

Simplify the absolute value problems below. Remember, you're
looking for the distance between zero and the number.

The positive sign gets dropped,
al{hc‘:ugh fhe absolute value is still 75.

|—22|=22.. [+75| =..7.5.<) 1172]= 172
ovevation
You have to do the Yc: ., Same deal heve — inside first,
rcide the absolute value 3 then the absolute valu:. ’

then take fhe absolute value. Q

Sim\?h‘(:‘f the absolute
value fivst, then do
e e e |

25 |13 + 4| 25 +1-13 — 4]
2=l 25 +|=17]
....... 2017 . 2017

8 42
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therejare no
b Questions

Dum

Q: What is absolute value used for in the real world?

A: Distance is, at its core, just absolute value. It's the answer to
“How far are you going?” It doesn't matter which way, so you're the
distance you give will always be positive—an absolute value.

Another example is temperature change. Since temperatures are
measured in terms of above and below zero, you may need to know
how much the temperature needs to be raised. If you start at below
zero and are going above zero (say, from -10 degrees to +32), you
need the absolute value of those numbers added together, not just
numbers themselves.

Q- Isn’t the number line a little juvenile?

A: No, the number line is a great, easy way to keep track of what's
going on when you're adding positive and negative numbers. Don't
feel like you need to use something complicated just because you're
getting ready for Algebra!

Q: What if we have three integers that are multiplied
together? Which sign wins?

A: If you have a string of integers multiplied together, here’s the
deal; If it's all positive, the answer’s positive. If you have an even
number of negative signs, then the answer is positive. If you have an
odd number of negative signs, the answer is negative.

pre-algebra

Q; Zero is an integer, too?

A: It sure is. It's included because the integers are really whole
numbers, so you need to keep the zero. Stay tuned, later in the
chapter, we'll learn about zero and how it works.

Q,: What if my integers get really big? Then the number line
won't work as well?

A: Yes and no. You might not be able to count out your answer,
that's true, but you could draw a number line with the tick marks
meaning 10's, for example.

Q: Is subtraction done?

A: It's just a matter of perspective, really. Subtraction and addition
of a negative are the same thing. That being said, it doesn't really
matter what you call them; you do the same thing to deal with the
operation.

The big take away from this is that you can put the negative inside

the parentheses and work with it that way if it's easier in any given
situation.
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group numbers in sets

Number sets - all together

Number sets are a way of grouping number
types, like integers. Knowing how to group
numbers together can help you learn how to
work with them when you go into Algebra.

The .
Lempevature is
below zevo, so

s ncgaf\‘l&

(nkeages ace v Integers
Vole numbe™® 3}: .-3,-2,-1,0,1,2,3..}
W ve
¢3!
\\ O‘Q *,\\C w
vmm\)c"s'

C°W\'l3ihg numbers
('H‘CY stavted with
ingers and {oes)

Counting
Numbers

{1,2,3, ...}

Whole

Numbers (0. 1.2, 3...}

Rational
Numbers

{Any number
that can be
written as a
fraction}

ev,
d; 5 er
Real numbers ave ver
|| of the umbers Real
a raJ(J\O"a\ Numbers
heve — Liona {All of the rational

and vd Irrational

Numbers

and irrational
numbers}

{Any number

The number sets build on each other.
The smallest set of numbers is the
counting numbers, the whole numbers
are just the counting numbers with

zero, the integers are all of the counting
numbers and the negative numbers, and
S0 on.
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that can NOT
be written as a
fraction}

There’s also 4 set o
.numl?crs Called the
’ler:agmalry numbcrs, bu{: "
ve that f,,. anothey ‘l:/ ; li
O0K.
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The nuwmber sets

In mathematics, there is a typical notation for sets of numbers. Here’s what
it looks like:

The numbevs listed are intluded
« in the set and also establish the
The turly brates mean -3 ( pattern for the vest of the set.

mathematical set.”
Counting Numbers:
’ 1, 2, 3’ “‘} This means ‘move in this diveetion
like this” (&, 5, b, ete.).

The counting numbers are the smallest set. They’re just the numbers that you use to count things. It’s also the first set
of numbers that you work with when you’re learning about math.

Whole Numbers: {0,1, Z, 3, ...} & Just the tounting

numbevs with zero added

The whole numbers are just the counting numbers and zero. You’ll need zero to indicate there’s nothing of something;

Integers: {..., -3, -2, -1, 0, 1 9 2, 3, ...}

The whole numbers plus all of the negative numbers.

Rational Numbers: {Any numlaer' a/l)}

Rational numbers are a bit more complicated. Any number that can be written as a fraction is a rational number. Since
counting and whole numbers (like 2) can be written as a whole number divided by 1 (like 2/1), they’re rational, too,
just like all of the integers. This number set is helpful when we work with fractions. Decimals that can be converted to
fractions are also rational.

Irrational Numbers: {Aﬂy numl)er tllat can’t

be written as a Jr'raction}'

Irrational numbers are numbers that can’t be fractions. You’ll see them more and more as you get into geometry and
the real world, but there are numbers that go on and on—non-repeating and non-terminating decimals. There are
square roots that go on forever, and there’s pi, the ratio between the circumference and diameter of a circle.

/__ Real Numbers: {Au 0{ tllem SO {ar}

eal numbers are just the set that encompasses all of the numbers, both rational and irrational. Since a rational number
can’t be irrational, but they’re both numbers that can exist in the world, this set includes all of them.
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representing parts of awhole

Three ways to split things up

It’s important to be able to communicate a piece of a whole thing, and there are three ways
you should be familiar with: fractions, decimals, and percentages.

Fractions

Fractions are a rational
way of expressing a piece.

Number of pieces

This is the that you have
20\"8‘ The total
orm of 3 number of
fraction pieces in a

whole

va Y\c 1 k OhC V\CCC
piete \st E out of

w Pietes
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\ n{‘xd
ga\l \lou \)\A;{Z wa

rete? How do you
that chh that?

CO',\muv\\Ca (4

Percents

This notation is really just
a tweak of the decimal.
100% means all of it

Pecimals

This notation is the
way calculators and
computers work.

Th . The .
e ch"haI Point ( YchCV\JC sign

Number

of whole Size of Whole o
things that " piece less Number 70
you have @ thanone R

£ £ this Do you see 3
The form © velationship

yav{; is sycci‘(:ic, we'll
into i : o, between the
gc{: m{‘p ‘{: |a‘{:cr 10 /0 WYCC,& o

0.10 the detimal?
We've talking about

less than one pie, s0
Lhis is zevo.

Now we need to figure out how to
work with all these different kinds of
numbers. We’ll start with decimals...
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Pecimal’s Anatomy

Decimals are the easiest for calculators to work with, and sometimes the easiest for people, too.
We’ll start with the details of the format itself. Just like whole numbers have ones, tens, and
hundreds, decimals have places, too.

tcn‘k‘.\\s

Anything J“’ {"\\\‘. :‘f,:\cc \l I hundredths I:; EEC;:‘PZ:T
o*c {’(\\CN(T:\L\:: \ 1 .234 ,
- the dctIma\ J(,\\ousav\d’c\\s

\m'm{‘,

How decimals communicate

Just by having the format of a decimal, you can tell two big things
about the number.

0 The number of whole things you're dealing with.
The number of whole things is the number to the left of the decimal point.
If it’s less than one thing, then it’ll be zero.

e The size of the piece of the thing.
The numbers to the right of the decimal point communicate that size in

pre-determined pieces. For example, if a number is in the tenths place, it
is that many tenths.

I you need to deal with parts,
and you need to deal with a
calculator, you're Pro]oalaly going
to need decimals.
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line up decimal points

Addition and subtraction with decimals

Addition and subtraction with decimals are almost exactly the same as addition
and subtraction with whole numbers, but you must line up the decimal
points. Just like with whole numbers, with decimals, you have to add the right
place, so tenths must be added to tenths, hundredths to hundredths, etc. The
way to do that is to make sure that the decimal points line up.

Try thiss 1234 + 56 =

Right way:
Decimal points

are lined up Tenths dre numbers all

N o)

125 12 I Z°“Jus£ add

Adding the . z{: ol
columns up is 4 5 c.h%t o
i) o e Q ' int n addmﬂ tenths 4
same as vith 16,84 The detimal o h hundred{hs.
whole numbers. ) Lhe answer is e e

same sYoJc as it :d"\ .

) n
'J;:mr{i::rw(c)c;\cc Ejaddc?\ds)- Whére does the detimal g0t
)

ince they've not lined wp, Yo
can't tell..

Carrying across columns is the same as it is with whole numbers.

Borrowing from other columns is the same, too.

S|

Subtraction works the same as addition, just line up the decimal
points, and you’ll be ok.

When you add and subtract

decimals you must line up the
decimal points.
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Complete the addition or subtraction and solve the given
problems. Make sure to line up the decimals!

\/O\A have to line
6.9 + 1241 =7 up the detimal 14.27 - 3.6 =7

points, vemember-

3+16.01="7 21.24 — 9.7 =7

Sam wants to buy the latest Y-box game—it’s $49.99, plus $2.50 in sales tax and §13.65 in
shipping (overnight!). How much is this game going to cost him?

Ella, Sam’s sister, just got her birthday money, and she has $80 to spend. She wants to get a
DVD for $13.35 and a new outfit for $42.35. How much will she have left?
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sharpen solution

v Complete the addition or subtraction and solve the given
problems. Make sure to line up the decimal points!

6.9 + 1241 =? 14.27 =36 ="

You have to line Just b feom

- 3 us orvrow .
6.99 v\’.JCE: i::xc:\‘)cr. 14','27 the next COlumh,. like
L ponts vegqular subtraction.

+12.41 -3.6 O\ Add "
—_— a zevo 1o help k
19.31 10.67  ~track of +the dc:iv‘:aICCP
places.

You hay,
B4+ 16.01 =7 the g, b0 2dd 21.24 - 9.7 ="
*d two 2er Pont 10
os — .
I I oks of bov\'ow."“ﬁ
300 / %.24 L‘EOY_ .t\\\s OV\C - \)\;S'h
+16.01 —9.70 7y it ke you do
11 54 kh whole numbers:

19.01 1154 v

Sam wants to buy the latest Y-box game—it’s $49.99, plus $2.50 in sales tax and $13.65 in
shipping (overnight!). How much is this game going to cost him?

12 .
Voucan add p | 49.99 st lneup

) the detimal
as many d
2 you Z«lla:élmals +2.90  points and add

13.65 them !
766.14

Ella, Sam’s sister, just got her birthday money, and she has $80 to spend. She wants to get a
DVD for $13.35 and a new outfit for $42.35. How much will she have left?

Fiest) you \;\av: 13.35 Then \I°l“ (,a(:n subtxad: 80.00
to add wp ¢ £ha-t value from hev B
Yu\(c\\ascs +42.35 b\Y‘H\da\l moV\C‘f 15570

55.70 1924.30
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Pecimal wmultiplication

Multiplying decimals is almost the same as multiplying whole numbers; however, there is a
twist at the end. You can set up a decimal multiplication problem exactly the same way you
would whole numbers: line the numbers up on the right, and start multiplying. After you've
multiplied the first number by each digit of the second number, you can add them up.

The last step, the one that’s different with decimals, is you need to count the number of places
to the right of the decimal point in both of the factors, and then put that total number of
decimal places in the answer.

ke down

Try tllis: 1445 X 15 = ? [\Ma\“ sure nat e
45 .

WOVE
Write the multiplication out just like 14. etimd gome
with whole numbers. \_//f de
x1.5
Carry out the multiplication and addition steps, just as 2 yad
you would with whole numbers, ignoring the decimal 1 4 4 5

points for now.

X 1.5
PRTAE
. This s
/3’; Part ;¢ 7225 —
414450, pdd the =0

sinte LS he

2 106_7/5 Lens plate:

147

The last step is to count the decimals in the factors of You count 3:_ 3"?
the problem, and put the total number of places back put the detima
into the solution. \,o\h{; heve.

14@, 2 places
~

| place
L2

That's 2 {otal Y\aus'

In decimal multiplication,
count the total number of
decimal Places in the factors.
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manipulate when dividing

Pecimal division

Dividing numbers with decimals is similar to regular long division, but with some minor
changes. Before we can talk about it, a quick refresher on some terms.

S
Dividend + Divisor = Solution These ave the ch; ‘:;‘I Solution
You should be vse Divisor) Dividend

seeing division- ~—_ 1\

If you’re dealing with decimals, take regular long division and make the following changes:

o If there's a decimal point in the divisor, you need to remove it.
If you have a decimal point in the divisor, you need to eliminate it. First, move the
divisor decimal point to the right as many times as you need to make the divisor a
whole number. Then, move the decimal point in the dividend the same number of
places to the right.

e If there is a decimal point in the dividend, then put the decimal
point in the same place in the solution above.
After setting up the problem, just stick the decimal point in the solution right above
it. If there was no decimal point in the divisor, then divide exactly the same way
you would with whole numbers. If you moved the decimal in step one, remember
to use the new position.

Let’s do sowme division!

Here’s a problem with all kinds of twists and turns. It has two decimals and
there are some tricks you’ll need to make it through.

Ok - so there's a decimal
point in the dividend and the
divisor, so we'll need to use
both tricks up there.

No eale )
We've f: ators Please/

o 1 ol 15,126 + 1.2 =
hand) 31c{2¢v- a” y

First, you'll need to set up your
ec[uation ina long division format...

476
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Pecimal division training

Write your problem out in long division
form. 1.2 ,15.126

Adjust the decimal points as needed. If
the divisor has a decimal point, move it to
the right until you have a whole number.
Then move the same number of places in
the dividend. After that’s done, write the
decimal point in the solution in the same
place as in the dividend.

e Proceed with the long division. This is
exactly the same as with whole numbers.

12.605

12.)151.26 _V\
12/

1 /g,l e Remainders don’t exist for you anymore!
Since you’re working with decimals, you
—24 can add a zero to the dividend without
changing any values, and keep on going.
72 Just don’t forget to put a zero in your
R cma\'\d“? _79 solution when you need to add a zero to

Not the dividend.
a“\IMOYCT\O6O

~60

e Keep going with your division. When you
finish a division with no remainder, you’re
done!

ons 10
There's 3 couple of exteplions

— this - tuen Lhne page

you are here » 477
Download at WoweBook.Com



special kinds of decimals

Special decimals

There are a couple of special cases that you need to be prepared for with decimals. Decimal
division can actually end in three ways:

o

Terminating decimals.
The one we just did is a terminating decimal. That means it ends.

2)

Repeating decimals.
These decimals get in a rut. The thirds (1/3, 2/3) are the easiest
example. Once you start the division, it never ends. There’s a

[\ i bar means the

convention for writing them:

Go ahead and /N

o Ws | 1 - T
oy his. 18 1 0.3333333...07 03 Cter the
divided by three 3 ';,JZ"iZ\ B vepeating

5]

Non-terminating, non-repeating decimals.
These go on forever. You just keep adding zeros and dividing

numbers. When you start to see that happening, just write what
you have, and add a note that it doesn’t terminate.

Q} With repeating decimals, will it just
be one number?

A: Not necessarily. Sometimes it's several
numbers that repeat, like 1.234234234.

These numbers are written with a bar on top
of the entire sequence that repeats:

1.234

478 appendix ii

therejare no R
Dumb Questions

Q; How do | know if it's a non-
terminating, non-repeating, or just a long
sequence that repeats?

AI Most of the time, the problem will tell
you how many decimals to use before you
decide. For example, it may say, “Only take
the division out 5 places.”

Q: How do you use repeating
decimals? You can’t add them to other

numbers, right?

Download at WoweBook.Com

A: With repeating decimals and non-

terminating, non-repeating decimals, it's
much easier to work with them as fractions.

Q; Why can you just add zeros on the
end when dividing by decimals?

A: Since the zero comes after the decimal,

it's not changing the value of the dividend
at all. 15.126 has the same value as
15.12600000. Adding the zero is a trick that
makes it easier to finish long division.
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Solve the following multiplication and division problems. You can add as many zeros as you
need after the decimal, but don't forget about repeating and non-terminating, non-repeating
decimals. If you go out 4 places and still don’t have an answer, you can stop.

151 x0.72 =7 23.2+5="

——

X
Jt..‘s{: betause You don’t start
wr(:tm detimals, doesn’t mean You
L wont end up there. 10.6 = 0.34 =7

o T

you are here » 479
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exercise solution

Solve the following multiplication and division problems. You can add as many zeros as you need
after the decimal, but don’t forget about repeating and non-terminating, non-repeating decimals.

If you go out 4 places and still don’t have an answer, you can stop.
151072 =1 Theve's no need to \‘f‘c up 23.2+5=7 Jusk put the detimal point
fhe detimals poin ) s ' the answer dircc‘c\y _
3 places v 5.1 keep brack o e 454 sbove the detimal point in
4he solution ' 5)23.20 4he dividend-
betause there x0.72 o l
is | in the 302 The onl\/ new {:hina You <V
fiest fackor oon have todo is put the 39
and Z in the === detimal Po'm{: in heve. ~30
setond. 10.872 E
J‘.AS{: bcc‘?“sc You don’t start The answer detimd)
:-{bfdccumals, doesn’t mean You ik needs 5od-‘,'\sov
56 =3 =7 ot end up there. 106+ 034 =7 yight above The &
25 This bar means ( detimal Yot
18.66 chca{‘,\ng- The V have o
N 4
3)56.00 umber it's over °“V W 31176
: ~ move this 0.34910,600000
_g) l (siw) 18 what ‘rC\’Cd"s d:u,,\a\ {:wu 7 10;6@) Co this detim al
26 plaes = point has to
- 40 move the same
“ -34 two places.
20 Hwmm...this is going 760
-18 Jc,»:: 9o on (:o\rcvcv-
_20 Looks like a vepeating -34
18 detimal. 260
72 ~238
220
. - 204
ca‘l'lls'é till going v 160
I _ s _
”°"~fer'"lhazzcabh3» 136
24
ant 4o theek this, then g0
£y vank b 0 et
10 il up your streen!
480 appendix ii
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You're 1007 right!

Decimals and percentages are almost the same thing. Percentages are just
a convention that we use to work with decimals, primarily those between
zero and one. 0% is 0, and 100% is 1; everything else is some decimal

in between. There are a lot of times when you need to talk about some
consistent piece of something that’s between zero and one—tax rates,
contribution rates...

Dealing with percentages is easy. Just convert them back to decimals and
work with them that way:.

1% = 1 out of 100 = 0.04

Saying 5% sounds

pre-algebra

way better than 5
hundredths.

To convert a percent 1o

a decimal, just move the

decimal point two places

to the left.

therejare no
Dumb Questions

Q: What if the percent is bigger than
100?

Q: Does it work the other way—going
from a decimal to a percent?

AZ Yes. If you want to convert a decimal to
a percent, just move the decimal point to the
right two places.

AI The process stays the same; you
move the decimal two places to the left. The
number that you come up with at the end will
be over one, that's all.

Download at WoweBook.Com

Q; Can a percentage be written as a
fraction?

A: It sure can, and we'll find out how to
do it soon. For now, just remember that all
of these things—decimals, percents and
fractions— are all ways to work with parts
of numbers.

481



percentages are just special notation

Working with percents

With a typical percentage problem, you’re looking for some percent of
something, like sales tax. In chapter 1, we help Jo buy a game console,
and when you buy something, you have to pay the taxes:

KillerX 2.0
Gaming Syste
The brand new Killer,
2.0 includes full circle
entertainment value.

game controller inclu
(OPOD-112)

First let’s deal with sales tax...

The base price is $199. After that, we need
to think about taxes. In Mathopolis, the sales

=N

tax rate 1s 5%. Let’s figure out how much we’ll
have to pay in taxes.

The 9ame
e .
onsole is #| 99. You need o £ind the
he base
To find the percent of something, there a three steps. Yq“"ﬁ;ﬁ% ok ¢
price, 1111
0 Figure out the number you are taking the percentage of. 1 9 9

e Convert the percentage to a decimal. You do that my simply
moving the decimal point in the percent two places to the left.

NTR b Toke ouk the

A ~ 4 — ke ok U
Moving the detimal two places 05 %= 0. 05
means You have 4o add a zevo. VA
; imal 1S there,
T;\:\ (TE L\’c’ z not witter 199
x0.05
220

9 Multiply the decimal to the first number. The value you’ll the

get is the result you’re looking for! < value kums ou £ o ma{-,\\l_

gl +

Y

Whatever thi : .
be is the value you'e lookin

Answer: G6°6

482  appendix ii
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Percent Magnets

Use the magnets to complete the problems with percents.

Just move the decimal +wo Pereents ean still have

Places to the left. detimals in them...
L
15% = 0.027 =

Move than 100% is
over one. —N

7% = 039=

Really Big Mall is trying to decide if their customers would use Wi-Fi in the mall if it was installed. So, they
took a survey of 618 shoppers and found that 61% said that they would use Wi-F1 if it was available. How
many customers does that represent?

618

1.17
)
- 0.615 ) m— 061 )

o
[}
=

you are here » 483
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magnets solution

Percent Magnets Solution

Use the magnets to complete the problems with percents.

Just move the decimal +wo Pertents can sti Go t
m Il have he oth
Places to the left. detimals in them... o plages ﬁe:{:h
e Hah{:

L
15% = ‘) 0.027 27}

Move than 100% is
over one.  ——— )

117% =[1-77] 039 =[ >

Really Big Mall is trying to decide if their customers would use Wi-Fi in the mall if it was installed. So, they
took a survey of 618 shoppers and found that 61% said that they would use Wi-F1 if it was available. How
many customers does that represent?

618
61% =° | %% |
0.61 _ 618
................ e 818=2
37080
.......................................................................................... e
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Fractions

T hate fractions. They're hard and I don't
see how they help anything. I'm just going
to use my calculator. I'm so out of here...

Wait! They’re not that bad.

qacaj(;\“‘.’)

RCW\CW‘\’CY N

Fractions are really helpful. Once you get the hang )
dcf/‘"‘a S

of them, they can be faster and more precise than
decimals.

They are a little tricky to get the hang of] so let’s start
with a review of exactly what a fraction means.

Fractions show parts of a whole

A fraction tells you how many pieces you have of something
and how many pieces that thing is broken into.

|
This viece * %

This is the /XN‘umber of l\>

numevrator pieces that you

have 1 2

The total f\This < the

number of b
piecesina denominator

whole 3 4,

If you’re worried about
fractions, we’ll fix you up.

Fractions are a fact of life, but once you get the
hang of working with them, they’re quite handy. :
Keep going, and you’ll be fraction genius in no
time.

you are here »
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multiply fractions

Fraction wmultiplication

Fraction multiplication is the easiest operation to work with. You simply multiply the
numerators together to get the answer’s numerator, and then multiply the denominators
together to get the answer’s denominator.

Just muH;;Ply the
numerators together.
111X 1 s,

=95 a =& latton-
27372x376

Chack v th Then r:“:H:iFly the
{:wo ‘(:Y_ac{‘ons. denomina'l:o\rs {'JOSC'HICV‘-

o Multiply the numerators, and write the value as the numerator of the
solution.

9 Multiply the denominators, and write the value of the denominator for
the solution.

Fraction division mixes numerators and denowminators

Fraction division is actually more like multiplication with a twist. To divide a fraction by a
fraction, use a process called cross multiplication. Here’s how to cross multiply:

To evross muH‘,iyly, ")us{: mul{i?l\/ the Fivst numevator b\/
the setond denominator to 3&, the solution numcra‘{:or)

st JIS N2l X2 2

fwo Frattions: 3 9 3 X 1 3
Then multiply the fivst denominator by the setond
numevator to get the solution denominator.

To Jivi(le, multiply!

o Multiply the first numerator by the second denominator, and

write the value as the numerator of the solution.

e Multiply the first denominator by the second numerator, and
. —\ . .
write the value as the denominator of the solution. NOW try 1t..

486  appendix ii
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*

WHNICH 'S WHINCH?

Match each problem to it’s solution.

Pr@blems Solutions
1.6 5

20 © 7 30
3.1 e
7X11 120
1.2 3

12 ° 9 8

1.1 1
8 3 24
1.3 9

2°1 o
1 .3

10 ° 5 o
1.1 3

8§%3 2

Download at WoweBook.Com
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exercise

Problems

Do
o”—*
<Y

EN[[SE
=

o —
oo —

DO|—  oo|—
X
o Wl

S
|

0| —
LW —

*

WHICH IS WHICH? ——;
Solution

Match each problem to it’s solution.

Solutions

3
2

What is that? The
top is bigger than the
bottom! That doesn't
work, does it?

488
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Improper fractions

An improper fraction is one where the numerator is larger than the denominator.
Since the numerator is larger, the fraction actually represents more than one.

For example, the last fraction in the previous exercise has a denominator of 2,
which means that the whole is cut into 2 pieces. The numerator of three means
that there are three pieces of it (more than one total pie).

This number is ’
bigger than 7 3 S /
2 his one. & ;,5}«”;& “?,f’?,»’v"ﬂig%
U FAE
ﬁf ’ 1 4 § Zé jg
éfé fel 4 4 &
Fa “jg Vg
Sometimes (like with multiplication and division) 3 4
it makes more sense to keep working with the
improper fraction. But what if you just wanted to
know how many pies there are?
Divide to make an improper fraction proper
To convert an improper fraction to a proper fraction, you need to remember that
the line in the fraction means division.
Another way to vead 1
T_hfs line means 3 +his would bc"“% So, do the 2 ) 3
lelSion. N ? divided b‘/ 2 division! _2

1

Any remainder of the division just goes
back over your denominator. The whole

pre-algebrareview

Three pieces

total of whole
Pies eut in two.

The answer ¥ \
Y'Cvna."‘dcv i

s
number part of the division stays as a C\‘\’\nc ont \ekt ovee !
whole number. /‘) 1 ? ol | ovee 1.
HC\"C’S \' ¥ “Y 3*4 )
racfiozo;zh":?f \& yor \°‘:bb,u aopw™
erm s a m.C «p,c,‘a’ &,\\C Y‘C Yw\\o\c Y\“S
number), O s o\::\ﬁ k3t

Download at WoweBook.Com
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deal with mixed number

More about improper fractions

So what if you had to solve this problem?

1 41_»
26><42_.

The mixed numbers make things tricky. You have to make these improper
fractions before you can multiply the numerators and the denominators. That
way you only have numerators and denominators and no whole numbers.
Whole numbers would just complicate this problem.

1
25 |

This means that You have

wo wholes and one sixth
e+t over.

COUV\‘{: ‘Cm -

that's 13
b

To get to a mixed number, you had to do division, so to get back to the improper number, you
have to do the opposite—multiplication.

o To convert an improper fraction, first write the denominator for the f;o\ua\s

solution. It will be the same as the denominator for the fraction portion

of the mixed number. % Plus
e To find the new numerator, multiply the whole number times the T 6
denominator and add the old numerator. That’s it! /k.n‘c se ave
the same

490 appendix ii
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: eu. e Convert the following fractions from proper to improper
'GRaCtloﬂs, fractions to complete the operations. Reduce all of your
D answers to proper fractions..

\us
Limes d?gr): o Q?-; %j @)_5

Use this spate for Work heve to redue.
) e
chuc"\% baCk {'ﬁ a {:hc So'u‘tion ":0 a PV'OPCY'

Yvo\?cr vattion vaction ‘Z

you are here » 491
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exercise solution

Bake your

Convert the following fractions from proper to improper

£ractions

fractions to complete the operations. Reduce all of your

ﬁohttlo“ answers to proper fractions..

o The '“""“abr o 2 times ¢ ( 2 times 7
I mes 9 plus \us \us > lus 5
Ll’25171.4511 Limes 1 ¢ 5;27 plw 255‘:&”“
times 9 9 flmcs Sﬁ {jmcsks 7 7
Write the same Dcnominafor
denominator est fiest
| times 3
Plus | N
I 7 _ 4,7 26y 11_20,5
l3”g=3>g 2 7*la=7 Xy
This needs tobe —— =@ To wite ‘h\‘c‘;c, L’\:: m
bk tos 4wt S AT 2
proper fraction a9ain: 1 | A % a:\d b wulkiplied 3 3 22
a8 o DN 28)100  *76
(=2 =84
Te vedute e tion e bat
Lratuiom 4 Te vedut! con 22
ko 3 PCOREL 4 weike oper XU ke
. de o oa k" nd wev
dw\dﬂ N < the oy Y
ander 3 divide \’. dec 3 the
e ve™ pakor the cemawn
new T " pumed g
BULLET POINTS
= To multiply fractions, multiply m To convert an improper fraction to a
the numerators and multiply the mixed number, divide.
denominators, = To convert a mixed number to an
m To divide fractions, cross multiply. improper fraction, multiply.
492  appendix ii
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I learned how to do
fraction division a

different way. We used
reciprocals.

It’s true, there’s a shortcut to divide fractions.

Cross multiplication is the method that is the most
straightforward, but you can also use the reciprocal.

Invert a fraction to get its reciprocal

The reciprocal of a fraction is a fraction with the numerator and denominator
switched. To divide two fractions using this method, you can multiply by the
reciprocal instead of cross multiplying.

1 2 SCCI we :S‘t
= e i d em
2“0 L e

The vetiprotal over:
of this is this.
Start with 3 {\,\:ica\
Fraction division - option #2 division problem.
Here’s the reciprocal way of doing things. It will give you exactly the same
answer as cross multiplication: - —

o Replace the division sign with multiplication, and replace the second

factor with its reciprocal. N—— >

e Treat it just like any other multiplication problem and multiply straight 7
across.

£

BRANN
ARREL L

Try the same problem using cross
multiplication - you'll get the same answer!
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no questions

Q: Why do we have to learn fractions?
Don’t most people use calculators?

A: It's true that most people use
calculators. The problem is that when you

get to funky decimals like repeating decimals,
for instance, it's actually way easier to work
with the fraction. If you need to carry that
small number through a few steps in Algebra,
it could get ugly.

Q: How do you know what each
decimal place is? 10ths, 100ths?

A: That is basic number knowledge, and
you just have to memorize it. The good
news is that 0.1 is one tenth, 0.01 is one
hundredth, and it keeps going up by a factor
of 10 each time.

Knowing that, it's easy to convert a decimal
to a fraction.

494

therejare no
Dumb Questions

Q: Addition and subtraction of
decimals are the same as whole
numbers?

A: Yes if you LINE UP THE DECIMALS.

Don't line them up to the right, because then
you'll have 100ths added to 10ths, and that

won't work.

Q: How long can | keep adding zeroes
if I'm dividing?

A: Good question. As long as you want,
really. If you have a repeating decimal, you'll
figure it out pretty fast—probably by the
hundredths place. Otherwise, keep going
until you have no remainder or you have
enough decimal places that you can answer
your question. That will depend upon the
context of the problem.

Q,: Percents are really just decimals?

A: That's right! They were developed so
we could easily talk about one hundredth of
a thing. Since that’s also how divide up our
money, it's so convenient!

Download at WoweBook.Com

Q,: For what do you use improper
fractions for?

A: They are great for speed. If you
have several steps to go through with

multiplication and division of fractions, it's
much easier to keep working with the
improper fraction. If you convert improper
fractions in the middle of a problem to a
proper fraction (say, a whole number and
a fraction), and then you need to multiply,
you'll just end up going back again.

Q,: Which is better, cross
multiplication or using the reciprocal for
fraction division?

A: It's a style thing, really. Both of them
work fine, but for one, you need to rewrite
the fraction, and for the other, you don't. It
may bother you that cross multiplication
doesn't involve writing exactly what you're
doing. When you write out the reciprocal, the
math you're doing is exactly the same thing,
but the notation is different.
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Adding and subtracting fractions

Addition and subtraction of fractions are a bit more complicated than multiplication and
division. You can multiply and divide any two fractions without much trouble. To add
and subtract, two fractions must have the same denominator.

Why? Because the answer you are looking for will be in a given denominator, which says
how many pieces your whole is cut up into.

\{_\ This chahgcs

Number of dependi
pieces that you dc: om?;:%o?o" the

1 1 have
=4 5=
3 4 The total "

number of Brow mary ¥

pieces in a that bé? S0

whole

You need a common denominator

The moral of the story is that we need to find a way to change the denominator of
the fraction without changing it’s value. But we’ve got a couple things we need to
learn about before you can make that happen.

you are here » 495
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equivalent fractions are equal

Equivalent fractions get you matching denominators

You may remember from your times tables that any number times one is itself. This one little fact
makes it possible to change a denominator without changing the value of the fraction—the size of
the pie piece that you’re going to get.

To get an equivalent fraction (say, to add them, since they need the same denominator), you have
to multiply the numerator and the denominator by the same number (like 2 over 2). You can do that
because 2 over 2 is equal to one, so you’re not changing the value of the fraction, just the way it’s
written.

When you do this to get an equivalent fraction, you find a different way to express the same amount

of pie. Let’s try it out.
Carvy it out like
This is anothee 3 veqular fraction
foem of one. mulfi?lica‘{:ion.

a\ Lact
Vj:%,\\i\uavk“s' l > 2 1x2 2

472 4%x2° 8
\\_;SQ_Thcsc fractions ay\

equivalent ..

Ok, so we can come up with equivalent
fractions. But we still don't know how to add
up two fractions with different denominators.
How do you know what to multiply by?

4o add

these two together,
chcm\)c'f?

1, 1_
3+5= 2

We've {'X\{‘“?)
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Use the lowest common denowminator for addition

What we’re looking for is a common denominator for both fractions. To keep the math
simple, it should be the lowest common denominator.

> Lowest common denominator

The smallest that 3| Ihc Lrant: “\
numbey-... ihVo’vcd tould ac{llons as a
could shaye.. denominator. A multiple ot 3 ®
/ number 1S he vest
To find the lowest common denominator, you need to find the least common multiple { the origind
of the numbers that are the denominators of your fractions (in our case 3 and 4). Once ¢ ber Limes any
you’ve done that, then you can figure out how to find the equivalent fractions of each " kher number:
addend with the right denominator. °

These are the multiples that the

denominators have in tommon.

i t common
We've looking for the leas
multiple, s0 we've stopping heve, but
Multiples of 3: 3,6, 9(12)15, 18, 21(23).. 14 g on forever

Multiples of 4: 4, 8,19 16, 20,23)..

When you’re presented with two fractions, and you want the lowest common denominator, just list
the multiples for each number and choose the smallest one that they share.

Since we’ve found 12 is our least common multiple, now we can use it as the lowest common
denominator.

Sum it up

Least common multiple (LCM) = The lowest
mul‘{:i‘?|c that numbers have in common.

Lowest tommon denominator (LCD) — The lowest
tommon muH:i‘?|c of denominators.
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match denominators to add or subtract

Fraction addition and subtraction fraining

Still feel like you can’t add fractions? You're closer than you think—you just
need to put it all together. Find the lowest common denominator (LCD) and
multiply by | to get a common denominator.

o Write out the initial problem. If you have a word problem, make
sure that you know what you’re working with by writing it out first.

. 1,1
blem, 333t at = ?
- 1s Lhat same ProoEm .

'\l'{\\\fv: fc:d\[s{'ﬁ do it this Limel \7\3 4 °
ow

9 Figure out the LCD. Take the denominators you’re working with and

find the LCD, just like we did earlier.
s Lhe Multiples of 3: 3, ,9,@15, 18, 21@..

Ptk s o ’ml\m\c ok

\east common Multiples of 4: 4, 8,(2) 16, 20,@”
:)0‘\’,\\ umoers
9 Determine what version of 1 to use to get both fractions with

the LCD. You know what denominator you need to get to (12). Now
you have to figure out what fractional form of 1 to use to get there.

ceds 4o have the same

This fraction n tovr (that way s ).

% Df —|2. so it V\CCds h\AMC‘fa'tor and denomind
A e &
over V- /\J
4o be & 1 4 Both of these 1 3
— = — ‘(:Y'BCE‘OV‘S V\Ctd 'bo be il -
S\_y convcr‘r,cd {'9 I?’H‘S' 4 12 on
b3, s0 NS w;f |
wo— )
9 over -
ds to be
e Add (or subtract) the new equivalent fractions. Replace the nee
fractions from the original problem with their equivalent ones and then
add them to find out the solution.
Replate the old Leattions + % - [‘ Now ‘/°zo{'a" :)“sﬁ add the
ev : ekions evators up-
with the equivalent Frattion \ 4 ™~ 3 7 f

figueed out here + 56 = 4 1 the answer
You ¥ 20 gt away that, .
12 12 12 \(o‘\‘\ ::o'\‘: T??{-,hs cnce that's your L
W\
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Use your new skills converting fractions to common
denominators to add and subtract the fractions.

2,3 9 5.2 5
5110 = 61715
Multiples of 5: Multiples of 6:
Multiples of 10: Multiples of 15:
. . The
Multiply the fiest feaction by eCond frap4;
2 over 2 to get the LCD. Q( can "'“H:iP’y by o,::h you
-+ -—=- —+—=-
RCWV‘.‘{C the orig)ina\ R ch‘.l{ZC ‘{',hC ovisiha‘
c"\““-H-’.'o“ with the new C"\uaﬁon with the new
tommon dcwom'maJCOV Lommon dcnOm'maJooY
3.1 _» 16 ., 1_,
4t~ 2ts5="
Multiples of 4: Multiples of 12:
Multiples of 6: Multiples of 5:
— 4+ — = — — 4+ — = —
Rewvite the oriS""a\ Rewvite the original
equation with the nev equation with the new
Lommon anovninaJc,ov Lommon d cnom'majw*'
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sharpen solution

Use your new skills converting fractions to common
denominators to add and subtract the fractions.
2,3 e 5, 2
=+ 5="7 Tws ® 4= =7
5 10 C e LCM 6 15 The LCMm
Multiples of 5:_5_,@}_53_293 25,30... Multiples of 6: 6, 12, 18, 24,@ 36
Multiples of 10710} 20, 30, 40, 50... Multiples of 15:15,30) 45, 60
Multiply the fiest £raction by 2 over 2
2 over 2 4o get the LCD  over 7 the Lep o
S0 _25 2 ,2_4
2.2 _ 4 3,1_3 X RN .
4+3=7C 2 4 _29
10 " 10 10 . 30 T30 = 30
---------------------------------------------- Ince thls ‘pkacﬁlo
is already in the "
) )’ou Can
mulfiply b)’ one
ta ways to
16 1 We had ‘{')0 90 ow ‘

% + % =7 12 + 5~ ? £ind a tommon denominator
Multiples of 4: 4, 8(12)16, 20, 24 Multiples of 12: 12, 24, 36, 48(60) 72
Multiples of 6:6,(12,)18, 24, 30 Multiples of 5: 5, 10, 15, 20, 25, 30, 35,

""""""""""""""" ' 40, 45, 50, 55060)
343_9 1.,2_2 16 5 _ 80 1
1%3°12 672712 12%5=60 5% 12
9 .2 _1 80, 12 _ 92
12 712 7 12 60 © 60 60
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92
60, really? That's not very user friendly at all.
T do not want to be finding LCD's that big.

We know how to find an equivalent fraction with a
larger denominator—what about a smaller one?

It happens pretty often that you get into a situation where your
LCD is still pretty big, and then your answer is this big fraction.
When that happens, you just need to divide by one in a way that
gets you a smaller, more user friendly, but still equivalent, fraction.
It’s called reducing the fraction.

But why is that ok?

Pividing by one doesn’t change the value

Dividing by one doesn’t change anything either, which means that you can divide a fraction by one
(in any of its many forms) without changing the size of the piece of pie that you have.

All of this 1s just another way to express the identity of one. Any number divided by one is
itself. Now the question is how do you figure out what to divide by?

Sum it up

Multiplicative [dentity Property of One — Any
number multiplied or divided by one is itself.

Download at WoweBook.Com
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reduce fractions with common factors

Reduce fractions by dividing by 1
To reduce a fraction, you need to find out the version (or versions ) of 1 that you can divide into

both the numerator and the denominator. You can do this division as many times as you want to,
so to get started, you just need to find a common factor for both numbers—any one will do.

These numbers are both even, so

dute this 4o make You ¢an divide the '('pF and the
i,cm::c user friendly: bottom by 2.
92 92 + 2 46 <« ‘-é‘-ah:‘li): b;f{:th :U:OI‘C ﬁhi\rc's ano{:hcr Common
— = ) You nee, ull it ou o
60 60=2 30 the osct P 1% ok too — that way

ion will be Complc'l:cly reduted.

To completely reduce a fraction, you need to remove all of the common factors from the
fraction. That means you keep trying to divide out numbers until they’re aren’t any more in
common. Since 46 and 30 are both even, you know that there’s at least another 2 in there.

‘ Ok, so that's it! 23 is prime, so th n
46 _ 46 = 2 _ 23 any more factors left. The frachioc:cc:; c{ lfc
30 30=2 15  reduced any further

You can’t stop reducing the fraction until there aren’t any more common factors. That means
that either the numerator or the denominator must be prime, or there aren’t any more factors
in common.

You know, doing this
over and over is boring. Is there
a way to speed this up?
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Factor trees can eliminate lots of little steps

There’s an easy way to come up with factors of a number; it’s called a factor
tree. A factor tree is a table that lists all of the factors, so it’s easier to come up
with your factor list and then reduce your fractions.

Let's do O [— 0 Write your number.

fiest — its 3
liktle smaller- 6 0
9 Put the result of the

e Pick a number to divide / \ f division here.
-

by first. So the two numbers on

If it’s an even number, 2 is 2_ 3 :
to get the number above it

the way to go. You can usually
come up with the other number / \ (\ (2x30 = 60).

off the top of your head.
2_ ,6 e Divide your new
number by two

e Stop the branch of the / \ gulllt}?isan:;‘l:a:r-
tree if all that's left is 3 5
one and the number itself.
Everybody knows that 1 goes
into everything, so don’t bother.
This branch is done.

this line can be multiplied

apart too.

e Repeat until you don't have
any branches left.

Pick out the prime factors

You may not know how to read it yet, but you now have a list of all of the factors that make up your
number. The form of the tree tells you one important thing, too. The end of each of the branches are
the prime factors of the number.

If you list all of the prime factors, it’s called prime factorization, and those are the smallest
pieces that can be multiplied together to get your big number. Not only that, but multiplying them in
different combinations will give you all of the factors of the numbers.

) '{;’ ‘H\C
In his form, you can use the [_\ You write both z:-s °‘:\t: f)(:;si:\r:c ;r'\mc
. ; n
list of factors as a ehetk Prime factorization of 60: 2,2, 3,5 prime factorizat
list 4o Figure out all of the factors-
faetors.
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factor trees find prime factors

Reduce fractions with the factor tree

Now that you know how to use the factor tree, you can reduce fractions quickly. Let’s try our
fraction again.

o

Write out the fraction that you need to reduce. Lots of times, 99
the fraction will be in an equation, so it helps to pull it to the side where m
you have some room.

e Find out the prime factorization of the numerator and the ?2_
denominator. That’s where the factor tree comes in. We already know
the prime factorization of 60; let’s do 92 real quick. / \
This is the prime 2 Prime factorization of 60: 2,2, 3,5 @ /4— \
- akion ©
Qa"b“zajﬂon with Prime factorization of 92: 2, 2, 23
Lhat we tame vp & @
eavlier f’CSe are &
. . .. .. Prime factop,
e Rewrite the fractions as their prime factorization. If you rs.
multiply the prime factorization out, you get the original number. This
really isn’t changing the value of anything, just how it’s written.
92 2.2.23
60 2+2+3+5
e Divide out all the common factors. Every factor that’s in both the
numerator and denominator can be removed.
92 A 23 K Wha{;’s lC‘C‘{: heve is the -(:u”\/
60 = 7. veduted fraction.
e Simplify the remaining factors. If there are factors left that need
to be combined again, do that before you write the final fraction. p .
rime

504

92 _ 23 _ 23 factorizations
60 3.5 15

make rec[ucing
fractions fast.
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Qj What's the GCF? I've heard it
before, but I'm not sure what it's used for.

A: The GCF stands for greatest common
factor. That is the largest number that can be
pulled out of two larger numbers.

Q,: I've heard of using the GCF for
reducing fractions. How does that work?

A: The GCF is actually used in much the
same way for reducing fractions as the LCM
is used for coming up with the LCD. If you
can list the factors that go into both your
numerator and denominator, it's easy to find
the biggest one.

Once you do that, you can simply divide

the numerator and denominator by the GCF.
The problem is, it's tricky to come up with
the factor list. The factor tree and the prime
factorization always work the first time.

Q; What's the difference between the
LCD and the LCM?

A: The LCM (lowest common multiple) is
a numeric property of any two numbers. You
use the LCM of two numbers as the LCD
(least common denominator). It's basically
the LCM applied to a specific situation—
fractions.

therejare no
Dumb Questions

Q; Working with fractions seems to be
much harder than working with decimals.
Is it worth it?

A: Getting started with fractions is a bit
trickier than starting with decimals. The thing
is, once you get the hang of it, fractions can
actually be faster and easier because they
tend to stay neater than decimals.

Think about it, working with non-terminating,
non-repeating decimals would not be pretty.

Q: When do you need to reduce
fractions?

A: Sometimes you'll want to do it just

to make the fractions easier to deal with.
Working with large denominators gets pretty
ugly if you need to come up with a LCD and
add or subtract.

Other times, your problem will ask you to
reduce the fraction, or you will get an answer
that just doesn’t make much sense if it's not
reduced.

1
N
2 &b
/ N\
2 23
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Q,: Why is it called a factor tree?

A: Not really sure, but did you ever think
that they kinda look like evergreen trees?

Q; What if | can do the factorization in
my head? Do | still need to do the factor
tree?

A: Nope, you can skip it (but the tree
tends to keep you from messing up).

Q,: Apparently dividing by one and
multiplying by one are both important?

A: Veery. Working with the identity property
of one makes all of this fraction manipulation
possible.

Getting started
with fractions

is trickier than
decimals, but it's

easier in the end.
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fraction recap

Putting it all together - fractions

To multiply fractions, just multiply the 1 % 1 l

>< numerators together to get the new numerator; 1 % l — //3 - 6
multiply the denominators to get the new ’2 3 2 X
denominator.

To divide fractions, just cross multiply. So
- multiply the first numerator by the second
) denominator to get the numerator solution. Then Pt % 1 X 2

multiply the first denominator by the second

numerator to get the solution for the denominator. 1
To add fractions, you first need to make sure ___

_I_ the fractions have a common denominator. After ‘\" -
that, just add the numerators and keep the J N 1

common denominator.

— sure the fractions have a common denominator.

To subtract fractions, you first need to make %
L) %

After that, just subtract the numerators and keep

the common denominator. \ 4 \

To convert improper fractions, do the S ont \ekt
division. Just divide the numerator by the 1 The . G\
denominator. Whatever is left over as the ,?l > 9 3 "1 ’2 ove €.
remainder is the numerator for the final fraction. oves

To reduce fractions, divide both the
numerator and the denominator by the same 99
factor until they have no factors left in common. An =
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Work through the different type of fraction problems, and reduce all of your answers!

- FOV‘ {')NS oPcy-ation'

1 5 1 5 YOV tan 3 . 1 _

12 +12=24+52+2 thew, add 25 +5="

3T IT =243 T ol mumbers, and fhen e T 777
1_1_,
i 75829
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exercise solution

Work through the different type of fraction problems, and reduce all of your answers!

3.1_,
v F or this . 7 7
1, 45_5,1.,5 oPeration, you ¢g, First, convert 17
lg + 17 = 2 + g + 7 :dj VF 'U‘C Who’c m‘”‘bcrsn ‘H\c £ra(;{-jon- %7 = 7
nd then the BB ions. oo
Multiples of 3:3,6,9, 12, 15, 18, 21, 24 Then, tross 17&1&119
Multiples of 7: 7, 14, 21, 28, 35, 42 by AT A
ThC Samcl
1.7 _7 5.8 15 e N
577721 75721 O o on v B TR T2
__________________________________________________________________ ch\\wol—a\ and mw oY 7=1—7
sy 115 _,22 h;fm‘:ﬁ;"‘fzuds -------------------------------- e
20721 “21 move a Do the division
---------------------------------------------------- PVOPCV‘ ﬁ"ad:lon r:dutc ‘{',hC £ra{,{joh~ 71119 ™ 17
2+ 1l - 3L You tan do the division to __7 -------------
21 21 vedute this fraction, but since No vemainder 49
TS o tlose the denominator, betause the answer )
You an see that it's \')uS{: one is 2 whole number. 49
and one left over. 0
For thi : 79.8_9
1 1_, IS operation, you neeg 777
5 137" Convert the first fZac{:?:: ‘Ef:h ﬁ:’;‘zrt the
21 1 . lmPV‘oPcr: ‘(:hch 5""'[:*8.:{;. §5= & lon
I e
''''''''''''''''''''''''''''''''''''''''''''''''' Cross B 8= 378 Clearly this need
Multiples of 4: 4, 8,@ 16, 20, 24 mulﬁyl\/ or... ‘7/%7:1W 4o be Zc du:c;f‘ ¢

21 .3 1 4 4
—— X5 =355 E e .
473 12 3% 4712
b gy gy P
needs tobe 192 T 12 T 192 {0 make proper-
onverted 4)27
1o a proper e T
. 4 11 P
fraction. 12759 — 412 5
...................... s
11
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Can I just say, I am so over fractions.
Is there a way to just convert them to

decimals? Then I can just deal with them
that way.

YES! You can convert fractions to decimals.

Now that you have the skills to reduce fractions and change their
denominators, you’re ready to find out how to convert decimals to fractions
and back again. And since decimals and percentages are pretty much the
same thing, you can convert to percentages, too.

Converting from a fraction to a decimal

Converting from a fraction to a decimal is actually very simple. You just do the division.
We know from converting improper fractions that the line in the middle of the fraction just
means division. We also know, from decimal division, that you can add as many zeros as you
need after the decimal to finish the division. If you put those together, you can convert fractions
to decimals.

Write the
fraction
% Do the
division \ Keep adding
o\,’\\ V\“d zeros until
\we_ 8)5.000 <’ the division
&\\ dwxsxov\f finishes
20
—16
40 That’s it!

o _
3= 0.625

509
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convert fractions to decimals with division

Converting decimals to fractions

The key to converting decimals to fractions is the decimal places themselves. Remember that
0.1 is one tenth? As in, one over ten. So, to convert a decimal, just drop the decimal, put the
numerals of the decimal in the numerator, and then put a one and the number of zeros for the
decimal (like, 1000 for thousandths) in the denominator.

Write the o
decimal "*Cd:::,e,’ég::f sa z
meg me i
0.625 Put the FOSS,'Z;:S much a5
number is the Make the ’\
decimal in the denominator Reduce
numerator 10, 100, 1000, the
depending fraction
625 upon the place

- 625 625 125

_ 1000 1000 = 200 ~

Sinte the detimal was
525 thousandths, the

denominator is [000. 250 _ 5 w.
40 = 8 by 2t dided
o] fi::o“f’/c

Conversions everywhere

Just to sum up—you also know how to get from the decimal to a percentage and back again. This
means that which form you use to do any given problem is really up to you. Different forms are
good for different things, and you’ll learn that through experience.

Move the decimal 2 places

Do the division %o the vight and add the %
Fraction Decimal Percent
Write out the place as a Move the decimal 2 places to
fraction and vedute the left and drop the %
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Practice converting fractions to decimals.

33 33

250 —  250)33 250

[e’e]¥)
Il

o'e}

w

ol J[#Y)
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sharpen solution

08125
16 13 0000

//7‘413
Just divide the numevrator g{
by the denominator ] 32-
- 60

33 _
250 ~

0132
250 i?iBOOOO
800
-150
500

0

ool W

0375
8)3000
2
2L

0

5k

%o
40

-500

Practice converting fractions to decimals.

Ca”')’ down

C Zevroes

3 _

550 =0.132
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Pivision by Zero doesn’t work

There’s a special case with division: division by zero doesn’t work (and since fractions are
just division, it’s a fraction problem, too). Mathematically speaking, division by zero
is undefined. To understand division by zero, it’s best to start off with division by a few
numbers close to zero. If you move to smaller and smaller numbers, a disturbing trend
starts appear. This is st -
Y-c—wY'.\ {',CV\ uS\V\%
vc‘_’,u\ar feaction

ru\cS~ &/

et
v 2252210

)

1
? P A pile of lo

dodonu‘{:i

|
|
DN
-

This is smaller: % =D
\> el

S

a2 =5+ 190 = 500

\5100

Division by 0

The closer you get to dividing by zero, the bigger the answer gets. 15 unc[e{ine(l.
If 1/100 gets you 500, imagine 1/1000 or 1/1,000,000! As you
get closer and closer to zero, you get closer and closer to infinity. Tllat means

You just can’t divide by zero—there’s no answer.

that there is

no answer.
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exponents mean multiplication

Sometimes multiplication takes forever!

What if you wanted to write out an expansion of multiplying the same number over and
over again? Say you send a chain letter to two people, who then also send it to two people.
How many people would get it by the third day?

That sounds like multiplication...

ThOSC PCOP’C and l‘é
wo eath (3a3;
So fhcn 'l:imes Zgilhl

The original two chlc.\

2 2 2 a S\K-\This is how many
e el = Peoble get it on the

third day.

Thcn, ‘(:hey send l‘&

Wo people ea¢hy
(tha 9ives the 2.
'l:imcs 2)

Is there a shorter way?

Seems like there should be an easier way to write this thing out. It’s pretty easy to mess
up how many 2’s get written, and you’re just writing the same thing over and over again.
That’s why we have exponents. An exponent is a notation above a number that means
“multiply the base by itself this many times.”

- ons A€
If we rewrite the equation we wrote before with an exponent, it would look like this: These C"\‘{‘—;{"\‘Z;;C
e
o eratty b
This is the vy wkabion
CXFOhcn{;, 3. L no

This number is called
the “base.” [t's the _ 8
number £ha£ 56{25

mlbiplied  ~

_ @PA\N

‘PQWEWR
Now that you have an idea of how exponents work, how many people will have the chain letter
on Day 4? How about on Day 5?
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How quickly things spread...

We've figured out what happens to the chain letter on the third day. What if we wanted
to know about the 4th day, or the 10th day? It’d be helpful to generalize the equation.

We know that each person who gets the letter will send it on to two people—that won’t
change. What does change is how many days have passed, which is the exponent

Day 3: Day 4:

Day 1: Day 2:
2% 2% 2% 2= 16 letters

2 letters... 2 % 2 = 4 letters 2 %2 %2 = 8 letters

Jason 1

mda.:c<J
h\rls/_ Ca"“"\/”‘ : /

Vic'l;oria Ny

You start
with one Monita = _— 'S
letter —~
\ Beth P
Lisa / Virm\/ b L
\Linda < Niek 7 —
Ve 2
Since each person sends the letter to two other The c%\w'\C"'h is & 16 People 9et ¢
people, our base is two. Each day is basically r(# of days on day 4.~ he video
9 - 3 4 J—
how many 2’s we have—that’s our exponent. 2" =92¢2:2.2 =16 <_\_/
T -
The base 's =

[Sum 1t up

Exponent — A superseript notation that indicates
multiplication of the base that many times.
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sharpen your pencil

v Simplify some exponents. Make sure to write out the whole
expanded expression first. You're probably going to need a
calculator for some of these.

Just betause this is 3 fraetion,

- don't worvy — just write it out

e . m\,\{:\\?\‘Cd (\ like You do ‘(:o\erholc numbcr:u
% Limes- 2

T\ (1) -

2

Remember, with

i 't Lrattion multiplication,
Neaative numbers fio“ vattion pli
chgngc anything C‘H‘“'d you \')uS{’, 90 straight
ust write them out an Aty oss.

Lhink about it! \/

Arts and crafts:

If you want to see a real life example of
exponents in action, go grab a piece of
paper. Fold it in half. The stack is now two
sheets thick, right? Nothing exciting yet...

Then fold it in half again, and now it’s four
sheets thick. One more time - now it’s eight
sheets thick.

How would you express this as a base and
an exponent so that if someone told you
how many times they folded it you’d know
how many sheets thick the stack was?
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Why does all this matter?

Now you’re ready to tackle Algebra. And Algebra is the beginning of the good stuff. You wouldn’t
believe the problems we’ve got to solve.

Jack and Kate duke
it ouk over math to Jack
Yate 36{: 4o Pustralia-

Hc‘\’ Jo (:'md out all
about gam'mz sys{:c"\ and
how to pay

ov them.

N

Now, let’s learn Algebra.

| d Amanda use
‘;?;c\fvha 4o Gigure out the
details of 3 voad trip:

Kathleen masters
fhe avt of fantasy
football, while
staying under her
salavy ¢ap:

you are here »
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sharpen solution

The 91 mu\E‘Y“Cd
% times-

5°=5+5:5.5.5=3215

You need to use the caleulator,

or You tan do it b\l hand:
545 =125 25x5= 125 ete.

1°=1+1¢11+1.1=1

Just another expression of the

identity property of one =
one to any exponent is still one.

gath JC""\“
Paper folding is an example we 60"\’;
of exponents in action. ok shee
\S oo

Simplify some exponents. Make sure to write out the whole
expanded expression first. You're probably going to need a
calculator for some of these

(l)z_l.l_
2) T2°2°

1
4

With inkeger multiplication
an odd number .
negatives keeps it negative.

(-3)°=—-3e-3.-3=-27

S}o\d '\‘b
'\“'n\)CY
e
e SN\ The c%\voncn’c is the
“1 2 mmbcv o‘c Limes we

fold the pare

BULLET POINTS

m  Exponents are shorthand for
repetitive multiplication.

m The base is the number that gets
multiplied.

The exponent is how many times
the base is multiplied.
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Symbols

> (greater than) 204
= (greater than or equal) 204
< (less than) 204
< (less than or equal) 204

A

absolute value 463—464, 467
absolute value equations 453
Addie podcasts project 112-140

addition
decimals 472
fractions 495, 506
integers 459
order of operations 78
Algebra Toolbox
associative property 109
Binomial squared 321
Binomials with different signs 321
Cartesian Plane 200
commutative property 109
discriminant 375
distributive property 109
exponential terms 140
FOIL 321
functions
evaluating 419
finding domain 419
finding range 419
piecewise 419
solving for zeroes 419
greater than (>) 237
greater than or equal (=) 237

"
*Index *

less than (<) 237

less than or equal (=) 237

order of operations 109

point-slope form 200

quadratic equations, factoring 374

quadratic formula 375

shapes on graphs 375

slope-intercept form 200

standard form 200

system of equations 285

Zero Product Rule 321
associative property 85-86, 94, 105

defined 86

division 91

subtraction 91

Watch it! 89

axis 151, 162
axis of symmetry 360

B

Bake your fractions 491492

bases 117
exponents with different bases 123, 127-128
exponents with same base 119
binomials 287-306
defined 291
difference of two squares 298
distributive property 292-294
simplifying binomials with 293
FOIL 301-302
multiplication 294, 302
simplifying expressions 295-306
square pattern 298-300
with different signs 299-300

boundary point 219
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Bullet Points variables 16, 32, 109
2 linear equations with 2 unknowns 285 vertex 367, 375
absolute value 463 vertical line test 405
associative property 91, 109 Zero Product Rule 315, 321
base 140 buying a car project 422-448
binomials 294 calculating interest 429433
multiplication 302 calculating monthly payment 430433

calculating interest 433 depreciation 436

commutative property 91, 109 domain 4925

constants 64, 109 range 425

distributive property 109

climination method 268, 285 C

exponents 140, 518

factoring 315, 321 calculators 454

FOIL 302, 321, 333 car, buying (see buying a car project)

fractions 492

. Cartesian Plane 159-160, 162, 200
graphing 162 . .
. . inequalities 237
graphing functions 398 dered pair 160
inequalities, Cartesian Plane 237 ordered par

infinite number of solutions 248 checking your work 22, 23, 28

integers 458 complex equations 51-52
interest equation 433 quadratic formula 353
in terms of 64 common denominators 495

intersection of lines 257 common factors 315

inverse operations 16, 32 commutative property 85, 90-91, 94, 105

defined 90

division 91

isolate the variable 16
isolating variables 72
linear equations 200, 248
number lines 220, 237, 458
ordered pairs 162

subtraction 91

comparisons 204, 206

order of operations 53, 72, 109 complex equations 35—72
parabolas 367, 375 checking your work 51-52
piecewise functions 408 constants 64
problem’s context 248 equal, keeping equation 43
quadratic equations 333 isolating variables 43
range 398 multi-variable equations 58
slopes 200 in terms of 61
solving for unknowns 32 proportional relationship 62
standard form 333 replacing words with numbers 41
substitution 257 starting with what you know 37
system of equations 257 variables appearing multiple times 48
terms 53, 72 whole numbers 45
unknowns 16 Console Pricing Up Close 6
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constants 64, 72, 101-102
constraints on functions 394
context 245, 248

context of the problem 66
counting numbers 468-469

crossword puzzles
Binomialcross 319
solution 320
Equationcross 31
solution 33
Exponentcross 134
solution 139
Functioncross 418
solution 420
Graphcross 193
solution 198
Inequalitycross 235
solution 236
Multicross 69
solution 71
Propertycross 107
solution 108
Quadraticcross 373
solution 376
Systemcross 283
solution 284
Wrapupcross 447

solution 448

decimals 470481
addition and subtraction 472
converting fractions from 510
converting from fractions 509
division 476477
multiplication 475
repeating 478
terminating 478

depreciation 436
depreciation graph 439-440

difference of two squares 298
discriminant 349-350, 366-367
Discriminant Exposed 350

distributive property 97-98, 105

binomials 292294

simplifying binomials with 293

factoring 308
FOIL 302

division

associative property 91

by one 501
by zero 513

commutative property 91

decimals 476-477
fractions 486, 506
integers 460

negative numbers 211-213
order of operations 78

division sign 18, 23
domains 382, 391, 398

E

buying a car project 425

Edward’s Lawn Mowing project 142-200

Graph it! 157-158
slopes 166—-179

Elimination Construction 269-270
elimination method 264-270, 285

manipulating equations for elimination 266-267

equality, preserving 14

equal, keeping equation 43

Equation Construction

exponents 115, 125
solution 116, 126
math sentences 11

solution 12

equations

absolute value 453

complex (see complex equations)
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equations (continued)
determining if function 398
expressed as functions 381
general 102
limits for 380-382
linear 160-161
manipulating 46
math sentences 8
multistep 43
multi-variable 58

in terms of 61

point-slope equation 170, 172
quadratic (see quadratic equations)
relations, equations, and functions 393
replacing words with numbers 41
solving for two unknowns 251-252
systems of (see systems of equations)
treating functions like 405
trends 149
visual representation (see graphing)
with a degree of 2 326

equation solving skills 28-29
equivalent fractions 496
exponential terms 117, 140

exponents 78, 111-140, 514-515
fractional 133
inverse 130, 133
like terms 119, 123
multiplication 118
negative 123, 133, 450451
of 0 133
of 1 133
order of operations 123, 128
roots 130
versus multiplication 123
with different bases 127128
with same base 119

Exponents Up Close 115

522 Index

F

factoring 307-322
distributive property 308
greatest common factor (GCF) 309
quadratic equations 330-333
versus quadratic formula 353
Zero Product Rule 314, 315

Factoring Exposed 310
Factoring Up Close 331

factor trees 503-504

fantasy football project 202-238
Fifteen Minute Mystery

When shopping leads to relationship ruin! 273

Solved 274-275, 279
flipping inequality signs 212-214
FOIL 301-302, 321

distributive property 302
fractional exponents 133

fractions 470, 485510
adding and subtracting 495
addition 506
common denominators 495
converting decimals to 510
converting to decimals 509
division 486, 506
division by one 501
equivalent 496
factor trees 503-504
greatest common factor 505
improper 489-492, 494, 506
least common multiple 497
lowest common denominator 497
multiplication 486, 506
order of operations 81
prime factorization 503-504
reciprocals 493
reducing 502, 505, 506
subtraction 506

Function Exposed 394
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functions 377420
constraints 394
determining if equation is function 398
domain 382
limits of 386
domains 398
equations expressed as 381
graphing 395-398
limits 397
vertical line test 402-405
inputs 381
limits for equations 380-382
minimum and maximum outputs 385
ordered pairs 388
piecewise defined function 407408
range 386, 398
relations 391
relations, equations, and functions 393
solving for the zeroes of 405
treating like equations 405

Functions Way Up Close 387

G

gaming system project 2-34
figuring cost 3
LIVE subscription, solving for unknowns 13
general equations 102
graphing 141-200
axis 151, 162
Cartesian Plane 159-160, 162
ordered pair 160
defined 147
functions 395-398
limits 397
vertical line test 402-405
inequalities 225-228
shaded regions 228
intercept points 160
intercepts 162
linear equations 160-161
lines 161, 169, 244

ordered pairs 162
plotting points on graph 147-148
point-slope form 170-179, 182
quadrants 159, 162
quadratic equations 355-367
parabolas 360-367
slope-intercept form 181, 183
slopes 166-179, 187
horizontal line 179
standard form 180, 182
substitution as alternative 256-257
table of values 162, 452
trends 149, 151
variables 151
versus substitution 258

Graph it! 157-158, 181-182
depreciation graph 439-440
punch equations 249-250

greater than (>) 204
greater than or equal (=) 204
greatest common factor (GCF) 309, 505

H

Head First U project 324-376
horizontal line, slope 179

Hotel Cost Up Close 61

I

improper fractions 489-492, 494, 506
index 130

inequalities 201-238
Cartesian Plane 237
comparisons 204, 206
flipping inequality signs 212-214
graphing 225-228
shaded regions 228
negative number operations 210-214
number lines 209, 211-212
scale 220
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inequalities (continued)
solution set 208, 214
boundary point 219
range of points 219
substitution 224
two variables 223
visualizing solution set on number line 219-220

Inequalities Up Close 205
infinite number of solutions 244, 248, 280
inputs in a function 381

integers 456, 468
addition and subtraction 459
mixed 459

multiplication and division 460
zero 467

intercept points 160
interest 429-433
in terms of 61-64
inverse operations 15, 32

order of operations 81
Inverse Operations Exposed 16
irrational numbers 468

isolating variables 14, 29
complex equations 43
inverse operations 16

K

Kate’s Work Way Up Close 97

L

least common multiple 497
less than (<) 204

less than or equal (=) 204

like terms 119, 123

limits for equations 380-382
linear equations 160-161, 248

intersection of lines 251

524 Index

multiple 247-248

point-slope form 170-179, 182
slope-intercept form 181, 183
standard form 180, 182

Linear Equations Up Close 182-183
lines, graphing 161, 169

slope of horizontal line 179
lines, what lines represent 244

lowest common denominator 497

M

manipulating equations 7, 46
Math or No Math project 74-110

binomials and factoring 288-322
math sentences 8, 28

replacing words with numbers 41
minimum and maximum outputs of a function 385
mixed integers 459
multiplication

binomials 294, 302

decimals 475

exponents 118

fractions 486, 506

integers 460

negative numbers 211-213

order of operations 78

versus exponents 123
zero 314

multiplication sign 17, 23
Multiplicative Identity Property of One 501
multistep equations 43

multi-variable equations 58

in terms of 61

N

negative distance 329

negative exponents 133, 450451
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negative number operations 210-214
division 211-213
multiplication 211-213
negative numbers 456
number line 457
working with 457
negative root 133
negative square root 353

New Year’s Eve project 240-286

No Dumb Questions
absolute value 467
associative property 89
binomials 294

patterns 300

checking your work 23
combining terms 53
common factors 315
context of the problem 66

determining if equation is function 398

distributive property 98, 294
domain of a function 398
elimination method 265, 268
exponents

fractional 133

inverse 133

negative 123, 133

of 0 133

of 1 133

order of operations 123

with different bases 123
exponents with different bases 128
factoring 315
fractions 81, 494
functions 391

relations 391

treating like equations 405
graphing 151, 265

axis 151, 162

Cartesian Plane 162

intercepts 162

quadrants 162

variables 151

greatest common factor 505
improper fractions 494
inequalities 209
flipping the inequality 214
solution set 214
interest equation 433
inverse operations 81

the index

“less than” versus “less than or equal to” 209

like terms 123

monthly payment 433
multiplication and division notation 23
multiplication versus exponents 123
negative square root 353

number line 209, 220

order of operations 46, 81, 89, 98
parabolas 367

parentheses 98

percentages 481, 494

point-slope equation 172

quadratic equations 333

quadratic formula 344, 353

radical 133

range and domains 391

range of a function 398

reducing fractions 505

repeating decimals 478

“right answer” versus “one way to get there” 53

roots 81
negative 133
principle 133
slopes 171, 172, 187
substitution 23, 265
system of equations 253
order 262
substitution 268
substitution versus graphing 258
table of values 162
terminating decimals 478
trends 151
unknowns 7
vertex 367
zero 467
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number lines 209, 211-212
negative numbers 457
scale 220
visualizing solution set on 219-220

number sets 468-469

numeric operations 73-110
constants 101-102
order of operations (see order of operations)
properties (see properties)

0]

operations
inverse 15
negative number 210
numeric (see numeric operations)
order of (see order of operations)
which to use 15

ordered pairs 160, 162, 388

order of operations 46, 53, 77-78, 81, 89, 94
addition 78
division 78
exponents 78, 123, 128
fractions 81
inverse operations 81
multiplication 78
parentheses 78, 98
roots 81
subtraction 78

P

Pajama Death project 36-72

breaking down costs 38
functions 378420
profit and loss 54-37

parabolas 360-367

upside down 367
working with 365

parentheses 78, 98
percentages 470, 481-484, 494

526 Index

piecewise defined function 407408
plotting points on graph 147-148
point-slope equation 170, 172

point-slope form 170-179, 182, 200
slope of 0 179
Watch it! 172

Point-Slope Way Up Close 170
polynomials 291
Pool Puzzle 317-318

pre-algebra review 455-518
absolute value 463-464
common denominators 495
converting decimals to fractions 510
converting fractions to decimals 509
counting numbers 468-469
decimals 470-481
division 476-477
multiplication 475
division by one 501
division by zero 513
equivalent fractions 496
exponents 514-515
factor trees 503-504
fractions 470, 485-510
adding and subtracting 495
common denominators 495
division 486
equivalent 496
improper 489-492, 494
least common multiple 497
lowest common denominator 497
multiplication 486
reciprocals 493
reducing 502, 505
greatest common factor 505
integers 456
addition and subtraction 459
multiplication and division 460
irrational numbers 468
least common multiple 497
lowest common denominator 497

mixed integers 459
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Multiplicative Identity Property of One 501
negative numbers 456
working with 457
number sets 468-469
percentages 470, 481484, 494
prime factorization 503-504
real numbers 468-469
repeating decimals 478
terminating decimals 478
whole numbers 468469

preserving equality 14
prime factorization 503-504
problems

writing out verbally 5
problem’s context 245, 248

properties 85-104

associative 8586, 94
defined 86
Watch it! 89

commutative 85, 90-91, 94
defined 90

distributive 97-98

distributive property
binomials 292-294

Properties Exposed 93

proportional relationship 62

Q

quadrants 159, 162

quadratic equations 323-376
defined 326
discriminant 366—-367
factoring 330-333
graphing 355-367

parabolas 360-367

negative distance 329
standard form 330, 353

quadratic formula 343-344, 353
checking your work 353
discriminant 349-350

versus factoring 353
Watch it! 344

R

radical 130, 133
range 386, 391, 398
buying a car project 425
range of points 219
real numbers 468-469
reciprocals 493
reducing fractions 502, 505, 506
relations 388, 391
relations, equations, and functions 393
repeating decimals 478
replacing words with numbers 41
Revenue Construction 411-412
“right answer” versus “one way to get there” 53
roots 81, 130
exponents 130
index 130
inverse 130

negative 133
principle 133

Roots Up Close 130

5

scale 220

shaded regions 228
slope-intercept equation 181
slope-intercept form 181, 183, 200

slopes 166-179, 171, 172, 187
equalling 0 179
horizontal line 179
point-slope form 170-179
Watch it! 172
solution set 208, 214
boundary point 219
range of points 219
visualizing on number line 219-220
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solving for unknowns 1, 4, 16, 28, 32 elimination method 264-270, 285
Gaming System project manipulating equations for elimination 266—267
LIVE subscription 13 infinite number of solutions 244, 280
system of equations 251-252 linear equations, intersection of lines 251
x 7 multiple linear equations 247-248

order 262

solving for two unknowns 251-252

substitution 256257, 268

standard form 180, 182, 200 substitution versus graphing 258
quadratic equations 330, 353

square pattern 298-300

square roots, negative 353

System of Equations Exposed 271
starting with what you know 37

subscripts 170 I

substitution 22, 23, 62 table of values 162, 452
inequalities 224

system of equations 256-257, 268
versus graphing 258 terms 53

terminating decimals 478

combining 53
defined 62

exponential 117

subtraction
associative property 91

commutative property 91
decimals 472 in terms of 61-64

fractions 495, 506 like terms 119, 123
integers 459 versus variables 62

order of operations 78 trends 149, 151
Sum it up U
absolute value 464

Associative Property 86

) ] unknowns, solving for 1, 4, 16, 28, 32
binomials 291

Commutative Property 90 ‘ /
elimination method 264-270
exponents 515 variables 7, 32

integers 456 appearing multiple times 48

least common multiple 497 climination method 266-268
lowest common denominator 497

Multiplicative Identity Property of One 501
polynomials 291

relations 388

slope-intercept equation 181

term 62

graphing 151

isolating (see isolating variables)
multi-variable equations 58
versus terms 62

vertex 360-361, 367

system of equations 239286 vertical line test 402-405
9 linear equations with 2 unknowns 285 visual representation of equations (see graphing)

different equation but same line 280
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W V/

Watch it! zero 467
associative property 89 division by 513
limits of the domain 386 multiplication 314
point-slope form 172 solving for 405
quadratic formula 344 Zero Product Rule 314, 315

whole numbers 45, 468-469

X

X, solving for unknowns 7
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