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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
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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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how to use this book

Who is this book for?

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

9 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?

XX

intro

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

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

G Who is looking for Algebra 2 or Statistics information?

e Are you someone who is obsessed with plugging things
into a calculator?

[

this book is not for you.

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

)

[£ 4his is the ease, pick up
Head Fivst Statisties.



the intro

We know what youre thinking

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

“Can I actually learn it this way?”

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 is obviously not important™ filter.

How does your brain £now 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 Joue brawn i S

technical topic your boss thinks will take a week, ten days at the most. O 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.”

you are here » XXi
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how to use this book

spoke directly to the reader, usin

Don't take yourself too seriously.

brain and multiple senses.

Bob from engineering doesn't.

intro

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

So what does it take to learn somethin
you don’t forgetit. It's not about pushing
research in cognitive science,

g? First, you have to getit, then make sure
facts into your head. Based on the latest

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. Images are far more memorable than words alone, and make learning
all and transfer studies). It also
understandable. Put the words within or

much more effective (up to 89% improvement in rec
makes things more
near the graphics they relate to, rather than on the bottom or

on another page, and learners will be up to twice as likely to solve

lems related to the content.

Use a conversational and personalized style. In recent studies,

students performed up to 40% better on post-learning tests if the content
g a first-person, conversational
than taking a formal tone. Tell stories instead of lecturing. Use casual language.
Which would you pay more attention to: a

stimulating dinner party companion, or

Get the learner to think more deeply-
neurons, nothing much happens in your

In other words, unless you actively flex your
der has to be motivated, engaged, curious, and
e. And for that, you need

inspired to solve problems, draw conclusions, and generate new knowledg

challenges, exercises, and thought-provoking questions, and activities that involve both sides of the

Get—and keep—the reader’s attention.
this but | can’t stay awake past page one” exper

we've all had the”l really want to learn
ience. Your brain pays attention to
things that are out of the ordinary, strange, eye-catching, unexpected.

Learning a new, tough, technical topic doesn't have to be boring. Your brain will

learn much more quickl

Touch their emotions. We now know that

your ability to remember something is largely
dependent on its emotional content. You remember what you care
about. You remember when you feel something. No, we're not talking
heart-wrenching stories about a boy and his dog. We're talking
like surprise, curiosity, fun, “what the..?", and the feeling of “l Rule!” that
comes when you solve a puzzle, learn something everybody else thinks is

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

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

know. Have you seen my
Facebook page?

~ Killerx2.0

Gaming Headset

Headset with microphone,

{de o online gaming
(HS-AL1-867) ~, Avariety of games for
> A B S heXilersystem

(HDA5H5309)
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Metacognition: thinking about thinking

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

T wonder how
T can trick my brain
info 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 o
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 1s 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, cspecially 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 get 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. ..
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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 \ \ /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.

We used concepts and pictures in unexpected ways because your brain is tuned
for novelty, and we used pictures and ideas with at least some emotional content,
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
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 mudtiple 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. ——P)
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.
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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.

&)

@)

the

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.

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.
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how to use this

Read Me

This is 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.
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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 # = 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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1 what $s algebra?

*
+ Solving for unknowns... *

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

T 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



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 sys-l:cm
wai{:ing fo\r - it’s on sale...

but will the sys‘(:cm and a few
ateessories tost {00 muth?

KillerX 2.0
Gaming System

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

\)O]S bcch

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

Q
° Gaming Headset BiaB
( A Headset with microphone, Ig bag o
{ =z iy ideal for online gaming Games
' (HS-AL1-867)

A variety of games for
the KillerX system
(HD-ISH-5309)
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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?

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:

The brand new Kille
2.0 includes full circlé
entertainment value.
game controller includ
(KILLX-112)

~Kigure it out
ans 5 out. Remember- this,
ol sdles ta*o'gﬁ~~h, voull eed it agan in & mim;.

ot O 4)
$199><0.05=$| '

HCV‘C’S {:}‘c ori

H: ‘/OlA'rc v'us{:y on Your detimal ma‘th, Jus{: Lurn b we Pu”ed ‘plr'om -(;},c ad.
the appendix and brush uF!

9inal 7199

..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?

o The or'\gma\ price of the tonsole--

$ 199‘00 L ..the sales tax you «cigwcd

' out earlier...

+$20.00 ~—

Fi“d fhe > < Add all these up and You sc{;
‘l‘01'a| cost l; how much Jo:c_i"\/ needs to

spend to bu\/ the tonsole.

_and the extended wavranty-

you are here » 3



solving for unknowns

This is stupid. T thought we were
supposed to 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'\g)‘ma\ price ©

..the sales tax we (:igwcd

“ out earlier...
, the exkended wavranty-

..and

£ the Loy\SO\C"'

n — Yyou had all the

This was the unk“ow\/ou knew there was

\ ‘(: mation. .
e :tc:rﬂ\a{ Jo was 9oin% 1o have j,o
Svoa':/cé walk out with that tonsole, an

that was the unknown:

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.
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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 a problem out gbﬁl\z
\s .
Account Cost of Money for oty o et

bout
- = . don't need Lo worvy 3
balance console accessories {‘;‘;ws at this stage:

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:

SN \
$315.27 — $228.95 =

Heve's what’s in

ill in th
Jo's attount. Heve's the cost of the fvl\ky::wt' :
tonsole You iswcd !
out eavlier.

you are here » 5



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 x\

X = money for accessories

$315.27 — $228.95 = $86.32 = x

( )

Here's the cost «and here’s o
of the tonsole you unknown.
figured out earlier.

Heve's what’s in hey
attount.

$86.32=x =<——

we'll Lalk move
Lhese avound an
do \ater n
Lhing Yor now
cha(‘?rd\css of
vight or ekt

We can also turn this around to be:

is that
x=$8632 =

Using tricks like writing the problem out with words and flipping things around
are just ways to make finding that unknown possible.

T\\crc’s no maY!
pe \ekter * -
{':u:\’, the most common

\c{.:hc\o uSCd

ay
b ‘t W\\ \Iou tan SW

ad‘;u{',hcv 1“'\6\‘5 You tan
. The importan

te
{',\'\C f)\av {-‘\\CSC ave ,t\,\c same,

w\\C‘H\C" the * is on

Understanding a problem and finding the unknown, %, is working with algebra.

¢t

the

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

6 Chapter 1
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X marks the spat unknown

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

9 weishs, h
doas You need 4o Pu‘;’waman
S"'Shl or ho

W mueh it il —
tost {5 sy, Your br;'éh\:'r"s

—_—
arm back o, Does,’ ave
é
orO‘;/d bC ay,y oéh ¢ %, I'é
cé‘écr& er IC‘éf
3 for ;)"5{" one

Can ;’::"ov 5 whole \)W\C\\\/ K, Cslled the vaviable

num . tion.

og V\um\JCVS' in the equd

x 18 just a user-friendly stand-in for the unknown box we used ecarlier. 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.

diel'el:a)]‘ e no

what is algebra?

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?

AZ 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



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:

Account
balance

balante-

Cost of
console

K The ac,t,ouh{l

minus how muth

we spend on the

tonsole...

Money for
= accessories

]

~-equals how much
we have left for

atcessories.

Our equation means “The account balance minus how much we spend on the
console equals how much we have lefl_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
balance

N

The ateount
balance...

Cost of
console

7

equals how
muth we s‘?tnd
on the tonsole.-

Money for
accessories

e

"'Fﬁs how much
we have left

or alclessories.

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.

8 Chapter 1
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h ma{:\\ SCV\J(‘,CV\LC)S S,
—i,\r\:s:amc Lhing, Theyve two
diffevent Lorms the

same Yrob\cm-

Equations can
he rearrangeJ
like sentences.



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 civtle Y
x g ok £k Yo

..................................................................... ecd ko Figuee ot
Put on /]
€ mg hef H B
CaCh SPof._ 3 " WC S‘ha‘({—&d ‘k\'\\s
/\ one ‘QoY \’ou...
Now write your .The cost pex membevship 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 This &
minutes on level 3. How much time does she have left to play level 4? ime You build the
/ whole equation...

Now write your
equation in words:

Level 5
games level 3
Time until
Jo and her

Jo leaves
brOthers

Cost per
membership

money for
all the
memberships
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magnets solutions

Maih 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?

= { rJde,w
\:o\?c“i:ovv how wuth wmone

Jo has to SYc“d'

money for
membershj_ps

Cost per

Jo and her

membership

b--*-‘C>thers

Now write your . The tost per 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?7 ' nak e need
Wreces ™

%o Q\SWC ot

Time for

Time until

Time for
level 4

level 3

Jo leaves

Now write your The time for level | plus the time for level 2 plus the time for level 3

equation in words:

Eyiea

— RANN
‘PQOQWEWR

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?

10 Chapter 1



what is algebra?

F — = = = = = = = = — = = — — — — — - -1
| EQUATION CONSTRUCTION % |
i
Now you build the equations! Take the “math sentence”you wrote and translate it into an ~

I equation. Use the numbers that were given and x for the unknown.
I 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
I them in total?
I Cost per X Jo and her m:ffyt:or

membership broth e

I ers memberships

Figure these out

We need a vaviable to stand in
I £rom the Froblan__u X e/ Lor what we've bf‘/"'% to £ind,

s‘t&ftmtnf. % - [3) ‘NC)“ use *.
TI'IIS "‘Cahss T"\C same ‘U‘Hha ‘FOY ‘H‘\IS
'“UH:iPlicaﬁoh_ (— Pv°b|"{':‘h“ ‘/‘;: £ill in the
* Tor the unknown.

2. Jo started playing a game that just came out, 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?

Wakeh this one!

Howrs or minutes?

e e - - — — -

i 4
Time for Time until

Jo leaves

Time for
level 4

level 3

Use this line to tombine the numbers
and write a shorter equation.

you are here » 11



simplify, simplify

r- - -=--m=-- - - - - - -=-=-=-== "

EQUATION CONSTRUCTION SOLUTION

sy

Now you can build the equations! Take the “math sentence” you wrote and translate it into an -
algebraic 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 i{ $12 per person. How much will it cost
them in total?

Cost per | o | Jo and her m:;leyt:or [
membership broth e
ers _ memberships I
Known
Heve's the wn
! e looking 4o be solved- I
3 rothers + Jo = & |
2. Jo started playing a game that just came out - but she only has two hours
before she has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, We need mi L I
and 41 minutes on level 3. How much time does she have left for level 4? . minutes here
sinte the time for the
levels is in minutes. I

).
¥
Time until
Jo leaves

k — You've sim?h(:icd the equation
?\::f ;N Iha’c J\T\umakc it easier to solve. T 98 N y o |
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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?

COW5 GO
wom

cimmmi We’
Sl €'re going to jump vigh
. ) into the cqua'l:i\t)m Si{:hzui
(7 o -4 the sentence. |f it helps,
(' You ean write it out, but
L L Jus{: {hinkins about the
number of games... 7] games.- 10 gam etuation in vords fiest
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:.
+ R
(7 (, Bind that leaves “‘\
. h ames €Tl
Some unknown } 10 oames- :\{:\\:«""“ 9
number of games... T games-- o

We
Q ; tan take W3y 7 games by ‘5

Su

‘Erac'l:ing 7 from
oF the equation.
So here’s what we have left:

I
i

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

subscription just yet.

you are here » 13




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 {0 be
% = something, so we need 1

to 55{: vid of the seven \L :

x+7 ; lo # the nitial C"\“&ﬁon Lor
ke Sub‘b'ab{ : Jo's games. /
elytoine f T kA V=10 -7
preserve the ct\ua\\ y- I

I
: 3 . .
ﬂ* T ‘\ And |0 - 713, whith is all

Sinee 7-7is 0 we I .
e ) we end ded to know-
with Jus{: X on this side... A : we needs

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



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 wh\/ when Yyou needed
to get vid of the seven (an +
added number), You subtracted

seven from both sidcv

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.

@juunu

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

you are here » 15



inverse

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.

Inverse Operations Expesed
This week’s interview:
Just who are the inverse operations?

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.

Inverse oPerations lnelp
you isolate the variable.

QBUI.I.ET 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 = |norder 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



what

algebra?

— qgharpen your pencl

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.
o R /\ ou have an * mv\{:\\?\\cd :\‘[m@
2 H;Y;Jc’z the r'\g\\lc invevse operd
5.x=125 !
Make suee you apply

5 ex =125 £ it b bobh sides..

- <— And ‘Iou’rc done!

X.6=47-11

=
1
—
w
I
N
O

This also
mcani {:imc:\\’
3(x) =5

=
_|_
N
N %

_|_

N

N
i
NN
Ul U
w
5
I

Why are there

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

Eath of these mean

mu\{jv\‘\ca{jon. /2

Whoever thought it was a good idea to use x to mean
the typical unknown apparently didn’t mind the

However, lots of other people did.

up on with a few easier to read options:

A simple dot: 5 X = 125

confusion it might cause with the multiplication sign, x. Parentheses: 5 (
x) =125

They gave up on using x for multiplication and came Nothing at all: 5 X = 1 2 5

17



solve these

harpen your pencil
QM ySoIEtion

Don't ‘c°"36£ to cheek

Your work _

answer baek ;ﬂ‘u}t Plug Your q

or X and
worrks.

7% 25= 25

'ﬂakc Sure i‘(:

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.

“CYC ow ha‘lc an * m Y \{ ;
\{—4\ \\Cd b
W .
/—\ h ‘E\i {:\\C ‘\Sh‘h nvey se OYC a‘t\OV\E.
W a \

Make sure You 3?\")’
<5 o it to both sides...

5.x=125

o hedyoe done

This one was a little {vicky.
There's a “~ 11” over heve, but You
tan figwc out “47 — 11,” there’s

no need to move it anywheve.

Here vou need 1o get t
hat 13
out oZ the way, 53 use 'l::e

inverse operation and add I3

2 both sides X6=47-11
B X6 3t = 335
j\ X = b
............... T:C veal PV‘OHCM , {:MS é\
: lcb Joutan get vig of ' Chetk this one too--
Y dlv'dmﬂ both sides [,), b byeb= 47 - ]
((Thc hew
x+22=25 3(1) =5 iy,
Symbol
X+22 -2 =25-* 3(x) /2 =573
% dore X = nd etk Lhis one, Just T = 5/3 or |.bb6]
Awmos . iy /" ............... ﬁakc e that Peathionis v Tl
3%t rig\\)c-
5/3+3="5
And a change for division too.. — 125/x =5
The division sign you're used to seeing was
tossed away, too. Instead you’ll see things 12 5 \ These are \’)uch two other
like this: Stacked: T = 5 ‘\_/ ways 4o show division-
18 Chapter 1
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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 addition

Opposite of multiplication

7/3

Operation name

Division

Equation

Manipulating the equation

Variable

Subtraction

19
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¥

* * +
WHQ DQES wHHaT™
SQLLUTI\QWN

Operation example Operation name

Inverse operation for addition o
Division

Opposite of multiplication
Equation

Manipulating the equation

Variable

X 3 23 e 5 23 Subtraction

20




what is algebra?

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

games on syccia|.

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 ou
how many games 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 ¥

= 2.00-’( games:

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

you are here » 21



always check your work

_ % harpen your pencil

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

ﬂu/uug:your work...

C\\CC\L.‘“?)

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 1s 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

Take Jo's Z\
The answers

answﬂ. ahd

\)O,S WO’('k
Ygx = 86.32

/(’*/7(, = 86.32/49

.S"bsfifw(:c don"h)"‘aj('t’\"
T Yor x i so Jo's Wrond
[4 °H5iha’
€quation,
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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 back into the

original equation,

algebra?
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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 suve 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?

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

original €ApaLIo

24
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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‘{'X' al 5\\{';(:0Y' ward. ..

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?
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