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PAGE BEFORE THE BOOK STARTS

Hi!

This is a book of pictures and simple words. Each page explains how something
important or interesting works, using only the ten hundred words in our lan-
guage that people use the most. This page is here to say hello and explain why
the book is like this.

I’'ve spent a lot of my life worried that people will think | don’t know enough.
Sometimes, that worry has made me use big words when | don’t need to.

One thing that I've sometimes used big words for is the shape of the world.
The world is round, but it’s not exactly round. Because of how it spins, it’s a
little wider around the middle. If you’re building a space boat that’s going to
fly around the world, you have to be clear about what shape the world is, and
there are some big words that you can use instead of “round.” But most of the
time, it doesn’t matter exactly what the shape is, so people just say “round.”

When | was in school, | learned about space boats and learned to use lots of
big words for things like the shape of the world. Sometimes | would use those
big words because they were different from the small words in an important
way. But a lot of the time, | was really just worried that if | used the small words,
someone might think | didn’t know the big ones.

| liked writing this book because it made me let go of my fear of sounding stu-
pid. After all—when you’re saying things like “space boats” and “water pushers,”
everything sounds stupid. Using simple words let me stop worrying so much. |
could just have fun making up new names for things and trying to explain cool
ideas in new ways.

Some people say that there’s no reason to learn big words in the first place—all
that matters is knowing what things do, not what they’re called. | don’t think
that’s always true. To really learn about things, you need help from other peo-
ple, and if you want to understand those people, you need to know what they
mean by the words they use. You also need to know what things are called so
you can ask questions about them.

But there are lots of other books that explain what things are called. This book
explains what they do.

Okay, I'm done talking about the book now. Turn the page to learn about space!



SHARED SPACE HOUSE

This building flies through space just above
the air. People from different countries built
it and fly up to visit it in space boats.

Because the house is falling around the
Earth, things inside it hang in the air instead
of dropping to the floor. Inside the house,
normal things like water act very strange,
and you can fly around by kicking off the

The people in the house spend their time
working, playing, and taking pictures of
Earth. They do work for people on the
ground, helping to learn how things like
flowers and machines work in space. Most of
the time, there are six people in the house,
with each person staying for half a year.

A big reason we built the space house was
so we could learn to keep people alive and
strong in space for months or years without
getting sick. We'll need to be good at that if
we ever want to travel to other worlds.

To build the space house, we took each
piece up in a boat, pushed it until it went
really fast, then caught up to the house, and

walls. Everyone says it’s a lot of fun.

PORCH

If you want to see what

something does when you

leave it out in space for a

while, you can put it here.
1

This room is from a

People sleep in boxes in _-”
the walls. There are four
of them in this room.

This room hasé
beautiful view

’
Machines for staying strong
0 L

0 0 I
R
This was the first room sent up.

SPACE BOAT DOOR

(The flying space truck
grabbed on here.)

1
1
1
{ country named afterthe /' 4roup of countries with
\ rising sun. It's the biggest | many different languages
\‘ room in tllwe house. i who work together a lot.
1
‘\‘ ‘\\ i i GRABBER ARM
\ \\ \ ," This arm was built
\\ AN \ in a country with
\ \
Y v lots of snow. They

#1 =0

of the Earth. “>~<___.- - 4
ar a; \  before going through,
Bathroom —----22-- \ oryoulldie)

POWER WINGS

These wings turn the Sun’s light
into the power that runs the
machines on the space house.

VISITORS

q-------

BIG CARRIER FROM MANY
-~~~ COUNTRIES
y’ This carrier was built by a group of
countries working together. It flew
to the space house four times before

1 These space boats have flown up to the space house, bringing food, water, parts, and visitors. !

stuck the part to the house.

This room was built by a

liked the arm so

much they put it

on their money.
]

<«

DONINZNIZIN SEKI

IZICICICIA
i i g A

. PEOPLE DOOR
" (Put on space clothes

“~«-_Room where they
hold food, clothes,
and extra stuff
(below)

,- SPACE BOAT DOORS

People used to sleep there but ‘/ (above and below)
now they just keep stuff init. - = PROBLEM
O O e o / . I BOATS
HA | e ! SeRsREeEdERcRiResad \\e keep extra
: : boats stuck to
This room is where they ___
clean the space house’s :: | ;gfzeegglzrio
i o 4
air and water. It’s loud. '/' . SPACE use if there’s
Two sleeping boxes 1 gggL proi)lerphthat
with windows —T 1 makes them
‘ not want to be in space PART HOLDER
|t anymore, but no one This part has no air in it. It
will come get them. holds the wings and other
A pieces of the house.
\
VISITING
SPACE BOAT

FLYING SPACE TRUCK

Most space boats are built to be
used only once, but these boats
flew to space and back many times.
We built five of them, and they did
a lot of the work of building the

-————-

BIG CARRIER
WITHOUT WINGS
This was built by a
country named after
the rising sun.

i they stopped using it. 75 space house. \
I an After over a hundred trips to space, Ss--y
" 1 two of the trucks had blown up,
m a ;”‘m. —— and we decided the three we had
- left were too old to keep using. . &
v PRETEND = / (2 “
s FIRE ANIMAL S / . !
/ BIRD p— < . Il STUFF CARRIER
'/ = This space boat is a people
carrier that they changed
The other space boats here, even when = so it flew itself. It carries
they were built by companies, were 2 ! stuff instead of people, and
owned by big countries or groups of V| PEOPLE CARRIER only goes up; it can’t land.
countries. These two, which are newer, /

were built and flown by companies, and 7
countries pay them to carry stuff to the

space house. ¢

This is an old and simple space boat
that works very well. Once we stopped
using the truck with wings, it became
the only space boat that could carry
people to the space house.




TINY BAGS OF WATER YOU’'RE MADE OF

Everything that’s alive is made of tiny bags These bags are full of smaller bags. Life uses Some of the little bags you see here were
of water. Some living things are made of just lots of bags. All life is made from different once living things on their own. Long ago,
one bag of water. Those things are usually kinds of water, and a bag keeps the stuff some little green bags learned to get power
too small to see. Other things are made of a inside it from touching the stuff on the out- from the Sun. Then they got stuck inside
group of bags stuck together. Your body isa side. By using bags, living things can keep other bags, and those became flowers and
group of lots and lots of these bags that are different kinds of water in one place without trees. The green color of leaves comes from
working together to read this page. it all coming together. the children of those little green bags.

LITTLE ANIMALS OUTSIDE WALL GETTING IN AND OUT

These are living things (not really “animals”) that got The water bags that make up S Uil G e dieuEh die
stuck in our bags of water a long time ago, like the green animals have soft walls. The bag’s wall on their own. Other things SioP 1T
things in tree leaves. Now we can’t live without each bags in trees and flowers, Viao throuahiic t.he Porare Pellos v
other. They get food and air from our bodies and turn which don’t need to move ;?n an ytg by | tgt th t% ph
them into power for our bags. \ around as much as us, have a €m, ether Dy etling them LHroug ]
\ less soft outside layer, an opening, or by making part of the o

\ wall into a new bag to hold them. o o
SIZE | T x
These bags are almost always too small \ /I /,' :’

, \ e 4
T wevas of loht e semtir o o N A THINGS THAT MAKE YOU SICK
\\ V These tiny things can get into your
BLUE A" NN X e bags and take control of them. When

GREEN ~_ R @ they do that, they use the bag to build

more of them.

When the kind shown here gets into
you, your body gets hot, your legs
hurt, and you have to lie down. Your
whole body feels bad, and it makes
you hate everything. You feel like
you’re going to die but usually don’t.

We say all life is made of bags, but
these things aren’t. They also can’t
make more of themselves; they have
to get a bag to make them. So we
don’t know if it makes sense to say
they’re “alive.” They’re more like an
idea that spreads itself.

BAG FILLER

This machine fills little bags with
stuff and then sends them out
into the water. Some stuff gets
sent out of the big bag to
another part of your body.

The machine also fills |
bags with death water, \
marking them very N
carefully before
sending them out
so they don’t
get used in the
wrong place.

- EMPTY POCKETS

This part of the bag has
pockets to hold stuff that
it might need later. It also
makes a few things.

One of the things it makes

is that stuff that helps your
arms and legs get stronger.
Sometimes, people who want
to run or ride fast will put
bottles of that stuff into their
body and then lie about it.

The information for how to make
. different body%arts is stored here.

READERS % .
These machines read the
information about how
\ to make parts and write

it on little notes, then
send them out'through
ha S the holes in the wall.

-—-- CONTROL AREA

This area in the middle holds
information about how to make
the different parts of your body. It
writes this information in notes and
sends them out into the bag.

Bags make more bags by breaking
in half. When this happens, the
control area also breaks in half, and
each half gets a full set of the bag’s
information.

Not all bags have these control
areas. The bags in human blood

\
MACHINE MAKER
This part makes the
little machines that sit
outside the control area.

—_ CONTROL don’t (which means blood can’t
AREA HOLES grow) but the bags in bird blood do.
Notes and workers This control area may have once
go out through been a living thing on its own, just
these openings. like the green things in leaves.

i i >~. LITTLE BUILDERS

BAGS OF DEATH WATER BAG SHAPERS This area is covered in little building machines that build new

These little bags are full of a kind of The space between bag parts for the bag. The builders sit just outside the control area,

water that breaks things into tiny parts is full of lots of very reading the notes from inside that tell them what to build.

pieces. If something is put inside thin hair-like lines. These After the builder makes a part, the part falls away into the bag.
STRANGE BOXES them, the water breaks it downinto  are like bones for the bag; Each part has a job to do. Maybe its job is to tell another part it’s
Ty — whatever it's made of. they help hold its shape, time to stop working. Maybe its job is to turn one kind of part into
e (beres (i GUI Waler If something goes wrong, these and do some other things. another. Maybe it makes another part do something different. Or
bags. We don’t know little bags tear open and all their Some of these shapers maybe it ha_s a job, but waits until it sees another part before it
what they do. bad water falls out. That makes the also have holes down the starts working.

whole bag around it fall to pieces middle, and can carry The strange thing is, no one tells the part where to go. It just falls

and die. things from one part of out into the room with all the other parts, and hangs around until

“Bags falling to pieces” sounds the bag to another. it runs into whatever part it’s supposed to grab. (Or until another

bad, since bags are what you’re part grabs it!) This sounds strange, and it is! There are so many

made of. But if a bag was having parts, and they’re all grabbing each other and stopping each other

problems, it could hurt you. The and helping each other.

death water helps clear it away so The insides of these bags are harder to understand than almost

your body can make a new one. anything else in the world.



HEAVY METAL POWER BUILDING

These buildings use special kinds of hard-to-
find heavy metal to make power.

Some of the metals they use can be found in
the ground, but only in a few places. Other
kinds can be made by people—but only with
the help of a power building that’s already
running.

These metals make heat all the time, even
when they’re just sitting. They make two
kinds of heat: normal heat—like heat from a
fire—and a different, special kind of heat.

This special heat is like light that you can’t
see. (At least, you can’t see it most of the
time. If there’s a whole lot of it, enough to
kill you quickly, you can see it. It looks blue.)

POWER BUILDING

This building holds the metal and

makes power. Water comes in, and it
uses the metal to heat the water, then
makes power, without outside r--- makes power from the hot water.

OUTSIDE POWER LINE
Even though the building

power it will stop running.

]
1
]
This is important, because it |
means that if there’s a very |
big problem, you can stop \ 4
things from the outside by

turning off the power. HO'II' METAL SIDE

v
1
] \
/

!

1]
1
1
1
1
|
\
\

POWER LINE BOX

Sometimes animals get in
here and break something,
and it makes the entire
building stop working.

(There’s a bigger picture of it below.)

MAKING POWER WITH WATER
The building makes power by heating water. This means they need lots of cold
water, which is why they’re usually built near the sea or a big river.
They don’t let the water from the sea touch the water that goes near the hot metal
itself. Instead, they let the metal heat up water that runs through metal lines. Then

Normal heat can burn you, but the special
heat from these metals can burn you in a
different way. If you spend too much time
near this heat, your body can start growing
wrong. Some of the first people who tried to
learn about these metals died that way.

The special heat is made when tiny pieces
of the metal break down. This lets out a lot
of heat, far more than any normal fire could.
But for many kinds of metal, it happens very
slowly. A piece of metal as old as the Earth
might be only half broken down by now.

Within the last hundred years, we learned
something very strange: When some of
these metals feel special heat, they break
down faster.

JR—

1
1
I
i
v
POWEIIR SIDE

If you put a piece of this metal close to an-
other piece, it will make heat, which will
make the other piece break down faster and
make more heat.

If you put too much of the metal together
like this, it gets hotter and hotter so fast that
it can all break down at once, letting out all
its heat in less than a second. This is how a
small machine can burn an entire city.

To make power, people try to put pieces of
this metal close enough together that they
make heat fast, but not so close that they go
out of control and blow up. This is very hard,
but there is so much heat and power stored
in this metal that some people have wanted
to try anyway.

COOLING BUILDING

After they’re done with it, the sea water is very hot.
They put it in this building to let it cool down a little
so it's not too hot when they put it back in the sea.

They pour the water out into the air, where it

falls like rain. As it falls, the air cools it down. This
warms up the air, which makes it rise, and new cold
air moves in from the outside to take its place.

Used water comes out here.

The used water is clean, but it’s
still warm. Animals like to hang
around here when it’s cold out.

the heat from those lines heats water in another water carrier, which goes over to !

the other part of the building. Then that water heats the water from the sea.

CONTROL STICKS

These sticks control how hot
the metal gets. When they’re
pushed down, the ends go in .
between the pieces of metal For keeplr?g .
and block the special heat. prloblems inside
1

Sometimes, these are held \
up by outside power, so
if the power stops, the
sticks all fall down and
stop the heat.

WALL

METAL
LIFTER
1

USED METAL ROOM

The water blocks the strange
heat from the metal while it
cools back down.

TURNING MACHINE

These machines use the
! ) :
HOT hot wet air to turn a stick.

1
Cold water gets pulled in
here. Sometimes fish get
stuck in it and they have
to turn off the power
building to figure out
what’s wrong.

POWER MACHINE

This machine uses the
turning stick to make power.

\ T—
) H
1
CONTROLY| =3 \ = i
ROOM . N i ?JART!ER
Mg H = is engine
=10 ] IS ) EF Ill starts the
=2 : 3 \ | stick turning.
I S \ : - :
= \ il o el 1 | N
HOLE IN T T s
WALL B .l ] | dli
New metal 4 4
goes in
here.
1
kA ‘\ 4
7 // 1
7T 7] N =
METAL--—1"" / N EXTRA POWER BOXES - COOLER WET AIR |
(waiting to ! \ |
be used) ! ." = N METAL SPREADING ROOM SEA HALLWAYS
f l: \\‘ ~>~~—J-_If there are problems and everything is on fire, the special metal can get These go to the
| INSIDE WALL \ so hot that it starts moving like water. Sometimes, it can get hot enough river or the sea.
\ | to burn a hole through the floor. If that happens, this room is here so the
N ! watery metal can fall down and then spread out over the floor.
HOT METAL HOT WATER

It’s good if the metal can spread out, since when it’s all close together,

it keeps making itself hotter. If this room ever gets used, it means

everything has gone very, very wrong.




RED WORLD SPACE CAR

This is a space car that drives around on the
red world near Earth. Humans have never
been to the red world, but we’ve sent four
cars, along with lots of space ships flying
around taking pictures from high above.
This car is the biggest one we’ve sent so
far—as big as a normal car on Earth.

The cars we’ve sent there are looking for
water, because if there’s water, there might
be life. Right now, there’s only a little water
there, and it's so cold that it’s all hidden
away in the ground as snow. But it wasn’t
always that way!

By looking at the red world’s rocks, our
cars have learned something really cool:
A long time ago, when the red world was
young, it had seas.

LANDING THE SPACE CAR

We don’t think there’s life on the red world
today. We haven’t found any so far, and it’s
very cold and dry, with very thin air, so wa-
ter can’t last long on the ground before it
turns to ice or air.

But if there used to be seas, then maybe
there used to be animals, too. On Earth,
when animals die, sometimes parts of their
bodies turn to a kind of stone. If there were
animals on the red world, maybe we can
find the stones they left behind.

If we find that there was life on the red
world, it will be one of the most impor-
tant things we’ve ever learned—because if
there was life on the red world, it means
there’s probably life in lots of places.

We now know that most of the stars in
the sky have worlds around them, but we
don’t know if there’s life on those worlds.
We know there’s life on our own world, but
that doesn’t tell us whether life is normal
or not. Maybe life is a very strange thing
that got started only once, and none of the
other worlds have anyone on them to won-
der about this question.

But if we learn that life started on the red
world, too, it means that life probably gets
started on new worlds all the time, and
probably also got started around many of
those other stars.

If our space car finds signs of life in the red
world’s stones, it means we are not alone.

Because this car was so heavy, it was hard for us to
make it slow down enough to land without breaking.
We could hang a big sheet behind it to slow it down,
but it’s so heavy—and the air there so thin—that the
sheet wouldn’t be able to slow it down enough.

HELPER BOX

Our space doctors came up with a very
strange idea. They built a flying helper
box that lowered the space car to the
ground carefully on a long line.

YE
THROUGH THE DUST R}%EUER' FLY AWAY
The helper box hung the car on long lines Z ) Once the car was safe on the ground,
because the fire pushers holding up the the helper box’s job was done, so it flew

off and hit the ground somewhere else,
where it wouldn’t hurt the space car.

box had to be kept from the ground. If the
pushers were too low, the air coming out
of them would throw up clouds of dust
that would make the ground hard to see.

This sounded to most people like a strange idea

that probably wouldn’t work. But they looked at

every other idea anyone could think of, and all of
them seemed even /ess good.

And, in the end, it worked. The space car landed,
looked around, and started learning.

® ® &
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BOX OF HOT METAL

This box holds a piece of a kind of heavy
metal that makes its own heat. The heat
powers the car. The metal is hard to find
and you need lots of money to get it.

It’s different from the kinds of metal they
use to blow up cities, but it’s made in the

AIR FEELER

This part is here to feel

the air around the car to
learn whether it’s a nice
day or not. Some days are
warm, some days are cool,

THIN BURNING LIGHT GUN

The car uses this gun to point a thin bright
light at rocks far away. The light is so
bright the rocks stop being rocks and turn
to air. Then the car uses an eye to look at

the air to learn what the rock was made of. . ;
If the car found life, it could try to use this /. gnd on sqme days the air
’ Y /s full of sand. same buildings as some of those metals.
When the car landed, part Now that we’re not building new city-
burning machines as much, there’s less

COLOR EYES ) ’ !
gun to learn about it, but the life might not

of this got broken, so it
of this metal lying around. That’s bad for

be alive when it was done.

These are the best
eyes on the car.

1
[
1

II

\, 1
. % 1

1

1

1

1

1

1

1

1

doesn’t work too well.

space cars, but probably good for the

R S SPACE TALKERS restofus.
THIS IS A BOX B ([ The car uses these to tell !
FOR THE CAR TO / us about what it learns /'l
/ and to find out what we - /
PUT THINGS IN @ = i want it to do next. it N /
The box looks at the < ! "
things and tells the i
car what it learned. ™\ ("
)
g ,h /
ARM --» . : 2
ROCK = | ;
TOUCHERS d
\ ) ? iyt I— o &
. © . O /.('I"\
0 ©
] //1 $
1
- EYE FOR
EYES FOR SEEING -~ LOOKING DOWN
- While it ing d
ROCKS 20 THE CAR : whie s coming down , A
WON'T HIT THEM o uses this eye to look O O
down at the ground
to learn where all the
4

rocks are. That way,
once it's on the ground, 4
it can drive around

without getting lost.

NAMES OF FRIENDS
When the car was being built,
the car builders gathered the
names of lots of people who like
space. They wrote all the names
in very small letters on little
rocks, and the car carried the
ro'cks to the red world.

WHEELS ==
The rocks on the red world are
very pointy, and these wheels
have a lot of holes in them. Next
time we will make them stronger.

T T /

LEARNING BOX ]
The car puts things : I
in here to learn more |
about them. 2 ) \

EYE FOR
LOOKING

AT SMALL ™ __

STUFF h

SPECIAL LIGHT FOR

SEEING WHAT ROCKS ' ‘ - !

ARE MADE OF ROCK . Te

This part has a piece of GRABBER ’ //

heavy metal inside it that :
gives off special light. When /
the space car puts it next to
a rock from the ground, the [ S
light makes the rock from
the ground give off light
of its own. By looking at
that light, the space car can
figure out what the rock is
made of.

—

HUMAN SICKNESS CHECKER

This part pays attention to special kinds of heat from space that could
make people sick. There’s a lot of this heat in space, but the Earth makes a
field that keeps us safe. The red world’s field isn’t as strong, so we want to
learn about this heat before we send people there.

The problem with this heat is that if you get too much of it, your body
starts growing wrong. If you get way too much of it, food comes out of

your mouth and you die.




BAGS OF STUFF INSIDE YOU

This is a map of some of the different bags
in your body and how they join together.

It doesn’t show what they’re really shaped

In that way, it’s kind of like the colored
maps in cities that tell you where trains
go—it shows how the places are joined to-
gether, but not what they’re shaped like or

There are lots of important parts of your
body that aren’t shown on this map. But
that’s okay; a body has too many parts to
show on any map.

like or how they’re pushed together inside
I yrep e ! how far away from each other they are.

your body.
___________ > HOLE TO OUTSIDE
This hole is in your nose. It helps you ~~~~~~~7~ ___THIS IS WHAT YOU
breathe and lets you smell things. THINK WITH.
1 HOLE TO OUTSIDE Vr\{hen yohu read w?rds (like
. . . . ] these), this part of your
This is the hole in your mouth. It’s where air goes in g -
HEAD and out, food goes in, and words come out. ——-- body turns them into ideas.
PARTS By choosing the right

Note: Some people don’t like it when you make

- words come out while you're putting food in. words, you can take an

idea that’s happening in
your head and try to make
an idea like it happen in
someone else’s. That’s
what’s happening right now.

N,
N

MOUTH WATER MAKER

This makes the water in your mouth
that helps food fit down your neck. ~

=3:: BLOOD

(to your arms
and the rest of
your head)

This pushes
on your blood
about once a
second to send
it around your
/; body.

These add air

to your blood.
They get bigger -
and smallerto =
pull and push air

BLOOD HALLWAYS

These carry blood around

in and out.
. your body. If you get a
Sometimes, hole in them, the blood
blood gets .
X starts to fall out. If this
stuck in here. starts happening, it can
o Tgiat Se??fe:];;zi be a big problem, and
) ) A . - blggest : you should fix it fast.
This bag breaks tiny things into even smaller, simpler people’s boc_ﬂes J
parts they’re made of. Your body uses it in many ways, stop working. -~
- like to get rid of the stuff in wine that makes you feel
strange (which keeps you from feeling strange forever).
CH EST It also makes water for your hallways. If this bag has a FEAR WATER
PARTS problem, your eyes turn yellow and your body stops These make a kind of
working.
BLOOD g '\ water that makes your

(from other
body parts)
1

\,

S

WATER FOR RICH FOOD

This holds water for breaking
down rich food (like the yellow
stuff you spread). When you
eat rich food, this pushes out
water to break it down.

SPECIAL WATER MAKER

This bag makes some of the
waters that help turn food into
power. If it goes wrong, you
can have a problem where
you get too much or too little
sweet stuff in your blood.

Sometimes, this openl’ng gets
blocked. Then, when you eat
rich food and the bag tries to
push water out, it hurts.

This hallway is wider than the
small hallway, but shorter. This
is where your body takes extra

water out of the food so you don’t
need to drink as much water.

LIFE INSIDE YOU —-___

There are a lot of living
things in these hallways
that help you break down

Air bags

4 different kinds of food.
/ ~,
! N
part Food bag
breaker
¥ Small
- i~food USED FOOD |
( hallway HOLDER  ------ =
food Once you're done
i with food, it waits
el here until you

PUSHED TOGETHER push it out.

In real life, these parts are
all pushed together inside

your chest like this. eating it.

SMALL FOOD HALLWAY __.-

This hallway is where a lot of food<_
gets broken down and the stuff
your body needs is taken out.

= The hallway is about as long as a
car. It makes a lot of turns so it can
fit in your stomach.

BIG FOOD HALLWAY -

HOLE TO OUTSIDE

Food comes out here
when you’re done

BLOOD

(to other ==~
body parts)

EXTRA PART ||

This doesn’t
seem to do
anything.
Sometimes it has
a problem and
doctors have to
take it out.

1

\
<

BODY PLAN HOLDERS

These parts hold lots of plans
for new people. Each plan is
made from pieces of the plans
used to make you.

These parts also control how |
your voice, r}air, and blody grow.
rm————p / 1

-

PARTS FOR
MAKING MORE
OF YOU

These parts can
make new people.

T
]
e

1
\,
~

1

1
HOLE TO OUTSIDE
If your body makes a new
person, it comes out of here.
About half of all people have this.

body feel afraid cir excited.

BLOOD CLEANERS

These look for stuff

in your blood that

you're done with or

have too much of—like
--extra sweet stuff, or
~7 stuff from the doctor
that you ate to feel
better—and send it to
be pushed out of your
body.

YELLOW WATER HALLWAY

-~ Most of the time, the water from
your blood cleaners is yellow, but
eating certain colorful foods can
make it change color for a while.

(If it turns dark or red, it may
mean you’re sick.)

YELLOW H
WATER
HOLDER LOWER

PARTS

This holds yellow
water until you
push it out.

1

s
-

In about half of all
people these go to
a single opening.

<
<

HOLE TO OUTSIDE

The yellow water from your
blood comes out here.



BOXES THAT MAKE CLOTHES SMELL BETTER

Clothes don’t stay clean for long. Pieces of
dust and dirt stick to them, and they get
coated in that clear stuff that comes off

DUST CATCHER

your skin. If clothes get wet for too long,
things can grow on them, which makes
them smell bad.

When the air blows through
the clothes, it carries away

g ? ul ARPAR

bits of dust and tiny pieces of
the clothes. This thing catches
the dust so it doesn’t gather
somewhere else in the house.

When the catcher fills up, you
have to clean it out, because if
it’s full of dust, it blocks the air.
This keeps the machine from
drying—and the dust is

easy to burn, so it can

help a fire start.

|
IH‘
Hot air |
going out 1

I

MMMM....
o Ny

For some reason,
some people really like
pulling the sheets of
dust out of the catcher. '

> .

Hot air Y

coming in
i

HEATER

This works the same

II \
7 \,
& \
S
N

Line that turns
the clothes box
1

!

DOOR

e

way as a hair dryer.
Power runs through
metal lines. This makes 5
the metal hot for the

same reason lights get
hot. Then the air blows

|

Yt i

over the metal. X ‘H | ”\‘
OUTSIDE HOLE G7 Y| + J %‘
This carries the hot air

out of the house. o

On a cold day,
sometimes you walk
past these holes
when the machine is %
running, and the warm
air feels nice on your
face and smells like
clean clothes.

CLOTHES CUP

This fills with water
to clean the clothes.
1

\
\
\,

This box holds two machines that clean
clothes. The bottom one washes them with
water, and the top one dries them.

WHY CLEANING IS HARD

You can wash away some kinds of dirt using water,
because dirt sticks to water and gets carried away by it.
But other things that make clothes dirty, like some stuff
your skin makes, don’t stick to water.

To get rid of stuff that doesn’t stick to water, we use
special cleaning stuff. When you put this stuff in with
your clothes, it sticks to the stuff that makes clothes
dirty, but it a/so sticks to the water around it. Then,
when you shake everything, the water pulls the dirt free.

Water
A add
Clothes | y \
\ «'I . \C;I‘eaning.
~birt stuff
CONTROLS

You use these to decide how clean you want
your clothes to be and how careful you want
the machine to be with them.

WASHING DRYING
Water Shaking Air Running
heat hardness heat time

LRV RO
' ' '~ TN/ A

Hot water cleans \ Hot air dries

better but can also

wash out colors.
Hard shaking cleans

better but can tear
clothes.

better but hurts
clothes more.

1

]
1
1

Longer time dries
better but hurts
clothes more.

1
Wheels the
clothes box
sits on so it
can turn -

POWER SPINNER

_--This spins the clothes holder so the clothes
turn over. If it didn’t, only the top surface of
the clothes would get dry. It also turns the air
blower, which pushes air into the hot air box.

You usually pour the cleaning
stuff in here with the clothes,
though some machines have a
second, smaller door for this.

SPINNING REALLY FAST

It’s hard to get water out of clothes. To
do it, the cup spins really fast. The edge
of the cup goes about as fast as the

»

~.

fastest horse.

T T ———

y

\
()

g

!
HOUSE WATER

These two lines

power to run,
but the dryer,
taktles alot.

v

.‘ !
"ol %
Ing;
l..
T
-

WATER MOVER ---

This machine pulls water
from the bottom of the
big cup and sends it
away into your house’s
system for getting rid

1
WATER

Nig . N

‘“’“w Q‘j )

o G, || 4 @3\°
R COMING IN

CLOTHES PUSHER \‘\\\

This thing turns one way and then

the other to move the clothes up

and down, to make sure they all get

covered in water and cleaning stuff.
1

N

\
[[INEERI
7 There are
two layers to
the cup. The

bring hot and cold ,\' A : inside layer
water from the \‘ : H can spin, and
wall of your house. | H has holes

\ \! . to let water

. . through to

h o the outside
POWER 5 layer so the
LINE - water mover
The washer B can pull it
doesn’t take v WATER out.
too much 0 GOING
H OUT

of used water.

-

This pushes the clothes against the side
of the cup, and it makes the water fall out
of the clothes and into holes in the cup
wall. Then the water falls to the bottom,
and the water mover pulls it out to get
rid of it.

“H.__ SOFT HOLDERS

Because the clothes cup spins so fast, it's
hard to keep it from shaking, making loud
noises, or breaking.

To make the cup quieter and keep it from
breaking, they hang it on holders that
can stretch. This lets it move around a
little, which makes it quieter. (It’s just like
when someone calls you and your phone
shakes; it’s much louder if it’s sitting on a
hard table than if it’s on a soft bed.)

Letting the cup move around makes it
quieter, but if all the clothes end up on
one side of the cup, it can move around
too much. Then the machine starts
making a loud noise as it shakes. Most
machines can tell when this is happening
and turn themselves off; if they didn’t,
they could shake themselves to pieces.

_POWER
SPINNER

This turns the
clothes cup
and the clothes
pusher in the
middle. It also
runs the water
mover.

WAIT
Why is this in
your house?

\




EARTH’'S SURFACE

These maps show the Earth’s surface. The
Earth’s surface is special, as far as we know.
It’s the only place where we’ve found seas
of water, and the only place where the land
is made of sheets of rock that move around.
There are a lot of interesting things here.
These maps show where some of them are.

Earth is a round ball, so to fit its surface
on a page, it has to be stretched out. This
changes the shapes and sizes of some ar-
eas. On this map, it makes the land at the
top and the bottom look much bigger than
it really is, and some of the places near the
sides look stretched out.

There’s no way around this problem. Every
paper map of a round world is wrong about
size, shape, or the direction from one place
to another. The shape chosen for this map
tries to keep all these things in mind, not
stretching any one part too much or making
any area look too wrong.

PLACES WHERE THE ROCKS ARE OLD

As old as the
first big animals

- As old as the
earliest life

PLACES WHERE IT SNOWS

PLACES WITH LOTS OF FLASHING SKY LIGHTS

PLACES WHERE LONG SPINNING CLOUDS REACH
DOWN FROM STORMS AND BLOW AWAY HOUSES

- Sometimes

- A lot



ICE SHEETS

Since before the earliest humans (but still not

LEFT-OVER POOLS

When the great sheets of ice turned to water, they

NORTH END ---___

DEEPEST HOLE

BIG WAR MACHINE

long ago, next to how old the Earth is), our world i feces RNUKRIREND -~._ ~ TmmmT T
has been going through very cold times and very fffttf:rf;'g?eiisg iﬁ)}(;gltshfgl‘clj:)ofuwnzt.ecl;x?et:qeepleces \V SoTne peobple mﬁde; a}(cjjeepf hﬁ"e herl‘; T _ ) _ o
warm times. During the cold times, ice grows over next few hundred-hundred years—as to learn about the inside of the world. e People set off a city-burning war machine here to see if it
the land, and the seas fall hundreds of feet. rivers grow and change—they will They stopped after a while because /" spACE ROC would work. It was the largest fire ever made by humans.
find paths to the sea and _ ICE the inside of the world turned outto [/ A KF bl
disappear. A -~~~ SOMETIMES -~ be too hot. The hole is still there, but | r?:therosT Sgagfth'i\z - HOT ROCKS AND THE GREAT DYING
WARMING WhHen th fell. th \ Wt 5 N EN they put a cover over it. . @ /’ :golut i hunlélrevd yealrs apgo nd e Bhefore thedtri1me of tc?e greatdbi;d alnirgals, hoLrOCkZ roszfromk
; en the seas rell, these \ Vs / 3 = % e the ground here and covered the land. Fires burned, and smoke
phe [ast of the cold times ended abouta  two land areas were & ; =Y 5 = 2R ; * 3 k., (nocked down e forests; poured out across the Earth. The rocks cooled in a great sheet
hundred hundred years ago, and It's been joineq, and people, ‘ Y50 GREEN LAND 2 / - o~ Bl across the land and much of it is still there
pretty warm ever since humans started walkea across \ %\}\ 4?5 This land i g ¥ Ty ~ 75 " - ) '
writing words and building towns. P\ — (AN ’_'3 ) ’g’ S : Lia; :_tczoyere / = & ; ! N s At the same time the hot rocks covered the land,
Now, because of how we're changing Wama,\ : ~ _ . in thick white ice. / I‘-_'_\‘"‘-;_ ! o /4(« N: nearly all life died out. People who learn about
th 4 ; SR AR o V4 D . | - A M b R the past call this the Great Dying; more kinds
e air to hold in more heat, the world D \ \ —-5, =) e = , o Ai’\,\ ! Pie o An Mon £ life di af Earth th ¢
has started getting hotter. The warming- \ W A . '_ 3 7™/ Q \*) T Ak e ArOAAA AT PPy 2 M O e 'Sshppiare rom Ear ana
up we've started could be as big as the =, -~ g I AN This is the A/‘I\A"’}t\f:h.\ " any other time.
warming between the ice time and = \ @ " SPACE ROCK ™~ - dgeepest water . ,-; Most zecipleathir;k thekfire, rocksH
now, but happening within the S ‘ \ o A A space rock blew up in & / that'snota sea. A and clouds of smoke were what
time of a single human life. . i o / A“%’\ o \ ICE lTAND g - ﬁ(\m/ MORE OF THAT'& thepsky over this spor;. R ( :,{;Qx% oA ﬁ-“:a Se caused the Great Dying, but
We don't know what Earth " 'BIG WAVE -~ > 12 A BIG FORES'I\‘ \ There's lots of ./ : / BIG FOREST " The sound was so loud CAMWRA a0 g we're still figuring out how
will look like in a hundred The biggest wave u'/ 2 0% Ann These V‘{OOdS_,' i 2 fn;gsasnﬁe?geen 2/ LOST SEA ‘. it broke everyone’s N Al Pl s it happened. It was so
years, since no one has anyone has ever seen} m% Wh'Ch, circle ! 4 9 : > L < 2t There was a sea here not windows. AR long ago that many
ever tried this before. happened here. Ry e Earth’s i 0 A BROKEN 7 . = X - of the rocks from
I Ly g it north I Ay / E long ago, but people used that time are
SEA [/ [ A endacrossa Y@ A 8 5. MOUNTAINS J & the rivers that fed it for ~~~{ lost or hidden
POCKETS /& AN e ) e ‘4 T e i m® poppQther things, and it dried up. ™\ deep in the
ARM AN areas—are N as asingle fine, when ‘3,(\ A A Wﬁ&k‘ ‘. ground.
f\./‘y\f\ s \ these land areas were A @
! A
RING OF FIRE

SEA THAT WE DIDN’T

1 _&g_joined together. Then a
new sea opened up in the

(Real name)

MEAN TO MAKE---=-=---~_ N ALY =>“CIRCLE POOL : :
S ,(\%’\ A § . middle of the line and the
Over a hundred years ago, e AMA e M\ There’s a pool in the e MElVES CHEs GEried)
people cut some paths in the ~ N /g\,\ - AN \ woods here in a hole BN Gor CETd ey N /
land to bring water from a big ;‘Q@" A 5 | | made by a space rock. y/ ' i /'
river to grow food. More water A N ! "~ t}‘ - 4
came through than they wanted, WS M FALLING WATER ’ ! MA_Q}A“% 7
“Te s and they couldn’t stop it. Over ﬁ %\ A big river falls very far MOUNTAINS (HIDDEN) M Woa A
a year or so, the water made a X A _ here, and it’s beautiful.  These mountains mark the place 00 8 MM’?M DEEP PART
(MY =L A A it (There's also a house called — here new sea floor is forming. * A A This is the deepest part of the sea.
'.0 = .+, Falling-water in this area. It's F— ” h : f N £
£ %jﬁ_ -~A '5 ,talso beautiful, but isn’t named They run in lines through all the A A @ m The distance from the SEE) SUAEEe
- @ BIRD DEATH ROCK------ A«A %y @pc;ﬁe same water.) big seas in the world. ; e =5 MR / Pl 08 ;\,\;AAM . down to the bottom here is a little
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/ birds are part of was once aX - ﬂmmr’ ) OLD HEAVY METAL POWER P { VA e BOATS o /, EARTH’S- A “ \\ PN /s\.h top of the highest mountain.
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HOT SPOT space rock hit the Earth here. A : metal was pushed together in one dry. Wind pushes big R SEA AN 5 A \“ ﬂ W 3
Hot rock rises up from deep in 1T ek ek faling a (5 o 3 place to start making itself break waves of sand across them T i
the Earth and pushes through the circle shape hidden undegr HOLE FOR A%y 3 down and make heat, just like in our ’QA like moving mountains. HOT ROCKS-- A e i
surface here, making fire mountains the ground. We found it BOATS i ARC power buildings. ~ e At the same time the [_b E %
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! & WATER A across the sea here. The S far here same time. We're still S g X
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,:are T TN R N ! | 0 ! @ ya huge area of land blew up here, shooting \yater over \'.
. L s it \ . Pa smoke and burning rock around the . i
\2~——" hisher above the sea's surface, |\ . FAR-AWAY LAND------- - SPACE -\ world. Some people think it pushed the  aroued 1 ’
===--"  Dbut this one is farthest from the | 4 s ) peop'e PU around it.
center because the Earth is more/ ! IR A Once, a man took over part of the ROCK g world into a long winter and killed most
BIG SEA i dhern el // ! /\A ,‘& ¥ world. The world fought with him CIRCLE i \  of the humans alive then. We're not sure
Tilviis sem felhes W alseut : S A and took that part back. They yelled A e el i ! | whether that happened, but we're at
P - g a at him and made him go stay on a LAND i least pretty sure that some humans lived.
half the world. Its name SAND ------~ i P little piece of land in the sea near tie greuing] [z i
means “calm sea.” It There’s a big hill of 1 oy e [ erd) (fve) when the Earth BREAKING STONE FOREST
has the biggest and wind-blowngsand - ' i o : was about half T el e is ‘ _ BIG ANIMALS
strongest storms on the that's bigger than any. VERY vy He didn’t want to stay there, so he as old as it is slowly breaking in In this area, rain wore away the WITH POCKETS
= Ry igger th y 2 S came back in a boat, and the whole now. half. One day this rocks in a strange way, creating “ > :
50 other. People liketo  DRY A thing happened again. After fighting o - a forest of sharp points sticking N
\ stand on boards and  AREA A hi i h | one big area of land ; ~
X N : ’ ol A, im a second time, the world sent il BeeErs e up from the ground like trees.
/ slide down it for fun. him to live on this far-away land :
/ W 4 o
/ _ r where he wouldn’t be able to get \
i - ICE LAND W o back, and that finally worked. |
| At the south end of the world, where it’s very cold, there’s a : % ) ) ) |
FALLEN MOON lot of ice piled up on the land. This ice has been here for a long - WINDY CIRCLE WINDY CIRCLE SEA !
BOAT time. As the world gets warmer, some of it is starting to turn to SEA : e e /
water, which lots of people are worried about. ICE BOATS ,-——::: ------ BIRDS IN SUITSI] "‘\\‘ WINDY CIRCLE /I
1 P . ) N
One of the boats we sent to the Note: This is not the area that people call “Ice Land.” There’s a land to the north ~ , = ) . e y ! N SEA /
Moon was carrying a machine that K Big sheets of ice sit on the sea here. &~ Ve / 14 \ H
h q | c | that they call Ice Land. It does have some ice, but also lots of green grass. Ice Sometimes the edges break off / y \ 1
the senders were planning to eave Land, with its green grass, is next to a much bigger place covered in thick ice ’ d e h \/ y \l \
there to send them information after from one side to the other. That place with the ice is called Green Land. gllcieieiediz e fae o saiie :
they came back, and that machine was ssa _Ilkebb|g |ci_boats. (\ll\/bhen : HILLS FALLING INTO THE SEA
\ .
powered by heavy metal. . .\‘h :hz ;22 bg:i u;tur;ﬁrmv;n )oats, VERY COLD DRY LAND This is an area of hills and small mountains.
Their boat had a problem and had to come back, ~ ) Y ’ —. A few hundred-hundred years ago—long
but didn’t have room to bring the machine down to | A i In the middle of all the ice and before people lived here—the great ice
Earth with them. They decided to leave it in their empty " snow, there’s an area here sheets turned to water, and the sea rose. At
Moon boat, which was going to burn up in Earth’s air without : a. é:) between some mountains the same time, the ground beneath the area
landing. The heavy metal was in a box that was strong enough that 3 where it almost never rains or____--a _ was moving down. After a time, the water
it wouldn’t burn up, and they didn’t think it would break open, but just to = VERY XST.YD 5”3"‘_’5' 'tl':e arr andhgrour|1d here & started covering the feet of the mountains.
_ : _ : are drier than anywhere else in
be safe—and to make sure no one found it and stole the metal—they pointed Qn COLD the world. y As it move_d in over the land, the sea filled
the Moon boat toward this really deep part of the sea. - in the old river beds between the hills
No one ever found the box, and no one found any heavy metal that got out into 4 creating beautiful branching water-ways
the water, so we think it made it to the bottom. It will probably never be found. Iy that wind between the points of land still
e SOUTH END above the water.




UNDER A CAR’S FRONT COVER

SMOKE BURNER
HOW COOLERS WORK FIRE BOX When cars burn fire water, There’s lots of stuff under the front cover But there’s a lot of other stuff, too, and even This picture shows some of the things you
Some coolers work by just using water to carry away heat from This fire box is the car’s pusher. Like sky boat the smoke it makes has lots of a car. The biggest thing is usually the fire someone who knows a lot about cars can might see if you open a car’s front cover.
hot things. But some machines can use power to make things pushers, it makes power by burning fire water of Stulff it that on .mskeh. box, which turns the wheels to push the car. | have a hard time telling what every part is.
colder than the air around them. using air from outside. peor;_e a?,\ Ianlrt’r;a s 5|ck. This
You need some cooling stuff. The best kind of cooling stuff is To get pushing power from the fire water, the car mghlgim?ngsso ietst:]rc;geto air
something that’s air when it’s as warm as a room, but turns to burns it in little closed boxes. When the water and water. LINES TO AIR
water when it gets cold. There are a few kinds of air that work burns, it gets hot, which makes it get bigger and _ . _ COOLERS I NOTE:
for this. push on the walls of the box. One of the walls of (The kind of air it turns into AND HEATERS . .
the box can move, and it has a stick that joins it 'S?ht gosdtfiflthet"\_’:”g: Ly FOR PEOPLE FAST OR SLOW CONTROL LINE iefore opening ft]he/ccfrtto /CZ/O{( under
The cooling air starts off as warm as the air outside. to a wheel. fflwar’ne;heukir?dseiisthlessmeokzr) ," \ When you push the go stick with your foot, this lets more STOPPER © coven you Snoia stop Griving.
When the sides of the little boxes move, their | ’ « ‘3 air into the fire box, which makes it run faster. How fast CONTROL
To start the cooling, first you push the air into a sticks push their wheels around. Those wheels are \ the engine goes is controlled only by how much air you STICK
smaller space. This makes it get hot (“Making air all joined by a turning stick. That stick turns more \ OUT THE BACK let in; the computer decides how much fire water to add. FQOT HELPER POWERED BY NOTHlNG
smaller makes it hotter” is an important air law). wheels, and those wheels turn the wheels that B This line takes the il \\ - This machine feels when you push the stopper with your foot
For some coolers, this turns them to water. touch the ground. \ \\\ cleaner smoke and ‘> ) ¢~ and helps you push harder.
-l | _ ol \\ \ sends it out through FIRE - { It's powered by “nothing.” This sounds strange, but it's the same
oM Next, you let the stuff cool down while holding it in \ ! a hole in the back of | thing that lets you drink from a cup using a drinking stick.
; the smaller space. When it’s done cooling, it’s back N\ H the car. | Y WATER % The fire box that powers a car pulls in lots of air to burn
: ; : . i \ A ,
D to being as warm as the air again, but it’s smaller. N V \ et CAIRRIER which leaves nothing behind. Lines joined to it are also “full”
) \ ] " : )
Last, you let it get big again. (If it's water now, FIRE STARTERS \\‘ \\\ l ,/' of nothing, and the car uses that nothing to pull on stuff.
| it will turn back to air.) Because of the air law, INSIDE \ iy e R Rkt - ~ N\
¥ this means it will get colder, just like making it '(I'h ) t ,: \ STOPPER BOX
D‘ smaller made it hotter. You use the cold air to maf:ﬁi;?g\gﬁ;s ?hat /,‘ | CSLEW -~ This box is joined to the wheels by carrier
cool things down. You keep doing this until it light the fire water. //, MPKE '/ lines full of stqpplng water. When you push
warms b_ack up, _then send it back and do the - ; . P ﬁ J the stopper with your foot, it pushes water
| - I|-p whole thing again. \ gl SMOKE J / down the lines. That water pushes the
: \ g CARRIER 5 /,/ stoppers against the wheels.
LINE FROM COOLER \ / This carries the § 4 Y £ 7 1 1 | t€E——__- -7
SLIDE FIXER IN SEAT AREA \ { air out of the POWER CHANGERS
S \ ! fire box after it's These sit on top of J STOPPING WATER
If you stop too hard, your wheels — TTTme=— g \ ! done burning. the fire starters. They _
can stop turning and start to ~ ! N take the kind of power p ﬁG The stoppers that press against the wheels
slide. Once wheels start sliding, \ ! \\ made by the power box wear away over time, which means you
they become less good at SLIDING WATER ! So—=T and turn it into a kind Hé have to push them farther to get them to
stopping the car. This water helps the parts \ ! of power that works e ,-— touch the wheels. To push the stoppers
When the computer feels that of the fire box spin without \ | better for starting tiny ; ﬂD / farther, the stopper box needs to push
one of the wheels has started tting stuck |fp run ! fires in the fire box. AIR l { more water down the line. This cup holds
sliding. this box lifts the stoppers 2ctNg StUck.IF you ru I . GATE ! water for it to use. If the water in here falls
9 PP out of it, your engine stops ! ] i i
away from the wheel enough that turning ,and cometimes the ! I | too low, it might mean your stoppers are
it grabs the ground and starts parts g‘et stuck together Bty o Q\ | almost worn away and you need new ones.
turning again. Then it presses and it can never turn again NN | e = / \
the stopper back down. It can _ ! . i \ 'l 5 5 5 5 - AIR COMING IN TO BURN \ ] FIRE BOX COMPUTER
do this many times each second.  This water gets dirty, so \ m WXE F\GG — ‘\\ This computer watches how the
This box makes cars much, much Es/grliwgg\r/r?etso change it g 574 \ fire box is working, and decides
better at stopping. \ ' b Al 2 | \ how much fire water to add to
\ : ] the air it sends in.
AN | | / The computer also decides at
\\ S ) ¢ exactly which point to turn on
A S~ol By AR l ‘ the fire starters as the fire box’s
Y — ! i ! I stick turns. If they turn on at the
SN ____t___________ T ‘ | , wrong time, it can make the fire
N ¥ = o == ’ ’ I ‘ ‘ | /, box stop pushing as hard, make
N Ed = U | | ! 1 loud noises, or break.
AY - >
\ o FIREBOX - _ | | Y
— \,
P . 2 . ‘P,’;- e 2 _JAIR WATCHER
S~ /! SaFT L7 % [ ] This watches how much air
\ I Fid ‘,’ ’ ’ :P (,%_ -- goes into the fire box so
\ ! ’ i KL 7 7 the computer knows how
- .
WINDOW WINDOW ] I, F i !-' Ir Al d much fire water to add.
CLEANING 1 ' ! ! ]
CLEANING A 1 1 i T
WATER N&
WATER HOLE : N
This holds the M. = COMPUTER LINES
If you run out of h N =
cleaning water W idizid .
ou can pour ! pours onto your i ® I \
Y np windows when I 1 POWER BOX \
more in here. i . '
you pull on the ! r“ | This box holds power to SHARED LINE
cleaning control. \ ﬂ R HIR HIR ] run different parts of the
. | l car. To start the fire box This power line joins one end
TURNING LIGHTS i J' Il | turning, you need a lot ' of the power box right to the
These tell other cars that i of power at once, so this metal of the car. All the other
ou're about to turn. A feul CLEANING I : power box is built to let parts that use power also touch
- ?‘lnoments before yOL.J turn WATER | \‘ <--Ja| out its power very fast. the metal of the car. That way,
/ you should pull the stick PUSHER \ _ . \ T~ You have to be careful, ?ﬁgﬁ;;ut?;t:;?uaiztgsg’ to
/ that makes the lights flash. ! y ax = |0 T because if you let the the power box.
/ \ i — S two lines from the .
| h 3 S
/ S%m%rigop e 'stliet?'t?d ave % —T = | JATER O FRE BOX . power box touch, they All the parts need to make
ahard time wi Is Idea. \ \ ~ i i sure they're touching each
AN | \ _ N will let out all their y g
“ v N POWER MAKER POWER o 7} power at once. This other through the body of
N g V= This thing uses the N is enough power to the car. If they don’t, power
A\__ FRONT LIGHTS h ’ = 2 \ N “ “~=---start a fire or turn could build up between
\ R \ a small piece of them, and that can make
™, \ metal to water. it start running the

~ These let you see the
wrong way through

S 4 & fire box’s spinning ~
N ’ \ <
S C R /4 \ ~<Y stick to make A@'
> [ \ Y power. That £3

= F%OEHEE BoxS—|[ fe—
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road when it’s dark. [ \
i/ 1 power is used to
i/ \ keep the power box \ a part, which can

CIRCLE LINE ] \ full. AIR CLEANER break things.

This line goes around the fire i A The fire box burns lots of

box’s turning stick, then goes ‘% ’/ i {7 [ \ N air very fast. If there’s

around a lot of other wheels in the CLEAE o \\ stuff in the air, it can hurt

car that power different machines— ,/' ! N the fire box. This box

like the thing that makes power for the /’ ! \ cleans air before it gets

power box. That way, the fire box can s ! R M” \ sent to the area where

turn them all while it’s also turning the //’ ! : POVER Tor PRt | fire water is burned.

ground wheels. g ! MWW T g WHEEL BOX

Sometimes this breaks. When that THING THAT PUSHES AIR %wm The stick from the fire box goes into a huge box full of wheels, and that box

happens, your fire box can only turn INTO A SMALL SPACE = === turns the ground wheels. It’s there so the fire box can turn at the same

the ground \_Nheels’. Your car can keep - A STARTER AIR COOLERS H /" WHICH COOLER IS WHICH? /.-~ number of times each second no matter how fast or slow the car is HITTER

driving, but |t’|\fvon|t be ablle to cool quls is what rrkwakes thle C,?-Id alrh Once the stick in the fire box starts turning, it keeps itself These things cool down hot stuff by -’ There are two coolers here. The one in back cools the fire going. The wheel box is as big as the fire box and has lots of parts If the car runs into

down, so you'll only be able to drive owers work. It cools things the trning with its own power, but it needs this spinner to letting air blow over them. The air box, and the one in front cools the cooling water for the inside, but most of it is hidden under the other parts here. - something, this

people in the car. (The people-cooler is in front because I/’ part hits it first.

for a few minutes before the car gets same way your home ice boX  start it turning. This is powered by the power box. If your comes in from holes in the front of
power box is empty, this spinner can’t  the car as it moves, but there are also you need colder air to cool people. A fire box is so hot

spin, which is why your car won’t start.  blowers that pull air through the coolers that warm and cold person-air are almost
even if you’re not moving very fast. the same to it.)

does (look at the top of the

too hot and turns itself off.
page to learn more about this).
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SKY BOAT WITH TURNING WINGS

Normal sky boats have to go fast so the air
hits their wings hard enough to hold them
up. If they fly too slow, they fall. (Sometimes
falling makes them go fast enough to fix it!)

This boat works just like those sky boats, but
it uses a cool idea: Instead of the whole boat
going fast, only its wings go fast. The rest
of the boat can go as slowly as it wants—or
even stop and sit in one place in the sky.

If a normal sky boat had wings that went
faster than its body, the wings would fly
away, but this boat’s wings go in a circle.
That keeps them near enough to hold on to
while still going around fast enough to fly.

TURNING WINGS
These are a lot like

the wings on normal
sky boats, but they ‘\\
go around instead of Y
forward.

POINTING WINGS

These wings keep the \

\
\
\
\
\
\

POWER SPINNER

This is a fire water machine
that works like a sky boat
pusher, but this kind of boat
uses all the spinner’s power
for turning the stick holding
the turning wings. Hot air
comes out, like in a sky boat
pusher, but it doesn’t push

SPIN CHANGER

- BOAT HANGER

To work best, the power spinner needs to turn very
fast, but the wings can’t go around that fast. The
spin changer uses wheels with teeth to make the
wings turn more slowly than the power spinner.

If the boat didn’t have this box, the wings would
turn the same number of times each second as the
power spinner, and the ends of the wings would

go a lot faster than sound. That would make them

The boat hangs under the wings, and
this piece of metal holds them together.

_WING CONTROLLER

2

This is a machine for making small changes
to how the wings are turned as they swing
around, which changes how they push

on the air. (It’s a little confusing—you can

boat pointed straight. \\ on anything. \ stop working, and probably break off.
(The pusher next to it \ \, \
helps with that, too.) ‘* \\ |

read more about how it works below.)

N COOL AIR =~

\ HOT AIR GOING OUT -~~~
\\‘ (but not helping to push) P

L=
/ i
/
TURNING STICK

This stick turns the end pusher.

END BLOWER This line feels radi
When the boat’s wings turn, it pushes the s line feels radio waves.
boat in the other direction. This end blower Hﬁgg&géﬂh%ﬁz
ushes back, keeping the boat from spinning.
o] ping o] ¢] 3 If OF

“~~._ COMINGIN O

CONTROL LINES

These use water to push the wing
clontrols arolund (see below).

4

.. BOTTOM
WINDOW

When your boat

In a few countries, sky boat

can land straight
down, it helps to
be able to look
down.

X
~-LAND FEET

Some sky boats use these instead of
wheels, since they often land in places
like grass or dirt where wheels get stuck.

wings turn right. Most turn left.

HOW THESE
SKY BOATS GO

T LD BerAE
T OF THEEPRTHS SPIN.
< ¢/ powrew
Pt
*ll - %

A sky boat’s wings can turn so that they’re
going straight into the wind, or so that the

BENDING WINGS

Sometimes, sky boat

wind is pushing them up. If they turn straight
into the wind, they don't lift the sky boat.

To go forward, a sky boat controls its wings

wings bend down
while they’re sitting on
the ground. This might

so the one in the front goes straight into the
wind, and the one in the back turns so it gets
pushed up.

This makes the the sky boat lean forward. Before, the wings were just
pulling it up, but after it leans forward a little, they pull it a little forward,
too. The more it leans, the faster it goes forward. If it leans too far, the
wings will only pull it forward—not up. This causes bad problems.

The answer is that some people who
were very good at machines figured out
how to make a machine that turns the
wings up and down as they go around.

WAIT, HOW DOES THAT WORK?
You might wonder how a sky boat can
turn its front wing and not its back wing,
since the wings keep changing places.

g

<, - Turning
*Not turning

Lifting a lot

Not lifting

Rifgs =23
Sticks--"

The edge of each wing has a stick on it, and these sticks run to a ring. This
ring spins with the wings and turning stick, and sits on top of another ring
that doesn’t spin.

To go forward, the driver uses a control to turn the bottom ring, which 2
turns the spinning top ring, too, so it’s higher on one side. When a wing is
on that side, its stick pushes its back edge up, so it goes straight into the

look like it would cause
some problems, but
it's normal! Wings that
bend a little can be
easier to control, and
when they’re swinging
around, the force of
the swing stretches
them out straight.

—
-
-
~

WHAT IF EVERYTHING BREAKS?

If a normal sky boat stops working, it can keep going, slowly moving
down from slowing down too much. It turns out that even when it’s not
flying forward, a turning-wing sky boat can do the same thing!

Even though they’re thin, turning
wings can slow a falling boat
almost as much as a big sheet.

When the engine stops, it lets go of the turning
stick so the wings can spin. If the wings are turned
in the right direction, the air going through them
will make them spin faster, and the air rushing
past pushes up on them, slowing the fall.

It may seem strange that turning the wings could;

wind and doesn’t lift at all. When it goes around to the other side, its back
edge gets pulled down, making it lift a lot.

A sky boat with turning wings needs

help push up on the boat when there’s no power ==
turning them. But you may have seen this kind < &=+
of free-turning lift happen without knowing it, TEm—
because trees use it.

more air to push against than a

HOW HIGH CAN
A SKY BOAT GO?

=

Normal__,A
sky boat

normal sky boat. Up high, where
normal sky boats fly, the air is thin
because it’s closer to space. Very
few turning-wing sky boats can fly to
the tops of the tallest mountains, but
normal sky boats can fly over them
with no problems.

———— Turning-wing sky boat

But a turning-wing sky
boat can still go farther
above the sea than most
under-water boats can go
below it.

]
Boat that goes
under the sea

Trees make babies by dropping tiny wooden tree

eggs on the ground. To help the trees spread farther, some trees
put small leaf wings on their eggs to slow their fall so the wind can
blow them. The wings aren’t very big, so they aren’t able to slow

the eggs much—but they turn. That lets them fall very slowly and

blow very far.

So don’t worry if your sky boat turns off. It can still fly, just like a
tiny spinning leaf, carrying you to the ground alive and safe.




THE US’S LAWS OF THE LAND

This country was started when a group of
people who were part of another country
decided to break away and start their own

People used

to take other
people from
far-away
countries,

bring them
across the

sea, and force «=»
them to work s
for their whole |
lives without 3
getting paid. H
There was a X
part of the 1
law here that !
said that when *
you’re count-

ing people,

you should

only count a
forced worker

as part of a
person. A while
after this was
written, we
fought a war
over whether
people should
be allowed

to own other
people like

that. The side
that said “yes”
lost, and we
crossed this

L part out.

t

This part also

r had some laws
and selling ~=~*
people that we
changed after
the war.

You may
notice that ===
this doesn’t
actually say
whether the
Second Leader
becomes the
First Leader or
not. This made
things confus-
ing later on.

how many
changes peo-
ple make to «=
this system, it
will probably
never quite
work right.

i
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i
i
i
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BEFORE WE START

Hi; we'’re the people in these little countries called “states,”
and we want to get together into a country. We want to make
everything nice and quiet, keep anyone from hurting us, and
make sure our kids will be free. That’'s why we’re making a
country. Here are its laws:

BOOK ONE: The Law Makers

Part One: Laws are made by a group called Law Makers. There
are two rooms of Law Makers: the House and the Serious
Room.

Part Two: The people pick Law Makers to send to the House
for two years at a time. Bigger states get to have more
people in the House. Oh, and the country needs to count its
people sometimes so it can figure out how many chairs the
room needs.

Part Three: Every state sends two Law Makers to the Serious
Room for six years at a time. They can’t be too young.

Part Four: States make the laws about where and how peo-
ple get together to pick leaders and decide what the country
should do.

Part Five: When the Law Makers get together, they should
write down what they talk about.

Part Six: Law Makers get paid. They can’t get in trouble for
what they say at work, but they also can’t do any other job for
the country while they’re Law Makers.

Part Seven: If the Law Makers have an idea for a new law, and
more than half the people in both rooms say they like it, they
send the idea to the country’s leader to be made into a law. If
the leader doesn’t like the idea, the Law Makers can still make
it a law, but it takes more of them.

Part Eight: Law Makers are allowed to take money from peo-
ple, but only sometimes, and they can’t just take it all from one
person or anything like that. They’re allowed to use the money
to build certain kinds of things, like letter boxes and boats with
guns on them. They can get people in trouble for a few things,
like stealing boats (even if they do it far away) or making pre-
tend money and telling people it’s real.

about buying .- Part After Eight: There are lots of things the Law Makers aren’t

allowed to do. They can’t make up laws to lock someone up
for something they already did, or give some people special
names that mean they’re more important to the country than
others.

Part Ten: There are some things the country can do that the
states can’t, like creating money or starting wars. The states
also can’t take money from other states or put guns on boats.

BOOK TWO: The leaders

Part One: Every four years, the people in the country pick who
should lead them. They pick a First Leader, who is the head of
the country, and a Second Leader, who isn’t. If the First Leader

- leaves or gets fired, the Second Leader takes over the work the

First Leader was doing. The states get to choose the leaders

-# by a point system where each state gets one point for each

Law Maker it has.

Part Two: The leader controls the people who fight for the
country. The leader can also can talk to the leaders of other
countries and get anyone out of trouble.

Part Three: Now and then, the First Leader should let the Law
Makers know how everything is going, and suggest some ideas.
Part Four: The Law Makers can fire the First Leader, but only
for doing something really bad, like becoming leader of an-
other country at the same time and having them attack us, or
stealing the country’s money and going to live on a boat.

BOOK THREE: The law deciders

Part One: There’s a group of people called the Top Law De-
ciders. They help decide whether laws have been broken. The
country can set up other groups of law deciders, too, but
they’re not as important as the Top Law Deciders.

Part Two: The Top Law Deciders only decide certain kinds of
law fights, like if the leaders of another country send some-
one here and they get in a fight, or when someone has a law
fight with a state. The rest of the time, they can only step into
certain law fights, and only when another decider has decided
something and the people in the law fight don’t agree.

Part Three: “Turning against the country” can only mean a few
very clear things: fighting us, joining a group that’s fighting us,
or helping a group that’s fighting us. To prove someone has
turned against the country, two people need to say they saw it,
or the person has to have admitted it in a deciding room. Law
Makers can make turning against the country against the law,
but they can’t use it as a reason to do whatever they want to
someone. (This had been a problem in some other countries.)

BOOK FOUR: The states

Part One: There are states, and they have to get along. When
the law deciders in one state decide something, the law de-
ciders in other states don’t have to make that choice the same
way, but they can’t make it so the other choice doesn’t count.
That means that if someone gets in trouble in a state, they
can’t go to another state and get a law decider to tell them
they’re not really in trouble after all.

country. They wrote down a small set of laws
to be the ground that the new country—and
its many future laws—would be built on.

new ways.

Part Two: You have the same rights no matter what state
you’re from. Also, if you get in trouble in one state and run
away to another, the other state has to send you back to the
first one.

Part Three: The country can add new states. The country can
also own areas of land inside states (to be used for things the
country needs) just like people do.

Part Four: The country promises that every state will be run
by its people, and that if someone attacks—or if they have a
problem and ask for help—the whole country will come and
fight for them.

BOOK FIVE: Making changes

People can change these laws, but most of the Law Makers
and most of the states have to agree on the change. It can’t
just be a little more than half—it has to be most of them. If the
states want to make a change without the Law Makers, the

states can also hold a big law party where each state comes-a

and shares their ideas for changes, and then they decide which
ones they like.

BOOK SIX: Everyone, listen up

These laws are important and everyone has to follow them.
Also, if the country agrees on something with another country,
that’s important, too. Other laws are important, but less so.
Anyone working for the country has to promise that they’re
on our side (but they never have to say anything about God).

BOOK SEVEN: Does this all count yet?

This country only becomes real if more than eight states join.

TEN CHANGES: <------------zs=aoommmoooee ‘

Change One: The country can’t make laws about God. It also
can’t make laws about what people talk about, who they hang
out with, or what they write about, and can’t stop them from
telling the leaders if they’re angry about something, as long as
they’re not starting fights.

Change Two: Since having well-trained normal people with -

guns is important for keeping the country safe, no stopping
people from having guns.

Change Three: Just because someone’s fighting for the
country doesn’t mean you have to let them stay in your house.
Change Four: The police can’t go through your stuff without a
good reason and a special pass from a law decider.

Change Five: The police can’t do stuff to you just because they
want to; they need to make it clear what you did wrong. They
can never make you admit you broke a law.

Change Six: If you get in trouble, you can have a chance
to fight about it in front of a group of normal people in a
deciding room, and you can always have someone who knows
about laws to help you if you want. If someone says you did
something bad, you get to talk to them face-to-face.

Change Seven: You can have your law fight in front of a group
of normal people even if you’re not in trouble.

Change Eight: Police can’t be mean for fun, even to bad
people.

Change After Eight: People can do stuff not talked about here.
Change Ten: The country can only do the things these laws let
it do. The states can do whatever. s--======emmmemememeeeea

MORE CHANGES: <-----+--s--mnamememnneeee :

Change: People can’'t have law fights with other states—only
their own.

Change: We changed the laws for how we pick leaders, <--=--- 4

Change: We just had a big war with some states over whether
it’s okay to buy humans and force them to work. The side that
said “no” won. No more buying humans or forcing them to
work.

Change: Also, now that the war is over, we’re adding a number
of laws about what states can and can’t do to people.
Change: Oh, and people of any skin color can help pick leaders
and decide what the country will do.

Change: The country can take some of your pay to get money
for things we need.

Change: People, not a state’s leaders, pick the Law Makers who
will sit in the Serious Room.

Change: Let’s get rid of beer and wine.

Change: People of any sex can help pick leaders and decide
what the country will do.

Change: We moved up some of the days when new leaders take
over for the old ones, because we have cars now and don’t
need to allow a few months for people to travel.

Change: Never mind about getting rid of beer and wine.
Change: You can’t be the First Leader forever.

Change: People in the special town where the leaders and Law
Makers live can help pick leaders and decide what the country
will do, just like if they lived in a normal state.

Change: No making people pay to help decide things.

Change: We made it clearer what happens when a leader diest

or leaves.
Change: Younger people can help pick leaders now.
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More than two hundred years later, those
laws, with some changes, are still being fol-
lowed, learned about, and understood in

The states
have never
tried making a
change using
the “law party”
idea, and no
one is really
sure how it
would work if
they did.

We made
these changes
right at the
start, because
some people
said they
wouldn’t agree
to join unless
we added this
stuff.

The way this

is worded has
been confusing
to people over
the years. Mak-
ing things even
worse, when

it was written
down for the
different states
and Law Mak-
ers to agree to,
not all of them
saw it with the
same marks
between the
words.

Later, we got
a little clearer
about what
states can and
can’t do.

These are
changes we
made over the
next two hun-
dred years.

We made

this change
because it
started feeling
strange that
the people
picked new
leaders, yet
the old ones
stayed in their
Jjob for many
months.

. although
it’s somehow
still not com-
pletely clear,
even though
we’ve tried to
get it right like
three or four
times.

Some of the
states agreed
to this change,
but then it
got forgotten.
Later, we
found it and
other states
decided to
pass it.

The pay thing
it fixes hasn’t
really been a

Change: If Law Makers decide to change how much they're paid, <€ * ;50 pur it

they don’t get the new pay until after the people in their state
have had a chance to decide whether to fire them and pick
someone else.

A _\

seems like an
okay enough
idea, so why

not!
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THE US’S LAWS OF THE LAND

(A boat)

This boat is sometimes also called “Old
Metal Sides” because someone once tried
to make a hole in the side but couldn’t.

This boat was built to fight in wars more
than two hundred years before this book
was written. Even though it’s old, it’s still
part of the country’s fighting forces. That
means that if someone were attacking
the country with boats, and the country’s
leader said, “Send all our boats to that boat
fight,” this one would have to go, too.

Of course, that’s not really going to happen,
since this boat is over two hundred years
old and would not help very much in a fight.
Instead, the country keeps it around so they
can let people visit it, help people think
about the past, and teach everyone how old
boats worked.

Note: There are lots of special words for
things on boats. If you call this thing a
“boat,” people who know a lot about boats
might get mad at you.

When the boat was first built, they put up a
message like this around the city:

Does anyone want to help their country? Our leader told
us to take this boat, which has lots of guns, and get it
ready to drive around on the sea as soon as we can.

We set up a place near the bird sign on Front Street and
need almost two hundred people to come help their
country for a year. We’'ll pay ten (or more, if you're good)
every month, with two months of pay ahead of time if you
want. No sick people.

This is a great chance for people around here to fight
for our country and get even with anyone who hurts us.
Come to the place we talked about. We’ll be nice to you!

Signed, the leader of the boat.

Oh, also: Someone from the fighting forces will be there
looking for fighters and music players. Tall people only.

WIND POWER

This boat was made before anyone had engines. It uses
wind to pull it around. It has three big wooden sticks—
sort of like trees—with lots of sheets hanging from them.
The wind pulls on the sheets, which pulls the boat.

If you want to go faster, you can put up more sheets.

But if the wind is very strong, you can’t put up too many
sheets or the trees will break.
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BOAT RIDERS

This is how many
people usually rode
around on the boat

MIDDLE STICK  back when it was new.

1

BIRD HOUSE <

T
| LESS IMPORTANT %Kgxﬁm AN
This is a place where people stand to | LEADERS -------"~ A o oo
This = 2 place where people stand to ! N 7 RRRRRRRRRRRRERR TR AR RRR TR
house because it’s like being up high in - 4 ,A
a tree. Climbing up here helps you see FRONT STICK LEADERS A FIGHTERS -~
farther around the edge of the Earth. \\\ OF THE ---
“““““ > FIGHTERS
oo
ey
BACK STICK = LINES
AN e If you’re up high and you
SNeeo o M 0N T~ AR N want to get down to the
z — S floor of the boat, you can
= - slide down these lines.
This is the second fastest
-BOAT LAWS N = way to get down.
SIGN N\ When someone broke the
This colorful sign ! laws of the boat, they had WIND SHEETS
tells other boats . to stand here in front of !
' ,
what country this | “everyone while Fhe leaders I
boat is from.y '= hit'them many-times. // POINT
' ! ,/ This helps to
v | A hold more
e ! wind sheets.
! i ! TREE HOUSES<=s == \
\ | z T ! = People stood here; =3 : RN
uJIEEI\IElI,:lG shot at other boats, WIND SHEETS s
1 and tried not to get ™Y (rolled up)\ N
! shot or fall off. \ ‘v
p a Fal =3 N
I —_— — = L N\
= 95715 5 = = I- > = - o vo Gawy
YELLING FFLOOR~ ISMALL GUN —_ -3l [N = SIS = oy
SPOT '.' The floors were kept This is for PULLER REST.ROOM
Leaders [starld 1 overy flat and white by :shooting people This machine The'rest room is over
here while they | people who had to ru |from other boats helps pull things here. It’s not'a room;
tell people | them with rocks all'the |who try to visit. that are too  * it’s just a board with
what to do i\ time. This cleaned the \ { BIG GUNS heavy for people. a hole in it. Under the
\ ' floors and'made them \ ! / hole is the sea.
look nice, but also'worell |i ! These are for /’ 0 \
them out. ¥ making holes in / 1
‘ otherboats. ¥ —
O] = : = PRETTY PART
©|| @ fal B @ Bl [ [ = (o] ~~- The wood here is cut into a nice
P = shape on most boats, just for fun.
7 mH‘rr1=r1-'r1—m-r|| £ [ j wgm s
LEADER’S pim 7] [ JE | x. l sy = STOPPER
ROOM H a — — Y ==X 0@ If the people want the boat to
The leader = | \ A e 2 Sl ad o Y4 stay where it is, they drop this
goes here to 1 i k & ; { ~~ DOCTOR heavy, pointy metal thing into the
relst, mak(;:* 1 H -“ ”: T \‘ ‘\ v . \\\ ROOM ¥hater:10tn ;ckclje egndo%féloggt!ni%
plans, an 1 | \ O\ S e metal drags e botto
bealone. | NICE DINNER ! net e 3\ KITCHEN "= THE HOLD and keeps the boat from moving
' i} ROOM FOR i (FULL OF STUFF)
ROOM i BED ROOMS i\ too far away. If they want to move
TURNING WING 11 HANGING OUT N i . ‘
Only leaders I People sleptin |~ BIG GUNS again, they can pull in the line to
This pushes onthe |4 eat here /’ \ hanging beds ! X bring the boat over the stopper—
water to turn the Y de of i |\ The boat's guns were each so they’re pulling up on the line—
boat. / % made orfines. | heavier than a car, and shot and the stopper will come free.
! BLOOD ROOM \  metal balls that were almost as
4 BLOW-UP This is where they took people \\ big as a person’s head.
/ ROOM who got hurt during shooting. R
! This is where they S~ OUTSIDE
\

kept the stuff that
burns in guns to
make them shoot.

DEAD PEOPLE

When people who lived on the boat
died, the other people would puta -

This part keeps the water out.
It’s made of wood from dead
trees. The kind of tree they

NOT REAL
(But people like

to draw them.) They were very h \ used is called a Live Tree.
el mek s ek shetetI arc:juzd thfl':h an_d ihmecetof \
fire in here. metal and drop them in the water. \
\
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FOOD-HEATING RADIO BOX

These boxes use radio waves to heat food.
Radio waves push on the tiny pieces water
is made of and make them go faster. When
tiny pieces in something move faster, that
thing gets hotter. If you send enough radio
waves through water, the water heats up.

Food-heating radio boxes can heat up cold
food you saved, and let you buy food that’s
full of ice, keep it for a long time, and then
heat it and get rid of the ice. These boxes
made it much easier for people to eat with-
out spending a long time making their food.

You can also use a radio box to take fresh
food (like fish) and heat it up and turn it into
different kinds of food, just like you do with
the other heating boxes in your kitchen. But
it can be hard to use for that, so be careful,
especially with food made from animals.
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<-4--Time teller
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RADIO

These radio boxes use exactly the same size of wave as the computer “hot spots”
in your house. Different kinds of radio machines use different sizes of waves, but
these two use the same size. There’s a reason for that.

At the same time food-heating radio boxes started being used a lot, people were
building more and more radios to send messages. Countries decided to leave
the wave size used by radio boxes (about hand-sized) open for anyone to use,
since radio boxes everywhere were already using it. When people started making
computer radios, they used that size, since it was one of the few sizes of wave
that anyone was allowed to use at home.

Now, the whole world sends messages from their computers using the food-
heating radio box wave size. It works fine—the only problem is that if there’s
a hole in your radio box, it can make the movie on your computer stop for a Sl
moment while you make food.

Controls you
actually use

EREl
A

o

§
R
§
B

Lots of other
controls they
<}---] _ always add
even though
no one ever
wants them

é

WHY IS THERE ICE IN HOT FOOD?
Radio boxes are good at heating water but bad at \

heating ice. They can heat ice, but it takes a long time.

Numbers
When you put iced food in a radio box, after a while,
WATER parts of it start to turn to water. But since radio boxes
are really good at heating water, those parts start to
HOT get hot really fast. They can even get so hot they start
WATER turning to air—before all the ice is even gone!
To get around this problem, you can run the radio box - Starter

on low power, which will heat the food with lots of —
pauses in between. That gives time for the hot parts to
spread out, and no one spot will get too warm.

--Door opener

1]
. HOT WATER
TURNING TO AIR

RADIO WAVE STOPPER SPINNER RADIO DOOR WATCHER RADlo WAYE MAKER :
This stuff, which you see if you look inside This spinner waves a metal stick ~HALLWAY This turns off the power ' his makes radio waves by letting
the door, stops radio waves from getting to change the shape of the radio  Thjs hallway to the radio wave maker ~ Power fly around through the spaces

out. They can’t really hurt you—other than by
slowly warming you up—but they could hurt
other radios or make little flashes of light.

waves so the warm spots, which
are places where the waves are _waves into the ~ box doesn’t start to warm
strong, move around a little. /foodbox. T youif you open it early.

2 4 Y [

—_—

inside it. This builds up a radio wave
of a certain size, like how an empty
bottle plays a certain note if you
blow over the hole at the top.

carries the radio  if the door opens so the

BLOWER

RADIO WAVES
The shapes they
make are why
food gets hot

and cold spots.

O

REAL SIZE
This is about
how big food
box radio
waves are.

FOOD PLATE

~ This keeps

radio waves.

1
1
1
!
/
/
/
-
/' the radio
47 wave maker
-« cool.
POWER
CHANGER
~" This turns the
/ power from
./ the wall into a
/| kind of power
- / that’s better
vl for making

= ~ 5 POWER
7 ] HOLDER

y' -~ This helps
the power
changer work.
It holds a lot
of power and
can hurt you if
you take apart
a radio box.

>0

FIRE
- WATCHER

/" This cuts the
________ - power line if it

gets too hot.




SHAPE CHECKER

This machine checks whether you have a What’s interesting about these machines By checking whether someone has a piece
piece of metal with a certain shape. If you isn’t really the machine itself. There are of metal that’s the right shape, this machine
do, it lets go of whatever it’s holding on to. lots of different kinds that work in different is really a way to try to tell whether peo-
People put these machines on boxes, doors,  ways, but they’re all the same in one way: ple are who they say they are. It’s an idea—
and cars to try to control who can open or  They try to put people into groups. about which people should be allowed to

use them. do something—brought to life in metal.
HOW IT OPENS
BROKEN STICKS
These sticks sit in holes, with one To open the
end in a hole on the inside of the machine, you
box and one end in a hole in push a piece
BAR

of metal into
the hole. As

it goes in, the
sides of that
metal push the
sticks out of the
way. Because
of the shape

of the metal,
some sticks get

the turner.
This bar holds two things

together. It turns around onto
itself, which makes the whole ==
thing sort of like a strange-
shaped circle.

The bar goes through two
other circles. To move one
of those circles away from
the other, you need to move

Each stick is broken
somewhere along its
body, and every lock has

sticks that are broken
in different places. To
open the machine, you
need to know where
each stick is broken.

TOOTH

This piece of metal sticks into
the hole at the end of the bar, and
keeps it from lifting up. To lift the
bar, you have to pull this tooth out of
the hole in the bar, but it’s all hidden
inside the strong box. The only easy

th dth dof th way to pull on it is by moving the The strangely shaped pushed farther

baemBa;OauZ‘rcleedir;sn?t haee turner with a piece of metal sticking piece of metal that than others.
r-Butact v out through a hole in the box. opens the machine

an end, so you need to make holds that information, If your metal has the

the circle into a line—which i i 'y

h ) . TOOTH PUSHER and is a way of showing right shape, each

is what the machine decides the machine that you're g 1ape,

whether to let you do. This pushes the tooth into stick will be pushed

the hole, so you can’t get it
out by shaking the machine.

allow?d to openit. just far enough that

the break in the
middle of it lines up

\
\
\
1
1
\
1
1
1
1
1
1
1
T
L
!
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STRONG BOX [ | with the edge of the
This metal box [t o | turner. That lets you
stops you from = Il move the turner using
toughiﬁg or \W ‘d'\‘t"' l‘ll‘J' ‘ STICK the piece of metal.
seeing the inside st - iy 1- PUSHERS
of the machine. These pushers
It’s very strong, = keep the end
to make it hard of the broken
for people to sticks pushed
open it up. into the turner. By moving the
| turner, you pull
BAR PUSHER G the tooth out
This pushes the -~ of the hole in
bar up once you N\ TURNER _ the bar. Then
pull the teeth out. \ If you turn this you can lift the
\ piece of metal, bhar and mox;e
\ it can pull the the two circles
TURNER “\ tooth out of away from
HOLE \ the bar, but . each other.
To move the ‘\ because the
turner, you stick o sticks are stuck =
a piece of metal “~» in it, you can’'t —=
in here. If it’s turn it without
the right shape, using a piece
the turner will of metal with a
turn, which will _.--| “special shape.
pull the tooth -7
out of the bar. Al | 9§
. . /
\\\\ ‘,/’
OTHER CHECKING MACHINES LYING TO THE CHECKER  While turning it, you reach in As long as you keep trying to
There are many other kinds of machines for checking You can make a machine like with a second piece of metal, move the turner, the stick will
whether someone has something (like a piece of metal this open even if you don’t and use the end to push onthe  stay stuck.When you get each
or special information) and only opening if they do. have the right shape. Here’s broken sticks one at a time. If of the sticks stuck against the
one way to do that: you lift a stick while using your turner, therg will bg nqthmg
OTHER SHAPE CHECKERS ' ) other hand to turn the turner, left to stop it, and it will turn
Some kinds of machines need You start by pushing a thin the broken spot can get and pull out the tooth.

piece of metal into the hole

different kinds of metal shapes. .
and gently turning.

This kind uses a circle shape, but
the idea of how it works is about
the same as the one shown above.

caught on the turner’s edge.

NUMBER CHECKERS

Other machines check numbers
instead of shapes. If you know the
right numbers, you can make the
machine open.

==

These usually work using metal
wheels that turn. When the wheels
are all lined up in the right way, the In some places, carrying these pieces of metal can get you in
bar opens, but you have to know trouble even if you don’t open anything with them.

which way to line the wheels up. That’s sort of a strange law, since there’s nothing wrong with
One problem a lot of these using metal to turn a piece in a machine. Lots of people use
machines have is that by turning these to learn how shape checker machines work.

them and listening and feeling But carrying these pieces of metal can make people worried
very carefully, you can for the same reason the machines are interesting—because
sometimes figure out how the  they’re not really machines. They’re a way of telling people
wheels fit together. what you want to let them do. And that means these pieces
. And even if you can’t, you can  Of metal are also seen as messages—the idea that you don’t

And, of course, if you really need to
open one of these machines, there
are simpler ways to do it.

always just try all the numbers. care what other people want.

If you're willing to wait, you So it makes sense that people worry about them, even if you

can open most simple number  just want to learn about cool shape checkers.
checkers that way in a

few hours.




LIFTING ROOM

A lifting room is a box that carries people
up and down in a building.

Today’s cities wouldn’t make sense without
lifting rooms. If we had tall buildings with-
out them, everyone would want to stay on
their own floor, because going up or down
would take a lot more work than going the

LIFTER --ooooemee |

same distance to the side. Tall buildings
might have to join up with each other, and
people would mostly move between them
while staying on their own floors.

Most lifting rooms go straight up and down.
A few go to the side while going up and
down, to take people to the top of a hill.

LINE STOPPER

There are also lifting rooms that on/y move
side to side; those are called trains.

Lifting rooms are safe; there’s almost no
way they can fall. There are a lot of different
parts that help lift them, and each part is
made to stop the room—instead of letting it
go—if something goes wrong.

There are controls on

hard and stop the

These lifters usually Tt This thing listens to the different parts POWER
sit in a machine room of the machines, sometimes with the P FROM
above the top floor the help of a computer, and grabs the e BUILDING
lifting room can visit. line if anything goes wrong. ‘\_.» / Lifting rooms
Thgy use power to turn The line stopper v’ uke aglot of
a big wheel that pulls also grabs the line but th
a line running between i) power, but the
\ €] e Mk ! l when the room A __gb_ lights and air
the room and a weight. \\ stoEs at a f-ltogr to \ 3 1 systems in the
_______ > N ‘T make syre It coesn | building use
WEIGHT------==-—__ i move while people even more.
This weight makes it T~ get on and off. It's ~~l_ LINE
easier for the puller to b \ made so it will keep HOLDER
lift the room. It hangs \\ holding on if the
down on the other AN \ power goes out. 0 TALL HALLWAY
end of the line holding AN 4 The lifting room sits
mg :iﬁlf:rv ;?t\;\vgigp L FALL FEELER inside a long hallway
lifts the room, it’s also N This wheel is joined -+ that goes up and
) s N h ; K down instead of to
lowering the weight. \ H\_ t? the room Sbb b the side. It can be
\ = stopping grabbers by :
‘\‘ a line. As the room longer than any of
PULLING LINES | RY moves up and down, the normal nallways
Lifting rooms are held \ the wheel turns. ;:éstepeuolplg?],evg:
and lifted by a big '|I If the room starts s see it.
group of metal lines. | going down fast, the
Theredarfe usgall){ o ] wheel starts spinning
around four to eig — fast, and the little
of them,lbut ithcan Ee ': arms in the middle of
more or less than that. 1 the wheel swing out
These lines are very + and catch onto the PQWER .LINE
strong. Usually, even teeth around them. This line brings
just one of them This makes the wheel power for thg lights
would be enough to stop turning, which X and controls in
hold the whole room makes the room e L --"| thelifting room.
on its own, but we use suddenly pull on T It sometimes runs
more just to be safe. the line—setting off to the top of the
the room’s stopping hallway, where the
METAL grabbers. 1 pulling machines
—————————— are, or sometimes
STICK . t;j to the side of the
wall part of the way
LIFTINC? GRABBERS up the hallway.
ROOM =, If the fall feeler L.
\ pulls on the line, N
PRETEND ! these grab the \
CONTROLS I} metal stick really DOORS
1
1
\

-

the inside of a lifting
room that you use N
to tell it where you
want to go. Some of
these controls, like the
one marked “DOOR
CLOSE,” don’t always
seem to do anything.

Some people say that
those controls don’t
even go anywhere,
because the lifting
room’s computer
knows when to open
and close the door
better than you do.

This is half true. On
some new lifting

room from moving.

These doors line up

)

WEIGHT LINE --~

This line is used in the J~{--3»
lifting rooms in tall
buildings to help keep
the weight on the
puller even.

When a room is all
the way at the top
or bottom, the lines
holding it add to the

If you face the back
wall instead of the
door, people will

P think you’re strange.

with the doors on
the room. When the
lifting room stops,
both doors open
together.

1

1

/

|
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EMPTY ROOM

Lifting rooms are
usually empty.
People don’t put
chairs or tables in
them except to
move those things
to other floors. If
you tried to use one
of these rooms as

an office, someone

would probably yell

rooms, the DOOR weight on one side.

CLOSE control [\ 1 When that happens,

might not normally most of the weight

do anything. This is = of this line hangs on

different in different the other side, which

buildings; it’s up to keeps things even. \}
the person who owns \J
the building to decide

whether to make these - --CATCHER ----__ d

controls work. /] If a lifting room B

But the DOOR OPEN / does fall, these

control /s always ! catchers hit a metal

joined to the lifting T plate on the bottom

room’s systems, in ! of the room ar_1d

case fire fighters need ! make the landing a

to take full control of ! little softer.

the lifters—by putting / ,

a special key into the 4 There; a .

control place—to use L <---" ?eca? Ca_chfl’ -

them while fighting o or the weight.

a fire.




BOAT THAT GOES UNDER THE SEA

We've always had boats that go under the At first, we used those boats to shoot at Later, we found a new use for these boats:
sea, but in the last few hundred years, we’ve  other boats, make holes in them, or stick keeping our city-burning machines hidden,
learned to make ones that come back up. things to them that blew up. safe, and ready to use if there’s a war.

WORLD-ENDING BOAT

: _ _ _ BREATHING STICK MIRROR LOOKERS

The boat shown here carries up to two dozen city-burning war machines. ¢ brings fresh air into the boat, but the boat When the boat is hiding under the sea,
People have added up the power used during the Second World War—all  can also make its own air by breaking water into it can come near the surface and use
the machines that blew up, all the guns that fired, and all the cities that the parts it’'s made of. This takes a lot of power, these sticks with mirrors in them to let
burned. It’s a lot of fire power. Each of these boats carries several times but the boat is powered by heavy metal, so it the D$Op|e inside see out of the water.
that much. has enough power to do whatever it wants.\\ "l SOUND LOOKERS
SPECIAL SEA WORDS HEAVY METAL POWER MACHINE T bightcant do fer under
Most of the time, if you call These boats are powered by heavy metal, just like SLEEPING ROOMS \\I | with s]ound The boat makes

a really big boat a “boat,” some power buildings. This means they can stay The normal people on the [ L .

- . . ; . . i\ sound, which hits things and
people who know a lot hidden for a long time without running out of power. ,- boat sleep on either side of [ comes back. By listening
about boats will get mad ; ; {  the city-burning machines. 1 ) K

Any time heavy metal is used for power, people worry | 1 1 carefully, the people in the
at you. But boats that go about something going wrong. Of course, given what | Offices Room for [ Y boat can tell what's around
under the sea are really these boats are built for, people worry even more y Doors for ) \ making [ them without seeing—just
called “boats. about the idea of one of them working right. \ rcr:tayc_l?iLrjwter;mg Kltch‘en N\ choi'ces y like those skin birds that
! Machines Dock for \\ T Room for & . \\\ catch flies in the dark. \
Machines that \ ; e V2 planning AN NN D f AN

Pusher Door for\ ~ formaking " people WA S N oor for .

, Wing turn tlhe pusher people fresh air ] \\* * N, Where to go\\\\ \\ \\ people Radio “\

! \ \ S \d \ ===, | ] \

/ turners \ > i ? \
! >, S <€ \
; ¥ ST

syl — )
= by o/ offrn [
i A% 3 H /
_:'.‘ -
3 i s i
------------------- B - A ," Eating A_ { computers ,’I
__________ ] Machine that __-~ NN
——————— MACHINES FOR BURNING CITIES - /. room NS~

1 . .
EMPTY ROOMS makes power Power Ty, Rooms that fill with

’ ’ . Flying carrier \
; : Each of these rooms has a flying carrier from fire water b I water to make the
A while ago, everyone decided the . - . _ L oxes
wc\:\;ldl di?ﬁ%’t n:e/e(rjyso manylcity—burning full of city-burning machines. While hiding  (in case there’s a control room :', boat go under the sea
machines. This country agreed to turn under the water, the boats can shoot the problem with the ’
off four of the two dozen flying machine machines into space. Any of these boats heavy metal) MACHINES FOR SHOOTING BOATS

carriers in each boat, leaving only twenty, ~ ¢@n send a machine anywhere in the

! This boat can shoot these tiny machines under
world in under an hour.

the water at other boats to make holes in them.
They blow up, but don’t use heavy metal.
OTHER BOATS THAT GO UNDER THE SEA Boats used to carry more guns and machines
. like this, but boats don’t really fight each other
These are some other boats, drawn to show how big anymore.
they are next to the world-ending boat above.

WORLD WAR BOAT
This was used by one country in
the Second World War. It was
called an “Under-Sea Boat.”

\

THE FIRST ATTACK BOAT

This boat was used over two hundred years ago to
stick burning things to ships and blow them up.

|
/
o«

<~ SMALL ATTACK BOATS

These boats are big, but smaller than the ones
that carry our city-burning machines. They
carry machines that blow up houses, streets,
and other boats, but not whole cities.

T » o=

/ > #
/
1 I . i
k\“ /A \ ! Biggest A Biggest
animal - i
NEVER-USED BOAT DEEP GOER BOAT FINDER MOVIE MAKER DEEP GOER a?gt??éeth
These were built over a hundred Two people used This was used to find A man made a movie about the huge BIG ANIMALS
years ago, but kept hidden and this boat to visit a huge boat that had  boat that hit some ice and broke, These animals are
never fought. the bottom of the hit some ice long then used the money to buy this boat smaller than our big
(That's not too strange; today’s deepest place in ago and fallen to the and take it to the deepest part of the fighting boats, but
world-ending boats also hide the sea. bottom of the sea. sea. (He didn’t go there to make a some of them can
and have never fought.) movie. He just likes the sea.) go much deeper.

HOW DEEP THEY GO

. g PEOPLE
The sea is very deep. Most boats can’t go very far M - S,
down or their walls will break under the weight of the @St @ i EIE, EVED Wil dis ANIMALS

X help of metal air holders, people ] .
water. To go to the bottom of the sea in most places can?t go deeper than a fev?/ = The large air-breathing

takes special boats. hundred feet (at least, not if they animal with teeth can go far,
want to come back up). far down into the sea. They
) : go there to eat animals with =~<_
People without extra air N

: many arms. \
sometimes also go that deep : : . ‘V
and come back up, but those So_met|mes the air-breathing

people die a lot. animals come back up ~

covered in little cuts and
FIGHTING BOAT -

holes, so the animals with
Most fighting boats can only go a few times farther arms must fight back, but no

down than than they are long. That’s not very deep; one has ever seen it happen.
when a boat is hiding under the sea, the water below

it can be ten or even a hundred times deeper than the

water above it.

But where they go is deep enough to hide and be Only three people have ever
safe, so they don’t need to go any deeper. been there—two in the deep
goer and the movie maker.

THE DEEP SEA FLOOR




it away. COMING IN GOING OUT
To top To bottom THROWER CONTROL BALL
thrower throwevr\/ater This ball controls which thrower to send water to.
\5 ‘ pusher
<= blocking the path to the
pusher runs, the water goes to the bottom thrower.
IN DIFFERENT
CLEANING BO(ES < The ball doesn’t block a/l the water, and a little water starts
THIS LORKS N to get past the ball and fill up the path to the top thrower.
mmm When it’s time to use the top thrower, the water pusher
BELAUSE 5 Mo%? stops for just a moment.
NEV h ;
ﬁ%—&%ﬁ'ﬁ back down, pushing the ball up the slide.
) Just as the ball reaches the top of the slide, the pusher
< turns back on. The force

BOX THAT CLEANS FOOD HOLDERS

This box is a machine that cleans plates and
cups by throwing water at them. The water
is full of cleaning stuff, which helps the wa-
ter stick to the food and pull it off.

If you fill a cleaning box the wrong way, it
may not clean well. After people see this
happen a few times, they can get strong

ideas about the right way to fill a plate
cleaner. When people with different ideas
about these machines start living together,
this can even lead to fights.

Some ideas are clear to everyone—like that
you should always point cups down, so
they don’t end up full of food water. There’s

TOP HOLDER
The top holder

usually has its own
thrower, although
older cleaners
often used one in
the middle. \

\\

-

ROLLERS /

FACE DOWN

Cup-shaped things need to face down,
or else they can fill with food water.
Sometimes light things turn over
when water hits them. You can try to
~< use heavier things to hold them in
place, but it doesn’t always work.

“TOP HOLDER ONLY”
Some knives and cups say “Top holder

with the water—it’s because there’s
a heater at the bottom, and some
plastic things can start to bend
if they’re too close to the heat.

These let you roll
the plate holders "~ ~<
in and out. N

WATER
FOR TOP

R

THROWER N

7
-

CLEANING
STUFF

This is a little cup
in the front of

S

only.” This doesn’t have anything to do

the door where
you put cleaning
stuff.

Once the box is

TOP
THROWER
\

e

R
.

El .'.‘:-—WATER—-y!l'{_:'

\

full of water, the ——y -
door opens and

then drops the
cleaning stuff ~.

into the box.

PLATES

These should go
on the bottom,
with some space
between them

so the water can
get in.

HEATER
This heats the

]

QL Q9

water so it cleans
better, and also
heats the air at
the end so the
plates dry faster.

A lot of people
have pointed out

more, but you don’t need to fight over it!
There’s a book that goes with your plate
cleaner, and it shows how you should fill
it. (If you’ve lost the book, you can usually
read it for free using a computer.)

SMALL CUP
HOLDER

This holder is

for small cups,

or knives, or
anything that fits.
If you have
something light
that turns over a
lot, you can put it
under this holder.

TURNING

Throwers have

-~"holes that point a

little to one side,
so when the water
goes out that
way, it will push
the thrower in the
other direction.
That’s what makes
them spin around.

DON’T BLOCK
THIS

If you put a tall

“" knife in the knife

cup, it can block
the top thrower
from turning. If

it can’t turn, the
water won't reach
all your plates.

*~-FILLER HOLE

Clean water
comes in here.

that this heater

is hot enough to

heat fish in your
plate cleaner

to make dinner,
although no one
ever explains why
you would want
to do that.

This throws water up at the
plates to knock food off

BOTTOM THROWER —___\ .-~ ]

¥ SPINNER

POWER

EMPTYING -———-f______~
PULLER T

When the ey
cleaning is done,
the pool at the

bottom is full of
food water. This /

000l

-

\
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KNIFE CUP

This cup holds
knives and other
pointy things. You
should always
point sharp knives
down, so if you
trip and fall on
them, they won’t
hurt you.

.DON’T BLOCK
THIS, EITHER

If you put a knife
here, instead of
the knife cup, it
can fall through
and stop the lower
arm from spinning.

FILLER LINE

~ -

|
machine pulls it .

out and sends CLEAN'WATER

FOOD WATER FILLING DOOR

against the hole as it runs to the top thrower.

When the pusher is done, it stops for a moment, and the
ball rolls back down the slide to where it started.

1
! A
' WATER PUSHER
This opens when it’s %
time to fill the pool. 7

S~ 4

\
\
-. Water gathers in a pool |
at the bottom of the box. |
_______ - This pusher takes water |
1

from the pool and pushes:
it up to the throwers.

At the start, the ball sits at the bottom of a little slide, J

top thrower. When the water J
FOOD CATCHER -
This catches pieces of food
so they don’t go into the
water pusher, since they
could get sent through the
machine and get stuck.

The catcher has a hole in
the bottom so food can go
into the emptying puller
instead. If your cleaning
box stops working, you
may need to clean this.

The water behind the ball falls

of the water holds the ball

A PROBLEM THAT
CAN HAPPEN

The line that carries
food water out of
the pool joins with
your other bad-water
carriers before it
leaves the house.

It needs to go up high
under the table top. If
it runs straight into the
hole under the other
water catcher, then if
the catcher gets full
for some reason, bad
water can run back
into the cleaning box.

This line brings in
hot water from
the house and
pours it into the
box at the start.

Hand
wash

Cleaning box
, area
1

]
—




BIG FLAT ROCKS WE LIVE ON

The surface of the Earth is made up of big
flat rocks moving around. The rocks under
land areas are usually thick, slow-moving,
and last for a long time, and the ones under

seas are thin, heavy, and move fast. (Fast
for a rock, that is. They move about as fast
as the things on the ends of your fingers
grow.) When a sea rock hits a land rock, the

sea rock is usually pushed under it, down
into the Earth. Areas where this happens of-
ten have deep seas right near land, lines of
mountains, shaking ground, and big waves.

EYTr=r— HOT ROCK MOUNTAIN  pock MOUNTAIN
\ The rocks that get pushed Not all the mountains
" into the Earth get hot and in this kind of place are
watery, and some of them made from hot rock. When
o come up through holes in a sea plate goes under
STOP i STTP T the rock above them. They
kY

a land plate, it can make
LOW AREA mountains by pushing up

on the land plate.

If two land plates hit,

it can make very big
mountains. The biggest
mountains on Earth right
now were made this way.

come out of those holes
These low areas between mountains and cool down and turn into
sometimes have water in them, and the mountains. \
ground there is usually good for growing ‘\‘
things, so people like to live there.

Sometimes hot rocks come out of the
mountains and cover everyone’s houses.
But that doesn’t happen very often, so

DEEP PART

The sea floor is deeper
here because the

sea rocks are getting
pushed down as they
run into the land rocks.

Small Soft, the

i

! people try not to worry about it too much.  company that 1
| \ makes Windows®, \
‘l‘ \ is in a city like this. N
\
\

\ LAND FLOOR

LAND ROCKS -~ .

These are like big ) B
rock boats that
drive around on -
top of the hotter
rocks under them.

SEA ROCKS - "

Sea rocks are hé@v;;. They slide.along like'a moving r:oad,‘ .
and they move fast! Not as fast as a person, but faster
than most kinds of land. - £

When sea rocks hit land rocks, the sea rocks usually get
pushed back down under the land rocks, down into the .
Earth, where they break down. Because most sea rocks
run into land and disappear after a while, most parts of WATER-CARRYING ROCKS
the sea floor aren’t as old as the land floor. U

Sea water gets carried inside the
Earth here. The water changes the
rocks in a way that helps the rock
go back up through the rocks
above it and come out of holes in
the ground.

e

-

DEEP ROCK 4

This part of the world can be hard to /'I
understand. Sometimes people talk

about it like it’s watery, but sometimes
they talk about it like it’s hard.

e o e ven . 4 WHEN THE EARTH SHAKES, SOMETIMES THERE ARE BIG WAVES.
hard. (You shouldn't touch it, though, .~ THIS IS THE KIND OF SHAKING THAT MAKES THE BIGGEST WAVES:
because it would also set your hand on
fire.) It’s harder than the hardest metal,
glass, or even stones in a marriage ring.
That makes it sound a lot like rock, not
water.

The reason the sea floor
moves is that these rocks
are heavier than the deep
rock below them, and their
weight pulls on the sea
floor as they fall down into
the Earth.

The land rocks move too,
even though most of the

But in some ways, it also acts like water.
It’s sort of like the big rivers of ice that
slide slowly down from mountains. The
ice is hard up close, and you can walk on
it and break pieces off. But if you look
at it from far away, and wait a very long
time, you’ll see that it moves like water.

There’s a place in my
country on the edge
of the sea. (They once
made a game for kids

not lying down. They’re
sticking up from the

sea floor, like they grew
there. That shouldn’t be

The reason they didn’t
feel the ground shake is
that the shaking didn’t
happen near them. It

time they stay on top and

don’t fall into the Earth.

exactly what
1

s strange to think

We don’t understand

pushes them.

that all these things are
under you right now.

about trying to get to this
place. You had to cross
rivers and shoot animals
for food and sometimes
people in your family
died. It was supposed

to teach you about the
past, but | just played the
shooting part and never
learned very much.)

Right by the water,
there’s something very
strange: dead trees in
the sea. There are lots

of dead trees in the sea.
But what’s strange about
these trees is that they’re

possible, because those
trees can’t grow in sea
water. The sea rises and
falls, but the trees only
died 300 years ago,
and the sea hasn’t risen
enough to explain how
these trees grew there.

The answer is that the sea
didn’t rise. The land fell.

On the other side of the
sea, 300 years ago, there
was a big wave. People
who saw it wrote about it.
They also wrote that they
didn’t feel the ground
shake before the wave.

happened far away,
across the sea, in the
place from the kids’ game.
And by the edge of the
water, the ground went
down a little bit, and the
sea came in and covered
the trees.

WHERE DO ROCKS GO AFTER THEY DIE?

We used to think that
when rocks fell into the
Earth, they broke up

right away from the heat.
And even if they stayed
together for a little while,
it didn’t really matter,
since they were hidden
away forever. That part of
our history was gone.

But it turns out they’re
not quite gone. When the

world shakes, we can listen

to the sound go around
and through the world. By

listening very carefully, we

can hear the sound hitting
things inside the Earth,
and learn what it’s like in
there.

By listening to the Earth,
we’ve learned that the
rocks don’t all turn to
water right away. We can
keep track of them, even
when they’re out of reach
of our eyes, as they fall
down, down, down into
the Earth.

| think that’s really cool.




CLOUD MAPS

The air changes every day. Every day, clouds
move around, rain comes and goes, and
winds change. And every day, people all
over the world try to figure out what the air
is doing and where the rain will go next.

To make maps of the sky, we use space

boats looking at clouds from above, radio

wavels Ioikmg atthcloudefl]omthe 5|tde|, ar(;d LOWS (RAIN MAKERS)

people all over € wor ooking at clouds Areas with lighter air over them are called

from below. “lows.” Air moves across the ground
toward those areas, and—just like water

HIGHS AND LOWS moving toward a hole in the bottom of a

pool—it goes faster and starts moving in

These lines show how hard the air is pressing down on different areas of the map— a circle.

which is sort of a strange idea, but important for understanding rain and wind.
These maps are a lot like maps used to show the shape of mountains. The lines join
areas where the air is pressing down with the same weight, and the middles of circles

are areas where air is especially heavy or light. They’re marked “Heavy” and “Light” (or
“High” and “Low”) to help you know which is which.

Air usually rises up in these “light” areas,
which makes rain. As the air rises, the
water in the air cools down and turns into
little drops, just like water on the side of a
gly(with a cold drink in it. \

N
Ve “‘\
This area will have heavy rain
CcOLD AIRI\ (or snow, if it’s cold enough

-

This area will

and rain from forming. These areas
usually have clear skies and not very
much wind.

will becool.

1
be cold and |I|
clear. ™ !

1
1
old wind \ !
and heavy rain. ! }
1
HIGHS (CLEAR AREAS) !

. P ]

L In a “heavy” (or “high”) area, air is 1

COOL Al \ pressing down hard, which keeps 'l'
wet air from rising and keeps clouds !

1

his are ':'

This area will be
clear and warm
for no

WR/M AIR
¥

The dark areas

where it will rain.

: ‘e
(5 .J; EAT CIRCLE STORMS

hé&se storms are a kind of “low” powered by the heat
Carried by sea water as it tdrns to air and rises from the,

surface when warmed by the Sun. They have very stro
s ¥ winds in a circle near the center, but right in the center
This area may see it's calm—and can even be clear. People call this clear
nay s area the “eye” o e storm.
flashes of light in the
sky and winds strong When these storms come in from the sea, they bring \q
enough to blow away sea wit

them. Their winds push water ahead of them

and.it'can make the sea come up onto the land and cover ;\'
hole cities. They can also make so much rain that.iv rs. »

rise and wash away people, cars, and houses. ;; “

Thanks to computers, we’ve gotten a lot better at 2 -
g

Around here, the air stops

guessing where circle storms are going to go, which

helps us to tell people to get out of the way.
getting colder as you go higher,
so warm air stops rising. -~

a house.

This piece of cloud
sticking up means
warm air is rising so

fast that it shoots up
above where it would
normally stop. It means
< 7 the storm is very strong.

Cold air

Cold air

COLD AIR COMING IN

This line shows where cold air is coming in.
This can mean there will be wind, and then

WARM AIR COMING IN

This line means warm air will be moving into an

VERY BIG SUMMER STORMS

Sometimes, on hot days, air heated by the
area. This can mean there will be clouds ahead sun rises up very fast, then cools and pours
flashes of light, sounds from the clouds, and of the warm air, sometimes a few days before it down rain. These storms can make spinning
very, very heavy rain, but it doesn’t last long. gets there, and rain as it moves in.

wind that blows away houses.
THINGS YOU SEE ON RADIO MAPS AND WHAT THEY MEAN

Sky-watching stations point radio waves at clouds. If there are big drops of water in the
clouds, the radio waves hit them and come back. By pointing the radio in different directions,

the people in the stations can make a map of all the rain and snow in clouds around them. S’ﬂ
Here’s how to understand some of the shapes you see on those maps:
RAIN

SOUND WIND STORM SPINNING WIND SKIN BIRDS TREES

Big shapes like STORM This shape means This circle shape isn't  When there’s
this mean rain. It This shape a storm with lights rain—it’s hundreds and no rain to see,
will probably last a means a storm and sound is coming, hundreds of little skin  sometimes the
while and be light is coming, which and the wind ahead birds all flying out of map shows little
sometimes and may bring light, of it might be even

GROUND

This shape happens
when the radio
waves hit clouds,

This shape, like a bent finger,
means a spinning cloud is
touching the ground, and may
be tearing up trees and houses.

then a pool of water
Sometimes, if you look at the a big hole to eat flies  lines of noise from on the ground, then
heavy other times. sound, and stronger than normal. shapnes made by the radio, you  When the Sun sets. the radio waves come back. That
strong wind. can see the stuff the storm has ~ Sometimes other hitting the tops of  makes them take
¥ & picked up. It looks like a small animals, like normal trees and houses.  longer, SO it looks
' & ball in the middle of the bent birds or flies, show up like there’s rain far
' finger shape. on these maps too. away.

A= A=
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&



/
1
1
1
[}
Y

TREE

1
QUIET NIGHT CATCHER

These birds fly very quietly and
have big eyes to catch animals
on the ground in the dark.

People think of them as
knowing a lot of things,
although that may just be
because they’re quiet and
have big eyes.

TREE-EATING FLOWERS --*

This flower makes holes in
trees and steals food and water
from inside them. If the flowers
get big, they can kill the
branches they’re growing on,

or even kill the whole tree. -~ R \\‘
When people stand under this :
flower at a party, other people

e PEOR STORM BURN

tell them to kiss.

When flashes of power
from storms hit a tree, they
@

SKIN BURNER

These leaves have stuff

on them that makes your
skin turn red. It gives you a
really bad feeling, like you
need to rub your skin with
something sharp, but doing
that only makes it worse.

This leaf-flower grows in
long lines across the ground
or up trees. Sometimes it
grows into the air like a
small tree of its own. Like
many things, its leaves
come in groups of three.

/ ANIMAL HILL

This is the dirt the
walking flies took out
of the ground while

making their holes.
DOOR -~ H
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WALKING FLIES

These tiny animals live in big groups and
make holes. Most of them don’t have
babies; each family has one mother who
makes all the new animals for the house.
They usually don’t fly, and they’re not
much like house flies. They’re in the same
group with the kinds of flies whose back
end has a sharp point that can hurt you.

1
GROWING UP

Trees grow taller only
by making the ends of
their branches longer.
The spot where a branch
joins the main part of the
tree is never lifted higher.

POINTY CAT

This animal walks around
slowly, climbing trees and
eating leaves and sticks.
It's covered in sharp
points that can stick in
your skin, so most animals
don’t bother it. \

BIR

Som

alot

an burn a line in the wood.

BROKEN BRANCH HOLE

When a tree gets hurt, like

if a branch breaks off, the
place where it got hurt grows
differently, just like when skin
gets cut. Sometimes animals
get in through these spots and
make the hole bigger. \

DIRT BRANCHES

Trees grow branches down
into the ground, like the ones
in the air. The air branches get
light from the Sun, while the
ground branches get water
and food from the dirt. They
spread way out—often farther
than the air branches—but
usually not very deep.

- \
7 \
/

/ 1]

/

/

make holes, but

use holes other
birds make.

V
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LEAVES

Trees make power from
the Sun’s light using leaves.
The green stuff in leaves
eats light (and the kind of
air we breathe out) and
turns it into power (and the
kind of air we breathe in).

GRAY TREE-JUMPER

These little animals sleep in
big round houses made of
sticks and leaves high up in
the branches.

D HOLES
e birds

TALL AND WIDE TREES

The same kind of tree can grow
tall or wide. If there are other
trees around, they’ll grow mostly
up, each one trying to get above
the others to reach the Sun’s light.
/ If a tree is growing alone in a field,
it will spread branches out to the
sides so it can catch more light.

of them just

DRINK

HOLES

Th 4

mads by o FIELD TURNING INTO FOREST -~

head-hitting When people cut down a forest, sometimes they leave a
LouD JUMPERS _ / bird looking few trees—to make a cool shadow area, or because the
These two kinds of N £ for tree blood tree looks nice—and those trees will grow out into the
tiny animals make loud \\ ! l ( to drink new space.
noises and are known for \ 0 e .
IR, ORE (6 BeInEs, \ J If the forest grows back, thg new trees ﬁghtmg with

\ < each other as they grow—will be tall and thin.

If you find a forest of tall thin trees with one wide tree
with low branches in the middle, it might mean the forest
. you’re in was someone’s field a hundred years ago.
<~\\\
~~~--HEAD-HITTING BIRD
This kind of bird hits trees
with its head, making holes

OLD METAL

BIRD in the wood with its sharp When people use metal

HOUSE mouth. They make holes to to stick signs to trees,
find things to eat, and some sometimes the tree

SKIN also make holes to live in. grows around the metal

and eats it up.

Then, many years later,
if someone needs to cut
down the tree, their saw
can hit the metal and
send tiny sharp pieces
flying everywhere.

The outer skin of trees is where growing
happens and where they carry food up
and down. Cutting off a ring of skin all the
way around a tree will kill it.

Trees grow by adding new layers, and
grow differently in different parts of the
year. If you cut open a tree, you can see
old layers, and count them to tell how
many years old the tree is.

FIRE HOLE

These holes are from fires long
ago. The leaves and sticks on y
the ground burned, and the 4
wind blew the fire against this
side of the tree. The burned
spot grows in a different way
and can sometimes turn into
a large hole.

TREE-FOOD STEALER

Instead of growing dirt branches
- of their own, these flowers grow

onto the dirt branches of other

trees and steal food from them.

Some of these little flowers
don’t even have green leaves
and can’t make their own food
from light.

-

1

1
LITTLE
HOLE-
MAKERS

N N
A /
- LONG-EAR / o /A -
o D JUMPERS e BIG HOLE-MAKER
= \\\ w \ ‘II
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\‘\ LONG-HOLE MAKERS I
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LONG BITERS WITHOUT ARMS OR LEGS
(SLEEPING)

These long thin cold-blooded animals don’t usually
hang out together, and sometimes eat each other.
During the winter, though, lots of different kinds
come together and sleep all wrapped up together
in big holes under the ground where it's warmer.

DIRT-BRANCH LIFE

Most trees and flowers have life growing on their
dirt branches. This life helps them talk to the other
trees and flowers around them. They can even use
this life to share food or attack each other.

If something tries to eat one tree, it can tell other
trees through messages carried by this ground life,
and the other trees can start making bad water
and other things to make themselves harder to eat.




MACHINE FOR BURNING CITIES

At the end of the biggest war in history, less
than a hundred years before this book was
written, some people figured out how to
make a small piece of heavy metal heat up
like the Sun. They could make the metal get
so hot that it would blow up with enough
light and fire to burn a whole city, and send
up clouds of dust that made people sick.

After the war, we learned to make the fire
from the machines even bigger and hotter,
and built flying carriers that could send them
anywhere in the world in just a few minutes.
There was no way to stop these machines,
sO many countries built them, and hid them
under the ground, so that no one could at-
tack them without getting attacked back.

Everyone worried that a new war would
start at any minute. We spent many years
like that, each side waiting for the other to
attack and start the war that would end the
world.

We're less afraid now, and most people
don’t think that war will happen. But we still

- ) have the machines.
Two of the machines were used in that war,

and each one burned a city and killed many,
many people.
THE MACHINE

The first machines had one part that blew up, but a few years later, we

learned to make the fire a lot bigger by putting two parts together.
THE FIRST RUN-AWAY FIRE
Everything is made of tiny pieces. Around
the start of the Second World War, we
learned that the pieces of a few special
heavy metals could be made to break
in half. We also learned that when they
break, they let out a little flash of heat
and some tiny fast pieces.

THE SECOND
RUN-AWAY FIRE

Here’s how the first run-away fire
sets off the second one.

The top part uses a normal fire to start the run-away fire in the special metal.
Then the bottom part uses that special fire to start an even bigger run-away
fire in a light air or metal. That second fire is the kind that powers the Sun.

The light metal’s run-away fire can let out even more power than the heavy
metal kind, but it takes so much heat and force to get it started that we can
only do it with the help of a run-away fire in a heavy metal.

First, a message
goes down a line
and starts some

THE PIECES EVERYTHING IS MADE OF FIRE PLASTIC L_1O] - TINY FIRE tiny fires.
Cloud part The clouds of little -r:tc::r?'niZItE;d o o MAKER
things that fly around tuff | _ )
the heavy center part stu tpeb<|>p © HOLE The tiny flrgs
aren’t important for the ;ﬁi 2 a ow - This is for adding set O_ff the _flre .
run-away fire; we can gsup. FIRST some special air, right plastic, which
ignore them. \ before the machine starts to blow up.
\

goes off, to help the
run-away fire start.

-NORMAL METAL

This helps hold the
special heavy metal
together as the run-
away fire starts.

RUN-AWAY FIRE

When the heavy center
of one of the metal
pieces breaks in half, it
lets out heat and some
pieces. If those pieces
hit another center, the
same thing happens,
letting out more heat
and pieces. Soon, the

The blowing-up
plastic pushes
the heavy metal
together.

When the metal
gets small

enough, the run-
away fire starts.

HEAVY METAL

_This is where the
first run-away fire

whole piece of metal can happens. As it burns, the

become a run-away fire. metal puts out T
ENOUGH METAL | _IN-BETWEEN a bright light— . \{};
If the piece of metal is STUFF brighter than — fa -

anything but a

We don’t know what )
dying star.

this is made of; the
machine makers have
kept that hidden.

too small, the little pieces
from the broken center
can fly out without hitting

The light heats up
any other centers.

the in-between Wl
stuff, making it :@1 - \_Qw,
push the second i _L,F-\p

That starts a

For a run-away fire to SECOND When the light fills
start, there needs to be PART the inside of the

box, it gets bigger

and pushes the

second part
together.

enough metal to make
sure the flying pieces hit
other centers instead of

the time it takes
light to go a few
hundred feet.

METAL

When the light
metal or air is
pushed together,
it also starts another run-away fire here. These run-away
fires help make each other stronger.

By adding more and more steps like this, we found we
could make the fires as big as we wanted, and at first we
built the machines larger and larger.

But then we stopped making the machines larger, and
started making them smaller, instead. We didn’t stop
because we didn’t want to burn larger cities. We just
realized you could burn a city more easily with a few
small machines than one big one. Soon, we had enough
small machines to burn as many cities as we wanted.

We stopped making the machines larger because the
ones we had were big enough to burn everything. There
was nothing larger to burn.

{ .

[
flying out. run-away fire in R (’\\7' 'Ji
the light metal. {J\*Iéﬂ- ~
-WALL s byt
HOW MUCH IS “ENOUGH”? ! k)
The size of a piece of metal it takes :;2:2 ?:ltrl)wse o
to make a run-away fire is different light from This fire makes o,
for different metals and different the first the other fire ’\"'i‘ ’i -,
; ) shapes, but it can be a piece small part so it even worse, gnd f;::zﬁi 5 =y (\
(Don't do this.) enough for a person to pick up. the whole thing N | G
. . . . o can push on blows up. Zlad )
Even if a piece isn’t big enough, pushing it into a the second
small space can make it blow up, because when part. )
the centers are closer together, there’s less room ‘ After the f|.rst
between them for the fire to get out. ! [ run-away fire \
! i begins, the whole -
i MORE HEAVY thing happens in
1
1

LIGHT METAL OR AIR

This stuff can also burn in a run-away fire, but it
has to be pushed together really hard first.

HOW WE SEND THEM

The first city-burning war machines were
dropped from sky boats. Later, we learned
to put them on fast up goers instead.

e

GOING TO SPACE (BUT NOT FOR LONG)

The city-burning machine carrier flies up to space.
Like most up goers, the machine carrier drops parts
once they’re used up, so it can go faster and faster.

It goes almost fast enough to stay in space and go
around the Earth.

Almost, but not quite.

City-burning machine
carriers work a lot like
the up goers that fly
people up to space.

In fact, some of those
people carriers are just
city-burner carriers
without the city-burning
part at the end.
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WATER ROOM

This is one of the best things humans have
ever built.

Over the past few hundred years, we’'ve
learned a lot about why people get sick.
We've learned how the things travel that
make us sick, and we’ve learned ways to

We've learned that often, when we get sick,
it’s because a kind of life has gotten into our
bodies and is trying to grow in us. Our body
can often fight this off, but while we’re fight-
ing it, it uses the things that come out of our
body—often, by helping more of them come

By learning how to bring water into our
buildings, and how to make it carry things
away from our bodies without touching oth-
ers, we’ve found a way to fight back against
the things that have killed so many of us.

This is an important room!

out—to spread itself to other people.

stop them.
WATER
BRINGER
1
HOLE | Iy '\ WALL SOUNDS OLD HOUSE: NEW HOUSE:
Vih Sometimes, when you
En r)1/lOU CATCHER turn off the water in an St
pus dt is up ) old house, you hear a '
fath own, 4 / loud sound from the
i Iopenshan 1 wall, like a big rock
ﬁolses t he Al hitting something.
ole at the That’s the sound of

bottom of

water hitting a stopper.

When you turn on

the water bringer in a
house, there’s a long
train of water all moving
together toward the
hole where it's coming
out. When you turn it
back off, all that water has to stop.

Water moves around a lot, but it can’t really
get smaller. When the front part of the water
train hits the stopper, since it can’t get smaller,
there’s no place for it to go. It all has to stop
right away. The force of the water train all
stopping at once hits the metal around it really
hard, making a loud noise.

the catcher.

HOW WE FIXED THEM

Newer houses fix this by P
adding a piece to the water
bringer. The piece is a dead-
end area, above the water,
which is full of air. When the
water stops, it can go up
into the dead end. The soft
air in the dead end acts like
a spring, slowing the water
down gently so there’s no

AIR HOLE TO ROOF

There’s usually some air in the smelly water that’s
going out of the room. This carrier lets that air
rise up and out a hole in the roof, instead of
coming back up through the hole in your room
and making everything smell bad.

loud noise.
<-_SMELLY
AIR
COLD WATER--
== g = (= =
7 £ RAIN |
WHY IS “HOT” ON THE LEFT? || [ When we started adding MACHINE
I-IL v"SMELLY AIR In the past, water bringers had || hot-water bringers, we put !
= a hand-powered water pusher. [l them on the other side, v

since people were used
to the cold-water bringer
being where it was.

1N They put it on the right side, since |
most people are right handed.
They only brought cold water. ||

(7N

HOT WATER —y

.!f.—

WATER BRINGER

When you push this thing, it opens the
bottom of this pool and pours water
down into the cup, making everything run
out the bottom and away.

This also starts water coming back in. As i

TOOTH |
CLEANER |

1
/

-t~ WATER

it rises, it lifts a little air bag. When the air VI BRINGERS
bag rises high enough, it makes the water d B
turn back off. ~~__ | J Il HOT COLD
WATER HOLE .I.
This is where you put food and M @4_ __________
water when your body is done with % T e
them. Water carries them down a = N . :_j
hole and away. . \
! ’ PROBLEM HOLES H
| If you let the water get
\ COVER™, . too deep, it falls out these |
\ y ™ problem holes, even if the O
) N\ normal hole is covered.
\ \ 4 \.
| 1_‘ 1
i - SOUND
STOPPER

People like to
make these in
the shape of
animal feet for
some reason.

SMELL BLOCKERS
These shapes hold some water in a little ======--=
pool so air can’t come back up through

the hole and make your room smell bad.

——————— DOWN HILL WATER
r o This water carrier doesn’t follow the
floor—it goes down a little bit, so the
water falls in the right direction.
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COMPUTER BUILDING

When you use a computer to listen to songs
or watch movies, sometimes they’re on your
computer, but often they’re “in the cloud.”

“The cloud” is just a lot of buildings owned
by big companies. They’re full of rows of
computers, information boxes, and lots of
confusing colored lines everywhere joining
everything together, carrying information

FIRE-STOPPING AIR

If something catches fire in a
computer building, the building’s
systems will often open up boxes
full of heavy air. Fire needs stuff
that’s in our air so it can burn. If
you put another kind of air in its
place, the fire stops.

(The special air fires need to
burn is the same kind of air we
need to breathe, so if you're in
the room when they send in the
other air, you can die. But at
least you won'’t be on fire.)

WAIT CONTROL

If there’s a fire, and the building
starts to fill itself with fire-
stopping air, press this control.

COOLERS

and power in and out of the computers.
When you use things like Short Bird Talk and
Face Book, your computer is talking to com-

puters in buildings like this.

Some computer buildings were built by
companies to hold all their own computers.

who have computers but need somewhere
to put them. Some let you use their comput-
ers if you pay. Many have computers, and if

you pay them, they use their computers to

Some very big companies do this. Other
computer buildings sell space to people

Computers make heat.

One of the hardest
things about running
a computer building
is keeping it cool. A

lot of the power these

buildings use goes
for running blowers i
every room, pushers

to move cooling water

up to the roof and
back, and running
the big coolers on

the roof that cool the

cooling water down.
\

n

COLD AND WARM HALLS

Floors are laid out in rows,

with cold halls and warm halls
between them. The cold halls are
on the side where computers pull
air in, and the warm halls are on
the side where the air is blown
out of the computers. That way,
computers aren’t blowing hot air
into other computers on the side

SPECIAL ROOMS

If you have your
own computers and
computer holders,
you can pay for a
room to yourself.
You can bring any
computers you want
and join them up
with the building’s

do things for you. But the computers in all
these buildings usually look about the same.

MEET-ME ROOM (That’s the real name.)

Sometimes, different companies have
computers in the same computer building,
and they want to send things to each other.

Normally, they would have to send stuff out
of the building into the world, and then pay
information-carrying companies to bring it
to the other company’s computers—even if
those computers were in the same building
where it started. Some computer buildings

systems.
\WJaRn

where they’re pulling air in.

POWER SENDER BOX

have a room where different companies
can all join up their computers and share
stuff with each other without having to go
outside or pay other companies to carry
their messages.

BLOWER SOUND

Computer buildings are
loud. Most of the sound

PART FIXER BAG

This was left here by
the people who own
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It tells the building, “Wait, don’t These boxes send power to each comes from all the blowers  the room.
change the air yet! I'm still here!” row of computers on the floor. keeping parts cool. ;
] ‘ /
_I T T ETRNRERANNEAREANNNR o5V ANNARNRANNNARNRRNEE s NANNNESUNNNANRRATNN iiv5) TRy ! LOCKS
A N ] Computer
e \ = : buildings usually
' = \ =2 =2 y have at least
NORMAL = v({| |[LIFTIN Josl two doors with
AIR = ROOM machines that
— ﬁ / only let certain
a = people in.
INFORMATION ey e e T People who
LINES - own computer
The lines to and from RO — bUIIdlng§ worry
the computer rows <= TABlLE i‘abtogt this a it
sometimes run along the | —||ROWS OF ! ot ecaus;e II
iling and sometimes | = cOMPUTER =14’ i
celling — : - [l # stuff from them,
along the floor. = = 4| HOLDERS no one would
- JT = want to leave
INENEER + 11 1] 11 :.| \ RN} 1 1 RN - - 1 | ERENEN] LI their computers
COOLING I there anymore.
WATER -- — — —
CARRIER — \ PERSON
i — CATCHER
ROOM __.--] = f 1I:Deople have
.y = o close the
COOLER N ] 1 | outside door
There’s a box \ ; (NENNEANRRENGNAD 1 ESd] NAE ir5; NEERRENEANENEERARI (3 R EEEN before opening
like this on VI —k the inside one.
each floor. It R - BUILDING This keeps
feels the air in — = OFFICE people from
the room, and — = — walking in
if it’s too hot, — —i = = | behind you
it uses special ’- = == — { while the door
cold water — is open.
from the — = e = | = !
coolers on the ] 1 ] ] 1 T -~
roof to cool it GUARD
down. — |
FIRE- — = = \
sToPPING |\ — ’ N
AIR —==-<__ =" = \\
N — = ——
T T K T T :||1;-1|-1|L1|r®'_ ‘.'
i
4 ey !
1
\_ OUTSIDE = FINGER
LINES PO T CHECKER
These join 4 These
the building . p ."- machines have
with the / ! / pictures of
world’s ! [ / the lines on
computer ! | S the fingers of
and phone i ! | o everyone who's
systems. FIRE WATER POWER BOXES POWER WATCHER - POWER CHANGER -------===-----~ - allowed in. When
The lines This machine decides Computer buildings use a lot of power, so the kind of power ~ You touch them,
aremade ~ KEEPING THE POWER ON where to get the power  they get from the power company isn’t like the power to a they check the
of glass, The people who run computer buildings  to send up to the house—that kind is too hard to send a long way. Instead, they I|‘nes on your
instead worry a lot about the power going out. computer floors. If the get the kind of power that runs through those long lines that  fingers and only
of metal, They usually have lots of power boxes to  outside power dies, the you sometimes see hanging from tall metal things high above open if the lines
which keep themselves running for a short time machine changes over the trees out in the country. make you look
lets them  if the power dies, and some machines for to using the power These boxes change that power into the normal kind of like one of the
carry more - purning fire water to make power if the  boxes without letting power computers need. They make things a lot easier, except PeoPle who's
information. power stays off for a long time. ; allowed in.

anything turn off.

when they blow up. But most days they don’t blow up.



COMPU

Computer buil

TER

dings use a special kind of computer that fits

well in a holder. It’s about the size of the back of a chair.

POWER SENDER

This takes power from

the outside an

to different parts of the

MEMORY STICKS

These hold things the
computer is thinking about,
like information it’s sending

d sends it

7/
1
1
1
1
1
1
1
1
/

BACK

_If you want to add a line into
the computer, you usually
run it in through a hole here.

HOLDER

Computer buildings keep all their computers in these
holders. A holder can hold all kinds of computer parts;
anyone can easily put any kind of computer in any
computer building.

TALKING CENTER

A few spots on the holder hold the talking center, which
is where the lines from all the other computers go so
they can talk to the outside world. This usually goes at

computer. ! or pictures it’s looking at. If the top. N\
. \
\ the computer turns off, this CARD-HOLDER \
\ goes away. Y ) Y
AN , ; J I,/ These are spaces where you can put in Fl7ackme Cewrer 2000
N\ 1 4 - 1 e
'\ \ S a few more smaller add-on computers. ] THNGs:
BLOWERS \ P " These might do things like talk to other e e T S
These blow air i / \\ I/ =| computers faster than normal, or do » - 7 TiGs:&
through the ! / / | special work with numbers. - —
computer to i / \‘\ VI \ . ) 7auknic CEnrer 2000 @
keep it cool. == 'Z7 o= = INFORMATION HOLDERS  Tisis =
. =,
The air always ’ \ — s o These computers hold almost nothing but  |o
blows from the 5 S~ 8]  memory. They’re made so you can take the 3|
front to the —— = \\:l'HlNKlNG BOXES o information boxes out while the computer |of
back, into J/ //f’//”/'i MG ~\\‘. “These are the main 2| ,-~is running and put in new ones. (When you {9
Ehi warm -\ centers where the o| /' have this many of them, they break pretty |ao
a vs:ay. (/e fow/ofn/a]=/al=]a]nn]a=]]=]=]=]=]]s]|]a|afl=i=lale)e\e) computer follows o often, and you have to do that a lot.) o
e/ 17 N R isargin o
B[ =3 0 =SS\ AS=SY ‘ BEEEEREEEEEREEE e
c ) - o _GRABBERS i !
These join the i f f E
== |
E ! 8 computer to the
I [ cw% computer holder.
e | \ ey o
= i
| ! [ il i
$ |“ \\\ li I E
| AN N ° 0000 =, 0000 %) HDDWD‘:'{] =5 EETETJ = E;DUO ]
FRONT i ~~ = = — - =
H ~~e . 0 (0000 =] A J(0o0 To00 =) | (0000 == J(0000
This part usually has some lights to tell you how the NN B im0 =l o === T000 =) /L J(0o00 E
computer is doing, and a little sticker with a name or picture \‘\ L INFORMATION B e [ e | | e
that tells you what company made the machine. Since ~~I BOXES F ;Ej‘;ﬂ“m e GinE BGE (B GEUE- [ B Ga ]
you’re usually seeing it because you're fixing a problem, the These boxes remember Ko oo ==l g oo ==l 000 =] Ao =g ooy =
sticker just tells you who you should be angry at. things even when the ] Eﬂilzﬂm o (o000 =Sl o002 (0000 s=lgioon E
computer turns off. B 0000 zz=] 0000 2| ] |- (T ¢ ()
-
// o A A o
7 (a] (=]
/ o [ ! o
1 TALKING CENTER / o| INFORMATION BOXES o
I~ Lots of lines run up here. ! g by g
1 i i
I\ Fers out into the werld ' o | N\ EMPTY SPOTS FOR MORE |5
i Sometimes, to carry more MEMORY GROUPS 5 i \INFORMATION BOXES o
1 . (=] 1 o
B { information, those lines are The memory boxes in o \ :
M) made of glass, and use light some computers are HARARAEBEERRRRRER ARBEE
\ instead of power. Jomec_i together so that alalaialalalalalaln alaala Alalaiain
:D ! even if one or two of the A (o)l o o)llo) E)fo)l(>
TER |\ boxes break, the others glelaelEseeEn e aeEe glaeae
’ POWER LINES still have all the stuff they - )
Each computer has two were remembering. o o
power lines, which can look o . P ket = g
a lot like the information Eun * ICICoo = (too s riftoon =i
lines. If they used the same e e R )
kind of ends to join to the > EUD = [T | ||-iOnm =i =l =
computer, there would be NORMAL / ~—1 ||/ fi(E000 ==} (6000 =uld {000 =)
a lot of problems, but they | 00 e == ||-iiom =i =i =
don't. COMPUTERS ...~/ ]| i Mt Pl
These computers have & e A
INFORMATION LINES :ﬁm? memc;Ty’betd ) -
|- Each computer usually has wsykrsngcizlk}i/n;rto Céltnhger
It‘hree gifferent inflirmation computers. If you get a ] |-icos el =it
ég(;fbutr:'slsir:?ht: oj?side message from someone, = - - | (B0 == (000 =] {0000 =
. or look at someone’s A5 BEnE
Ho other computers inthe  Bge on Face ook short - 4 Oy
building that are owned by compute’r s proba’bly
the same company. The third talking to one of these.

\ is a special computer building

\ system used to do things like
1 turn the computer on and off
! or change how it works.
|
1
1
\

PROBLEM

“*Someone is probably going
to fall and pull this out.

ANOTHER PROBLEM

I
NN

These lines are really

1l
I\

i confusing. They always start
out nice and clean, and then
over time the whole thing
becomes a wall of color that
makes no sense.

ANOTHER PROBLEM

" Someone forgot the power

lines to this computer, which
is probably why your phone
has no service right now.

OTHER COMPUTERS
You can bring your own

computers and put them ™"~

in the computer holder.
As long as you pay for
the space and don’t break
anything, the people who
own the building don’t
care what kind they are
or how old they are.

00000 0ooefcooco0|] [loooooo I




US SPACE TEAM’S UP GOER FIVE

This is the only space boat that’s landed
people on another world. People landed on
the Moon with it six times, all about half a
hundred years before this book was written.

After those visits to the Moon, we stopped
using this space boat to go to other worlds.
The US Space Team used the boat, one last
time, to send up their first space house.

After people visited the house a few times, it
fell back down. Pieces of it landed in a small
town. The town told the US Space Team to
pay a fine for dropping stuff on the ground.

WET AND
VERY COLD

THING TO HELP PEOPLE
GET AWAY REALLY FAST

if there’s a problem and
everything is on fire so they
decide not to go to space.

STUFF TO BURN
This makes the box

"™\ THING TO CONTROL

WHICH DIRECTION THE
PEOPLE GO WHILE
GETTING AWAY

PLACE WHERE FIRE COMES
OUT TO HELP THEM GET AWAY

1

with the people in it S
get away really fast. > €
PEOPLE BOX
| €
/ 1
DOOR / \ / PART THAT FLIES AROUND THE OTHER
‘\_ : }’ WORLD AND COMES BACK HOME WITH THE
= 0 PEOPLE IN IT AND FALLS IN THE WATER
CHAIRS -- cF
COLD AIR FOR BURNING 4_____,:
(AND BREATHING) O 2 :
This part had a very big problem once. i
\\\ O PART THAT GOES ALONG TO
“““““““ i GIVE PEOPLE AIR, WATER,
COMPUTERS, AND STUFF
It comes back home with them but
burns up without landing.
/ H
| ]
|
4 ______ 4
= >
]
i PART THAT STAYS ON
PART THAT FLIES DOWN /" I,HEt.ﬁ)tThHER R
TO THE OTHER WORLD v > stilfthere.
WITH TWO PEOPLE INSIDE =
T FEET THAT GO ON
i ,,,,,, THE GROUND OF
; [\ - THE OTHER WORLD
P S [ — |
|
’/ ——— < ___________

4
RING HOLDING MOST OF
THE COMPUTERS

THINGS HOLDING THAT

KIND OF AIR THAT MAKES %)
YOUR VOICE FUNNY S

It’s for filling up the space left when
they take the cold air out to burn it.

THE KIND OF AIR THAT
ONCE BURNED A BIG SKY
BAG AND PEOPLE DIED

And someone said “Oh, the
[humans]!” (Used for burning)

PART THAT FALLS OFF THIRD

This part flew away from our world into space
and hit the world we were going toward.

-

THE PART OF AIR YOU
NEED TO BREATHE, BUT -
NOT THE OTHER STUFF

(Used for burning)

S

MORE SKY BAG AIR
(FOR BURNING)
(COLD & WET)




MORE OF THE KIND
OF AIR WE BREATHE

(FOR BURNING)
(COLD & WET)

THING THAT
BRINGS IN COLD
WET AIR TO BURN

MORE OF THE KIND
OF AIR WE BREATHE

(FOR BURNING)
(COLD & WET)

_________ [

MORE FUNNY-VOICE AIR
(for filling up space) Q

,,,,,,,,,,,, PART THAT FALLS OFF FIRST

OPENING FOR PUTTING
IN COLD WET AIR

THIS IS FULL OF THAT
STUFF THEY BURNED
IN LIGHTS BEFORE

HOUSES HAD POWER
It goes together with the
cold air when it’s time to  ~~~<____|
start going up.

LOTS OF FIRE
COMES OUT HERE

GROUND IF YOU WANT TO GO TO SPACE.

IF IT STARTS POINTING TOWARD SPACE YOU ARE HAVING
A BAD PROBLEM, AND YOU WILL NOT GO TO SPACE TODAY.
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SKY BOAT PUSHER

Sky boats, like cars and sea boats, are
pushed by machines that burn fire water.
Fire water needs air to burn, and sky boat
pushers use special blowers that use the air
they’re moving through to feed their fire.

Most machines that burn fire water use these
four steps: First, pull air in. Second, push the
air together. Third, burn fire water in the air,
heating it and making it get bigger. Last, use
that growing air to push on something.

Sky boat pushers use the force from the hot
air in two ways: They let it fly out the back,
pushing them like a space boat, but they
also use it to turn their own blowers, pulling
in more air and keeping themselves running.

HOW DO THEY WORK?

KINDS OF PUSHERS

Small sky boats and large ones all work by pushing air, but different kinds

of sky boats use different kinds of pushers.

SIMPLE PUSHER

These are fun to play with, but if you try to push
any kind of boat with them, your arms get tired.

POWERED PUSHER

These are even more fun to play
with (though you probably want
to put them on a sky boat first).

FIRE PUSHER

These are used to push fast boats, like the kind
that fight in wars. They go fast, but use more
fire water than other kinds.

FIRE-POWERED BLOWER

These are like the fire pushers, but with a big
blower added to the front. This kind of pusher
is very good if you don’t want to go too fast.
They’re very loud.

BIG SKY BOAT PUSHER

These are like fire-powered blowers, but
they have a wall around the whole thing
to control how the air goes through.
They only work well when you're going
slower than sound, which is why almost
no big sky boats go faster than that.

STEP ONE:
GET AIR

Air comes in
from this side,
the first step in
making power.

STEP TWO: STEP THREE: BURN

the air into a smaller into it and set on fire.
and smaller space,
which will help the

\ hotter.

\

\
BLOCKER \-—\\
If there’s stuff
in the air, like
sticks or rocks,
it gets pushed
through here so
it doesn’t hurt .
the blowers. )

POINT ---~__
This thing helps\\
to start pushing |\
the air together
before it goes
inside.

Il
[

~

BIG BLOWER

The fire in the —___
back turns this
big blower using
the stick in the
middle. This
blower is what
really does most
of the work

of pushing a

big sky boat;
everything else
is just there to
turn it.

~~.

Not all sky boats have
a big blower like this.
Some of them just
use the hot air itself,

SPIN STOPPERS

PUSH The air from the pushers comes into this burning
These blowers push room, where little drops of fire water are thrown

\ make it hard to blow up in any direction except out
. fire burn faster and  the back, so that’s where the burning air goes.

| ; [\t ‘
B R

To understand how air pushers work, it can help to start by looking at space pushers.

To make a fire, you need air and something to burn. Space boats pour fire
water and air into a little room that’s open on one side. Then the water and
air is set on fire. The fire blows up and flies out the hole, pushing the boat.

Since there’s no air in space, but fires need air, a space boat has to carry
air with it. Sky boats can use the air around them, so they only need to
carry the fire water. They can take in air, add fire water to it, and burn it.

You can make the pusher better by using a blower in the front to force
more air together into the burning room. If there’s more air, the fire can
burn faster and hotter.

Running the blower in front takes power. You could get that power by
burning fire water in a different machine and running power to the blower
with power lines. But it’s better to just use a little of the power from the
fire you’re already making.

If you put a blower in back, in the path of the fire, it can turn a stick that
turns the blower in the front. This blower slows down the burning air so
it doesn’t push you as well. But the blower makes the fire work so much
better that it more than makes up for it.

There’s one last idea that makes this work better. Instead of just using the
hot air to power the blowers that press the air into the burning room, you
can also use it to power a big blower.

This big blower (which sometimes has a wall around it) is what really
pushes the sky boat. Once you add this blower, all the rest of the parts are
just there to get lots of air together, start a fire, and get power from it.

WAIT A SECOND!

One thing a lot of people wonder is “How does the force from
the fire know to go out the back? Why doesn’t it push on the
blowers in front just as much, and slow them back down?”

The answer is that the shape of the room and the size of the
blowers make it so the easier way out is through the back.
It just has to push through a few blowers on the way.

STEP FOUR: MAKE POWER

The force of the air coming out would help push the sky boat on its own,
but sky boat pushers do something cooler: They put extra blowers in
the path of the air. Instead of turning those blowers to push air, they let

The fire water and air get hot and blow up. The walls the air turn the blowers. The blowers turn the stick in the middle of the

pusher, which turns all the blowers at the start, powering the machine.

That might seem like it shouldn’t work, since it’s using a blower to power
another blower. But the power is coming from the burning fire water

=] pushing its way out. These
blowers are just a cool
way to use some of
that fire to keep the
machine running.

l\ FIRE-WATER CARRIERS

The blowers that push the air
together all work by spinning,

which works well for
very fast boats. But

for boats going slower but since they’re all spinning in
the same direction, they can start
the air spinning around instead of
going toward the burning room.

than sound, it turns
out that using the

hot air to power big
blowers takes less fire To keep that from happening,
water than using the
air itself as a pusher.

turning too much.

there are little wings in between
each blower to make the river of
air go straight and keep it from

POWER MAKER
This machine uses
the turning stick to
make a little extra

AIR GETTER

the sky boat to use

and computers). so people can breathe.

\
1
1 \
! ~+ These carry fire water into
! the burning room.

The air up high is too thin to breathe.
power for the rest of - This thing grabs some of the air that
Y ' ! the blowers pushed together and

(for things like lights  sends it to the inside of the sky boat

BACK PUSHER

If the sky boat needs to stop, it can use
these doors to send the air out the sides
and toward the front, which makes it
push back instead of forward.



STUFF YOU TOUCH TO FLY A SKY BOAT

A sky boat has a room
in front with two chairs.
Drivers sit in them and
tell the boat where to go.

The room has some
windows, but most of it
is taken up by screens,
keys, and little lights that
change color to tell you

how each part of the boat
is feeling.

Sky boats have computers in
them, and the computer can
fly pretty well, if it has a plan
for where to go. A lot of the
keys and screens are for ask-
ing the boat what its plans are,
and giving it new ones if you
don’t like what it says.

*

Most of the lights and

T-SKY

L-—sky. If it'’s above the sky,

ET \JINGS MOVE

POWER BOX i

@E

B B0

PROBLEM LIGHTS

keys are simple; they
just do one thing, like
turn a light on and off.
Some of the big rows
of keys and screens be-
tween the seats are for
sending messages to peo-
ple or looking at maps and
making plans.

The hardest parts of flying
are taking off and landing.
The middle part of the trip
is easier. During the middle
part, the computer often does
all the flying, and the drivers
are just there to watch over

it and make sure there are no
problems.

GROUND

(This should be below the

you’re either having a big

problem or doing something
really fun.)

—_—

Use this stuff to tell the
sky boat to fly itself.
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Turn this
thing the
way you
v want the sky
\, boat to turn.
\
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PLANNING SCREENS

These screens show you maps of
different cities you can visit and
roads you can land on.

If you want to visit a place, you have
to call and make sure it’s okay first.
That way, they can make sure there’s

no one using the road when you try
to land onit.

You can only land on certain roads
near sky boat stations. If you land on

any other roads, people in cars get
really mad at you.

controls

Keep sky boat s
from rolling away

Make wings bigger
or smaller to change
how the boat flies.

1

—

/
1
1
1
/

FOOT PUSHERS

\ Push these with your feet to
\  turnleft and right, like a car.

MESSAGES \

Most of this stuff down here is for sending
messages, deciding who you want to talk

to over the radio, and learning about what

other people are doing.
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BIG TINY THING HITTER

Tiny thing hitters are machines that hit tiny
things together really hard. To explain why
anyone would want to do that, it might help
to imagine a story about boats.

Say you and some friends are on a boat
moving over a sea. The sea is covered in
clouds, so you don’t know what it’s like. You
think there’s water—but what’s in the water?
Is there ice? Big biting fish? Or is it really a
sea of beer instead of water? Or sand, or
plastic balls?

To figure out what’s in the sea, you could
throw things over the edge and see what

BIG TINY THING
HITTER

The Big Tiny Thing
Hitter is the biggest
and most high-
power tiny thing
hitter ever built. It’s
the size of a city, and
most of it is hidden
under the ground.

fall out.

START

The air starts here, in
a bottle, and is pushed
down this hallway.to
get goilng fast.

HOW DO WE LEARN FROM IT?

This machine works by throwing pieces of air down a
hallway so they hit together really hard. The air hits with
so much power that the pieces break in strange new ways,
as if it shakes the air—and space itself—so hard that things

Most of these pieces only last for a moment, while space is
being shaken really hard, and disappear as quickly as they
appear. But by watching what flies out from the place

where the air hit, we can figure out what we shook out.

HOW DO YOU PUSH AIR?

These hitters use a kind of air that can be pushed by
a force from power lines,
metal used to stick pictures to a kitchen cold box.
Turners are built that push the air with that force.

flies back up. If you throw something heavy,
a few drops of water might fly up. If you
throw something down harder, the wave
might toss a piece of ice into the air. You can
learn a lot this way!

Now, imagine that you notice that your boat
is moving. You don’t have any wind sheets,
so you wonder what’s pushing you along.

You and your friends also notice that you
sometimes hear strange sounds against
the side of the boat. After thinking it over,
you and your friends decide that maybe
the boat is being pushed by big biting fish

FAST CIRCLES

or by the kind of pulling

&~

The pieces of air

N fly around this
hallway almost
.as fast as light.

to the big circles.

HALLWAYS

The air flies through these hallways, one in each direction.
To keep the fast air from hitting other air and slowing down,
the hallways have all the air taken out before they start the
machine. The hallways of this machine are emptier than any

AIR GOING
ONE WAY

other place near any of the worlds around the Sun.

TURNERS INSIDE A HALLWAY /'

This machine makes the A
force that keeps the air
in the middle of the
hallway and pushes
it around the circle.
It works by running
power through
very, very cold
metal. Cold metal
lets power run
through it very
fast, and that
power makes a
force that pushes
hard on the air.

COLD METAL -~

here is only a

HEADING DOWN --___
FAST CIRCLE After it goes through the

top circles, the air heads
down under the ground

“““ THE

WHY IT’S SO BIG

WHY DID WE BUILD IT?

We’re like boats, trying to understand the
space we’re moving around on. We can’t see
that space, but if we hit it hard enough, pieces
fly out that tell us something.

These machines have helped us learn about
space, time, and what everything is made

of. We built this hitter to try to figure things
out about our new ideas—about what those
pieces themselves are made of, how they push to see what’s going on.
on each other, and why things have weight.

From the first hallway, the air gets
sent into these hallways that go in
a circle. While it's going around,
they push it faster and faster.

The hallway is very big; it would take you all day to walk
around it. It has to be big because the air is going so fast
that if they made it any smaller, they wouldn’t be able to
make it turn fast enough to stay in the hallway. Then the
air would hit the wall and make things blow up.

hitting the side. So you get an idea: If you
throw something heavy enough into the sea,
one of them will throw up a big ball of water
with a biting fish in it.

But to have a chance of lifting a fish into
view, you need to build something that can
hit the water really hard. Doing that will take
a lot of work (and money), but you and your
friends think that if it can get answers about
what’s going on in the water, maybe you
should give it a shot.

WHY IS IT UNDER
THE GROUND?

Space is everywhere, so we
can do the hitting anywhere
we want. Putting the hitter
under the ground keeps it
safe from things—like tiny
flashes of light from space—
that could make it harder

NOT THAT DEEP

This is shown deeper than it really is, to make
it easier to see. It’s really only about as deep as
a tall building, but as big around as a large city.

LIFTING
ROOMS
]

PROBLEM ROOM
The flying air carries a lot of
power. If they have to turn
off the machine, and
there’s no time to
let the air slow
down, they
send it into
this huge rock
room. The air hits the
rock and heats it up, but
doesn’t hurt anything else.

“ec____HITTING ROOMS

AIR POCKETS AND CLOUDS

AIR
GOING

OTHER
WAY

and they make beautiful pictures.

water drops in the air.

have any, which you probably shouldn’t.)

“==- COOLING AIR
The outside of this
carrier has a layer of
air so cold it turns to

little warmer
than the coldest

The metal in

water. (They use the
kind of air you can

that anything

can be. l:l

breathe in to make
l] your voice sound
funny.)

 iEuana e |

There are rooms around the hallway where people can make
the air going one way hit the air going the other way. When it
hits, machines in these rooms watch what flies out.

In this machine, people watch for flying pieces using sheets of
computer-controlled feelers. In older machines, though, they
used some stranger things, like air pocket pools and cloud boxes.

Air pocket pools are big pools of really hot water, right on the
edge of turning to air. When a tiny piece flies through the pool,
it makes tiny pockets of water turn to air and start to grow. Each
thing that goes through leaves a track of air pockets behind it,

Cloud boxes are like air pocket pools, except instead of water
right on the edge of turning to air, they use air right on the edge
of turning to water. When things fly through, they leave a line of

You can build one of these cloud boxes in your house, and see
lines left by tiny things from space! (Or from heavy metal, if you y

AN AIR POCKET POOL

These lines are the paths of
tiny things flying through water.
Some of them go in circles
because there’s a pushing field
that makes the flying pieces
turn. Seeing how much they
turn helps tell us what they are.

TM“

By hitting pieces together, this hitter makes
many strange things. One of the things it
makes is kind of like light, except it goes right
through almost anything without touching it.
There’s a building in another part of the world
where they have machines to look at this light
and learn about it.

To send the light to the building, they just point
it there—right through the Earth. It’s so good at
going through stuff, it barely notices the Earth.




POWER BOXES

It’s hard to understand how power boxes
work, because they’re full of water and
metal doing things that are too small to see.
Ideas from our normal lives don’t really help
us to think about what they’re doing.

To try to explain how they work, we have to
make up new ideas. These ideas aren’t real—
we can’t see the “real” things—but the ideas
can explain an important idea about how
they work.

A lot of learning we do works this way. The
ideas on this page are pretty far away from
“real,” but they should help explain part of
how power boxes work.

IDEAS FOR THINKING ABOUT POWER BOXES

A power box has two sides, one holding a carrier wanter
and the other holding a carrier maker. Between them is
a wall that lets carriers through. The carrier maker would
make carriers that cover the carrier wanter. But eating
carriers puts pieces of power in the carrier wanter, and
you can’t have too many pieces of power together,
because they push each other away. This stops the
carrier wanter from eating too many carriers.

® DpIECE OF POWER
(1) POWER CARRIER

POWER

(in power carrier)

__Power spinner

v’ or light
Metal MeEaI Met\al .___t:m_q‘__
/ Water full
Wall
“ of carriers, __ @ \ £
Carrier ' W\ carrier =
maker %,’ [] ‘fwan‘ter
dodl|ee
Yo ®o
@ ||e®
®
. ® @
® Too many
® @ pieces of
0® power
® e O
®
FULL RUNNING

The two sides of a power box have a

wall between them. This wall lets carriers
through, but not pieces of power. It also
stops the carrier wanter and carrier maker
from touching, which would make the
carriers all move to the carrier wanter
without sending any power anywhere.

Extra pieces of power gather in the carrier

wanter, but they can’t go anywhere at first.

Carrier
wanter

Carrier
maker
]

When you join the two sides with a stick of
metal, the pieces of power can get from the
carrier wanter to the carrier maker.

If you put a machine in their way—like a light
or a power spinner—they can push on it

and make it run, just like water pushing on a
water wheel.

When the pieces of power get to the carrier
maker, it uses them to make new carriers.

- Wall
/

\J

L

[ [~ B5)
|

\ v \ e
\ \ el
Metal for % \ ‘
power to Plastic thin If something goes wrong, the power Metal for
goout | ai‘ Ic thing box can start making a kind of air. power to
from v?atee;aﬁ\ There’s a hole here to let that air out go into

so the box doesn’t pop.

DO NOT ERT

+DONOT EAT POLIER BOK, THAT [
+ D0 NoT TRIK OTHER PEDFLE WD
EATING 1T, EITHE

Lo Nor THROW
# LJILL WoT MAKE

If you cut one of these open,
it would look like this—but
never cut these open. They
can blow up.

LIGHT METAL

In these power boxes, the carrier
wanter and carrier maker are both
made of very light metals. To make
this kind of carrier maker and
wanter work together, they're laid
down in sheets almost touching

CARRIER MAKER

This metal wants to get rid of carriers. If it
gets a piece of power inside it, it will send
it away in a carrier made from its surface.

CARRIER WANTER

This metal wants to be covered in carriers.
It will grab them if they come near and
stick them to its surface, and the power
from the carrier will go inside them.

EMPTY

After a while, the carrier wanter gets
covered in empty carriers, and the carrier
maker gets used up. There’s nothing left to
push the power pieces through the metal
path; the power box is dead.

With some power boxes, you can turn the
wheel and push power back into the power
box. This fills the power box back up.

- SMALL POWER BOX
This kind of power box is used in a lot of places. It powers hand lights, face hair
cutters, and things kids play with.
In this kind of power box, the carrier wanter and carrier maker are made from
different kinds of metal. The stuff in between is water with a kind of white stuff
in it which lets the carriers move across. If the power box breaks, that stuff can
\ come out. Don’t worry, it’s safe to clean up; it won’t hurt your skin.
/  All power boxes run out of power after a while. With some kinds, you can put
/ power back in and use them again and again, but you can’t really do that with
7 the kind shown here.

YOU CAN DROP THESE TO SEE IF THEY’RE DEAD

The carrier wanter in these boxes is made from metal dust. When it gets
covered in carriers, it becomes stronger and sticks together, so the dust can’t
move around. This makes dead power boxes fly back up when you drop them,

but full ones just hit the ground and stop.

HAND COMPUTER POWER BOX

These power boxes hold more power
for their size than any other. We first
made them to power helper machines in
people’s chests. Those machines need to Y 7
hold a lot of power, since people don’t like
it if you take them out too often.

When we started making lots of hand
computers, we got better at making these
power boxes, since lots of people wanted
their computers to work all day without
having to get power from the wall.

Of course, people also wanted their hearts

to work, but more people have hand
computers than heart boxes.

Power
goes out
1

Power
comes in
\

each other, like two long sheets of
paper laid flat and then rolled up.

CAR POWER BOX

These power boxes are used in cars.
They use two kinds of heavy metal

as the carrier wanter and the carrier
maker, which is why they’re so heavy.

The power carrier
water in between
the two sides can
burn your skin.

The carrier maker
and the carrier

==~ wanter are two
--- different kinds of
metal, but there’s
something strange
about this power
box: When the
carrier wanter gets
covered in carriers,
and the carrier

— =—

they both turn into
the same kind of
metal.

maker makes them,
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HOLE-MAKING

Deep in the Earth, there are pools full of the
fire water and fire air that power cars and
sky boats. Some of these pools are under
land, and we’ve worked hard to get the fire
water from them.

Many of the pools are under the sea floor.
It’s harder to reach these pools, but since
you can sell the stuff in them for so much
money, people have built big city boats all
around the world to try anyway.

ROCK-EATING STICK MACHINE
We push this stick into the ground, and
wheels at the front covered in teeth
turn to cut the rock into tiny pieces
and push it back up the hole.

CITY BOATS

Sometimes these cities sit on top of the
water like normal boats, but some of them
stand on the bottom on legs the size of tall
buildings.

The ones in deep seas usually sit on top of
the water. When they’re done making holes
in one area, they can drive to another.

- 4 " If there's a problem and
7 the city blows away or
The city lg- catches fire or falls over or

uses pushers

something, this stick joining
to stay over |

it to the hole can break off.

PLAYING FIELD

Some city boats
have fields for

1
BENDING PART
We used to make
our holes straight
down, because

1

the hole. anything else was \  Teeth for
They're like If it does, this part keeps the too hard to keep / [ breakling rock
g;eap:é?;;ﬁ / fire water from coming out. track of. ! % |
boat. but =| People don’t hear very much| Now, with the help Ir' N
o \ about this part when it of computers, we . N

gger. i works. When it doesn’t work, can point rock- Machine for feeling

SEA | they hear about it a /ot. eaters very carefully how much the

7/

even deep under the
ground. This lets us
make longer holes
with many branches
and get more stuff
out of the ground.

CITY BOAT

It’s easy to get hurt working on a city boat.
Big machines are moving heavy pieces of
metal around all the time, and people work
high above the water. And, of course, the
whole point of the city being there is to
gather stuff that burns well, so sometimes
cities catch fire.

Workers on a city boat spend about half
their time on the boat and half the time back
on land. They usually go out to the boat for
a few weeks at a time. While they’re on the
boat, they spend half their hours working.

FIRE WATER GETTERS

These things get the fire water
either by pulling it up with a metal
stick or pushing it up with a
machine.

Sometimes the fire water comes
up on its own because of the
weight of the Earth pushing down
on the hole it’s in. Most of the time,
that’s nice, but sometimes it can be
a very, very big problem.

SPINNING WATER
PUSHERS

These are like the
things you use to
lift water out of
the bottom floor
of your house (or
move water around
a glass fish holder).
They spin around
and blow the fire
water up to the
surface.
!

Fire water

getting

leJshed up
/7

A METlAL STICK

PULLING
STICK

Water being
pushed down

' to the end of
the stick to help
carry broken
\rocks away

Fire water

getting

pulled up
1

ENGINE
|

Water coming
\ back up carrying
N\, broken rocks

stick is turning so
the computer can
tell it where to go.
(There’s ongyof
these in youfrphone
to tell whichjway
you’re holdiffg it.)

M

i

These things sit on top of the hole and control
what kinds of air and water go in and out.

They’re named after those winter family trees
(the kind with boxes under them) because

Machine for lifting
fire water, sand,
and rock-eating
machines out of

===

- v the hole people say they look like one.
playing games. \
They have to put GAME ROOM Y,
rr/‘a”s irogmd then";, There are usually - /\{\
oul? P ecauts)el; rooms with different " i )
> you tlﬁ y%ur Al games in them, for /)
/ ove’r e sl be’ ysu workers to play while v ; ; :K
/ cant getit ?C * they rest, like a kind of
:’ ! circle-stick ball played \\ J
table.
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STUFF IN THE EARTH WE CAN BURN

Almost all living things are powered by the
Sun. Some living things get their power
straight from the Sun’s light—like trees, and
some things that grow in the sea. Most liv-
ing things that don’t eat the Sun’s light eat
other living things to get their power. In the
end, the power comes from the Sun.

When things die, some of that power is left
in their remains, which is why you can get
power out of dead trees by burning them.

power still inside them. Over a long time, un-
der the weight and heat of the Earth, huge
numbers of these remains can change into
different kinds of rocks, water, or air . . . but
even as they change, they hold on to their
power. When we find these remains, we can
burn them, and get all that power—gathered
from the Sun over huge stretches of time—
at once.

When we first built machines powered by

One day, those will run out, too, and we’ll
have to get power somewhere new—like
straight from the Sun, or the Earth’s heat.

But we may have to change the kind of
power we use soon, before we finish burning
all the stuff in the ground. It turns out burn-
ing that stuff is changing our air, in a way
that’s making the world hotter. If we use up
all the black rocks, fire water, and fire air, the
problem it makes may be too big for us.

fire, we burned wood from the forests of
our time. When those weren’t enough, we
started burning the forests of the past.

Sometimes, if dead things don’t burn or get
eaten, they go into the ground with that

HOW WE GET BLACK ROCKS OUT OF THE GROUND

HOW WE GET FIRE WATER AND
FIRE AIR OUT OF THE GROUND

If the rocks aren’t very
deep, we can make
holes under the ground
and carry them up with
machines. This is how L e
we used to get most of L * —
the rocks we burned.

As we built bigger
earth-moving machines,
we learned to just move
all the trees and land
out of the way to get
the rocks.

FIRE AIR
1IN

T ;
FIRE WATER [~

Some rocks are inside
mountains, so some
companies have started
blowing up the tops of
the mountains so they
can get the rocks out
more easily.

THEY DO THIS IN THE MOUNTAINS
%’ NEAR WHERE I PLAYED AS AKID:
This kind of work leaves pools full of heavy metals and strange kinds of water that was used to
get the black rocks out. Sometimes you can notice the bright colors of these pools from the air.
When companies are done making holes, they often leave the pools behind. People worry about
whether the stuff in the pools could be bad for us. Sometimes birds land in the pools and die. !
H These are both lighter than rocks, and
/ rise up through tiny holes. When they
reach a rock with no holes, they form
pools, with the lighter air on top.

S| Tata &
We make holes
looking for places
where lots of things
died. When we find
a pool, we push a
stick down and pull
up all the fire air and
fire water.

1
1
things slowly turn to fire !
water and fire air. !

~This is-white stuff, like what .
we put on food to make it better \\
(although we mostly get the s

kind we eat from drying out sea ]
water)..We make holes like this ———_
to get white stuff out, then we

put it on our roads to get rid of
snow and ice.

We sometimes use the spaces
we leave behind to hold stuff,

holes that bend is
__SO we can reach
under cities without
bothering people.
__/

T

HOW DEEP?

We can only get black rocks
easily if they’'re not too deep-in
the ground. The biggest problem

———— is that deeper in the Earth, rocks like fire water or fire air that we
are hotter. It’s hard to get a lot of want to save to burn later.
T rock up outof the ground, and if

|
|

Layers of /

rock from=7-__

different :\‘\*
o

the rocks are too hot, that makes
everything so hard that it’s not
worth-it.

There-are other problems. You times \ Pl

need to cut big rooms into the i \v b Wﬁgfes th

ground to get black rocks out, T ©
ground

and it’s hard to holdthe roof up
when there’s so much rock piled
up on it. Sometimes the roof falls

and people die. ~
\/\“

i S

broke
I\

! M-V

STRANGE SHAPE -~~~

When-a-sea dries up, it leaves lots of
this white stuff behind. Sometimes, the
stuff gets covered.in dirt-and-sand.

When the layers above the white stuff
get heavier, it can make the white stuff
start to rise up and push through the
layers above. It looks like paint drops
falling from a ceiling, but going up.

™

DEEP POOLS

We can get fire water and fire air from
much deeper places than we can get black
rocks. Since it forms pools and can run
through small holes easily, we only need to
make a very thin hole to get it out, instead — —
of having to move all the rocks around it.

|

FIREAR
(on e )

ROCK BREAKING

Big, easy-to-reach pools of fire water are getting harder to find, so we’ve been trying ne
ideas for getting it from the ground. We've found that sometimes, rock has fire water or ai
you-can_burn stuck in it. To get it out, we push waterinto.the ground so-hard that it-makes
the rocks break. Then we push in small rocks or glass to hold the breaks open, and the fire
water and fire air comes out through-the openings.

Making all these holes in the rock might mean that when we drink-water,-we’ll also drink
whatever stuff they use to get fire water out, since everything can run through the new
holes in the rock.




TALL ROADS

The Earth’s pull holds people to the ground.
We like to walk around, but sometimes the
ground goes places we don’t want to go,
like under a river or into a deep hole. We
can’t get past those places because we have

HOLE

RO

to follow the ground. (Birds don’t, since they
can fly by pushing on the air. Someone in a
movie once sang, “If birds fly over the sky,
why can’t I?” The answer is, “You are too big
and don’t have wings.”)

If we want to go somewhere, we can make
a road that goes straight across, high above
the ground. Making short roads over holes
and rivers is pretty easy, but making long
ones can be very hard.

AD LONG ROAD LONGER ROAD

Sometimes, you want to If the hole is smal
walk somewhere, but you
don’t want to go where

the ground goes.

BENDY ROAD

You can cross a larger hole with a road that’s

allowed to bend. If you tie many small boards

together and let it hang, bending won’t hurt it,
and that will let it hold more weight.

This kind of road gets stronger the more you
let it hang down, but it also gets harder to walk
across. If it hangs down too far, it’s no better
than just walking down into the hole.

ROAD HANGING UNDER
A STRONGER SHAPE

ig

Since all this stuff you’re adding is just there to hold
the road up, that stuff doesn’t need to be near the
road. You can make a strong metal piece that goes
high up over the hole—which gives it a stronger
shape, but would be harder to walk on if the road
went that way—and then use strong metal lines to
hang the road straighter across under it.

can put a board over the hole
to make a new road. Then you
can walk across the board.

If you find a bigger hole, you can try
to find a bigger board. Bigger boards
are longer and stronger, but they’'re
also heavier—and bigger things get
heavier faster than they get stronger.

| enough, you

All boards bend a little, and longer
boards bend more. A long enough board
will break under your weight, and a very
long board will break under its own.

-
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TALL ROAD

You can cross a bigger hole if you
make the board thicker. Thicker
things are harder to bend, so this
kind of road is stronger.

Rz

RO

It might seem like it would make more
sense to put the extra-thick part below the
road, because it’s “holding” the road up,
and we usually hold things from below.

But if it’s strong mostly because it’s thick,
then it works just as well if you add the
thickness above the road.

ROAD HANGING FROM STICKS
¥

HANGING ROAD
PROBLEMS

When you hold up a road by
hanging it, you have to be very
careful. These tall roads keep

the road from being moved by
the Earth’s pull—which is always
straight down—but wind can
make the road swing side-to-side.
Some roads have fallen down
because the builders didn’t
understand wind well enough.

s
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Another way to hold up a road is to build very strong
sticks, then hang the road from the top ends of the
sticks. The lines need to be a little stronger than the
lines in the other hanging road, and the sticks need to
be really strong. On the other hand, there are only two
sticks, so that can make building easier.

Stro'ng line

!
/

I4

Smaller
lines
]

VERY TALL ROAD

THIS IS THE BEST KIND OF TALL ROAD.

That's not really true. Different tall roads are good for different things.

But a

lot of the time, when you need to cross a big hole, this kind of

shape will let your road reach farther than any other shape would.

TALL ROADS ON OTHER WORLDS

A very bright person (who was known for calling
the Earth a “pale blue point”) once said something
interesting about these kinds of roads in one of his
books.

He pointed out that everything about the shape of
very tall roads is decided by the laws of space and
time—the laws that say how a world’s weight pulls
things—and those laws are the same everywhere.

That means that if there’s life on other worlds, the

... and if they have problems with holding their
roads up. ..

road shape that works best for them should be the
same one that works best for us. Our tall roads may
look familiar to them.

Maybe that’s true; maybe it's not. We don’t know if
there’s life on other worlds, and if there is, maybe
they don’t build roads at all. Maybe their way of
living is different from ours in ways we can’t even
think about.

... then they very well may build tall roads that look
just like ours.

| like that idea, because now, when | look at one

of these tall roads, | always feel a little happier. It
makes me think about how maybe, somewhere far
across space and time, there’s someone looking

at another tall road, thinking about how the shape
might be found across many worlds, and—maybe—
wondering about me.

But if they have holes they need to get across . ..

... and if, in their world, they build things out of
different shapes, like us . . .




BENDING COMPUTER

HOW TO OPEN A COMPUTER EVEN MORE

HOW TO OPEN Different computers open differently. Some open from the top, by
A COMPUTER lifting the keys away, and some are really hard to figure out.

Note: If you're trying to

BENDER use your computer, you
probably don’t need to
KEYS '\‘ SCREEN do this. Just open it the
You can press these  \ normal way, like in the
to put words in the . / first picture.
computer. Mo If you open it like this,
Sseo A 2 you might not be able
OUTSIDE ! - i to use it for a while, or
(plastic or _ I| 7 maybe ever.
----- - I
ryetah / \ BoTTOM 3
e \  PIECE ‘A ~- INSIDE
TOUCHING BOX —-—----=~ \ 1
You can touch this to point at things on the \\ ,:' STICKERS THAT YELL AT YOU
screen. Some computers can feel when you touch N TURNING /  These are put here by the company that made
the screen itself, so you don’t need to use this HOLDERS - the computer. They tell you that if you open the
box—but even on those computers, using the box computer and then it breaks, they don’t have to fix it.
can be be easier because you don’t have to lift (Don’t lose these.)
your hand. ) . . .
This thing decides when to store power in the power
,/" box. It's important to do this right, because if you put
PQWER HOLE_ ST . HOLES FOR YOUR OTHER MACHINES I,’ too much power in the power box, it can catch fire.
This is where you join the ~ | | 1

computer to the wall so the
power box doesn’t run out.

POWER CHANGERS:

souno (D) \

These all help change one o e BOX
kind of power into another X o UJ im;
kind. The more of these they | Dng s mg%gﬂmg"'mj ]
use, the calmer the power ‘gn = oo S5 e!t,' Thing that knows how to
that comes out is. l.m:n.msi talk to other machines <-
3 Qﬂnﬂag\u i] uE uux w"3§n "D through the holes in the e Ny
THINKING BOX  ———mee_ 22 B \ computer’s side \\

Lots of parts of a computer .
“think” in different ways, but
this is what we usually call the
“thinking” part. It's a machine
for quickly following a set of

“~.__ Timer for helping
control how fast POWER BOX
the computer talks This holds power so

to those machines the computer can run

aCl

Sass88

®

for a while even when
steps that are written down as oo, i MACHINES THAT I ;
numbers. sei FIGHT CHANGE its not getting power
) . kg = :
Following steps might not be E0S e TR0 These are shown on part
“thinking.” But it's hard to say L [ maps with this picture: M;rte tginsﬁgﬂlgmer
for sure. That’s one of those i g ma T Lory tbyopen this one
i =SS e L :
thl?as Whi;;e not only do,we A "ft Power runs through them, If you open the other
not now hetatr;swer, V‘;? re Rao and they keep it from parts, they can make
not sure what the question is. '8 changing too quickly. This the computer stop
é =0 Ay way, if there are any little working. If you open
THOUGHTS RIGHT NOW "‘% ols jumps or stops in the power, this one, it can make
This is a kind of memory that Bw . nﬁg’ 0=z it doesn’t break things. you stop working.
holds things the computer is ﬁiﬁ Qol‘ﬁﬁ L
thinking about right now. The & it g Semee Place where
thoughts go away when the ooos b L T
computer turns off 8535 == Part that power comes
P ’ = ' remembers out of the
Thing that tells the air __]___—-- S - the steps for  power box

waking up the
other parts

BABY COMPUTER

This is a very small box with
all the parts of a computer
in it—the parts that think,

[ ) | the parts that remember,
the parts that send power
around, and more.

It does a few different
kinds of work. It controls
how bright the screen is,
watches to see if any keys
~are pushed down, and
watches for finger touches
on the touch box.

blower how hard to blow

AIR BLOWER 777" N

Computers get hot inside.
This pushes air out of the
computer so it doesn’t get
too hot and break.

. ©
AT

LITTLE POWER CIRCLE _

This circle is a power box.
These used to be here to keep
a small part of the computer
from sleeping, so it could
keep remembering who it

was and what machines were ooy
joined to it. ol Egé
Most computers can now
remember that stuff even
when they’re turned off, so
they don’t need an extra
power box for that anymore.

They still use these power
boxes, though, so a part of
them won'’t sleep and can
keep track of time. That way,
when the rest of the computer
wakes back up, it won’t be
confused about what day it is.

w%wm
%0

c.m-;a.iﬁ
% gt

2288

00 D000

_MEMORY HOLDER

If you write a story or put a
game on your computer, it
goes here.

If you take this part out and
put it in another computer,
it will have your stuff on

it. (But it might also get
confused.)

Hole where you can put
a card with memories on
it (like pictures from your
camera) if you want the
computer to have them

SOUND BOX @

J

HOLES FOR YOUR OTHER MACHINES




DARK WORLDS

Out past the cold wind world, there
are lots of little ice worlds moving
very slowly around the far-away Sun.

! \
\
\

/

BIG WORLD BOAT

This boat visited the big world and its
moons. Once it was done with its job, we
told it to fly into the huge air world so

it would burn-up in the air, just like old
space boats sometimes do on Earth.

We did that because we were worried
that if we didn’t, it would hit one of the
other worlds and spread Earth’s tiny
animals there. We don’t know if there are
any other animals on those worlds, but if
there are, we don’t want our animals to
eat them before we can look at them.

\
1
\
OLD CIRCLE- i
COVERED MOON !
This moon got hit by lots I\
of rocks once, which left it \
covered in circle-shaped |
holes, just like our Moon. |
' :
1
1
[}
1

1
1
1
\
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BIG MOON .
This is the
biggest and

heaviest moon
near the Sun.

BIG WORLD

This is the biggest
world around the
Sun. It's mostly made
of air. Some of its
moons are almost as
big as our world.

but it’'s warmer on the'
there’s water under the i

Since there’s warm water, lots
people want to go there to look for
animals. We don’t know if there are
animals there, but if there are, we
want to know about them.

THE MOON

Other moons have names, but our moon is just
called the Moon. Some people visited it once.

We’re not sure where it came from. We think __
another world probably hit our world when it b
was very young and lots of pieces flew off, and
then the pieces fell together and made the new
baby world. But we don’t know for sure yet.

HOT SKY WORLD

This world is about as big as our world,
but it’'s much hotter. One reason it’s hot
is that it’s closer to the Sun. The other
reason is that it has more air than our
world, which keeps it warm, sort of like a
thick coat around the whole world.

People used to think this world would be
nice to live on. But if you visit this world,
you will have lots of problems.  -=--<

The air is really hot. If you land there, )
you will be on fire, and you will not come
home. The air is really heavy. If you land
there, it will be like you’re deep under the
sea. The sky will press down on you and
make you get smaller, and you will not
come home. The air isn’t the kind of air
humans breathe. If you try to breathe it,
you will not come home. The air is also full
of a kind of water that’s bad for your skin.

If it touches you, you might come home,
but without your skin.

These two worlds are huge
balls of air and water with
some rocks in the middle.

)
/\ RED WORLD _ /

’

,-~~~BIG TRIP TAKER ONE

We were so surprised when an earlier Big Trip Taker Two is the only boat
boat saw clouds around the cloud to visit the two outer worlds.
moon, we told Big Trip Taker One to N
change plans and fly past the cloud AN
moon for a closer look. This took it >
off the road to the other worlds, and

it headed out into space. It’s now

traveled farther from home than
anything humans have built.

/

¥
—£

BIG TRIP TAKER TWO

This world is far from the
Sun. It has the coldest air
and the fastest winds.

These two air worlds are smaller than
the ring world and the huge air world.” "~~~
They have more kinds of water in their
air, which makes them more blue.
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LOST WORLD ---~

This world is strange because
it used to go around the Sun
alone, but one day it came too
close to the cold wind world
and now it lives there.

RING WORLD

All the big air
worlds have thin

rings, but this
world’s are huge
and bright.

RING WORLD BOAT

This boat visited the ring world to
learn more about it—and to get a
closer look at the cloud moon.

CLOUD MOON

This world is very strange—it’s the only
moon covered in thick clouds. The air
there is even thicker than Earth’s.

It would be nice if it were the kind of
air we can breathe, but it’s not.

SMELLY YELLOW MOON

This world has lots of color, but the color
doesn’t look very nice. It looks kind of like
fire, but even more like food that came out
of someone’s mouth. It’s covered in stuff
that smells like old food.

>
SPECIAL ENGINE BOAT

This boat visited two of the little worlds between
the red world and the huge world. It’s pushed by
a special engine that’s powered by the Sun.

It was the first boat to visit two different worlds
and stay for a while at each of them.

LITTLE RED
WORLD

SPACE CAR ~ ™% ’< _____ -
]
_ OUR WORLD

L ECEICERIMEINERCR{EES
and a blue sky here. You
probably live here, too; it’s
very hard to leave.

SMALL ROCK WORLD

This world is hard to see because
_-- it’s right next to the bright Sun. It
turns very slowly, so the day side
gets very hot and the night side
gets very cold. THE SUN

The Sun is a star. It looks bigger and

brighter than other stars because it's much

closer to us. But it turns out it really /s
_-=~"""" bigger and brighter than other stars.

For a while, we thought it was smaller than
other stars, because most of the stars we
looked at turned out to be bigger than it.
But it turns out there are lots of stars that
are less bright; they’re just harder to see.



WORLDS AROUND THE SUN

The Sun is the biggest thing near us. Our
world and everything near it goes around
the Sun. Some of the worlds that go around
the Sun are big enough that they have their
own moons—little worlds that go around
them as they all go around the Sun.

THE LITTLE RED WORLD

This world had seas on it when it was very young, but now it's cold and the seas are gone.

All of our history happened in this picture.
Most of it happened on the third world,
counting out from the Sun. You’re some-
where in this picture right now!

. . . probably. But sometimes, books last a
very long time. Maybe you’re reading this

hundreds of years after | wrote it. Maybe
you’re on a boat or a world that’'s some-
where outside this picture.

If you are, then I’'m wrong. But I’'m happy to
be wrong for such a cool reason! | just wish
you could tell me what you’ve seen.

It’s called the red world because there’s metal in the sand, and it turned red over time, for the
same reason that old keys or trucks turn red on Earth if you leave them outside for a long time.

VISITORS

No people have visited the red
world (yet) but lots of space
boats and cars have.

Some of them broke, hit the red
world, or flew past it. Some of
them disappeared, and we don’t
know what happened to them.
This picture shows boats that
made it to the red world, along
with what we named them for.

ROAD FINDER -~-_
ROAD TAKER —--__ -

GOOD CHANCES CAR T a

GOOD FEELINGS CAR ---a

THE FEELING OF WANTING
TO KNOW THINGS

(the red world space car)

s

BOAT RIDER FOUR --% ,:,;m
BOAT RIDER SIX ----% E

BOAT RIDER SEVEN ---%
RED WORLD FOUR ---¥%

These boats

rm=sss===== visited but
RED WORLD SIX ----- > didn’t stay.
RED WORLD SEVEN ----» =E=
WRONG-TURN BOAT-——--- » oA
This boat was supposed g, __—--—- SPECIAL
to stay around the red e ENGINE
world, but it made a BOAT ®~___ These boats
m;(t)gagdtum andflew past @ . LITTLE —-‘_:-_:: passed by the red
: WORLD <« world on their way
WATCHER to other places.
»

\
RED WORLD ’

~.

SEA GOER (THE
ONE AFTER EIGHT)
1

e Lt T
~a m§m

SKY WATCHER RED —’A
\ 2 WORLD
E VISITOR

k-2

?94___ RED WORLD
WATCHER

aDWOD <--FAST RED
WORLD BOAT
%x TWENTY OH
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PICTURE TAKER

Since before humans learned to write, we’'ve
been using painting to turn our ideas back
into pictures. Pictures let us remember the
things we saw and ideas we had, and to put
those ideas in other people’s heads, too.

A few hundred years ago, we started mak-
ing machines that turned light straight into
pictures. These made it easier for anyone to
make pictures, and picture making has be-
come a big part of how we talk and share.

When you look at something, the light from
it goes into your eye and makes a picture
inside your head. The picture gives you an
idea about the thing’s shape and color.

T HATE HOW EVERYONE TAKES PICTURES

i
A

LIGHT PAPER INSTEAD OF JUST ENJOYING THE VIEW-

Some kinds of paper change color when light hits them. Picture takers used these for a long time. ,..YoU 5AY, INSTERD

This paper alone isn’t enough to make a picture, though. When you hold the paper up to OF ENJOYING THE VIEL.

someone, light from every part of them hits every part of the paper, so your whole page will be ey J i

all one color. (Unless you hold the paper so close to the thing that each part of the paper only Kﬁi) % et B2l

sees light from one part of the thing, but that doesn’t work very well.) ! oy . i\\:,
g —

w | \

SPECIAL SHAPES -
By cutting glass into the right shapes, we can make light
benders that catch lots of light and send the light from
each direction to a different part of the picture.

This machine is good enough to take a simple picture,
but it will be a little clouded and not very sharp or bright.
To take a clearer picture, we have to add more benders
to control the path the light takes more carefully.

Most picture takers NOT AGAN/...
use glass, since J
it’s easier to cut
it into a shape
than water. Some
people are trying
to build computer-
controlled benders
that use water, which would let the
benders change shape to control the
light without using as many parts.

BENDING LIGHT

To make the picture less
clouded, we need to bend
lots of light from each part of
the thing toward the spot on
the picture that goes with it.

To let in more light, you could make  We can do this by using
the hole bigger, but then the light things that bend light—like
from one spot starts to spread out on water and glass.

the paper, clouding the picture.

MORE LIGHT

The hole idea works, but a tiny hole
doesn’t let very much light through,
so it takes a long time for enough
light to hit the paper to make a
picture.

SHAPE

To make a picture of something,
you need to control the light so that
each part of the paper sees light
from just one part of it.

One way to do this is by blocking
almost all the light paths using a
wall with a hole in it. (This makes a
picture that’s turned over, but that’s
okay—you can just turn it back.)

@

BIG PICTURE TAKER

This machine is used to take sharp pictures, WHY ARE THERE SO MANY BENDERS? POWER BOX MEMORY
even of things that are small or far away. These light benders are here for different reasons, but one of the big _ Taking pictures can This holds
Our eyes are better than most picture takers at  ones is that some colors of light bend more than others when they go /" use lots of power, the pictures
seeing small and far-away things, but thanks to  through glass. This can make some colors in a picture sharp while others ," so picture takers you take.
its very large benders that take in lots of light, are spread out. Different kinds of glass break up colors ! usually need special A
this kind of picture taker can see even better. in different ways, so by sending the light through one ! power boxes. o

! -

kind of glass and then another, groups of benders can

LIGHT CATCHER

LOOKER \S\I/?NTgORsV get the different colors to the same place. i \
The whole front end o ) ) This used to be made of
of the picture taker This window opens and closes to let light through to the light catcher paper, but on computer
is for gathering light. and take a picture. It has two sheets. When it starts taking a picture, the picture takers like this
The whole thing can bottom sheet pulls down out of the way. When it's done gathering light, one, it’s a flat sheet of
come off, so you can the top screen comes down to cover it. It uses two screens; if it used a RN computer light feelers.
use different lookers screen that came up and then pulled back, then the top half of the light N Each one checks how
for different kinds of catcher would spend more time catching light than the bottom. N much light is hitting it,
pictures. \ then tells the computer.

\ H~"The computer puts the

\ messages together to

! make a picture.

e |

SCREEN

This screen shows you
what the light catcher
is seeing. It also lets
you look at the pictures
you took and decide
whether you want to
keep them.

| _Some picture takers
have a hole you can
look through, too, which
shows you a view out
the looker using a mirror
(or pretends to, using
another screen).

FLASH

¥ If there’s not enough

! light to make a good

! picture, this can light up
the area for a moment
while the picture
window is open. The
light can make the

[i shadows in a picture
look strange, though, so
some people try not to
use it very much.
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NO MIRROR

FRONT BENDERS
These grab all

the light and start
bringing it together
so the other benders
can do things with it.

CLOSE-OR-FAR BENDERS

These benders control how close up
or far away the things in the picture
look. They slide forward to look at
small things far away, and back to
see a wider view of the whole area.

PICTURE BENDERS

These light benders are
the ones that bring the
light together to make
a picture on the light
catcher in the back.

CHANGING SHAPE

Picture takers have changed
shape over time. The back
parts are smaller, but some of
the front parts of good picture
takers have stayed big. The

Nice picture takers used
to have a mirror here, so
you could look through
a hole in the top and
see through the looker,

FROM YOUR PICTURES, WE
FIGURED YOU WERE JUST
BAD AT USING (AMERFS.

No, IM ACTUALLY
UKE THIS.
/

40

to see what would be

jobs done by the back parts,

DUST SHAKER WINDOW

Even a tiny piece of dust stuck to the picture window can make
the machine take bad pictures. In small picture takers, the
picture window is locked inside and safe from dust. But on ones
where you can take the big looker off to put on a different one,
dust can get in.

To keep dust from being a problem, there’s a window in front of
the picture window with a shaker on it. The shaker shakes the
window very fast, throwing off any dust that sticks to it.

in the picture. The loud
“picture-taking sound”
is the mirror moving out
of the way to let light
reach the back.

Now, more and more
picture takers are using
screens to show you
the view instead.

like saving pictures and
storing power, are now being
done by small computers. The
front parts bend light, and
computers can’t do that yet.

L[
01

Soon, people might just use
their hand computers as the
back part, sticking them to a
looker to take nice pictures.



WRITING STICKS

People used to write all their words using
sticks. Now, they write words by press-
ing keys, which is usually a lot faster. Even
though we’re writing more words every day
than we used to, we’re using writing sticks

less and less.

WOOD KIND

(makes lines you can change)

PROBLEM FIXER

This used to be made

from tree blood, but ——eeeee—_
now it’s usually made

from a kind of plastic

(which is made from

very old dead things).

WOOD PART

Most of the wood for
most writing sticks
comes from one kind
of tree. Writing-stick
makers like that tree
because the wood smells
nice and doesn’t break
off into little pieces that
get stuck in your hand.

WRITING PART

This used to be made
from a kind of heavy
metal, long ago, but now
it’'s made from black
rocks that we found

in the ground. Most of ———————_L
those rocks come from
very old dead things.

It turns out a lot of the
parts of writing sticks
come from dead things.

POINTS

This kind of writing stick
gets less pointy as you
use it, so you have to
keep cutting it to make a
new point.

Sometimes you get a
nice sharp point, but
sometimes it’s hard to
get right:

When this happens, it
can make you decide
the thing you were
writing wasn’t very
important after all.

You push down on this
part to make the end of
the writing stick come out.

It makes a loud sound
when you do this, and
some people press it over
and over again.

They don’t always think
about the sound when
they’re doing this, but the
people around them do.

YELLOW PAINT

Although we haven’t used
heavy metal in the writing
part in the center for
hundreds of years, until not
too long ago, we did use it
to make the yellow paint
on the outside.

We finally learned how
bad that metal was and
stopped using it for yellow
paint, so now you probably
won'’t get sick from biting
your writing stick.

Empty space
where you can
hide a piece

of paper if you
want to send
someone a note

PUSHER -------

This is the bottom end,
where the writing water
comes out slowly.

Sometimes it comes out
very fast, and colors your
clothes. Then you have to
buy new clothes, unless
you like the new colors.

Some people still use sticks like these for
things other than writing. People who draw
pictures for a living might not use paper
anymore, but most of them still use sticks to
control where lines go.

WATER KIND +

(makes lines you can’t change)

If you write something wrong

with these, it will always be

wrong. (Unless you write over

it with the same color as the
paper, so it’s hidden.)

HOW THE END THING
YOU PRESS WORKS

If the bottom end of the
writing stick, where the
writing water comes out,

is inside the stick, pressing
the top end makes it go out.
If it’s out, pressing again
makes it come back in.
The writing stick does this
by using several strangely
shaped parts that all push
on each other in different
ways, and it’s hard to
understand even when you
can see it happening.

It's a very cool idea.

BALL MADE OF VERY,
VERY HARD METAL

The ball at the bottom

end rolls around as the
writing stick moves over
the paper.

The top side of the ball
gets covered with writing
water, and then it rolls over
and leaves the water on
the paper. |
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(The pictures in this book weren’t drawn on
paper, but they were still drawn with a stick.)

Someday, we may stop using sticks for mak-
ing pictures, too.

END HAT

This is made of plastic,

like most of the parts of
this writing stick. If you

take this off, the writing
water won't fall out, but
it will make the writing

stick look less nice.

WRITING WATER

This is the stuff that goes
on the page. We used to
get it from sea animals
that have many arms.

Now—like almost every
other part of these
sticks—writing water is

__ often made from black
rocks and fire water,
which are themselves
made from long-ago
dead trees and sea life.
Some writing water, like
the kind used to write
news on paper each
day,* is made from a kind
of food we grow (it’s a
kind of food people use
to make pretend animal
parts to eat instead of
real ones).

“If you're reading this in the future, this is
a thing we used to do.

ANIMAL WE

GOT WRITING

WATER FROM
1

. )
HUTAN , P
\\\~-;;?

When the ball dries
out, you have to
move it around for a
while before it gets
covered with writing
water again.
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HAND COMPUTER

These machines began as radios for talki

out loud to people who were far away. Over

the years, they slowly became more a
more like computers.

FACE CHECKER

This turns the screen off if
your head is near it, so you
don’t press keys with your
face while you’re talking.

\

ng

nd

FRONT

As these machines turned into computers,
they started taking the place of a lot of
things we used to carry around—Ilike picture
takers, music players, and even books.

SOUND BIG
CAMERA MAKER
\ 1
\ \

EAR

PIECE
CAMERA HOLE

POWER KEY
You can push this to
make the computer
sleep or wake up.

1

HOT SPOT TALKER

This lets the hand
computer talk to people

ooo

through a little radio in .
your house, instead of the ~~o
big radio run by the phone
company, which can save

you money.

el

£z

1 oooos

EXTRA MEMORY

HOLDER Tl
If your phone is storing too
many memories for you
(like pictures, sounds, and
games), you can put a card J
here to give it more space.

)
ey

As computers and radios
get faster, companies are
holding more and more

of your memories on

their computers, and only
sending them to you when
you ask for them.
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LOUD CONTROLS
These controls make
the sound in your ear
louder or quieter.

TINY POWER GATE

Like other computers, almost
every part of a hand computer
is full of many different kinds of
power gates.

This picture is used in maps of
parts to mean “power gate”:

These gates take in power from
one line, and listen to another
line to decide whether to let the
power through or not. Computer
brains are built by sticking these
gates together.

There are as many power gates
in a computer as there are people
on Earth. Some of them are big
and easy to see, but most of
them are tiny and control very
little power. The gates, | mean,
not the people.

RADIO FEELER

This part listens to the thin
pieces of metal along the
outside of the hand computer.
When a radio message comes
in, it makes power move in
the metal. This thing listens
to how the power is changing
and turns it into words.

It also listens to words that
the hand computer wants to
send back out, and turns them
into power changes to send
down the metal.
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POWER BOX
JOINER

LIGHTS

For taking
pictures

POWER BOX

POWER HOLE

T

r‘| [

POCKET MOVER

This piece of metal turns very
fast to make the phone move.
That way, it can get your
attention without making too
much noise. (Unless it’s sitting
on a hard table; then it can
make a /ot of noise.)

JOINERS

Different parts of the hand
computer, like the screen and
the radio feelers, join up with
the rest of the phone here
when it gets put together.
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CARD HOLDER

This holds the card that lets
the phone talk to the world.
The phone works by using a
radio to talk to a company
that you pay to carry your
messages. It uses this card
to tell them which hand
computer they’re talking to.
“~~ SOUND
UNDERSTANDER

RADIO TALKER

This tells the hand
computer how to
understand the
words the company’s
radios send.

_.--—- DIRECTION FEELER

-
-

FAST MEMORY
_ This part of the phone holds
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stuff the hand computer is
thinking about right now,
like pages you're looking at
or games you're playing.
The memory goes away
when the phone turns off.

BIG SOUND MAKER

This thing makes noise that
you can hear even when
your ear is far away from the
phone.

LISTENING BOX

This is a special thinking box

that just listens for words.

-~ Since it only does one thing,
it can do it without as much
power as the main thinking
box would need. If a phone
has this, you can make it
listen for your voice all the
time, not just when you
press a key.

POWER CONTROLLER

This thing pays attention to
~< Wwhat different parts of the

@33&?&&25@

e o,nﬁwa::%))ﬂ

computer are doing, and
makes sure each part gets
sent the power it needs.



COLORS OF LIGHT

Light is made up of waves, and we see long-
er waves and shorter waves as different col-
ors. When it rains, the Sun’s light hits tiny
drops of water and bends as it goes through
them. Some colors of light bend more than
others, so different colors reach your eye
from different parts of the sky.

These sky colors are sorted by how long
their waves are, from the shortest waves,
blue, to the longest waves, red. But the
kinds of light don’t stop there! Those are
just the shortest and longest waves that our
eyes can see.

HOW LONG
ARE THESE
WAVES?

A big country ===+

LONG

A small country --4

A small town ——-—4

RADIO

Radio waves and light are the

This picture shows what other colors you
would see if the rain colors kept going. (The
picture isn’t in color, but that’s okay—they’re
not real colors, anyway!)

In real life, even if you could see longer and
shorter light waves, you wouldn’t see these
colors spread out like this in the sky. There
are three reasons for this.

First, the Sun gives off most of its light in
colors that we can see, and light that’s a lit-
tle shorter or longer. In colors that are much
shorter or longer, the Sun is pretty dark!

POWER WAVES

When you stick the end of something into the wall
to power it, the power comes out in waves.

They’re very long, slow waves, taking so long to

OLD RADIO

same stuff. Radio is just longer.

A building -=---- 4

Our eyes can't see light that long,

but we can build machines that

can.

Second, lots of these kinds of light don’t go
through water, so they wouldn’t go through
the rain.

Third, the colors are sorted from long to
short because short waves (blue) bend
more than long waves (red). But there are
some colors, kinds we can’t see, where it
goes the other way! That means that these
colors wouldn’t be spread out like they’re
shown here; they’d be laid in sheets over
themselves—some parts top to bottom and
other parts bottom to top—all in the same
area of the sky.

CAN THEY REACH

US FROM SPACE?

This side shows which kinds of
light can get through Earth’s air.

These long waves go
through normal air, but
can’t get through a special
layer of air near the edge of
space. The air in that layer
acts kind of like a mirror for
radio, which is why you can
pick up some kinds of radio
messages from other parts
of the Earth.

A finger ——------ 4

“SMALL” WAVES

A computer key —-

)
Food-heating boxes are named after these%
waves (see page 16). They use this color.

SIZE playing ~ Computer
hot spots

s music

-

Thesetwo 5
black spots:
A hair (the
short way)
Our bodies give off these colors of light because
we’re kind of warm, but not warm enough to give off FROM
A single bag light you can see. WARM Bodly
of water from ===+ If you wear special computer glasses that help you THINGS heat
your blood see these colors of light, you can see where people
A small thing
that takes over
your body’s ~~~1 People say those rain lights in the BLACK LIGHT

bags of water

The dust
in smoke

color is only sort of true.

sky show all the colors, but they

This is the kind of light that burns

SEE THROUGH YOU

fine. We use them for looking at stars
and talking to our space boats.

Light from the
Sun can get
through air. That’s
good, since we
need it to see.

These colors
are stopped
by the water in
the air.

'
1
1
|
1

I

1
The Sun gives off light in these
colors. The colors our eyes can
see are right in the middle of
that, which makes sense; eyes
grew to fit the Sun’s light.

A special layer
stops some of the
light that burns

THESE your skin. A while
The larger pieces . These kinds back, we learned
everything is ————4 of light can’t that we had made
made of get through a hole in that layer.
air. We didn’t mean to.
The smaller ) We're fixing it.
pieces everything—
is made of
If any of these hit you, they could break down the FAR-AWAY FLASHES
LIGHT things in your bags of water that tell your body how to About once every day, our
CARRYING A grc&w. If you got enough of them, it could make your s;]:c)ace boats s'ee'flashes
ody start growing wrong. of very, very high-power
LOT OF PO}NER When people go into space, where there’s no air to light from somewhere far
These very ’short colors stop these things, they sometimes see little flashes of off in space.
of light aren't real!y like light as the things from space hit their eyes. We’re pretty sure they
waves at all. They're , , ; come from huge stars
The heavy more like tiny rocks That’s one reason we don’t let people stay in space too i’ 9 )
centers of —_____ 4 going very fast. long—if they stay too long, their bodies might get hit in dying, but we aren’t sure

those pieces enough places that they start growing wrong. exactly what happens in

Not very many things
make this kind of light.

the stars to make the light.




WHERE TO HIDE
TO NORTH STAR 4 NORTH END OF THE SKY FROM THE SUN

This line goes to the North Star, ! If you live on the north half of the Earth, you can SO you can see the stars
(which you can’t see here because ___ always see these stars. . >

the ends of the sky are stretched . 7
out to fit it on this flat map). (Unless there are clouds or the Sun is out.) !

Fhis side HOW TO LOOK AT SPACE

Space is pretty! If you want to look at it, here are
some ideas that might help you have more fun:

THE SKY AT NIGHT

These are some of the things in the sky at night. They’re in the sky
during the day, too, but the Sun’s light makes them too hard to see.

PICTURE SPOT

Our best space camera looked at
this spot for a long time to take -~
a picture of old light from far-off
star clouds, showing us the way
they looked when time and space
were very new.

NORTH POINTERS

These stars point toward the
,~~ " North Star, which is always in = ¢ = = GET AWAY FROM CITY
Rl Y ®  the same place in the sky. / \ LIGHTS
/ 2 | i You can see some stars
almost anywhere, but the
farther you go from a city,
the more you'll see.

LINES : OTHER WORLDS

Many of the other worlds
we’ve found are in this area.
There aren’t more worlds
there than most places; it’s
just where.we looked first.

i k

People like to draw lines between groups of
stars to make shapes, then name the group
after what they think the shape looks like.

This one is named after a cat.
LRONAPED TS
D y
EVER SEZAN A CAT? : ' HOLE

) : . In this direction,

THE STAR CLOUD.
NEXT TOOURS

e This.is.one of the féw things you
can see in the sky that’s not part
of our star'cloud. LIE DOWN
there’s a big empty

\ 2
. %k If you try to look at space for
. . paae . along time while standing,
area of space with no - ¢] e]
star clouds. Space is .

your neck will hurt.
full of these empty
areas because of how
stuff fell together

when time bggan.
(It doesn’t look much like a cat to me, either, but . £9

names do make star groups easier to remember.) USE A PHONE (HAND

: . . . . . COMPUTER)
\‘\ ' ‘ Phones can tell you about

STAR DEATH the sky. They can tell you

what stars and worlds you're
A far-away star blew up here,once, and even looking at, and help you
though it was all the way on'the 'other side notice space boats.

.of space, a normal person’s'eyescould see

it from Earth. That means it must have been

brighter than anything elsé we’ve ever seen.

STARS ARE FAR AWAY ___BIG TRIP'TAKER

They’re so far away that when we look at them, : ! ONE
we’re seeing how they looked in the past, since 3

their light takes years to reach us. This space boat left the

g OUR STAR ,é(’ .Sun’s area and is now flying °

between*the stars. .
CLOUD 4 :

Stars Iiv'e together in .
huge clouds in space.

Our cloud is shaped

like a plate or a wheel, *

but since we’re inside

it, we see it edge-on

asa bright path

across the sky.

FIND OUT WHEN STARS WILL FALL

A few times each year, stars shoot
across the sky.They’re not really
stars—they’re little rocks and dust
hitting the air so fast they burn up.
Some years there are lots, and some
years there aren’t. It’s hard to tell
what kind of year it will be.

Re

RED'SHOULDER STAR

This star is huge and red and hear
the-end of its life. Its life will be
short. If you marked this star’s life
on the page about Earth’s past
(page 53), it was born abeut a foot
below the top of the ‘rock wall and
will die just a little bit above it.

R e

THE MOON' -

The Moon stays near the path,
but move$ away from it more *

Sometimes people say that because light takes ) i ! then'the Sun or the other World.s.

so long to reach us, the stars we’re looking at
probably died long ago.

But that’s wrong. Most stars you can see are
only a few hundred light-years away.

So don’t worry; your stars are probably fine!

DUST i

These dark clouds are T
dust blacking our view.

HOW TO USE A
LOOKING GLASS

See
N

|

LOUD NOISE

* Welonce heard a very loud
radio noise here and still
have no idea what it was.
We’ve never heard it again.

8IG TRIP
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SUN PATH

The Sun moves down the center of this path
in the sky. It moves around the*sky once a
year, so in the summer you can see different
parts of the sky than in thé winter.

o !
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\

\

\,
\
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~~~CEMTER OF OUR STAR CLOUD

Ttlere’s 3 huge black hole here,-a place*where so much stuff has come
togethér thatsthe whole thing has fallen in on itself under its own weight
and disappeared, pulling in even the light that would show it to you,

leaving a hole in space with a really strong pull. - .

btar ¢louds are made of stars, air, and dust that fall together under its
own‘weight as space coeled. We think a lot &f them havesthese holes
at the middlg, places where the stuff that'was falling together got too

crose and tootheavy and’Just kept falling.

THE NEAREST STAR
This is really two stars together;
with a third tiny ohe near them.

1
'S
[

STAR FINDER

\ .

] .
WORLD PATH
The other big worlds around the Sun
move across the sky inside this path,

moving up ahd down a little over time.

THIS STAR IS CLOSE
TO BLOWING UP

It probably won’t ha-ppen while'
we’re alive, but if it does, it could be

bright enough to see during the day.,

1
1
1
1
1
\
\
\

SOUTH END.OF THE SKY

THE QOG STAR __

* This is the brightest star in
the sky right now, and has
been for a long time.

The stars in this half of the sky are named after newer things, because these are the names given to

the stars by people from the north half of the world when they visited the south half for the first time.
They didn’t ask the people who lived in the south half whether the stars already had names.

People who learn about space now mostly use the new names picked by the people from the north.

___+-~BABY STARS

Clouds of air and+dust are falling
together to make new stars here.
This'is where some of the prettiest
space pictures come from.*

ANOTHER HOLE

Space here is extra cold and
dark because there aren’t
many star clouds in this
direction.

Takes lots Takes the

of money least money

Not heavy Heavy
Best for Best for

looking at looking at
birds space

"
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POINT A GREEN LIGHT AT SPACE

You can use a green light pointer to
point out stars to your friends. When
you do this, it looks really cool, like
you’re holding a stick that’s touching
a spot on the sky.

Be very careful never to point it at
sky boats. It’s against the law, and
the police lock up many people every
year for it. And if you try, you'll be
easy to find, because of the bright
green line pointing to you.

DON’T BUY A LOOKING GLASS

First, you don’t need help to look
at space! You can start with eyes.
If you want to see more, don’t get
a big looking glass.

Instead, start with a pair of long
eye glasses. The big ones are
better. The small kind take a lot
of money and work better in the
day. Instead, buy the really big
kind that stick out. Those work
better at night, and you can get
them for less money than the
other kind.

THINK ABOUT HOW DEEP
THE SKY IS

The stars look like they’re
painted on a roof, but they’re
really more like pieces of
dust moving through a black
sea. The white clouds are just
lots of stars stretching off
into the distance.

PUT WARM THINGS OVER
PEOPLE

It’s cold at night, even in the
summer! Bring warm things
and food.
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THE PIECES EVERYTHING IS MADE OF

NAMES
People used to think that everything All the things we can touch (but not things This table puts the pieces in order by St of e iiines e i
around us was built from four kinds of stuff: like light) are made from these pieces. weight, and puts groups of pieces that are table have had names for a I FiGURED ::E HH_?_E STUFF THAT BLOUIS UP AND KILLS. T™M AN AREA OF LAND! ];‘}:ll_ﬂ‘l'w\('lr?lgé\l
earth, air, fire, and water. They were almost There are almost ten dozen that we’ve like each other in some way above and be- 'Ofnt%time (like 9<|>|df) bucij_Ome OUT HOW To 55%%%5%?&}5%?%} T GOT TWO OF THAT %&'}E&% !F}—IFTT‘EPREHNORi FOUR
0 0 5 0 O em were on ound In - y .
right—but instead of four kinds of pieces, found so far, but there are probably more. low each other. v \ GUYS GOLD THINGS FOR RS NG OLE THINGS
the last few hundred years. LJE LJERE FRST LEARNI |JH I oM
there are more like ten dozen 1 — EVERY YEAR, SOME OF MY MONEY 1SGIVEN DISCOVERING THESE. 50 LOTS OF THE THBLE ARE
: Many of the pieces in this To PEOPLE UHD DID REALLY GOOD THINGS THIS STUFF, THIS
table are named after people THEY ALSO - @@ NAVES THAT EVERYONE NOU  NAMED FOR ME.
or places—and especially for HEY GET A sy 8 UsES (OME FROM HERE.
people who helped to learn GOLD CIR(LE Um‘f i @E ‘\
about them or the places MY FRCEON 1T Al
where those people worked. ;
EARTH METALS PIECES OF PIECES CENTER NUMBER Here ore alfew of the things r e
These things are called “metals,” but These pieces are made We number the pieces by counting how : EA e YF'&-
a lot of them are more like rocks or of even smaller pieces. . :::HE HEAWY FARTS P'RR?MTFE CENTER, many of one kind of heavy part they have NOT METAL
o dust. They often burn easily. Different kinds of pieces L!ght HEUGHT R '(’ A U ROUND | DE’ in their center, and use that number to 4
have different numbers  Pleces v HERE, EXACTLY? put pieces in boxes in the table. The other The things toward the top right part of i
of those smaller parts. ‘*. ) J‘Jﬁ - ARGUND. hgavy paArt dc?esn’t matter to the count, so the table are thir_\gs that aren’t _metal. THE LINE AlR, WATER, AND FIRE QUIET AIR--
T_here are three main pieces with different num_bers of that part IfVIost of tEesehthmgs are fvel‘:y d|fferent. People don’t agree exactly The things in this area of the table do a Tinits @nel 6 e iElble is >
kinds of these smaller . O may share the same box in the table. ll:]orrg CEE ?t_ o I\f’lany ? F: e”} cokn'lw_iln where the line between “metals” lot of things. When you put them near pretty quiet. When you i
parts—_two heavy ones E( © orfm okalr A few of them ?O J ﬁ @ and “not metals” is, but it’s things from the other end of the table, put these kinds of air with = THE AIR
and a light one. A V| * +1 +7 3 mdl? rock or water ||nstea§1 QI Eflre ‘fl' €Y somewhere around here, and they can turn to different kinds of water, other things, they usually IN HERE
Hea‘vy’ o th t hundred . . e f[";gs] )z;rteu:;:c\)/syyesiflozgan most o runs down and to the right. start fires, or make everything blow up. don’t seem to notice.
) ver e pas undread years, we've @ Chat "
PIECES |earned that the idea of “where” doesn’t O . #ﬂ ‘z ‘\ \ ; i
always work well for very small things. I \‘ \J
TABLE SHAPE \
DON’'T i i i [ =0 Slalel ) LIVES’ STRANGE HEAT i 'L L THE STUPF THE PART OF THE PART AIR IN
THE METAL The boxes in this table are in order D ) ! ) ! THAT KEEPS THE STUFF 5
BREATHE THIS from left to right and top to bottom. It = Some kinds of pieces don't last very long, slowly ! KITCHEN AIR WE DON'T OF AIR WE GREEN BRIGHT SIGNS
X YOU,R STUFF AS has this strange shape because pieces A breaking down into other pieces over time by : GLASS FROM ALL KNOWN NEED TO DO NEED TO BURNING AIR MADE FROM
CINE> DUST OR YOU are in groups with other pieces that s FRHAHHHH throwing away bits of their centers in all directions, STAR DOCTORS EREAKING LIFEIS MADE | gReaATHE TO BREATHE TO THAT KILLS COLORED
POWER BOX MAY DIE. are a lot like them. l_% which makes them give off a kind of strange heat. el Wi e eseu e S T e FROM STAY ALIVE STAY ALIVE LIGHT
(The reason those groups are like We count how long a " work call everything below this line
each other has to do with the number of light parts around the f_'nd ofhplecle Iast_st tt)yk a “metal,” which is a little strange.
outside of the piece—which is mostly the same as the piece’s iming how long It takes . But stars are mostly made of the
PART OF THIS center number—and the way different numbers of light parts sort for half of it to break @ @ © two things above this line, so it THE ROCK YSI24LIEL|E)L\/YV THE STUFF
LIGHT METAL themselves around the outside of the piece.) down. We call this the B s also kind of makes sense that star THAT MAKES BURNING ROCKS THEY PUT IN AR A
THAT BURNS piece’s “half-life. doctors wouldn’t care too much UP BEACHES, WHITE j POOLS SO DOESN’T DO
VERY HOT NORMAL METALS about the other stuff. ! GLASS, AND ROCKS 65 1y NOTHING BAD MUCH OF
AND BRIGHT : . . \ COMPUTER § { LIKETHIS  CAN GROW IN ANYTHING
e e 1 The pieces in this middle area of the table are what we usually think of THIS METAL - ) THEM
+ as “metals.” Most of them are strong, hard, and look a little like mirrors. 1 BRAINS ach s <
\ 4
METAL USED METAL NAMED
METAL USED ONE OF THE GRAY AIR USED BY
STUFF YOUR METAL METAL WELL e MAKE METALWEPUT = _ 2o 0 o METAL THAT METAL AT BROWN TO MAKE THE WATERY S IERRIIIS THE ROCK A ROCK THAT DOCTORS TO
BRAIN USES THE STUFF . KNOWN FOR ON CAR PARTS WE ADD WE USED TO ROCK THAT METAL WE BROWN METAL METAL THAT PL:ACE MOST WELL CAN CHANGE RED MAKE THIN
TO TALK TO TEETH ARE THAT'S BEING VERY THETEETH 1o MAKE THEM 70 METAL MAKE EARLY  MAKES GLASS THE CENTER ;o 70 CARRY  STRONGER  MAKES DRINK Y KNOWN FOR  ONE KIND OF WATER BRICTTINGITS
THE REST OF e NOT VERY STRONG BUT OF CUTTING LOOK LIKE RS MACHINGS BLUE OF THE POWER AND  (NOW USED FOR  CANS TEAR KILLING YOU POWER INTO FOR CUTTING
YOUR BODY INTERESTING VERY LIGHT MACHINES MIRRORS STRONGER EARTH VOICES MANY OTHER LIKE PAPER IF YOU EAT IT ANOTHER Eves
STRONG THINGS)
STUFF THEY
SOME TIME METAL WHOSE A METAL
COUNTERS HEAT WAs  NAMED AFTER METAL NAMED WS AT meTaLusep  PARTOF THE  metaLputon  metaLpur  METALTHAT = ApD TO THIS
METAL THAT  AFTER A GOD, METAL METAL ON THIS = GRAY METAL SILVERMETAL  £6OD CANS TO CAN BE FOUND
WORK BY ONCEUSED TO  THIS TINY TWO METALS USED IN CARS TO IN PAINT UNTIL IN THINGS — ' AIR USED
TOWN TELLS US BUT ONLY AFTER WE ADD TABLE THAT WE DON’T WE REALIZED  YOU CANHEAT "\ een WaTER g s IN LOTS OF = T AT
W':Zg?lggc'gw TPSXYrEl-TEIEIF?ggi s ABOUT THE A LONG FIGHT TOOTHER  BREAKS DOWN ' FIND VERY MAKE THEIR SHOKE CLEANER IT MADE UR AT HOME 1O FROMMAKING  THEM FROM O%T OF THE = FLASHES
EARLY EARTH OVER WHAT TO WITH STRANGE MUCH OF STICK PARTS MOST OF THEM
OF THIS STUFF ~ BOATS IN THE AL (T METALS e PEOPLE SICK TOGETHER | HOLESINTHEM BURNING AREN'T EARTH SO YOUR BRAIN
SHAKE AROUND. FAR NORTH GROWS RIGHT
METAL USED METAL USED THIS STUFF METAL WE USED
WHEN AHEAVY  sTUFFYOu  The things TO CONTROL 5 THE HARD METAL LAID FOR KILLING THIS STUFF NO AIR THAT
IN POWER N METAL USED DOWN IN A \
METAL POWER DRINK SO down at th THE HEAT FROM N\ A ROCK THAT ANIMALS BUT METAL WELL ROCK THAT ! ONE HAS COMES FROM
own at the HOLDERS TO MAKE METALINTHE 000 er /
BUILDING DOCTORS CAN = bottom should THE HOT METAL Yom VERY FAST  LITTLE BALL AT PEOPLE WILL GOLD STOPPED USING  KNOWN FOR LOOKS LIKE ! SEEN CLEARLY = ROCKS UNDER
BLOWS UP, THIS ' LOOK INSIDE o up in this THAT POWERS SKY BOAT THEEND OF A WHEN A SPACE = paAy AS MUCH THIS BECAUSE IT BEING HEAVY A COOL v BECAUSE IT HOUSES AND
STUFF IS A BIG YOUR BODY SOME UNDER- WRITING STICK ROCK HIT FOR AS GOLD ) WAS TOO TINY CITY = BURNS UP TOO CAN MAKE
space here. PUSHERS EARTH - FAST YOU SICK
PROBLEM. WATER BOATS - GOOD AT IT
If you put k\
THIS them there, \
STUFF THAT [ ftmakesthe o URFTHAT STUFF STUFF STUFF STUFF THAT | ASTS FOR
f i STUFF THAT LASTS FOR
LASTS FOR \  tebletoowide T i roR STUPFTHAT  STURFTHAT | TLAsTS  THAT LASTS THAT LASTS | STUFF THAT STUFF THAT LASTS LASTS FORA | STUFF THAT LASTSFOR |  STUFF THAT LASTS FOR THE T
] to fit on a LASTS FORA | ASTS FOR TWO LASTS FOR LESS THAN A |
TWENTY AN HOUR FOR ONE FOR TEN FOR EIGHT FOR HALF A MINUTE THIRD OF A LASTS THREE I TIME IT TAKES YOU TO CLOSE TAKES SOUND
Vi age, so most DAY MINUTES TEN SECONDS SECONDS THIRD OF A | AND OPEN YOUR EYES
MINUTES e page, AND A HALF MINUTE SECONDS SECONDS MINUTE i TO TRAVEL
people don’t SECOND
’ 4 ONE FOOT
A i =
‘ 4 A « A ' o
i 0 STUFF THAT DOESN'T LAST. % e S MONEY METAL FEEL BETTER —====———-__
f o= U et // @ We use a lot of the things in this group as money—although This stuff is made from the rock that 50 MQNY DFFERENT
A ) Most of the things down at the bottom of the table can only be made a little bit at a time ___—---- - @ not the bottom one, since it disappears very fast. looks like a tiny city. If you feel like Lk |
\ f in huge machines. These have short half-lives; they don’t last long enough to be used for = (Some people who know a lot about money actually think food is going to come out of your PﬁR'B OF'TI'E LJDRLD
\\\ /l much of anything, and there’s not much to say about them except how long they last. = Hret [reving ey Hiek: CIEETEers GVEr i Gouild (5o gees) m_outh, you can etk @7 @l seme 6
‘\\ ! but they probably don’t mean quite this quickly.) this, and it might help you feel better.
1 1
1 1
i METAL NAMED METAL NAMED ANOTHER THE NAME :
. I THE FIRST OF ANOTHER ANOTRER _ I’'M SURE THIS IS METAL NAMED
If we find any more ! AFTER A LITTLE METAL USED IN THESE THINGS AFTERTHIS_ M tLs on | METAL NAMED AFTER THIS METAL NAMED  PEOPLE HEREZ y o * )\ '\ cE TOWN, AFTER THIS
pieces, they’ll go in g METALUSED  WORLD NAMED CLASSES THAT | METALTHAT ' yeraL NaMED  TOBENAMED PLACE ~ OTHER METALs  AFTERTHIS  METAL WHOSE ~ PLACE \_ AFTERTHIS  USEDFOR/ZGJE4 " 57 COME ON. PLACE
a new row here. \ TO START AFTER A GOD BLOCK THE OTHER METALs AFTERAFIRE  FOR A PERSON WHEN IT GETS TINY TOWN NAME MEANS e TINY TOWN HERE - ; ¢ gl \
\ FIRES OF FOOD KIDS |, BRIGHT LIGHT STEALER (THE PERSON JUST A LITTLE “HARD TO GET” 3 / N
. WHEN CUTTING =~ REALLY HARD ’ ¥y kg
N EAT IN THE OTHER METALS WASN’T VERY COLDER THAN !
I LJE NT HDD MORNING IMPORTANT) NORMAL AIR L4
HOPE o METAL NAMED  METAL NAMED  METAL NAMED  MgTAL NAMED METAL NAMED = METAL NAMED
THE STUFF _ STUFF IN THE METAL NAMED 2
. ANY NELJ ONES. T UKE HOW STUFF THAT  HEAVY METAL  METAL THAT INHERE \  BOXES THAT FOR HER AFTER THIS AFTERTHIS  'EORHIM >  FOR A MAN FORHIM 3\ s FOR HIM
THAT WE CAN KILL YOU D | ! —--PLACE PLACE —r ™S f METAL
THE BOTTOM ROW GOES LASTS FOR - | TELL YOU WHEN / » ) WHO HELPED HIS LIAS \
MIGHT USE IN SEVERAL § = / My IDEA \ THAT LASTS
TWENTY ‘m . {F YOURHOUSE IS L Pr BUILD THE A% h: & FOR FOUR
ALL THE WAY ACROSS. VEARS FOR POWER INTERESTING - ON FIRE o FIRST HEAVY : MRS
SOMEDAY WAYS <\ AT 6 % METAL POWER
THIS PLACE L BUILDING
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OUR STAR

The Sun is a star. It’s like other stars, but Stars are clouds of air that fell together so long into the future. After the Sun runs out
looks brighter because it’'s closer. The Sun hard that they started burning. The Sun’s air of air to burn, it will get very big for a short
is so bright that we can only see other stars has been burning since just before the Earth time, blow out lots of heat, then fall together
when its light is blocked by the Earth. formed, and will keep burning for about that into a small heavy ball that slowly cools.

AIR AROUND THESUN ________—-—""  ~ A ( ; HOT AIR

The Sun has air around it, like the Earth, but it The air on fire at the center of the Sun blows light

doesn’t have a hard surface under that air. It just and heat out in all directions. The air in the Sun is

keeps getting thicker, all the way to the center. trying to fall toward the center, but the light and

The air around the Sun is even hotter than heat keep blowing it away.

some of the inside parts, which is very Near the surface of the Sun, the air shakes

strange. We're not sure why it’s like that. . and rises and turns over, much like a cup of
: water when you heat it up.

CENTER The fire from the center of the Sun

The middle of the Sun is where heats the air. The air rises and turns

most of the weight is gathered over, carrying heat to the surface,

and where the special fire where the heat is sent out to space

happens. This special fire only (most of it as light). Some of the

starts if you push air together air is blown away too, but most

very, very hard. (This is the of it—cooler, thanks to its trip to

fire that powers our biggest space—falls back down to heat

city-burning machines.)

up again.

FIRE STORMS

,~~ The air in the Sun makes
v power as it moves (for the
same reason that a turning
) wheel can make power
“ run through metal lines).
Sometimes, the power runs
through the Sun’s surface
and blows some of the Sun’s
fire out into space. These fire
storms carry power with them,
and if they hit Earth, they can
break our computers and power
lines.

HOW MUCH HEAT?

Although it’s very hot, the fire doesn’t
actually make new heat very fast. An
area of air at the Sun’s center makes
about as much heat as the body of a cold-

blooded animal of the same size. ?

Even though that doesn’t seem like a lot, the Sun is so
big—and it has such a thick coat of air around it—that the
heat adds up, making it much hotter than any animal.

FIRE LIGHT

Around the center of the
Sun, hot air doesn’t rise.
Hot air only rises when
there’s cooler air above

it, and near the center of
the Sun, a/l the air is hot.
Instead, the heat is carried
through the Sun by light, :
just like how light carries the ¥
Sun’s heat to your face.

The light takes a winding
path through the Sun’s air. \
The path is so long that it can
take a very long time to reach
the surface—as long as hundreds
of human lives.

DARK SPOTS ________-—- -
Sometimes dark, cooler spots appear on

the Sun, caused by power running through
the Sun’s surface. Big fire storms often come
from places with dark spots.

WHY STARS HAPPEN

. Little white star
. O OD .
f 4 /’}
Qe M /o Star blown
| V to pieces

_- Air _- Hotter __
ot i o

e o air ‘ *‘ :

h \" J/,-Zpecial -
To imagine how weights pull each other *‘J' fire .
together, a lot of people say to imagine them

sitting on a sheet. This doesn’t always give you

Strange

1
new fires The last

fire
\,

S

the right idea, but it works pretty well here. ~~3»
NEW AIR Es
AIR CLOUD SPECIAL FIRE When the star burns air by THE LAST FIRE
A star begins as a cloud of air The air seems like it might keep getting PUEIIInG) i {{EEHAG, i mEles As the dying star falls together, it becomes even

a new kind of heavier air. This

:q:ésiice. -thlriiﬁlouailds faelgiz;ys ivn;zélr:elt; ar;?shr?&eénlg(ue thhlz f:erfvvsi;ngtf Kine) 6F &l QloEst i o wialll hottlzr thn evsrfbefore. In this heat, even things thgt
wavesgégthrou%h it, like thg heat is rr?ade i so it gathers, not burned, in the ctou n tk_“én ? it ls;/ltarthtof tllimj tcr;atlng new;n ;
! A 5 MEES SR GF s Sl strange kinds of air. (Much of the stuff we’re made o
surface of the sea. When air is pushed together hard enough, Th _' iaht oulls th here on Earth comes from a fire like this.)
After a while, a pocket of air the pieces it’s made of can stick together. staer ?sge?\rei Vrvnealﬁingpti;ﬁree A lot of heat and light pour out from this last fire,
?appens to get close enough When they do, they let out a lot of light burn hotter. The wind from this and for a moment, the star can become the brightest
ogether that the pull of its and heat. This is the heat that powers our el i (e s GRS CErS thing in all of space.
weight becomes stronger than  largest city-burning war machines. f the st t farther. O pt'
the force keeping it spread out. i i ° € star out tarther. Cver time, 3
When a cloud of air gets hot enough, this  the star grows. WHAT’S LEFT
As the air falls together, it kind of fire starts, and a great heat blows . . .
. - . . B Fo When it starts running out of The heat blows much of the star away into space.
E::g:rew;ﬁggh&susn}ikriz:,teg?r” gtL:,to;roZn\gSeLetg :umst'hzh]lzg)et V‘Smg s air to burn, the center falls even Sometimes, what'’s left of the star will fall together
' g : < e ¢ 2 < closer together, lighting new until it becomes a bright white ball of hard air that

the air together. The air gets hotter, but

As air falls together, it also gets : \
stops getting smaller. A star is born.

hotter. This heat is how the air

kinds of fire that blow the outer slowly cools. Someday, this will happen to the Sun.
layers farther away from the star. |t the star is bigger than the Sun, it may have too

pushes back against whatever  The force pushing away and the force The star gets very, very big . . . muchiweight tolstopleven there. Mihe weight of the
is pushing it together. pu'shing in stop each ot'her. If the sta( falls  and as the fires begin to die, the  hard ball will make it eEm falliné i o fesell, w
But in this cloud, that heat isn't @ little closer together, it makes the fire force holding back the star’s it becomes so strong it pulls in even light Ie‘aving
as strong as the pull of the air’s burn much hotter, pushing it back out. weight disappears, and it starts behind @ black hole in space. ,
own weight, so it keeps getting A star like the Sun has enough air to to fall in on itself.
smaller and hotter. burn for a very long time—long enough

for worlds and life to form. But it can’t THE END OF THE EARTH

burn forever. When the Sun gets very big, its edge will reach the Earth, and Earth will fall in and burn
up. You don’t need to worry about that now, though. If we want to stay alive past the
Sun’s death, there are lots of other problems we’ll have to face first. Worrying about that
one now would be like worrying that one day a tree will grow where you’re standing.
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HOW TO COUNT THINGS

People don’t always agree on how much
“one” is, which can cause a lot of problems.
A space boat once missed a world because
people got confused about which “one”
they should be using for weight.

To count how heavy things are, we pick a
weight to call “one.” Then, if you say a weight
is “ten,” people understand it’s as heavy as
ten “ones.” We do the same for counting
other things, like how fast or hot things are.

[ Py E - 1
! YV - A very tall road (like the : \
P TENHUNDRED—y <~ < T e Tall Roady 1 TEN HUNDRED [
L ALMOST] L HOW FAST ALMOST]
HOW LONG TE"ETg:? __-—The world's tallest building THINGS ARE WET’(;'HW]’_’ T
THINGS N __All the law makers in my country, if they !‘” thi”s system, 1
ARE m “all stood on one another’s shoulders. one’ means going m i
In this system, 9 ] one distance S
“one” is about ﬂuumé T The farthest & person Serv | ) number every HuNDRED| T
half as tall as a m@ has th pth' Avery long train  second. (Cars don’t ;_;Ns
tall person. ;. onas | rtc_an_ anything = use this system, so T
% o (aplastic ring) ] “”' you don'’t see it as % -
________________ much, but people
THREE] % The farthest a person who use numbers THREE]
O oI ---has hit a ballin a to learn how things o
HUNDRED | b’ o] stick-ball Igamek ) work like it.) Honpred | T
“About how ong a normal spoken word is,
ONE HUNDRED ¢ =~ from start to finish, as it flies through the air ONE HUNDRED)
M% _______ One of these, rolled out - Oﬂm
GHT| on the floor all the way G'i
i All the lead t 4 .
| e leaders my country
ﬁvﬂ%ﬂ [ .- has had, if they all stood SB@ i
% on each other’s shoulders. <» % )
FM% - }\.A big sky boat’s wings ‘ The old building well known FI%
(I S—ee ~~"for not standing up straight fo
Bt~ _ tAI\I/iry The biggest wave (’_‘\ I %
Each of these ___f___rff____anyone has ever slid<-" T THIRFY|
is as long as 1 . down the front of while %
one of these. C . N . standing on a board TUENTY
]

This book, if it were on one long page
instead of a lot of normal ones.
The farthest a

= person can jump /,_-The longest one of these

-
<-- The food hallways in your body

A very Iong person-eating fish

<" How high a person can jump if they run and
<€-"" then push a bendy stick into the ground
The distance up to a circle that tall people
~Tjump up and drop a ball through

_________ A tall person

«-A tall person’s pants
If your kitchen

Most countries have agreed to make “one”
the same thing everywhere. Here’s what
numbers from one to ten hundred mean in
that counting system.

-,

Really fast things hit the air in front of them so hard that the
air heats up. If you go about this fast, the number for how hot
the air is will rise past the number for how fast you’re going.

Something shot from a gun

<¢-The winds on the air worlds far from the Sun

-~ ___The outside edge of the Earth as it spins

19‘
=y

<

A little white ball hit with
a metal stick by someone

.~~~ whose job it is to hit little
white balls with metal sticks

Sound in air
<€~-- A sky boat

__——- Avery fast car
-~
A fast bird falling
~from the sky
The winds on the
<€- seain a strong
circle-storm

-

« How fast a normal car can go if you hold
\down the “go” control with your foot
The world’s T

_ fastest-running

-

Someone falling from a
_-- sky boat, after they’ve
fallen for a while

-

-

_The world’s fastest

€77 animal that's not a horse yard grass cutter
€

The world’s Y
<€--- fastest-running  \ The world’s

person “~-. fastest-running

horse

A good runner
<€--- running fast

A normal person
4~ running fast How fast a machine for

-------------------- fixing problems with the ice

- A normal on a sliding-around-with-

sticks playing field can go
if you hold down the “go”
control with your foot

“person running

A normal person

-~ running slowly

<~.__A person walking

b
< ___.The red world space car
- The food a person
H/ eats in a year A stick-ball team (not counting
_________ -=~7""7"7" the people who aren’t on the field)
- A horse A stick-ball team if it were like
/ _The air in a house the ones from those movies
A ~~~where kids learn there’s no
“‘_/ _The Rolling Stones J law against dogs playing,
/’ (a music group) / but if instead of one dog, the
/’ ___________ S whole team were dogs
4-—“ -The water in a big cleaning pool in a bathroom
e
/ A glass box full of water and fish. (A lot of

Pmmmmmmmm-moosooes Hot rocks coming table somehow ; =
1
- out of the ground Got this hot, the E TEN HUNDRED 1|
HOW v oo silver eating sticks - ALMOST]
WARM TENEW <_A wood fire would turn to HOW HEAVY TmEme 1
THINGS IGHT If glass gets this  Water and run off THINGS ARE IGHT| -
ARE SEVEN hot, you can onto the floor. 1 In this system, “one” g
In this system, — HMRD pour it like water.  Anything that gets — means the weight Honoren| |
“none” means GIX| g this hot will start A of a large bottle 2|
how cold water The air at the B ; . _of water. (ln other
making red light Y
has to be to H"% _-surface of the hot systems, “one” is the mﬂﬁg =
turn to ice, and m /" sky world near Earth weight of a normal %
“one hundred” If food gets this hot, it will turn black and start Pottle of water) i
means how hot  THREE| < smoking, and the box on your ceiling that yells THREE]
it has to be to ~_ when it gets too hot will start yelling.
turn to air. o The inside of a WTUO 1
Water that’s hot S - " food-h b
““enough to turn to air 00 eating box

: il
& Hot tea ALMOST
£ If you're heating food made from animals, getting the inside hotter ong HINRED
8 than 'Eh|s will make the food bad (not everyone agrees about this). EI%
o~ _- N, The wet air in those hot cloud
<--""The air in the “~. rooms where people sit without any
_—--world’s hottest clothes and don’t do anything

,/  places
! D The inside of your body if it's
: ’ -T_h-e_ms|de of having a very, very bad problem
B’ your body

How warm the air in
a house should be.
(Not everyone
agrees about this.)

<« A warm pool people play in
—"_—
: - Cold enough that your
o parents will tell you
<. thatyouneed a coat
)

Cold enough that you
actually do need a coat

Heat numbers are a little confusing to work
with, since the idea of “none” and “one”
aren’t as simple with heat as with distance
or weight, and there are a few systems for
counting it.

The system shown here is the one used in
most of the world, but there are two other
systems used in a lot of places. One is a
system that’s like this one, but “none” is the
coldest anything can get. In that system, the

The cold box in your
kitchen shouldn’t get
this warm. If food
~gets warmer than this,
things can grow in it
and make you sick.

-
‘. Water deep

~~in the sea air where most people live is around three
Ice hundred. The other is a system where the
H air where most people live doesn’t get much
! hotter than one hundred or colder than none.
1 -
‘__J

_--—-people first learn how heavy these are when

-7 they fill one on the floor and then try to lift it.)

A big dog (like the kind of dog in a movie
_-- named after a man who made music full
of feelings but couldn’t hear very well)

The really nice man on TV who told little kids he
D G, liked them just the way they were. (For a lot of
his life, his weight was the same every day.)

A dog (like the kind of dog from those movies
about whether it’s okay for dogs to play on teams,
or the show where a little kid falls in a hole and
the dog gets the parents to get the kid out even
though he’s probably just going to fall in another
hole next week)

A person’s skin

__. A small dog (like the kind of dog from the TV

show where the dog dresses up in clothes to
teach kids about well-known books)

-
/

<’

_ Arolling ball for
knocking things over

& THAT sHOW 1S THE ONLY

A cat, or all the REASON T KNOLW) ANYTHING
______ blood in a person ABOUT WELL-KNOWN BOOKS.
LpoF!

~~~- A very new person

A bending
&~ computer

ety

<€- One foot



/I more air into that person.
1
/' DROPS -—-——=======——___ -
! This makes the water fall
H through in the form of drops, Ny “~
H instead of running down in a line. Ssee
',' Ihis mikes 1i:t eéaii‘er for QOctors PUSHING\\ E|
." o see how fast it’s moving. MACHINE
| ADDING-TO-BLOOD This machine
; COMPUTER pushes water
v (usually with

_ﬁ—-‘ make sure the doctors
know what it’s doing.

¥

ver

o))

EY

CEDEE

=

-=""If the blood pusher

ROOM FOR HELPING PEOPLE

Little things go wrong in our bodies all the
time, but bodies are pretty good at fixing
problems. Parts are always breaking, but our
bodies make new ones. Tiny living things try
to make us sick, but our bodies are full of
groups of tiny machines flying all over the

WALL AIR

The walls of normal houses
have power holes and water
holes. The walls in these
buildings have those holes, but
they also have lots of air holes.

If someone is having trouble

breathing, the doctors will run

a line to their nose or mouth

from one of these holes, and
,~~ the wall will help them get

Doctors tell this computer how
much stuff to add through the

something in it)
into someone

hand line. | through a

NOISES . hand I,me.
~ 1

If this machine notices ™~ \

something, it makes a
little noise, like a phone
getting a message, to

These noises happen™™
a lot, and can make
people worry that
there’s a problem, but
they’re normal.

CHEST STARTER

WJHEN 0 STOP

=

Oc
0[3%- il

in your chest stops
working, it has to be
fixed very fast.
This machine
sends power -
through i, F
which can start

it working again.

lTABLE
AIR

(in case
there’s no

wall air near)

|

SPECL FOODS TO HELP
 — LHO ARE SICK
N DIFFERENT AYS

= RadE

— STUFF 1O HELP
GROWN-UP5 BREATHE

Em— STUFF To HELP
KIDS BREATHE

g_man THROATS HAVE A DIFERENT
-, SO THEY NEED DIFFERENT STUFF.)

i) Til

@Ry
90 DOCTORS AN ADD THINGS
THAT HELP THEM GET BETTER

C— PARTS R ADDING
STUFF THROUGH HANDS

—/ SIUFF FOR
CLEANING UP

)

ROLLING PROBLEM TABLE

P

place looking for things that don’t belong
and getting rid of them. Usually, these prob-
lems get fixed without us even knowing!

But just as there are places we can’t travel
without help from other people and ma-
chines—like the Moon, or the bottom of the

sea—there are problems we can’t fix without
help from other people and machines.

When we’re sick, or something goes wrong
with us, sometimes we need to visit a room
full of machines like these so we can talk to
doctors and get the help we need.

A lot of problems

BAG OF WATER TO
ADD TO BLOOD

These bags are used to put
water and stuff into people.
Sometimes, doctors put
things in bodies by having
people eat them, but these
are used when doctors
need to take a shorter path,
without going through

the food system.

Sometimes, the bags
hold special food to make
people better. Other times,
the bags just give water.
They do that if someone
needs water but might not
be able to drink anything
without feeling sick.

PERSON WATCHER

This machine watches

the person in the bed,
keeping track of how
they’re breathing and
how different parts of
their body are working.
It shows this information
on a screen so doctors
can quickly tell whether
there’s a problem.

WALL POWER

Visiting one of these
rooms can mean a
lot of sitting around
and waiting. If

CHEST MOVING

PoLER IN BLOOD PUSHER

b D\ oo

BLOOD GETTING AIR
WA WAVAN A VA VLV Vg

ON THE
HIGH SIDE

RED
SLow

you're ever stuck in

one of these rooms

ask the doctors if
you can use the wall

i
e a and your phone N
HEAT -- , 22 __is running out of \ CLEAN-UP
CHECKER power, it’'s okay to \ '..j BOTTLE ---»

These are for

l U‘

L will cause your —1
body to get hot.
This lets the doctor

quickly check
to see if that’s
happening.

PUSHER

There’s water in
the middle of this
plastic line, and a
spinner presses
the plastic to push
the water down it.

HAND LINE

This plastic carries
water into the
~~"person’s blood
through a little
hole in their hand.

— 7 WATCHING LINES-~____- -

keeps track of what’s happening
fin the person’s body and puts
informatipn on the screen above.

7

SHEETS

- /These lines run to the computer that

power! They have
lots of these holes
and won’t mind.

—_—
ARM TABLE

People can keep a cup of
water here. Doctors will also
bring around food when it’s
time to eat (unless the people
are sick in a way
that means they
can’t eat normal
food right away).

It can be cold in these buildings, but doctors will
usually bring sheets and other warm layers to people
who ask for them. They even have a special heated
box where they keep sheets warm for cold people.

pulling water
and other stuff
out of places in
bodies where
there’s too much
of it (usually
the mouth and
nose). You
probably don’t
want to know
anything more.

BREATHING MACHINE

If someone can’t use their
chest to breathe, this
machine can move air in
and out of their chest for
them. It works by pushing
and pulling the side of

a box of air to push air
down a plastic line into the

\

\

person’s mouth or nose. [

\,
N

e &

v

— N

------ WHEELS

~<
~
S~
~

FooT
CONTROLS

Doctors can move
the parts of the

These let people
move the bag

\
\
1
1
1

LEG PRESSERS

Sometimes, if people have certain
kinds of problems with blood, doctors

If someone has a new problem show up while they’re in
the room, and there’s no time to move them to a place
where that kind of problem is normally fixed, doctors will
bring one of these rolling problem tables. They’re full of
things for helping with all kinds of problems that need to
be fixed within just a few minutes of when they happen.

holder around.
That way, they
can go to the
bathroom without
having to take out
their hand line.

make it lie fl

bed using these
foot controls, to

a normal bed or
sit up like a chair.

will have
press on
at like

blood around, to keep too much of it
from getting stuck somewhere in their
body and causing a problem.

\
HOLDING BOXES

These are usually full of
extra clothes and sheets
for people who are
them wear special pants that
their legs. This is to move be empty, for visitors to
visiting, you should ask
before using them.)

visiting, but they can also

put their stuff in. (If you're

=1

—
M
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PLAYING FIELDS

And how big they are.
(The real-life fields are all ten hundred times larger than these drawings.)

A lot of games are played by throwing things,
kicking things, hitting things, and using sticks.
Games put these together in different ways:

THROWING/ S S
HITTING
> MIDDLE FAR

CATCHER \\_
O oY WALL ™
2 0¢ _ -STICK BALL )
6 o b * If you hit the ball I/ In this game, a player on one team
= Dwn - over this wall, and i throws the ball, and a player on the
x no guards catch | other team tries to hit it with a stick.
H it in the air, they | )
! can't go get it. 1 If a player hits _the ball, they run along
! a path on the field, and try to get as
In this game, f th bef the other t
one player LEFT FAR A @D findethe ball and brings it back to | RIGHT FAR
oneachteam  CARRYING CATCHER ! try to touch the players on the other CATCHER
can throw The players out here  tgam with it. Players who get touched
the ball. try to get the ball by the ball, or blocked by someone
<€--and then stop the==3 | 51ding it, have to stop trying to run y
?ther team’s p_:_aliqyers farther along the path and have to /
- rom running. the leave the field for a while.
/< CIRCLE BAL_L guards stand near A
v Two teams play this game the running path /
=%, With a big yellow-red ball and try to touch the ¥ o
on a hard floor. Each team runners with the ball SECOND | Find
b C) i tries to get the ball through EXTRA /
a hanging circle at the other GUARD 2. PLATE /
\&‘ team’s end of the floor. They \GUARD / ? W
.« can throw the ball, but not THIRD FIRST / A
"~ kick or carry it. If they want PLATE N /
to carry the ball, they have GUARD. »J/ /_/
3 /

S
A J wﬂn ‘Ff to keep throwing it at the
f" E ground and catching it when a’
f_‘ ?’ it comes back up. A\

END LINE If you go outside
If you carry the ball over this et this line, you get \
line, your team gets points. ’ i . \
| K4 in trouble ITTER 2 .
\ ] ¥ PATH \ A
A R N A A N I D (Otherteam) '
\
\ D ~— e thrower, catcher, an
\ NGO ~— o The th tch d
A \\EATCHER P A first plate guard are often
—_— bigger than the other
LAW DECIDER players since they don’t
usually need to run as much.
END AREA
You can also <~ LEFT  RIGHT -~~~ _HAND AND ARM BALL
< get points by \\ TEAM TEAM \4 V/ Two teams stand on either side of a
catching the ball A Y \ tall, see-through wall. They use their
in this end area. N S~ ' @ arms to try to keep hitting a large
POINT | air-filled ball over the wall and back
STICKS T without letting it touch the ground
If you kick the A on their side. The team that lets it
ball between | touch the ground on their side fewer
} ! times wins.
pradenn b dboabornboandboan b biandornbrn Prdbensdbonndorndonndinn b dbenndong tgheetspe)osl‘:']lssk,sk;a,tou TALLWALL Theycanusetheirarmsandhands
@ FOOT BALL (MY COUNTRY) not as many as The wall is made to hit the ball, but they can’t catch it.
if you carry the of thin lines so you
A\_ :I\ Itgis %ame, each team ;ries to getdthe bal! to thkg ither ir)ld of;he baﬁl over t%e can see through it.
ield. They can carry it, throw it, an s<_>met|n_1es ick it, while other end line. ClRCLE'STlCK
players try to carry, throw, and sometimes kick them. BALL
The players can
”~ FOOT BALL (MOST OTH ER COU NTR'ES) stand as far back /’—WALL Two p|ayers (or teams
¥ In this game, each team tries to get the ball through a door at the other as they want. of two) stand on either
1 A side of a short wall. Each

end of the field. Most players can’t use their hands, but each team has one 1
/\, player uses a flat stick

@ player who guards their door and often uses nothing but hands. ' - wh
& with a circle-shaped see-
o through wall at the end to

hit the ball back over the
wall to the other side.

,~~SLIDING AROUND
y WITH STICKS

9 Two teams play this game with
sticks, a small plastic rock, and
a field of ice with a door at each

end. The players slide around

very fast hitting the rock with THE ...

their sticks, each trying get it
through the other team’s door.

BOX
FOR BAD -~ -r——-——===7~ | —=

PEOPLE
IS IT ALLOWED? 4 @/r, DOOR
1
’ A A

i Lﬁ lo &8 N e\ D f/a\\_b
w#1eq || 2w LS (Pl &

L YES YES NO

DOOR

S—e

DOOR -~

O
/4
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EARTH’S PAST

Everything* that has happened here so far *not auiTE EVERYTHING

We learn about the history of the Earth from This picture shows what it would look like if All of human history,

rocks. Rocks are laid down in layers, and by you could see the whole history of Earth in a fj)nf;,en‘t’\;eafﬁtblﬁﬁéne‘j
looking at the layers from different parts of single set of layers, with every year as thick cities, is a layer as thin
the world, which are all different ages, we as every other. In real life, no single place as a piece of Rebels
can piece together a single history that goes has all these layers together, and there are !
back almost to the start of the world. no layers at all from the oldest part of the
Earth’s history.
CPREFUL!
- J
__%7 ,—- SPACE ROCK HITS EARTH

g ‘,’I A big rock hit the Earth, and lots of the animals died. Some
- groups lived, like birds, some kinds of fish, and our parents.

N
=~ THE BIRD TIME

\ A big, well-known group of animals lived during this time. Today’s
/! birds are the only animals from that family alive now, but many
other animals came from it in the past—like big ones with long
necks and bitey ones with huge teeth.

e —
Humans learned to A

use words around

this time.

-------------------- THE GREAT DYING

— et b o ‘*,’L_';,’T“?T = “, Almost everything died here, and we’re not
—— S —— “«-. LIFE GETS BIG sure why. There were lots of strange changes
EVERYTHING GETS COLD-—- AND STRANGE in the air and the sea, and around that time
The Earth got really cold here, and ice Around this time, big @ huge layer of hot rock came up out of the
covered lots of it, even parts around animals started to Earth and covered a large part of the land. The family of
the middlg where it's usually hot appear. If you find So whatever happened, it was pretty bad. animals we come
R e = rocks from this time, ~ “The Great Dying” sounds like a name made from—along with
o =2 il A‘ you can see lots of up to use simple words, but it’s not; serious dogs and cats, but

\  strange things in them. people call it that. —— not birds or fish—

got bigger and
more important
after the space
rock hit.

LAND COMES TOGETHER AND BREAKS UP —

- Right now, Earth’s land is broken up into five or six big
areas with water in between, but before that, it was pushed
- together. We think this breaking up and pushing together
,/ happened a few times, although it’s hard to tell how many.

For a long time, life was pretty
simple. There were no animals. Most
life was small, either made of single
bags of water moving around alonég,

or big groups of bags growing in g
big piles on the sea floor.

THE GREAT AIR CHANGE

Around this time, the air changed. A kind of life appeared
that ate the Sun’s light and breathed out a new kind of air.
This new air probably killed almost everything else, and

SPACE ROCK
DEATH

I Ao = for the first time it made fire possible. But it’s also the part
— = e e of air we need to breathe, so it was good for us! BIRD
m— h— Trees and flowers do the same kind of breathing as that TIME

- early life. We think the things in their leaves that let them
eat the Sun’s light—the things which make them green—
are the children of the life that changed the air.

SPACE ROCK HITS EﬁARTI—L_

ITS EARTH__

f
!
SPACE ROCK H A

g RED METAL LINES

There was once a kind of metal that was spread
out in all the waters of the sea (the same way
the white stuff we put on food is now).

When the air changed, the water changed too.
The metal turned red and fell to the bottom of
the sea. It left beautiful red lines in the rocks.
We use the metal from those layers to make
things like machines and buildings.

THE GREAT ROCK FALL

' 3 Most of the big circles on the Moon seem to be from around this
FIRST SIGNS OF LIFE - = time, which makes us think there were a lot of rocks flying around
hitting worlds around then.

The rocks might have been thrown at us by the big air worlds far

The first signs of life appear in
these rocks. We've found some
black rocks (the kind used in

writing sticks) that we think must - from the Sun. As they settlled mFo their circle paths—some of them
have come from living things. — may have changed places!—their pull would hav_e changed _the pat\h, ~
of the rocks around them, and some of those might have hit us.

But there are very few rocks o
from this time, and they’re old
and hard to understanld for sure.

If the rocks hit the Moon, they probably hit the Earth (and otTfer _—
worlds near us) too, and might have made the land run like water
and the seas turn to air.

N\,

EARTH FORMED  “w—
The Earth formed from the same™,

OLDER LIFE?

All life is part of one family, and the information stored in our water bags

\

\
\
1
|
! changes over time, as animals have children and those children have children.
1

cloud that the Sun and other ) By looking at the information stored in the water bags of living things,
worlds did, at around the same g doctors can figure out how long ago their shared parents lived.

time. It was hot when it formed, &, When people have tried to work out how old life’s shared parent is, they
but we think it must have cooled

sometimes come up with a number that’s a little o/der than the great rock fall.

But we think the seas turned to air and the rocks to fire, and it’s hard to
understand how anything could have lived through that.

off pretty quickly, because
we’ve seen signs that there was
water almost right away.

MOON FORMED ===
We think the Earth got =

QUESTION TIME
This picture shows rock layers back to the start of

hit b th 1 the Earth, but in real life, there aren’t any big areas

hl Y am) _;er wor \ ? 2 &~ of rock left over from before this time, so it’s hard
fere,_w e Id W”atsh ) Q ) “~.__ to say what it was like. We think there were seas, at
tE;Tlgnc?tj fhrlovam freeeroc E least for part of it, but we’re not sure what it was like.

turned into the Moon.
@

\
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TREE OF LIFE

All life (that we know of) is part of a family. We all come from one
living thing that appeared in the early days of the Earth. That liv-
ing thing grew, had children, and changed over time. People, trees,
grass, and flowers are all children of that first life.

As living things make more living things, the information they pass
to them changes, making the new things a little different from the
old. Over time, these small changes can lead to very different kinds
of living things growing from one. This tree shows how different
kinds of life branched off from one another.

This tree doesn’t show all living things, or even most of them. It just
shows some of the living things you might know, along with which
branch of life’s family they’re in.

STRANGE GROWING THINGS
These look like tiny trees, but are
closer to animals than trees. Some
? of them are good on food, but some
can make you sick.
ﬁ PLATE WASHERS
CLEAR SEA BAGS

THE START

This is the start of all known life. Here,
pieces that send information from parents
to children somehow ended up together
in a bag of water, and
the bag started
making more of itself.

FIRST
GROUP

We don’t know (Tiny living ﬁgﬁ LAND
exactly how that things) BUILDERS
happened; that’s
one of the biggest
questions humans THIRD !
are working on GROUP |
answering. (Big living |

| things, and |

1" some tiny |

1
1

\ ones, too) /
I
4

-

7?7
We're still
figuring out
exactly which
things came

---- ANIMALS

\p = ¢ STUFF YOU
together here ‘ WON’'T FIND ON A
and when. ROLLING STONE
/ III||I|I I
TWO GROUPS / ! !| | il ||
Early on, life \ | |||
broke into two big ‘\ I ' ' "
branches. The things \ | |
in both branches SECOND | | COOL-
were made of single GROUP ] | . SHAPED
bags of water and (Tiny living / | ||| LEAVES
were pretty simple. : !
o things) -. il |||| il THINGS WITH
The things in these / | ||| | FLOWERS

branches look a lot {

like each other—it |
: GROWING
took us a while to THINGS

figure out that they

were from such This group is made

different parts of of growing things
like trees and

life’s family tree.
flowers. Most of
them are green.

b
HOW THE THIRD GROUP STARTED il |“|

\

At some point, probably when the Earth was
about half as old as it is now, some of those bags
ate other bags, and the eaten bags started living I
inside them. |‘
Those new living things, made from the two groups put | ||
together, formed a third group. After a while, the little living I
things in that group started sticking together to make bigger ‘
living things. All living things made from more than one bag of I ||
water—like trees, flies, and humans—come from this group.

The other two groups are still around, and in many ways
they’re much bigger than our group. The creatures in those |
groups are very small, but there are so many different kinds of

them that no one has come close to counting them all. They |
live everywhere, from seas to the air to inside our bodies and ||
our food. Some of them are even found far below the land’s

surface, where they live by eating rocks and metal. (Until we
found those, we didn’t know living things could do that.)

WHAT THIS TREE IS GOOD FOR

You can use the tree to tell how much one creature is like
another by following their paths. An animal whose path broke
off from ours earlier is different from us in more ways than
one whose path broke off later, like how an aunt or uncle is
different in more ways than a brother or sister.

Sometimes, these families can be a little surprising. Birds and
humans are closer to one another than we are to the fish we
keep in our houses, which makes sense. But those fish are
closer to humans than to the big bitey fish that sometimes eat
people, which is strange!

TREES THAT KEEP THEIR
POINTY LEAVES IN WINTER

I —_— dh FOOD FIXERS

.’ OLD TREES

BIG BRAINS WITH LOTS OF ARMS
(WRITING WATER ANIMALS)

¥

@ STOMACHS WITH HOUSES
& FLAT STONES THAT BREATHE WATER

BITERS WITH %2 HOUSE FLIES
EIGHT LEGS _@FAST
FLYING ¢
STICKS DANCING PAPER
Y RED COLOR FLIES
ANIMALS 7 an-HILL MAKERS

YELLOW-AND-BLACK

FLOWER HELPERS

.= “FLIES WITH POINTY
‘BURNING ENDS

i ~.+'This is a big group of

== animals from several

parts of the tree.

ANIMALS
WITH

i CUTTING S
| HANDS *

” :
\ o WATER

¢ GRASS JUMPERS
BEARS { HOUSE EATERS
| = These like to eat the wood

under houses, which can
make them fall down.

LITTLE ANIMALS
This is a very big group
of very small animals.

ROUND FOOD
which shares its name with a round bird

1
W LIGHT DRINK THAT WAKES YOU UP

s LITTLE ROUND BLUE THINGS

B DARK DRINK THAT WAKES YOU UP

@-f SOFT RED GARDEN FOOD
BROWN ROCK FOOD

This food looks like a brown
rock, but is white inside.

TREE THAT STOPS
HEAD PAIN

(M crviNG TREE

F-0

JUMPS
# (flowers used

to make beer)
-1
® SWEET THINGS
This group has
a lot of the sweet
round colorful
things we eat.
<-7

SMALL FOOD THEY SAY

L4 BIG GRAY ANIMALS LIKE

82 FOOD OFTEN IN CANS
.

TIRE
TREE

@ TINY TREES
&1

CLOTHES

&7 THE STUFF IN DARK SWEETS

6‘ TREES WITH SWEET BLOOD

PRETTY @ YELLOWS AND YELLOW-REDS

FLOWERS

.ﬁ FOOD THAT MAKES YOU CRY WHEN YOU CUT IT

BENT YELLOW ~ [F YoU GET THIs FooD WET AND

FooD THEN HEAT 1T (IN AIR) WHILE STILL IN
SWEET POINTY ITs LEAVES, IT TASTES REALLY GOOD.
FOOD

YELLOW FOOD

rBEACH TREES WRAPPED IN LEAVES

:?“ SWEET STICK GRASS

WHITE FOOD

{#7GOLD FOOD GRASS

1y FAST-GROWING STICK
GRASS

#w YARD GRASS

FLOWERS
s THAT EAT TREES



ANIMALS WITH BONES

The animals in this part of the tree have bones inside
them. Some of the animals in other parts of the tree have
hard body parts, but they usually have them on the out-
side. The animals in this part have bones on the inside,

with the soft parts hanging from them.

BIG BITEY FISH
)* These eat people sometimes,
but not very often.

/—

NORMAL FISH

/—* (Some of these bite, too.)

ANIMALS WITH HAIR

animals usually have hair,

drink, and don’t lay eggs.

'
1
1
\
\
1
1
\
\
1
1
1
1
1
1

BODY HEAT

Some animals in
this group get
most of their heat
from the world
around them
instead of from ----¥

POCKET _
BABIES

Many of these |
animals keep

@@ WATER JUMPERS

WATER JUMPERS

~gs WITH LONG BACK ENDS
These are like water
jumpers, but have long
back ends and don’t jump.

We’re part of this group. These

make white water for babies to ';i‘ animals like

STRANGE ANIMAL
This animal looks
like it’s part cat, part
fish, and part bird. It |
-~ broke off from the I
other hair animals
+ early, so it’s very
different and strange. |

. BABY-FEEDING BAGS

" These animals are joined to
their babies with a feeding
bag until the baby is born.

WALL WALKERS
2~ LONG BITERS WITH

PRETEND SEA LADIES

These look nothing like sea
ladies, but people used to
pretend they were.

s BIG GRAY
, MM ArM-NOSES

sLow

— W Climeers

ROLL-UP
I M) CATS WITH
| HARD SKIN

ANIMAL EATERS

‘ These animals mostly eat

| other animals. There are two
[ main kinds: cat-shaped and
‘ dog-shaped.

(Cats and dogs are in
those groups, of
course, but other

bears are too.)
1

\
\,

4

CAT-SHAPED

et

\\
~
“ =

SKIN BIRDS

FRONT TEETH

their bodies. When their babies SLOW NIGHT ‘ &
the world gets in pockets W WALKERS l

cold, they do too. it and feed |

Not every animal {lll them there. g FACE-BITING |

in this family is like il DOGS il

that. A few of them, _‘ JUMPERS WITH | Il

like birds, keep POCKETS |' |‘

themselves warm Wl

the way we do. COLD BLOOD . ANIMALS WITH BIG

THE FAMILY BIRDS
ARE FROM

Birds are the living
members of a very well-
known family. Some of the
animals from that family were
the biggest land animals that
ever lived.

They lived, grew, and changed for
a very long time. When a space
rock hit Earth, most of the ones that
were alive at that time died out, but =~
some groups didn’t. We call the branch
that those groups are from “birds.”

Sometimes, you’ll hear people say that birds came
from that family, but that they’re not really part of
it. This is wrong! Just about any way you count it,

birds are part of that family.

NO ARMS OR LEGS

- SLOW ROCKS WITH
LEGS AND A HEAD

ANIMAL THAT LOOKS
LIKE A TREE IN THE WATER
.. but it can eat you.

x —g@x THE POINTY KIND

THE KIND
« <\ ITH PLATES
<~ THEBITEYKIND | ANIMALS

These animals are
/# BIRDS good at climbing.
We're in this group.

«~=mf THE LONG KIND

This is just a tiny part of the tree of life. The
whole tree is too big to fit in any single pic-
ture, and there are too many kinds of life
for anyone to give names to all of themm—no
matter what kind of words they use.

And really, a true tree of life wouldn’t just
have a line for every kind of life. It would
have a line for each living thing that ever
was, every one of them crossing and joining
and winding across the page, slowly chang-
ing from one kind of life to another, in a path

that reaches all the way back, without a sin-
gle break, to that very first life.

No one really knows how many living things
there are in the world, but we can make
some guesses, and they’re big. Not only can
we never find enough words to talk about
all those lives, we have a hard time talking
about the number itself.

Here’s one way to think about how many
things have lived on Earth: The world is cov-
ered in seas that are ringed with beaches

People think these
are close to the little
house-food eaters with
big teeth, but they’re
actually more like huge
air fish and horses.

LONG BITEY DOGS
SMELLY DOGS

RIVER DOGS DOG-SHAPED

SEA DOGS

BEARS
_.----THE DOG FAMILY

DOGS (NOT OUR FRIENDS)

DOGS (OUR FRIENDS) _,__/—""f

SNOW CAT

SPOTTED CAT
(OLD WORLD)

GREAT CAT

CAT WITH LINES

SPOTTED CAT
(NEW WORLD)

HOUSE CAT

LAUGHING CAT
FAST CAT

? MOUNTAIN CAT

1 This cat has many names. A lot
THE CAT  of people don’t know they’re
FAMILY

all names for the same animal.
ALMOST CAT

This animal looks like a cat with a long
neck. It’s the closest thing to a cat
that’s not actually in the cat family.

39 BIG FOOD ANIMAL
Py RUNNERIN THE TREES

i B ANGRY RIVER ANIMAL

SAND® AIR-BREATHING FISH
HORSE = (NOT FISH)

p{ HORSE

# i STORE CHECK-OUT
HORSE

ANV GRAY TRUCK ANIMAL
WITH A POINTY FACE

~mu LITTLE HOUSE-FOOD EATERS

®®RIVER STOPPERS

W Grav TREE-JUMPERS
W POINTY CATS

* JUMPERS WITH LONG EARS

BIG HAND-WALKERS
FRIENDLY HAND ANIMALS

HAND ANIMALS THAT USE STICKS

HUMANS

HUMAN-SHAPED
STRONG ARMS

TINY CLIMBERS
Some of the animals in this group
are smaller than your hand!

of sand. One day, when you’re walking on
a beach, pick up some sand and look at it.
Imagine that every tiny piece of sand under
your feet is a whole world of its own, each
one with its own seas and beaches, just like
Earth.

The full tree of life has as many living things
as there are bits of sand on all those beaches
on all those tiny sand worlds put together.

Next to the world we’re talking about, all our
words are small.

CAT-SHAPED

%5

T LiANT ONE!
PINK ANIMAT L.
WE EAT
MR
LONG NECK wr
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THE TEN HUNDRED WORDS
PEOPLE USE THE MOST

This is my set of the ten hundred words
people use the most.

There are lots of different ways of count-
ing how much people use a word. You can
look at what words people use in TV shows,
in books, in news stories, in the letters they
write, or when sending computer messages.
You can also look at words that are most
used right now, or at words that have been
used for the past ten years, or the past hun-
dred. You can look at all books, or books of
made-up stories, books of history, or well-
known old books. These different ways of

a anywhere
able apartment
about appear
above approach
accept area
across arm

act around
actually arrive
add art

admit as

afraid ask

after asleep
afternoon at

again attack
against attention
age aunt

ago avoid
agree away
ahead baby

air back
alive bad

all bag
allow ball
almost bank
alone bar
along barely
already bathroom
also be
although beach
always bear
among beat

and beautiful
angry because
animal become
another bed
answer bedroom
any beer
anybody before
anymore begin
anyone behind
anything believe

anyway belong

counting all come up with different sets of
words people use the most.

| wanted to write this book using words
that sounded familiar and simple. To choose
the set of ten hundred words | would use, |
looked at many sets of words put together
in different ways (I even made one by
counting the words in computer messages
people had sent me). | especially looked at
sets of words made from books that told
made-up stories, since | found that count-
ing how much a word was used in those
books fit well with how “simple” it sounded.

below burn
bend bus
beneath business
beside busy
best but
better buy
between by
beyond call

big calm
bird camera
bit can
bite car
black card
block care
blood careful
blow carefully
blue carry
board case
boat cat
body catch
bone cause
book ceiling
boot center
bore certain
both certainly
bother chair
bottle chance
bottom change
box check
boy cheek
brain chest
branch child
break choice
breast choose
breath church
breathe cigarette
bridge circle
bright city
bring class
brother clean
brown clear
building clearly

If the different sets agreed that a word was
used a lot, | added it to my ten hundred.
If they didn’t agree on a word, | used my
sense of how simple the word was to decide
whether it should be in the ten hundred.

Here are the words | chose. If you want to
try explaining something using only these
ten hundred words, you can use xkcd.com/
simplewriter to check your words as you
write!

climb
close
clothes
cloud
coat
coffee
cold
college
color
come
company
completely
computer
confuse
consider
continue
control
conversation
cool

cop
corner
count
counter
country
couple
course
cover
crazy
create
creature
cross
crowd
cry

cup

cut

dad
dance
dark
darkness
daughter
day

dead
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death
decide
deep
desk
despite
die
different
dinner
direction
dirt
disappear
discover
distance
do
doctor
dog
door
doorway
down
dozen
drag
draw
dream
dress
drink
drive
driver
drop
dry
during
dust
each
ear
early
earth
easily
east
easy

eat
edge
effort
€99
eight
either
else
empty
end
engine
enjoy
enough
enter
entire
especially
even
event
ever
every
everybody
everyone
everything
everywhere
exactly

except
excite
expect
explain
expression
extra
eye
face
fact
fade
fail
fall
familiar
family
far
fast
father
fear
feed
feel
few
field
fight
figure
fill
final
finally
find
fine
finger
finish
fire
first
fish

fit

five
fix
flash
flat
flight
floor
flower
fly
follow
food
foot
for
force
forehead
forest
forever
forget
form
forward
four
free
fresh
friend
from
front
full
fun

funny
future
game
garden
gate
gather
gently
get
gift
girl
give
glance
glass
go
god
gold
good
grab
grandfather
grandmother
grass
gray
great
green
ground
group
grow
guard
guess
gun
guy
hair
half
hall
hallway
hand
hang
happen
happy
hard
hardly
hate
have
he
head
hear
heart
heat
heavy
hell
hello
help
her
here
herself
hey

h

hide
high
hill
him
himself

history
hit

hold
hole
home
hope
horse
hospital
hot
hotel
hour
house
how
however
huge
human
hundred
hurry
hurt
husband
|

ice

idea

if
ignore
image
imagine
immediately
important
in
information
inside
instead
interest
into

it

itself
jacket
job

join
joke
jump
just
keep
key
kick

kid

kill

kind
kiss
kitchen
knee
knife
knock
know
lady
land
language
large
last
later
laugh

law

lay

lead
leaf
lean
learn
leave
leg

less

let
letter
lie

life

lift

light
like

line

lip
listen
little
local
lock
long
look
lose

lot

loud
love
low
lucky
lunch
machine
main
make
man
manage
many
map
mark
marriage
marry
matter
may
maybe
me
mean
meet
member
memory
mention
message
metal
middle
might
mind
mine
minute
mirror
miss
moment
money
month



moon
more
morning
most
mostly
mother
mountain
mouth
move
movie
much
music
must
my
myself
name
narrow
near
nearly
neck
need
neighbor
never
new
news
next
nice
night
no
nobody
nod
noise
none
nor
normal
north
nose
not
note
nothing
notice
NOowW
number
nurse
of

off
offer
office
officer
often
oh
okay
old

on
once
one
only
onto
open
or
order
other

our
out
outside
over
own
page
pain
paint
pair
pale
palm
pants
paper
parent
part
party
pass
past
path
pause
pay
people
perfect
perhaps
personal
phone
photo
pick
picture
piece
pile
pink
place
plan
plastic
plate
play
please
pocket
point
police
pool
poor
pop
porch
position
possible
pour
power
prepare
press
pretend
pretty
probably
problem
promise
prove
pull
push
put
guestion
quick

quickly
quiet
quietly
quite
radio
rain
raise
rather
reach
read
ready
real
realize
really
reason
receive
recognize
red
refuse
remain
remember
remind
remove
repeat
reply
rest
return
reveal
rich
ride
right
ring
rise
river
road
rock
roll
roof
room
round
row
rub
run
rush
sad
safe
same
sand
save
say
scared
scene
school
scream
screen
sea
search
seat
second
see
seem
sell

send
sense
serious
seriously
serve
service
set
settle
seven
several
sex
shadow
shake
shape
share
sharp
she
sheet
ship
shirt
shoe
shoot
shop
short
should
shoulder
shout
shove
show
shower
shrug
shut
sick
side
sigh
sight
sign
silence
silent
silver
simple
simply
since
sing
single
sir
sister
sit
situation
Six
size
skin
sky
slam
sleep
slide
slightly
slip
slow
slowly
small
smell

smile
smoke
shap
snow

SO

soft
softly
soldier
somebody
somehow
someone
something
sometimes
somewhere
son
song
soon
sorry
sort

soul
sound
south
space
speak
special
spend
spin
spirit
spot
spread
spring
stage
stair
stand
star
stare
start
state
station
stay
steal
step
stick

still
stomach
stone
stop
store
storm
story
straight
strange
street
stretch
strike
strong
student
study
stuff
stupid
such
suddenly
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suggest thick tree wash window

suit thin trip watch wine
summer thing trouble water wing
sun think truck wave winter
suppose third true way wipe
sure thirty trust we wish
surface this truth wear with
surprise those try wedding within
sweet though turn week without
swing three twenty weight woman
system throat twice well wonder
table through two west wood
take throw uncle wet wooden
talk tie under what word
tall time understand whatever work
tea tiny unless wheel world
teach tire until when worry
teacher to up where would
team today upon whether wrap
tear together use which write
television tomorrow usual while wrong
tell tone usually whisper yard
ten tongue very white yeah
terrible tonight view who year
than too village whole yell
thank tooth visit whom yellow
that top voice whose yes

the toss wait why yet
their touch wake wide you
them toward walk wife young
themselves town wall wild your
then track want will yourself
there train war win

these travel warm wind

Notes

In this set, | count different word forms—like “talk,” “talking,” and “talked”—as one word. | also allowed most “thing” forms of “doing” words, like “talker”—
especially if, like “goer,” it wasn’t a real word but it sounded funny. In some places, | didn’t use words even when they were allowed. | could have said “ship,”
but | stuck to “boat” because “space boat” makes me laugh. Also, there’s a pair of four-letter words that are very common, but which | left off this page
since some people don’t like to see them. (I didn’t want to use those words anyway.)




HELPERS

A lot of people helped me with this book. Their names
aren’t words that people use a lot, but I’'m going to
write them anyway because they’re important.

PEOPLE WHO KNOW A LOT OF THINGS AND TOLD ME SOME OF THEM:
Asma Al-Rawi ¢« Edward Brash ¢« Col. Chris Hadfield *« Evan Hadfield
Charlie Hohn < Adrienne Jung * Alice Kaanta * Emily Lakdawalla
Reuven Lazarus * Ada Munroe ¢ Phil Plait « Derek Radtke ¢ schwal
Meris Shuwarger « Ben Small « StackOverflow ¢« Anthony Stefano
Kevin Underhill « Alex Wellerstein « Paul R. Woche, Lt. Col. USAF (Ret.)

PEOPLE WHO HELPED A LOT:
Christina Gleason ¢« Seth Fishman and the Gernert team,
including Rebecca Gardner, Will Roberts, and Andy Kifer
Bruce Nichols, Alex Littlefield, and the rest of the folks at HMH, including
Emily Andrukaitis, Naomi Gibbs, Stephanie Kim, Beth Burleigh Fuller, Hannah Harlow,
Jill Lazer, Becky Saikia-Wilson, Brian Moore, Phyllis DeBlanche, and Loma Huh
Richard Munroe ¢ Glen, Finn, Stereo, James, Alyssa, Ryan, Nick,
and my helpful friends on #jumps and #computergame
And, most of all, Strong Pretty Ring-Wearer
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