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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,

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

normal things like water act very strange,
and you can fly around by kicking off the
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
country named after the
rising sun. It’s the biggest

]
1
1
1
1
\
\ room in the house.
\
\
\
\

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

SPACE BOAT DOOR
(The flying space truck

piece up in a boat, pushed it until it went
really fast, then caught up to the house, and
stuck the part to the house.

grabped on here.)
i
/  This room was built by a
group of countries with
many different languages
who work together a lot.
1

GRABBER ARM

This arm was built
in a country with
lots of snow. They
liked the arm so
much they put it
on their money.

7 ]

INZINAZNCIC I IN
RIZLA N
This room has a &

beautiful view\
of the Earth.  “~<___-%7
Bathroom --—-—::/’l

4
Machines for staying strong
HHHHHHH

R
This was the first room sent up.
People used to sleep there but

now they just keep stuff in it.

This room is where they ]
clean the space house’s
-

air and water. It’s loud.
1

— PSS
— > i AN

_ PEOPLE DOOR
‘\

~ (Put on space clothes
\  before going through,
\\ or you'll die.)
“~<<_Room where they
hold food, clothes,
memimmmimmn  and extra stuff
(below)

,- SPACE BOAT DOORS
(above and below)

PROBLEM
e e (A BOATS
=eesR==edhanminnnny \\e keep extra
boats stuck to
these doors
for people to

I
Two sleeping boxes

with windows

POWER WINGS

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

VISITORS

1 These space boats have flown up to the spa

q-------

< SPACE use if there’s a
T “~BOAT problem that
JIJ DOOR makes them
T not want to be in space  PART HOLDER
oln 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

ce house, bringing food, water, parts, and visitors. t

FLYING SPACE TRUCK
Most space boats are built to be

€-————-

BIG CARRIER

used only once, but these boats
flew to space and back many times.
We built five of them, and they did

WITHOUT WINGS

This was built by a
country named after

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
)——J( they stopped using it. ST
I an
17
., .
v PRETEND ==
s FIRE ANIMAL -
s .
/' BIRD
/ I
The other space boats here, even when —
they were built by companies, were
owned by big countries or groups of A
/

countries. These two, which are newer,

were built and flown by companies, and
countries pay them to carry stuff to the
space house. ¢

a lot of the work of building the
space house.

the rising sun.

After over a hundred trips to space, \\-Y
two of the trucks had blown up,
and we decided the three we had
left were too old to keep using. Eg
! -~
1 N,

This space boat is a people
carrier that they changed
so it flew itself. It carries
stuff instead of people, and
only goes up; it can’t land.

PEOPLE CARRIER

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 Serms Whies can 6 deush die

stuck in our bags of water a long time ago, like the green animals have soft walls. The N 9 9 9 . SIoP IT?
. . b : h bag’s wall on their own. Other things

things in tree leaves. Now we can’t live without each bags in trees and flowers,

can only go through if the bag helps

other. They get food and air from our bodies and turn which don’t need to move them, either by letting them through
them into power for our bags. \ around as much as us, have a = y 9. 9 @

3 . an opening, or by making part of the

\ less soft outside layer. ; %

\ wall into a new bag to hold them. o o
SIZE ‘\\ “‘ ! ! /1
These bags are almost always too small \\ b /I j :’
to see. In fact, they’re almost as small as 4 & /
the waves of light we see with: N\ 4 THINGS THAT MAKE YOU SICK

1
1
V These tiny things can get into your
a2 s bags and take control of them. When
o 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.

=]V e WAVAVAVAVAVAN
GREEN \_ "_"_"_"\U
RED

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
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 --» “g.
TheSe machines read the
information about how

Y\ to make parts and write
4 it on little notes, then
send them out'through
4 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
There are lots of these 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 euir welar 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.

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

OUTSIDE POWER LINE
Even though the building

power it will stop running.

This is important, because it
means that if there’s a very
big problem, you can stop
things from the outside by
turning off the power.

[}
1
1
|
1
v
HOT METAL SIDE

i \
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.

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
|
1
v
POWEIIR SIDE

1
1
!

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
and block the special heat.

WALL

For keeping
problems inside
1

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

¢

USED METAL ROOM

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

TURNING MACHINE

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

7 These machines use the This machine uses the
! HOT hot wet air to turn a stick.  turning stick to make power.
WET AIR + :
'. = ;
CONTROLY| —3 | == \
ROOM N e ; / . LIFTER ‘! STARTER
. t T N ! \ N | This engine
= loa T \ Is ! X X N~ | starts the
yE N —‘.‘———I i aiindalit 1 stick turning.
— ~ \ \
~a il ‘\ EEEEEEEEEEEEEEE ! il l ¢Lfr‘n n L i
HOLE IN i m‘mm‘ 1 =
WALL
New metal ~ D0 l_ﬂ
goes in ;
here.
=\
! A
i vy
= //’ 3 = = P
T ] . i LY Y
- 1
METAL----1" / N EXTRA POWER BOXES - COOLER WET AIR |
(waiting to { \ !
be used) ; ! S METAL SPREADING ROOM SEA HALLWAYS
f l: \\‘ et I 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 FOEE\/ER‘ FLY AWAY
The helper box hung the car on long lines £ / 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
@ o a them seemed even /ess good.

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

A VS TTTT TS S




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

.

/
/

1

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
same buildings as some of those metals.
Now that we’re not building new city-
burning machines as much, there’s less
of this metal lying around. That’s bad for
space cars, but probably good for 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,
and on some days the air
is full of sand.
When the car landed, part
of this got broken, so it
doesn’t work too well.

SPACE TALKERS rest of us. !

The car uses these to tell !

us about what it learns /

and to find out what we ~~~__ /

want it to do next. N /
! ¥

4

COLOR EVES gun to learn about it, but the life might not  /
These are the best be alive when it was,done. {
eyes on the car. . !
\, \\ 1
\\\ AN /
\\\\\\\\\ > /
THIS IS A BOX (18] /'
FOR THE CAR TO /
PUT THINGS IN %
The box looks at the <«
things and tells the &
car what it learned. ™\ 2
ARM --» Iy
ROCK = 7
TOUCHERS d
\ = s = N|
e 0
4 ?
O N
4
i $
1

EYE FOR

LOOKING DOWN
While it’s coming down
from space, the car
uses this eye to look
down at the ground

to learn where all the
rocks are. That way,
once it’s on the ground,
it can drive around
without getting lost.

ROCKS SO THE CAR
WON’T HIT THEM

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

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.

LEARNING BOX
The car puts things
in here to learn more
about them.

in very small letters on little
rocks, and the car carried the
rocks to the red world.

1

EYE FOR
LOOKING

AT SMALL ™
STUFF

SPECIAL LIGHT FOR
SEEING WHAT ROCKS
ARE MADE OF
This part has a piece of
heavy metal inside it that
gives off special light. When
the space car puts it next to
a rock from the ground, the
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.

ROCK
GRABBER

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 that way, it’s kind of like the colored There are lots of important parts of your

in your body and how they join together. maps in cities that tell you where trains body that aren’t shown on this map. But

It doesn’t show what they’re really shaped go—it shows how the pla(,:es are Jomgd to- that’s okay; a body has too many parts to
gether, but not what they’re shaped like or show on any map.

like or how they’re pushed together inside

your body. how far away from each other they are.

___________ > 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.

HOLE TO OUTSIDE When you read words (like

- L 1 ) . . 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.

Note: Some people don't like it when you make By choosing the right

- d t whil ' tting food in. words, you can take an
words come out while you’re putting food in idea that's happening in

your head and try to make
MOUTH WATER MAKER an idea like it happen in

This makes the water in your mouth ____---- somejone else’s. Th§t's
that helps food fit down your neck. ~. What’s happening right now.

N,
N

=3:: BLOOD

(to your arms
and the rest of
This pushes your head)
These add air on your blood
to your blood. about once a
They get bigger - Jl--—="""""==-< second to send
and smallerto  ~ it around your

BLOOD HALLWAYS

pull adnd push air (__,z' body. These carry blood around
in and out. Sometimes your body. If you get a
blood ets, hole in them, the blood
stuck in hgere starts to fall out. If this
s X starts happening, it can
That’s one of the h
“~_ biggest reasons be a big problem, and
X . 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
BLOOD working. ! water that makes your

\ 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
WATER FOR RICH FOOD / better—and send it to
This holds water for breaking —=======-- be pushed out of your
down rich food (like the yellow 7 \ body.
stuff you spread). When you  Sometimes, this opening gets
eat rich food, this pushes out  blocked. Then, when you eat
water to break it down. rich food and the bag tries to

push water out, it hurts.

(from other
body parts)
1

\,

S

BLOOD
(to other -~

s

YELLOW WATER HALLWAY

SPECIAL WATER MAKER body parts) | | <e--' Most of the time, the water from
This bag makes some of the ======--_ EXTRA PART | your blood cleaners is yellow, but
waters that help turn food into This doesn’t | eating certain colorful foods can

make it change color for a while.

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

power. If it goes wrong, you

can have a problem where SMALL FOOD HALLWAY _-

you get too much or too little . X
sweet stuff in your blood. This hallway is where a lot of food<_

seem to do ‘,
anything.
Sometimes it has
a problem and

gets broken down aﬁd the stuff doctors have to <
_ your body needs is taken out. take it 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 - | |
. This hallway is wider than the
Alr bags small hallway, but shorter. This BODY PLAN HOLDERS f]
is where your body takes extra These parts hold lots of plans ||
water out of the food so you don’t for new people. Each plan is M YELLOW -
need to drink as much water. made from pieces of the plans |4 WATER LOWER
LIFE INSIDE YOU used to make you. || HOLDER
T = These parts also control how || This holds yellow PARTS
There are a lot of living your voice, hair, and body grow. | | water until you T
things in these hallways e ) H push it out.
/ ‘ ! that help you break down :' < £ )
P T LI i different kinds of food. + (V) g
/ Y g A ™ PARTS FOR !
Part Food bag MAKING MORE \ /)
breaker OF YOU L[ In about half of all
/341 Small These parts can | - people these go to
s €117 food USED FOOD A make new people. q a single opening.
' 4 hallway HOLDER  ------ T |
Large J / Once you're done !
food with food, it waits L
hallway here until you J ' <
push it out. \
In real life, these parts are your body makes a new The
g , . yellow water from your
all pushed together inside when you’re done person, it comes out of here. blood comes out here.

your chest like this. eating it. About half of all people have this.




BOXES THAT MAKE CLOTHES SMELL BETTER

Clothes don’t stay clean for long. Pieces of your skin. If clothes get wet for too long, This box holds two machines that clean
dust and dirt stick to them, and they get things can grow on them, which makes clothes. The bottom one washes them with
coated in that clear stuff that comes off them smell bad. water, and the top one dries them.

DUST CATCHER =~ 777~ - e =——— WHY CLEANING IS HARD
When the air blows through ¥ g W AP You can wash away some kinds of dirt using water,
the clothes, it carries gway - ~ because dirt sticks to water and gets carried away by it.
bits of dust and tiny pieces of ’“ Line that turns But other things that make clothes dirty, like some stuff
the clothes. This thing catches [\[f the clothes box your skin makes, don’t stick to water.
the dust so it doesn’t gather | DOOR ) o
; Hot air | ! \ To get rid of stuff that doesn’t stick to water, we use
somewhere else in the house. / \ : h ) Lo
. going out [[{]| . .-~ \ special cleaning stuff. When you put this stuff in with
When the catcher fills up, you s “ & 4 your clothes, it sticks to the stuff that makes clothes
have to clean it out, because if ‘ . dirty, but it also sticks to the water around it. Then,
it's full of dust, it blocks the air. - L Y N when you shake everything, the water pulls the dirt free.
This keeps the machine from 0 Wat
drying—and the dust is \ l a'er
easy to burn, so it can N I l”\ 5, R
help a fire start. N\ | Clothes (
| ( | \
|
MM ’\ , -
W) . (. eaning
g [ P | pirt stuff
& ) Tln A I
| > 'l
<~ ’ I CONTROLS
For some reason, - . You use these to decide how clean you want
some people really like Hot air your clothes to be and how careful you want
pulling the sheets of coming In 34 the machine to be with them.
dust out of the catcher. @ P 4 = WASHING DRYING
HEATER C::) Water Shaking Air Running
) heat hardness heat time
This works the same
way as a hair dryer. b T » TSP R cY) HIT L6 SrioRT™
Power runs through i i = ! @ @ 7@ @
metal lines. This makes \"‘{ { ! — - ‘| / L - ‘\
the metal hot for the R: Rl | Hot water cleans | Hot air dries \\
same reason lights get N Mg better but can also H better but hurts |
hot. Then the air blows Eid: v Alb wash out colors. 1 clothes more.
over the metal. Eid: =4 x ‘/] / Hard shaking cleans Longer time dries
4 “ better but can tear better but hurts
OUTSIDE HOLE @ + \ clothes. clothes more.
This carries the hot air Wheels the
out of the house. o ! clothes box POWER SPINNER
) ; B
On a cold day, BLOWER-- Zg; ?Srio it _---This spins the clothes holder so the clothes
sometimes you walk - turn over. If it didn’t, only the top surface of
past these holes — ——yt4 4 Z  TTm—ee - . the clothes would get dry. It also turns the air
wher_\ the mdaCEmQ Is % blower, which pushes air into the hot air box.
;Lijrnpelgg’ r?ir;e Eme v;irrm You usually pour the cleaning
face and smells IBi/ke CLOTHES CUP  stuff in here with the clothes,
clean clothes. This fills with water thougz som?I mfachin?s htaa/_e a SPINNING REALLY FAST
! _ to clean the clothes. second, smatler ior orthis. It's hard to get water out of clothes. To
! 7 \ N do it, the cup spins really fast. The edge
! “ \ 1 4 of the cup goes about as fast as the
! ‘lfl - < N fastest horse.
1 o <
I i Ss~ This pushes the clothes against the side
1 S~ .
'\\_‘ N \ AT e L CIfOT'HEs PUSHER TS of the cup, and it makes the water fall out
\ " i This thing turns one way and then ">~ of the clothes and into holes in the cup
: b, F Q the other to move the clothes up 1 wall. Then the water falls to the bottom,
) ’//_////// s 3\\‘ and down, to make sure they all get and the water mover pulls it out to get
SIREN /// A [y covered in watelr and cleaning stuff. \ rid of it.
)
1
- ! Y
~ T k

SOFT HOLDERS

/

’

1
HOUSE WATER
These two lines

There are
two layers to
the cup. The

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

My
U
U L
U U
L U
{ U
U U
U (0
U U
U U
U U
U L]
n (]
i L]
: :
. 0 inei 0
brlrt\g T:Ot anti cold 0 'Cnasr']dse li‘;yz:]d v To make the cup quieter and keep it from
agllecr)f r%erIr hguse : o hzle‘s 0 breaking, they hang it on holders that
y . . 0 to let water d can stretch. This lets it move around a
\ 0 through to . little, which makes it quieter. (It’s just like
RN 0 the oStside iy when someone calls you and your phone
POWER 0 laver so the | shakes; it’s much louder if it’s sitting on a
LINE 0 w)a/ter mover u hard table than if it's on a soft bed.)
H can pull it H Letting the cup move around makes it
The w]asher H out. . quieter, but if all the clothes end up on
doesn’t take d i one side of the cup, it can move around
too much " H too much. Then the machine starts
power to run, H H making a loud noise as it shakes. Most
but the dryer, O - machines can tell when this is happening
takes a lot. % g and turn themselves off; if they didn't,
\ 9 | they could shake themselves to pieces.
\‘> ¢ 0
ing; S _POWER WAIT
..'.l\\‘ SPINNER Why is this in
0 (W This turns the your house? |

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

WATER MOVER --~1(\\

| This machine pulls water
' from the bottom of the
¥ big cup and sends it
away into your house’s
b

system for getting rid
of used water.




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
earliest life

As old as the
first big animals

PLACES WITH LOTS OF FLASHING SKY LIGHTS

PLACES WHERE LONG SPINNING CLOUDS REACH

DOWN FROM

STORMS AND BLOW AWAY HOUSES
- Alot

Sometimes



ICE SHEETS

Since before the earliest humans (but still not
long ago, next to how old the Earth is), our world
has been going through very cold times and very
warm times. During the cold times, ice grows over
the land, and the seas fall hundreds of feet.

LEFT-OVER POOLS

When the great sheets of ice turned to water, they
left behind deep pools full of water where pieces
of them pressed into the ground. Over the

NORTH END ---___

~
N

\

DEEPEST HOLE

Some people made a deep hole here -
to learn about the inside of the world. -

next few hundred-hundred years—as
rivers grow and change—they will

They stopped after a while because /
the inside of the world turned out to / = rCs el
A rock from space blew

BIG WAR MACHINE
People set off a city-burning war machine here to see if it
would work. It was the largest fire ever made by humans.

HOT ROCKS AND THE GREAT DYING

find paths to the sea and ICE b toa ot Tha hals is <t (I bt !
disappear. AN o A e too hot. The hole is still there, but | ¢ B
WARMING > < L ,§OMET!I‘4ES A they put a cover over it. o / Zgéﬂttgehzm?J;ryteg'f;:;; . <" Before the time of the great bird animals, hot rocks rose from
The last of the cold times ended about a When the seas fell, these o ‘/ I/ 0 = " ‘ﬁ&o > %w oroeler] Rl o (T e the ground here and covered the land. Fires burned, and smoke
P two land areas were 8 o °§’ Vg i , / poured out across the Earth. The rocks cooled in a great sheet
hundred-hundred years ago, and it's been . _. _ \ V é : GREEN LAND °o I A i « = g ;
: joined, and people | N Qﬂ}ﬂ& I R ARy | ey f across the land and much of it is still there.
pretty warm ever since humans started walked across o his land i d g i PEanl 3 2= 3
writing words and building towns. P \ p T 'i.a; : govere I/ @ - % > i i A At the same time the hot rocks covered the land,
Now, because of how we're changing in thick white ice. Y RS ! on T N n nearly all life died out. People who learn about
“ ; V4 ) Axn ! - A A N LN s the past call this the Great Dying; more kinds
the air to hold in more heat, the world (-} £ o Pral / o, A’\A | Pitee ~ I\’\W M t e di of arth th N
has started getting hotter. The warming- /'MA/ & \°) N N A RN AORAA N\K\k’\":\l\ A ~ M of lite Istahppetére rom Ear an a
up we've started could be as big as the Xy . IS TS This is the AA’\/\% A any other time. . .
warming between the ice time and % /\K\/ //? SPACE ROCK ™~ - dﬁepest water Most people think the fire, rocks,
now, but happening within the \ A space rock blew up in A / that’s not a sea. and clouds of smoke were what
time of a single human life. 4 ‘_’...é _ '~ \ !rﬁE lT'AlND ; » ) - //(\/\M/ MORE OF THAT/X\ thepsky over this SpO’z. I: ,C,(\Akxx m’\/\ " caused the_Gr_eat _Dying, but
We don’t know what Earth BIG WAVE -~ ,\/W\ ! ‘II fir:raiz S:Zeon—" P2 7/ BIG FOREST A')‘ The sound was so loud NIMARL /(V\A’\AA We»"ehStl” figuring out how
will look like in a hundred The biggest wave ¢ S These woods— 1 4 grase here Y7 > LOST SEA % itbroke everyone's i, h,, ARV NN “fappened It was 5o
years, since no one has anyone has ever seen} m:&/\\\ \é/arltch’scwc € ! BROKEN : /__»"’ P < e There was & sea here not &Windoy\/s. r%\ A"k’\/\,\m ~ Paa, L ,4 Ongfiﬁg ro?k:}fg%
” : A ~ % N,
ever tried this before. happened here. ! A /Q north § ’,' MOUNTAINS ! S long ago, but people use_dNJs\@* MM'W\'}(}J\" /\";‘ ,/;\,\A . \\ 7 e e
SEA / end across e V2 Seme T tains f . ,/ N - the rivers that fed it for ~~ N Mana ,(\/Q‘\\’“" A M,(\’)\,,Q’,\.A A;‘\AI:’\\A% \ /I lost or hidden
! ~~- These mountains formed-- i it dri :
POCKETS /. /‘(\MAA different land as a single line, when ~© other things, and it dried up. AM" N 5 o Koep \”: deep in the
"k,‘ MW AN areas—are ' A N A~ ] ground.
A A A&O’\/\ Earth’s biggest thesedlind atLeas _\lf;]ere ~ it
SEA THAT WE DIDN’'T A i joined together. Then a »,
Y forest system. = e S g et el \ Yo RING OF FIRE
(Real name)

SCIRCLE POOL

\ There’s a pool in the

\  woods here in a hole

\ made by a space rock.

middle of the line and the
two halves were carried
away from each other.

-

MEAN TO MAKE--"="-----_ -

Over a hundred years ago,
people cut some paths in the
land to bring water from a big
river to grow food. More water
came through than they wanted,

o
M
DS

ra
/ ‘\‘

4
FALLING WATER
MOUNTAINS (HIDDEN)

A big river falls very far
DEEP PART

2 o and they couldn’t stop it. Over
7 a year or so, the water made a here, and it's beautiful.  These mountains mark the place. 8
. (Y S, 3 (There's also a house called — where new sea floor is forming. " This is the deepest part of the sea.
o . +, Falling-water in this area. It's I H
by Iso beautiful, but isn’t named  1hey run in lines through all the N ¢ The distance from the sea surface
> BIRD DEATH ROCK-----" @9{ the same water.) big seas in the world. b }’m«" P T down to the bottom here is a little
e % A i
- The family of animals that ) B v P farther than the distance up to the
/’/ afirels A }y;art F WES GRER g m@ OLD HEAVY METAL POWER ! ,”,\ Y m , EARTH’S- ';\ » top of the highest mountain.
o -~k ——<_ - \
/ much bigger, but most of . g When the Earth was about half \f;‘ SAND SEAS ? ¢ ’:- e i BIGGEST I))\A o \ \*
{ them died when a huge : as old as it is now, enough heavy \)  These areas are hotahd /’\\ MOUNTAIN /;,’ \ ®
HOT SPOT space rock hit the Earth here. metal was pushed together in one dry. Wind pushes big 5\\ o X R ‘\ 0
Hot rock rises up from deep in The rock left behind a bi place to start making itself break waves of sand across them S\ \
the Earth and pushes through the circle shape hidden under  HOLE FOR down and make heat, just like in our ™ "®  ike moving mountains. HOT ROCKS-- A i
surface here, making fire mountains the ground. We found it BOATS power buildings. BN # T At the same time the @ ': o
that rise out of the sea. while looking for fire water. poo 1o bl in ] Since the metal breaks down over l("\mgMALLER A/\/\ space rock hit—when miost !
As the land moves over the hot . Ipand ero o [t == time, there’s not enough left in any =~ WET FOREST , of the bird family died out— MOUNTAIN
spot, the fire keeps breaking boats through one place on Earth to do thisnow, ">~__ ___----""77 <. This forest has 0‘.% huge rivers of hot rock and BUILDING
through in new places, making a ' but it happened in the past at - 5 storms with .,.,’ N burning air came out of the Thnits (el @ressae
long line of mountains that show Pl least that one time. _ ® more flashing: IQ‘O/XV‘ ground here. theseaandis  /
which way the sea floor is moving. ’/ // __,,/’ lights than /0“’}‘ M Most people think the space in the middle of 1
BIRD LAND--- Y BIG WET - - ,a\nywhere else.s An rock ki{lledbtr;etr?reat bird running into the ‘,'
Someone once became  / D - ST, WS UISE TS, larger land to the /
ool Lt (o () FOREST e —- FALLING /'f\ some problems with that — north, This has ’f /
here to look at bird faces ! FOREST DUST WATER - idea, and it’s very strange  pushed up the / LOST LAND >
and learn how life works. ! n A big river . how this hot rock thing world’s tallest / S
! FALLING N Wind carries dust and dirt o S ey /) happened right at the mountains, /. Overahundred years ago,
i WATER A% across the sea here. The S far here Y same time. We're still ,/ hot rock coming out of the
A ME dust carries things that trees and it's figuring it all out. o Earth made a mountain b
; . FAR FROM THE CENTER 1 A big river B need, and where it lands, ) beautiful 4@ s sticking up from B¢
* o3~ Theland on top of this mountain \  FAN falls very far " it helps one of the world’s | ' 7 > EARLY ROCK FIRE ---—-"~ the sea blow up, i 5
\ is farther from the center of the } "I, here, and it's largest forests to grow. / o Lo before humans built cities sending huge : o
1Earth than any other land. There \ beautiful. / ong ago, before huma uilt cities, a waves of . g
A , are other mountains that rise . \ ,/\\f\ S . hugiareadokf) land blew;p herea stlp]ootmg water over \ g
N, o ; P S e e smoke and burning rock around the all the land® :
S o Bﬁh&ﬁ:ggﬁ;?gﬁsﬁ:& ?f;:ctﬁé i O FAR-AWAY LAND - SPACE -~ T world. Some people think it pushed the  5round it.
center because the Earth is more/  / Once, a man took over part of the ROCK / . world into a long winter and killed most
BIG SEA ket e el A world. The world fought with him CIRCLE { \  of the humans alive then. We're not sure
. . L § and took that part back. They yelled A . \ ! whether that happened, but we're at
This sea takes up about s | . ] A big rock hit I b .
half th 1d. It — i at him and made him go stay on a the ground here  LAND ! least pretty sure that some humans lived.
means “colm sea” It SAND === ! little piece of land in the sea near when the Earth  BREAKING !
: 7 ig hi f where he had lived.
has the biggest and Theé?k;a big hllldo; ! - was about half  The jand here is Sirelilz [HelasT BIG ANIMALS 2
strongest storms on the V}VW"‘, bPW” Sah” & VERY He didn’t want to stay there, so he asold as it is slowly breaking in In this area, rain wore away the WITH POCKETS
Earth. that’s bigger than any came back in a boat, and the whole now. half. One day this rocks in a strange way, creating “ >
R other. People liketo  DRY thing happened again. After fighting one big area of land - a forest of sharp points sticking S 4
v stand on boards and ~ AREA him a second time, the world sent : U1® e dhe areuine) e fems, >
y; B f will become two = 9 Q
/ slide down it for fun. him to live on this far-away land : o5 ,
/ _ where he wouldn’t be able to get "
! . ICE LAND back, and that finally worked. f
| At the south end of the world, where it’s very cold, there’s a S = |
FALLEN MOON lot of ice piled up on the land. This ice has been here for a long WINDY CIRCLE , WINDY CIRCLE SEA i
BOAT time. As the world gets warmer, some of it is starting to turn to SEA . BIRDS IN SUITS="~"-~- I/
5 the boat o th water, which lots of people are worried about. .. ICE BOATS //,:::,_—-—--—-:, ) \\ \\‘ WINDY CIRCLE /
ne 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 Big sheets of ice sit on th her e / / N SEA /
I‘;Iqoon Wdas carrylngla mgchlnelthat that they call Ice Land. It does have some ice, but also lots of green grass. Ice Sogmset?riessothece;;geos brezljiaff ere. “~ / 7 14 \ {
the senders were planning to leave Land, with its green grass, is next to a much bigger place covered in thick ice C 4 ied h \ 4 y A \
there to send them information after from one side to the other. That place with the ice is called Green Land. EINE| Gl EEIHIEE] ENEL AEeEs e '
they came back, and that machine was & Sli‘a !lkebblg Ici_boats. (\l/\/bhen . > HILLS FALLING INTO THE SEA
powered by heavy metal. \ the ice boats hit normal boats,. ¢ o Rk .
Their boat had a problem and had to come back ; T %.Q the ice boats usually win.) VERVCOLD DRY LAND thIZvlvs P?Sn?jrfead?riuhrlwltljsr:gd eS;nrslzlamoo—ulr:r?ms-
but didn’t have room to bring the machine down to | = A ﬁ In the middle of all the ice and before people lived hereithe grgeat ice 7
Earth with them. They decided to leave it in their empty s 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 P i D betwe_en some mounta!ns the same time, the gro[md beneath the area
landing. The heavy metal was in a box that was strong enough that —D VERY where it almost never rains or \-_-—""@ 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 Py VERY COLD Sng"‘_’s' '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 Qt:v COLD the world. AS it move_d in over the land, the sea filled
the Moon boat toward this really deep part of the sea. e 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. ay 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.
pushers, it makes power by burning fire water of stuff in it that|can make box, which turns the wheels to push the car. | have a hard time telling what every part is.

hot things. But some machines can use power to make things
colder than the air around them.

people and animals sick. This

using air from outside. :
machine helps the smoke

You need some cooling stuff. The best kind of cooling stuff is To get pushing power from the fire water, the car ini i itt to ai
something that’s air wgen it’'s as warm as a room, butgturns to burns it in little closed boxes. When the water gggr\‘/\/gg:mg sq s foar 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 The Kind of air it t e COOLERS / ) NOTE:
for this. push on the walls of the box. One of the walls of ( 1€ Kind of air It turns Into AND HEATERS )
the box can move, and it has a stick that joins it isn't good for the world, FOR PEOPLE FAST OR SLOW CONTROL LINE Before opening the car to look under
to a wheel. either, but at least it’s better P When you push the go stick with your foot, this lets more STOPPER the cover, you should stop driving.
Th li ir starts off the air outside. i i ke. \ ’
€ cooling alr starts Off as warm as the air outsice When the sides of the little boxes move, their than the kinds in the smoke.) < ‘o 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 Y This line takes the \ \\ - 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 ‘> o~ ) ¢~ and helps you push harder.
_11 I N \ sends it out through % FIRE - H It's powered by “nothing.” This sounds strange, but it’s the same
i _I“- Next, you let the stuff cool down while holding it in \\ \ ahhole in the back of S| WATER i thing that lets you drink from a cup using a drinking stick.
Ehebsmaller space. WFﬁn 'F s dope goi)l.'tr?g' it slkl)ack ‘\\ % the car. &\ CARRIER (:] \/ The fire box that powers a car pulls in lots of air to burn,
1| O being as warm as the air again, but it's smafler. \ . which leaves nothing behind. Lines joined to it are also “full”
— \ | of nothing, and the car uses that nothing to pull on stuff.
‘i Last, you let it get big again. (If it’s water now, FIRE STARTERS \ l J N
@, it will turn back to air.) Because of the air law, g\ INSIDE \ fi . ol
this means it will get colder, just like making it '(I'h ) ! ! § STOPPER BOX
1‘| smaller made it hotter. You use the cold air to -;é eksel,ﬁle %owr?r ?h ¢ / e This box is joined to the wheels by carrier
i cool things down. You keep doing this until it anhtethl f(_e as fs a "' S J/ lines full of stopping water. When you push
warms back up, then send it back and do the 19 efire water. &y 7 ? o r / the stopper with your foot, it pushes water
4"\\' - r[‘-» whole thing again. 2 \ £ el SMOKE 1= o] J / down the lines. That water pushes the
& ' g CARRIER § S S stoppers against the wheels.
LINE FROM COOLER ‘\ / This carries the ™~ -l § § /7 v f - 1 1 A (&&——————a___- -
SLIDE FIXER IN SEAT AREA \ { air out of the POWER CHANGERS
Sl \ ! fire box after it's These sit on top of ¢ STOPPING WATER
If you stop too hard, your wheels —— TTTme=— ~ \ ! done burning. the fire starters. They @Q .
can stop turning and start to RO R ~ ! N take the kind of power h The stoppers that press against the wheels
slide. Once wheels start sliding, \ ! . made by the power box 5 wear away over time, which means you
they become less good at SLIDING WATER ! Ty and turn it into a kind &, have to push them farther to get them to
stopping the car. ; 3 | of power that works g v ~- touch the wheels. To push the stoppers
This water helps the parts \ ! - ) ) (vl /s
When the computer feels that ' in with \ ! better for starting tiny ; / farther, the stopper box needs to push
of the fire box spin without / fires in the fire box. AIR l more water down the line. This cup holds
! . water for it to use. If the water in here falls

one of the wheels has started :
L - ; getting stuck. If you run
e e | o SrobPEr out of it, your engine stops \ too low, it might mean your stoppers are
away from the wheel enough that turning, and sometimes the pi=d \ 1 s e] y gp
it grabs the ground and starts parts g‘et stuck together T~ = f F T \ L] - almost worn away and you need new ones.
turning again. Then it presses and it can never turn again. b ~o Z ] S = /
the stopper back down. It can . i ~ y 6 _—
do this many times each second. ~ This water gets dirty, so \ SM% 5"’\0(05 S - ~

FIRE BOX COMPUTER

This computer watches how the
fire box is working, and decides

«ee

-

This box makes cars much, much ~You have to change it . o
better at stopping. \ sometimes. Y 5 ™ how much fire water to add to
\ N\ the air it sends in.
\ S
N ) | The computer also decides at
\\ IR i ¢ exactly which point to turn on
AN = ﬁ_‘& ' the fire starters as the fire box’s
o / ! } ! stick turns. If they turn on at the
S / } ‘ l wrong time, it can make the fire
~ s .
N ! box stop pushing as hard, make
\\ % f( / ! ) ! loud noises, or break.
\ Q FIRE BOX Q& ”g ‘ ‘
\ =
> AN §' 2| Q:Sk _JAIR WATCHER
S | NV ~ ] This watches how much air
€"<, -- goes into the fire box so
&
v e the computer knows how
WINDOW § g Al e much fire water to add.
WINDOW &
CLEANING A V N
CLEANING WATER A1 ZFRE &2\ O
WATER HOLE : . { WATER, Q L APUTER L
This holds the M i < =7 co INES
If you run out of h Y 7
cleaning water, eI att \Y Hor S ®
! pours onto your § \ LB | \
?f(;g?: f?:rir windows when 5 ! WHH@&?; | POWER BOX \
. you pull on the | ' = r" | This box holds power to SHAII'\’ED LINE
cleaning control. | AIR A'R HIK A|R ‘ run different parts of the ) -
1 ! l car. To start the fire box TPlipower Ilns JOlnSﬁne er;d
- | turning, you need a lot of the power box right to the
TURNING LIGHTS ! J J lz |L l of power at once, so this metal of the car. All the other
These tell other cars that CLEANING }\ \ T3 ) power box is built to let parts that use power also touch
IS\ WATER ) = 7 R ot pover vy fost. | e st of i car ety
-~ B \ 9 i ~kJ power runs through them,
/,, you should pull the stick PUSHER k \ = o w‘(k\o‘ . You have to be careful, through the car, and back to
// that makes the lights flash. ! J ) il \ = |8 (s = S~ Eﬁgaﬁfss';i?# Litethe the power box.
A — ~
/ Some people seem to have \ ) ! ‘\ S |JATER TOFRE BOX l NN power box touch, they All the parts need to make
a hard time with this idea. \ ’ \ o will let out all their sure they’re touching each
N\ v VR POWER MAKER POWER - 7\ power at once. This other through the body of
. ~ V== This thing uses the N X AN 3 is enough power to the car. If they don’t, power
A\___ FRONT LIGHTS \\\ 7 7R =N fire box’s spinning /& -7 ‘L N “ “==--start a fire or turn could build up between
These let you see the Sy ( S A ~oY stick to make gs‘ NG Eé \ R 4 a small piece of them, and that Csn make
road when it’s dark. N e \ Y power. That 8 & ) § AN \ metal to water. it start running the
P 4 power is used to g £ % g = Co0UNG WATER < > ANy \ wrong way through
i/ \ keep the power box ) 35:5 Q’OLWG £ X B \ a part, which can
CIRCLE LINE I ' full. (g S o & AIR CLEANER break things.
This line goes around the fire o /' ." 2 f ‘L N A The fire box burns lots of
box’s turning stick, then goes % R [ \ { N air very fast. If there’s
around a lot of other wheels in the NI /’ i 3 =] \\ % 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 bpx can // ! —F— (M" \ s_ent to the_ area where
turn them all while it’s also turning the - ! X N : POVER_FR FROV \ fire water is burned.
1
1

ground wheels. T

)
D "
! ARANNNAARRARNANANRNNANANANVVAVANANAR AL R R QLA - WHEEL BOX
= 1 FOLLEK oK HoNT GO :

Sometimes this breaks. When that THING THAT PUSHES AIR The stick from the fire box goes into a huge box full of wheels, and that box
turns the ground wheels. It’s there so the fire box can turn at the same

happens, your fire box can only turn H 7
the ground wheels. Your car can keep ”:TO AhSMAtL S:ACE 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 it won’t be able to cool This is what makes the cold air  once the stick in the fire box starts turning, it keeps itself  These thin - i i ing. The wheel box is as big as the fire box and has lots of parts
. _ ) , gs cool down hot stuff by -~ There are two coolers here. The one in back cools the fire going. OXIs as big e i
down, so you Il only be able to drive blowers work. It cools ;hmgs the turning 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. _ If t:weetchair: rurtwlfilsnto
:or ahfetw n:jlrgutes Sefﬂreftfhe car gets Ssme V\fayﬁloﬂhhoiﬂe 'Cfetaox start it turning. This is powered by the power box. If your comes in from holes in the front of people in the car. (The people-cooler is in front because /- ;(;rt hits i?'first
oo hot and turns itself off. oes (look at the top of the 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 / '

page to learn more about this). 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.)

1
1
1
1
1

/
/
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SKY BOAT WITH TURNING WINGS

Normal sky boats have to go fast so the air This boat works just like those sky boats, but If a normal sky boat had wings that went
hits their wings hard enough to hold them it uses a cool idea: Instead of the whole boat faster than its body, the wings would fly
up. If they fly too slow, they fall. (Sometimes going fast, only its wings go fast. The rest away, but this boat’s wings go in a circle.
falling makes them go fast enough to fix it!) of the boat can go as slowly as it wants—or That keeps them near enough to hold on to

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

to how the wings are turned as they swing

\

\

\ the turning wings. Hot air
\ around, which changes how they push

comes out, like in a sky boat

POINTING WINGS

even stop and sit in one place in the sky. while still going around fast enough to fly.
TURNING WINGS POWER SPINNER SPIN CHANGER .- BOAT HANGER
These are a lot like This is a fire water machine To work best, the power spinner needs to turn very ,/ Th_e b_oat hangs under the wings, and
the wings on normal that works like a sky boat fast, but the wings can’t go around that fast. The 1 this piece of metal holds them together.
sky boats, but they ‘\\ pusher, but this kind of boat spin changer uses wheels with teeth to make the !
go around instead of Y uses all the spinner’s power wings turn more slowly than the power spinner. ! /,WlNG CONTROLLER
forward. for turning the stick holding ! This is a machine for making small changes
|
1
1
1
1

1
1
!
]
1
]
1
1

These wings keep the ‘\\ pusher, but it doesn’t push go a lot faster than sound. That would make them | on the air. (It's a little confusing—you can
boat pointed straight. y on anything. \ stop working, and probably break off. / J read more about how it works below.)
(The pusher next to it \ N ! i

helps with thz?t, too.) ‘* \\ v - //

. COOL AIR ==~

‘«---——--" CONTROL LINES
] “~«~._ COMING IN \

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

(but not helping to push)

= o=

/
/
TURNING STICK

"RADIO STICK

This stick turns the end pusher.
END BLOWER - . N
L ) This line feels radio waves. \
When the boat’s wings turn, it pushes the .. BOTTOM
boat in the other direction. This end blower HH,YEZ THEY GO = WINDOW
i inni WAY'IN
pushes back, keeping the boat from spinning. THEOHER
THE. SOUTHERN HALE OF = When your boat
i — - THE Wﬂmﬁi k can land straight
@ s AN OF/NEW iy ~-LAND FEET down, it helps to
¢ - ) 9 @ fgg%‘ﬂ’g‘,py: Some sky boats use these instead of be able to /ook
| ‘ ~/ YOUR HERD? wheels, since they often land in places down.
In a few countries, sky boat 1’_’ like grass or dirt where wheels get stuck.
wings turn right. Most turn left.
HOW THESE A sky boat’s wings can turn so that they’re BENDING WINGS

SKY BOATS GO going straight into the wind, or so that the
wind is pushing them up. If they turn straight

into the wind, they don’t lift the sky boat. while they're sitting on

the ground. This might

% To go forward, a sky boat controls its wings
so the one in the front goes straight into the look like it would cause

Sometimes, sky boat
wings bend down

wind, and the one in the back turns so it gets some problems, but

pushed up. - it's normal! Wings that

bend a little can be

—.
- ’
~ easier to control, and
“\L tt p -—,:.-4 s when they’re swinging
\ \vﬁ 0 = e = around, the force of
- the swing stretches
This makes the the sky boat lean forward. Before, the wings were just them out straight.
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 WHAT IF EVERYTHING BREAKS‘ _ _
wings will only pull it forward—not up. This causes bad problems. 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
WAIT, HOW DOES THAT WORK? The answer is that some people who flying forward, a turning-wing sky boat can do the same thing!

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

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

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

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.

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

To go forward, the driver uses a control to turn the bottom ring, which % will make them spin faster, and the air rushing o
turns the spinning top ring, too, so it’s higher on one side. When a wing is - past pushes up on them, slowing the fall. < =
on that side, its stick pushes its back edge up, so it goes straight into the 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 help push up on the boat when there’s no power

edge gets pulled down, making it lift a lot. turning them. But you may have seen this kind < &==—=>

of free-turning lift happen without knowing it, EE——

A sky boat with turning wings needs because trees use it.

more air to push against than a
HOW HIGH CAN i
normal sky boat. Up high, where
A SKY BOAT GO? normal sky boats fly, the air is thin eggs on the ground. To help the trees spread farther, some trees
because it's closer té space. Very 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
A few turning-wing sky boats can fly to
Normal__ the tops of the tallest mountains, but the eggs much—but they turn. That lets them fall very slowly and
sky boat normal sky boats can fly over them blow very far.
with no problems. 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.

Trees make babies by dropping tiny wooden tree

———— Turning-wing sky boat

But a turning-wing sky
boat can still go farther |
above the sea than most Boat that goes
under-water boats can go  under the sea
below it.
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People used

to take other
people from
far-away
countries,

bring them
across the

sea, and force --»
them to work 1
for their whole i
lives without .
getting paid. H
There was a :
part of the H
law here that 1
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.

This part also
had some laws
about buying
and selling
people that we
changed after
the war.

You may
notice that
this doesn’t [
actually say ]
whether the '
'
1

Second Leader
becomes the
First Leader or
not. This made
things confus-
ing later on.

No matter
how many
changes peo-
ple make to -
this system, it
will probably
never quite
work right.

AAJ

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

g -h

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.

:-»> 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

P 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.

THE US’S LAWS OF THE LAND

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.

lowed, learned about, and
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
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: <-----------======2commeee

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

More than two hundred years later, those
laws, with some changes, are still being fol-

understood in

The states
have never
tried making a
change using
;= the “law party”
! idea, and no
1 one s really
| sure how it
1 would work if
: they did.
<
We made
these changes
right at the
"7 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
<€ ond 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.
1
|
i
i
i
1
1

it do. The states can do whatever. ®---=-==-==-=-=--c-cccu-u- . L/Vmi?ﬁgﬂze
MORE CHANGES: <------------=--noomooooooee ! because it

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 dies
or leaves.

Change: Younger people can help pick leaders now.

Change: If Law Makers decide to change how much they’re paid,
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.

SN \

started feeling
T " strange that
| the people
picked new
leaders, yet
the old ones
stayed in their
Jjob for many
months.

. although
r=- 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
<) passit
The pay thing
it fixes hasn’t
- really been a
problem, but it
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.

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.

MIDDLE STICK

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.

BOAT RIDERs  LEADERS

This is how many
people usually rode
around on the boat
back when it was new.

PEOPLE

1

NORMAL -~

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.
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This is a place where people stand to | LEADERS -----——"
see things far away. They call it a bird | KKK%K%XX&K%&%K ﬁ \NANAAAANAAAAANARARANAAA
house because it’s like being up high in - 4 /A
a tree. Climbing up here helps you see FRONT STICK LEADERS . FIGHTERS -~
farther around the edge of the Earth. N — OF THE ---
------- > FIGHTERS
DAVST)E%W
THESE LINESCO.
BACK STICK = LINES
AN If you’re up high and you
SNeeo o > M M N o~ AR N want to get down to the
Z N floor of the boat, you can
+ e - slide down these lines.
This is the second fastest
_.BOAT LAWS == —r= way to get down.
SIGN I\ When semeone broke the
This colorful sign | laws of the boat, they had WIND SHEETS
tells other boats N to stand here in front of |
what country this | “everyone.while the'leaders /
boat is from. '= hit them many-times. // POINT
' ! ,/ This helps to
v — =~ S P hold more
< | wind sheets.
/ ! TREE HOUSES \
A | S e ! = People stood here; RN
TWUleNEIII:IG shot at other boats, WIND SHEETS RN
i’ and tried not to get 3 (rolled up)'u N
! shot or fall off. ‘\\ ‘v
! o \
— — — - 2 D Y
=5 — = ~ = E = = = 2 vn a
YELLING ~+ FLOOR= SMALL GUN =S = Y
SPOT ! The floors were kept This is for PULLER REST.ROOM
LeAders starld ‘n' very 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 nota room;
tell people | them with rocks all' theTH|iwho try to visit. that are too  / it’s just a board with
what to do \  time. This cleaned/the \ BIG GUNS heavy for pegple. a hole in it. Under the
\ ' floors and'made /them ! / hole is the sea.
look nice, but also-wor ! These are for /’ A\ \
them.out. v ‘2 making holes in / !
other'boats. ¥ —
© = ' d | PRETTY PART
E|| o 5 = o p Bl [ o] [o (o] . ~~- The wood here is cut into a nice
7] = shape on most boats, just for fun.
< == G, 1y~ Sy 9z
LEADER’S —an— U 11 RN STOPPER
ROOM = o Y 0 p— ~ 0@ If the people want the boat to
The leader = A o W ) i 23 i 4 stay where it is, they drop this
goes here to 7 iy Y & t L ~~ DOCTOR heavy, pointy metal thing into the
relst, mak;z ’ T ,\ ”, = N 3 ~ .\‘ ; %\ ROOM ¥€ter otn ltf'c]je end of;loggt!ne.
plans, an | | \ N\ ~ e metal drags on the bottom
bealone. | NICE DINNER ' roOoM FOR e Sy LSS S s and keeps the boat from moving
ROOM i BED ROOMS i\ (FULL OF STUFF) (oo far away. If they want to move
TURNING WING 11 HANGING OUT AN i - i
Only leaders I People sleptin |~ BIG GUNS again, they can pull in the line to
This pushes onthe |4 eat here /’ \ hanging beds ! , bring the boat over the stopper—
water to turn the o0 i |\ The boat's guns were each so they’re pulling up on the line—
boat / AN made of lines. 4 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. AN

This is where they
kept the stuff that
burns in guns to
make them shoot.
They were very
careful not to let
fire in here.

NOT REAL

(But people like
to draw them.)

s OUTSIDE

DEAD PEOPLE T
When people who lived on the boat
died, the other people would puta -
sheet around them and a piece of \
metal and drop them in the water. B
\
\

N,
S

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

\ used is called a Live Tree.




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.

%

WATER

HOT
WATER

1

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
moment while you make food.

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.

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

To get around this problem, you can run the radio box
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.
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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.
1

waves so the warm spots, which

are places where the waves are waves into the

strong, move around a little. /" food box. ">«
' 7 \

= 4 Y

carries the radio

if the door opens so the
box doesn’t start to warm
you if you open it early.

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 h

ole at the top.
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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.
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/ BLOWER

~ This keeps
the radio
wave maker
cool.

POWER
CHANGER

~" This turns the
power from
the wall into a
kind of power
that’s better
for making

) A

radio waves.

5 POWER

. HOLDER

~~ This helps

the power
changer work.
It holds a lot
of power and
can hurt you if
you take apart
a radio box.

FIRE
- WATCHER

/" This cuts the
/| . e
_— power line if it

gets too hot.




SHAPE CHECKER

This machine checks whether you have a
piece of metal with a certain shape. If you
do, it lets go of whatever it’s holding on to.
People put these machines on boxes, doors,
and cars to try to control who can open or
use them.

BAR

What’s interesting about these machines
isn’t really the machine itself. There are
lots of different kinds that work in different
ways, but they’re all the same in one way:
They try to put people into groups.

BROKEN STICKS

the turner.

These sticks sit in holes, with one
end in a hole on the inside of the
box and one end in a hole in

By checking whether someone has a piece
of metal that’s the right shape, this machine
is really a way to try to tell whether peo-
ple are who they say they are. It’s an idea—
about which people should be allowed to
do something—brought to life in metal.

HOW IT OPENS

To open the

machine, you
push a piece
of metal into

This bar holds two things

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

TOOTH

This piece of metal sticks into

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

sticks that are broken

the hole. As

it goes in, the
sides of that
metal push the

shaped circle.

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

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
way to pull on it is by moving the

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

The strangely shaped

sticks out of the
way. Because
of the shape

of the metal,
some sticks get

them around the end of the
bar. But a circle doesn’t have
an end, so you need to make
the circle into a line—which
is what the machine decides
whether to let you do.

turner with a piece of metal sticking
out through a hole in the box.

TOOTH PUSHER

This pushes the tooth into
the hole, so you can’t get it
out by shaking the machine.

piece of metal that
opens the machine
holds that information,
and is a way of showing
the machine that you're
allowed to open it.

STRONG BOX [

This metal box

[ s - s

stops you from ~ "™ fC
touching or
seeing the inside

of the machine.
It’s very strong,
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/ STICK
| T / | _PUSHERS
L~""| These pushers
Vd keep the end

to make it hard
for people to
open it up. l

BAR PUSHER |

This pushes the =~
bar up once you
pull the teeth out.

TURNER
HOLE

To move the
turner, you stick
a piece of metal
in here. If it’s
the right shape,
the turner will
turn, which will
pull the tooth
out of the bar.

of the broken
sticks pushed
into the turner.

TURNER

If you turn this
piece of metal,
it can pull the
tooth out of
the bar, but
because the
sticks are stuck
in it, you can’'t
turn it without
using a piece
of metal with a
,/r'special shape.

OTHER CHECKING MACHINES

There are many other kinds of machines for checking
whether someone has something (like a piece of metal
or special information) and only opening if they do.

OTHER SHAPE CHECKERS

Some kinds of machines need
different kinds of metal shapes.
This kind uses a circle shape, but
the idea of how it works is about
the same as the one shown above.

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
bar opens, but you have to know
which way to line the wheels up.

One problem a lot of these
machines have is that by turning
them and listening and feeling
very carefully, you can
sometimes figure out how the
(. wheels fit together.

And even if you can’t, you can

If you’re willing to wait, you
can open most simple number
checkers that way in a
few hours.

always just try all the numbers.

LYING TO THE CHECKER

You can make a machine like
this open even if you don’t
have the right shape. Here’s
one way to do that:

You start by pushing a thin

piece of metal into the hole
and gently turning.

the broken spot can get

In some places, carrying these pieces of metal can get you in
trouble even if you don’t open anything with them.

That’s sort of a strange law, since there’s nothing wrong with
using metal to turn a piece in a machine. Lots of people use
these to learn how shape checker machines work.

But carrying these pieces of metal can make people worried
for the same reason the machines are interesting—because
they’re not really machines. They’re a way of telling people
what you want to let them do. And that means these pieces
of metal are also seen as messages—the idea that you don’t
care what other people want.

So it makes sense that people worry about them, even if you
just want to learn about cool shape checkers.

While turning it, you reach in
with a second piece of metal,
and use the end to push on the
broken sticks one at a time. If
you lift a stick while using your
other hand to turn the turner,

caught on the turner’s edge.

pushed farther
than others.

If your metal has the
right shape, each
stick will be pushed
just far enough that
the break in the
middle of it lines up
with the edge of the
turner. That lets you
move the turner using
the piece of metal.

By moving the
| turner, you pull
4] the tooth out
of the hole in
the bar. Then
you can lift the
bar and move
the two circles
" away from
each other.

As long as you keep trying to
move the turner, the stick will
stay stuck.When you get each
of the sticks stuck against the
turner, there will be nothing
left to stop it, and it will turn
and pull out the tooth.

And, of course, if you really need to
open one of these machines, there

are simpler ways to do it. =




LIFTING ROOM

A lifting room is a box that carries people same distance to the side. Tall buildings

up and down in a building.

might have to join up with each other, and

Today’s cities wouldn’t make sense without pec?ple WQUId mostly move between them
lifting rooms. If we had tall buildings with- while staying on their own floors.

out them, everyone would want to stay on  Most lifting rooms go straight up and down.
their own floor, because going up or down A few go to the side while going up and
would take a lot more work than going the down, to take people to the top of a hill.

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.

LIFTER =--oeee LINE STOPPER
These lifters usually ~~7= » 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 ,/ BUILDING
lifting room can visit. line if anything goes wrong. ‘\__» / Lifting rooms
They use power to turn The line stopper v’ dse aglot of
a big wheel that pulls ;
- 1 also grabs the line ower. but the
a line running between 0 P , :
) A \ A:__ when the room - lights and air
the room and a weight. 3 9 s
\y stops at a floor to
\ ) X systems in the
S make sure it doesn’t - building use
WEIGHT-----===-—___| | r’ 9 1;,‘ move while people . even.mork.
This weight makes it T~ get on and off. It's ~J{_ LINE
easier for the puller to " \ made so it will keep HOLDER
gft iy T Eangs mggggg;fot&e TALL HALLWAY
own on the other AN \, .
) ) \
ter?sr%f;nfleslgnsvggllqdlng N\ “ & The lifting room sits
the pullery at the top \\ FALL FEELER inside a long hallway
lifts the room, it’s also RN This wheel is joined 11 that goes up and
lowering the (A/eight \ T to the room’s ' down instead of to
. \\‘ l \[__ stopping grabbers by Ithe 5|de.hlt can bef
\ a line. As the room onger than any o
PULLING LINES > moves up and down, the normal nallways
Lifting rooms are held \ the wheel turns. o e
and lifted by a big l‘l If the room starts see it.
group of metal lines. | going down fast, the
There are usually 2 L wheel starts spinning
around four to eight =P fast, and the little
of them,lbut |thcan :e i 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 the lights
would be enough to stop turning, which % and .co.ntrols in
hold the whole room makes the room ‘e - the I|ft|n_g room.
on its own, but we use suddenly pull on Tirt-—-----" 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. ‘ pulling machines
—————————— are, or sometimes
STICK A to the side of the
wall part of the way
LIFTINC:; GRABBERS up the hallway.
ROOM If the fall feeler *
\ A =~
\ pulls on the line, | o
PRETEND ': these grab the \
| metal stick really DOORS
CONTROLS e < hard and stop the These d li
There are controls on | room from moving. ¢ ese doors line up
the inside of a lifting

room that you use

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
rooms, the DOOR
CLOSE control

might not normally
do anything. This is
different in different
buildings; it’s up to
the person who owns
the building to decide
whether to make these
controls work.

But the DOOR OPEN

1|

|
[P

1

with the doors on
the room. When the
lifting room stops,
If you face the back 1 both doors open
wall instead of the together.
1

door, people will L

1
think you’re strange. 3

/

WEIGHT LINE --~

— ,
-

22 EMPTY ROOM

This line is used in the\ ~d--»
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
weight on one side.
[\

= When that happens,

an office, someone

most of the weight
of this line hangs on
the other side, which
keeps things even.

/ If a lifting room
i does fall, these

-+--CATCHER ----__ X \

control /s always

Lifting rooms are

I 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

catchers hit a metal

joined to the lifting
room’s systems, in
case fire fighters need
to take full control of
the lifters—by putting
a special key into the
control place—to use

them while fighting

plate on the bottom

would probably yell
AV
[H,(ANT
L

of the room and
make the landing a
little softer.

/ There’s a
<----~ second catcher --3
for 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

WORLD-ENDING BOAT
The boat shown here carries up to two dozen city-burning war machines.

People have added up the power used during the Second World War—all
the machines that blew up, all the guns that fired, and all the cities that

about boats will get mad

the city-burning machines.
at you. But boats that go

Any time heavy metal is used for power, people worry
about something going wrong. Of course, given what

to use if there’s a war.

BREATHING STICK MIRROR LOOKERS

This brings fresh air into the boat, but the boat When the boat is hiding under the sea,
can also make its own air by breaking water into it can come near the surface and use

carefully, the people in the

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 p?ople inside see out of the water.
that much. has enough power to do whatever it WantsA\\ ',' SOUND LOOKERS
SPECIAL SEA WORDS HEAVY METAL POWER MACHINE T Lightcant do fer under
Most of the time, if you call These boats are powered by heavy metal, just like SLEEPING ROOMS | i '
. . - L X with sound. The boat makes
a really big boat a “boat, some power buildings. This means they can stay The normal people on the Y sound, which hits things and
i i i i - boat sleep on either side of \ ! - B
people who know a lot hidden for a long time without running out of power. . 1 comes back. By listening
]
y

it T

1l
1
1
1
1
1
\
\
\

. Offices ROOf_’ﬂ for boat can tell what’s around
under Ehe sea are really these boats are built for, people worry even more D_OOVS or ) \,  making them without seeing—just
called “boats. about the idea of one of them working right. rCT:tayghiLr‘]g;'ng Kitchen N\, choices y like those skin birds that

I \ j 4 N catch flies in the dark. |
Machines that ! Machines _Door for \\ J Rloom_ for N NN \\
achines tha \ : ,” 1\ planning N N \
Door for for making people vl ~ N Door for
Pusherwmg turn the pusher 0 1o \ freshair W v ' Wheretogo_ (N N people Radio AN
l, \ \\ . V \ v ' \“-:\\ N ] ] AN
/ turners N x AV < \
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MACHINES FOR BURNING CITIES ~ hachinethat __-=" /' room

EMPTY ROOMS makes power

1
AN

power=, 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 did?w’t nf\e/ecriyso 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. can se_nd a machine anywhere in the
world in under an hour.

This boat can shoot these tiny machines under

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.

1
1
]
1

<

o v

<~ 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.

{ > #
/
| 1 . 1
}\ /4 ! i Biggest 4 Biggest
mal — °
NEVER-USED BOAT DEEP GOER BOAT FINDER  MOVIE MAKER DEEP GOER "M@ anmal
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

The sea is very deep. Most boats can’t go very far SE?Pthﬁ . T

i . . ost of the time, even wi e
down or their walls will break under th_e weight of the inello ©F Feiel &l el preple
water. To go to the bottom of the sea in most places can't go deeper than a few
takes special boats. hundred feet (at least, not if they
want to come back up).

People without extra air
sometimes also go that deep
and come back up, but those
people die a lot.

FIGHTING BOAT

Most fighting boats can only go a few times farther
down than than they are long. That’s not very deep;
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
safe, so they don’t need to go any deeper.

ANIMALS

The large air-breathing
animal with teeth can go far,
far down into the sea. They

go there to eat animals with =~<_
N

many arms.

Sometimes the air-breathing
animals come back up
covered in little cuts and
holes, so the animals with
arms must fight back, but no
one has ever seen it happen.

THE DEEP SEA FLOOR

Only three people have ever
been there—two in the deep
goer and the movie maker.

\,
\
Y
~




BOX THAT CLEANS FOOD HOLDERS

This box is a machine that cleans plates and ideas about the right way to fill a plate more, but you don’t need to fight over it!
cups by throwing water at them. The water cleaner. When people with different ideas There’s a book that goes with your plate
is full of cleaning stuff, which helps the wa- about these machines start living together, cleaner, and it shows how you should fill
ter stick to the food and pull it off. this can even lead to fights. it. (If you’ve lost the book, you can usually

If you fill a cleaning box the wrong way, it Some ideas are clear to everyone—like that read it for free using a computer)

may not clean well. After people see this you should always point cups down, so
happen a few times, they can get strong they don’t end up full of food water. There’s

TOP HOLDER il
The top holder ‘ DER .
usually has its own FACE DOWN “TOP HOLDER ONLY?” ;I'h|s holltljer is
! ke _ for small cups,
thrower, although Cup-shaped things need to face down, Some knives and cups say “Top holder T or kni
older cleaners il wi only.” This doesn’t have anything to d ' or Kpives, or
ften used one in or else Fhey can fill wlth food water. nly. Is sn ¢ ave anything ¢ o anything that fits.
oh iddl Sometimes light things turn over with the water—it’s because there’s
the middle. when water hits them. You can try to a heater at the bottom, and some If you have
s use heavier things to hold them in  plastic things can start to bend something light
ROLLERS /\\ place, but it doesn’t always work.  if they’re too close to the heat. that turns over a
/ lot, you can put it
These let you roll ! under this holder.
the plate holders ““f~ I
h “~ |
in and out. . ! TURNING
\ \
WATER \ Throwers have
| ~~"holes that point a
FORTOP ___ » /| little to one side,

THROWER N so when the water

goes out that
way, it will push
the thrower in the
other direction.

/ That’s what makes
them spin around.

CLEANING
STUFF

This is a little cup
in the front of
the door where
you put cleaning

"

x|

stuff. Top DON’T BLOCK
Once the box is THROV\VER THIS
full of water, the Moy S N If you put a tall

~~1"" knife in the knife
cup, it can block
the top thrower

door opens and
then drops the
cleaning stuff o~

N

into the box. from turning. If
it can’t turn, the
PLATES water won't reach

all your plates.

These should go
on the bottom,
with some space

2 E*Y *~-FILLER HOLE

000
%

between them A°<;<>o<>0 Clean water
so the water can OO, comes in here.
getin. sf.o.o,goo
& &

HEATER kO :og - KNIFE CUP

) DD This cup holds
This heats the SO h
water so it cleans v% Eg‘i\rﬁi ?Qicigosthigu
better, and also % -
heats the air at XQ should always

point sharp knives

the end so the ‘ i
down, so if you
plates dry faster. \ \ K A / trip and fall on

A lot of people = = S = them, they won’t
have pointed out o hurt you.
that this heater —————— D < Tl
is hot enough to _ JU—— » 4 L T~ H‘ _DON’T BLOCK
heat fishinyour [ []1 ~—~—~~Tv-ee-- & / T~ THIS, EITHER
plate cleaner \ s If you put a knife
. 7z
to make dinner, =7 D POWER here, instead of
although I’1.0 one BOTTOM THROWER —\ /"splNNER the knife cup, it
ever explains why This throws water up at the v can fall throu’ h
you would want | Kknock f P POOL — 9
to do that. plates to knock food o X — and stop the lower
S \ D arm from spinning.

EMPTYING -3 _______ \ f -
PULLER Tl _ 4 3 H — » FILLER LINE
When the \‘\--_> E ) ~~1"" This line brings in
cleaning is done, 3 i 5 hot water from
the pool at the \ H AN the hoyge and

» - ' S ours it into the
bottom is full of \ < = p
food water. This 1 ! v N < 2 box at the start.
machine pulls it T ™ | N . Hand
out and sends CLEAN WATER FOOD WATER FILLING DOOR I ' WATER PUSHER \ Cleaning b wash
) . ) e 4N ’ \ eaning box
itaway COMING IN GOING OUT :—imsect)sefnlst\rlwvehepggls /’ ~.. Water gathers in a pool | / area

. :

at the bottom of the box.

To top To bottom THROWER CONTROL BALL  -ccee—- - This pusher takes water
thrower thrower . . from the pool and pushes
Water This ball controls which thrower to send water to.
the pool joins with

it up to the throwers.
wher At the start, the ball sits at the bottom of a little slide,
<~ blocking the path to the top thrower. When the water V! your other bad-water

i pusher runs, the water goes to the bottom thrower. FOOD CATCHER - Carriers before it
FPERENT . .
CUEANNG BOES %4_ The ball doesn’t block all the water, and a little water starts | s catches pieces of food leaves the house.

so they don’t go into the

A PROBLEM THAT —¥¢
CAN HAPPEN
The line that carries
food water out of

THIS WORKS IN to get past the ball and fill up the path to the top thrower. h N h It needs to go up high
DIFFERENT WAYS When it’s time t the top th th t h water pusher, since they under the table top. If
BT T LKETHIS KND en it's time to use the top thrower, the water pusher could get sent through the '/ "o straight into the
BELAyse TS ACOOL stops for just a moment. The water behind the ball falls machine and get stuck.
DEAT LOUD NEVER back down, pushing the ball up the slide. . hole under the other_
PVE THOUGHT OF: The catcher has a hole in water catcher, then if
% Just as the ball reaches the top of the slide, the pusher the bottom so food can go the catcher gets full
O < turns back on. The force of the water holds the ball into the emptying puller for some reason, bad
against the hole as it runs to the top thrower. instead. If your cleaning water can run back
box stops working, you into the cleaning box.

When the pusher is done, it stops for a moment, and the

ball rolls back down the slide to where it started. may need to clean this.




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

...WHAT ARE YOU DOING?

5 \
ll %
STOP.

! SToPIT!
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SEA ROCKS ---* .

Sea rocks are hégvy. They _slidealong like'a mpving noad,' .
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

DEEP PART

The sea floor is deeper
here because the

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

the sea floor aren’t as old as the land floor.

/”'

DEEP ROCK ~

/
This part of the world can be hard to ~ _~

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

The real truth is that it’s very hard. If you
touched a piece of it, it would feel very
hard. (You shouldn’t touch it, though,
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.

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.

LOW AREA

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

These low areas between mountains
sometimes have water in them, and the
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

people try not to worry about it too much.
\

LAND FLOOR

the ground.

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
time they stay on top and
don’t fall into the Earth.
We don’t understand
exactly what pushes them.
1

It’s strange to think
that all these things are
under you right now.

WATER-CARRYING ROCKS

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

HOT ROCK MOUNTAIN

The rocks that get pushed
into the Earth get hot and
watery, and some of them
come up through holes in
the rock above them. They
come out of those holes
and cool down and turn into
mountains. \

Small Soft, the
company that
makes Windows®,
is in a city like this.

1
\
\

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.

ROCK MOUNTAIN

Not all the mountains

in this kind of place are
made from hot rock. When
a sea plate goes under

a land plate, it can make
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.

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

LAND ROCKS -~

WHEN THE EARTH SHAKES, SOMETIMES THERE ARE BIG WAVES.
THIS IS THE KIND OF SHAKING THAT MAKES THE BIGGEST WAVES:

There’s a place in my
country on the edge

of the sea. (They once
made a game for kids
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

not lying down. They’re
sticking up from the
sea floor, like they grew
there. That shouldn’t be
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.

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

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.

GO AFTER THEY DIE?

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
waves looking at clouds from the side, and
people all over the world looking at clouds
from below.

LOWS (RAIN MAKERS)
Areas with lighter air over them are called

“lows.” Air moves across the ground

toward those areas, and—just like water
moving toward a hole in the bottom of a
pool—it goes faster and starts moving in

HIGHS AND LOWS
These lines show how hard the air is pressing down on different areas of the map—

_-- acircle.
which is sort of a strange idea, but important for understanding rain and wind. . pde Air usually rises up in these “light” areas,
These maps are a lot like maps used to show the shape of mountains. The lines join pad which makes rain. As the air rises, the
areas where the air is pressing down with the same weight, and the middles of circles e water in the air cools down and turns into
are areas where air is especially heavy or light. They’re marked “Heavy” and “Light” (or 2

little drops, just like water on the side of a
“High” and “Low”) to help you know which is which.

glass with a cold drink in it. \

Py
is area will have heavy rain

COLD AIR (or snow, if it’s ol‘den

This area will
be cold and
clear.

N7 area willhavedight
I [ ) ( yind and light rain.

I' COOL AIR

\
\
1
\
1
1
1
1
1
1
1
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1
1
1
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and heavy rain. | !
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HIGHS (CLEAR AREAS)

In a “heavy” (or “high”) area, air is
pressing down hard, which keeps
wet air from rising and keeps clouds
and rain from forming. These areas

usually have clear skies and not very
much wind.

will be/cool.
This area will be

clear and warm
for no

The dark areas

where it will rain.

REAT CIRCLE STORMS

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

¥ winds in a circle near the center, but right in the center
reses el f it's calm—and can even be clear. People call this clear
X R area the “eye” of‘the storm.
flashes of light in the
sky and winds strong When these storms come in from the sea, they bring ¢
enough to blow away sea with.them. Their winds push water ahead of them
a house. ang

can make the sea come up onto the land and c

hole cities. They can also make so much rain tha
rise and wash away people, cars, and houses.
Thanks to computers, we’ve gotten a lot better at
guessing where circle storms are going to go, which
helps us to tell people to get out of the way.

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.

Around here, the air stops
getting colder as you go higher,
SO warm air stops rising. -~

Cold air

-
I” Cold air
b ””

COLD AIR COMING IN

This line shows where cold air is coming in.
This can mean there will be wind, and then
flashes of light, sounds from the clouds, and
very, very heavy rain, but it doesn’t last long.

WARM AIR COMING IN

This line means warm air will be moving into an
area. This can mean there will be clouds ahead
of the warm air, sometimes a few days before it
gets there, and rain as it moves in.

VERY BIG SUMMER STORMS

Sometimes, on hot days, air heated by the
sun rises up very fast, then cools and pours
down rain. These storms can make spinning
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. ’wﬂ ﬁ
Here’s how to understand some of the shapes you see on those maps:

RAIN SOUND WIND STORM SPINNING WIND SKIN BIRDS TREES GROUND

Big shapes like STORM This shape means This shape, like a bent finger, This circle shape isn't  When there’s This shape happens

this mean rain. It This shape a storm with lights means a spinning cloud is

will probably last a
while and be light
sometimes and
heavy other times.

rain—it’s hundreds and no rain to see, when the radio
hundreds of little skin  sometimes the waves hit clouds,
birds all flying out of map shows little then a pool of water
a big hole to eat flies  lines of noise from on the ground, then
the radio waves come back. That
hitting the tops of makes them take

means a storm and sound is coming, touching the ground, and may
is coming, which and the wind ahead  be tearing up trees and houses.
may bring light, of it might be even
sound, and stronger than normal.
strong wind.

=/

Sometimes, if you look at the

shapes made by the radio, you  When the Sun sets. ne radi :
can see the stuff the storm has ~ Sometimes other ,
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.
E 7T lﬁvﬁ
\
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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--“ LouD JUMPERS

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.

When people stand under thi
flower at a party, other people

tell them to kiss.

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.

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).

x S GRAY TREE-JUMPER
1 \\ These little animals sleep in
\ \ big round houses made of
\\ GROWING UP sticks and leaves high up in

the branches.
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.

BIRD HOLES

Some birds
make holes, but

a lot of them just
use holes other
birds make.

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,
1 it will spread branches out to the
V sides so it can catch more light.

DRINK
HOLES
Th
mads by o FIELD TURNING INTO FOREST -~
head-hitting When people cut down a forest, sometimes they leave a
bird looking few trees—to make a cool shadow area, or because the
for tree blood tree looks nice—and those trees will grow out into the
to drink. new space.

/ If the forest grows back, the new trees—fighting 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.

These two kinds of TN
tiny animals make loud \
noises and are known for '\
jumping. One has bones. \

P Q N
IS
STORM BURN

When flashes of power
from storms hit a tree, they
can burn a line in the wood.

<.
~~~-- HEAD-HITTING BIRD
This kind of bird hits trees

Py 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.

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.

AY

The outer skin of trees is where growing h |
happens and where they carry food up T en, many years later,
and down. Cutting off a ring of skin all the gsomeone needs to cut

way around a tree will kill it. own the tree, their saw
can hit the metal and

send tiny sharp pieces
flying everywhere.

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.

DIRT BRANCHES =%

Trees grow branches down
into the ground, like the ones

/I ANIMAL HILL in the air. The air branches get FIRE HOLE TREE-FOOD.STE.ALER
v walking flies took out ground branches get water ago. The leaves and sticks on "~ onto the dirt branches of otglj'wer
/ of the ground while and food from the dirt. They the ground burned, and the Fo o stonl fond from th
/ making their holes. spread way out—often farther wind blew the fire against this | rees and steal food from them.
{ DOOR -~ | than the air branches—but side of the tree. The burned i Some of these little flowers
% \ g usually not very deep. spot grows in a different way IV don’t even have green leaves
y /’ . N and can sometimes turn into ~ and can’t make their own food
W\i/‘ iy /’ \ / ) \ a large hole. from light.
- . / p \

l/" DOG

1
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1
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1
1
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1
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1

1
LITTLE
HOLE-
MAKERS

-

1
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LONG-EAR

,./\ PN 4 .
A ‘ D “p \ JUMPERS ; BIG HOLE-MAKERS
L” N N i/
‘ \ . 1
ALKING FLIS ’ \ LONG-HOLE MAKERS DIRT-BRANCH LIFE
Most trees and flowers have life growing on their
These tiny animals live in big groups and LONG BITERS WITHOUT ARMS OR LEGS dirt branches. This life helps them talk to the other
make holes. Most of them don’t have (SLEEPING) trees and flowers around them. They can even use
babies; each family has one mother who  These long thin cold-blooded animals don’t usually this life to share food or attack each other.
makes all the new animals for the house.  hang out together, and sometimes eat each other. If something tries to eat one tree, it can tell other
They usually don’t fly, and they’re not During the winter, though, lots of different kinds trees through messages carried by this ground life,
much like house flies. They’re in the same come together and sleep all wrapped up together and the other trees can start making bad water
group with the kinds of flies whose back in big holes under the ground where it’'s warmer. and other things to make themselves harder to eat.

end has a sharp point that can hurt you.




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.
Two of the machines were used in that war,
and each one burned a city and killed many,
many people.

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.

THE MACHINE

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.

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 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.

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

THE SECOND
RUN-AWAY FIRE

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

break, they let out a little flash of heat
and some tiny fast pieces.

THE PIECES EVERYTHING IS MADE OF

The clouds of little
things that fly around
the heavy center part

Cloud part

RUN-AWAY FIRE

of one of the metal
pieces breaks in half, it

pieces. If those pieces
hit another center, the
same thing happens,
letting out more heat

FIRE PLASTIC

This is the
normal kind of
stuff people

When the heavy center

lets out heat and some

_____ TINY FIRE
e MAKER

HOLE

i use to blow
aren’t important for the things up - This is for adding
run-away fire; we can - FIRST some special air, right
i \ PART .
ignore them. \ before the machine

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.

HEAVY METAL

_This is where the

First, a message
goes down a line
and starts some
tiny fires.

The tiny fires

set off the fire
plastic, which
starts to blow up.

The blowing-up
plastic pushes
the heavy metal
together.

388

When the metal
gets small

enough, the run-
away fire starts.

©

first run-away fire

and pieces. Soon, the

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

become a run-away fire. metal puts out

ENOUGH METAL _IN-BETWEEN a bright light—
) ) . ""STUFF brighter than fle

If the piece of metal is . 1 anything but a

We don’t know what
this is made of; the

too small, the little pieces

from the broken center dying star.

/'

/

=
v

can fly out without hitting : machine makers have g |ight heats up
any other centers. / kept that hidden. the in-between = QWL,,.,//
For a run-away fire to ;ﬁ,& @ SECOND Wheh the light fills stuff, making it ‘@i y ;\)<
start, there needs to be : v-’ PART the inside of the push the second  \'7* {/ Lt
enough metal to make z.‘ . ‘VWP box, it gets bigger ot together hard. i
sure the flying pieces hit c and pushes the
other centers instead of - second part That starts a W
flying out. together. run-away fire in O )
the light metal. f#ﬂ_§~ N
-WALL el Len
HOW MUCH IS “ENOUGH”? Thie e 7if
) ) : is helps
The size of a piece of metal it takes hold in the

to make a run-away fire is different This fire makes

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.

for different metals and different ltﬁ::’i?s(im the other fire = i\“L/,. ’
shapes, but it can be a piece small art sa it even worse, and ?;;?;5” \g\(
(Don't do this.)  enough for a person to pick up. P the whole thing e Lt
can push on blows up. 7
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 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. %gk

tasY

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.

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

S

@@; <O O
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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!

stop them. out—to spread itself to other people.

WATER
BRINGER
1
1 . :
(H)glE-ﬁER____* IT’ X WALL SOUNDS OLD HOUSE: NEW HOUSE:
N Sometimes, when you
When you CATCHER turn off the water in an e
push this up / old house, you hear a
and down, ! loud sound from the
it opens and 1 wall, like a big rock
closes the | hitting something.
hole 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 7, =
train of water all moving S
together toward the \,)\’\P“,\
hole where it's coming I3
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 2
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
loud noise.

<>
e

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.

4__SMELLY
AIR
COLD WATER--

W
‘ l WHY IS “HOT” ON THE LEFT?

, RAIN
When we started adding MACHINE
hot-water bringers, we put !
them on the other side, \ /

since people were used é

v"SMELLY AIR In the past, water bringers had
a hand-powered water pusher.

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

to the cold-water bringer
being where it was.

HOT WATER -y

I

T
WATER BRINGER TOOTH
When you push this thing, it opens the CLEANER
bottom of this pool and pours water ;
down into the cup, making everything run )i
out the bottom and away. |
This also starts water coming back in. As ,/’ WATER
it rises, it lifts a little air bag. When the air y BRINGERS
bag rises high enough, it makes the water q B
turn back off. ~~__ \ HOT coLD

WATER HOLE

This is where you put food and
water when your body is done with
them. Water carries them down a
hole and away.

If you let the water get
too deep, it falls out these
problem holes, even if the
normal hole is covered.

COVER™~,

4
-- FEET--
People like to
make these in
the shape of
animal feet for

SMELL BLOCKERS

These shapes hold some water in a little

[_\— <« DOWN HILL WATER

This water carrier doesn’t follow the

pool so air can’t come back up through some reason.

floor—it goes down a little bit, so the

water falls in the right direction. the hole and make your room smell bad.
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COMPUTER BUILDING

When you use a computer to listen to songs and power in and out of the computers. who have computers but need somewhere
or watch movies, sometimes they’re on your When you use things like Short Bird Talk and to put them. Some let you use their comput-
computer, but often they’re “in the cloud.” Face Book, your computer is talking to com- ers if you pay. Many have computers, and if
puters in buildings like this. you pay them, they use their computers to
do things for you. But the computers in all
these buildings usually look about the same.

“The cloud” is just a lot of buildings owned
by big companies. They’re full of rows of Some computer buildings were built by
computers, information boxes, and lots of companies to hold all their own computers.
confusing colored lines everywhere joining Some very big companies do this. Other
everything together, carrying information computer buildings sell space to people

FIRE-STOPPING AIR COOLERS COLD AND WARM HALLS SPECIAL ROOMS MEET-ME ROOM (That’s the real name.)
If something catches fire in a Computers make heat. Floors are laid out in rows, If you have your Sometimes, different companies have
computer building, the building’s  One of the hardest with cold halls and warm halls own computers and computers in the same computer building,
systems will often open up boxes things about running between them. The cold halls are computer holders, and they want to send things to each other.
full ?f .heavy ajr. Filje needs stuff a computer building on Fhe side where computers pull  you can pay for a Normally, they would have to send stuff out
that’s in our air so‘|t can b.u.rn..lf is keeping it cool. A air in, and the warm hqlls are on room to yolurself. of the building into the world, and then pay
you put angther kind of air in its Iot_of_ the power these the side where the air is blown You can bring any information-carrying companies to bring it
place, the fire stops. buildings use goes out of the computers. That way, computers you want  tq the other company’s computers—even if
(The special air fires need to for running blowers in computers aren’t blowing hot air  and join the.m.up' those computers were in the same building
burn is the same kind of air we every room, pushers into other c,omput'ers on the side  with the building’s where it started. Some computer buildings
need to breathe, so if you're in to move cooling water  where they're pulling air in. systems. have a room where different companies
the room when they send in the up to the roof and can all join up their computers and share
other air, you can die. But at back, and running stuff with each other without having to go
least you won't be on fire.) the big coolers on Warm WHRM UARM outside or pay other companies to carry
the roof that cool the I 91 n their messages.
cooling water down. - < |Coo| = <~| cow|— <
WAIT CONTROL \ I jJ' y l I
If there’s a fire, and the building ‘\\ BLOWER SOUND PART FIXER BAG
starts to fill itself with fire- \ Computer buildings are This was left here by
stopping air, press this control. y POWER SENDER BOX loud. Most of the sound the people who own
It tells the building, “Wait, don’t m]] ]Im 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 H
—1 1
B T T T T T T R L O T T TR A LTS T T T TR I anp) ! LOCKS
A4 7 ~ ! Computer
7 \ — buildings usually
i \ == Y have at least
NORMAL Y LIFTIN AR two doors with
AIR ROOM machines that
iﬁ / only let certain
- people in.
INFORMATION T /. People who
LINES L own computer
The lines to and from ROLLING PROBLEM buildings worry
! <~ TABLE about this a
the computer rows \ lot. because if
sometimes run along the ROWS OF ’

I . someone stole
ceiling and sometimes COMPUTER Stuff from them,
along the floor. HOLDERS no one would

f A - ] want to leave
i SRER! their computers
COOLING I . " there anymore.
WATER -- £
CARRIER PERSON
CATCHER
ROOM ___‘,/ % seople have
.y o close the
COOLER N T S/ outside door
There’s a box \ before opening
like this on VN the inside one.
each floor. It \ - BUILDING This keeps
feels the air in = OFFICE people from
the room, and = = — = walking in
if it’s too hot, behind you
it uses special { = — g f while the door
cold water is open.
from the !
coolers on the ey y
roof to cool it
down. H GPARD
FIRE- - = \
STOPPING |\ === D
AIR —==-<__ === - B - \‘
N = 5 lI
\ L H
\ | L |
4 — !
1
\_ OUTSIDE —— FINGER
LINES P CHECKER
These join ) Z These
the building = - 7 & machines have
with the / / ! / pictures of
world’s / ! [ / the lines on
computer ’:' ! ! e the fingers of
and phone i ! | 7 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,
are made ~ 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|Anes 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 flnger_s 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  burning 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. anything turn off. when they blow up. But most days they don’t blow up. allowed in.
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HOLDER

COM PUTER Computer buildings keep all their computers in these
holders. A holder can hold all kinds of computer parts;
Computer buildings use a special kind of computer that fits anyone can easily put any kind of computer in any
well in a holder. It’s about the size of the back of a chair. computer building.
POWER SENDER MEMORY STICKS BACK TALKING CENTER
This takes power from These hold things the _If you want to add a line into A few spots on the holder hold the talking center, which
the outside and sends it computer is thinking about, / the computer, you usually is where the lines from all the other computers go so
to different parts of the like information it's sending Jorun it in through a hole here. 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. ;L ) \ 4
\\ ; I // // These are spaces where you can put in El7acknG Cewrzr 2000 e
BLOWERS \ ! \ oL d e few more smaller add-on computers. E TNGS:5 85,
: \ H \ 7 i These might do things like talk to other Sl 7ane Cewrer 2000 —
These blow air 1 ¥l \\ /l ! computers faster than normal, or do THINGS: S
th h th 1 / / i f 3
corrz;%ter teo : /, \\‘ ', u‘ special work with numbers. El7acknG Cewrer 2000 | ‘:‘5
keep it cool. > 7] S\ INFORMATION HOLDERS ~ THiesig
. 4
The air always 4 \ 1 — s These computers hold almost nothing but
blows from the - S~ memory. They’re made so you can take the
front to the —— = : \\:I'HINKING BOXES information boxes out while the computer
back, into / /7//{//;'/'// LA \\\ “These are the main _-is running and put in new ones. (When you
the warm centers where the I:' have this many of them, they break pretty
ha”Wlaw [o/ofo/ele/e]=/= == ]=]s]=]u]=]a = =]=]=]ole]elaheia|le\n\n\=\=) computer follows often, and you have to do that a lot.)
e . , / steps and moves

numbers around.

B8 1 “EILVASSSS

a) G;DDCAHPAW@ " These join the

=) 95] (45| Ty
c JR ) — S _GRABBERS
—
0 [ 8 computer to the
o= ] \ Compurer: computer holder.
(] | ol 1 aeiolla '
H 1 i
\ {
A AN
! \ S~
i S ™ 000 55
FRONT | TN 6000 32 (000D G000 %)
This part usually has some lights to tell you how the \\ \ B mj[:;uu

LTI DT T TN T T DL TTjo o co 0 0000
AITW [TTJoooco00000

e ls s le =1

\
computer is doing, and a little sticker with a name or picture \_\_ INFORMATION
that tells you what company made the machine. Since ~~I BOXES
you're usually seeing it because you're fixing a problem, the

0000 =) 0000

==

OD00 =) {7(0000

Y AR ENEY S
8
=)
i

ticker iust tell h hould b ¢ These boxes remember 0000 2 L f0oon, o000 2=
sticker just tells you who you should be angry at. things even when the e Sl E
computer turns off. / 0000 =] f(0000 =l (0000 = G000 ) i (0000
vl = [=]
g 1) o
ALKING CEN S I 5
/
TALKING CENTER / 5| INFORMATION BOXES 5
T Lots of lines run up here. ! 8 by 5
} here out mto.the ol " of | \. EMPTYSPOTS FOR MORE fo
Sometimes, to carry more MEMORY GROU_PS ° i \INFORMATION BOXES N
information, those lines are The memory boxes in o \ ! ‘
L made of glass, and use light some computers are o [0 | oo oe | o | o [ | oo o | = | on 32| & AREARE
\ instead of power. joined together so that A& B I BB EE BEREIREIA BEIREIE
: gven Ifbonekcnrtawotcl:f the 3 O 1o)X Io)lio)o)io) )i, 8 ©,\© 8 0)I©)I(o)e)
SN oxes break, the others E[3|E)E)EE|E) 3| E) B 6 &) E) )G E G[EE(EE
1""POWER LINES still have all the stuff they  F3 .
Each computer has two were remembering. o o
power lines, which can look =) Tt =====1°
a lot like the information E gﬂﬂ (0000 s (000 == (o000 =
lines. If they used the same = (R —1 ]o] (0000 (0000 10000 5] o
kind of ends to join to the P E @Du e === |||-{3(000 sl =i = nﬂE
computer, there would be NORMAL / =/ | ~—] | || (70000 =] (G000 =] (0000 ==
a lot of problems, but they | 3 gnﬂ @ [ | | |- |00 s i 0o =i o =
don't COMPUTERS .-~/ = || i sl =t
These computers have 3 L l TR BTG Reness PSS
ﬁgrxm =] =]
INFORMATION LINES some memory, but =
Each v h they’re mostly for doing 3 e
| --Each computer usually has work and talking to other

three different information
computers. If you get a 0] o i
lines. One is to talk to P youg 3 EDD = ::‘ O == (6000 = W(E000

message from someone, 0000 %= [ (0000 =] (0000 ==
or look at someone’s A7 TR IVERETG Bmis AROMES

page on Face Book, Short

computers in the outside
world and another is to talk
to other computers in the

o Bird Talk, or Faller, your
br:uldlng that are Ow‘rl]'id bhy_ ; computer is probably i ==

\ t € same company. e_t " talking to one of these. 0%
\ is a special computer building o l:]q i -

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

o 0 co ool T T

PROBLEM

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

LA
H Zyn%

ANOTHER PROBLEM

These lines are really

confusing. They always start OTHER COMPUTERS
out nice and clean, and then You can bring your own

over time the whole thing computers and put them
becomes a wall of color that in the computer holder.

(=]

a
makes no sense. As long as you pay for of
the space and don’t break 3

00000 0ooofoooo0o0

ANOTHER PROBLEM anything, the people who
own the building don’t

i 19 f S_omeone _forgot the power care what kind they are

““]ﬂ" P lines to this computer, which

Q\\ ‘ = Jl is probably why your phone or how old they are.
‘*;{;_‘7— e has no service right now.

27




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
with the people in it
get away really fast.

DOOR
-y
CHAIRS --

COLD AIR FOR BURNING
(AND BREATHING)
This part had a very big problem once.

PART THAT FLIES DOWN
TO THE OTHER WORLD

<
Q N THING TO CONTROL

WHICH DIRECTION THE
PEOPLE GO WHILE
GETTING AWAY

PLACE WHERE FIRE COMES
OUT TO HELP THEM GET AWAY

1

\ -

PEOPLE BOX

| <
1

R / PAJI-QT THAT FLIES AROUND THE OTHER

o

% WORLD AND COMES BACK HOME WITH THE
PEOPLE IN IT AND FALLS IN THE WATER

PART THAT GOES ALONG TO
GIVE PEOPLE AIR, WATER,
COMPUTERS, AND STUFF

It comes back home with them but
burns up without landing.

-
[}
I
[}
1
I
1
I

PART THAT STAYS ON
THE OTHER WORLD

/. It’s still there.

WITH TWO PEOPLE INSIDE

FEET THAT GO ON
THE GROUND OF

-

’ e

T
|
|
i
P i N
i

Zid THE OTHER WORLD

/ '

4
RING HOLDING MOST OF
THE COMPUTERS

THINGS HOLDING THAT

KIND OF AIR THAT MAKES------ <%0
YOUR VOICE FUNNY N

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)

FIRE COMES OUT HERE

S

PART THAT FALLS OFF SECOND

=

‘_-_
)
MORE SKY BAG AIR
Y (FOR BURNING)
(COLD & WET)




THING THAT
BRINGS IN COLD
WET AIR TO BURN

L3

MORE OF THE KIND
OF AIR WE BREATHE

(FOR BURNING)
(COLD & WET)

MORE FUNNY-VOICE AIR
(for filling up space) 3
\

|

MORE OF THE KIND
OF AIR WE BREATHE

b - (FOR BURNING)
I (COLD & WET)

;

FIRE COMES OUT HERE

-3

-

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.

S

LOTS OF FIRE
COMES OUT HERE

11117
mnmmmmmm
I
il
\||||||||||||||||||Illl

=all
¢ S((@" 2
LS
&
IR

0y
N/
%

,'__ll";_';i\\ -
,,‘—

¥
N 7 4
ck‘.g
all

PART THAT FALLS OFF FIRST

-

1

1

‘--4 THIS END SHOULD POINT TOWARD THE +!
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.




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.

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 TWO:
PUSH

These blowers push
the air into a smaller
and smaller space,
which will help the

STEP ONE: STEP THREE: BURN

GET AIR

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

into it and set on fire.

\ 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. S

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.

~—e

Not all sky boats have
a big blower like this.
Some of them just
use the hot air itself,
which works well for  The blowers that push the air
very fast boats. But together all work by spinning,
for boats going slower but since they’re all spinning in
than sound, it turns the same direction, they can start
out that using the the air spinning around instead of
hot air to power big going toward the burning room.
blowers takes less fire To keep that from happening,
water than using the  there are little wings in between
air itself as a pusher. each blower to make the river of
air go straight and keep it from
turning too much.

SPIN STOPPERS

POWER MAKER

This machine uses
the turning stick to
make a little extra
power for the rest of
the sky boat to use
(for things like lights
and computers).

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

HOW DO THEY WORK?

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

\ 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.

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

(e} 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

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

AIR GETTER

The air up high is too thin to breathe.
This thing grabs some of the air that
the blowers pushed together and
sends it to the inside of the sky boat
so people can breathe.

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.

Most of the lights and
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

T \ET WINGS MOVE

POMER BOX nﬁf&vﬁg TEST  FORGET PASTY
g

STUFF S
o2 B L6 o,
rﬁ—\ BOXHOLDNG
PROBLEM LIGHTS —
s | —— |l

PMBLEIL_‘IS) mo'gms START PUSHERS

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

“TURN ON THE SCREENS

= making plans.
Lt G ] || @ X ' A
is feeling. @1@ J R The hardest parts of flying
(00 . .
Sky boats have computers in %% are taking off and landing.
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.

The middle part of the trip
= = is easier. During the middle
ﬁém%*%im CONTROL. part, the computer often does

LAY han all the flying, and the drivers
are just there to watch over

it and make sure there are no
problems.

NEVER

o
GNGA=1G) s
@, ©
°, d @ mowmu
*o__
“SKY
GROUND
(This should be below the
L-—sky. If it'’s above the sky,
S/ you’re either having a big
/ . .
/ problem or doing something
) really fun.)
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S
v Use this stuff to tell the
VN

""""" sky boat to fly itself. =======<
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a_—]c FLY . HOWFAST ITFEED
D oo G%@WWZ]%
A N <0~ [ (]
o0 858 =% e s @ a

// WHERE THE GROUND 15

=

Turn this 1
thing the
way you
v want the sky
\, boat to turn.
\

controls

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

1

PUSHER [| PUSHER

© O

Things people are

- trying to tell you ~<_
controls -~ S . /
Keep sky boat * v E=_Ea0 N\ {
\ from rolling away/ [/ S - ‘e FOOT PUSHERS
PLANNING SCREENS

These screens show you maps of

/
1
1
1
/

\\ Push these with your feet to
\  turnleft and right, like a car.
different cities you can visit and !
roads you can land on. MESSAGES
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.

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.

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.
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BIG TINY THIN

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

HOW DO WE LEARN FROM IT?

G HITTER

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

WHY DID WE BUILD IT?

HITTER

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
fall out.

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

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

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

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

under the ground.

START HOW DO YOU PUSH AIR?

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

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

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

pieces themselves are made of, how they push to see what’s going on.
on each other, and why things have weight.

FAST CIRCLES

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.

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.

~~s

LIFTING
ROOMS
1

PROBLEM ROOM

P
~____—"""""HEADING DOWN -___
=7 _FAST CIRCLE After it goes through the

top circles, the air heads
down under the ground
to the big circles.

[N ,»° The pieces of air
N fly around this
hallway almost
.as fast as light.

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.

WHY IT’S SO BIG
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.

= Y =
{H A , . ‘
i
HALLWAYS N
The air flies through these hallways, one in each direction. SSeeo

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
other place near any of the worlds around the Sun.

AIR GOING
ONE WAY
TURNERS INSIDE A HALLWAY ! AR
This machine makes the P
force that keeps the air GOING
in the middle of the THE
hallway and pushes OTHER

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.

WAY

COLD METAL -~
The metal in
here is only a
little warmer
than the coldest
that anything

can be. E[ ”

AN AIR POCKET POOL
_HITTING ROOMS —
There are rooms around the hallway where people can make e X/
the air going one way hit the air going the other way. When it
hits, machines in these rooms watch what flies out.

AIR POCKETS AND CLOUDS

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,
and they make beautiful pictures.

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
water drops in the air.

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
have any, which you probably shouldn’t.)

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.

COOLING AIR
The outside of this
carrier has a layer of
air so cold it turns to
water. (They use the
kind of air you can
breathe in to make
your voice sound
funny.)

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 ful
metal doing things that are
Ideas from our normal lives
us to think about what they

IDEAS FOR THINKING ABOUT POWER BOXES

A power box has two sides, one h

and the other holding a carrier maker. Between them is

a wall that lets carriers through. T

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 o
because they push each other aw

| of water and
too small to see.
don’t really help

‘re doing. they work.

olding a carrier wanter

he carrier maker would

f power together,
ay. This stops the

carrier wanter from eating too many carriers.

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

® DbIECE OF POWER
() POWER CARRIER

POWER

(in power carrier)

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.

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.

__Power spinner

¥V

or light

Metal Metal Met\al
/ Water full A
Wall
“ of carriersy__ ° \
Carrier ! 'N Carrier
maker %’ wanter
d © 3 ® @
Yo ©e
® @®
® ®
® © 0o Too many
® @ @@ pieces of
ower
0o of||® @ e
®© ©¢

FULL

RUNNING

EMPTY

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.

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.

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.

Carrier Carrier
maker wanter s~ Wall . 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.
Il’ ! 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
\ / thekind shown here.
' |\\ \“ e
,
Metal for - . Metal for YOU CAN DROP THESE TO SEE IF THEY’RE DEAD
powerto _' . . If something goes wrong, the power ) ) i i
go out Plastic thing box can start making a kind of air. power to The carrier wanter in these boxes is made from metal dust. When it gets
from to keep There’s a hole here to let that air out go into covered in carriers, it becomes stronger and sticks together, so the dust can’t
water in , move around. This makes dead power boxes fly back up when you drop them,
so the box doesn’t pop. ) )
but full ones just hit the ground and stop.
HAND COMPUTER POWER BOX
CAR POWER BOX
These power boxes hold more power .
for their size than any other. We first Power Power These power boxes are used in cars.
made them to power helper machines in comesin  goes out They use two kinds of heavy metal
people’s chests. Those machines need to \ | as the carrier wanter and the carrier
| \/ maker, which is why they’re so heavy.

«DONT PUT TROMUCH POUER IN
«READ BOOK BEFORE USING

o DONOT AT Bok, THAT IS

00 NOT TRICK OTHER PEDFLE. INTD>
EATING 1T, EITHER

© NOT FoOD-HERTING-RADIO-EOX-SAFE:

# DoNor” THROW AT BOATS

# LIILL NoT MAKE YOUR DOG FASTER

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

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.

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

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
maker makes them,
they both turn into
the same kind of
metal.
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HOLE-MAKING CITY BOAT

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

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.

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

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.

and push it back up the hole.

If there’s a problem and ! \
:_"’1 the city blows away or BENDING PART
The city .- catches fire or falls over or We used to make

uses pushers

something, this stick joining
to stay over

it to the hole can break off.

our holes straight
down, because

the hole. anything else was
They're like If it does, this part keeps the too hard to keep
g:]eap:ét‘;r:l / fire water from coming out. track of.
T =| People don’t hear very much Now, with the help
bigg’er. | about this part when it of computers, we
| works. When it doesn’t work, can point rock-
SEA / they hear about it a /ot. eaters very carefully

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

PLAYING FIELD

Some city boats
have fields for

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.
N\ ]

Fire water

getting

leJShed up
/7

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
broken rocks

I
11

Teeth for
breaking rock
1

Malchine for feeling
how much the
stick is turning so
the computer can
tell it where to go.
(There’s onggof
these in youphone
to tell whichjway
you’re holdirfg it.)

i

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

” vv the hole people say they look like one.
playing games. ) \
They have to put GAME ROOM /
4
rr/‘a”s z':rogmd then";, There are usually -
ough, because It ;o ms with different
e you kick your ball oo i them, for
, A ,
/ over the s_|d§, ysu workers to play while V ; ;
! can't get it ?c * they rest, like a kind of
! | circle-stick ball played ‘\ ,
\ on a 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.

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

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

HOW WE GET BLACK ROCKS OUT OF THE GROUND

T T———

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.

1

‘holes that bend is
_SO we can reach

HOW DEEP?

We can only get black rocks
easily if they’re not too deep-in

rock up out of the ground, and-if
the rocks are too hot, that makes
everything so-hard that it’s not
worth-it.

—_—

There-are.other problems. You
need to cut big recoms.into the
ground to get black rocks out,
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.

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 therock 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.

\/

under cities without

— =

bothering people. %
the ground. The biggest problem iy
is that deeper in the Earth, rocks = -
are hotter. It’s hard to get a lot of s

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.

. S

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

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 MOONTANS
~ NEAR WHERE T PLAYED AS AKD.

1

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

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.

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.

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

" FIRE AIR
= )

FIR

o

E WATER ™

= Cr

TN 1 v e
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.

A B S
' = WHITE STUFF

~This is-white stuff, like what
we put on food to make it better
(although we mostly get the
kind we eat from drying out sea
water). We make-holes-like this
to get white stuffout, 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,
like fire-water or fire air that we
want to save to burn later.

Layers of
rock fromj:\\
q|fferent <\ Y
times

B ARN

S,

\
Z>\

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.

Y
[,

Places
where the
ground
brolke

\

I 4



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

ROAD

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.”)

LONG ROAD

Sometimes, you want to
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

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.

2\
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If the hole is small enough, you
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

are longer and stronger, but they’'re
also heavier—and bigger things get

heavier faster than they get stronger.

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

RETTT

to find a bigger board. Bigger boards

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.

LONGER ROAD

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.

- -F
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TALL ROAD

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.

lines

¥

t

1

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

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
! Smaller
\ / N
A ¥ I|r)es

’
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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

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.

But if they have holes they need to get across . ..

... and if, in their world, they build things out of
different shapes, like us . . .

... and if they have problems with holding their
roads up. ..

... 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.




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
use your computer, you
probably don’t need to
do this. Just open it the
normal way, like in the
first picture.

BENDER
KEYS \

\
You can press these ‘\\
to put words in the

SCREEN

computer. o If you open it like this,
S~ you might not be able
OUTSIDE - to use it for a while, or
(plastic or _ / " maybe ever.
______ | ,
metah BOTTOM ge
PIECE / "=~ INSIDE
TOUCHING BOX !

You can touch this to point at things on the \, STICKERS THAT YELL AT YOU

screen. Some computers can feel when you touch \\ 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
POWER HOLE /"' box. It's important to do this right, because if you put
oV _-_' ----------- - HOLES FOR YOUR OTHER MACHINES I,’ too much power in the power box, it can catch fire.
This is where you join the ~ I | 1 ’

computer to the wall so the
power box doesn’t run out.

POWER CHANGERS:

These all help change one
kind of power into another
kind. The more of these they

K Sionana, W0LTY
oedin 0000000000 e
9000 00! {:} og W
omgsl:l 08 Lt 00,0

use, the calmer the power 0 = T 00 o~ Thing that knows how to
that comes out is. - talk to other machines <--
Wg‘n’n through the holes in the =~ “
THINKING BOX  -----—__{_ e computer’s side
Lots of parts of a computer T gs??% ~«___ Timer for helping \
“think” in different ways, but BSS§E control how fast POWER BOX
t?};s 'i.Wh,ﬁat w<te LIJtS’ua”y ca:jllthe 5 g Ehet;}:omputerhyalks This holds power so
e
steps that are written down as ;%%i ok ?Igﬁﬁlgﬁiﬁgér Iftog iovtvgftﬁxgnpgaee?
g .
numbers. Sg ﬁ‘: (Th . . from the wall.
Following steps might not be s0s b ese are shown on par
“thinking.” But it's hard to say 848 |) 83 maps with this picture: E;rte;ginsﬁgﬁlgmer
s 2z B g 5
;cq)_r sure. Jhat s C;ﬂe C|>f ghose | §£é°o° ~5000- try to open this one.
'?ES Wi i";e not only do we gyovon 3o PN RN Power runs through them, If you open the other
not now hetatr;swer, V\? re glo S'ss 0 009 00000 % ol and they keep it from parts, they can make
not sure what the question Is. el c I changing too quickly. This the computer stop
kes \ way, if there are any little working. If you open
THOUGHTS RIGHT NOW \ jumps or stops in the power, this one, it can make
This is a kind of memory that \\ it doesn’t break things. you stop working.
holds things the computer is \\
:Emklr;]% about right Row.thThe S Bleee wiheme
oug t5 gto awa;;fw en the Part that power comes
computer turns off. remembers out of the
Thing that tells the air ~__ * ______ §°° ~~~-J the §teps for power box
blower how hard to blow 0000 waking up the
s (00 8 s other parts
""""""" § e W E
AIR BLOWER ~ s 31 § same 410195 | L BABY COMPUTER
?ﬁ_mputirs get hott ”;St'ge' AN §§%§3"°@5£§§§§§ggg ° This is a very small box with
E puts res ailtr gu On't et gi2wg, L uamoocggjbgﬁggsoo o) | all the parts of a computer
computer so oesnt ge in it—the parts that think,
too hot and break.

M || 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.

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
joined to it.
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3 8000

Most computers can now
remember that stuff even
when they’re turned off, so
they don’t need an extra td

_| MEMORY HOLDER
If you write a story or put a

000 00
ocoooo il
00000 00000 00000 00000
0000000303333

wescos sesss game on your computer, it
power box for that anymore. §nuggggggﬂggo 23 goes here.
o0

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

If you take this part out and
put it in another computer,
it will have your stuff on
it. (But it might also get

&
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confused about what day it is. 220 it | S
1
Hole where you can put [=] U 00 U
a card with memories on —}- 3322008 wasos = 000
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,-~~~BIG TRIP TAKER ONE BIG TRIP TAKER TWO
DARK WORLDS

/

4 We were so surprised when an earlier Big Trip Taker Two is the only boat
Out past the cold wind world, there boat saw clouds around the cloud to visit the two outer worlds.
are lots of little ice worlds moving ﬁ moon, we told Big Trip Taker One to N\
very slowly around the far-away Sun. ﬂ\jggioﬁzlgncsl Oasnec: r:)yoﬁaith .t:?occ:?:td SR
\ \\\ off the road to the other worlds, and
\ SSeel it headed out into space. It’s now
\ B . traveled farther from home than
\\ anything humans have built. This world is far from the
RN Sun. It has the coldest air
S and the fastest winds.
. These two air worlds are smaller than
the ring world and the huge air world.” ==~~~
BIG WORLD BOAT They have more kinds of water in their
) . , : air, which makes them more blue.
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

1
\
\
\s
it would burn-up in the air, just like old Ssel
space boats sometimes do on Earth. T
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.

LOST WORLD ---*

This world is strange because
it used to go around the Sun
alone, but one day it came too

OLD CIRCLE close to t_he_cold wind world
COVERED M-OON RING WORLD and now it lives there.
This moon got hit by lots These two worlds are huge All the big air

d in circle-sh. d . . rings, but this
Eg?’eirejus't””cllgcoeufMaggn some rocks in the middle. world's are huge
, [ ' and bright.

\
1
\
\
1
]
\ q p worlds have thin
of rocks once, which left it | balls of air and water with
1
1
1
]
]
1 1
\ 1
\ 1
\ 1
]

s

____________ RING WORLD BOAT
This boat visited the ring world to

learn more about it—and to get a
BIG MOON closer look at the cloud moon.
This is the

biggest and
heaviest moon
near the Sun.

CLOUD MOON

This world is very strange—it’s the only

moon covered in thick clouds. The air
BIG WORLD there is even thicker than Earth’s.

N

This is the biggest It would be nice if it were the kind of

world around the air we can breathe, but it’s not.
Sun. It's mostly made

of air. Some of its
moons are almost as

big a5 our world. 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.

ICE WATER MOON
This world has ice omthe o
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

(-2
animals. We don’t know if there are >0 9
animals there, but if there are, we SPECIAL ENGINE BOAT
want to know about them. This boat visited two of the little worlds between
the red world and the huge world. It’s pushed by
THE MOON

a special engine that’s powered by the Sun.

Other moons have names, but our moon is just It was the first boat to visit two different worlds
called the Moon. Some people visited it once. and stay for a while at each of them.

) ; . . LITTLE RED
We’'re not sure where it came from. We think __ WORLD

another world probably hit our world when it ™
was very young and lots of pieces flew off, and RED WORLD /4
then the pieces fell together and made the new —-—==a g
7 o SPACE CAR ~ & 5‘ _____ -
OUR WORLD
There are animals and trees
and a blue sky here. You

baby world. But we don’t know for sure yet.
probably live here, too; it’s

very hard to leave.

\
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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, SMALL ROCK WORLD
you will have lots of problems. ~ -==--< - This world is hard to see because
The air is really hot. If you land there, .-- it's right next to the bright Sun. It

.

you will be on fire, and you will not come 2 turns very slowly, so the day side

home. The air is really heavy. If you land / gets very hot and the night side

there, it will be like you're deep under the ," gets very cold. THE SU_N .

sea. The sky will press down on you and e The Sun'is a star. It looks bigger and

make you get smaller, and you will not brighter than other stars because it’'s much
come home. The air isn’t the kind of air . . closer to us. But it turns out it really is
humans breathe. If you try to breathe it, --=~""" bigger and brighter than other stars.

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.

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 -

THE FEELING OF WANTING
TO KNOW THINGS

(the red world space car)

4=

BOAT RIDER FOUR --% QBL
BOAT RIDER SIX--—-% °_ ﬁ

BOAT RIDER SEVEN ---%
RED WORLD FOUR ---¥%

These boats

rm=sss===== visited but
RED WORLD SIX ----- > didn’t stay.
RED WORLD SEVEN ----» =%
WRONG-TURN BOAT-——-- > T
This boat was supposed Ry L __om-—- SPECIAL
to stay around the red & ENGINE
world, but it made a BOAT ®-___ These boats
m;(t)gagdtum andflewpast " . LITTLE —-‘_:-_:: passed by the red
' WORLD <« world on their way
WATCHER to other places.
»
) k%
RED WORLD '/

] SKY WATCHER

~
A
< f

SEA GOER (THE
ONE AFTER EIGHT)
1

e DEm
~a °§“”

A
RED -/
WORLD
VISITOR

< RED WORLD
WATCHER

D™D <--FAST RED
WORLD BOAT
@g TWENTY OH
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WORLD TRIP
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%“ ~~~~~ WORLD
LOOKER
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PICTURE TAKER

When you look at something, the light from Since before humans learned to write, we’ve A few hundred years ago, we started mak-
it goes into your eye and makes a picture been using painting to turn our ideas back ing machines that turned light straight into
inside your head. The picture gives you an into pictures. Pictures let us remember the pictures. These made it easier for anyone to

idea about the thing’s shape and color. things we saw and ideas we had, and to put make pictures, and picture making has be-
those ideas in other people’s heads, too. come a big part of how we talk and share.
o T HATE HOU &
N \TE HOW EVERYONE TAKES PICTURES

LIGHT PAPER INSTERD OF JUST ENTOYING THE. VIEL-

Some kinds of paper change color when light hits them. Picture takers used these for a long time. ...YOU SAY, INSTEAD

This paper alone isn’t enough to make a picture, though. When you hold the paper up to OF ENJOYING THE VIEW.

someone, light from every part of them hits every part of the paper, so your whole page will be ), / _

all one color. (Unless you hold the paper so close to the thing that each part of the paper only K%z‘:% e Dol

sees light from one part of the thing, but that doesn’t work very well.) N %

. -1 Y |

SHAPE MORE LIGHT BENDING LIGHT SPECIAL SHAPES ' "'\ \ .
To make a picture of something, The hole idea works, but a tiny hole  To make the picture less By cutting glass into the right shapes, we can make light
you need to control the light so that doesn't let very much light through,  clouded, we need to bend benders that catch lots of light and send the light from
each part of the paper sees light so it takes a long time for enough lots of light from each part of  each direction to a different part of the picture.
from just one part_ of it. _ ||ght to hit the paper to make a the tljmg toward the sp.ot on This machine is good enough to take a simple picture,
One way to do this is by blocking ~ Picture. the picture that goes with it. it \vill be a little clouded and not very sharp or bright.
almost all the light paths using a To let in more light, you could make ~ We can do this by using To take a clearer picture, we have to add more benders
wall with a hole in it. (This makes a  the hole bigger, but then the light things that bend light—like to control the path the light takes more carefully.
picture that’s turned over, but that’s from one spot starts to spread out on water and glass. ; NOT AGAM...
okay—you can just turn it back.) the paper, clouding the picture. LI\J/Isoes;gscstusrienézkers

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.

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 ;
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 L mmmmmm=mmmT -7
LOOKER PICTURE get the different colors to the same place. (rf Y LIGHT CATCHER
The whole front end W_INPOW ) ) N N //“ This used to be made of
of the picture taker This Wlndow.opens and closes to let light thlrough to thfe 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 \\ 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. \ f { ( then tells the computer.
\ ) H~"The computer puts the
\ messages together to
\ ¥ make a picture.
[ !
= — —
= , ﬁ SCREEN
L This screen shows you
- 41 what the light catcher
is seeing. It also lets
= you look at the pictures
LIGHT you took and decide
COMES ____ whether you want to
IN HERE keep them.
< | -Some picture takers
have a hole you can
look through, too, which
shows you a view out
the looker using a mirror
K (or pretends to, using
! another screen).
1
A ; = FLASH
A / 7 ) If there’s not enough
7 / / light to make a good
H A i picture, this can light up
/ L & % ?! / the area for a moment
S - : — / amfotwheisp(ljﬁzrzeThe
4 .
'/ > — 1 light can make the
! J = ] shadows in a picture
| ; look strange, though, so
:l 7 | ] some people try not to
\ ,/ ! :' use it very much.
FRONT BENDERS CLOSE-OR-FAR BENDERS PICTURE BENDERS  NO MIRROR CHANGING SHAPE
These grab all These benders control how close up These light benders are Nice picture takers used Picture takers have changed
the light and start or far away the things in the picture the ones that bring the to have a mirror here, so shape over time. The back
bringing it together look. They slide forward to look at light together to make you could look through parts are smaller, but some of
so the other benders  small things far away, and back to a picture on the light a hole in the top and . the front parts of good picture
can do things with it. see a wider view of the whole area. catcher in the back. see through the looker, takers have stayed big. The
to see what would be i
FROMYOUR PKCTURES, \Je ~ DUST SHAKER WINDOW in the picture. The loud ) Tie saving picturee and
FIGURED YOV WERE JUST Even a tiny piece of dust stuck to the picture window can make “picture-taking sound” l storing power, are now being
BAD AT USING (AMERAS. the machine take bad pictures. In small picture takers, the is the mirror moving out done by small computers. The

front parts bend light, and

picture window is locked inside and safe from dust. But on ones  of the way to let light
computers can’t do that yet.

NO, IMACTUALY  where you can take the big looker off to put on a different one, reach the back.

LKE THIS. dust can get in. Now, more and more Soon, people might just use
To keep dust from being a problem, there’s a window in front of picture takers are using their hand computers as the
the picture window with a shaker on it. The shaker shakes the screens to show you Dj back part, sticking them to a
window very fast, throwing off any dust that sticks to it. the view instead. looker to take nice pictures.
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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 —————_____

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 ————e——_|

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.

ing pictures, too.

Y R { WATERKIND  #-----nno--

(makes lines you can’t change)

1
|
]
:
If you write something wrong !
with these, it will always be H
wrong. (Unless you write over H
it with the same color as the H
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. |

] \

1

1

1 N\,
1
1 ~

(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-

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
|
HUMAN . i
| bl I\\ ‘
¥ 3
Agns +2 OTHERS r20ﬂ815€$
BONES| 206 0
o |
lJRﬂgxg v
wigsl
STRANGE| v~ v’

When the ball dries
out, you have to
move it around for a
while before it gets
covered with writing
water again.

|
1
1
1

hello
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HAND COMPUTER

These machines began as radios for talking As these machines turned into computers,
out loud to people who were far away. Over they started taking the place of a lot of
the years, they slowly became more and things we used to carry around—like picture

more like computers. takers, music players, and even books.
FACE CHECKER POWER KEY
This turns the screen off if EAR i
FRONT SOUND BIG PIECE Yot:( caﬂ push this to

your head is near it, so you make the computer
don’t press keys with your CAM\ERA MA\KER CAMERA HOLE sleep or wake up.
face while you’re talking. \\ N )

\ \\ \\ v

JIA]

p

HOT SPOT TALKER

This lets the hand
computer talk to people
through a little radio in .
your house, instead of the ‘\\
big radio run by the phone ~
company, which can save
you money.

__--- 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.)

00

00000 00000 00

000

000000
00000 0000,

coo

0 oooaS 000

0000003

EXTRA MEMORY ____ (13953 fnt-lmg
HOLDER “~~\~‘ §§§0§§°§ 1000 00000
If your phone is storing too
many memories for you computer, like the screen and
(like pictures, sounds, and 00 = the radio feelers, join up with
games), you can put a card 0000 o the rest of the phone here

here to give it more space. J 9 when it gets put together.

As computers and radios

0000 00000 00000 00000 00000

JOINERS
Different parts of the hand

get faster, companies are VY Y Y g —
holding more and more LIGHTS S CARD HOLDER
of your memories on For taking POWER BOX This holds the card that lets

their computers, and only pictures JOINER the phone talk to the world.
sending them to you when The phone works by using a
you ask for them. _y radio to talk to a company
that you pay to carry your
messages. It uses this card
to tell them which hand

o o o

oo
coo

/ o %00 T ppe—— computer they’re talking to.
l 2790000000 00 g~ S5 _
4 pynan “>>~~ SOUND
LOUD CONTR'OILS y ! UNDERSTANDER
§

These controls make
the sound in your ear
louder or quieter.

RADIO TALKER
This tells the hand

o 29,280
22 00000 00000 S50 SSW -
l—r— 55 Rt S

888 computer how to
THINKING Koo understand the
words the company’s
TINY POWER GATE POWER BOX BOX et radios send.

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”:

_.--—- DIRECTION FEELER

-
-

FAST MEMORY

_ This part of the phone holds
stuff the hand computer is
thinking about right now,
like pages you're looking at

8o cooo or games you're playing.

0000 0000000000 000 0000
o000 0083008 8600 The memory goes away

\————L_ when the phone turns off.
l oo c.c.u_§°g

______ BIG SOUND MAKER

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.

00 00000
00 00000
888

There are as many power gates

o

-

in a computer as there are people _g This thing makes noise that
on Earth. Some of them are big °=§no you can hear even when
and easy to see, but most of Egm your ear is far away from the
them are tiny and control very gg% phone.
little power. The gates, | mean, RS
not the people. {‘E’gg

2

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

000 000
00000 0
coo

0 03000
oo

588

N,

0052 01

0030
$2e

2 0SS8SS 90000 0E0 RS

RADIO FEELER

T_his part listens to the thin gﬂg %8‘.’5"3033
pieces of metal along the 00 =
outside of the hand computer.
When a radio message comes

(1]
o8

ol

/
58 0000000004
g 8

0

000
0000

00000

(300000 00000
00000 00000

S 00000 000

in, it makes power move in POWER HOLE o press a key.
the metal. This thing listens oo Secasll
to how the power is changing -~ °°-=o"m O o 00es 00000 O0be—
iti 00000 0000083083332 goog gL¥g =B <, w537 0003088887 [o
and turns it into words. 4000 000000 nwooﬁﬁ?am 000000000000 [ 8 cﬁﬁgm wwgnnnoonmmw o POWER CONTROLLER
) ooo coos coooe
It also listens to words that ggz2 200 g%ﬁ&gggg,ggo | SORLITE S et This thing pays attention to
the hand computer wants to o See- 8338 SSo RSt rirsripey f B ;
i W 73] e 00000 0£30 50 B 983000 SESS000009F0 ~~. what different parts of the
0 SSs 00 00000 33500 SEES 0000003059
send back out, and turns them 00 e B 900,00899 d0oad 00000 g =2 o " 0000000000 ian B35 00000 00600 93 doi d
; i 901888 oo seem 001 o > g 000 1898 00 =3 0 e computer are doing, an
into power changes to send 0 00008 00300 00000 o 5 aooq. 00000 00000 00000 000 S¥3 Sado OB B355 cooes o200 600 K h part get
d th tal S N0 000, S0 SesnEs makes sure each part gets
own the metal. sent the power it needs.
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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!

'WHAT ARE THEY?

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 —-

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 ---4 If you wear special computer glasses that help you THINGS heat
your blood see these colors of light, you can see where people - el
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.

JROM I e
The larger pieces IT LOOKS LIKE YOUR

]
Food-heating boxes are named after these%
waves (see page 16). They use this color.

sky show all the colors, but they

SIZE ‘V playing

T s music

Computer
hot spots

This is the kind of light that burns

DOCTORS USE TO
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.

'
1
1
|
B 1

These colors
are stopped
by the water in
the air.

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
your skin. A while
back, we learned

These kinds

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.
Svfal\llzztaatraellr ;Leeal!?el'ke light as the things from space hit their eyes. We’re pretty sure they
The heavy more like tir.wy rozks That’s one reason we don’t let people stay in space too come from huge stars
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.




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.

LINES

OTHER WORLDS

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.
HAVE THE PEOPLE
WHO NAMED THIS
EVER SEZN/ A CAT?

J

(It doesn’t look much like a cat to me, either, but
names do make star groups easier to remember.)

STARS ARE FAR AWAY

They’re so far away that when we look at them,
we’re seeing how they looked in the past, since
their light takes years to reach us.

Sometimes people say that because light takes
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.

Many of the other worlds
welve found are in this area.
There aren’t more worlds
there'than most places; it’s
just where.we looked first.

i .

"-OUR STAR
CLOUD

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
gsa bright path
Scross the sky.

TO NORTH STAR

This line goes to the North Star,
(which you can’t see here because
the ends of the sky are stretched
out to fit it on this flat map).

.

PICTURE SPOT

Our best space camera looked at
this spot for a long time to take -<_
a picture of old light from far-off ¥4
star clouds, showing us the way

they looked when time and space
were very new.

°
HOLE

In this direction,
there’s a big empty
area of space with no
star clouds. Space is
full of these empty
areas because of how
stuff fell together
when time bggan:

.

STAR DEATH

4 NORTH END OF THE SKY

& If you live on the north half of the Earth, you can
- always see these stars. o

(Unless there are clouds or the Sun is out.)

NORTH POINTERS

These stars point toward the

,~~~North Star,"which is always in

the same place in the sky.
' .

A far-away star blew up here.once, and even

__--BIG TRIP*TAKER
/’ ONE
This space boat left the
«Sun’s area and is now flyipg °

,é\/\’ between*the stars.

SUN PATH .

TheBun 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

though it was all the way on the 'other side
.of space, a normal person’s'eyes—could see
it from Earth. That means it must have been
brighter than anything elsé we’ve ever seen.

\ .

] .
WORLD PATH
The other big worlds around the Sun
move across the sky inside this path,

R

B e Y

THE MOON'

The Moon stays near the path,
but move$ away from it more *
than the Sun or the other worlds.

P

WHERE TO HIDE
FROM THE SUN

SO you can see the stars

This

P
4

/
1

side

THE STAR CLOUD.

NEXT TO OURS

This, is‘one of the féw things you
can see in the sky that’s not part

of our stay'cloud.

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

on the page about Earth’

star’s life
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.

___:-~BABY STARS

Clouds of air and-dust are falling
together to make new stars here.

This'is where some of the prettiest

0\
N

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:

GET AWAY FROM CITY
LIGHTS

You can see some stars
almost anywhere, but the
farther you go from a city,
the more you'll see.

LIE DOWN

If you try to look at space for
a long time while standing,
your neck will hurt.

USE A PHONE (HAND
COMPUTER)

Phones can tell you about
the sky. They can tell you
what stars and worlds you're
looking at, and help you
notice space boats.

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.

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

So don’t worry; your stars are probably fine! y parts of the sky than in the winter. moving up ahd down a little over time. space pictiras-eome Trom.] you're holding a stick that’s touching

HOW TO USE A
LOOKING GLASS

See
N

|

x FFIMITEWNOT

- I6THATA swg
.OR H FIRE FLXe

DUST }

These dark clouds are N
dust blecking our view.

LOUD NOISE

* Welonce heard a very loud
tadio noise here and still
have no idea what it was.
We've never heard it again.

8IG TRIP
TAKER
TWO

n”f LF\NDING oN YoU

LHOPE |
TS AFRERY.

1
\
\
\
AN
A

/—-CE.NTER- OF OUR'STAR CLOUD

There s g huge black hole here,-a place'where so much stuff has come
together thatsthe whole thing has fallen in on itself under its own weight
and disappeared, pullmg in even the light that would show it to you,
leaving a hole in space with a really strong pull. - .
. &tar glouds are made of stars, air, and dust that féll together under its
own’weight as space coeled. We think a lot @f them havesthese holes
at the middle, places where the stuff thatwas falling together got too
close and too heavy and’Just kept falling.” R

LN

N

THE NEAREST STAR

This is really two stars together
with a th|rd tiny one near them.

W
O

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
\
\
\

o ROSOUTH END.OF THE SKY

STAR FINDER

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.

THE QOG STAR __

* This is the brightest star in

the sky right now, and has
been for a long time.

ANOTHER HOLE

Space here is extra cold and
dark because there aren’t
many star clouds in this
direction.

Rad

Takes lots

of money

Not heavy
Best for

looking at
birds

Takes the
least money
Heavy
Best for
looking at
space

'

5 o

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 Wiiines 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 T FiGURED % MA?_E STUFF THAT BLOUS UP AND KILLS. TM AN AREA OF LAND! INr:IrP\’RIr\(I)‘éTEO\éJ’[_\I
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- long time (like gold) but some  OUT HOW TO FELTBAD FOR MAKING THE WORLD WORSE, T GOT TWO OF THAT PEOPLE HERE CONTROUED  INTHE
, \ ) . of them were only found in ORGANIZE S0 L LEFT MONEY To HELP MAKE IT BETTER. GUY'S GOLD THINGS FOR MOST OF THE LJORLD WHEN  THAT AREA. FOUR
right—but instead of four kinds of pieces, found so far, but there are probably more.  low each other. he last few h \ E LERE FIRST LEARNING  JHOLE THINGS ON
: the last few hundred years. - py) THiG.  EVERY YEAR, SOME OF My MONEY ISGVEN  DISCOVERING HESE. '
there are more like ten dozen. Many of the pieces in this o PEOPLE I\JHO DD REALLY GOOD THINGS. ' THIS STUFE, 50 LOTSOF THE  THIS TABLE ARE
table are named after people THEY ALSO . @* } NAMES THAT EVERYONENOW  NAMED FOR ME.
or places—and especially for GET A USES COME FROM HERE.
people who helped to learn GOLD CIR(LE Wﬂﬂ\ @U .\
about them or the places MY FRCEON I A
where those people worked. )
. < N
EARTH METALS PIECES OF PIECES CENTER NUMBER It &I @ e @ e difinek dz"’ '
o * g 50 o d o 5 - = " these pieces are named after. @
ese things are called “metals,” but ese pieces are made e number the pieces by counting how
a lot of them are more like rocks or of even smaller pieces. . }HE H{%AWPARG ﬁii"\lgyg %ENTE%E many of one kind of heavy part they have NOT METAL
o dust. They often burn easily. Different kinds of pieces L'_ght HEL \HT N 5 A \JA N g_ ?' in their center, and use that number to 4
have different numbers  Pleces ' HERE, EXACTLY? put pieces in boxes in the table. The other The things toward the top right part of i
of those smaller parts. 4 \ jUST AROON heavy part doesn’t matter to the count, so the table are things that aren’t metal. THE LINE AIR, WATER, AND FIRE QUIET AIR--
, ) )
T_here are three main pieces with different num_bers of that part Most of these things are very differen'; 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. fl'::)”; each fother. I\f’lany ?fr:he”: Cokn?i'n 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 ?0 L ﬁ @ and “not metals” is, but it’s things from the other end of the table, put these kinds of air with = THE AIR
OH, THE and a light one. 0 #1 +2 #3 ind of rock or water instead of air. They s, o\where around here, and they can turn to different kinds of water, other things, they usually ' |N HERE
“'U"‘“‘N" \ . usually turn to air easily, and most of runs down and to the right. start fires, or make everything blow up. don’t seem to notice.
Heavy  5yer the past hundred years, we've o % @m cﬁ them are not very strong. \ : ;
DISCES learned that the idea of “where” doesn’t O & v ) |
always work well for very small things. e e — \‘ \/
TABLE SHAPE d ¥ {
THE STUFF
DON’'T i i i e ———[] SHORT LIVES’ STRANGE HEAT i THE PART OF THE PART AIR IN
T METAL The boxes in this table are in order P m— : _ ) ! THAT KEEPS THE STUFF
BREATHE THIS from left to right and top to bottom. It FH-——————> Some kinds of pieces don’t last very long, slowly ! AIR WE DON’T OF AIR WE GREEN BRIGHT SIGNS
IN YOUR s 2 T i i - i KITCHEN ALL KNOWN
s STUFF AS has this strange shape because pieces I breaking down into other pieces over time by ¢ GLASS FROM UIFE (8 M AGE NEED TO DO NEED TO BURNING AIR MADE FROM
chv?z:%sox DUST OR YOU are in groups with other pieces that _:I{ HHHHH throwing away bits of their centers in all directions, STAR DOCTORS EREAKING A BREATHE TO BREATHE TO THAT KILLS COLORED
MAY DIE. are a lot like them. Eeamaasammmaans which makes them give off a kind of strange heat. People whollearn about how stars WHEN HOT STAY ALIVE STAY ALIVE LIGHT
(The reason those groups are like We count how long a que "5 work call everything below this line
each other has to do with the number of light parts around the L‘_”’"-_j ofhplecle Iast_st ttjyk &¢ 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 br_eak N @ @ © two things above this line, so it THE ROCK YSI?LEle)L\TV THE STUFF
LIGHT METAL themselves around the outside of the piece.) down. We call this the j:\\-//’; S@l a also kind of makes sense that star THAT MAKES BURNING ROCKS THEY PUT IN AlR T';|AT
THAT BURNS piece’s “half-life. - doctors wouldn’t care too much UP BEACHES, WHITE ) POOLS SO DOESN’T DO
VERY HOT NORMAL METALS about the other stuff. ! GLASS, AND ROCKS 5 ¢ ? LIKE THIS NOTHING BAD MUCH OF
AND BRIGHT o . i COMPUTER CAN GROW IN ANYTHING
e S 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 D ot
\ 4
METAL USED METAL NAMED
AIR USED BY
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OUR STAR

The Sun is a star. It’s like other stars, but
looks brighter because it’s closer. The Sun
is so bright that we can only see other stars
when its light is blocked by the Earth.

AIR AROUND THE SUN

The Sun has air around it, like the Earth, but it
doesn’t have a hard surface under that air. It just
keeps getting thicker, all the way to the center.

The air around the Sun is even hotter than
some of the inside parts, which is very
strange. We're not sure why it’s like that. .

CENTER

The middle of the Sun is where
most of the weight is gathered
and where the special fire
happens. This special fire only
starts if you push air together
very, very hard. (This is the
fire that powers our biggest
city-burning machines.)

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 A
Sun’s heat to your face. f

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

_- Air Hotter __
P h N

air ‘ “

-

e e
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To imagine how weights pull each other
together, a lot of people say to imagine them
sitting on a sheet. This doesn’t always give you
the right idea, but it works pretty well here.

AIR CLOUD

A star begins as a cloud of air
in space. This cloud is always
moving, pushing, and feeling
waves go through it, like the
surface of the sea.

After a while, a pocket of air
happens to get close enough
together that the pull of its
weight becomes stronger than
the force keeping it spread out.

As the air falls together, it
gets heavier. This makes it pull
harder, which pulls in more air.

As air falls together, it also gets
hotter. This heat is how the air
pushes back against whatever
is pushing it together.

But in this cloud, that heat isn’'t
as strong as the pull of the air’s
own weight, so it keeps getting
smaller and hotter.

SPECIAL FIRE

heat is made.

burn forever.

s S_pecial -
fire 4

The air seems like it might keep getting
smaller and hotter like this forever. But
when it gets hot enough, a new kind of

When air is pushed together hard enough,
the pieces it’s made of can stick together.
When they do, they let out a lot of light
and heat. This is the heat that powers our
largest city-burning war machines.

When a cloud of air gets hot enough, this
kind of fire starts, and a great heat blows
out from where it burns. This hot wind is
strong enough to fight the force pulling
the air together. The air gets hotter, but
stops getting smaller. A star is born.

The force pushing away and the force
pushing in stop each other. If the star falls
a little closer together, it makes the fire
burn much hotter, pushing it back out.

A star like the Sun has enough air to
burn for a very long time—long enough
for worlds and life to form. But it can’t

Stars are clouds of air that fell together so
hard that they started burning. The Sun’s air
has been burning since just before the Earth
formed, and will keep burning for about that

Strange
new fires

NEW AIR

When the star burns air by
pushing it together, it makes

a new kind of heavier air. This
kind of air doesn’t burn as well,
so it gathers, not burned, in the
center of the star.

The new air’s weight pulls the
star together, making the fire
burn hotter. The wind from this
hotter fire blows the outer parts
of the star out farther. Over time,
the star grows.

When it starts running out of

air to burn, the center falls even
closer together, lighting new
kinds of fire that blow the outer
layers farther away from the star.
The star gets very, very big . ..
and as the fires begin to die, the
force holding back the star’s
weight disappears, and it starts
to fall in on itself.

THE END OF THE EARTH

long into the future. After the Sun runs out
of air to burn, it will get very big for a short
time, blow out lots of heat, then fall together
into a small heavy ball that slowly cools.

HOT AIR

The air on fire at the center of the Sun blows light

and heat out in all directions. The air in the Sun is

trying to fall toward the center, but the light and
heat keep blowing it away.

Near the surface of the Sun, the air shakes
and rises and turns over, much like a cup of
water when you heat it up.

The fire from the center of the Sun
heats the air. The air rises and turns
over, carrying heat to the surface,
where the heat is sent out to space
(most of it as light). Some of the
air is blown away too, but most
of it—cooler, thanks to its trip to
space—falls back down to heat
up again.

FIRE STORMS

,~~ The air in the Sun makes
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. f

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.

Little white star

U '
0 i
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The last
fire .

S

THE LAST FIRE

As the dying star falls together, it becomes even
hotter than ever before. In this heat, even things that
couldn’t burn before start to burn, creating new and
strange kinds of air. (Much of the stuff we’re made of
here on Earth comes from a fire like this.)

A lot of heat and light pour out from this last fire,
and for a moment, the star can become the brightest
thing in all of space.

WHAT’S LEFT

The heat blows much of the star away into space.

Sometimes, what’s left of the star will fall together
until it becomes a bright white ball of hard air that
slowly cools. Someday, this will happen to the Sun.

If the star is bigger than the Sun, it may have too
much weight to stop even there. The weight of the
hard ball will make it keep falling in on itself, until
it becomes so strong it pulls in even light, leaving
behind a black hole in space.

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

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

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”

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.

other things, like how fast or hot things are.  they should be using for weight.

[ Py E - 1
! YV - A very tall road (like the : \
i TEN HUNDRED B < \“__%Gold Gate Tall Road) H TENHUNDRED—p <€~ : ) L
i ALMOST] —— HOW FAST ALMOST] Really fast things hit the air in front of them so hard that the
HOW LONG ™ HunoxD _—-The world’s tallest building THINGS ARE TEN HUNDRED) air heats up. If you go about this fast, the number for how hot
EIGHT| 4 b EIGHT| 8 the air is will rise past the number for how fast you're going.
THINGS i \\\ All the law makers in my country, if they In this system, HORED)
ARE mmm 1 ~all stood on one another’s shoulders. “one;lrr;eans going % 1€ Something shot from a gun
In this system, one distance . .
“one” isyabout mﬂglé < The forthoat 3 . number every HW%% —# -The winds on the air worlds far from the Sun
half as tall as o WE| ! etsr esta ptir_son A very long train  second. (Cars don't WVE| 4 < - o
tall person. Wﬁ"“; e as thrown anything use this system, so WEDRK; ~=~---The outside edge of the Earth as it spins
% o 4,’ (a plastic ring) h”" you don'’t see it as MERD - .
"""""""""" much, but people i Q
THREE| - ¥ The farthest a person who use numbers THREE| § <-—------ Sound in air @‘
ol s has hit a ball in a to learn how things Tuo| il €7=-Asky boat q‘
] i g stick-ball game work like it.) HoNoReD | T A fast
I, About how long a normal spoken word is, T very tast car A little white ball hit with
ONEHUNDRED"= - from start to finish, as it flies through the air ONEHDMDRED[= - A fast bird falling a metal stick by someone
ALMOST| ALMOST| 1 <«- _-~~whose job it is to hit little
oum;m B oo:fhcéf f52§?es||r?ﬂ§dw?§t - ouzméw fromthe sky -"" white balls with metal sticks
IGHT| - IGHT _— T
e / TENS The winds on the Someone falling from a

All the leaders my country
_- has had, if they all stood
on each other’s shoulders.

<€- seain a strong
circle-storm

_-- sky boat, after they’ve
fallen for a while

SEVEN

six
FM%
Foug

/"
-

six
FIVE]

P I
‘ How fast a normal car can go if you hold
down the “go” control with your foot

<
‘\\\-A big sky boat’s wings

S~

N/
‘ The old building well known

~~"for not standing up straight

Fbgﬁ ’ 4\"tA I\I/(te:ry The biggest wave 277N, ] The world’s . Th Id’s f
Each of these . THRFY| - ___f___rff____anyone has ever slid€-""<=——=—""1 THRF| & <-- fastest-running S edwor s atitest
isaslongas N\ __] 1> down the front of while % animal that’s not a horse yard grass cutter
one of these N <« i . standing on a board TUENTY| & <€ .
| ) . The world’s \
l‘ 4_\ ________ This book, if it were on one long page <€--- fastest-running \\ The world’s
- instead of a lot of normal ones. person “~-. fastest-running
The farthest a horse
~person can jump /,—-The longest one of these
.
______________ -7 A good runner
—-The food hallways in your body <€--" running fast
_ﬁ\_/fz!logg person-eating fish &\ A normal person
—-Acar  TTSee—e . \\ 7! 4~ running fast How fast a machine for
<" How high a person can jump if they run and F" T R — fixing problems with the ice
<€-"" then push a bendy stick into the ground ) N A normal on a sliding-around-with-
The distance up to a circle that tall people \ “€~person running .St'Cks playing field Caf? g?
~“jump up and drop a ball through | if you ho'd down the “go
- ! <. \normal person control with your foot
TN~ . A tall person 1 ~=-running slowly
1
«-A tall person’s pants | <~.__A person walking
\
H \
I RREEEEEEE =~ Hot rocks coming 't;é?euggr':]ce?ir\‘,v .
1
HOJ{N TEN HUNDRED 1‘1 ‘OUt of the ground got this hot, the E __———-The red world space car
I silver eating sticks - ALMOST] <- e
WARM TEN HUNDRED) <—A wood fire would turn to HOW HEAVY  mvuiks| | _The food a person
THINGS EIGHT| . water and run off THINGS ARE EICHT| g "eats in a year A stick-ball team (not counting
HUNDRED If glass gets this HUNDRED [p—— h | h s he field
ARE i hot, you can onto the floor. In this system, “one” 4 - the people who aren’t on the field)
In this system, mmg;w pour it like water.  Anything that gets mfears thebwzetllght ngr;w - " A horse A stick-ball team if it were like
none” means ., OIX| N --=---""""m=mmmo- this hot will start ot alarge bottle X| / The air in a house the ones from those movies
how cold water Y The air at the making red light ‘< .of water. (|n Other yava ,~-where kids learn there’s no
has to be to WM T _-surface of the hot systems, “one” is the H,,EDRE i “‘_/ _The Rolling Stones /  law against dogs playing,
turn to ice, and ij ¥’ sky world near Earth weight of a normal »ﬁ% /~ (a music group) ,/ but if instead of one dog, the
“one hundred” NORED) If food gets this hot, it will turn black and start Pottle of water) T / J———— S whole team were dogs
means how hot ‘!m% |« smoking, and the box on your ceiling that yells % T <---""The water in a big cleaning pool in a bathroom
it has to be to o when it gets too hot will start yelling. o e
turn to air. wonoeen| ) <€ Water thats hot ~ee___.Theinside of a HonpRep | T <_// A glass box full of water and fish. (A lot of
- 77 food-heating box _.--—-people first learn how heavy these are when
ONEHUMDRED"= : ““enough to turn to air bt tes ONEHUNDR@"= - they fill one on the floor and then try to lift it.)
ONEMM% 8 If you're heating food made from animals, getting the inside hotter ONEMHJADOR%’; ] A big dog (like the kind of dog in a movie
EIGHT| - than this will make the food bad (not everyone agrees about this). EIGHT| - n?rfne? aftek; atmanl(\jlvl')é)hmade mUS'CIT;J”
TENS, —— TENS of feelings but couldn’t hear very we
SEVEN - e TTTTIIIT N The wet air in those hot cloud seven| g Y
| T € The airinthe “>o.rooms where people sit without any s= The really nice man on TV who told little kids he
§!Mx _ _--world’s hottest clothes and don’t do anything % _ . liked them just the way they were. (For a lot of
,/  places his life, his weight was the same every day.)
FM% N et ____The inside of your body if it’s FM% .
}_h """ a_-_f having a very, very bad problem A dog (like the kind of dog from those movies
Fo% i ’ e inside o R)% i about whether it’s okay for dogs to play on teams,
</ your body I _ or the show where a little kid falls in a hole and
THIRTY A | leplay i How warm the air in THIRTY , &
- < \_N—arm pool people play in a house should be. <’ :Ee dohghge’ts thipslrehtstto get tthefk:Id'OUt e\t/ﬁn
) (Not everyone i ough he’s probably just going to fall in another
TUENTY : Cold enouAgh that your agrees about this.) TUENTY hole next week)
- fat you nead a cost === A person’s skin
4\
)
A Il like the ki f fi the TV
Cold enough that you  Heat numbers are a little confusing to work o hsma I;:iog il,: ed ° dmd of dog rolmth ° t
actually do need a coat  ith, since the idea of “none” and “one” -/ Show where the dog cresses up 1 Clothes to
i < teach kids about well-known books)

aren’t as simple with heat as with distance
or weight, and there are a few systems for
counting it. S/

The cold box in your
kitchen shouldn’t get
this warm. If food

_ Arolling ball for
knocking things over

k THAT SHOW IS THE ONLY

- gets warmer than this, The system shown here is the one used in A cat Il th REASON T KNOW ANYTF
things can grow in it  mMost of the world, but there are two other <-—--—-—- canoral e I PIVIHIG
g8 can o i i blood in a person ABOUT WELL-KNOWN BOOKS.
and make you sick. systems used in a lot of places. One is a - o 3

system that’s like this one, but “none” is the ~~- A very new person

< ~‘\ Water deep coldest anything can get. In that system, the /
“in the sea air where most people live is around three A bending 7?
Ice hundred. The other is a system where the &~ computer
H air where most people live doesn’t get much
! hotter than one hundred or colder than none. <€- One foot
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—_}_—‘@—‘ make sure the doctors
know what it’s doing.

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
2~ the wall will help them get
more air into that person.

This makes the water fall
through in the form of drops,
instead of running down in a line.
This makes it easier for doctors
to see how fast it's moving.

ADDING-TO-BLOOD
COMPUTER

Doctors tell this computer how
much stuff to add through the

MACHINE

This machine
pushes water
(usually with =]
something in it)
into someone

hand line. | through a —
NOISES N hand line.
I this machine notices s, '\

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

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

BAG OF WATER TO PERSON WATCHER

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.

ADD TO BLOOD

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.

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

WALL POWER

Visiting one of these
rooms can mean a
lot of sitting around
and waiting. If

(HEST MOVING

POLIER IN BLOOD PUSHER

N VINATN

BLOOD GETTING AIR
AL WAVAN_NIWA VA NL N Va Ve

RED

SLow

ON THE
HIGH SIDE

be able to drink anything

without feeling sick. you're ever stuck in

one of these rooms

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.

lots of these holes
and won’t mind.

—_—
ARM TABLE

\

\
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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.

. &

eI 'S and your phone -~
HEAT = -- __is running out of AN CLEAN-UP
CHECKER power, it's okay to \ ) BOTTLE --—»
A lot of problems ask the doctors if ==
will causz your you can use the wall 'Y These are for
- power! They have 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.

|\J U|

.- If the blood pusher People can keep a cup of
HertFaer y in your chest stops | HAND LINE watSr here. Docriors vﬁll also
working, it has to be This plastic carries bring around food when it’s
ma@g)|| fixed very fast. water into the time to eat (unless the people
This machine ~~"person’s blood are sick in a way
=Ny sends power ¥ TABLE through a little that means they \ |
CEnes through it, AIR hole in their hand. can't eat normal | i\ ) e e
) = :/tvmg:k?:g Zt;z:itn (in case food right away). ¥ i e s | )
’ there’s no e — REVER 2224
wallairnear) [_ \\ ./ WATCHING LINES-~_____ TR N7
— SPECIAL FOODS TO HELP | - /These lines run to the computer that \i @ @® =
PARE SICK - /  keeps track of what's happening R —— —
IN DIFFERENT WAYS R /in the person’s body and puts & o
_ information on the screen above. 4
— SPECIAL WATER i
FOR ADDING To BLOOD| _ L_ l
STUFF 1O HELP
GROWN-UP5 BREATHE ;
/  SHEETS ®)
— SIUFF To HELP I It can be cold in these buildings, but doctors will
KlD5 BREATHE | usually bring sheets and other warm layers to people
HAP&T&F%E%#&M%N; i who ask for them. They even have a special heated
é  MAKEA TN'Y i box where they keep sheets warm for cold people.
C—STUFF i \
HOLE IN A 5ICK PERSONS HAND S
50 DOCTORS (AN ADD THINGS \
THAT HELP THEM GET BETTER N O
PARTS FOR ADDING
STUFF THROUGH HANDS \
— STUFF FOR ===
CLEANING UP N J
- o
. A
N\, [}
\\
7 - \ il
1 U — IR L - \
‘u én " . ) . ‘|| \
\ R — WHEELS FooT ! HOLDING BOXES
D T CONTROLS LEG PRESSERS
These are usually full of

ROLLING PROBLEM TABLE

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.

These let people
move the bag
holder around.
That way, they
can go to the
bathroom without
having to take out
their hand line.

Doctors can move
the parts of the
bed using these
foot controls, to
make it lie flat like
a normal bed or
sit up like a chair.

extra clothes and sheets
for people who are
visiting, but they can also
be empty, for visitors to
put their stuff in. (If you're
visiting, you should ask
before using them.)

Sometimes, if people have certain
kinds of problems with blood, doctors
will have them wear special pants that
press on their legs. This is to move
blood around, to keep too much of it
from getting stuck somewhere in their
body and causing a problem.
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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/
HITTING /_'_—\
P MIDDLE FAR

CATCHER

U] (]
z 28 WALL ~STICK BALL
6 oF L If you hit the ball I/ In this game, a player on one team
= Sn - 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, far as they can before the other team
one player LEFT FAR A @ finds the ball and brings it back to RIGHT FAR
on each team CARRYING CATCHER | try to touch the players on the other CATCHER
can throw The players out here team with it. Players who get touched
the ball. try to get the ball by the ball, or blocked by someone

<€--and then stjop the== | \5ding it, have to stop trying to run
other team’s players farther along the path and have to
from running. The leave the field for a while.

guards stand near
the running path
and try to touch the
runners with the ball

- CIRCLE BALL

Two teams play this game

v
with a big yellow-red ball
@ on a hard floor. Each team
b () 3 tries to get the ball through
a hanging circle at the other
%
P

team’s end of the floor. They
Jﬂ A
g v7

can throw the ball, but not
END LINE If you go outside

SECOND
EXTRA o PLATE

GUARD 2\ GUARD
%  FIRST
. PLATE

kick or carry it. If they want
to carry the ball, they have
to keep throwing it at the
ground and catching it when
it comes back up.

If you carry the ball over this et this line, you get
line, your team gets points. // in trouble.
| y
1; TN N N e o oo !
\ The thrower, catcher, and
oottt N CATCHER e __ first plate guard are often
bigger than the other

players since they don’t
usually need to run as much.

END AREA
. LEFT  RIGHT -~ _HAND AND ARM BALL

You can also
< get points by \\ TEAM TEAM \4 V/ Two teams stand on either side of a
catching the ball <\ \ 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 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.
these sticks, you
b bt donnbersbonndonn s dbonn b donndborsbonnborn bbb dbonndonelong getDOthS,bL)J/t TALLWALL Theycanusetheirarmsandhands
® not as many as The wall is made to hit the ball, but they can’t catch it.
FO.OT BALL (MY,COUNTRY) if you carry the of thin lines so you
A\_ In this game, each team tries to get the bal! to thg other er)d of the ball over the can see through it.
field. They can carry it, throw it, and sometimes kick it, while other end line. CIRCLE-STICK
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 If_WALL Two p|ayer5 (or teams
V In this game, each team tries to get the ball through a door at the other as they want. of two) stand on either
n side of a short wall. Each

end of the field. Most players can’t use their hands, but each team has one N
@ player who guards their door and often uses nothing but hands. V' player uses a flat stick
@_%@_%\) Z  with a circle-shaped see-
L %‘ through wall at the end to
hit the ball back over the
wall to the other side.

,~~SLIDING AROUND

y/ WITH STICKS CANHIT-..
y_/ Two teams play this game with =
4 sticks, a small plastic rock, and ‘Det?‘%@g%‘

a field of ice with a door at each

end. The players slide around STiCKS |V |V
very fast hitting the rock with HE..§ RoK [/ | [V
their sticks, each trying get it PLAYERS ’\7 v

through the other team’s door.

A/
|-t-DOOR
’
1

¥
L—k:]—DOOR

BOX
FOR BAD

J IS IT ALLOWED? e e
J/@ e % @ \f c% C:) )
i J‘/ % V /S /,/

2R | R RAR ===

L YES YES NO NO YES NO NO

DOOR -~

a)
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EARTH’'S PAST

Everything* that has happened here so far *not quiTE EVERYTHING

We learn about the history of the Earth from
rocks. Rocks are laid down in layers, and by
looking at the layers from different parts of
the world, which are all different ages, we
can piece together a single history that goes
back almost to the start of the world.

This picture shows what it would look like if
you could see the whole history of Earth in a
single set of layers, with every year as thick
as every other. In real life, no single place
has all these layers together, and there are
no layers at all from the oldest part of the

Earth’s history.
CAREFUL.

(]
WEFUL!
A__% : ,~- SPACE ROCK HITS EARTH

‘,’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.

t <.
~- THE BIRD TIME

N 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.

NOW ™
A e ‘!.kf

THE BIRD TIME

THE GREAT DYING
Almost everything died here, and we’re not

All of human history,
since we first learned
to write and build
cities, is a layer as thin
as a piece of paper.

1

Humans learned to A
use words around
this time.

\._. LIFE GETS BIG
AND STRANGE

Around this time, big
animals started to
appear. If you find
rocks from this time,

A you can see lots of

& strange things in them.

The Earth got really cold here, and ice
covered lots of it, even parts around 4
the middle where it’s usually hot

LAND COMES TOGETHER AND BREAKS UP L

sure why. There were lots of strange changes
in the air and the sea, and around that time

a huge layer of hot rock came up out of the
Earth and covered a large part of the land.
So whatever happened, it was pretty bad.

The family of
animals we come
from—along with
dogs and cats, but
not birds or fish—
got bigger and
more important
after the space

“The Great Dying” sounds like a name made
up to use simple words, but it’s not; serious
people call it that. -

- 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

rock hit.

=

life was small, either made of single 4 )
bags of water moving around alonég;
or big groups of bags growing in THE GREAT AIR CHANGE SPACE ROCK
big piles on the sea floor. Around this time, the air changed. A kind of life appeared DEATH
- that ate the Sun’s light and breathed out a new kind of air.
4 This new air probably killed almost everything else, and
T for the first time it made fire possible. But it’s also the part
— — - of air we need to breathe, so it was good for us! BIRD
L — Trees and flowers do the same kind of breathing as that TIME
SPACE ROCK HITS EARTH ,- early life. We think the things in their leaves that let them
— —— == - ! eat the Sun’s light—the things which make them green—
- o - | are the children of the life that changed the air.
1
—_— !
SPACE ROCK HITS E 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

Most of the big circles on the Moon seem to be from around this
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
from the Sun. As they settled into their circle paths—some of them ~
may have changed places!—their pull would have changed the pa\h’
of the rocks around them, and some of those might have hit us.

If the rocks hit the Moon, they probably hit the Earth (and oFffer s

worlds near us) too, and might have made the land run like water
and the seas turn to air.

FIRST SIGNS OF LIFE -~

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 =
have come from living things.

But there are very few rocks -z
from this time, and they’re old
and hard to understanld for sure.

EARTH FORMED o —

The Earth formed from the Same‘x\

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
off pretty quickly, because
we’ve seen signs that there was
water almost right away. =

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.

1]

QUESTION TIME

This picture shows rock layers back to the start of

the Earth, but in real life, there aren’t any big areas

of rock left over from before this time, so it’s hard
S~.__ tosay what it was like. We think there were seas, at
least for part of it, but we’re not sure what it was like.

MOON FORMED ==
We think the Earth got =

N =
hit by another world ﬁ? B
here, while it was b ? —
forming, and all the rock
7/

that got thrown free

turned into the Moon.
’7)
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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

THE START . These look like tiny trees, but are
T_h|s is the start o_f all knoyvn life. Here, closer to animals than trees. Some
pieces that send information from parents of them are good on food, but some
to children somehow ended up together T !

! can make you sick.
in a bag of water, and

the bag started FIRST W PLATE WASHERS
making more of itself. GROUP j CLEAR SEA BAGS
&

We don’t know (Tiny living c= LAND
exactly how that things) W BUILDERS
happened; that’s
one of the biggest »
questions humans THIRD ,:’
are working on GROUP |
answering. (Big living !

| things, and |

! some tiny |

I, !

ones, too) |/
..//I

PP

We're still
figuring out
exactly which
things came
together here
and when.

Seeeee- ANIMALS

, STUFFYOU

@y VWONTFIND ONA
ROLLING STONE

TWO GROUPS

Early on, life

broke into two big
branches. The things
in both branches
were made of single
bags of water and

SECOND
GROUP

LEAVES

: (Tiny living  /
were pretty simple. things) // THINGS WITH
The things in these / FLOWERS
branches look a lot /
like each other—it |
took us a while to GROWING
THINGS

figure out that they
were from such
different parts of
life’s family tree.

This group is made
of growing things
like trees and
flowers. Most of
them are green.

HOW THE THIRD GROUP STARTED

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
inside them.

Those new living things, made from the two groups put
together, formed a third group. After a while, the little living
things in that group started sticking together to make bigger
living things. All living things made from more than one bag of
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!

* OLD TREES

TREES THAT KEEP THEIR
POINTY LEAVES IN WINTER

BIG BRAINS WITH LOTS OF ARMS
(WRITING WATER ANIMALS)

&® STOMACHS WITH HOUSES
& FLAT STONES THAT BREATHE WATER

BITERS WITH

EIGHT LEGS FAST
—VrivinG

STICKS |

%% HOUSE FLIES

DANCING PAPER
COLOR FLIES

s HILL MAKERS

&
LUCKY RED
ANIMALS

YELLOW-AND-BLACK
_ FLOWER HELPERS

_.= \FLIES WITH POINTY
/BURNING ENDS

~./ This is a big group of

---" animals from several

ANIMALS parts of the tree.

WITH

CUTTING rea

HANDS LITTLE ANIMALS

,ﬁ M This is a very big group
of very small animals.

¢ GRASS JUMPERS

\__ @» WATER

BEARS HOUSE EATERS
These like to eat the wood
under houses, which can

make them fall down.

ROUND FOOD
which shares its name with a round bird

i
% LIGHT DRINK THAT WAKES YOU UP

»  LITTLE ROUND BLUE THINGS

® DARK DRINK THAT WAKES YOU UP

@-B SOFT RED GARDEN FOOD
BROWN ROCK FOOD

This food looks like a brown
rock, but is white inside.

TREE THAT STOPS
HEAD PAIN

JUMPS
i cryiNG TREE

@& (flowers used
to make beer)

’“‘ﬁ;;@ TIRE <
TREE ) B SWEET THINGS
( This group has
=2 a lot of the sweet
round colorful
¥ things we eat.
<-7
SMALL FOOD THEY SAY
@ BIG GRAY ANIMALS LIKE

8 FOOD OFTEN IN CANS
@»

% TINY TREES
& CLOTHES

&£ THE STUFF IN DARK SWEETS

L 'ﬁ@ TREES WITH SWEET BLOOD

PRETTY @ YELLOWS AND YELLOW-REDS

FLOWERS
& FOOD FIXERS
@79 FOOD THAT MAKES YOU CRY WHEN YOU CUT IT

BENT YELLOW ~ [F YoU GET THIs FooD WET AND

Foob THEN HEAT IT (IN AIR) WHILE STILL IN
SWEET POINTY [TS LEAVES, IT TRSTES REAUY GOOD,
FOOD

YELLOW FOOD

rBEACH TREES WRAPPED IN LEAVES

;f" SWEET STICK GRASS

%/WHITE FOOD

{//GOLD FOOD GRASS

@ FAST-GROWING STICK
" GRASS

FLOWERS 4w YARD GRASS
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. PRETEND SEA LADIES

These look nothing like sea
ladies, but people used to

pretend they were.
BIG BITEY FISH ~

)* These eat people sometimes, m BIG GRAY

f but not very often. ARM-NOSES
i SLOwW
» NORMAL FISH 1 CLIMBERS
/— (Some of these bite, too.)

ROLL-UP
@® WATER JUMPERS CATS WITH
HARD SKIN

WATER JUMPERS

~g WITH LONG BACK ENDS
These are like water
jumpers, but have long
back ends and don’t jump.

ANIMAL EATERS

These animals mostly eat
other animals. There are two
main kinds: cat-shaped and
dog-shaped.

ANIMALS WITH HAIR

We’re part of this group. These
animals usually have hair,
make white water for babies to
drink, and don’t lay eggs.

(Cats and dogs are in
those groups, of
course, but other
animals like
bears are too.)

1

\
\,
N
S~

CAT-SHAPED

e

SKIN BIRDS

STRANGE ANIMAL

This animal looks

like it’s part cat, part

fish, and part bird. It
" broke off from the

other hair animals

¢ early, so it's very

different and strange.

'
1
1
\
\
1
1
\
\
1
1
1
1
1
1
/

big teeth, but
actually more

BODY HEAT

Some animals in
this group get
most of their heat
from the world
around them
instead of from ----¥

*\ BABY-FEEDING BAGS \

" These animals are joined to
their babies with a feeding
bag until the baby is born.

POCKET _

BABIES

Many of these
animals keep

P

their bodies. When their babies ~ SLOW NIGHT \

the world gets in pockets WALKERS

cold, they do too. and feed \

Not every animal them there. l - FACE-BITING

in this family is like L DoGs

that. A few of them, JUMPERS WITH

like birds, keep POCKETS

themselves warm

the way we do. COLD BLOOD ANIMALS WITH BIG

FRONT TEETH

WALL WALKERS

2~ LONG BITERS WITH

THE FAMILY BIRDS NO ARMS OR LEGS

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.

- SLOW ROCKS WITH
LEGS AND A HEAD

ANIMAL THAT LOOKS
LIKE A TREE IN THE WATER
... but it can eat you.

x ~eg@ic THE POINTY KIND
They lived, grew, and changed for

a very long time. When a space \\\ THE KIND rd
rock hit Earth, most of the ones that - \ " il WITH PLATES /
were alive at that time died out, but =~ N\ » HAND

some groups didn’t. We call the branch X ’{ THE BITEY KIND

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.

ANIMALS

These animals are
good at climbing.
We're in this group.

V4 BIRDS

x~~m 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.

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

People think these
are close to the little
house-food eaters with

air fish and horses.

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

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

LONG BITEY DOGS
SMELLY DOGS

RIVER DOGS DOG-SHAPED

I d)],

SEA DOGS

BEARS
_-----THE DOG FAMILY

DOGS (NOT OUR FRIENDS)
DOGS (OUR FRIENDS)

CAT-SHAPED

SPOTTED CAT
(OLD WORLD)

GREAT CAT

CAT WITH LINES

SPOTTED CAT
(NEW WORLD)

HOUSE CAT

FAST CAT

A

! 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.

they're .
: T LINTONE!
like huge PINK ANIMA (¢
WE EAT
RS
LONG NECK Lo

~ - BIG FOOD ANIMAL
I \
) ﬁ, RUNNER IN THE TREES

[N ANGRY RIVER ANIMAL

SAND AIR-BREATHING FISH
HORSE = (NOT FISH)
HORSE
= it STORE CHECK-OUT
HORSE

MMV GRAY TRUCK ANIMAL
WITH A POINTY FACE

~ms LITTLE HOUSE-FOOD EATERS

S®RIVER STOPPERS

) .‘ GRAY TREE-JUMPERS

WE- 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.
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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
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