
the  f inest  in  geek  enterta inment

More from 
No Starch Press



Survive!  Inside  the  Human Body  by Gomdori co. and Hyun-dong Han

Volume 1: The Digestive System 

Volume 2: The Circulatory System 

Volume 3: The Nervous System

•

Wonderful  L ife  with  the  Elements

by Bunpei Yorifuji 

• 

The  Incredible  Plate  Tectonics  Comic

by Kanani K.M. Lee and Adam Wallenta

• 

Learn to  Program with Scratch

by Majed Marji

• 

Super Scratch Programming Adventure!

by The Lead Project

• 

THe  LEGO ® Adventure Book  by Megan H. Rothrock

Volume 2: Spaceships, Pirates, Dragons & More!

• 

The  LEGO ® Build- It  Book  by NathanaËl Kuipers and Mattia Zamboni

Volume 2: More Amazing Vehicles

• 

Beautiful  LEGO ® by Mike Doyle

Volume 2: Dark

• 

The  Art  of  LEGO ® Design

by Jordan Schwartz

• 

The  LEGO ® MINDSTORMS ® EV3  Discovery Book

by Laurens Valk

• 

The  Art  of  the  Brick

by Nathan Sawaya





g
g

gg
gh!

44 Chapter 3

Dr. Brain! 
Dr. Brain!  

Get ahold of 
yourself!

slap

slap

Where 
are we?!

Ungh...

What?!

Are we...
inside a 
mouth?

Mouth?!

That looks 
like the 

cookie I was 
just eating.

Does that mean 
someone just 

swallowed us...?

But who? 
Kay?

Thud

Kruuuuuuuk

A



Ahhhhhhh!

Splat

Gah!

Thump

How many times 
did I ask you to 

buckle up?!

Blaaaam
Acccck! 

A monster!

Kruuuuuuuk

Sluuuuurp
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Arteries, Capillaries, and Veins

Blood doesn’t stay in one place. The heart constantly pumps 
blood throughout the entire body. Blood goes through arter-
ies, capillaries, and veins before coming back to the heart. 
The tubes that make up this route are called blood vessels. If 
you connected all the blood vessels in your body, they would 
be more than 60,000 miles long. That’s like walking across 
the United States 20 times! 

Artery

These tubes send the oxygen-rich blood from 
the heart to every organ of the body. Arteries 
are thick enough to withstand the strong pres-
sure from the heart. They also have a layer of 
stretchy muscle. Blood that flows through the 
arteries has a lot of oxygen and nutrients.

Capillary

Capillaries are tiny blood vessels spread out 
like a net. They help blood from the arter-
ies to reach every part of the body. Oxygen, 
carbon dioxide, nutrients, and waste travel 
through the capillaries’ thin walls, which are 
only a single layer of cells thick.

Vein

These tubes return blood to the heart 
after it exits the capillaries. They carry 
blood with carbon dioxide and waste. 
Far away from the heart, blood flow is 
weak, so many veins have valves to keep 
the blood moving toward the heart, not 
backward.

Artery

Vein

Bl
 d Ve� els 
of the Body

Types of Blood Vessels





Cerebrospinal 
fluid is a liquid 
that surrounds 
the brain and 
spinal cord.

Brain

That’s 
about a 
quarter 

of a 
can of 
soda.

Are you saying 
there’s water 

flowing around inside 
my head and back? 

Your brain wouldn’t 
be safe without 

that liquid!

I always 
thought my 

head felt heavy. 
Sloshy, too. 

But there’s 
only about 

100 milliliters 
of fluid in 
your head!

Why would it need 
to be replaced 
so frequently? 
I thought it was 
just a cushion.

The body is always 
producing new 

cerebrospinal fluid, 
replacing it three to 

four times in a  
single day.

Without it, the brain would 
get hurt very easily. Even 

a small shock would cause 
the brain to bump into the  

hard, bony skull. 

When there is no 
cerebrospinal 

fluid

When there is 
cerebrospinal 

fluid

The brain is kept safe 
because cerebrospinal fluid 

prevents it from coming 
into direct contact  

with the skull.

Yaaack!
itchy

itchy

itchy

Clonk sp
la
t

AhA!

shake

Cerebrospinal 
Fluid

Spinal 
Cord
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And with a little imagination...

I’d better 
transform into 
Geo if I’m going 
to survive this 

one!

...a boy and his backpack transform...

That was 
close, Rocky!

Watch out 
for moving 
sidewalks!

...into superheroes!

Or rather, 
moving plates!

North American 
Plate

Juan de Fuca 
Plate

Caribbean 
Plate

African 
Plate

Cocos 
Plate

Pacific 
Plate

Nazca 
Plate

South American 
Plate

Scotia Plate
Antarctic Plate

* There are dozens of tectonic 
plates on Earth, both major and 
minor. Only ten are labeled here. 
The arrows show the direction 

the plates move.
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Fortunately 
for us, plates 
only move...

...a few inches 
each year, 

on average.

“The tectonic plates move through 
a process called convection. 
The hot mantle deep within the 

Earth shifts as hot rock expands, 
decreasing its density, and 

begins to rise, while colder, 
denser rock sinks.”

“This sets up a cycle that 
moves the rigid tectonic 

plates on the surface and 
releases heat from the deep 

interior of the planet.”

Trench

Oceanic Ridge
Lithosphere Trench

Asthenosphere

Mantle

Outer Core

Inner 
Core

Convection  
also happens in the 

outer core, which helps 
to cool both the inner and 

outer core and generate the 
Earth’s magnetic field.

But why  
is it so hot 

down there?

9
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Journey to  
the Center of the Earth

The crust is the familiar, rocky outer shell of the planet Earth. Under 
the oceans, it is typically 5 to 10 km (3 to 6 miles) thick and made up 
mostly of dense rock, which is rich in magnesium and iron. Continental 
crust is thicker, typically 30 to 45 km (18 to 28 miles) thick, but is made 
up of less dense rock, rich in silicon and aluminum. But what’s beneath 
this? Let’s take a look.

Beneath the crust lies the mantle, a rocky layer that makes up most 
of Earth’s volume (about 84 percent). The mantle can be divided further 
into the upper mantle and lower mantle. 

Within the upper mantle, there are several layers with different 
degrees of rigidity. At the very top is a solid layer of rock, which—along 
with the crust—forms the lithosphere. Below that is the asthenosphere, 
which is hotter and less rigid than the lithosphere. This second layer 
flows very slowly, causing the tectonic plates above it to move. Between 
the asthenosphere and the lower mantle is the transition zone. It is 
here that high pressures and high temperatures cause several key 
phase transitions to occur that transform olivine, the most abundant 
mineral in the upper mantle, into bridgmanite (magnesium silicate 
perovskite)—the most abundant mineral on Earth—and ferropericlase. 

Crust 0–80 km thick

Mantle

Outer core

Inner core

6,370 km

Lithosphere
(crust and upper-
most solid mantle)

Upper Mantle

Core
~4000–5000ºC

Asthenosphere

2,900 km

5,150 km

Simplified cross-section 
to scale

Detailed cross-section 
not to scale

660 km

Lower Mantle

Transition Zone
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Using Nested Procedures
As we noted earlier, a procedure should be designed to perform a single, 
well-defined task. To execute multiple tasks, it is perfectly legal—and in 
many cases desirable—to have one procedure call another as part of its 
execution path. Nesting procedures this way gives you great flexibility in 
structuring and organizing your programs.

To see this in action, let’s start with the Square procedure we wrote 
in the previous section (see Figure 4-17). Now, we’ll create a new proce-
dure, called Squares, that draws four stretched squares, as illustrated in 
Figure 4-19. It does so by calling the Square procedure four times. Each 
call uses a different argument, and the output is four squares that share a 
corner.

40

60

80

100

start

Figure 4-19: The Squares procedure and its output

We can now use Squares to create some interesting art. Figure 4-20 
shows another procedure, called RotatedSquares, which calls the Squares 
procedure several times, turning the shapes by some angle after each call. 

count = 4 count = 5 count = 6 

Figure 4-20: The RotatedSquares procedure and some possible outputs

In this procedure, the count parameter is used twice: once to determine 
the number of repetitions and again to calculate the turn angle after calling 
Squares. Setting count to 5, for example, will result in repeating the square 
pattern of Figure 4-20 five times with a 72° (that is, 360° / 5) right turn after 
each call. Experiment with different values to discover new patterns.

Let’s work out another example that demonstrates the power of nested 
procedures: We’ll start with the Square procedure of Figure 4-16 and end 
up with a checkerboard.

Create a new procedure (called Row) that draws a single row of 
squares, as illustrated in Figure 4-21. Note that the number of squares 

RotatedSquares 
.sb2

Checkers.sb2
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Procedures   83

to draw is specified as a parameter. To keep things simple, we’ve fixed the 
size of the individual squares at 20 steps instead of defining the size as a sec-
ond parameter to the Row procedure.

start

position 
after 1st 

loop

position 
after 2nd

loop

position 
after 4th

loop

Example

20

move backwards 80 steps

Figure 4-21: The Row procedure

Figure 4-21 also illustrates the result of calling Row with an argument 
of 4, which makes the procedure call Square 20 steps four times in a loop. 
The sprite’s position is adjusted after drawing each square to set the initial 
position for the next square. After drawing the four squares, the last com-
mand returns the sprite to its initial position. 

To draw another row of squares below the one shown in Figure 4-21, we 
just need to move the sprite down 20 steps and then call the Row procedure 
again. We can repeat this to draw as many rows as we want. Our Checkers 
procedure, shown in Figure 4-22, does just that. 

Figure 4-22: The Checkers procedure and its output

This procedure takes two parameters: the number of rows and the num-
ber of columns for the desired checkerboard. After drawing each row, the 
procedure moves the sprite down 20 steps to prepare to draw the next row 
of squares.

The examples presented in this section show how procedures can help 
you divide a program into smaller, more manageable pieces. Once you’ve 
written and tested your procedures, you can use them as building blocks 
for more complex procedures without worrying much about the low-level 
implementation details. You can then focus on the important task of put-
ting together the whole application using these procedures as building 
blocks.

LTPWS_04_02.indd   83 1/23/2014   2:14:11 PM
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Problems

1. Create a list that contains the first 10 prime numbers. Write a script to 
display these numbers using the say block.

2. Create three lists to store personal records. The first list stores names, 
the second list stores birth dates, and the third list stores phone num-
bers. Write a program that asks the user the name of the person whose 
contact information is needed. If the person’s name exists in the first 
list, the program will say the person’s birth date and phone number.

3. Create two lists for storing the items sold in a grocery store and their 
corresponding prices. Write a program that asks the user to enter an 
item’s name and then displays that item’s price, if it is found in the list.

4. What is stored in numList after executing the script shown on the next 
page? Re-create the procedure and run it to check your answer.

5. Write a program to double each of the elements stored in a numer- 
ical list.

6. Write a program that prompts the user to enter students’ names and 
scores and store these inputs in two lists. Stop collecting data when the 
user enters –1 for a student’s name.

7. Write a program that prompts the user to enter the highest and lowest 
temperatures for the 12 months of a year. Store the input values in two 
lists.

8. Write a program that prompts the user to enter 10 integers. Store 
each entered number into a list only if it is not a duplicate of a previ-
ously entered number.

9. Write a program that processes a list of 20 scores on a test with 100 
items and finds the number of students who scored between 85 and 90.

scratch_book02.indb   242 1/8/2014   3:36:14 PM





Acc ording to the 
Secret Manual, 
the virus came 
from Ipanema!

That’s the famous 
Ipanema beach in 
Rio de Janeiro, 

Brazil!

Eek! Do I 
have to 
wear a 

swimsuit?

Rio de 
Janeiro

I can fEE l a 
Cosmic Defender 

nearby!

Wow…but 
everyone’s 

frozen!

Not everyone… 
I can hear a 

squeaking noise 
from far away!

Gobo! Fabu! 
I’m trapp ed in 
this goalpost!

Hang in 
there, Pele… 
what are we 

going to do?

If you 
want to beat a 
goalpost, then 
you’LL  have to 
use a socc er 

baLL !

Let me take 
on the 

chaLL enge 
this time!

72



Chapter Focus
Learn how to program a 
soccer game with a targeting 
system, several related rules, 
interactive sound effects, and  
a vivid, animated backdrop!

The Game
Shoot penalty kicks and 
avoid the moving goalie. 
You’ll win the game if you 
manage to score fi ve out of 
eight tries!

Here’s a look at the fi nal game. 
We’ll need to create a targeting 
system that will move over 
the goal. When you press the 
spacebar, you’ll kick the ball 
where the bull’s-eye is. But 
watch out—the goalkeeper 
will dive every time you kick 
the ball!

To start, you can upload the fi le 
05 - Rio Shootout.sb2 (File
Upload from your computer), 
which has all our sprites but 
no programming blocks yet. 

You can draw your very own 
backdrop if you like!

rio Shoot-out

Bull’s-eye

73



First, click the Lock in the 
Sprite List to give it a simple 
program—this just sets its 
location in the maze. The 
program that actually opens 
the gate is in the Key sprite.

At this point, take a look at the Lock and Key sprites, 
which are circled in blue below. Scratchy will need to 
pick up the Key fi rst, in order to open the Lock. Let’s 
create some programs for them next.

111
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Oh no! Brickbot 
was right. this is 

a royal mess !

Argh! A nefarious 
figure with wild pink 
hair just destroyed 

my lovely home!!

That sounds like 
the Destructor. he’s 
bee n tearing apart 

LEGO models all  over 
the place! I’m Megs. 
I’ve bee n trying to 

track him down.

Well , I could have 
done without his visit. 
I’m Birgitt e. I’d just 

fixed up my house for a 
new family who will  be 
arr iving soo n! I’ve so 
much to rebuild. I fear 
I’ll  never finish in time! 

Don’t worr y, Birgitt e. 
I’ll  help you rebuild. 

many hands make 
light work!

Yes, that’s true. 
thank you for 

your help.

The family’s father is 
a new member of the 

King’s Guard at the castle 
in nearby Snugburg. 

Once the house is rebuilt, 
I can give you a tour 

of the town.

Sounds 
great!

At least my 
carr ots are 
still  here. 
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The Tudors 

Birgitte Jonsgard
Nickname: birgburg

Profession: Science Teacher

Nationality: Norwegian 

Website: www.fl ickr.com/people/birgburg/ 

Gingerbread House
This is a Tudor-style house, 

which means you can see  
the structural posts and 
beams. Be sure to take 
your time building the 

roo f and kee p an eye out 
for hidd en features. 

×2

×8

×1
×2

×1 ×2 ×2

×1

×1 ×1

×4
×2

×5

×6
×5×18

×16

×10
×2

×3

×2

×1
×1

×1
×1

×6
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GRAN TURISMO

Design notes: low chassis, aerodynamic 
shape, sophisticated lines, racing stripes, 
spoiler

Technical specifi cations:
Dimensions (l × w × h):  20 × 9 × 7 studs
Wheelbase:  12 studs
Axle width front/rear:  8/8 studs

Features: opening doors

020201020101020102020102010102010102010202010201010201010201010201010201020202010201010201010201010201 GRAN TURISMO
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Iain Heath

Release the KR-KN!  2013
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Sami Mustonen

(opposite)  Bricksauria | Stegosaurus [digital render]  2014  (766 pieces) 
(above)  Bricksauria | Tyrannosaurus rex [digital render]  2013  (721 pieces)
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Perspective
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Forced perspective is another composition 
technique that you can try. This technique 
works only when the model is shown in a 
photograph, unless you build some structure 
to block its inner workings from the viewer.

Normally, forced perspective scenes 
have tremendous depth. A part of a model 
that seems laughably puny will often take up 
several feet of space. The standard format 
for such models is to build the background 
at microscale, the middle ground at a slightly 
larger scale, and the foreground at a normal 
scale (usually minifigure scale). Few really 
convincing examples of these models exist, 
but when the perspective is spot-on, the 
effect can be very deceiving. Tyler Clites’s 
pair of gunslingers, for example, uses forced 
perspective—the viewer peers between a 
gunman’s legs at his target. The three sec-
tions of the model each use a different scale 
to create a sense of depth. The foreground 
contains the first gunman’s legs, built at large 
scale. The middle ground has the second 
gunman at perfect minifigure scale. The 
background features some microscale build-
ings off in the distance, including a church 
and windmill. 

This Town Ain’t Big Enough for the Two of Us by 

Tyler Clites is built at three different scales. The 

builder edited the original photo to make sure the 

viewer would see the scene as intended.

127Composition



Articulation
It’s extremely difficult to build figures with 
articulation, or the ability to be posed. In fact, I 
recommend avoiding excessive articulation in 
figures if only for one major reason: It decreases 
stability. This isn’t such a problem in small figures, 
but for models that stand around six inches and 
taller, stability can become a serious issue.

You should add articulation points only where 
necessary. Such points include the shoulders, 
the neck (to allow the head to swivel), and per-
haps the elbows. If you’re going to add leg joints 
to a free-standing model, make sure you build 
strong ones. The legs have to hold up the rest of 
the model, so if you’re careless, the model could 
break. 

If you plan on having the figure in an action 
pose, don’t worry—there are ways around the 
instability that joints add. For example, if you want 
to build a figure of a warrior charging into battle, 
you’ll need to add joints to his hips, knees, and 
ankles. To make his legs stronger, just build him 
onto a base. If you connect a figure to a base, its 
legs won’t have to support the rest of its body. 
The base itself becomes a part of the figure, like 
giant feet. 

This fully articulated devil laments the 

loss of his golden fiddle, which lies at 

his feet.

162 Chapter 9
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configuring a 
switch block

You define the condition by configuring the 
mode and settings of the Switch block. Once 
the program arrives at the Switch block, the 
robot checks whether the condition is true. 
Then, it decides which set of programming 
blocks in the switch to run.

There’s a mode for each sensor; in this 
case, you’ll choose the one for the Touch 
Sensor, namely Touch sensor – compare 
– state (the only available option). Once 
you’ve chosen this mode, you can specify in 
the state setting whether the Touch Sensor 
must be pressed (1) or released (0) for the 
condition to be true. As before, set Port to 
1 to specify how the Touch Sensor is con-
nected to your EV3.

sensors and the 
switch block in action

The TouchSwitch program you’ll now 
create makes the robot drive forward for 
three seconds. Then, if the Touch Sensor 
is pressed, the robot reverses for a short 
while. If the sensor is not pressed, the robot 
instead says “No Object.” Finally, regardless 
of the Switch block’s decision, the robot 
plays a tone. Now create the program, as 
shown in Figure 6-13. Figure 6-12: the switch block checks whether the condition is true or false and runs the appropriate 

blocks. You specify the condition using the mode and settings on the switch block.

Figure 6-13: the TouchSwitch program has the robot decide what to do based on a sensor reading.

This block is run if the 
condition is true.

Condition: The 
Touch Sensor 
on port 1 is 
pressed.

These blocks are run if 
the condition is false.
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 understandinG sensors 71

Try running this program a few times, and determine 
when you need to press the Touch Sensor to make the robot go 
backward. Your experiments should show that the robot takes 
a measurement when the Switch block runs and that it uses 
this single measurement to determine whether the condition 
is true. In this program, the sensor measurement is taken just 
after the robot finishes going forward. When either the reverse 
action or the “no object” action is complete, the tone plays.

adding blocks to a switch block

There’s no limit to the number of blocks you can place inside a 
Switch block. If one part of a switch has multiple blocks, they’re 
simply run one by one. You can also leave one of the two parts 
of a Switch block empty, as shown in Figure 6-14. 

Run this modified program to see what happens. If the 
condition is true (the bumper is pressed), the robot should say 
“Object” and move backward, and the program should continue 
by playing the tone. If the condition is false (the sensor is not 
pressed), the program will find no blocks in the lower part of 
the switch and instantly move on to the Sound block after the 
switch.

dIscoVerY #27: 
staY or moVe?

difficulty:  Time: 
Make the robot stand still for three seconds. Then, if 
the Touch Sensor is released, the robot should turn 
around and drive forward for five wheel rotations. But 
if the sensor is pressed, the robot should do nothing, 
and the program should end immediately.

Figure 6-14: a modified version of the TouchSwitch program. the switch does not have any blocks to run if the condition is false, so the program immediately plays 

a tone after moving forward if the sensor is not pressed.

dIscoVerY #28: 
dIFFIcult decIsIons!

difficulty:  Time: 
Let’s practice with the Switch block! Create a program 
to implement the decision tree shown in Figure 6-15. 
How do you configure the Switch block, and why do you 
have to put a Wait block at the end of the program?

Is the Touch Sensor 
released?

Make the right 
motor turn
backward for 
three rotations.

Make the left
motor turn
forward for
two rotations.

Yes No

Drive backward for
two seconds.

Display a happy face
on the EV3 screen.

Wait five seconds.

Figure 6-15: The program flow for Discovery #28
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link to dd #21
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Life’s true  face  is the  skull . 
—Nikos Kazantzakis

FIRST 
IMPRESSIONS
SKULLS

The first official contact I had with the LEGO Group 
was a cease and desist email. The company didn’t 
like what I was doing and wanted me to stop doing 
it. The email I received seemed like a form letter, with 
only a vague sense of what I was actually attempting: 
creating original art, using LEGO bricks as a medium. I 
think they were more worried about my use of the term 
“LEGO” properly than my actual artwork.

In any case, ceasing really wasn’t part of my plan. It 
was fortunate that I happened to be an attorney at 
the time, and I was able to recognize the message for 
what it was. 
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