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A CELEBRATION OF AMAZING CREATIONS
AND THE PARTS THAT MADE THEM POSSIBLE.

+ MONKEY COUCH

GUARDIAN

Give this toy a microcontroller “brain” so it can defend your stuff!

Microcontrollers are the tiny computers inside all kinds
of electronic gadgets, and they’re surprisingly easy to
use. The Arduino is an open-source microcontroller
you can use to control everything from home heating
systems to robots.

When MAKE'’s editor-in-chief Mark Frauenfelder wanted
a gadget to chase his pesky pets off his favorite couch,
he programmed an Arduino to read a motion sensor and
activate a motor in response — in this case, the motor
of an old-fashioned cymbal-banging toy monkey!

The Monkey Couch Guardian makes a great first project
for those just getting started with microcontrollers.

Here’s how it works.

1. Program the Arduino.” Download the free Monkey
Couch Guardian code from the project page, then open

=it in the Arduino development software (also free) and

—_upload it to the microcontroller. Simple. The code tells

the microcontroller to listen to the motion sensor, and
then switch on the monkey when something moves!

2. Hack the monkey. Tap into the monkey’s battery
power supply, and add wires to connect a relay that’ll
bypass the monkey’s switch.

3. Connect a relay. On a breadboard, connect the
relay’s switch to the monkey’s power and ground, and
connect the relay’s coil to the Arduino’s ground and
digital I/0 pin 13, which you’ll use as an output.

4. Connect a motion sensor. It's powered by the
Arduino; just connect the PIR sensor to the Arduino’s
5V power, ground, and for the sensor’s signal, digital I/O
pin 12, which you’ll use as an input.

5. Make an enclosure. We like cigar boxes and
RadioShack project boxes. Put the sensor on the front,
the monkey on top, and the electronics inside. You can
power the Arduino from a wall AC adapter or an optional
9V DC battery pack. Bonus: Connect an optional toggle
switch and LED power indicator, so you know when
your monkey is on watch.

PARTS

(1 Arduine Uno microconfrolier #2Tb-128

o)-banging menkey foy, 3V

.; g %Tanﬂsmw #27T6-135
| O Serve cable, 3-wire .
[ Relay, LPDT, VDL #275.20

[ Soiderlecs breadbpard #Z76-003

[ Hookup wire, 27 MG #ZT8-122%

[] Project enclosure, P #ZT00807
O LER 2276330

[] Resicfor, Z2l0n #271-1313" .

O Toagle cwiteh, SPET #7TE b3

O batfery #23-F4é" 7
[0 7V battery enap conpector #270-32 ,
[l DC pawer barrel conmestor #2TH-1567
] Tape, adhectvé, deE-ffrdiu‘
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Meet your

future robot overlord.
(Cute, isn’t he?)
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ZIP CAR:
Make this fast
toy car out

of laser-cut
wood and inline
skate wheels.

4  Make: makezine.com/32

| READ ME Aiways check

| the URL associated with

I aproject before you get

started. There may be
important updates

F‘ \ or corrections.
o
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PROJECTS

86: skill Builder: Get
Started with BeagleBone
This embedded Linux board
offers powerful features in
a small package.

94: The Nellie Bly Smoker
Make a hot/cold food smoker
from a 55-gallon steel drum.

104: catapult Launcher
Fling your Rocket Glider
150 feet into the sky!

= 108: computer
Printer Salvage

Over 200 useful parts
found for free!

110: Keyless Lock Box
A wave of your finger opens
this magic treasure chest.

118: The Awesome Button
A hardware solution for when
a synonym for “awesome”
doesn’'t immediately come
to mind.

124: Laminar Flow
Water Fountain

Make a cheap, high-tech
nozzle to create incredible
water effects.

134: World Control Panel
Global domination for the
young evil genius.

~ ’ .. .
» SMOKIN’: Prepare delicious meat and fish by
building our Nellie Bly Smoker from a 55-gallon barrel.

A TRASH BECOMES TREASURE: A computer

printer is loaded with reusable components.

139: Heirloom Technology
Build a composting toilet
and help save the Earth.

= 142: Remaking History
Build the clever instrument
that told sailors their latitude.

) 144: Country Scientist
Make synthesized music
from your data.

m) 147: 1+2+3: Fast Toy
Wood Car

148: Toys, Tricks & Teasers
Experiment with polarized
light.

152: Electronics:
Fun & Fundamentals
Little big lamp.

®) 157: 1+2+3: Label-Etch
a Glass Bottle

= 159: Danger!

Burn things with a magnifying
glass.

= 160: Howtoons: Color
Racer

= 162: WhatIMade

A quadruple whammy of
coffee coolness that's easy
to make.

166: Toolbox
Hand drills, wire strippers,
butterfly scissors, and more.

176: Toy Inventor's
Notebook
Hack in a hat.



Jens Dyvik explores frontiers of
open source, parametric design.

Jens Dyvik is an honors graduate of
Design Academy Eindhoven in the
Netherlands, and winner of the Willy
Wortel prize (for Most Innovative
Design) among others. Passionate
about his research in personal
manufacturing and open source
design, Jens spends his time design-
ing, making, and lecturing at Fablabs throughout the world.

Jens' Layer Chair is an ongoing open source project.
An interface for the parametric design makes it possible to
adapt the chair to different profile curves and material
thicknesses. You can download the free design files at
dyvikdesign.com. Shown in photo above: finished Layer
Chairs milled from black MDF.

Jens recently shared the project at FabLab Sevilla.
Three groups of students customized their own versions of
it: one inspired by the classic Eames lounge chair, another,
the "perfect" ergonomic chair for architecture students, and
finally a version that involved weaving a seat from thin rope.

Jens on the digital fab revolution: "Instant collaboration

and implementation are the keys of this revolution. It's about
placing digital tools in the hands of free-spirited individuals,

who aren't afraid to try and fail and try something else. !
This lowers the risk surrounding new product development.

It's incredibly exciting!"

We make
the tools

Give us a call to discuss your
production needs; we'll help you
choose the right ShopBot for you.

for making the

future.

WHERE Oslo, Norway
BUSINESS dyvikdesign.com

HOPBOT PRS alpha 96 x 48 at
Fablabs all around the world

"The ShopBot 96 x 48 is my
favorite tool in the Fablab,
because it enables me to proto-
type anything so well, that
a prototype becomes

Production ltem #1."
Jens Dyvik

ShopBot_

888-680-4466 « ShopBotTools.com
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“Things which are different

in order simply to be different

are seldom better, but that
which is made to be better
is almost always different.”

—Dieter Rams
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CONTRIBUTORS

Julie West (Fast Toy Wood Car and
Label-Etch a Glass Bottle illustrations)
spent her childhood taking art classes
and volunteering at an art gallery. She
studied art and graduated with a BFAIn
illustration. She started out as a tradi-
tional media artist, but after a few years
working as a print and web designer,
various computer- and design-related
elements began to surface in her work,

which is often quirky, bizarre, or ironic.
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Max Eliaser (engineering intern}is a
computer programmer. He can't help it;
he was born that way. and he's doomed
to spend the rest of his life counting
cache misses. He's lucky enough to live
in Sebastopaol. Calif., just 10 minutes
away from O'Reilly Media headguarters.
Faor the last 14 months. he has worked as
an engineering intern at MAKE Labs. but
he will soon be transferring to Oregon
State to study computer science full-
time. He'll leave behind his hometown,
his cat. David, and Screamin’ Mimi's. a
local ice cream parlor, but he's excited
about pursuing his education. In his
spare time. he enjoys scuba diving and

writing about himself in the third person.

Follow us Bmake
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As a kid, all Gordon McComb (Keyless
Lock Box) wanted to do was sit in his den
with his trusty cocker spaniel by his side,
smoke a pipe, and write how-to articles
for DI'Y magazines. Though he's penned
over 1,000 articles and some 60 books
since the late 70s, he doesn't smoke, has
never owned a cocker spaniel, and works
out of a very overcrowded workshop
that he shares with three computers and

an aging oscilloscope. Among Gordoan's.
Y PP Ut gy WOl PO ¥ O SR e

Evan Hughes (Soapbox illustration) is
an illustrator specializing in bold, car-
toon-tainted, often surreal, flat-color ink
drawings with a bias toward old printing
processes. He lives in Scranton, Pa.,
with his wife and three children. He has
been drawing competitively ever since
his second grade class voted another
student’s rendition of Bugs Bunny better
than his. This triggered a chain of events
that lad hirm do the Sehool of Wiesl Arte
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Gunther Kirsch (photography intern)
has learned more in the past six months
at MAKE than he learned from his entire
scholarly career, Every day his skills are
pushed and expanded. His first day, he
encountered a man gathering papers
from the printer. Mot knowing who he

was, Gunther introduced himself. asking.

“What is it you do here at MAKE?" The
man answered with a laugh, A lot of
things." Gunther found out later the man
was Dale Dougherty, founder of MAKE.
This taught him that you sometimes
learn things by making a fool of yourself,
He's found that the quicker he drops his
ego, the quicker he learns, and thus the
more satisfied he becomes.
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Matt Richardson (Get Starfer
BeagleBone and Awesorme Bul
a lot of different hats: video pr
writer, maker of things, techno
consultant, and ITP student. |t
always so easy; he admits, "Gr
I'had a lot of trouble teaching r
electronics. It wasn't until a fe
ago, when | ordered a Getting !
with Arduino Kit from Maker 3
the floodgates opened for me.
recent project, the Descriptive
“uses crowdsourcing to outpu
description of what you snap i
of a photo” He loves running a
ming and lives in Brooklyn, N.Y
his partner, Andrew.




It's only a great pgoject
if | can build.ittmyself

* A wild collection of maker-designed electronics projects
* All projects packaged as step-by-sten kits availahle for sala EES
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Why was MAKE due for aredes

Before we talk about why we redes
we should talk about why we restructured.
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We realized new readers could be con-
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Community is also important to us, and our
new site design reflects that. We encourage the
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kitchen appliance, a mobile phone, a chair.
Chances are you admire them not only for
their functionality but for their appealing
design, too.
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READER
INPUT

»} In Volume 31's “Sound-O-Light Speakers”
project (makeprojects.com/project/s/2464),
two diagrams on page 82 describe an acoustic
suspension (sealed) alignment and a bass
reflex (vented) alignment. Unfortunately, the
description of the bass reflex design is based
on a popular but incorrect theory — that the
back wave of the driver is made available via
a port or opening to augment the sound from
the front of the driver.

In reality, the port is a Helmholtz resona-
tor whose resonance is defined by its length
and cross-sectional area. The port is typically
tuned to a frequency that's lower than that
of the driver — it's not a manifestation of the
back wave of the driver.

The opening at the bottom of the Sound-
O-Light speaker is not a port since the entire
chamber would be the resonating column.

It more closely resembles a transmission
line speaker.

Vented designs are by their nature less
forgiving and more difficult to work with. For
a hobby-type speaker, a sealed design is far
easier to build and get right.

| plugged the HiVi B3N driver's parameters
into a Thiele-Small calculator (you can find
these online). In a sealed alignment, for a
speaker box volume of 0.1ft3, the length of the
3" pipe is a manageable 24.49" and the max
bump in low-end response is 0.98dB. This will
add a little boominess to the sound and some
false impact to the bass, and should be OK.

A vented alignment is not so easy. The
optimum calculated volume is 0.59ft3, for a
max low-end bump of 1.63dB. The vent (port)

10 Make: makezine.com/32

unk science, loudspeaker
breakdown, fun kid projects,
and a father-and-son story.

will be 1"x1.5" (or 1.5"x4.85"
but that's hard to fit in this
design), tuned at 36.9Hz.
Unfortunately, our 3" pipe
would have to be over 12'
long! If we reduce the volume
to 0.1ft3, the low-end bump
rises unacceptably high,
and the port tuning has to
be moved up, so we lose the
extended low end, and the
port’s output can't match the
bump; the result is a really
bad response curve.
In summary, a small
speaker made from
this driver works
best in a sealed box.
If we allow for signif-
icantly more volume
(a bigger box or a 3"
pipe that's 12' long), the
vented alignment can be made to work and
yield a much better low end than the sealed
box. It's a tradeoff.
Or, one could ignore the details and just
build the thing and enjoy it. :)
—Louis Lung, lungster.com,
Westborough, Mass.

Projects Editor Keith Hammond replies:

Louis, thanks for your excellent analysis. We thought
we were clever to offer a vented option but it's clearly
trickier than we knew. Consider yourself an honorary
member of the MAKE Technical Advisory Board,
Loudspeaker Division.



Just had to tell you how much | loved
Gareth Branwyn's Welcome in MAKE Volume
31 ("Three Test Tubes and the Truth™). You
perfectly captured the intersection between
DIY and punk. | feel like | have a new under-
standing of my relationship with both. One
more reason to raise your kids punk!

—R. Mark Adams, Westport, Conn.

We built the MAKE Compressed Air
Rockets Kit (makeprojects.com/project/m/
2235) from the MAKE School’'s Out Summer
Fun Guide (makershed.com/schoolsout)
and it took about 2¥2 hours to complete the
launcher. We came back to make the rockets
another day. It was a total blast, kid safe, and
the rockets shoot amazingly far. We lost a
few to the trees, so we angled the launcher to
shoot down our street — and easily shot 100
yards. Great project!

—Jack Lamb, Santa Clara, Callif.

We had a ball making the "Marshmallow

............... Shooters” nroiect (makenroiects.com/. ..

In January 2011, | read Len Cullum'’s
Japanese-style "Workhorses” project
(makeprojects.com/project/w/572) and
thought they were beautiful. At the time, | had
taken on only simple projects that required
no more than a miter saw and a cordless drill.
Your sawhorses would introduce me to many
new skills, so | decided to make them. They
would also allow me to spend some quality
time with my father, a very experienced wood-
worker who was declining in health rapidly
due to pulmonary fibrosis.

After 17 months, | just finished my project!
However, a few things happened along the
way. Most importantly, my father received a
lung transplant in May 2011 and has had a full
recovery. Secondly, your beautiful sawhorses
became the “ends” of a pretty good-looking
table (see below). | probably spent 400 hours
working on the table and about 30 hours talk-
ing to my father on the phone about it.

| turn 40 this year and this table represents
a lot for me. My kids hated it because it took










all need to support the original authors when
we can. We want to avoid people or com-
panies building their products off the open
source software/hardware communities and
then closing them off. Sharing needs to go
both ways, always.

Cloning ain’t cool.
If your goal is just to make Arduino clones
and not add code or hardware improvements,
please go do something else instead. | see a
few companies that make straight-up clones,
give them confusing names, and think it's
socially acceptable. It's not. The beginners get
confused as to what's a real Arduino with the
quality, service, and support, and most of the
time the clones are crappy.

| have a box of "Arduino killers” from all
over the world. They're not adding value in
any way; they're just examples of people
being selfish. | get a dozen emails a week
from parents or kids who bought a fake
Arduino and are upset it doesn’'t work and
that the eBay seller or fly-by-night store won't
help them. Most of all, if any reasonable per-
son gets cloned enough, she might just stop
doing open source due to the support burden.

Support your customers.

If you're doing open source hardware because
you want to make an Arduino clone thinking
you can just pass the hard work of customer
support over to the community, that's not

fair to anyone. Spend the time and resources
to create tutorials and forums, and support
your customers. I'm using Arduino again as
an example since | see customers purchasing
cloned Arduinos but expecting support from
the Arduino support team because it says
Arduino. Open source is a way to make things
better, not to just outsource support to some-
one else. Join in, support your customers, and
they'll reward you.

Build your business around

open source hardware.

If you're going to require that someone does
open source for your newly venture-funded
online open source hardware social network

14 Make: makezine.com/32

or whatever, you gotta do some open source
yourself. If you're celebrating open source
and attempting to make money around it,
you gotta put value back in too.

For example, if part of your product design
Is requiring customers to have all their files
under an open source hardware license, you
need to do that too and open up your own
stuff. Otherwise, what's the point?

Obviously there's marketing value in the
word “open,” and for small startups we've
seen that many want to take advantage of
that. Want your new company to be part of
the open ecosystem? It's worth something,
so you need to do the same. I'm not saying
you need to give it all away, but you need
to do something to show you value open
source enough to do it yourself.

Respect the designer’s wishes.
Sometimes the maker of an open source
hardware project might have a request if
you're going to clone their hardware; for
example, "Hey, don't use this to Kill puppies,
OK?" Now, while open source really doesn’t
stop anyone from making a puppy grinder
from your open source CNC, it's totally fair
for the designer to ask you not to do that.

A few times, I've seen an open source
hardware project get hijacked a little, and the
author was concerned about its direction. We
can email each other and talk when needed.
It's a strength that we're a community with
members who can talk to each other. It's also
helpful for the designer to include a bit of text
in a Readme for the license or on a project
page that lists some ideal uses. Of course it
won't always be followed, but at least there's
some framework and intentions spelled out.
We are humans who get emotional about
our works; it's not a weakness. This, too, is
astrength. @

Share your thoughts and read the full version
of this column at makezine.com/go/osh_rules.

Phillip Torrone is an editor-at-large of MAKE and creative director at
Adafruit Industries, an open source hardware and electronic kit company
based in New Yark City.


















THE WORLD OF BACKYARD TECHNOLOGY




=a Icepts

'e and vanishes before our very eyes.
Hokkaido, Japan, Aoki now lives in
, where she is learning
and studying at the
0ollege of Art. (Don't

> her for a novice; she's
her work for years in Japan after

g art and glass blowing in Tokyo.)

> an artist or a scientist? Her resumé
her chops as an artist, but she says,
pirations come from observations
wersations with scientists.” While

> new pieces, Aoki often visits labs

kK ideas, and dreams of collaborating
entists on her next body of work. Her
- in things that can’t always be seen

By Arwen OReilly Griffith
Fhotos by Yoshisato Komaki
sing-g.net

In an installation piece called Her Songs
Are Floating, an old car sits in darkness.
Glass arches out of the car and within it,
looking like transparent roots
shooting into the interior. “|
try to make works that could
make contact with physical
and mental senses,” Aoki says, and one
can't help but think of the battle between
humans and the natural world, life and

its end. Other works show sinuous glass
sculptures suspended in vitrines, exploding
from test tubes, and growing out of bottles.
Sperm searches for ovum, virus for host,
spore for sustenance. Surely the glass is
alive? Or at least singing? “I'm interested in
the phenomenon of life,” she says simply.
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MADE ON EARTH

By Gregory Hayes Drawing by Sophie
childsown.com

Beliad.ta

EE

i

SRR e R R e A
SRR e R R e
SRR e R R e
SRR e R R e
SRR e R R e
SRR e R R e
S e
SRR e R R e
SRR e R R e
SRR e R R e
S e
SRR e R R e
SRR e R R e
SRR e R R e e
SRR e R R e
S e
SRR e R R e e
SRR e R R e e
SRR e R R e
SRR e R R e
SRR e R R e
R e e R e
S e
SRR e R R e
SRR e R R e
SRR e R R e
SRR e R R e
SRR e R e e
S e e
SRR e R R e
SRR e R R e
S
SRR e R R e
SRR e R R e
S
S e
S
SRR e R R e
S e
S e
S e
B R e
B R e
B e e
B e e R
B e e
e e e e

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

B R L L R LR Y
B R L L R LR Y
B R R L R LR Y
B R L R LR
B R L L R LR Y
B R L R LR Y
B R L R LR Y
B R L R LR Y
B R L L R LR Y
B R L L R LR Y
b B e e T e e e e e i i D P
b B e T e e e e e i i e P
b B et T e e e e e i i i e P
b B e T e e e e e i i e P
b B e T e e e e i i i i e P
e e e e e e e i i i P
o T ot T T Lot T o S T o T
R e e e e e T e i i P
b B e e T e e e e e i i i P
b B e e T e e e e e i i D P
b B e e T e e e e e i i e P
b B e T e e e e e i i i e P
b B et e T e e e e e i i i e P
b B e e T e e e e i i i D P
i
b B e e s T e e e e e i i e P
b B e e e T e e e e e i i i P
b B e et s T e e e e e i i D P
b B e e e T e e e e e i i i P
b B e e T e e e e e i i i e P
b B et s T e e e e e i i e P
b B e T e e e e e i i i P
b B e e T e e e e s i i i e P
b B e et s T e e e e i i i D P
b B et e T e e e e e i i i P
b B e e T e e e e e i i i P
b B e et s T e e e e i i i e P
b B e T e e e e e i i D e P
b B et s T e e e e e i i e P

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

B R R R L R S
B R R R L R S
R LR R R L R L
R LR R R L R L

b B s B e T P T P T e
e St R A Sn ot annnonsnend

i EE

_F WY Ll ad \'\.rl_:f' Fl\-l.-lﬂ\.a\.-l : : | : ; : :
when | knew | was on to something. ing details. Children’s drawing

This revelation kicked off Tsao's small busi-  space for creativity and inspir
ness, Child's Own Studio, in Vancouver, B.C. makes it a real collaboration k
Now she brings children's artwork to huggable “Happily, | think | have finall
life as toys full-time. and | can't imagine doing anyt
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Katarzyna Grzeszczak (Dodecaudion), Dedoco (Dodecaudion detail); Wendy Tsao (Child's Own)
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let's Dance

-----------------------------------------------------------------------------------------------

By Craig Couden
vimeo.com/28651568

Step away from the turntables and the sea
of knobs and switches and use the rhythm
of your body to drop some beats with the
Dodecaudion music controller.

Developed by Jakub Kozniewski, Piotrek
Barszczewski, and Krzysztof Cybulski
of the Polish art collective panGenerator,
Dodecaudion is a gesture-based, spatial inter-
face that allows performers to create music by
moving hands or other body parts around the
12-sided structure. Each face uses an analog,
infrared distance sensor connected to a cus-
tom Arduino shield, which collects positional
data and sends it wirelessly to a computer via
Bluetooth. A bridge program converts incom-
ing data to Open Sound Control, which can be
input into your favorite synthesizer. OSC has
the ability to create sound and visuals simulta-
neously, one of the trio’s goals for the project.

Kozniewski's TEDxWarsaw talk showed the
device's potential to move beyond typical
electronic music. During the talk, performer
Maddie Bovska interacted with Dodecaudion
using her hands, arms, shoulders, stomach,
back, legs, and toes in a way more akin to

modern dance than a Friday night house party.

“"Most of the time, gestures are a byproduct
of performing live music. We asked what could
we do to change that,” Kozniewski explained to
the TEDx audience.

The Warsaw-based artists began developing
Dodecaudion in 2010 using breadboard pro-
totypes, but really got going a year later when
they partnered with Hedoco, a company that
helps Polish innovators develop open source
products. Code for Dodecaudion is available at
Hedoco's website, and users are encouraged
to share and remix their creations.

"We strongly believe that open sourcing
a product is the way to make it evolve and
develop.” Kozniewski declares.
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MADE ON EARTH

By Laura Kiniry
brother-and-sister.com/
guitars/guitars.html

When it comes to constructing outrageous instru-
ments, San Francisco musician Michael Gaughan has
truly broken the mold. The 32-year-old builds his own
guitars and plays them on tour with his two-person
metal/punk/rock band, Brother and Sister. His guitars
aren’t your run-of-the-mill six-strings: one has an entire
ant farm in its body, and his Helicaster — built using a
gas-powered R/C helicopter that can hold and lift up to
5 pounds of electric guitar parts safety — can actually
fly. “The entire piece is hooked up to a wireless radio
unit,” says Gaughan, “so it can produce feedback and
noise when it's both flying and played.”

But Gaughan also has an appetite for destruction.

“| thought it would be really funny to be playing a
guitar that you could eat,” he says. After a few ill-fated
attempts (including a Rice Krispies-and-chocolate gui-
tar that held together for only one song), he perfected
hard candy guitars, the ultimate sugar rush.

To make them, Gaughan fashioned a mold out of
aluminum roofing, duct tape, and tinfoil. He then mixed
corn syrup, water, food coloring, and 40 pounds of
sugar and boiled it on the stovetop at 350°F (an earlier
try at 250° left the floor covered in candy), poured it in
the mold, and let it harden before adding guitar parts.

Gaughan made eight one-time-use guitars in red,
yellow, green, and blue. "We would make them and then
rush to the show, play time, let people lick them, smash
them, and then eat them,” he says. “They were treated
like objects for a ceremonial ritual of rock 'n’ roll.”

Sure, the guitars are a bit unsanitary, admits
Gaughan. "[But] they sound sweet.”

-------------------------------------------------------------------------------------------------------------------------
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Amid the sea of projects at Maker Faire Bay  on Battiestar Gal




MADE ON EARTH

ay with Wood AW

............................................................................................................................................................................................. . B,}Ir Arwen{
)'Reilly Griffith christophfinkel.com

: ‘ : Christopl
' Finkel comes from a long line Academy, | got the basic understanding and sENiBoHR
rkers (four generations long!). fascination for wood from my dad.” Growing L
p in the German Alps exposed him His love of wood is expressed in masterfully bothitoe:
raditional skill set and to “beautiful, carved vessels that are profoundly indebted big, old tr
es.” His father still works as a wood  to the wood they're carved from. “It's a sym- turner. m
king rodels (German sleds) the pathetic and warm material compared to iron fradtions
way. “| often got the wood that was or plastic,” he says. Elegant bowls, sliced so left anc i
ed to make nice things out of it,” that they hardly seem able to hold together, Finkel fec
alls. curve around knots and burls. Handsome Ha ok
a slight departure from his fore- vessels with precise geometry suddenly tilt fathers by
studying sculpture at the Academy to accommodate natural shifts in the wood. SEEiGEAr
s in Nuremberg, but says, “Even Most importantly, each vessel highlights both though | I
arned a lot of new things at the the craftsmanship and the tree.
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” TallDrinkof Water

By Laura Cochrane makezine.com/go/tropismwell

2 Instead of cricking your neck to drink from a water fountain, what if the fountain
cricked its neck for you? This thought occurred to designers Richard Harvey and
Keivor John, after seeing a call to rejuvenate public drinking fountains. »» Friends since
age 10, Harvey, 27, and John, 28, run Poietic Studio, a London design company. ( Poietic:
productive, formative. From the Greek poiétés: maker, poet.) Their combined expertise
includes audiology, interaction design, and repairing classic porches. »» The pair devel-
oped their idea into Tropism Well, an interactive sculpture that senses when someone is
near and bows to pour water into a glass. The first prototype employed a linear actuator
to bend the neck, but the movement was too robotic. Then they realized the weight of
the water could be used to achieve a more natural bowing motion. »» The final iteration
is almost 10 feet tall, with a base of stacked wooden discs, reminiscent of a spine, and a
stainless steel neck with a glass carafe on the end. An Arduino Mega and ultrasonic sen-
sor work to detect the user, triggering water to pump up into the carafe. As the weight
at the top increases, the Well gracefully bends its neck, pouring water if the sensor
installed on the carafe detects a waiting receptacle. »» "We see it like a generous mother
goose," Harvey explains. "It's using the weight to power the movement rather than a
motor; that gives it the feel of something more natural and something you can have
empathy with. We think this is why people say ‘thank you' toit."

Which makes sense, given
Finkel's attitude toward the wood










ALY SHAWN THORSSO

| needed to do something very different

before | became just another Star Wars

costume guy. That's what drove me to make
the Predator costume and the Spartan outfit

from 300. Then, in 2010, | finished the Red
vs. Blue costumes and a whole arsenal of
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ng | knew, there's a




of fans waiting to hug me. That was a bit weird.
There was also an episode in the Storm-
trooper armor that was pretty fun. That
Halloween | was in one particular nightclub,
walking across the dance floor. When |
reached a gap in the crowd, the DJ cut the
music, hit me with a spotlight, and called out
“TK-421, why aren’t you at your post?”

What inspires you to share build instructions?
| suppose I'm just a team player. | learned
everything | needed for my first big build
from someone who just decided to share a
few tutorials years ago. Hopefully I'll inspire
someone else somewhere along the way.

What's next?

I'd like to say | have a plan, but mostly I've

just got ideas. There's been a lot of discus-
sion with my friends about doing one or more
group builds. I'm also trying to think of a way
to make something bigger than my 8-foot-tall
Space Marine costumes. I'd also like to dabble
a bit in animatronics so | can add more life to
some of my projects. I've just started accept-

+ _Mare from Thorsson at

makezine.com/go/thorsson.

ing professional commissions to build cos-
tumes, props, and set pieces for low-budget
films and promotional use. So really, there's
no way to know what will come up next.

You're also currently in the Navy, correct?

Correct. I'm a lieutenant commander in the
Navy Reserve. So | attend drills one weekend
a month and go out for a couple of weeks of
annual training every year. Most of the time
it's uneventful, but once in a while something
comes up, like last year when | got to help out
with the relief effort in the wake of the tsunami
in northern Japan, or a few years ago when

| was sent to Afghanistan to work with the
provincial reconstruction teams rebuilding
key infrastructure like roads, running water,
and electricity.

What do other sailors think of your creations?
Most of the time folks seem impressed. More
often than not, one of them will tell me some-
thing like, "l showed your webpage to my kids
and they think you're the coolest guy in the
world.” That's always great to hear.

Follow us @make 31









AR SHAWN THORSSON

CHARACTER CHARACTER CHARACTER |

Isaac Clarke Imperial Space Marine Spartan: Sister Spartan: Dexter Grif

YIDED GAME TABLETOP GAME (WEBSERIES [ WEB SERIES

Dead Space 2 Warhammer 40,000 Red vs. Blue (Halo) Red vs. Blue (Halo)

Cast resin parts built onto a custom vest Al Space Marines: Vacuum-formed Al Spartans: Peparuka models used as Aiso known as Minor Junior Private

and a heavily modified pair of coveralls. styrene and ABS plastic. Details and stulpting armatures. Molds taken and Negative First Clags Dexter Grif, he is

Armed with a Plasma Cutter from Epic helmets made of urethane resin. Total parts cast in urethane resin. Face shields  a known slacker and loudmouth, famous

Weapans. Total build time: four months. — build time: Five months. Completed: 2011 custom-formed in orange-tinted acrylic,  for saying, “Why does BVBIyone think I'm

Completed: 2011 mirrored to match character. Total build  yellow? Seriously! Didn't anyone have a
time: Three years. l:ﬂml]lﬁ“ﬂ: 200 box of Crayons when th BY Wele 3 kid?
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[ndustrial

Written and illustrated
by Bob Knetzger

Desien

HOW TO MAKE YOUR PROJECT BETTER
THROUGH SMART DESIGN

process: that's the fun and reward of making.

But consider your end result. How well
rendering, drafting, sculpting, and
model making. An industrial designer
i also must know about materials,

i manufacturing processes, electronics,

does it really work? How does it look?
What would make it better? Maybe
you're ready to take your creation to the
next level: manufacture and sell. How

would a professional maker approach it?
i printing, and graphics.

That's a job for an industrial designer!
Industrial design (ID) is the science

and art of creating commercial products,
concept through all the stages: present-
: ing new ideas to management, selling

experiences, and environments. The
skills and technigues the designer uses

include ideation sketching, drawing/

computer programming, engineering,

The industrial designer is the cham-
pion of a new product and sees the

Follow us @make 45
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them to marketing, proving the design
to engineering, and shepherding the
design through the legal and patent
processes. The designer needs to con-
sider product safety, cost and ease of
manufacture, and package and logo
design for print, web, or TV advertise-
ments. In many ways, an industrial
designer is a “professional maker.”

HISTORY OF ID

Since humans began making things,
from flint-edged tools to flintlock rifles,
we've been designing. But in the 20th
century, modern manufacturing and
mass marketing required a new com-
bination of talents. In the fast-paced,
competitive marketplace, only the best-
looking, best-working, and most afford-
able products (and the companies that
made them) survived. Manufacturers
sought out individuals who had the
vision and skills to make the many deci-
sions required in producing a product.
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s better selling. Loewy and his and litters for the U.S. Navy. The classic fi
irm wer
it on to create or redesign many = Eames chair is the direct descendent of P
; iconic fc
rms of 20th-century America; their early experiments. Their applica
the Coc
1-Cola bottle, the Pennsylvania tion of both science and art produced :
’ . Railroac
S1 locomotive, the Studebaker tasteful and elegant designs that con- A -
vanti, /
\ir Force One, and many others. nected with consumers emotionally and He f
e famc

usly said, “The most bautiful continue to sell and inspire desigg

hl ames expandec
Id of industrial O laptop) have access to design to include not ju
st products, ~ advanced technologies like Cintiqg tab- but also exhibits (IBM ¢

t the World's  lets, SolidWorks, and rapid prototyping

; s _ Fair) and educational fil
ms (Powers of = fabrication, but the basic approach to
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(Clockwise from the left) Preliminary ideation sketches:
keep the ideas flowing! Three lobed "ears” provide routing
for the rigging. Top shell can he slipped up to access
components inside. Eliminate the lobed ears, and add
recesses for string harness clearance. Rounder, domed
shape. Balloons tethered to docking station with a water
bottle as a weight and a hands-free crank.

Tor Vg prdedie 7
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camera on and to start the auto shut-
ter circuit without opening the housing
or reconnecting the camera.

» Make flying the balloon easier:
add a weighted docking station to
hold the balloons before flight.

» Add a hand-cranked reel.

The designer makes notes, correc-
tions, and improvements in sketch
form, expressing, evaluating, and
re-expressing as he goes.

3. REVIEW

The designer selects the best combina-
tion o

~ cost patterns. Vacuum forming is also
~ easily doable for the DIYer (see MAKE
Volume 11, page 106, “Kitchen Floor

- Vacuum Former™).

The mold makes parts that can

- be used for both the top and bottom

.~ shells. Leaving the flanged rim on one

- part makes the top shell that fits over
a smaller, trimmed bottom shell. It can
- even be molded in colored plastic so

- that no painting is required.

Here, drawing is used as a tool to

solve a 3-dimensional problem: where to
. locate the camera, printed circuit board,
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(Dpposite) Reel details. Exploded view shows assembly and the added
vacuum-formed bracket to support the camera and circuit board.
(Above) Top and side views drawn in actual size. The curved section
side view is used to make a template for turning on the lathe.

tools. First cut a round blank of foam
and mount it to the lathe (Figure A).
Use a cross-section view from the
elevation drawing to make a same-size
cardboard template gauge for checking
the progress of turning the exact shape

(Figure B). File the shape and check fre-
quently with the gauge (Figure C). If you

don't have a lathe, you can file the foam
by hand, freeform.

Make 3 equally spaced rounded slots
with a mill: first, mount the turned foam
in a dividing head and mill the slot with
a %" end mill (Figure D). Index the
head by 120°, cut the second slot, then
index to 240° and cut again. If your mill
has an adjustable head, add 2° of draft
for easier unmolding. If you don't have
a mill, you can lay out the location of 3
equally spaced holes on the foam with a

Follow us @make 51
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compass and drill three 38" holes. Then
carefully cut the slot with a handsaw.

To make the lipped flange feature, cut
a second oversized disc from fiberboard
and mount it to the foam, Figure E. Drill
16" holes all around the edges to pro-
vide airflow for snug vacuum forming.

Vacuum-form the shells from 0.030"

» Drill a %" hole for access to the i
camera's mode button, and cut a E
square hole to view the camera'’s E
LCD (Figure G). L

» Cut another square hole for the :
timer circuit’'s new on/off mini slide [
(Figure G). E

» Drill three ¥8" holes in the flats of :
both shells for the support strings [
to run through. E

» Fasten the camera and circuit inside |
the bottom shell with velcro tabs. It's E
important to be able to remove the [
camera easily to upload the photos to

a PC and change the camera’s battery. [

52 Make: makezine.com/32




» Punch holes in 3 pairs of velcro dots
and fasten them around the 3 string
holes.

» Make the rigging: tie three 36" lengths
of 121b test fishing line to a split ring.
Tie a bead 24" from the ring on each
line. Thread each line through a hole in
the assembled shell, and then tie the

ful so that the shell hangs level when
supported by the 3 beads — that way
the camera will face straight down for
taking pictures in flight (Figure H).
For the working prototype the reel
handle is cut from wood and a crank
is fashioned from styrene sheet and rod
stock. A bent wire form acts as a line
guide. A water-filled milk bottle serves
as a weight that clips to the handle.
Mounting the reel of fishing line off-
center looks odd, but works great: when
you take your hand off the crank, the
line tension automatically stops the
reel from spooling out and the balloon
stays where it is.

(Right) Balloon Cam Success!

5. TESTAND REVISE

- The redesigned version of the Balloon

~ Cam is much easier to use for taking

~aerial pictures: the docking station

. provides hands-free setup, the camera

. and circuit are much easier to turn on,

. and the shells pop open to allow access

ends together to another ring. Be care- for cﬁangmg wdlianesand downlo::z‘d-
. ing pictures. It even looks cooler with

 its cute, retro-UFO look as it hovers and

flies around.

But how to manufacture the parts

= for the reel handle in quantities to make
 affordable kits? Hmm, that's another job
 for the industrial designer — back to the
~ drawing board! &

Bab Knetzger (neotoybob@yahoo.com) is an inventor/designer

-~ with 30 years experience making fun stuff. He's created educa-
 tional software, video and board games, and all kinds of toys from
. high-tech electranics to "free inside!” cereal box premiums.

Follow us @make

(Far left) Easy-to-start camera timer.
(Left) Reel clips to the water-filled bottle,
and anchors the balloons as the saucer
hangs chest-high off the ground, making
it easy to check the batteries inside.
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LR MASSIMO BANZI

| started to teach like that and make every-
thing much more hands-on.

Arduino came about because we wanted
to iterate quickly. We wanted something
that would be cheap to deploy. We wanted
something that a student could use to make
a circuit. | also wanted open source software
because | didn't want people to have to pay.

So Arduino has an IDE that's cross platform.

We had a board that was easy to assemble.
We had a little bit of documentation.

[At this point Massimo interrupted the
conversation to point out a Fiat prototype on
the road. It was covered in cloth so no one
could see its shape.]

DD: How did the team come together?

MB: Arduino started as Wiring, an electronics
prototyping platform, which a student of mine

was working on. When it was finished, | was
committed to using it in school because the
only way to try it out was to get it in front of
people. Wiring had a more expensive board,
about $100, because it used an expensive
chip. | didn't like that, and the student devel-
oper and | disagreed.

| decided that we could make an open
source version of Wiring, starting from

scratch. | asked Gianluca Martino [now one of

the five Arduino partners] to help me manu-
facture the first prototypes, the first boards.

Then | invited Tom Igoe from New York
University's Interactive Telecommunications
Program to come visit lvrea and work on a
project. | had met him and liked him. So he
came over, and we ended up using the first
Arduinos [to design interactive lamps for
Artemide]. Tom liked the concept. He said
he'd bring it back to New York and start
playing with it.

The idea was to make a board with the
minimum number of parts, a PIC processor
that would be cheap. | wanted them to cost
$20 a board. That's the price of a pizza dinner.
So a student could afford to skip pizza and
spend the money on a board.

The first run of pre-assembled boards was
200. Fifty were bought by Ivrea. Fifty were

60 Make: makezine.com/32

Dieter Rams

10 PRINCIPLES FOR
GOOD DESIGN

Good design is innovative.

Good design makes a
product useful.

Good design is aesthetic.

Good design makes a
product understandable.

Good design is unobtrusive.

Good design is honest.

Good design is long-lasting.

Good design is thorough,
down to the last detail.

Good design is
environmentally friendly.

Good design is as little
design as possible.

vitsoe.com/good-design

- bought by Sweden. The other 100, we said

- that we hoped we could sell them. And we

- sold them. From then on, we had people ask-
- ing us for boards. When | started to see what
people were doing, | knew that Arduino was

- going to make a difference. &

- Dale Dougherty is founder and publisher of MAKE.

Anne Brassier / Vitsoe
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i o sy &

from the =
MAKERSHED

7 _“ #MKAD51

we think we're bound to see more types of
electronics that occupy human real estate.

At Adafruit we're working on a new wearable
electronics platform called the Flora. Wearable
technology to us is just a temporary term for
what's happening with electronics. Practically
everyone has an internet-connected super-
computer in their pocket now. It's often stuck
to their head, too, with a Bluetooth headset

or headphones. It's becoming "wearable,” so

Phones augment reality,

wearables augment humans,

The Arduino platform has become an easy

way to "glue” together ideas, sensors, and

applications. In recent years we've been work-
ing to make it easier to get sensor information
in and out of Arduinos. Wearables are prime
for this. We think we'll see an intersection of
elegant fashion and thoughtful engineering.
Why? Just look at your phone; it's not just
a device for making calls. It's filled with sen-
sors: GPS, proximity, compass, touch, sound,
temperature, and more. The smarts in a phone
are self-contained, while the sensors within an

By Limor Fried

L & Phillip Torrone

Arduino-compatible wearable will sense your

body and your environment. Phones augment

reality, wearables augment humans. Imagine a

belt that gently pulls you in the right direction

to navigate a city, or an LED jacket that dis-
plays the logos and patterns of your choosing.

We started with what we and the open
source community wanted in an embedded
platform. There wasn't anything out there, so
we designed our own: the open source Flora.
Here are some of its key features:

» Flora makes it easy to embed LEDs and
animations on clothing.

» Comes with projects at launch.

» Includes the Flora-addressable and
chainable 4,000mcd RGB LED pixels.

» Has USB HID (Human Interface Device)
support, so it can act like a mouse, key-
board, MIDI, etc.

» Modules include: Bluetooth, GPS, 3-axis
accelerometer, compass, flex sensor, piezo,
IR LED, and more.

» Built-in USB support with Mac, Windows,
and Linux.

» Difficult to destroy: the onboard regulator
means that even connecting a 9V battery
will not result in damage or tears.

Two years ago when we released the Kinect
data dump (makezine.com/go/data-dump),
we had no idea what would happen, but with-
in months, hundreds, then thousands, of
hackers, artists, and scientists made amaz-
ing, completely unexpected projects, taking
the Kinect to new places. We think that will
happen again with the Flora. Available now
at makershed.com.

Limor Fried is owner and operator of Adafruit Industries (adafruit.com), an
open source hardware electronics company based in New York City. Phillip
Tarrone is creative director of Adafruit and editor at large of MAKE.
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Like many young, ideal-
istic, and smart “tech”
folks, Sam Goldman and

Ned Tozun were told over

- around the world and millions more in the
works, Tozun says it's not the money that
drives them. With a combination of venture
capital and social enterprise (weighted toward
social), the money is necessary, but not what
keeps the passion going.

and over that their idea
would never fly.

But their drive, passion to succeed, and
bit of naivety beat the odds and now d.light
design (dlightdesign.com) is improving the
lives of millions.

Currently there are 1.6 billion people in the
world without access to electricity. Millions
are still using unsafe and inefficient kerosene
lanterns. As a Peace Corps
volunteer in Benin, West
Africa, Goldman experienced
the dangers of kerosene
firsthand, when a neighbor's
kid was severely burned.
Together, Goldman and Tozun
imagined a world where out-
dated kerosene was replaced
by clean, safe, bright light.

Goldman and Tozun
met about six years ago
at Stanford University and
shared a vision that would
eventually become d.light
design in 2007. Both passed up lucrative
careers with some high tech giants. As found-
ers of d.light, their design challenge was to
develop an efficient, affordable, and durable
lantern for customers living in some of the
poorest regions of the world. The result was
a flexible-use solar lantern that can run many
hours on a day's solar charge. Their newest
design even incorporates a cellphone charger,
knowing cellphones are the lifeline of many
small business owners in developing countries.

Their challenges include distributing to
hard-to-reach markets in over 40 countries
and convincing buyers their investment pays
off in the end. For farmers and shopkeepers,

the investment pays for itself in very little time
' MAKE contributing writer Rick Schertle teaches middle schoal in San Jose,
- Calif. With his wife and kids, he laves all things that fly.

in the form of fuel cost savings and increased
income by being able to work in the evenings.

~ SOLAR SOLDIERS: (Above) Sam Goldman (left) and Ned Tozun (right)
-~ proudly display dlight lanterns. (Opposite) A woman in India uses
- adlight lantern to light her kitchen.

- World in 100 Objects as the 100th object.

- Tozun and his wife worked with d.light in

. China for three and a half years, and he said
. he enjoyed the anonymity there.

While the camping industry is potentially

a huge market, and their lanterns can be

~ purchased online in the U.S., that's not what
 they're all about.

With over six million of their lights in use

Tozun is a totally unassuming guy, even

though d.light has received numerous awards,
' including Forbes Magazine's Top 30 Social
Entrepreneurs, and their S250 lamp is fea-

~ tured in the British Museum's History of the

Tozun's advice to young makers: "Don't give

up!” For d.light there were many challenges,

~ but each was met with passion, conviction,

~ and often-naive optimism. Now, with the taste
- of success, their goals are no longer modest:

'~ they aim to improve the lives of 100 million

'~ people by 2020.
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LIS DEZ50 MOLNAR

Mo =

- Dezso Molnar fires up the
original Molnari 6T gyrocycle.










Greg Hain (go-kart)

THE PRACTICAL DREAMER

Until about eight years ago, Molnar had
never intended to get into the street-legal
aircraft business, but considering the nature
of his pedigree, perhaps it was inevitable.
Molnar flew hot air balloons as a teenager,
then paid his way through college by flying
planes in the Air Force and moonlighting

at Truax Engineering, where Robert Truax
had a Navy contract for building a replace-
ment vehicle for the space shuttle (this was
right after the Challenger crash). They built
a workable rocket (they were awarded the
contract), but funding issues shut down the
effort. Afterward, Molnar spent a few years
playing music in bands, building robots with
the machine performance art outfit Survival
Research Labs, and designing DIY vehicles
like his buzz-bomb jet-powered go-kart.

He next signed on as a crew chief for Craig
Breedlove's attempt to drive a jet car through
the sound barrier. When that project ran its
course, Molnar jumped back into music, and
that's where he might have stayed had it not
been for London’s 2003 heat wave.

“In 2003, | was in the U.K. shooting a music
video. It was hot and fun until | got back to
Los Angeles, where it was foggy and dew
was dripping from the walls in my house.
| called a friend and suggested we drive out
to Palm Springs, just to warm up. But it
was the middle of the day and my friend
worked downtown, and the traffic there
was bumper-to-bumper. We were trapped.
We couldn't leave.”

And that's when Molnar got curious about
the kind of vehicle that could beat this traf-
fic. He wasn't interested in fairy tales, he was
interested in practicality. A flying car capable
of vertical takeoff was the most common
response, but the only thing that could take
off vertically was a helicopter, and those were
both expensive and difficult to pilot. But what
if he threw that requirement out the window?
There are 14,000 airports in America, 30 in
the L.A. area alone. What if you could depart
from those airports (which typically sit in
less congested areas, so getting there isn't
as much of an issue) and land in a congested

area? There are dozens of parking garages in
downtown L.A. — what if you could land atop
one of those?

Then Molnar remembered an advertisement
from his childhood for a gyrocopter, a type of
“rotorcraft” invented in the 1920s by Spanish
engineer Juan de la Cierva. Gyrocopters use
an unpowered rotor for lift (like a helicopter
in autorotation), an engine-powered propeller
for thrust (like a plane), and have the advan-
tage of being able to land at very slow speeds

- (to maximize pilot safety) in extremely small
- spaces (like the roof of a parking garage). Even

better, gyroplanes are cheap — kits start at
10,000 bucks — and easy to fly: a sport pilot's
license is required, with just 20 hours of flight
time. There was one small issue, however:
gyroplanes had a bad habit of crashing.

“The problem,” says Molnar, “is that the
most popular gyroplane on the market was
designed without a horizontal stabilizer —
which is what keeps a plane’s nose from
pitching up or down. People kept getting killed

(Top) Molnar was crew chief for Craig Breedlove during his attempt
to break the sound barrier in a car in 1992. (Bottom) Molnar takes
his buzz-bomb jet-powered go-Kart for a spin.

Follow us ®make 67



F2N[LUAY DEZS0 MOLNAR

(Right) Plugs for casting composite
body panels for the GT. (Below) The
geometry of a street-legal gyrocycle
guides the progression of the 6T’
fairing design.

) S iticreasingly more powerful. Motorcycle
- engines are constantly getting better, and you
can get them repaired at any roadside shop.
It's a perfect solution.”

All of these ideas came together in the
vehicle Molnar wheeled onto the tarmac that

IquIr Dre o1 e wornid s sdigsi ditrdil — dnidl
e that can land in less than 20 feet.”

Molnar had solved only part of the problem.

' could land in a congested area, but he still
d to evade traffic on his way out. “l took a
y realistic approach to this question. Since
rtical takeoff is too limiting, and no one’s
ing to build a long runway in places like
wntown Los Angeles, then flying away isn't
2 solution. You need to be able to drive. This
vhere the motorcycle comes in. If you drive
ay on a motorcycle you can split lanes. It's
> fastest way to get away from traffic, and
 legal in 25 countries.”

What made the motorcycle even more
eresting was the engine. Motorcycle

gines are cheap (a new one costs around
000 versus $36,000 for most aircraft
gines), powerful, durable, quiet, get great

Make: makezine.com/32

October 2005 afternoon, the Molnari GT gyro-
cycle. The test drive went exactly according to
plan. The one-cylinder engine and propeller
generated more than enough wind to push
the vehicle past the 50mph mark. Road tests
confirmed it could master the freeways: the
two-wheeled bike did 90mph no problem.
(The newer, tri-wheeled G2 does 160mph

and handles like a sports car.) Because of his
engine choice, Molnar also evaded a problem
that plagued Moller and Terrafugia: his vehicle
passed a smog test. The bike was street legal.
Now it was time to see if it could fly.




Dezso Molnar and Craig Calfee prepare the latest _ =
version of the gyracycle, the Molnari 62, forupcoming.

road testing at Bonneville Salt Flats, Utah. - =" —-

DREAMS REALIZED

The first flight took place in 2006, and every-
thing went perfectly. The crew logged four
hours of flight time without a mishap, so
Molnar started thinking about production.
Originally, his plan was to sell single-seaters,

to explore upscale markets — which meant
two seats, room for cargo, and all kinds of
doodads. So Molnar and his partners spent
years working on the new G2 while trying to
convince the FAA that gyroplanes could be

engineered safe enough to be sold as turn-key
“It's for skydivers and guys who ride Ninjas.
These people live for adventure, they know

- they're on the cutting edge, and consider

- what happens if we're successful: suddenly

- the chuckle factor is gone from the flying car
~ discussion. In its place, you get all the optimi-
- zation and engineering that results from any

- race program, and nobody streamlines better
- than a racing pit crew.”

light sport aircraft. The FAA wouldn't budge,
so Molnar went back to his roots.
"I decided,” he says, “that this had to be
a DIY project. The FAA won't allow a ready-
made gyroplane, but tens of thousands of
aircraft flying are homebuilt, and the FAA
regulations allow gyroplanes that are built
from kits. | had a machine that could fly and
drive, but if it was going to help launch the
flying car revolution, then DlYers would need
to assemble their own to push it forward.”
Unlike kit airplanes, which can take years

' to build in a hangar, Molnar thinks the G2
could be snapped together in a garage in

- four weeks. But it hasn't been engineered

~ for production, or optimized. Engineering, he
 feels, is easy; it could even be crowdsourced.
- But optimization requires testing — and this
constructed from kits. But his backers wanted |
~ further from his peers. Rather than drum up
financing for mass production, Molnar wants
to establish a gyrocycle racing league popu-
lated entirely by kit builders.

is where Molnar's business plan deviates

"Sure, it's not a huge market, but this is not
a machine for couch potatoes,” Molnar says.

- Steven Kotler's (stevenkotler com) books include Abundance, A Small Furry
- Prayer, and the novel The Angle Quickest for Flight.
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Charles P.lart

Rocket

THE NEW SPACE RACE IS MAKER-MADE

While Elon Musk ponders his personal ambition to
visit Mars, privately funded space ventures in the
grungy little backwater of Mojave, Calif., continue to
make rapid progress on a more immediate timescale.

| wrote about them here two years
ago ("Rocket Men” in MAKE Volume
24), but events at Mojave have taken
an exciting new twist. The Mojave Air
and Space Port now has its very own
makerspace called Mojave Makers,

and the line between professional engi-
operated in relative isolation from each
: other, but the Mojave Makers space
promises to bring them together. It will
also provide tools and equipment that
: few individuals could normally afford,

: and so much floor area, you could

i build a small airplane in it.

neers and the rest of us is becoming
difficult to discern.

Scaled Composites, founded by
Burt Rutan, is at the high end of the
funding food chain in Mojave. Its most
grandiose venture is to build a dual-
fuselage aircraft using parts cannibal-

ized from a pair of 747s. It will have the i
i earlier this year, | found myself in a big,
i bare-bones building that lacked ameni-
i ties but already contained a miscellany
i of tools. They ranged from a simple
drill press to a 30-horsepower Puma

largest wingspan in the world, to carry
a SpaceX Falcon 9 rocket for launch
from a high altitude, greatly increasing
its potential payload.

At the mid-level, Xcor has started

selling suborbital flight tickets for rides :
: a metal shell almost the size of an SUV.

on Lynx, its home-brewed rocket plane.
By the end of 2013 it should be flying
to the edge of space.

At the grassroots level, almost any-

: one can launch his own homemade

. rocket from a desert facility operated

. by Friends of Amateur Rocketry, just

i 20 miles north of Mojave (see FARther
i Out, page 77).

Traditionally these groups have

When | attended the launch party

10S lathe weighing 8 tons, enclosed in

In an adjacent room, seats extracted

from the first-class cabin of a retired
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LAY MOJAVE MAKERS

the NASA Technical Reports Server (NTRS),
where the archives are publicly accessible.

Unfortunately, as the old saying goes, a
government big enough to give you everything
you want is big enough to take it all away.

The FAA has set altitude limits for classes
of amateur rocketry. You can't buy or own
some types of propellants without appropri-
ate licenses. And strict federal laws known
as International Traffic in Arms Regulations
(ITAR) control almost all space hardware.

Andrew Bingham, who attended ITAR brief-
ing sessions when he used to work at the
legendary Jet Propulsion Laboratory, gives
me an example of the problem. "You can buy
Arduinos rated for -25 to +40 centigrade.

So if that board will run in a vacuum, it may
also work in a spacecraft. But suppose you
exchange the electrolytics with solid capaci-
tors. My reading of the rules suggests that it's
now designed for the space environment, and
consequently it's controlled by ITAR. Can |
even talk about it publicly anymore?”

Bingham has some ambitions that are not
space-related: "l want to build a solar hot
water heater for my spa,” he says. "And some
custom computer keyboards.” But, he con-
tinues, "l also want to test some commercial
electronics to see if they'll work in a cube sat,”
which is a 10-centimeter cube that can be
launched into orbit. “Typically the kits to do
that cost thousands of dollars. | want to do it
for $500."

Who could object to a project like that? Well,
that remains to be seen. When today's plans
turn into tomorrow's functioning devices,
perhaps another two years from now, we may
learn just how tolerant the government will be
of the fiercely independent maker spirit. &
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Charles Platt is the author of Make:
Electronics, an introductory guide for all
ages. A contributing editor of MAKE, he
designs and builds medical protatypes
in Arizona.



RESOURCES

FAR: friendsofamateurrocketry.org
Scaled Composites: scaled.com

XCOr: Xxcor.com
Mojave Makers: mojavemakers.org

FARther Out

Drive 20 miles north of Mojave, take a
lonely dirt road across the baked gray
sand of the desert, and eventually you
find a 10-acre rocket launching facility
maintained on an all-volunteer basis by
FAR, the Friends of Amateur Rocketry.

Two cinder-block bunkers face some
small launch pads and a steel gantry.
Behind the bunkers are prefabricated
buildings for vehicle assembly, repairs,
and modifications, with tools includ-
ing alathe, mill, drill press, chop saw,
grinder, and welder. There's also a
microwave oven, bottled water, and
basic food supplies (restrooms are still
under construction).

Rocketeers converge here every
other Saturday, driving pickup trucks
and station wagons loaded with
rockets, spare parts, and tools. Today
the Camarillo High School rocket club
is assembling a vehicle that should
reach a speed of Mach 1.8. Nearby I find
Paul Breed, a hardcore individualist
and uber-maker who founded his own
company, aptly named Unreasonable
Rocket, to build a viable contender for
the Northrop Grumman Lunar Lander
X Prize Challenge. He did it all with
the collaboration of just one person:
his son.

Today Breed is at FAR testing a
parachute system, but he says he's also
in the desert for fun. "There's a good
chance to watch fireballs and destruc-

TRESPASSING
VIOLATORS
WILL BE SHOT
SURVIVORS
| WILL BE SHOT

tion,” he says with a grin. "Energetic
chemicals don't always behave." Still,
his ambitions are serious. He hopes to
compete in the $3 million Nano-Satel-
lite Launch Challenge. "Getting to orbit
is really hard,” he says reflectively."I'm
thinking of using a three-stage rocket."

A more low-key enthusiast, [ames
Grover is an engineer at Northrop
Grumman who specializesin CAD
design and worked on the James Webb
space telescope. He comes to FAR for
the pleasure of hands-on work. "This
gives me an outlet to do exactly what
I'want,” he says, adding that for him,
rockets are a lifelong passion. He setsup
and fires his 7-foot rocket, then disap-
pears out across the desert in his pickup
truck, using radio equipment to find
where it came down. Later he reports
that it reached more than 42,000 feet.
His next project will be a two-stager
that should exceed 100,000 feet.

| ask one of the site managers what
I'd have to do to fly my own rocket out
here. "Probably show up withit," he
says laconically. Actually some paper-
work is involved, to comply with FAR's
state, federal, and local licenses. Even
in this wide-open empty place, there
are regulations. But getting access
couldn't be much more affordable.
You can participate foramere $10
admission fee.

observation bunkers at FAR, with mission control table (right).
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The

“Oh, YOU made that?” We must have said
it a dozen times during our recent visit to
Anaglyph Sculpture, where every surface is
crowded with decades worth of toys and col-
lectibles produced by sculptor Scott Hensey.
Almost anyone would recognize a few favorite
commemorative items, but we geeked out
over the Star Wars phones, Happy Meal toys,
Disney collectibles, and thousands of colorful
items that inspired us to play and thus begin
our own creative journeys.

By chance, Hensey's knickknack wonderland
Is right down the street here in Sebastopol,
Calif., making it a perfect spot to kick off
MAKE's new video series, Make: Believe.

We're taking our cameras into the studios

78 Make: makezine.com/32
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Written and photographed
by Gregory Hayes

niiicen

t

Toy sculptor Scott
Hensey in our new video
series, Make: Believe.

of the makers who turn fantasy into memo-
rable reality. Whether iconic or incognito, they
design and make the creatures, props, special
effects, toys, games, and, often, the very fabric
of modern culture. They stretch our imagina-
tions and change our whole concept of what's
possible. We're going to show you how they
work their magic.

Here's a peek at what we saw while Hensey
talked about technique, inspiration, getting
started in a tough business, and how to make
a living doing what you love. You can see our
video and all of the photos from our visit online
at makezine.com/go/believe.

Besides wrangling MAKE photography, Greg helps produce Make: Beligve.






ROUNDUP

If you think all MIDI controllers look
like synths, think again. Tristan
Shone’s hardcore industrial fetish
yields handmade Drone Machine
controllers in unlikely forms, like the
300lb disc Rotary Encoder and the
Linear Actuator, a weighted slide
handle with spring-loaded plungers
at either end. Learn how to make the
Headgear controller in Volume 22 and
check out his sights and deep, dark
sounds at authorandpunisher.com.
—-Goli Mohammadi
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Jeni Cheung (Tristan Shone): Benjamin Cowden (Shaker)




MAGICAL SOLDERING UNICORN

Following a conversation on L.A.s Crash
Space mailing list about how hackerspaces
don't often attract girls, a joke was made
about a soldering unicorn. (Crash Space
actually bucks the trend, with a 50/50 gen-
der split.) The idea culminated in Sparkles,
a My Little Pony figurine fitted with a work-
ing soldering gun in place of its horn. Crash

l -

driven oy a hand crank. Artist B ET]ammiin

LOwden STUuggedly nandsome machnine 1s also

elegantly usetul; according to his website,
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ROUNDUP

Ambarometer

I've always had a fascination with
wordless user interfaces. Visual
metaphors are, in effect, a higher-
bandwidth device-to-brain link, using
the brain’s built-in pattern-recognition
circuitry. And when implemented
properly, the results are always visu-

ottt
i el b s ool s o sl ol

[ el DI.-...I, |.. ol
print it from Sha

it in gold!
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Eco Print
& Build

Researchers from the College of
Environmental Design at UC Berkeley
have developed methods for 3D print-
ing inexpensive yet sturdy materials for
use in architectural applications. The
team's hacked CAD/CAM machines print
tough, durable parts out of a homemade,
translucent, cement polymer. Complex
or large designs, like the Seat Slug, are
printed in pieces and then assembled.
rael-sanfratello.com/?p=1154

—Josie Rushton

10100X
BOOMBOX

Maker Floyd Davis IV creates
booming sound systemsin
everyday items. The custom-
ization options are limitless.
Build your own amplifier, add
arocking LED light system, or
just trick it out with some extra
bling. A totally unexpected
way to liven up your next social
gathering with some funky
beats. artpentry.com

—-Ben Lancaster

Jonathan Foote (ambarometer); Zack Jacobson-Weaver (brick iPhone):;

Rael San Fratello Architects (seat slug); Craftsman (boombox)
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Eben Ostby fell in love with

an old camera called a Kodak
Panoram, which captures flat
swaths of landscape in a pan-
oramic sweep. But he wanted

to use 35-millimeter film. So

he drew up a prototype on
SketchUp, and sent his design
off to 3D printing company
Shapeways. With the pieces
assembled, he rigged a piano-
wire spring that rotates the lens.
See his wistful, contemplative
shots at ebenostby.com.

—Bob Parks

A —
:MAKEYS
Maker Hero 2012

OF

To self-taught electrical engineer Jeri Ellsworth,
deconstructing and re-engineering the world around

her is second nature. This curious and enthusiastic
approach to life shines through in her numerous .
hacks, which include a brainwave-activated “ahal!”
light bulb head accessory, a microphone made |
of razor blades and Tupperware, a dress that lights
up when people approach, and a Commodore 64
that she hacked into a bass keytar. Ellsworth's
designs are hybrids with humor. As she says

on her YouTube channel, "Hackingis fun.

Don't worry about finding a reason why.”
makezine.com/go/ellsworth -LC

Eben Ostby (Kodak Panoram)
Bridgette Vanderlaan (Ellsworth)
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SKILL BUILDER
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These days, a typical microcpnifnlter-based F3itrasiietias
board costs $20 to $30, while the BeagleBone MATERIA[S E T““ls friTabaisinis

retails for $89. Other than-a more powerful s BusiieBonio duvelonmanthasrd a7 sty

processor, what are you getting for your #MKCCE1 at Maker Shed (makershed.com) ~ +i4:
extra money? . » Power supply, 5V 4441

. » Breadboard il

L R » Jumper wires s

» Built-in networking: Not only does the » LED 4384
BeagleBone have an on-board Ethernet con- » Resistor, 50Q-1002 (1) and 10k< (1) frire

PO . . » Switch, momentary pushbutton yaaksans
nection, but all the basic networking tools that % Conipirter with Intermet connection

{:ome"hackaged with Linux are available. You » Router and Ethernet cable thidiiiratatas

TR
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can use services like FTP, Telnet, and SSH, or  REQUIRED RESOURCES (ONLINE): spiiiasiiiay
even host your own web server on the board. » Angstrém distribution of Linux, latest s b

' version: beagleboard.org HES IS 8408998

. _ o » BeagleBone's System Reference Manual: shrassaiiiiy
» Remote access: Because of its built-in beagleboard.org/bone hdpnddg padbty
network services, the BeagleBone makes it ﬂml‘_ﬂﬁlﬁdl’ﬁhzﬂgfmtlgll;lﬁ; github.com/ 2 ess5e30040d

- ; i mrichardson23/mr SEisthntatatss

much easier to acgess electronics prDJEC'FS » PuTTY, an SSH/Telnet client (optional) G ad OB I BT O0
remotely over the internet. For example, if you if you're using a Windows PC: putty.org 433383883888S

have a data-logging project, you can download

the saved data using an FTP client or you can  come in handy when a challenge comes along.
even have your project email you data auto-

matically. Remote access also allows you to » Multitasking: Unlike a basic microcon-

log into the device to update the code. troller, embedded Linux platforms can share
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Getting Set Up via Eth t

Your BeagleBone comes with a MicroSD card
preloaded with a customized version of the
Angstrém distribution of Linux. Since devel-
opment on this distribution happens rapidly,
you'll want to update to the latest version,

& PuTTY Configuration

Categony:
available at beagleboard.org. smm smuyuhafﬂflj::mET;;T
To access the BeagleBone to upload code, e os o1 e P
you can connect to it over the Ethernet port WE.:W Gt e
with SSH, or you can connect it directly Aoseuarcs oy e
to your computer's USB port. Since we'll Tt Saved Session:
be downloading a few files onto the board L ek Detouk Sotings

Data

directly from the internet, let's connect to the
BeagleBone via Ethernet.

Close wandow on ok
Citbways O Mever (50 Ondy.on clean st

1. With the MicroSD card inserted (Figure A),
connect the BeagleBone to your router via
Ethernet and plug in a 5V power supply to the
BeagleBone (Figure B).

2. On a Mac or Linux box, open a terminal win- o T o i 1 205138 2012
dow and type ssh root@beaglebone.local Ef,EE‘; :E::. :,.;t,,::ﬂi:;:::
(Figure C). mesan Ak | Ehisesw

On a Windows PC, download PuTTY and o e e i

open it. Enter beaglebone. local as the
host address, making sure the SSH.button
is selected, and press Open. When it shows
you the prompt login as:, type root and
press Enter: If the addressdeaglebone . J0Cal: THEY i i e e

doesn’t work, try using the IP address of the HP Find your BeagleBone's IP address by logging into your router
board instead (Figure D). and looking for "beaglebone” on the DHCP clients list (Figure ).
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Reference Manual from beagleboard.org/
Manual that shows the pinouts for P8, you
can see that the default signal name for
hardware pin 12 is GPI01_12. (The signal
names take the format of GPIOchip_pin.)
3. To determine the pin number that you'll use

within Linux, multiply the chip number by
32 and add the pin number. So for signal

bone.
2. In the section of the System Reference

GPIO1_12
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DERIVING THE
» The GPIO 51gnal numbers you'll
refer to within the Linux file system
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how the Linux kernel uses a virtual file system

may warn you that the host is unknown
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1b. On a breadboard, connect the cathode (-)
of an LED to ground and the anode (+) to pin
12 on header P& through a current-limiting
resistor (any value between 50Q and 100Q
should do).

1c. Figure out the Linux GPIO signal number
for pin 12 on P8 (see sidebar, page 90).

1d. Now that we know which pin number to
use within Linux and we've set it to GPIO
mode (pin 12 defaults to GPIO mode), let's use
the command line to control the pin.

On the command line, change to the gpio
directory (Figure H):

cd /sys/class/gpio

EAUT\UNWMH i

to accidentally connect your button to the
aV source on ping 5 and b. The GPID pins
can only handle 3.3V.

le. When you list the contents of the directory
with the command 1s you'll notice there's no
folder for GPIO signal 44. That’s because first
we need to export the pin to “user space” so
that we can control it. To do that, write the
number 44 to the export file:

echo 44 > export

1f. Now when you type 1s you'll see the direc-
tory gpiod4. Change to that directory:
cd gpiod4

1g. Since we're trying to control an LED, we'll
need to set the pin as an output by writing the
word out to pin 44°s direction file:

echo out > direction

1h. Now we're ready to set the pin high to illu-
minate the LED. Write 1 to the value file:
echo 1 > value

1i. Naturally, setting the pin low and turning off
the LED means writing a O to the value file:
echo @ > value

2. INPUT VIA GPIO PINS: READ A BUTTON
Using the GPIO pins as an input is just as easy.
Here's how to tell the BeagleBone to read a
pushbutton switch.

2a. Wire up a momentary pushbutton to pin
45 on header P8 with a 10K pull-down resistor.
Connect the other side of the button to 3.3V
source on header P9 pins 3 or 4 (Figure G).

2b. First, we must export the pin to the user
space and change to its directory. Since pin
45 on header P& is GPI02_6, we'll export pin
gpio7e:
echo 7@ > /sys/class/gpio/export
cd /sys/class/gpio/gpio7@

2c. Set the pin direction as an input:
echo in > direction

2d. Now instead of writing the value file, we'll

read it:
cat value

Fallow us @make 91
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2e. This should return e for a low pin. Now

into your home directory:

press and hold the button while you execute cd ~

JULS IS a5 SHTIPIe as reaaing ana writ-
in the Linux Virtual File System. This
hat, without any libraries, you can use
uage you're comfortable with, as long
's a compiler or interpreter for that

= available on the BeagleBone.

cluded Angstrém distribution of Linux
ludes a built-in web-based develop-
vironment for Node.js called CloudS.
a framework called Bonescript cur-
1der development which can be used
ssing GPIO pins within Node js.

ver, when | started my first few pro-
lith the BeagleBone, | decided to use
because | was more comfortable work-
thon than in Node. In my first Python
was working with the files manually:
themn, reading or writing them, then
hem each time | wanted to read or
.

ecame tedious, so | wrote a Python
called mrBBIO, which packages up

- functions into an Arduino-like syn-
50 lets you refer to the pins on the
one as their physical pin locations,
on't need to refer to the System

ce Manual to determine the Linux

ame for the physical pin or figure out
hange its mux setting. (I was inspired
nder Hiam's pyBBIO module, which
writes to specific memory registers to
he pins.)

g as your BeagleBone is connected
ternet, you can download mrBBIO
from GitHub. To do so, first change

makezine.com/32

repeateqary unti tne prograrri Is terrfiunated.
The setup function in this example sets pin
P8.12 as an output and P8.45 as an input:
def setup():
pinMode(“P8.12”, OQUTPUT)
pinMode(“P8.45”, INPUT)

The loop function will be checking whether
the button is pressed. When it senses that it
was pressed, it will turn the LED on for 1 sec-
ond and then turn it off. It will also output text
to the console to indicate when the button
was pressed, using an Arduino-like millis()
function.

To execute the code from the command
line, type:

python example.py
and watch the LED light up when you press
the button! To exit the program, type Ctrl-C.
The mrBBIO module will take care of unex-
porting the pins for you.

If you're eager to start experimenting on
your own, you can start by using the example
file as a template. Make a copy of the file:

cp example.py test.py
and edit it in Nano (or your preferred text
editor):

nano test.py

If you'd like, you can even use your com-
puter’s text editor and upload the code to your
BeagleBone via SFTP.

Taking It Further

Of course, using an embedded Linux system
to blink an LED is overkill, but this guide will
give you the basic tools you need in order

dana out|
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means t
any lang
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languag
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to take on more complex projects. With all
the extra features that the embedded Linux
affords, there's so much you can do with
these boards and some simple GPIO. You
could create an internet-connected coffee pot
that serves its own web-based control panel
for activating it and changing its settings. Or
perhaps you'll want to log temperature data
directly to a text file on a USB flash drive.

| recently used the BeagleBone for my
Descriptive Camera project (mattrichardson.
com/Descriptive-Camera). It's a camera that
outputs a text description of the scene you
capture instead of a photograph (Figure I).
It accomplishes this through crowdsourcing.
When the shutter button is pressed, the cam-
era snaps a picture from a USB webcam and
then contacts my friends via instant message
to see if they can describe the image. When
they respond, their response is printed out on
a thermal printer mounted to the front of the
camera. (If none of my friends are available,
the camera uses Amazon's Mechanical Turk
service, which lets me pay someone to write
the description.)

*EEE

sreed r
ek b i
:+++4+++

*
*
+
hh SRR LS EE
R R X R PR L S ]

The camera uses the mrBBIO Pytt
ule to read the shutter button and cc
status LEDs. | used other Python mc
for outputting descriptions as text ol
printer and taking care of the netwol
needs to happen in order to crowdsc
descriptions.

With all the features that the Beag
afforded me, and despite the learnin
| think | chose the right technology t
job done effectively. Creating a proje
with a microcontroller probably wou
been a tough thing to do. &

To dig deeper into embedded Lini
out elinux.org, which covers many di
embedded Linux platforms. For spec
with the BeagleBone, try reaching oL
BeagleBone mailing list at groups.go
group/beaglebone or connect to the
channel on the Freenode IRC networ

Matt Richardson is a contributing editor of MAKE and a Bmi
technophile, maker of things, photographer, and video prod
can be found at mattrichardson.com.
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IR IR E CATAPULT GLIDER LAUNCHER

for rubber
13" tubing; all
17" other
r holes 14"
-~. / \

&' 36"
/ \ \
Catapult arms are 1x2's.

All legs are 8' long 2=2's.

12" hole B

2x2%x38"—F =

2x2xd7"— .

1]

Rear leg
of tripod

1x2x12"
Ix2x16"

[ 52"

Catapult Glider
Launcher

Fling your Rocket Glider or other toy aircraft

el i O

Written and photographed by Rick Schertle

For many years, the U.S. military has enjoyed playing with "toys.”
Today that includes unmanned drone aircraft, but in the past, it was
toy balsa wood airplanes. Thousands of folding-wing balsa gliders were
shot out of the sky in the early 1940s for World War Il artillery practice,
High in the air, these toy airplanes had the scale effect of a full-sized
plane. Developed and patented in 1939 by Jim Walker, founder of the
American Junior Aircraft Company, the folding-wing Army Interceptor

glider bore the brunt of the action.

My folding-wing Rocket Glider, based on the
Interceptor, was featured as a how-to project
in MAKE Volume 31 and is available as a kit
from Maker Shed. While the Interceptor origi-
nally used a handheld rubber-band catapult,
the military designed a launcher to hurl the
gliders nearly 300 feet high. In 2004, Frank
Macy designed the first reproduction of this
launcher, on which this project is based.

With nearly 20 pounds of pulling force, this

104 Make: makezine.com/32

simple catapult remarkably flings the tiny glid-
er (weighing less than an ounce) 150 feet into
the air. Stand clear, pull the rope trigger, and
watch a piece of history rocket into the sky!

1. Build the tripod catapult stand.
1a. Cut the lumber to the following lengths:
»2x2: 8 (3),38" (1), and 47" (1)

»1x2: 36" (2),12" (1), 16" (1), 17" (1), and 3" (1)
»1x4: 30" (1)



Materials L

» Lumber: 2x2x8' (4), C D /¢
1x2x8' (2), 1x4x30" (1) :
Cheap pine is fine; | used
clear fir for a nicer look.

312" (4), 512" (1)

» Nuts, 14" (8)

» Wing nuts, 14" (2)

» Washers, 14" (20)

» Wood screws: 34" (5),
2'" (4}

» Screw eyes, 15" (4)

» Chain, light duty, 33"

» Wood glue

» Hinge, T style, 4"

» Aluminum C-channel,
15" x14"x1/16" thick,
26" length

» Surgical tubing, 2" OD, ;
6' length

» Steel rod, 18" diameter, \

912" length \ _

» Wire or cable, 14 gauge, .
stranded, coated 4 5

» Rubber band, 32", /

heavy duty or you can
double a 7" band {

» Rope, light duty, 6' needs / :
to slip smoothly through f
screw eyes

» Wire clothes hanger M ol

» Folding-wing glider for /| G
launching. Make your own 4
at makeprojects.com/ |
project/f/1934, or get our

""""""""" Rocket Glider kit, item /

#MKRS2 at Maker Shed ey
(makershed.com). :

T"UI.S .1;“. .. Build the glidr in

» Miter saw power or hand i __ MAKEVOLUMES1
» Drill and drill bits: AT N Or get the kit from
322" ", 14", 15" e "x_,/fr . MAKER SHED #MKRS2
» Hacksaw L8 \
» Screwdriver and wrench i
or socket set e

» Wire cutters/strippers
» Scissors or utility knife

» TIME: A WEEKEND »~ COMPLEXITY: EASY

1b. Assemble the tripod stand, following the to the rear leg (5%2" bolt). This way, the cata-
assembly drawings (Figures A and B). Cut pult arms can be loosened and swung back so
the top inside corners of the 2 front legs at 15° the launcher is more portable.

so they’'ll meet the rear leg flush when they're

splayed out (Figures C and D). 1c. Attach one screw eye 3' up on the rear leg,
Drill 4" holes where indicated, then attach and another on the upper rail that supports
the pieces with %" bolts, washers, and nuts, the launch platform. Measure 33" of chain and

except the 30" launch platform (see Step 2). attach it to both screw eyes (Figure E).
Use wing nuts at the top of the tripod (with Drill ¥2" holes horizontally through the free
a 4" bolt) and where the catapult arms attach  ends of the catapult arms.

Gregory Hayes

Follow us @make 105



I LENTZR £ CATAPULT GLIDER LAUNCHER

Aluminum
rail 26" long
(centered
on board)

Holes 132"
apart, centered
on rail

Wire wing

2
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Vieasure down 144" from the top of
x4, then drill two %" holes 1¥%2" apart
-enter), one on each side of the channel.

o install the wing holder, cut a 10" piece
re from a clothes hanger and bend it into
shape shown in Figure G. Then screw it
the launch platform 8%" below the 4"

s you made. Placement is important; it

t hold the Rocket Glider's wings back, but

R e R e e e o

R e R e e e o

lake: makezine.com/32

R e R e e e o

30"

& 'Frrrr?rrrrrrrr?
not impede it fEEEEEEEEEEEEE
Eoi S S T S R S R S R S S e S b

3. rdKe uie uigger.
3a. Glue and screw the 3" piece of 1x2

horizontally to the top of the 17" piece of 1x2

(Figure ). Drill two 3/32" or 8" holes in the
horizontal piece, 132" apart, so the 18" rod
will fit snugly.

3b. Bend the " rod into a U shape with
4" legs, 1¥2" wide at the base. Carefully
hammer the U-shaped rod all the way into
the 2 holes so they stick out the other side

IMPORTAN

are the same length, so

the same time.

Hr S A A R R ML RS e LA R R R A e Lt e

Make sure the trigger rods
theyll release the glider at

Hr S A A R R ML RS e A R R R A e Lt el
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Launching Tips
Set up your launcher on a good-sized field
with little or no wind. With the catapult arms
in launch position, tighten the wing nuts.
Pull the surgical tubing downward and
hook the catapult wire onto the trigger rods
(Figure L). The tubing should be pointing
straight up vertically.
Now practice triggering the catapult
without the glider. With your head well clear,
place one foot on the catapult cross-rail,

T
\\\!31111\\

. 110 Ship‘Tréely into the wire wing (S in the launch platform. Attach 2 wood screws h
Ider (Figure M). l': i i I into the sides of the launch platform and
Just like the U.S. Army did 70 years ago B b stretch a rubber band between them to hold "
ith a similar launcher, pull the rope slowly ... I': I I I the trigger board in place. The 2 pins should al
\d watch your glider zip skyward. Eopuas move easily in and out of the holes in the
Esels: launch platform. Bend them if you need to. |
dods i When you're satisfied with the trigger T
1is catapult launcher is a rough replica of st i action, attach the T-hinge to the trigger board tt
e one used by the U.S. military, so while it ey and the bottom rail (Fi K
e gure K). fc

lds, it's still not very portable. I challenge b

: Eibd ,
AKE readers to come up with more compact "7 4b. Feed the trigger cord through the screw

; F
d clever designs and share them at make B )
ojects.com/project/g/2563. The possibili- F++ 4+ s lieishe A O

ti
s are endless! altule , - 1
sy 4c. Cut the surgical tubing into two 3' lengths
F+ + 4+ ; : :
l - R and tie a big knot in one end of each. Feed
AU" [IN H“EE the |ﬂ?ﬂﬂhfﬂ]|5 ﬂﬂg“ﬂ-ﬁﬁﬁﬂll your l': i I i these through the ¥2" holes in the ends of the
l Bad away Irom the Catapuit: ] catapult arms.
F++
F4+++ . ;
il 4d. Cut a 24" length of the heavy coated wire
'I: I I I and tie a knot in each end. Tie the wire into
Fdde the free ends of each length of surgical tubing
sl (Figure L). You're done. &
F+ 4+
F+++
F+ 4+
b+ + o+
F4++ 4+ . : ) :
i Rick Schertle (schertle@yahoo.com) teaches middle school in San Jose, Calif,
it and designed the Compressed Air Rockets for MAKE Volume 15 and the Rocket
il Blider for MAKE Volume 31. With his wife and kids, he loves allthings that fly

TrErrrrrrrrrrertrrrerrerrrrtttd+
o o T T T T S R T T S
++++++++ A+
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PC Load Letter?! b\ Y
Over 200 useful parts for free!

Bﬂhamgs} Arey PRI " !

[t's easy to build up a “junk box"

of items you can use 1o build projects
seen in MAKE - or just about any-
thing you can imagine.

Many of my articles for MAKE (makezine.
com/go/arey) take advantage of found com-
ponents, often picked out of trash bins. Just
because an electronic device has failed at its
original task doesn’'t mean it can't perform
other tasks. Castoffs can be recovered and
the parts repurposed in countless ways.

Recently, my trash-picking adventures
turned up a discarded laser printer. | set
about finding what wonders were waiting
beneath the plastic covers.

JACKPOT OF PARTS
— ,g:,_.- p My first discovery was the main circuit

T ; - ,1 i board. Once | stripped the heat shields off,

- - | found over 50 nonproprietary electronic
parts, including capacitors, resistors, volt-
age regulators, transistors, transformers,
coils, and integrated circuits. Jackpot! A
couple of boards like this, and you're on your
way to building a backup supply of parts for
future projects. A second, smaller PC board
also yielded numerous useful components.
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I A EYLESS LOCK BOX

A wave of your
finger opens
this magic
treasure chest.
Written, photographed,
and illustrated by
Gordon McComb

110 Make: makezine.com/32

~# TIME: 4 HOURS ~ COMPLEXITY: MODERATE

That piggy bank is looking mighty low-tech these

days, and you have to bash it open to get your cash.

One piggy, one withdrawal. And then there are those
cheesy, tin "Wild West" lock boxes with the red combina-
tion dial. Not only do they lack wow factor, your granny

could crack one in 30 seconds.

But stick an Arduino in a wooden box, along with a finger-oper-
ated sensor and small motor, and you've made a 21st-century
treasure chest that's suitable for a daily diary, petty cash, or even
those special Rice Krispies recipes that your snoopy neighbor
wants to steal.

There's no key in this keyless electronic combination lock box;
you just move your finger across a small optical window, and it's



How It Works

» The keyless lock box uses
a unique optical finger
navigation (OFN) sensor
as a combination decoder. The
OFN sensor works much like
an optical mouse, except it's
intended to be used in direct
contact with your finger. They
are used in handheld devices
where a trackpad would be

too large, but because they

are more expensive than track-
balls, they're not common in
consumer products.

» Movement across the small
surface of the sensor is con-
verted to X and Y distance
measurements - up, down,
left, and right. Sequences of
these movements make up the
combination of the lock.

r ﬂ Pl(eep the

SCTBWS in g safe
place; they're small!

i » For this project I'm using the
i Parallax OFN module, which |
i puts a commercial OFN sensor on
i abreakout board that provides :
i connectors for power (3.3V to
i 5V), ground, and 6 signal lines.
¢ The OFN module uses 2-wire [2C :
i to communicate with a micro-

i controller, and has additional

i 1/0 pins for such things as the

i momentary pushbutton switch
i that engages when you push

i the optical sensor down.

Side view

¢ » The locking mechanism uses
i astandard-size R/C servomo-
i tor that's glued into the bottom
i of the box. To lock the box, the
i turning servo engages a metal
i arm attached inside the box's lid. :
i Turning the other way;, it frees
i the bar, letting you open the lid.

Rear view

Optical finger
navigation module

(holes are ¥&")

“open sesame.” The combination to the lock is
a secret movement pattern only you know.

1. Prepare the box.

To make cutting and drilling easier, detach
the box lid by removing the top screws in the

» An Arduino microcontroller

: works as the main brain of

i the lock box, handling all the

i communications with the OFN

: module, controlling the servo,

i and even making musical tones
i on asmall piezo speaker,

i » Formy box,  used a plain

i 8"square cigar box from a

i craft store - no need to smoke
¢ abunch of stogies. The wood

i isunfinished; stain or paint to

suit. You don't get Fort Knox

i with these boxes, but they'll
i keep out the casual thief.

12" hole for plug

Treasure box (top view)

Locking electronics take up left side
of box (Arduino, OFN module,
speaker, and servo)

2 hinges on the back. Use a hacksaw or razor
saw to cut out a small chunk on the left side

of the box for the OFN module, just wide
enough to fit (Figure A). Gently pry loose the

knockout piece, being careful not to crack the
bottom of the box.

Fallow us @make 111



Materials

» Cigar box, or similar wooden box

Mine measured 8"x8"x134

» Arduino Uno microcontroller board
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R s e e wood behind the hole while drilling. Measure
;

so leave off the screw that holds the horn to
the servo shaft. Use a hot glue gun to mount

th-e servo in the front left corner of the box plug through the hole and into the Arduino’s
(Figure D). power jack. First drill a pilot hole with a 18" bit.

To avoid unsightly screws on the top Df_ Follow that with a 4" bit, and finish with a step
the box, fasten the locking bar to a mounting bit, stopping at the 15" mark.

block made of 4" aircraft-grade plywood or Referring to Figure B, temporarily position

PVC inside the lid. The large surface area of the Arduino in the rear left of the box, on top

the flat blo'c:k will enable a strong glue joint. of ¥&" nylon spacers. Make sure the Arduino
Follow Figure E to cut and drill a length of power jack is in line with the rear hole you

v2"-wide x 0.064"-thick brass strip, then cut just drilled. Use a small nail or sharp pencil to

the block to size, and drill holes matching mark the location for the 2 mounting holes
those in the strip. Fasten the brass strip and indicated. Remove the Arduino and set aside.
block together with 4-40 flat-head machine

screws. Bend down the front of the strip at a 2. Make the locking mechanism.

15°_2Q° angle. You cz{n acljugt the angle later Alignment of the locking parts is critical, so

L aghleue _better 196King aCt_an' _ take this step slowly. Use a hacksaw to care-
Stick a single ¥2" square piece of florist tape fully remove the mounting flanges on both

(putty) to the top of the block, and using your sides of the servo. Thread a 4-40x34" machine

Best guess, line Up the Jocking bar o engag: screw near the end of the included single-arm

es with the screw attached jcu the Servo horn. servo Hor and Use & 4-40 Sel-locking (rylon
Tth pUttykecps e maLnting block n place insert) nut to tightly secure the screw in place
until you can test the best placement on the (Figure C)

lid. Reattach the lid to its hinges (Figure F). -

and mark the center of a 12" hole in the rear of
the box, positioned so you can insert a barrel

Follow us @make 113




B 2 TR £ CEYLESS LOcK BOX

3. Calibrate the servo.
Wiring makes or breaks a project. | used
pre-crimped male/male and male/female
jumpers, 1x1 header shells, and double-long
breakaway header pins for robust and easily
pluggable connections. You could theoretically
use the pin sides of 3 male/female jumpers to
connect to the servo extension cable, but the
double-long headers make a stronger friction-
fit connection. Snap shells onto the jumpers
to make 9 male/male jumpers with shells at
one end, and 3 male/female jumpers with
shells on both ends (Figure G).

| needed to add a bypass capacitor to
reduce electrical noise from the servo that
caused the Arduino to keep resetting itself.
Solder a 47puF tantalum capacitor between the
middle and one side pin of a 3-pin double-long
header (Figure H). Be absolutely sure that
the + lead of the capacitor is connected to the
center pin! These will connect to the servo’s
voltage (V+) and ground (Gnd) pins.

To calibrate the servo so that it points
in the desired direction, download and
unpack the project code from makeprojects.
com/v/32, then verify (compile) and upload
the ServoCalibrate sketch to your Arduino.
Visit the same link for instructions on how to

upload programs to an Arduino.

Remove the horn from the shaft and
plug in the 3-pin connector you just made,
orienting the bypass cap on the black or
brown wire (ground) side. Use 3 male/female
jumpers to connect the servo and Arduino’s
5V and ground together, and the servo's
control (white or yellow) to Arduino digital
pin 8 (Figure |).

Briefly depress the reset switch on the
Arduino. When the ServoCalibrate sketch
restarts, the servo first moves to its extremes,
then centers itself at its midpoint and stops.
After it's done, unplug the Arduino from the
PC, then reattach the horn to the servo so that
it points straight up, and secure it in position
with the small included screw.

4. Align the locking mechanism.
To align the servo horn with the brass strip,
reconnect the Arduino to your PC and upload
the ServolLock sketch. Thread the servo cable
through the opening in the side of the box,
manually move the servo arm toward the front
of the box, and close the lid. Click the reset
button to run the sketch and listen for when
the servo stops moving. Then test the lock

by trying to lift the lid.

Leave bare " M- i i
6" M-M precrimped wire {need 9) Shanonshel
<— I
47uF tantalum capacitor
note the polarity marking!
6" M-F precrimped wire (need 3) ( 7 o g)
- «— IS l Solder at
base of pin
Servo
interconnect 1x3 header
+H.m |m;
Double-long breakaway 1x1 header shell :
header pins (1x3) Sig V+ Gnd m
D8 Servo mte::onnect EAU.” U N ’
S Warning! Whoa, Nellie!
mc:;; TF;T—*G?E" Do not cross the
' polarity of the wires
Arduino pins Servo Wil’iﬁg Br]"]ur SEIVD ma}i hE

114 Make: makezine.com/32

permanently damaged.
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l%ll
8 i
Drill hole to
break trace
Tap power here
o L ] L3
RadioShack 276-168 - -
perforated PCB T —
(viewed from foil side) [
. 8 8 B
OFN module 1T
{(mounted on & aa @
other side) e s 8 0
. 8 8 B
. 8 9
Tap signal lines here o

Should the servo horn and screw not
properly engage over the brass strip — it
makes clunking or scraping noises — pop the
mounting block off the lid, reposition it, and
try again. When you get the position just right,
unplug the servo and mark around the block
with a pencil for gluing later.

5. Install the OFN board, speaker.
The OFN module doesn't have any direct
means for mounting, so you need to solder
it to a small circuit board that you can then

e e s e s e e s e e e s e e e s B e e i s B
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Cut circuit board
to size and drill ¥&"

mounting holes
Tap ground here Al
=0 -8 BN DFN
T U el deUlK -
e @ 8 @
LI e e
. 2 2 2 2
A1 R <— Circuit board
> ® @ B 9
1 Solder on
TTT1 /thisside
o e s e 8 T —
. e 8 @
Clip off
BXCEess

middle of the long trace at the top, to break the
connection. This will separate the voltage and
ground connections to the OFN module, which
is very important. Then solder the OFN module
to the board from the top, non-foil side (the
leads will poke through to the foil side). Orient
it with the LED on the drilled trace side, along
with voltage and ground connections, and the
6 signal lines along the opposite side.

Cut eight 1" lengths of ¥8"-diameter heat-
shrink tubing, and slip one each over 8 of your
prepared male/female jumpers. Solder the

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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Circuit board with OFN
module (viewed from back)

Gnd

5V (Vdd)

4-40 nut [JHE]

OFN board

#4 washer =——

4-40%%"

|

I

O s )

I

Piezo speaker

————/
e

Solder here

Plug in the 8 jumpers from the OFN into the
Arduino digital pins D2-D7 and analog pins
Ad-A5 as shown in Figure K. Be absolutely
sure not to swap pins D6 and D7, or you'll
reverse the power to the OFN and possibly
damage it.

Cut the remaining male/male jumper in
half. Strip ¥8" of insulation from the cut ends,
and solder them to the terminals of the piezo
speaker. Use double-sided foam tape to
mount the speaker to the bottom of the box,
and attach the 2 jumpers to Arduino pins D11
and D12 (Figure N). The innards of your lock
box should look like Figure O.

6. Program it.

Reconnect your Arduino and then verify and
upload the LockBox sketch. It includes sev-
eral files in the same folder; make sure they
remain in the folder or the sketch won't work.
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Cut Snap on shell
«~— IR

Arduino pin D11
Arduino pin D12

D6

D2 (MOT)
D3 (DO+)
D5 (SHD)
A5 (CLK)
A4 (SDA)
D4 (RST)

Arduino pins/
OFN functions

D7

You need version 1.0 (or later) of the Arduino
IDE, or the sketch will not compile.

For now, keep the lid open so you can
see what happens when the box locks and
unlocks. Keep the Arduino connected to
the computer and open the Serial Monitor
window (Tools menu) so you can review the
debugging messages.

On Arduino startup or reset, the servo
should go into lock (straight up) position, and
you should see "Device ready” in the Serial
Monitor window. If instead it reads, “"Device not
found,” it means the Arduino can't find the OFN
module, and you should recheck the wiring.

Swipe your finger across the sensor of the
OFN module sensor, then press it down. You'll
hear a series of tones indicating a bad com-
bination entry. Move your finger across the
sensor again, this time using the pre-stored
combination: Left-Right-Left. Click down the



Lock Box
Power!

The Keyless Lock Box is designed to use p

external power for unlocking, but it can f
sit in a locked state for indefinite periods

m= without any power. To power the lock and =L
open it, insert the plug into the hole in
the back, enter the combination, then lift sensor, and this time the lock opens. After
the lid. /7 seconds the lock automatically closes.

The box will automatically relock after . Y

7 seconds. If the lid is still open, you can See the comments in the LockBox sketch
relock the box by manually pushing the on where to change the combination. It can
servo arm toward the front of the box, be anv leneth seauence of swines up. down
pressing the Arduino’s reset button, and ¢ Y _g 0 9 - P s '
closing the lid. When the sketch restarts, left, and right. Once the lock is reprogrammed,
it automatically moves the servo to its unplug the Arduino from your computer.
lock position. You may then remove the Reattach the Arduino to the bottom of the
power plug.

lock box. Now's a good time to glue the lock- ... .. .. .
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Ever since I started writing for MAKE, I've kept an
eye on all the awesome websites out there for awe-
some makers and the awesome projects that are
posted every day. Luckily for me, there's no shortage
of awesome work to write about. My ﬁdi’fficul‘cy
was I needed more words to describe Row awesome
this stuffis. ¥
To fix this grublem, I created the Awesurne Button,

[ hit the brg red %ﬁtton on my desk and it take care
of the adjective. Now instead of awesome this and

awesome that, I'm writing about mcred.lble robots,
fantastic camera hacks, and cool electromcs projec

u



AWESUME BUTTON | T00LS

i Switch, momentary | »Computer with USB port

: any style you like. » Drill and drill bits The SparkFun
R...............id | USed 2 big red one, item button needs a 1" hole saw; your
\ : #9181 from SparkFun button may vary.
i (sparkfun.com). » Screwdriver

» Wire cutters/strippers

Rubber feet to mount | » Soldering iron and solder

onbottom of enclosure | »Multimeter (optional)
: for troubleshooting

.. Enclosure appropriately sized for
: your button. | used item #270-1807
i from RadioShack (radioshack.com).
! You could also use a spare cardboard
* box, or laser-cut a custom enclosure
(see page 53).

: Wire, insulated,

i 22 gauge

USB cable, Standard-A
to Mini-B You probably

have a few spares lying
around.

R AR E AR R AR TR R RN AR R RS

; : ; keyboard, mouse, |
or joystick. Since we want the

; ’ Awesome Button 1
0 type words in for us, we'll set it up as a keyboard
: | : . The main advan
tage of using this method is that the Awesome

Button will work with any
puter and any application that
hether you're writing an email,
processor, or chatting on IRC,
on can key in those hard-to-

3.

USB-equipped com
takes text input. W
b working in a word
nent Board, the Awesome Buti
IRC (pirc.com) think-of synonym

Gunther Kirsch; Gregory Hayes (Teens
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Remove the snap-action
ch and the LED assembly
n the bottom of the button,

’lace the button through the
, screw the ring down, and
ace the snap-action switch
LED assembly.

 WIRE

= THE SWITCH

Solder a 6" length of wire to
terminal marked “"NO,” which
ns the circuit between this
ninal and the common termi-
s “normally open.” When we
s the button, it will close the
nection between the common
NO terminals.

Solder another 6" wire to the
ninal marked “"Common.”

. CONNECT

'ws THE SWITCH

THE TEENSY

Solder one wire from the but-
to a ground pin on the Teensy.

Solder the other wire from
button to the pin marked BO.

Attach the Teensy to the
losure using a small piece
1ounting tape.

NUTEThﬂrE’s no pullup

¢ 0r pull-down resistor for this
 digital switch circuit because
:the code will activate the
:intemal pull-up feature of

: the ATmegad2U4 chip on the
 Teensy USB board.

A%

Follow us @make 121

SWi
fror

1c.

hols
rep
anc

2a.
the
me:
terr
nal

pre
con
and

2b.
terr

3b.
the

3c.
enc
of



I 2 TR £ AWESOME BUTTON

MOD THE
= ENCLOSURE

4a. Drill a hole just wide enough
for your USB cable to fit through.

For a cleaner look (optional),
make this hole the width of the
cable itself, not the plugs; then
you can cut the cable and feed it
through the hole.

4b. Place 4 rubber feet on the
bottom corners of the enclosure

N []TE To give the Awesome Button a clean look from the outside, | made the

5 MOD THE USB CABLE e fyr the cable just wide enough for the cable itself not the quEs. (You can skip
= (OPTIONAL) this step to save time — just tie a good strain-relief knot in the cable inside the box.)

5a. Cut the USB cord about 3"
from the mini-B side (the smaller
of the 2 connectors) and set

it aside.

5b. Feed the long end of the cord
through the hole in the enclosure,
from the outside.

5c. Strip the outer insulation
off the cable on each end, and
peel away the foil shielding.
Strip each of the individual
wires inside the cable.

5d. On one cable end, place a
piece of heat-shrink tubing on
each wire. Then connect the
matching wires and solder them
together. Slip the heat-shrink
over the solder joint and use your
soldering iron, hot air, or a lighter
flame to shrink it around the joint.
You can also use electrical tape.

When you've reconnected all
the wires, wrap the bundle with
electrical tape.

CONNECT
= THE CABLE
Plug the the mini-USB plug into
the Teensy, and close up the
enclosure. Then plug the other
end into your computer.
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UPLOAD
= THE CODE
7a. Download and install the
Arduino integrated development
environment (IDE) from arduino.
cc/en/Main/Software.

7b. Install Teensy Loader from
pjrc.com/teensy/loader.html.
Install Teensyduino from pjrc.
com/teensy/teensyduino.html.
This allows you to use Arduino
code and the Arduino IDE to
program the Teensy USB
microcontroller.

7c. Download the Awesome
Button code from github.com/
mrichardson23/Awesome-Button
and open it in the Arduino IDE.

If you'd like to make changes to
the list of words, add them to the
words array in lines 3-5.

7d. Make sure that the value of
the NUMBER_OF_WORDS constant
on line 1is equal to the number
of words in the words array.

7e. Under the Tools menu, click
Board and choose Teensy 2.0.

7f. Under the Tools menu, click
USB Type and select Keyboard
+ Mouse + Joystick.

7g. Click the Upload button.

A window will appear instructing
you to press the button on the
Teensy to upload the code. Now,
read “Let's Get Unawesome” to
learn how to use it.

{1 TEST BUILDER:
Ben Lancaster, MAKE Labs

a Brooklyn-based technophile, maker of things, photog-
rapher, and video producer. His work can be found at
mattrichardson.com.

Sarigl Masiae
Baard: Tesnsy 2.0°

Disklingemall + Keyboard
Diski3D Cardd + Kiyboard
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Let’s Get Unawesomel

Plug the Awesome Button into the USB port of any
computer. On a machine that isn't familiar with the device
your operating system may prompt you to hit a particular :
key so that it can identify the layout of what it thinks is
a_keybnardi In most cases, you can safely dismiss this
dialog box and it won't bother you again.

When you're writing and you're about to type your over-
used word, instead slam your hand down on the Awesome
Button and it will key in a random synonym so that you
don’t have to worry about which one to use.

Iif the word that pops up isn't working for you you can
easily delete it: tap Control-Shift-left arrow on a’PC or
Option-Shift-left arrow on a Mac to highlight the word
a.nd ?hen hit Delete. You could program this key combina-
tion xlnt-:} the Awesome Button itself, Or modify the code so
th_at if the button is held down for more than 1 second, it
will delete the previous word! Or add a small paneI-mc:unt
Mmomentary switch to the side of the Awes ome Button to do
the same thing, Whatever youdo, it'll be ... fantastic!

Fallow us @make 123



' PA %)

&= i ;
P ——p e e P
: Tl AR RE S
o e B

i
L
e =

T R
A

Make a cheap,
high-tech nozzle
to eliminate
turbulence and
create incredible
water effects.

Witten and photographed




Laminar-flow water charms and fascinates. It behaves quite
differently from ordinary turbulent water, such as the flow

from a faucet or garden hose. A laminar stream is so perfect

it could pass for a glass rod. It doesn't splash upon hittinga .
“surface, it will conduct llght like a fiber-optic cable, and 1t Ss0 A
coheswe, it will enwrap and levitate asm mooth spherﬁ even _,, Wl

sﬁr,ggsmg angle to ﬁ'le vertlcal
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In the fountain, the noz:
mounted vertically ona
A small deflector plate
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Fiber inserts (&) made from scrub
made of plastic drinking straws
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and reduce flow noise.
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Las Vegas. In this home ver-
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coherent shapes by adding a

flow fountains are
deflector above the nozzle.
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MAKE THE NOZZLE
= APERTURE
The jar lid must have a perfectly
round, sharp-edged 2" hole. We
found 2 ways to do this. Method
A (potentially cheaper) requires
drilling an oversized hole in the lid,
then gluing a piece of an alumi-
num soda can to the underside.
Method B uses only the lid

itself — but if the hole is damaged,
prepare to eat a lot more peanut
butter.

METHOD A
2a. Drill a 34" hole in the center
of the jar lid.

2b. With an X-Acto knife, cut a
1"=-2" square piece of aluminum
from a soda can (0.003" thick).
Bend it backward over a 34" dowel
to flatten it, then tape it to a scrap
of wood. Using a sharp bit, slowly
drill a 38" hole in its center. It's OK
if it's somewhat crude, because
you'll enlarge it to ¥2".

2c. Drill a ¥2" hole through a piece
of ¥4" acrylic, backed up with a
scrap of wood. Tape the aluminum
to the acrylic, keeping the 2 holes
aligned.

2d. Using a sharp 3" countersink-
ing bit by hand, slowly enlarge the
" hole to match the 12" hole.

Check your progress frequently,
and stop when you notice a circu-
lar crack in the aluminum.

2e. Separate the aluminum from
the acrylic and break out the
conical aluminum scrap from the
hole. You should have a precise
12" hole.

2f. With 400-grit paper, gently
burnish the hole's inside rim.
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2g. Cut off excess aluminum
around the hole, leaving about
14" of material all around. Lightly
sand and super-glue the alumi-
num piece to the lid's underside,
keeping the hole centered.

METHOD B
2h. Drill, from the underside, a
2" hole in the PB jar lid, backing Drilling ¥2"
the lid up with a piece of wood. hola from
Then grind (or countersink) the bottom
hole from the outside to create
the important sharp edge.
Keep tools free of material

out, it should shoot straight up
about 12", and when tilted, should
be laminar. If your stream isn't
laminar, you probably don't have
a clean, sharp-edged hole in the
PB jar lid.

MAKE THE
= FOUNTAIN PARTS
Follow the templates at make
projects.com/v/32 to make the
fountain parts.

Tl P It's best to cut the

© pipe by hand. If you must use
= abench saw, grip the pipe

: firmly and apﬂmath the blade
= slowly. Drill the ends of the

: hose slot with a 1" spade
 bit, then cut the sides with

: ajigsaw.

4a. Cut and drill the nozzle

legs and support arm from the
aluminum flat bar stock, then
bend them using a bench vise.
Cut the deflector from 4" acrylic,
and the nozzle holder from the
4" PVC drain pipe.

Gregory Hayes (4b)

130 Make: makezine.com/32































I TR £} HEIRLOOM TECHNOLOGY

65 (149) ¢
SAFETY
60 (140) ¢ ZONE
55 (131) ¢ _
50°C (122°
50 (122) § 2> S 2y
45 (113) ¥ Degrees
Celsius : = i
40 (104) § (Degrees Fahrenheit) ;
35(95) §
30(86) §
2577 ¢t :
Hours 1 10 | 100 1000
20 (68) A L =t ,
Time 1day 1week 1month 1year

One day at 50°C (122°F) is a time and temperature
combination yielding total pathogen death for common
disease organisms that can be transmitted by huma-
nure. Lower temperatures require longer retention times.
Pathogen death boundaries shown include those for
intestinal (enteric) viruses, Shigella, Taenia (tapeworm),
Vibrio cholera, Ascaris (roundworm), Salmonella and
Entamoeba histolytica. [Source: Feachem, et al., 1980]

| lined the 5-gallon Loo bucket with double
paper bags and an inch or two of sawdust on
the bottom. Toilet paper and more sawdust go
into the Loo with each use. When it's full, you
empty it into the composting barrel.

To make the composting barrel, | got a
bucket with an easily removed snap-on lid,
and cut the bottom off it. Then | cut a hole
in the top of a barrel and jammed the cut-off
bucket into the hole. | cut a hole in the bucket
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lid for airflow, and stapled fine mesh screen
over the lid to keep out flies.

After a while | got lazy and decided to skip
the Loo. | Craigslisted a hospice throne and
perched it over the barrel. | hold a pee bottle in
front as an impromptu urine diverting system.

Peeing separately reduces the barrel capac-
ity needed by more than half. It will take one
person about a year to fill the barrel.

Urine Command

Urine is the safest of bodily fluids — typically
it's sterile. In most parts of the world it's prob-
ably safer to have contact with urine than

with the local water supply. Leptospirosis and
schistosomiasis can be carried by urine, but if
those diseases are in your area, it's still usually
better to apply urine to the soil or a compost
pile than to flush it into a body of water.

The urine-diverting throne has a funnel in
the front of the "drop zone" (as seen on page
139) which carries the urine away to a jug for
immediate use as an excellent fertilizer. This
greatly reduces the volume of material that
goes into the composter. The weatherstrip-
ping on the underside of the seat and lid is
there to block insects. For a one-way valve,
drop a ping-pong ball into the funnel; pee goes
in, smells don't come out. A water trap pipe
from a sink with mineral oil in the upper part
can do the same.

Adding carbohydrate-rich food waste (like
bread or rice) to the jug will help the urea in
the urine ferment into nitrates rather than
volatile ammonia. If you smell ammonia,
add more cellulose or carbohydrates. Peeing
directly on a bale of straw is a popular solu-
tion. Carol Steinfeld's Liguid Gold (liquidgold
book.com) is an entertaining and informative
book about urine as fertilizer.

What About the Smell?
My humanure barrel smells like damp saw-
dust. | love showing it to people because
they always say, "That doesn’t smell bad at
all!” Then | get to say, “That's right. My sh*t
doesn't stink!”

Add sawdust to your bucket toilet until it
smells nice. That's a couple of handfuls of

The Humanure Handbook, Joseph Jenkins (chart)



tippytap.org (illustration)

sawdust per use. At that point the ratio of car-
bon and nitrogen is perfect for the growth of
thermogenic aerobic bacteria, which generate
heat, CO3, and water. The long-chain nitrogen
compounds that make feces stink are no lon-
ger being produced.

A year or two after the last addition to a
humanure barrel, it will have composted down
to one-quarter or less of its original volume
and will smell like black dirt. It was the smell of
a jar of finished humanure that won me over.
That wholesome black-dirt smell was more
convincing than any theories or books.

What About Germs?

The Humanure Handbook by Joseph Jenkins
(humanurehandbook.com) explains a system
using a thermogenic compost pile in a straw-
lined corral of old pallets. His table in Figure B
summarizes the conditions for pathogen
elimination. Germs die and become food for
harmless bacteria in the hot, damp conditions
of the pile.

The World Health Organization provides
data about pathogen survival in composting
conditions in their “Guidelines for the safe use
of wastewater, excreta and greywater” (make
zine.com/go/whowaste). At lower tempera-
tures it takes longer to eliminate pathogens.
Dry, cold conditions are the least effective.

Hand Washing

The Tippy Tap, a simple foot-operated hand-
washing station, can be built anywhere. Put them
all over your yard, house, and neighborhood! Hand
washing isn't just for compulsive germophobes.
Tippytap.org provides statistics on the millions of

lives that could be saved if more people washed their hands.

A more elaborate station (left) uses a cut-off keg topas a
sink. The foaming hand soap uses a potassium-based deter-
gent that's better for the garden. The cord goes from the foot
pedal through a hole in the table, around the neck of the jug.
It's amazing how much hand washing can be done with a
single gallon of water.

Use plain soap and water for washing, not antiseptic concoc-
tions. Our bodies contain vast numbers of helpful microbes that
are necessary for good health. Routine use of antiseptics is not
a good practice. It leaves your skin like a petri dish — a vacant
area ready to be invaded by opportunistic life forms.

When your barrel is full, set it aside for
the sufficient time for pathogen elimination.
(Most people won't get the urge to mess with
it prematurely anyhow.)

Freedom from Flies
When | first made my barrel | used window
screen on the bucket lid. One hot day it
became obvious | had an insect problem. Big,
loud, black flies had gotten into the barrel.

| read the tales of woe from compost toilet
users proofing their systems against “insect
escape.” | made a new fine-mesh lid with no-
see-um netting sandwiched between 2 layers
of window screen. | added a few handfuls of
sawdust to the barrel, put on the new lid, and
shook up the barrel. A week later: no insects
to be found. Triumph without chemicals!

Remember

It's no coincidence that our bodily excretions
are what plants need. We belong on this planet
and fit perfectly with the plants that feed us.
So remember, don't put poop in a pipe! &

USDA manure and nutrient cycle chemistry:
makezine.com/go/manurechem (PDF)

Tim Anderson (mit edu/robot) is the co-founder of Z Corp. See a hundred
more of his projects at instructables.com,
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Making Synthesized

= DATA
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The MusicAlgorithms web tool
displays a piano keyboard over
a range of selectable options

for ingtrument selection, tempo,
and volume. A pointer on the
scale below the keyboard keeps
track of progress.

A r AL . |

A

: MEASUREMENTS BELOW ARE FROM CURSOR POSITIONS.

+ ANALYSIS DATE: 8-AUGUST 2010 BY FORREST M. MIMS Il

= ey
1980 003 | 024
1981 | 004 | 036
1982 |  0.04 0.23
1983 001 | 038
1984 0.08 0.41
1985 | ©008 | 026

007 | 027

006 | 039

Do you enjoy the sounds that wind chimes
extract from a soft breeze? How about the
gentle splashing of raindrops, the soothing
sound of falling water, or the roar of surf?

These appealing natural sounds provide
only a hint of the vast range of musical
compositions hidden away in many kinds
of data. Lately |'ve been having lots of fun
transforming data |'ve collected into natural
music and posting the results on youtube,
com/fmims. Various methods for making
sounds from data are available. Let's use
them to convert data into music.

Using Mathematica to

Create Music

George Hrabovsky is an amateur physicist
who uses Wolfram Mathematica software
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(wolfram.com/mathematica) in his theoretical
research. His praise of Mathematica was so
persuasive that | eventually bought the pro-
gram, and it's where | first went when trying
to transform data into music.

Among Mathematica's astonishing range
of features is the ability to convert numbers
into synthesized musical notes representing a
variety of instruments. Mathematica's Music
Package can convert data into representative
audio frequencies and much more. If you're
into programming, it's a highly flexible tool for
transforming data into music.

MusicAlgorithms

Jonathan Middleton is assistant professor of
theory and composition in the music depart-
ment at Eastern Washington University, where



he teaches composition, orchestration, and
computer music. While exploring ways to
transform data into music, | discovered Dr.
Middleton's MusicAlgorithms website, which
he developed with assistance from Andrew
Cobb, Michael Henry, Robert Lyon, and lan
Siemer with sponsorship from the Northwest
Academic Computing Consortium.

The homepage states that, "Here, the
algorithmic process is used in a creative
context so that users can convert sequences
of numbers into sounds.” That single sentence
hooked me into the MusicAlgorithms site
for a week while | transformed some of my
data into an amazing variety of intriguing
musical “compositions.”

How to Use MusicAlgorithms
MusicAlgorithms requires a Java-enabled
computer. Transforming a string of numbers
into music is simple; you can either type or
paste a series of numbers into the program.
Here's a quick way to learn to use the site:

1. From the homepage (musicalgorithms.ewu.
edu), click the Compose button. Then click
“Import your own numbers” to enter the data
input page.

2. In the Algorithm box, enter into window A
the numbers 1 through 10 (press the Enter
key after each number).

3. Ignore checkboxes B, C, and D and click the
Get Algorithm Output button.

4. In the Pitch bogy, click the Scale Values
button to normalize the numbers 1 to 10 that
you entered in window A into the piano scale
ofeto88(1 = 8,2 = 9,3 = 19,..10 = 83).
These numbers will appear in the adjacent
Derived Pitch Values window.

5. Skip the Duration box (for now). In the
Compose box, click the Play button.

6. A MIDI Player window will open, showing

a piano keyboard over buttons for Step and
Play and options for Volume, Tempo, and
Instrument (Figure A).

Click the Play button to hear the 10 notes
you have composed. Keep playing these notes
while using the sliders to adjust the volume
and tempo. Then let the fun begin by selecting
from the pull-down menu of 128 synthesized

instruments and sounds. Soon you'll be ready
to compose music from real data.

Finding Data for MusicAlgorithms
If you're an amateur weather watcher, you
probably have plenty of numbers to transform
into music. For example, MusicAlgorithms

will convert a year of your daily minimum and
maximum temperatures into a remarkable
audio experience that will provide an entirely
new way to appreciate your data. If you have
no scientific data, try converting your daily
expenses or bank balance into music. You
might be surprised by what you hear.

A goldmine of data is scattered across the
web. For example, my local National Weather
Service station near San Antonio, Texas,
provides monthly and annual precipitation
data since 1871 and temperature since 1885.
Converting these data into music provides
an entirely new way to better appreciate
seasonal temperature cycles and even cold
fronts, El Nifios, and droughts.

The U.S. Geological Survey provides data
on stream flow. Many NASA and NOAA sites
are filled with data. Other data sources include
the U.S. census, stock market statistics, com-
rmodity prices, grocery store price lists, traffic
counts on major highways, and so forth.

Sample MusicAlgorithms

I've posted several videos of MusicAlgorithms
based on my data. These will give you a good
idea of the amazing variety of sounds you can
produce from data that ordinarily are depicted
only as dots, lines, or bars on charts.

1. ONE YEAR OF SOLAR NOON UV-B DATA
Since 1988, I've measured the sun's ultraviolet
radiation from a field in Texas at solar noon
on days when clouds didn't block the sun. In
this YouTube clip (youtu.be/VsRCrh6XWog),
the UV-B intensity at noon on each of the 170
days during 2010 in which the UV-B could be
measured in Figure B (page 146) is trans-
formed into representative musical notes.
Each musical note is accompanied by a
360° fisheye image of the sky made when the
UV-B was measured. Low UV-B levels during
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winter are indicated by low pitch tones, and
the high UV-B levels during summer by high
pitch tones. Variations in the steady increase
and then decrease in UV-B during the year
are caused by clouds near the sun, haze, and
changes in the ozone layer.

2. THE COSMIC RAY BACKGROUND COUNT
In this video (youtu.be/bAKdaYumlqg4), the
cosmic ray background count on a flight from
San Antonio, Texas to Zurich, Switzerland
(Figure C), is transformed into an audio
composition in which the frequency of tones
represents altitude. A typical Geiger counter
measures around 11 counts per minute (CPM)
at the ground and several hundred CPM at
altitudes of 35,000 feet or more.

3. TREE RINGS TO SYMPHONIC STRINGS
MusicAlgorithms can convert the widths of
annual growth rings in trees into a tune in
which wide rings from wet years have a higher
pitch than thin rings from dry years. This com-
position uses ring data from a tree at my place
downed by a flood in 2010 (Figure D).

A tree produces one growth ring each year.
The light-colored spring growth is called early
wood, the darker summer-fall growth is late
wood. In this video (youtu.be/I2g3scrcg20),
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B. Weather data, like these solar UV measurements, are easily
converted into representative sequences of musical tones.

€. The cosmic ray background count measured by a Geiger
counter increases with altitude. The altitude changes of an
aircraft flying from San Antonio to Zurich can be heard as
distinct changes in pitch, proportional to altitude.

D. Decades of tree growth can be converted into music based
on the precipitation-modulated width of annual growth rings.
The bois d'arc tree shown here began growth in 1977.

the width of the early and late wood in each
ring was measured and then played in this
sequence: early wood note/late wood note/
sum of early and late wood notes/rest interval
to separate the rings. This clip also includes
the data plot | used to form the composition.

Going Further

Here I've simply transformed strings of num-
bers into music. MusicAlgorithms lets you do
much more. You can select from a variety of
mathematical functions and then enter the
pitch range and the duration of each tone.
These functions include the mathematical
constants pi (), phi (), and e, exponents,
the Fibonacci sequence, Pascal's triangle,
Markov chains, and even a chaos algorithm
and DNA sequences.

If you're interested in synthesized music,
you can't go wrong exploring these features.
Just block out some time. MusicAlgorithms is
the most addictive website I've ever visited. &

Forrest M. Mims II1 (forrestmims.org), an amateur scientist and Rolex Award
winner, was named by Jiscover magazine as one of the "50 Best Brains in
Science.” His boaks have sold more than 7 million copies.
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). Wood Car

By Ed Lewis lllustrations by ]u]:e West

LOTS OF MY FRIENDS HAVE KIDS, and that : S
means lots of birthdays. | wanted to havea YOU WILLNEED: Prywood, ", 11"x14" or

custom present that's easy to make and has
lots of room to play, in terms of design.

A toy car fits perfectly. So | can build cars
and make kids happy? Win-win!

more » Bolts, %15, 4" (2) » Locknuts, 5/16" (2) »
: Spacers, 2" (4) » Inline skate wheels with

: bearings (4) » Wood glue » Laser cutter or

: jigsaw, router, or coping saw, and drill

. with 16" bit » Clamps » Cutting templates

1. Cut the plywood.

Download the templates from makeprojects.
com/v/32 and use them to cut the plywood
body. Use a laser cutter, or cut with hand or
power tools. Sand edges.

2. Assemble.

Run each bolt through a wheel, a spacer, the
car body, another spacer, another wheel, and
a locknut to cap it off. (Remove the wheel's
internal spacer if necessary.)  The caris
ready to roll! If you want, change a layer or
two, or even redesign the whole thing.

3. Glue.

Take the car body apart and apply wood
glue between the layers. Reassemble, clamp,
and let dry. » You now have a toy car that's
ready for tons of abuse. It can go very, very
fast. Little kids will have no problem moving
it around, and bigger kids will enjoy whip-
ping it off ramps to see how it performs.

Going Further

There's lots of room for customization. Make
the body profile realistic or more abstract. 2
Give the car a front and back, or make it sym- |/}
metrical. Play with the wheel size and the
distance between the front and back wheels,
Stain or paint can liven your car up, as well
as extra details such as names or stickers.
Make your car what you want it to be!

Ed Lewis lives in Dakland, Calif, with his wife, two sons, two cats, and
a shed full of tools.
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Screwy Light

Use throwaway 3D movie glasses to experiment with
linear and circular polarized light.

Written and photographed by Donald E. Simanek

So you've just seen a 3D movie. [ hope you saved those RealD polarizing glasses
you paid for. If not, ask at the box office if you could have a few pairs that have
Deen used and will be recycled.

The RealD 3D movie process uses circular polarization, unlike the 3D movies
of the 50s that were presented using linear polarization. If youTe into 3D photo-
graphy and you project your pictures onto a screen, you've probably used linear
polarizing glasses. Both types of glasses also have other uses, as we shall see.
One advantage of the modern glasses for experimentation is that they can be
used as either linear or circular polarizers.

Let's demonstrate some of the surprising Shiny things. Place a coin or other shiny
effects of polarizing glasses, without digress-  object on the table, and look at it through the
ing deeply into the physical explanations. circularly polarizing glasses. It looks normal,
(For that, see my article "Experiments with doesn’t it? Then remove the glasses and place

PolarizedLight"atmakezine.com/go/expolar.) one of the circular polarizers directly on top
of the coin. Now the coin looks dark, black, or

Circular Polarized Light maybe purple (Figure B). Flip the polarizer
The spooky eye patch. Put on the RealD over and note any difference in appearance
glasses. Look at your reflection in a mirror. of the coin. Substitute a pocket mirror for the
Now close one eye. In the mirror, one of the coin. Try some crumpled metal foil.

polarizing filters appears black — the one over
your open eye. You can clearly see your closed

eye in the mirror (Figure A). Think about it. Fig. A: Which picture represents what you will see when you
How can your open eye see through the dark-  |ookin a mirror?
ened polarizing filter? Fig. B: Why does the coin seen through the circular polarizer

Go ahead, open both eyes, then close the  gypeqy ark while the quarter, seen directly, doesn't?
atherione:— but precictwhatwill happen Fig. C: A circular polarizer is a sandwich of a linear polarizer and

before youdoit. o | 3 quarter-wave retardation layer. In this diagram, left circularly

Predict what you'd see if, while wearing the - yyiaiiaq light passed by the left circular polarizer becomes right
glasses, you looked at another person also circularly polarized light upon specular reflection, and therefore
wearing glasses. Then what would you see if  an't pass back through the left circular polarizer. light scattered
you closed your right eye? Would you then see  from nonreflective surfaces is depolarized, so some of it passes
the other person's left or right eye? thraugh the polarizer.
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How It Works

» Each lens has a filter con-
sisting of a linear polarizing
sheet sandwiched with a
quarter-wave plastic retarding
sheet, The axes of the polar-
izers and retarders are aligned
so that one eye's filter passes
only left circularly polarized
light, while the other passes
only right circularly polarized
light. In both cases, the linear

» The light from the theater's
silvered screen is made up

of right-handed circularly
polarized light intended for
one eye, and left-handed cir-

cularly polarized light for the
: other eye. The filters on the

: glasses select one and reject
i the other, so each eye sees

: only the picture intended for
i it. The orientation of the axis
of the linear polarizing layers
i isirrelevant for the purpose of
i modern 3D movies. For more
i on 3D movie technology, see
{ my article “Making Movies

i Three-Dimensional” at

i makezine.com/go/mm3d.
polarizers are nearest the eyes. :

: normal way, you're looking at
: light that was circularly polar-
: ized, then passed through a

: wave-retarding plate, then

through a linear polarizer, so

: that linearly polarized light

: reaches your eyes (Figure C).

¢ For future reference you might
i want to label your glasses

¢ with a “P” inside the frame,

for linear polarizer, and an "R”

: outside, for retarding plate-

. Materials

¢ »RealD 3D movie glasses

(1 or more pairs)

» Mirror
i » The bottom line: whenyou » Coin
i wear these 3D glasses the . »LCD display screen

like alaptop or LCD TV

» Cellophane from product

wrappers, such as CDs or DVDs

» Cellophane tape

~ TIME: A FEW MINUTES »~ COMPLEXITY: EASY

Linear
polarizer

\

Unpolarized
light

Retarding
plate

\

—~

Reflective
surface
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Linear Polarized Light

When you look through the 3D glasses back-
wards, with the retarding plate nearest your
eye, the retarder does not affect what you see,
and the combination acts as a linear polarizer
for incoming light. In this way, you can do all
the standard textbook experiments intended
for linear polarizers.

Flip-flop the glasses. Put the glasses in front
of your eyes, but with the earpieces forward
(not on your ears). Repeat the previous experi-
ments. Explain them all. It helps to remove the
earpieces entirely for some of these experi-
ments, for they just get in the way. (You might
also want to cut them apart at the nosepiece
with heavy shears for some experiments.)

Polarization by reflection. Much of the

light we see in everyday life is partially linearly
polarized, such as reflections from shiny sur-
faces. Using your glasses backwards (polar-
izing side away from your eyes), look at shiny
surfaces from different angles, and with differ-
ent polarizer rotation. You'll notice that at one
orientation of the polarizers, reflections from
glass at about 56° to the surface (Brewster's
angle) are strongly blocked. In this situation,
the polarizer's axis is oriented parallel to the
reflecting surface. Mark this axis direction on
the glasses’ frames for future reference.

Sunglasses. Glasses for 3D movies are not
suitable for use as sunglasses. Polarizing sun-
glasses have their polarizing axes horizontal,
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Fig. D: Glasses block light.
Fig. E: Glasses transmit light.

Opposite

Fig. F: Layers of cellophane
between parallel polarizers.
The cellophane axis is at
45" to the polarizers.

Fig. b: The same layers of
cellophane between crossed
polarizers. One polarizer has
been rotated 90° but the
cellophane axis is still at
45° to the polarizers.

to block reflection from shiny floors, roadways,
and water surfaces. Movie glasses have their
polarization axes vertical, so even if worn
backward they won't work as sunglasses.

The light from your computer screen is
strange. And it's not just because of the web-
sites you visit. If you have a computer with a
flat-screen liquid crystal display (LCD), turn it
on. Open your word processor to display the
“writer's block"” screen (a pure white page).
Now hold the polarizing glasses with the
earpieces toward the screen. Rotate the
glasses, and you'll find one position where the
screen appears black when seen through the
glasses (Figures D and E). The polarization
axis of the glasses will probably then be at
45° to the vertical, but this depends on your
brand of computer, and may not be the same
for all glasses. Try various glasses with high-
definition LCD TVs and other LCD screens.
Now you know why you can't see the digital
display in your automobile when you're wearing
polarizing sunglasses. Clash of technologies.

Colors and Cameras

Creating colors. While wearing your polar-
1zing glasses, place a piece of cellophane
over the computer screen, and rotate it to
different positions. In two orientations it will
show strong color. Several layers, or different
cellophane thicknesses, will show different
colors (Figure F). Thicker layers are more
pastel. Crumpled cellophane may produce
an abstract work of color art.



When you rotate the polarizing glasses
(take them off first), each color shifts to its
complementary color: red to green, yellow to
violet, and so on (Figure G). You may have
better results holding the glasses backwards,
so the polarizing layer is away from your eyes.
These pictures were taken with polarized light
from a computer screen polarized at 45° to
the vertical and a linear polarizer in front of
the camera lens.

Be artistic. Creative types might use this
phenomenon for making works of art. In the
19th century, European craftsman made
miniature scenes from carefully cut layers of
thin crystals sandwiched between polarizing
sheets. A sheet of aluminum foil (smooth

or crumpled) can be a background for such
a scene, using just one polarizer in front of
everything. Be inventive.

Polarizers for cameras. If you're "cheap,” you
can use either filter from 3D movie glasses as
a polarizer in front of a camera lens by aim-
ing the polarizing side away from the camera
(toward the subject). This is useful for elimi-
nating glare from shiny surfaces, increasing
the color saturation of shiny leaves, and dark-
ening blue skies for dramatic effect.

In fact, most digital camera manufacturers
specify that only circular polarizers be used
for this purpose, not linear polarizers. This is
because digital camera autofocus and auto-
exposure systems usually have an internal
mirror to deflect and monitor a fraction of the

incoming light, and mirrors polarize the light.
So a linear polarizer could, in certain orien-
tations, compromise the accuracy of these
important systems.

The incoming light from the scene passes
through the linear polarizer, which does its job
of reducing reflections. Then the light passes
through the retarding plate that converts it
to circular polarization, which, being unbi-
ased laterally, cannot confuse the automatic
camera systems. Your inexpensive 3D glasses
aren't optical quality, so they'll introduce some
slight degradation of resolution and sharpness
of the image. But you may not even notice
the difference. &

E3 To learn more about polarization, see my
article "Experiments with Polarized Light”
at makezine.com/go/expolar,

For a mathematical treatment of polar-
ization theory, and lots more experiments
you can do at home, see makezine.com/go/
umichpolar (PDF). (Your RealD glasses
provide the equivalent of the raw materials
specified in this document.)

Donald Simanek is an emeritus professor of physics at Lock Haven
University of Pennsylvania. He writes about science, pseudoscience, and
humor at www.lhup.edu/ dsimanek.
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for the eye to see, and vary the gaps between
them to limit the average current. If you add
a potentiometer, it can act as a dimmer. Only
a few electronic parts are needed. Note that
if you use old-style low-power LEDs, your AC
adapter can be down-rated to 300mA, which
should cost less.

How to build the actual lamp? | decided to
use PVC plumbing supplies. For the additional
pieces that hold everything together, | chose
15" white ABS plastic, but you can use
plywood if you prefer.

1. Make the lamp head.

Download the template from makeprojects.
com/v/32. It shows the layout of the LEDs
you'll fit in the large end of the PVC reducer,
which forms the head of the lamp.

Use an adjustable hole cutter to cut a circle
of ABS or plywood the same size as the tem-
plate in Figure A (page 153). This tool is $10
on eBay, but to use it safely, you need a drill
press, as shown here. Otherwise, you can use
a handsaw and sand the corners to make a
circle.

Tape your template to the circle, and use
an awl to poke through the center of each hole
(Figure B). Remove the paper and pilot-drill
through each indentation with a ¥s" bit, then
drill with a #9 bit. This is the perfect size for
the LEDs to push-fit into the holes, so no glue
is needed.

2. Install the LEDs.

Trim the leads of the LEDs. Make the long
leads ¥2" and the shorter ones 14", so you can
still tell them apart. Push the LEDs into the
holes, noting the short and long leads and
being very careful to get the polarity right,

as shown in Figure C.
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Solder the LED leads together and add
wires as shown in Figure D. The red wire
powers the positive sides of all the LEDs.

The other wires are negative; their insulation
colors are arbitrary. | used a separate wire for
each group of 3 LEDs in case | might want to
light some of them selectively in the future.
The front side of the assembly is shown in
Figure E.

To test the LED assembly, attach the posi-
tive side of a 12V DC power supply to the red
wire, and the negative side of the supply to
your 6802 resistor. Touch the free end of the
resistor very briefly to each negative wire lead-
ing to the LEDs. They should light up in threes.
If you made a polarity error, the resistor
should protect you from burning anything out.

Epoxy the LED plate into the wide end of
the PVC reducer to form the head of the lamp.
Set it aside to harden.

3. Bend the lamp neck.

PVC water pipe has ugly text printed on it,
so you'll need to sand it off. Alternatively you
can use a solvent, but it may dissolve the
PVC or smear the ink.

So-called ¥2" water pipe varies a lot in
internal diameter. First measure your pipe,
then order a 3' spring that will fit inside it.
The spring will prevent the pipe from kinking
when you bend it.

Slip the spring through the pipe (Figure F)
and wave a heat gun to and fro along the sec-
tion that you want to bend, while rotating it.
Keep the heat gun moving, and be patient.
Eventually the pipe will soften, and can be
bent into a curve (Figure G).

When you've finished, remove the spring
and saw the pipe to the size you want for
the lamp neck.




4. Make the centering plates.

Cut another 2 circular plates to fit in the
narrow end of your lamp head, and use a
Forstner bit to cut holes in their centers to fit
the exterior diameter of your ¥2" pipe. Epoxy
the plates to the lamp neck, as shown in
Figure H. Thread the wires through the neck,
then epoxy the neck assembly into the head
of the lamp.

Make 2 more circular plates to fit in the
PVC coupling, for the base of the lamp, and
cut holes in their centers to accept the 2"
pipe (Figure I). Glue the plates into the base:
one halfway down, and one at the very top.
Then glue the neck into the plates, leaving
plenty of room at the bottom for your circuit
board and potentiometer.

5. Breadboard the circuit.

The schematic diagram (Figure J) is config-
ured to match your breadboard; you can
download a full-sized version from make
projects.com/v/32. For testing purposes,
insert a 10uF capacitor for C3.

Using a 12V DC power supply, start with
only the components around the 555 timer
that are shown in the top half of the sche-
matic, and attach a single test LED between
R3 and negative ground. The potentiometer
should now adjust the flashing speed of the
LED. If not, you made a wiring error.

Remove your test LED and now use R3 to
connect the 555 timer to IC2, the Darlington
array, as shown in the schematic. Darlingtons
don't source current, they sink current, so
connect the red wire from your LED array
permanently to your 12V DC source. Then
run the negative return wires into the right-
hand pins of the Darlington chip. Its left-hand
pins are all driven by the 555 timer. The pins
labeled “NC" have no connections.

Figure K (page 156) shows the bread-
boarded circuit. If the potentiometer still
makes the lights flash faster and slower, all
is good.

Remove the 10pF capacitor you used for
C3 and substitute a 0.1pF capacitor so that
the lights will flash fast enough to exceed your
persistence of vision. Resistor R2 makes sure

R1: 47K, \4W

R2: 10K, WW

R3: 680Q, YaW

P1: 100K linear
potentiometer

C1: 10pF electrolytic
C2: 0.1uF ceramic

To positive
sides of LEDs

To negative
sides of LEDs

C3: O0.1pF ceramic

(use 10pF electrolytic

for C3 while testing)

D1: 1INS14 signal diode
IC1: 555 timer (TTL type)
IC2: ULN2003
Darlington array
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TDRMACH MAKER anFlLE = ATELIER 26 Tormach PCNC 770 Series 3

starting at:
For brothers Troy and Gary Chatmajian, machining is more than a way of life—it’s their legacy. As fourth- =" SBBSO
generation metal workers, they are part of a family tree brimming with craftsmen who have been working

{plus shipping)
with metal since the late 1800s.

In 2003, Gary and Troy founded Electromec, a workshop based in Los Angeles, California. Electromec focuses __,....,.-_
on custom metal fabrication, manual machining, tool making, and welding projects. By 2010, m

inspired with the advances in Tormach’s personal CNC equipment, they opened a partner

company called Atelier 26. Outfitted with both a Tormach PCNC 770 and a PCNC 1100, they

specialize in CNC machining, CAD/CAM, solid modeling, prototyping, and short-run part

manufacturing. “The Tormach PCNCs allow us to be very competitive with prototype

work, even though we're a small shop.”

Some of the projects for Gary and Troy have included custom hardware for high-end homes
and celebrity clients, such as replicas of the large scale door handles from New York's
Kennedy Center and intricate interlocking art deco cabinetry pieces based on the |
work of renowned designer |.M. Frank, for use in a private home movie theater. h
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YOU'RE PRIVING
A REAL LEMON.

GO BACK TO
GUTTER JUMP!
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~ Miniature size T-slot
for your desktop projects

Endless possibilities in constructing
Use and reuse our professional bearns
Black anodised aluminum beams

www.makerbeam.eu
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BOARD HOLDERS

Our Circuit Board Holders
add versatility & precision
to your DIY electronics
project. Solder, assemble
& organize with ease.

MONTHLY CONTEST
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photo of your creative PanaVise
project for a chance to win a
PanaVise prize package.
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VISIT US ON.

8] f

7540 Colbert Drive = Reno = Nevada 89511
1(800) 759-7535 | www.PanaVise.com

70-PIECE PROFESSIONAL-GRADE
TECH & GADGET REPAIR KIT

Fixit

PRO TECH

i

HIERRRIE

i |

:.-'.'.‘ I_."'-_! < I
e

E

Buy yours today at
iFixit.com/Tools

THE FIRST 100 MAKE READERS
GET $10 OFF USING THE CODE:
“MAKE10"

e |

- Hot off the press!
MAKE'’s New Robot Book
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Make things that go
bump in the night
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the people and tutorials that are
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» When I was a boy, my granclfather was the handyman in the
family. I followed him around with fierce devotion and helped him
build, fix, and finish things. We were in no hurry, and we liked

it. That was a very long time ago. But when  first picked up the
Schroder, it felt like shaking hands with a long-lost old friend. If

I'd been blindfolded, I might have sworn it was Grandpa’s well-main-
tained vintage tool. The solid construction and tight engineering

hark back to the days when tools weren't considered disposable.
—Gregory Ha yes




WL LEARN TO SOLDER KIT
rel ond BUILD A FLASHING
"W EUROPEAN SIREN

AmerKit Leamn
toSolderKit

519 makershed.com #MKEL4
AmeriKit includes everything you need:
wire cutters, solder, electrical components,
and of course, the soldering iron itself. The
kit's instructions are very detailed, and the
practice circuit is fun to build. | have built
and fixed several things since | got the kit.
Now, even my teachers ask me to fix things
around the classroom!

—Robert M. Zigmund, age 14

555 and up dewalt.com

.. DeWalt's ToughSystem cases are near- o
™ indestructible toolboxes that cradle your  *
« tools and equipment against rough han- s

GrommEt TOOl - dling and environmental conditions. Made ™

-« from 4mm structural foam, these cases

515 sailrite.com ~ don't bend, crack, or deform like many 2
For making trampolines, awnings, bags, - cheap plastic boxes do when fully loaded.
sails, and even shower curtains, these = As a DIYer or maker, you might not iz
are awesome little tools. You'll need to « need a professional-grade tool case, but
buy one kit (setting tool and hole-cutting " they're definitely good to have. These
tool) for each size of grommet you plan . water-sealed cases might also serve well oo
on using. Small, medium, and large are “ as outdoor project boxes, and they cost
usually enough for everything. - S bstantially less than Pelican cases. -

—Saul Griffith —Stuart Deutsch ™
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Know-How
by Frank Marlow

S50 Metal Arts Press

As a custom luthier I'm frequent-

ly called upon to fabricate metal
: parts for nonstandard guitars
and other stringed instruments.
i |I'm primarily a woodworker, but
i my sputter box and brazing

. torch don't gather a lot of dust.

i Although my metalwork has

: always been adequate, it never

i reached the high level of work-

: manship that | really wanted.

: Then | found this book. The
beautiful line drawings clarify

: the simple, well-written text.
The amount of shop experi-
ence packed into this volume is

{ amazing. There are step-by-step
i instructions for building jigs and
fixtures, and some surprising

: ways to modify tools so that they
i actually work. This hefty volume
i is akeeper, and in the years to

i come I'll probably wear it out.

: —Ervin Tibbs

: 168 Make: makezine.com/32

527 sailrite.com

A fabulous tool in the category of sewing things is a good
adjustable palm. These are necessary to get large needles
through heavy fabrics. For small repair jobs, this is all you
need — forget the sewing machine. Think of it as a super-
sized, forceful thimble. Make sure to get some heavy-duty
hand needles, both straight and curved, so that you're
ready for any job. —SG

S80 adafruit.com

Visual inspection of surface-

mount electronics can be

challenging. A magnify-

ing glass is helpful, but if L'

you do a lot of microcircuit

work or wish to memorial-

ize your project with photos,

this approach can seem as old as

Sherlock Holmes. Adding a USB microscope
: from Adafruit will bring your workspace
into the 21st century, while making SMD

work easier and preventing eyestrain.

After using it only a few times you'll
5 wonder what you'd do without it!
~L. Abraham Smith, N3BAH




When | built my first circuit,

| of my tools It took me a few tries to arrange and and supplies fit inside a sma
| shoe box. When  separate the drawers in a way that works | built my first robot, all was
ontained in a best for the intended contents, but that's small under-the-bed clothing
tote. Now, more always part of my new-storage-setup process. than 12 years and many proj
xcts, tools, and The hardest part was working with a limited parts later, my storage need
, have become number of Sortainers while wanting a couple so much more complex.

ffetiz tu_f;ﬂ e o In recent years |'ve tried al
most every type Sortainers are a bit pricey at over $140

of industrial storage product
organizers, drawers, cabinet:
In my latest attempt to orgar

out there — trays, per unit, but their quality, utility, and elegance
, bins, and totes.  justify the one-time investment. Although

lize and tidy up designed for woodworkers, contractors, and my shop space, | moved a nt
mber of items professionals, Sortainers are well suited for i S el i e

the more general needs of DlYers and makers. In just a couple of days, th
2y've proved to While they won't magically improve your be among the most versatile
and effective abilities or craftsmanship, they will help small tool and parts organize
rs I've ever used.  organize your shop or workspace efficiently They're stackable, portable \
ia a large carry and with flair. —SD handie. and feature dividable
drawers that

2 fi I latch closed and open quickl
/ via finger pulls.

e D A ————
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CULINARY
BLOWTORCH

$26 makezine.com/go/torch

| have a new favorite tool. | needed
to make a few solder joints on a
ham radio antenna in my backyard.
My daughter's culinary blowtorch,
purchased for making créme
brillée, was the perfect solution:
lightweight, pencil flame, easy to
control. | have since seen the same |
basic torch packaged and sold as
a workshop soldering tool at the
local hardware store, but this one
solders antennas and also makes
great créme brilée.

—Eric Hansen =~

\\

Gregory Hayes

170 Make: makezine.com/32
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Design for Hackers oyt oy o

540 Wiley :
| love design books that attempt to teach the overarching hyEnhnEAdams ......................................
principles of design literacy. Everyone should understand S17 Henry Holt

these fundamentals and how the visually designed world is While the systematic study of
put together. In this vein, David Kadavy decided to address knots has been passed back

these issues soaonifinalhita haclines bacasiien achacose . and forth batumnan coinntifie ..
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,, :
LU * ine world would be a far more attractwe place if learning knot theory that has
those creating our interactions with it knew the language contributed to our under-
of design. And, given the extent to which our world has standing of DNA, or twisting
become digital and virtual, those coding its software and your brain around in new
user interfaces and threading the web should all learn what ways, Adams makes you feel
]
this book has to teach. —QGareth Branwyn like part of the discovery.

—Meara O'Reilly

* Uttrafeed SZ-1 Industria
Sewmg Machine

sailrite.com

| haupen to think sewing is one of the most versatile and
important of manufacturing techniques.| particularly love a
strong, industrial, walking foot machine that can handle thick,
heavy, and demanding fabrics, even leather. This one even

has a nice hand-cranking wheel option that allows you to do
heavy fabric repairs off the grid! -0
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LASER IT!

Laser Engraving, Cuf_i:ing, and Marking Systems from Epilog Laser.

From creating and personalizing |

+ g -.\ I

3D models, to engraving photos, to

'_.. marking high-tech gadgets, our laser
—

systems create the products you see

b here and more!

For more information contact us today!
888-437-4564 +« sales@epiloglaser.com
epiloglaser.com/make




T0Y INVENTOR'S
NOTEBOOK










