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yourHouse: Digitally Fabricated Housing for New Orleans
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In 2006, inspired by the destruction left in the wake of Hurricane Katrina, Larry Sass, archi-
tect, professor and Maker, developed a design for a digitally fabricated house that can be
built relatively quickly with a minimal amount of tools by builders with little or no construction
experience. These sturdy, ready-to-inhabit structures can be used to quickly rehouse
victims displaced by hurricanes or other disasters. When it came time to prototype and
construct his houses, Larry turned to ShopBot.

The project, called “yourHouse: Digitally Fabricated Housing for New Orleans,” designed by
Larry and built entirely of ShopBot-cut parts, was selected to become part of the exhibit
“‘Home Delivery: Fabricating the Modern Dwelling,” currently on display at New York’s
Museum of Modern Art. The exhibit examines the role of factory-produced architecture,
focusing equally on production and design techniques and showcasing each end result.

With a ShopBot, Larry Sass makes functional works of art. What will you make?

www.shopbottools.com

888-680-4466

ShopBot_

What would you like to make today?


http://www.shopbottools.com
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You can talk the talk. Can you walk the walk? Here's a chance to prove it. Please geek responsibly. www.uat.edu > 877.UAT.GEEK
877.828.4335


http://www.uat.edu

Volume 16

Makae:

technology on your time

SPECIAL SECTION
Male: SPYTIECH

60: Talking Booby Trap
Surprise thieves with this hidden alarm. By Bob Knetzger

64: Portable Spy Scope
Turn your cellphone into a high-power digiscope.
By Eric Rosenthal

67: Simple Laser Communicator
Talk through your private light link. By Simon Quellen Field

70: Mint Tin Survival Kit
Miniaturize a serious survival kit. By Thomas J. Arey

72: Dead Drop Device
A hollow bolt hides secret messages. By Brian Dereu

76: Self-Destructing Object
This thing will melt in 10 seconds. By Andrew Lewis

80: USBattery
Hide a flash drive in a AA battery. By Andrew Lewis

84: Secret Chessboard Drawer
Magnetic chess pieces open it. By Andrew Lewis

88: Covert Wireless Listening
Install a sneaky bug in a book. By David Simpson

92: Invisible Ink Printer
Lemon juice printer cartridge. By Mike Golembewski

94: The International Spy Museum
A shrine to gadgets in Washington, D.C. By Laura Cochrane

PLARY UNFRIR:
Tap into a tricky
drawer that opens
only when the
right moves are
made.

2 Make: Volume 16

story, Black and White,

most infamous spie
scheme in true maker fashion. Look for them sneaking
throughout this issue. lllustration by Sam Viviano;
SPY vs. SPY ™ & © E.C. Publications, Inc.

Columns

13: Welcome: The Visible Hand
The DIY mindset must again become an essential life skill.
By Dale Dougherty

14: Make Free: Selectable Output Control
Hollywood's most insane idea yet. By Cory Doctorow

16: Reader Input
There's a run on rocket parts at hardware stores.

26: Making Trouble: Making Things Work
The LHC project makes me feel good about being human.
By Saul Griffith

184: MakeShift: Bomb in the Parking Garage
By Lee D. Zlotoff

Visit for story updates and extras,
Weekend Project videos, podcasts,
forums, the Maker Shed, and the
award-winning MAKE blog!

Vol. 16, Nov. 2008. MAKE (ISSN 1556-2336) is published quarterly by O'Reilly Media,

Inc.in the months of March, May, August, and November. O'Reilly Media is located at

1005 Gravenstein Hwy. North, Sebastopol, CA 95472, (707) 827-7000. SUBSCRIP-
TIONS: Send all subscription requests to MAKE, P.O. Box 17046, North Hollywood,
CA 91615-9588 or subscribe online at makezine.cormn/offer or via phone at (866)
289-8847 (U.S. and Canada); all other Countries call (818) 48/-203/. Subscriptions
are available for $34.95 for 1 year (4 quarterly issues) in the United States; in Canada:
$39.95 USD; all other countries: $49.95 USD. Periodicals Postage Paid at Sebastopol,
CA, and at additional mailing offices. POSTMASTER: Send address changes to

MAKE, P.O. Box 17046, North Hollywood, CA 91615-9588. Canada Post Publications
Mail Agreement Number 41129568. CANADA POSTMASTER: Send address changes

to: O'Reilly Media, PO Box 456, Niagara Falls, ON L2E 6V2


http://makezine.com
http://makezine.com/offer

EPSON

EXCEED YOUR VISION

» Wi-Fi° your Epsonality.

Presanting the new Artisan” 800 from Epson. Th - ghly productive, Wi-Fl-enablad

Everyone's got an Epsonality. Discover yours at Epsonality.co



http://epsonality.com

Make: Projects

R/C Pole
Photography

Take photos with a pole-mounted
aerial photography rig.
By William Gurstelle
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Hot-Wire
Cutter

Cut 3D shapes out of styrofoam
using a hot wire and 12 volts.
By Bob Knetzger

Chladni
Plate

Make sound visible with
this vibrating setup.
By Edwin Wise

2 Y f o 1
Surface Mount
. .
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Techniques for making modern circuits.

By Scott Driscoll
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YOU SHOULD HAVE A HOUSE
WITH AN A/C UNIT ATTACHED TO IT,
NOT THE OTHER WAY AROUND.

BT I T T T T T T e v T O O O Iy P

With air conditioners, smaller is better. And Johnson Controls was the first to offer y))
Johnson

YORK® home A/C units that use ingenious micro-channel technology to produce more cool C t I
in less space, while still efficiently saving energy. Just another way we're making this ontrois
world a more comfortable, safe, and sustainable place. Want to make your world better?

We'll help you figure it out at_ingenuitywelcome.com

© Jounson ConTrols 2008
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decided open source
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go with his wireless,
rolling, remote con-
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changing. Thus, some of the projects described may not
work, may be inconsistent with current laws or user agree-
ments, or may damage or adversely affect some equipment.

Your safety is your own responsibility, including proper
use of equipment and safety gear, and determining whether
you have adequate skill and experience. Power tools,
electricity, and other resources used for these projects
are dangerous, unless used properly and with adequate
precautions, including safety gear. Some illustrative photos
do not depict safety precautions or equipment, in order to
show the project steps more clearly. These projects are not
intended for use by children.

Use of the instructions and suggestions in MAKE is at
your own risk. O'Reilly Media, Inc., disclaims all responsibil-
ity for any resulting damage, injury, or expense. It is your
responsibility to make sure that your activities comply with
applicable laws, including copyright.
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Solderbynumbers.com is the
first social networking site for
electronics enthusiasts. It will
greatly enhance the experience
of everyone from the electronics
novice to the seasoned pro.

Solder By Numbers™ is the same
concept but for electronics.

With no previous experience
you will simultaneously build
electronic circuits and a circuit
of new worldwide friends.

[GND U ] U SO 4 - 56 PINS 127MM PITCH U [ U GN'D]
Ol CmPuOm@u@= Ouu@uPu@Pud G=O=@
g ——=———0
.—O-ZI-I-O-Q O-Q-:I-I-QososO-I-I:-O—. @—o--.—.j

———0-0-0 0000
0200 00000 ‘o—o-0ecece 000

Sign up for your free account today!
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Sam Viviano (Cover, special section opener, and various other spy illustrations) was born
sometime in the last century to an anonymous couple in Detroit. After graduating summa
cum laude from the University of Michigan, he moved to New York, where he quickly became
impoverished. He was saved from a life of crime by the editors of MAD, who assigned him
his first cover in 1980. In no time at all, he was one of the Usual Gang of Idiots, producing
movie and television satires, phony ads, and, of course, more covers. Finding no other way to
stem his seemingly endless output of bad illustration, the editors asked him to become the
art director of MAD in 1999, a position he still sleeps through today. Viviano lives in New York
with his wife and daughter, who (like his parents) would prefer to remain anonymous.

Brian Dereu (Dead Drop Device) has been self-employed now for more than 12 years and
has never looked back. “It took me a while to develop the discipline to work for myself,”

he says, “instead of just going fishing.” He runs a small manufacturing business in rural
Missouri where his day consists mainly of lathe and milling machine work (when he's not
fishing). Even after hours, he can be found tinkering in the shop or on the computer working
on his newest venture (spy-coins.com). Brian is a family man, with a wife and 9-year-old
twin boys at home. His wife, Sonya, home-schools the twins, and the entire family is active
at their Christian church.

Known to his wife, Linda, as Mr. Experimentation, David Simpson (G-Meter and Altimeter,
Covert Wireless Listening) was inspired as a child by his Uncle Marv, “a hot rodder

from the 50s. He would heat up plastic car models in the oven and squash them into
fascinating, realistic wrecks.” Since then, David has built “a lot of off-beat things from found
objects,” but his real passion is aviation and aerospace education, which “has been under
my skin for a while." He finally got his private pilot’s license a few years ago, and is “always
working on developing new, immersive, hands-on educational experiences for cadets of the
Civil Air Patrol” in New Jersey.

Star Simpson (Star Bust) started her career at age 3, when her mother told her not to mix
electricity and water. “So | stuck my fist under running water,” she recounts, “and grabbed
the contacts of a night light plugged into the wall next to the sink with my other hand. | got a
120V jolt and found out my mom wasn't making things up. I've thought electricity was awe-
some ever since.” Currently a world traveler with a penchant for photography, surfing, and
tinkering, Simpson grew up in Hawaii and attended MIT; she’s now working on an outrigger
canoe to sail between islands in Hawaii. Her favorite tool is a homemade welder made from
salvaged microwave oven transformers, but she also thinks “a nice TIG is a good thing.”

When Andrew Lewis (Secret Chessboard Drawer, Self-Destructing Object, USBattery) isn't
“hacking away on a problem connected to computational complexity,” he's most likely
“working in my lab on a 3D scanner or some other hardware-related project.” The computer
engineer, author, and Ph.D. student lives in a small village surrounded by farmland, not

far from the urban center of Staffordshire, England. Andrew is a steampunk fan with a
decidedly madcap attitude to making: “I think part of the fun is when something goes
wrong and provides you with a new challenge ... unless you're on a tight schedule!”

Dan Bassak (Roller Skate Toe Stop) hails from northeastern Pennsylvania. Growing up on

a dairy farm, Dan learned early on that he could freak out his entire neighborhood with his
inventions. His parents grew accustomed to the sound of explosions from his bedroom and
the sight of the local police on the front porch. Lucky for the planet, Dan channeled his tal-
ents and energy toward the greater good as he got older. Dan is also known for his excellent
culinary skills, most notably his bread- and sausage-making abilities. Presently employed
as a biomedical engineer, Dan resides with his tolerant wife, Trina, and their dog, Abby.
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Photograph of Star Simpson by Jeff Lieberman
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Time to show those plug-in dangly icicle-lights how it's done.

"M“’ Make a build-it-yourself solar-powered lantern.

Hi-YAH!

«  Take that, dangly icicle-lights!

3 =

s The PUMM-LANTERN stores up
power, and activates in the evening
with a pleasing bi-colored “FUMM

* $30.°°

f.':f' 1 lantern |"I‘i unigue art
ilable)

DLV EREL]

B-2/6-E687 www.solarbotics.com

éat_ﬂnlancs

et Recyclmg & Remarketing High Technology Q“‘QR BL OW 0 [/,
Many Brands Available!
“S ﬂ @E 'I 7 GRT| 17 Pt G 20840

'd

=~

e I AR EHOU S E oAb oo
Softare. ment Dm

Sound Blaster X-Fi Platinum Sound gard) FANT/ NE A ON OUR

FATAL1TY Champion Series Yoo iy -1GB ECC Registered Memory
-Brand New in Box! s 954 APTUPS ¢ ¢ " ] (B -Onboard Video / LAN / USB / PSf2
" -X-Fi I/0 Drive Included 99 - -3 PCI-64 Slots, 2 PCI-32 Slots
]

~Remote Control with Batteries

— ; - -19” Rack Mountable Case (15.5” Deep)
- MSRP - $199.95! Save $100! <A AL :& 3 0 _\‘8"'% - Faster XEON Configurations Available
Anolog to Digital Converter PCI Card  $300 N 3 0 S HP Proliant DL145 2xOpteron 2GB Ram/SCSI $250

Promise SuperSwap SAS/SATA HDD Enclosures$15 Melcor 81-Watt Thermoelectric Cooler TEC $10
20-Cell 12-Volt 7600mAh Ni-MH Batteries $30 U.S.Robotics 56K External Fax Modem  $40

19” Equipment Racks -Wide Variety $50 - $350 @ ay sto re Imtech Accubath Series 859 Temperature Control $25

Realtek Gigabit Ethernet 32-Bit PCl Card  $5) oy ebay Com/weipds-fuff S0 el (Astec MVP Series 600W Power Supply ~ $200

g We DROP our prices constantly! Please call for the latest prices. Items are of limited quanmy First come first serve - while supplies last! Don't delay!

HEEKLOG EAEDBD TN P WE BUY AND SELL EXCESS Sunnyvale Store
&OBSOLETEINVENTORIES' 384 W. Caribbean Dr.

Hi-Tech Items, Electronics, Test Equment
and more! New stuff ever ry other Friday!

Sunnyvale, CA 94089
) 10,000 Sg.Ft. 0 fComputers Electromcs X EVIEEEScuoffMNﬁPFIeEcRCIEEC%!?pEIErS Mon-Sat: 9:30-6:00 Sun: 11:00-5:00
Software, Doo-Hickies, Cables, and MorelJ Monitors, and ElechmcEqument (408)743-5650 Store =

Sign up for our M newsletter! RDSTUF !;)

RDSTUFF.CO

© 2008 WeirdStuff, Inc.



http://www.solarbotics.com
http://www.weirdstuff.com
http://stores.ebay.com/weirdstuff-inc

The Visible Hand

s | write this, there is panic on Wall Street
A despite Washington's $700 billion rescue
attempt. The crisis is not contained by U.S.
borders, but extends to Europe and Asia. Like many
people, I'm incredulous. How could this happen?
Wall Street hired the best and the brightest,
paid them handsomely, and gave them unlimited
resources and technology. It turns out they were
building enormously complicated castles made of
sand. A great wave washed them away, astounding
all the smart people who devoted their lives to
speculation, not production. Their models based on
historical data predicted future profits, not collapse.
Few people saw this coming until it hit.
“It was the triumph of data over common sense,”
said reporter Adam Davidson on the excellent episode

of This American Life called “The Giant Pool of Money.”

Economist Michael Lehmann in the San Francisco
Chronicle called it “the triumph of ideology over
common sense.” It's obvious both common sense
and the common man have taken a beating.

It's hard to stomach that our government must
bail out Wall Street. It really means we've bet our
future on the same people who created the pres-
ent situation. To paraphrase a joke I've heard: It's
like going to a casino in Vegas and rooting for the
house. One New York Times reader expressed the
frustration that many feel: “Why can't we take half
of the $700 billion and just build something?”

These events shake our belief that free markets
work to the benefit of all. The fundamental tenet
of capitalism is the “invisible hand”: Adam Smith
wrote that “by pursuing his own interest [each
person] frequently promotes that of the society.”
This year, Nobel Prize-winning economist Joseph
Stiglitz said: “In this sense, the fall of Wall Street
is for market fundamentalism what the fall of the
Berlin Wall was for communism — it tells the world
that this way of economic organization turns out
not to be sustainable.”

A headline in the Christian Science Monitor
says: “With finance crisis, hands-off era over.”
Government will need to be more assertive in regu-
lating Wall Street. But | think it goes beyond that.
| wonder if we, as individuals, have been living in
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our own era of hands-off. Have Americans become
so disengaged that we've become dependent on
some invisible force to provide what we need? Have
we gotten used to leaving important matters to
experts, until they turn out to be wrong?

Isn't it time for us to become hands-on again?

We, the people, face enormous challenges. Apart
from the economic mess, we know fundamental
changes are coming because of global warming.
Our dependence on fossil fuels is not sustainable.
Change is coming, whether we want it or not.

Better we meet the challenges head-on rather than
hide. New York Times columnist Thomas Friedman

The DIY mindset must again
become an essential life skill.

summed it up: “We need to get back to making stuff,
based on real engineering not just financial engineer-
ing. We need to get back to a world where people are
able to realize the American Dream — a house with
a yard — because they have built something with
their hands, not because they got a ‘liar loan. ... The
American Dream is an aspiration, not an entitlement.”

We have to believe it starts with each of us — not
some faceless government or corporate bureau-
cracy. It's time for us, individually and working
together in business, to reconsider what it means to
be productive, not just profitable. It's time for us to
reengage in how our government sets priorities for
education, health care, housing, and transportation.

The DIY mindset celebrated in this magazine
must again become an essential life skill, rooted
once again in necessity and practicality. Our future
security lies in knowing what we're capable of
creating, and how we can adapt to change by being
resourceful.

A challenge this great can bring out the best in us.
We need everyone, because every person has some-
thing to contribute. We need a showing of all hands.

Dale Dougherty is the editor and publisher of MAKE and
CRAFT magazines.
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( : hances are, you haven't heard of “selectable
output control” (SOC), a proposed digital TV
technology that would allow broadcasters

to tag their content with a list of devices that are

allowed to play it. That's because it's an insane idea.

Picture this: you power up your home theater, a
complex network of game consoles, A/V switchers,
cable boxes, PVRs, DVD players, 5.1 speakers, amps,
a home theater PC, and a monitor or projector.
After locating the correct remote, you start surfing
through channels. All good. But when you hit MTV,
the gorgeous, perfectly balanced sound stops.

Why? Because MTV doesn't want you digitizing
the songs that accompany its music videos, so it
sends a digital “flag” that disallows high-end audio
on equipment that doesn't contains digital rights
management (DRM). Your beautiful hand-built tube
amp certainly isn't compatible, so if you want sound
while watching MTV, you've got to turn on the tiny
internal speakers that came with your TV.

You surf on up the dial (get up again and turn off
the internal speakers), and flip to HBO. Your screen
goes dark. That's because HBO is showing a movie
that has been flagged as “no analog” — which
means your beautiful 42" plasma display won't
work because you connected it via the composite
analog video cables coming off the back of your
A/V switcher, rather than via the DRM-locked
HDMI output.

To watch the movie, you'll need to move the
entire shelving unit (remember to take down the
family photos first, doofus, otherwise you risk shat-
tering the glass if they tip over), disconnect the
analog cables, dig around in the garage to find the
HDMI cable that came with the TV (or was it the
cable box?), and rewire your set.

One more channel up the dial and the screen
goes dark again. Google around for a while, and you
discover that some kid in the Ukraine published a
class break last month for HDCP, the anti-copying
crap in HDMI, that makes it possible to record HDCP
content using “unauthorized” technology. So here
on Showtime, they've restricted HDCP as well as
analog. You're going to need DVI for this one. You
grab a little Maglite and peer hopefully at the inputs
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The dead hand of copyright is
in the guts of your inventions.

on the plasma. No DVI. Now what? Buy a new TV?

This is where SOC crosses the line from totally
objectionable to totally insane. With SOC, it doesn’t
matter if you're careful to buy only “approved”
technologies and set them up in the “approved”
manner. Because no matter how you set your
stuff up today, the signal can be altered to prohibit
access tomorrow, if someone, somewhere, figures
out how to do something naughty with a device
you have the misfortune of owning.

You haven't heard of SOC because, in 2003,
the FCC told broadcasters and cable operators
that they weren't allowed to use it. But, like a bad
Hollywood sequel, it's back. The Motion Picture
Association of America has petitioned the FCC for
the right to turn on SOC for new-release movies.
It promises it won't use SOC for other purposes,
but you can bet its use will expand and expand.

SOC isn't just a cable proposal, it's an entire
philosophy that's the antithesis of making. It's a
philosophy that says that the dead hand of the
original manufacturer will be an immortal presence
in every device you own, yanking out the wires that
it objects to, turning the dials to suit its needs. If
you've ever done something with a device that the
manufacturer didn't intend (or wouldn't like), you
can appreciate how bad an idea this is.

Copyright has its place. | think that it's totally legit
to propose that someone who makes a creative
work should be allowed to control the circumstances
under which companies can sell copies of it. But
since when does copyright give a creator the right
to tell you which wires to plug into your TV?

» The Electronic Frontier Foundation — which
fought SOC in 2003 — is fighting it again, and you
can help out at eff.org/issues/digital-video.

Cory Doctorow lives in London, writes science fiction novels,
co-edits Boing Boing, and fights for digital freedom.


http://eff.org/issues/digital-video
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| RERDER INPUT |

Tales of hardware stores, wind
generators, and pine derby cars.

E My son and | were in our local independent hard-
ware store, Jackson's Hardware in San Rafael, Calif.,
shopping for parts for the compressed air rocket
(which is fantastic!) [ Volume 15, page 102, “Com-
pressed Air Rocket"]. There was another father/son
combo in the store at the same time buying parts for
the rocket. | happened to speak to the store manager
and told him that there was another party buying
the exact same stuff for their rocket project. He had
not heard of MAKE but said, “We should carry that
magazine.” | told him that if a project was popular he
could even put together a kit of parts to make it easy
on us parents and tinkering goobers.

So, my idea is to get your mag into more inde-
pendent hardware stores, and it will do us all good.
Sure, if Home Depot wants it, give it to them, but
make sure the indy shops get some love.

Anyhow, just an idea. Thanks for the great mag.
| look forward to it more than any other. My son
loves the compressed air rocket. It is really fun.

—Alex Giedt
San Rafael, Calif.

E | have been an avid reader of MAKE since the
very beginning, back in 2005, and | would like to
thank you for keeping me inspired to continue with
my creative ventures. All of my science projects in
recent memory have been based on projects you've
featured in MAKE. For example, last year | compared
the efficiency of various wind turbine designs,
inspired by the article “Wind Powered Generator”

in Volume 05 [page 90].

MAKE is a very useful reference for any kind of
project I'm working on. | often find myself reading
the online PDF more often than the physical copy;
it's very convenient to have it right there on my com-
puter. Your blog is also great; it keeps me occupied
while waiting for the next issue, and it's updated
often enough that | can check on it several times a
day without getting bored, unlike most blogs which,
at most, update once every day or so. I'm looking
forward to future issues, keep up the great work!

—Jacob Simmons
Lake City, Fla.
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E Regarding “Interstellar Visions,” Volume 15, page
21: your reporter is too credulous. While concentrated
moonlight may have medical value for werewolves, its
only effect on humans is to lighten their wallets. The
Interstellar Light Applications collector may be tech-
nologically impressive and artistically interesting, but
scientifically and medically speaking it is indeed in the
middle of a desert. You do your readers a disservice to
suggest otherwise. —Eric Johnson
Minneapolis, Minn.

| loved the “Model Wind Tunnel” article [Volume
15, page 143]. My dad and | made a wind tunnel for
the 5th grade science fair. The nice touch that we
(probably he) figured out was to use dry ice and a
beer can with holes punched in it in front of the air
inlet to make little lines of dry ice fog that showed
how different shapes were more turbulent than
others. Mine was narrow and only worked for airfoils,
not Pinewood Derby cars — though since my dad
had the best set of tools, our scout troop’s Pinewood
Derby cars were all started in our basement.
—Ben Smith
San Francisco, Calif.

Frank Ford, author of several tips in MAKE, Volume 15,
was referred to with the incorrect name. Additionally,
Nate Ball wrote the Design Squad go-kart article on
page 48 of the same issue, and we spelled his name
wrong. We apologize for the mix-ups.

Photograph by David Olsen
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Photography by Branca Nitzsche

Out of Their Shell

Kyrsten Mate drives like a snail. No surprise, though.

After all, her car is a snail. Dubbed the Golden Mean,
it debuted at this year's Burning Man festival, where
revelers eagerly rode in its glowing shell, or hugged
the head with its flamethrower eyes. Every afternoon,
Mate's 2-year-old daughter, Zolie, commandeered
the cushioned interior for story time.

“Several years ago, | dreamt that | saw a car in
the desert but the car was a giant snail,” says Mate,
a sound designer for films like The Incredibles.

And those are the kinds of dreams that stuff is
made of. Fortunately, Mate and her husband, black-
smith Jon Sarriugarte, are well versed in weird
rides. Their last collaboration was the SS Alpha Fox,
a civil service vehicle converted into a fire-spewing
spaceship straight out of 1960s science fiction.

The Golden Mean began life as a 60s-era
Volkswagen Beetle — inexpensive and easy to trans-
form with their “oil punk” aesthetic. Early plans
for the shell called for fiberglass construction, but
Sarriugarte wasn't eager to deal with the mess.

Fortunately, the scrap pile at Sarriugarte’s hand-

forged furniture company, Form & Reform, was heap-
ing with possibility. They made an exoskeleton from
steel, skinning it in sheet metal and perforated steel
to allow a view of the outside world.

Midway through the build, the couple learned about
the golden ratio of mathematics, sometimes called
the golden mean. The number is found throughout
nature, including the proportions of a snail’s shell.
They soon took a tape measure to their creation.

“We realized that we had unconsciously already
been following the proportion a lot,” Sarriugarte says.
“That revelation has given me a whole new insight
into how I'd like to make stuff inspired by nature.”

The biomechanical buggy does seem alive. It
boasts an air ride suspension that can pump the
shell up and down. Other lively mods are in the works.

“We can't forget the snail trail,” Mate reminds
him. That would be a trickle of graywater collected
from campsites when the Golden Mean hits the
open road. —David Pescovitz

» Golden Mean and More: formandreform.com
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Shake-0-Rama

Kiwi conceptual artist D.V. Rogers likes to shake it.
To prove it, he dug a trench 6 feet down near the
San Andreas Fault in Parkfield, Calif., population 18.

Into the void he lowered his very own hydraulic
shake table, rescued from a defunct mining museum
and set to jostle, its earthquake data captured by
the U.S. Geological Survey, where Rogers is an
artist in residence. Atop the hulking, three-ton slab,
he attached an array of 10-foot, %8-inch steel rods
that oscillate to the Earth's seismic hum.

The project, Parkfield Interventional EQ Fieldwork
— the EQ stands for earthquake — started rumbling
in the late 1990s, when the artist, based in Sydney,
Australia, acquired the table. A couple of years and
3,000 hours of labor later, Rogers had a modular
machine that moved when global earthquakes rattled.

An early installation caught the attention of USGS
scientist Andy Michael, who suggested bringing the
work to Parkfield, the most heavily monitored part
of the globe, seismically speaking, known for with-
standing a magnitude 6.0 or greater quake every
22 years or so (the last one was in 2004).
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“Earthquakes are in my blood, | guess,” says the
cowboy hat-clad Rogers, who's from Napier, New
Zealand, a port city on the North Island leveled by
a magnitude 7.9 quake in 1931.

Using software developed by Stock Plum in the
Netherlands and Dr. Geo Homsy in Alameda, Calif.,
PIEQF runs a Python script to isolate California data
from the USGS monitoring network. Its 1/0 card
drives a bank of relays that switch solenoid valves
and open the gates to hydraulic actuators, allowing
the entire table to move horizontally and vertically.
The swaying rods above accentuate the table's
movement and that of the ground below.

“The idea is to create a physical representation of
a dynamic landscape,” Rogers says at his character-
istic lightning clip. “I'm intervening and introducing a
human time scale, literally creating a reflector of the
geologic time frame we reside in.”

—Megan Mansell Williams

i Earthquake Machine: allshookup.org/parkfield

Photograph by Scott Haefner USGS
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Avian Spacecraft

It wasn't your typical crash landing, but, then again,
it wasn't your typical UFO, either. On a wet May
day on the outskirts of Philadelphia, Gail Simpson
and Aristotle Georgiades forklifted a 500-pound
wooden flying saucer 20 feet up into a grove out-
side the Abington Art Center.

As Georgiades and a helper clambered on top
to cable it to a tree, the rain came pelting down.
“There was a windstorm, a rainstorm, and the tem-
perature had dropped 20 degrees,” says Simpson.
“It was kind of nightmarish.”

The UFO, on the other hand, is anything but. Made
from a warm and familiar material — weathered
pine boards left over from a turn-of-the-century
barn — the sculpture isn't likely to inspire fear. And
eight built-in birdhouses add an inviting touch.

The duo, who go by the name Actual Size Artworks,
aimed to give the spacecraft “a really handmade,
crazy-carpenter look,” says Simpson, adding that
this isn't a big departure from the Martian ships of
the 1950s: “When you look at them in old posters
and movies, they do look a little rickety.”

Building the giant donut (the center of the alien
ship) was equal parts high tech and handicraft for
the two University of Wisconsin-Madison profes-
sors, who combined a CAD software design with a
lot of fiddly sawing. “The program gives you an idea
of size and angles but there's always human opera-
tor error, and the materials were all eccentrically
sized,” explains Simpson.

They built an armature of ribbed sections and
skinned it with the boards. At 16 feet in diameter,
it easily allowed Simpson to slip inside and spend
a lot of time there threading bolts through.

“The scale is true to little green men,” says
Georgiades.

“It would comfortably house two small aliens,”
chimes in Simpson.

“Oh,” counters Georgiades, “it would house four
or five.” Not to mention a whole flock of birds.

—Eric Smillie

=+ Larger-Than-Life Sculpture: actualsizeartworks.com
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Gliding on Air

“Nostalgia on steroids” is how Tom Luczycki
describes the process he used to build the Air Car.
Recalling the personal hovercraft ads he saw as a
child in magazines like Boy's Life, Luczycki set out to
build an exhibit to delight children and remind adults
of the one device they always wanted to build.

The original model used industrial air casters and a
lightweight camp chair to float the rider. The second
iteration replaced the camp chair with some addi-
tional framework and an aluminum race car seat that
added several pounds of mass, but tons more cool.

Then came directional jets. The first version was
just a single jet; the rider held a length of hose and
operated a ball-valve, which allowed them to get
moving pretty quick, but — here’s the kicker —
steering and orientation were impossible.

Luczycki's team wanted the air car to simulate the
difficulties of maneuvering in space — weightless-
ness in 2D — so a more complex system was needed.
They came up with an arrangement where the rider
manipulates the car via a joystick and a lever switch.

Luczycki first got the maker bug when he worked
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on the maintenance crew at a paper mill in upstate
New York. “When trying to meet a production quota
at the end of the month, you saw the most insane,
Goldbergian cobb-jobs to keep a machine running
for just a few more days,” he recalls. Once the dead-
line passed, he'd get to see the job done right. He
learned that both methods are important, and need
to be used together in the right proportions.

After studying engineering, Luczycki switched
to fine arts and worked in an art foundry, first as a
metal finisher, then as a large-scale sand molder.

Eventually, he landed his dream job as a designer
and fabricator at the Detroit Science Center, where
he built projects like the Air Car and the Tilt-O-
Rama, a ride that elicits two kinds of reactions: the
shock and horror of the passengers and the delight
of their friends at seeing them in shock and horror.

“The best is when we would put in a teacher who
was visiting the center on a field trip,” he says.
“The students went nuts.” —Bruce Stewart

=»Tom’s Stuff: land-o-lizardo.blogspot.com

Photography by Tom Luczycki
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lechnozoology

“I'min a bird phase,” says Ann Smith of Providence,
R.I. The birds in question evoke playfulness and
scientific savvy with a meticulous arrangement of
mechanical and electronic castoffs, including key-
board mylar and tiny gears from watches.

These fanciful avian miniatures are just the latest
creations in her growing mechanical menagerie. Past
enthusiasms include bugs, goats, cats, antelopes,
frogs, squid, jellyfish, dinos, and more.

Smith'’s first robot-like figurine was a horse she
made for an illustration assignment at the Rhode
Island School of Design. She explains: “The topic
of the project was technology and my idea was to
make some sort of a Trojan horse of technology:
technology being something people invite into their
homes that eventually spreads and takes over.”

Both natural and mechanical forms continue to
inspire Smith’'s work, and the sources of her mate-
rial are as diverse as the creatures themselves:
sewing machines, clocks, computers, keyboards,
phones, cameras, printers, typewriters, and other
gadgets.

She starts her sculptures by focusing on the
structural form of an animal, and then builds onto
it, adding texture and detail. “A piece only feels
complete when it's acquired a sense of life and
personality,” she says.

The distinctive personalities of her robotic figures
have been used as illustrations for advertising and
featured in prestigious magazines such as Wired
and Architectural Digest (Germany). Her work is
also in demand in shops and galleries nationwide.

But her new passion is breathing life into her
creations through stop-motion animation. “They
have always been alive and running around in my
mind, and it is wonderful to see them actually
come to life,” she exudes. “Eventually I'd like to
start adding narration and sound to the pieces.”

In the meantime, her miniature zoo expands with
more colorful and delicate birds. And, her imagina-
tion ever alert to possibility, a 3%2-foot-long whale.

—Donna Tauscher

» Ann Smith’s Sculptures: burrowburrow.com
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Spying for Kicks

In a panopticon, every prison cell is visible from

a central guard tower. No one can get away with
anything and so, in theory, everyone behaves.
Kalopticon, on the other hand, a life-sized robot
created by San Francisco artist Kal Spelletich, invites
disorder, and toys with the notion of surveillance.

Spelletich was born in a hospital elevator. At 9,
he began tinkering with a chemistry set. He took
a construction job as soon as he could hold a
hammer, and started rebuilding engines before he
had a license. He's also an actor — think “TV guy”
in the 1991 film Slacker. Oh yeah, and there’s his
whole art thing: degrees from the University of lowa
and the University of Texas, and lecturer at San
Francisco State University.

The artist, whose interactive works include a
burning bed that straps a participant in for a back-
ward free-fall, unveiled Kalopticon at the Close
Calls: 2008 show in Sausalito, Calif. Spelletich used
his own measurements, cast his own face, and
dressed his creation in his own duds. But Kalopticon
is rude. It kicks, jerks, and turns away just when
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you lean in for a closer look. Machine malice isn't at
work, though. Cameras in the robot's mouth and on
the ceiling above feed real-time footage to TV moni-
tors 30 feet away, where a joystick lets participants
control Kalopticon's flails.

The installation tickles the Big Brother nerve inten-
tionally, Spelletich says, noting that all over the world,
cameras with an eye on the public are increasing.

“Why just let the military and law enforcement
play with this stuff?” he asks. “You can use a flame-
thrower for art. You can play with surveillance art,
too. Technology isn't bad, it's what you do with it

These days, Spelletich is playing with a 12-foot-
tall machine that reads brain waves and responds
with a hug, and a robot hooked up to leeches.

“I'm a bit of a political animal,” Spelletich says,
as if that weren't obvious. “I find the leech to be a
great metaphor for a lot of the problems with the
planet and our society” —Megan Mansell Williams

( Kalopticon in Action: makezine.com/go/kalopticon
+xKal Spelletich: seemen.org/kal.html

Photograph by Kal Spelletich
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Ship of Bricks

When Malle Hawking watched a documentary
about the USS Harry S. Truman, something clicked.
He'd built ships out of Lego as a child, so it occurred
to him that he'd like to have a model of the American
supercarrier. He found his old boxes of Lego in his
basement in Munich, Germany, and started building.

After 14 months and countless shipments of parts,
his creation was done. “I can't think of anything else
in my life that was so exhausting and challenging,”
says Hawking, 38. “And for the costs, | could have
had my own Volkswagen instead. But it wouldn't
give me that much fun.”

The ship's 54 aircraft alone took a whole month to
create. There are working lights, movable elevators
and radar dishes, even a webcam mounted inside
the hull to let viewers see the interior.

Getting the shape of the Truman's superstruc-
ture right proved to be the biggest challenge, as
Hawking had only one video and a couple dozen
images from the internet.

More than 300,000 bricks were needed to com-
plete the model, with its hull of light gray pieces,

and internal, nonvisible elements made up of
random colors. The ship is 16 feet long and weighs
more than 350 pounds. It can be split into six
sections for (relative) ease of transportation.
When completed in 2006, it set the world record
for largest Lego boat. (It's big!)

The biggest surprise for Hawking was the enthusi-
asm that the Truman met with as he began to show
it off. It was blogged more than 200 times before
he even finished the model. It's been displayed in
Munich, Cologne, Berlin, and the Lego Museum
in Billund, Denmark, and this year it appeared in
shopping malls around Germany.

Even the U.S. Navy has shown interest. Recently,
a deal to ship the model to the United States for
display fell through, but Hawking hopes it will
happen soon. —John Baichtal

*» Lego Aircraft Carrier: makezine.com/go/legoship
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BY SAUL GRIFFITH

Making Things Work

he most incredible headline of the year, if
T not the decade, or century, just passed

through the news wires, largely unnoticed.
We, humanity, built the Large Hadron Collider (LHC)
at CERN, in Switzerland and France. We turned it on.
It worked.

Why is this the coolest headline of the decade?

It took more than 8,000 physicists from 85 countries
to design it and put it together — countless engineers
and technicians, with countless opportunities for a
mistake to be made, or a number to be miscalculated.
It's a stunning testament to the power of humans

to work together to do something incredibly compli-
cated. And it worked.

When | visited early in 2008, it felt like going to
the shrine of technology. It is a machine like no
other, a 27km loop of engineered beauty. The mag-
nets and sensors fill underground caverns the size
of buildings. It's a magical world of copper, silicon,
aluminum, and stainless steel.

Why does it impress me so, this feat of engineering?
Probably the first thing that most of us independently
make is a finger painting, or a stack of wooden
blocks we imagine as a castle. It's where we start in
this amazing, lifelong process of learning to build
complex things from simple parts. Steadily, we learn
through life to imagine new and ever more complex
things, and how we might make or build them. The
process of building something new and complex
from nothing but an idea is wonderful to me.

I like watching this process at all different scales,
and | see unbelievable reward on the faces of people
who successfully turn their concepts into things
that work. | know from my own experience that
watching something that you've conceived actually
work as planned is the drug that keeps makers,
scientists, engineers, and artists addicted to what
they do.

As we grow in skill and expertise, we learn to finish
things, and to finish them with craftsmanship and
higher quality. As we grow in knowledge about the
physics of the universe and how materials work, we
learn to do a very beautiful thing: we learn that by
building models — blueprints, equations on paper,
computer simulations, and the like — we can make
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something never made before. And we learn that
the mastery of two skills — predicting the behavior
of machines, and knowing how to build them to the
right specifications — makes this drug particularly
powerful.

Itis testament to the power of our little ape brains,
that we are able not just to control, but to predict ...
and to be right.

We also start learning to integrate other people’s
sub-components and thoughts and ideas into a
product or project. People specialize, and then
engineering teams can be built — things that col-
lectively can build very complex items that are truly
astounding when you sit back and look at them.

A car, any car, represents an amazing amount of
engineering, and the fact that the car will start as
it comes off the production line and be a working
machine is quite incredible. An MP3 player or new
cellphone is equally amazing in its design and
engineering implementation.

As individuals who contribute to the long list of
science and engineering and design achievements
that go into any complex thing, we makers find a
wondrous joy and pride and fulfillment in contribut-
ing part of the puzzle.

And the Large Hadron Collider is the ultimate
wondrous expression of all of those skills and desires
to make something new and beautiful that works.
Itis a Swiss watch of unprecedented precision and
scale. Oh, how | could wax lyrical. But the story is
even better than everything I've written so far.

Why did we build the LHC at all? It is, in fact, just
a science experiment. But what an experiment!
Humans imagined, then designed, and have now
built a machine conceived to answer the deepest
questions we know how to ask about the physical
universe around us.

We know that things have mass; they are heavy to
lift. But we actually don't know why the elementary
particles that comprise matter have mass. This
incredible machine should be able to tell us why.

After a few days of operation, a faulty connection
between two magnets triggered a shutdown of the
LHC. It will mean a delay (the LHC will be operational
again in spring 2009, after a winter dormancy), but



Photography courtesy of CERN ©

Watching that
thing that you
have conceived
actually work as
planned is the
drug that keeps
makers, scien-
tists, engineers,
and artists
addicted to
what they do.

MASSIVE MARVEL: (clockwise from top) The heaviest
piece of the Compact Muon Solenoid particle detec-
tor being lowered into place; in order for technicians
to get around the 27-kilometer tunnel that houses
the LHC, various methods of transportation must be
employed; when this photo was taken, the main barrel
of the Atlas detector was yet to be installed, giving
impressive views of the eight torodial magnets.

if that were the biggest problem | had turning on a
machine like that, I'd be stoked.

Apart from just impressing me with wonder,
the LHC project makes me feel good about being
human. That we can imagine, theorize, model, and
understand our universe. That we support science

and knowledge. That multinational teams of excep-

tional individuals can work harmoniously to make
something profound.

It gives me hope that we can actually solve
humanity’s larger challenges: water, energy, and
sustainability.

Make something beautiful. Make it work.

Saul Griffith is a co-author of Howtoons, a MacArthur fellow,
and CEO of a wind-energy startup.
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he First Picture Show
Jack Judson reveals the beginnings of the entertainment industry at his
Magic Lantern Castle Museum. By Dale Dougherty

how projection could be used to tell stories.

From as early as the 1500s, the large-scale
images projected by the magic lantern fascinated
people and could make them laugh or cringe while
sitting together in a dark room. The magic lantern is
the first technology of the entertainment industry,
as well as the predecessor to the more mundane
PowerPoint presentation.

Collecting magic lanterns became an obsession
for Jack Judson late in life. After retiring from
business he began collecting hundreds of magic
lanterns, mainly from the 19th century. He not only
had to learn how to build and organize his wonderful
collection of magic lanterns and research their
history; he had to learn how to create his own
museum to preserve the treasures he's gathered.

-I- he magic lantern was the earliest example of
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The Magic Lantern Castle Museum is hidden
away in a stretch of strip malls in San Antonio,
Texas. The only flourish on the exterior of its
nondescript building, which was once a disco, are
the castellations. Inside, Judson has transformed
the space into a private den where he can share his
remarkable collection, alongside a workshop where
he keeps the magic lanterns in working condition.

| took a tour of the museum and then sat down
with Judson to explore the rich history of this
fascinating technology.

Dale Dougherty: The first thing we see in your
museum is a statue of a lanternist.

Jack Judson: The lanternist was a traveling show-
man who carried a magic lantern on his back, and
out front he's carrying a hurdy-gurdy, and he would

Photography by Michael Thad Carter



be walking, probably, into a town square somewhere
in France, where we presume a lot of it began.

DD: What is a hurdy-gurdy?

JJ: The hurdy-gurdy is really a violin in a box, but
instead of being stroked by a bow, it is stroked by a
wheel that is turned with an outside crank. On the
front of the box is a set of keys that can change the
pitch and tone, to play music with it. He would play
the hurdy-gurdy to attract attention. He might be
invited into a home, or a church, where he would
slide pictures painted on glass through this machine
that was lit by a little oil lamp. It was basically a tin
box with a lens at the front.

DD: The lanternist was essentially a storyteller who
had images to accompany his story.

JJ: The magic lantern was very scary to people
who had no education whatsoever. Frequently, they
did these shows in total darkness, like in a crypt,
which was very spooky, and they showed pictures
of skeletons and devils. It just scared everybody
like crazy. They might also do the projection from
behind the screen. They would have a light-colored
cloth, which they wet to make it more translucent.

LIGHT KEEPER: (opposite) Two
triple-lens magic lanterns from
the 1800s; (above) Jack Judson in
his restoration workshop with a
project-in-process, a rare French
science projector from the 1800s.

The image could be small, or grow larger, and this
was quite alarming to some people. They thought it
was magic.

DD: The light of an oil lamp flickers. And it's a yel-
lowish light.

JJ: It's a terrible light. The next evolution, of course,
was trying to improve the light — the amount of
light — by adding, instead of one little wick, a bigger
wick or two wicks, or three wicks, or four wicks. They
were able to grind better lenses. Then, of course,
they were using fire — that was about as far as you
could go with burning oil or some kind of a liquid,
burning agent.

DD: Some lanterns used a pair of lenses.

JJ: They had a condenser lens, which is right at the
front of the box with the light in it. That was either a
single or double plano-convex large lens, which acted
to focus the light from the source into a coherent
path. It would pass directly through the image area
on the slide, and then meet the projection lens out
front, which you use to focus the image. That's the
normal configuration. That exists even to this day in
the latest slide projector.
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CLASSIC TALE: The Ratcatcher, the most popular of
all mechanical slides, portrays a sleeping man in bed,
with a rat coming from under the covers to see the
source of snoring, then crawling into the mouth. One

DD: Let's talk about the slides. The slides are made
of glass inside a wooden frame.

JJ: Exactly. A lot of them in the early days were
simply freehand paintings on glass. They're minia-
ture paintings, but, of course, made to blow up to
incredible sizes at times. Some of them would be
3inches in diameter, some of them even smaller.

It was the earliest AV.

DD: That lanternist was the AV man.
JJ:He wasiit!

DD: Then the slides begin to change because of
photography.

JJ: In the late 1830s to 1840, we got photography
but no one was thinking of projection. They were
making pictures on metal or paper. Fortunately, a
pair of brothers from Germany, William and Fred-
erick Langenheim, figured this out. William fought
in the Texas Revolution, and Frederick started a
photography business in Philadelphia. They are
credited with inventing the first black and white
photographic lantern slide. They didn't have color
photography.

DD: You showed me examples. The process was to
paint a larger picture and take a photograph of it,
and then do this transfer process to create a slide,
which was then handpainted to add color.

JJ: To handpaint all the details required incredible
skill and eyesight, and a lot of technique. They would
take characters out of, say, Tennyson’s poems, or
Les Misérables, and show the characters in great
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piece of glass levers the mouth open and closed, and
the crank rotates a piece of glass to move the rat up
and into the mouth. Note the round brass rack and
pinion operated by the crank.

detail, because they went with published stories
that were well known. They could then bring a story
to light.

DD: Alot of the language of film editing originates
with the magic lantern.
JJ: The first motion of any kind, or any effect, that
we now take for granted — whether it's electronic,
or on motion picture film, or digital — was done
when they learned that you can move one piece of
glass past another piece of glass, and cause things
to darken out, or to change. It gives the simulation
of motion.

They also learned that they could dissolve —
a word we use today — from one image to another
by raising the firelight in one lantern, and lowering

it in the other one using a very-nearly identical slide.

A house might be shown in daylight, and dissolve
into an image of the house at night.

DD: Did it require dual projectors?

JJ: You would, generally, have at least two sets
of lenses. That way you could dissolve smoothly
without interruption of the viewing.

DD: What's your favorite projection?

JJ: The Ratcatcher slide is legendary. Basically,

it was the hit of the show and | use it still. There's a
man recumbent in a big old bed in the 1800s, and
he's got a candle burning on his nightstand, and
he's under the covers. He's got a long black beard
and wears a nightcap. One of the levers on the side
of the magic lantern moves a piece of glass up and

Photograph by John Jackson



down, so that his jaw opens and closes as if he was
snoring.

Then you have a crank on the other side and
as you turn it, coming up from under the bed and
up over the covers comes a rat to investigate the
man snoring. It gets closer and closer to the man'’s
mouth. Finally, he swallows the rat. The audience
goes nuts.

DD: In your museum are handbills used to promote
magic lantern shows. The programs were not just
stories, but also lectures — travels in England, for
example.

JJ: Yes, and there are many on the evils of drinking.
That was a big movement in England, called the
Band of Hope, and their motto was, “Water is best.”
A very popular thing was catastrophes — the
Youngstown flood, and the Galveston hurricane,
and the terrible fire somewhere, not to mention the
San Francisco earthquake. As one fellow wrote in
his autobiography, people seemed to love to go see
horrible stories.

DD: A magic lantern show is a group of people sit-
ting in a room, watching “horrible” images on a wall.
JJ: They also did science lectures. Some of the
shows were humorous. Some of them were edu-
cational. They used magic lanterns in churches to
project hymns.

DD: One focus of your collection is how the secret
societies used the magic lantern for initiation
ceremonies and to reveal secrets that only the
members knew.

JJ: Masons, for instance. They came up with a
marvelous device known as the hoodwink. Those to
be initiated were fitted with what looked like a set of
goggles attached to a leather hood. The goggles had
a lever on either side where you could flip open the
eyepieces to see, or close them to keep the initiate
in the dark. They strapped it around the initiate's
head, and led him into the inner chambers, where
he was shown a light-show presentation that told
the secret story of the lodge. That device gave rise
to the term “being hoodwinked.”

DD: The magic lantern comes to be part of the early
film industry starting in the late 1800s. The Edison
kinetoscope could project from slides and film.

JJ: You had Edison’s home kinetoscope, and, of
course, then the projecting kinetoscope, which was
the one that was used by more professional people.

“Man has been fascinated
by projected imagery
ever since there were
shadows dancing on the
walls of a cave.”

You could buy slides for 50 cents apiece. You could
not buy films; you had to rent them. Netflix of the
day, | guess you might say. There's nothing new.

DD: Those early films, though, were not very long,
were they?

JJ: No, they were very, very short. The earliest
ones were 50 feet, which is basically the length of
the table where George Eastman could lay out the
film — a liquid — and let it solidify, and then roll-cut
strips that were 35 millimeters [wide], and so at 16
frames per second, it doesn't last very long.

At some point, | recall the story where this old
man talked to Edison about how to show these
films, and he said, “Well, just run them through three
times so that they get their money's worth.”

There was no story. They had no message — no
nothing. They were just images of people moving,
and, in fact, they were not moving. They were really
sequential stills. Films for the Edison home kineto-
scope were printed in three tracks on one film width
so the film could be run forward, then played again
reversing the reel, and then again forward. It was a
very unusual thing.

DD: These are hand-cranked machines.
JJ: They're all hand-cranked. It's a wonderful, click-
ing, mechanical sound that we don’t hear anymore.

DD: You have a beautiful collection here.

JJ: Nowhere else in the world can you go and see
the complete variations on how magic lanterns
were made and what they were used for. It really
was AV in every sense of the word, and it developed
into motion pictures. Man has been fascinated by
projected imagery ever since there were shadows
dancing on the walls of a cave.

The Magic Lantern Castle Museum follows the
use of magic lanterns up until the first generation of
film projectors. Judson decided to stop collecting
there, at the advent of cinema.
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PICTURE SHOW: (top) The Lodge Lantern Vertical
Rotary Carousel; (bottom) various 20th-century
coming attraction slides. Wings (bottom row, third
from left) was the first winner of the Academy Award

“Walt Disney began working for the Kansas City
Slide Company as an illustrator for magic lantern
slides,” Judson adds. “That's how he got his start.
Of course, everybody knows how he went on from
there to California where he created cels that would
become an animated motion picture. All of this stuff
began with the magic lantern.”
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for Best Picture; (opposite) the children’s magic lantern
exhibit includes 19th-century handpainted slides in
wood frames.

» Magic Lantern Castle Museum:_magiclanterns.org

B A complete video and transcript of this interview
are available at makezine com/16/lantern

Dale Dougherty is editor and publisher of MAKE.

Photography by Michael Thad Carter


http://magiclanterns.org
http://makezine.com/16/lantern
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! I CANDID CAMERAS: Two handheld

HD cameras close in on Maker
Workshop host John Park.

Make: Televisioh

Buildinga TV show is a project in itself. By bale Dougherty

I t's already late on a Sunday in September in

St. Paul, Minn. In the studios of Twin Cities Public

Television (TPT), there are ten people working
on Make: television, a new PBS show that will be
a companion to this magazine.

The set is a workshop, within a larger workshop
normally used for set construction. The team is
shooting a build for Maker Workshop, the segment
that shows viewers how to make something in each
episode. It's important to get this segment right. It's
like demonstrating a recipe on a cooking show, but
the ingredients and the process are more technical.

On the edge of the set are two plasma screens,
one for each of the handheld HD cameras. One
of them displays a timecode: 15:40:31:01 and
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running. The process of making video is all about
managing time.

Get Me Rewrite

Bill Gurstelle is weary, and | can tell he just wants
the day to end. A contributing editor to MAKE, Bill
is the technical consultant for the show. He's taken
projects from the magazine and designed builds
that can be demonstrated in the allotted time of
just seven minutes.

Bill grabs a box of parts and places it on the work-

bench. It's the Pole Cam project featured on page

108 of this volume, a close cousin of our very first

magazine project, Kite Aerial Photography. With
this rig atop a tall pole, you can capture unusual

Photography by Matt Blum



perspectives. What's new is that the rig uses a
radio-control transmitter/receiver and two servo-
motors to control the position of the camera and
snap the pictures remotely.

Richard Hudson is in charge on the set as the
show's executive producer. Knowing he has the
crew until 7:00 tonight, he wants to get a few pages
into the script for this project and then finish it
tomorrow. He's providing the momentum, but
things move slowly. He grabs the script and looks
at Bill. “We have to explain servomotors without a
lot of jargon,” he says.

Bill thinks for a second and says: “When you turn
on a regular motor, it runs. A servomotor moves
a specific distance.” Bill turns the switch, causing
the servo to move.

The script, which Bill wrote, is now labeled revi-
sion 11. To Bill, the changes seem endless, and
needless. To Richard, they are a series of ever more
precise refinements that aim to use as few words as
possible to accompany a series of actions demon-
strated in front of the camera.

“That's perfect,” Richard says.

Here's Johnny

“Where's John?" someone on the set asks, and
another person answers mockingly: “He's in his
trailer” He's actually in a small room nearby chang-
ing his shirt.

John Park is the host of the Maker Workshop and
at 17:56 he walks in, ready to go. The Pole Cam is
his second workshop segment of the day. Earlier,
he built the Burrito Blaster, a variation of the potato
cannon featured in MAKE, Volume 03. John, who
works in Burbank, Calif., at Walt Disney Animation
Studios, came in on Friday night. All day Saturday
was spent rehearsing the four projects they will
shoot Sunday through Tuesday.

Six people huddle around John and they talk
about the sequence of the build. Richard brings
up the idea of explaining servomotors. “Oh,” John
replies, “a servomotor has a feedback loop using
pulse width modulation ...

Richard interrupts him and the entire group
starts laughing. “Simpler,” says Richard.

Bill chimes in with his definition and John tries it
out in his own words. “A regular motor spins when
you turn it on; a servomotor moves a certain dis-
tance.” He practices another line: “On our rig, the
servos allow us remotely to tilt the camera up and
down, as well as push the shutter button down.”

The script has about 18 separate scenes for this

The Maker Workshop

is like demonstrating a
recipe on a cooking show,
but the ingredients and
the process are more
technical.

build. The goal is to get one or two scenes done
before breaking for the night. Once the lights are
arranged on the set, Greg Stiever, the director, places
the two cameramen. Camera A is the focus for John
when he speaks, while Camera B closes in on what
John is doing. Vern Norwood, the sound guy, asks
John to count to ten to test his mic. John gets to four
when Vern interrupts him: “Brilliant. Most people
don't get that far”

The first scene has John introducing the project.
He starts off with a yellow Mr. Longarm extension
pole in hand, then he'll move to a workbench to
introduce the rig and the servomotors. He rehearses
the scene once but Richard doesn't like something.
“There's so little to look at. Put him on a stool next
to the grinder.”

“Grab your pole, John,” says the director, getting
everyone in position for the first take. “Action.”

“That's awkward,” says Michael Smith, the series
producer, watching the scene on the plasma. He
suggests a different way for John to hold the pole
so it doesn't cross between him and the camera.
They start again.

This time John gets further but he's stopped
short again. “How is he supposed to be holding the
motor?” Richard asks.

18:41 and there’s a loud crash of glass. In another
part of the room, a fluorescent light tube fell from a
20-foot ceiling — inexplicably. The crew takes note,
but they keep things moving. “Action.”

There are five consecutive takes. Each time, John
amazingly dials in the same energy level and focus,
making any changes asked of him, and seldom
introducing anything new or different that might not
be wanted. It's a lot harder than it seems. John's
tired but it doesn’t show.

“Mark it. That's good,” says Greg after one more
take, but then he adds: “Let’'s do it once more.”

At 18:50, Richard says, “Wrap. We're done.” The
next day we're going to the zoo.
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MAKE TAKES: (clockwise from top left) Executive
producer Richard Hudson and John Park talk about
the Pole Cam rig. Director Greg Stiever reviews the

Bird's-Eye Hitchcock Moment

It's 8:45 on Monday morning outside the Como
Park Zoo and Conservatory. There's a water garden
with lily pads and an incredible plant called a Victoria
water platter that's 3 or 4 feet across. We're here to
show the Pole Cam in action at the zoo, and we've
come before the day'’s visitors arrive.

In the first scene, John will stand in a grassy
courtyard and say, “Nothing beats a pole-mounted
camera,” then he'll turn around and say, “Hi, I'm John
Park.” The cameras are shooting him from the top of
a two-story building. Time and again, he does it.

The next scene shows the Pole Cam in action,
and John can’t do it alone. So I'm holding the con-
troller while a production assistant holds the pole.
Richard says it's my “Hitchcock moment” where
| get to appear inconspicuously in the shot.

We wrap up at the zoo and go to the park next
door to shoot a scene for a different project, the $14
makeshift Steadicam that appeared in the first issue
of MAKE. It's a tripod with a barbell weight used as
a stabilizer. “I don't know if the five-pounder is good
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script while Park rehearses his lines. Series producer
Michael Smith inspects the assembled rig. The crew
discusses the build sequence for the Pole Cam.

enough,” worries one of the production assistants.

“We'll just have to try it,” Richard says. An
Ultimate Frisbee player shows up and soon three
people are tossing the Frisbee. John steadies an
HD camera with the stabilizer and he's running
back and forth after the Frisbee. A cameraman
follows John. Unfortunately, this part of the park
is inhabited by Canada geese, and their droppings
remain underfoot. At 10:27, the scene is done
but everyone needs to clean off the bottoms of
their shoes.

ﬁ"\l 1

Drill, Baby, Drill!
At 11:16, we're back in the workshop. Bill and
Richard are reviewing the build sequence for the
Pole Cam'’s two-piece wooden rig. There's an upper
frame that must fit inside a lower frame. The cam-
era and one servo are attached to the upper frame,
and another servo is attached to the lower.

Bill reminds Richard that he had to trim a tab
off the servomotor with a knife. “Do we have to
show that?” he asks.



“No,” replies Richard. “We'll put it in the written
instructions.”

At 11:46, John arrives on the set. At 12:46, with
several pieces of wood on the table, John begins
the scene: “First, we'll build the rig.” There are lots
of starts and stops. A battery runs out on the wire-
less mic, causing a restart. The scene ends with
John saying he's ready to drill a hole in the frame.
“Do you want to go to the drill press next?”

There's some debate about what to do next, but
it's then decided: “Let’s drill.” Soon a chorus of “Drill,
baby, drilll” rings out, repeating Rudy Giuliani's infa-
mous line from the Republican convention, which
was held in St. Paul two weeks earlier.

Sneak Peek
| pop into the editing room to review the Maker-
to-Maker segments featuring Mister Jalopy.

A contributing editor for MAKE, Mister Jalopy
gets a chance to show off his garage and talk about
what he discovers from “garage saleing” in Los
Angeles. He talks about a vintage car he bought
for “a fistful of dollars and an old bike,” and why
he won't restore it. It's great stuff.

At 15:06, John is tightening a nylon wing nut to
join the two frames. “Now we can test out the pivot,”
he says. The servomotor moves the upper frame,
and John smiles when it works out. Michael says
this scene is the longest, covering 45 seconds to a
minute. We've done about 12 scenes this afternoon,
each requiring four or five takes.

In the final scene, John is supposedly looking
at the pictures on the camera that we took at the
zoo. “Excellent,” he says looking at the still camera.
“Awesome. Fantastic. Incredible. Woweee." He keeps
riffing until everyone is laughing.

“Just say ‘excellent,” adds Richard.

At 17:43, we're done for the day. John's been
“on” for most of it, a kind of marathon. It's about 24
hours in real time, 12 hours in actual recording time
— all of it for seven minutes of a half-hour show.

| ask Bill how long it might take a person to do the
Pole Cam project and he says: “About two hours if
you have everything ready to go, but it would prob-
ably take most people a full day.”

A full day. So, the making of a Maker Workshop
segment becomes a project in itself. Not surpris-
ingly, it's a group of people working together on
deadline.

Dale Dougherty is editor and publisher of MAKE and CRAFT
magazines.

Make: television
is coming to
public TV in
January 2009 —
contact your local station for
airtimes, and visit makezine.tv
to learn more.

Based on an idea by MAKE editor at large David
Pescovitz and myself, Make: television is a
blend of “meet the makers” documentary
with a hands-on workshop that shows viewers
how to build things themselves. The show is
comprised of four segments:

Maker Profile: A documentary segment that
shows the creative and collaborative side of
making. We visit San Francisco’s Cyclecide
group that makes human-powered carnival
rides; author Syuzi Pakhchyan from Los Angeles,
who designs electronics into clothing; and many
other amazing makers.

Maker Workshop: Your host John Park shows
you step-by-step how to make a VCR Cat
Feeder, a Burrito Blaster, a Digital TV Antenna,
and many other projects.

Maker-to-Maker: Insights and tips from notable
makers, including Mister Jalopy, Cy Tymony,
and Bill Gurstelle.

Maker Channel: Videos created by makers
themselves. If you have a video you'd like us to
consider, tell us about it at makerchannel.org.

Read bios of the Make: television team at
makezine.com/16/maketv.

Geek Squad: Take the World Apart
The Geek Squad was quick to sign onto the project
as a major sponsor. Their founder and CEO, Robert
Stephens, explains, “When | was a kid, my parents let
me take things apart, and that gave me a curiosity
for how the world works.

“This is why Make: television is important,” he
adds. “We need young people to be curious and take
the world apart to see how it works. From Wikipedia
and YouTube to MAKE, the world has an edit button
on it now. The Geek Squad is proud to be a founding
sponsor of Make: television.” We at MAKE agree!
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Greatc Balls of Fire!

Why old chemistry sets were better — and how to make your own today.

By Keith Hammond

I t's true: chemistry sets today don't measure up
to the classic kits that once scorched Formica
kitchen tables across the nation. But you can

still find respectable kits if you know where to look.

More importantly, anyone can make their own flam-

ing, fuming, booming DIY chemistry set as good as

those from the golden age — or better.

Danger Is My Middle Name
How good were the old sets? They were certainly
more exciting, stocked with iodine and nitrates
good for making unstable explosives or homemade
rocket motors. Chlorine and cyanide compounds
could emit deadly gases. A few chemicals turned
out to cause cancer.

Kits from the 1920s to the 60s might include
radioactive uranium, deadly sodium cyanide, or

38 Make: Volume 16

pure magnesium foil that burns at 4,000°F, with
manuals that told how to mix up gunpowder or melt
sand red-hot to blow your own glass test tubes. The
Golden Book of Chemistry Experiments debuted in
1960, packed with risky experiments. Its 19th-century
predecessor, The Boy's Own Book, had 20-plus
pages of chemistry and fireworks recipes.

People tolerated more risk back then, but in
exchange, generations of young experimenters were
rewarded with deeper discoveries, bigger thrills,
and the satisfaction of daring to achieve something
important for the future.

Rocketry, nuclear energy, plastics — new sciences
that were changing the world — were all highlighted
in popular chemistry sets of the mid-20th century.
Many of today's scientists and engineers trace their
careers back to the excitement of that first set.

Photography courtesy of Chemical Heritage Foundation (top left, bottom right); by Dustin Fenstermacher (top right, bottom left)
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Kits Today: Wimpified

Compared to their robust ancestors, chemistry
sets today are wimpy. They revolve around low-
energy reactions and the quiet creation of crystals
and polymers. The average set from the mall has
no burner to provide a flame, no chemicals that
go bang. It'll let you prepare solutions that change
colors or glow like a light stick, but that's about it
for excitement.

Why? It's common sense to delete highly toxic
compounds, and we're certainly more focused
these days on insulating kids from risk.

But mostly it's fear: of liability, of terrorists, of
the neighbors. Overreacting to methamphetamine
trafficking, Texas has outlawed the Ehrlenmeyer
flask. In August, panicky Massachusetts police ran-
sacked the basement lab of retired chemist Victor
Deeb, who was simply fiddling with experiments in
his home.

IY CHEMISTRY: Then and Now

R Few Good Kits

But not every kit maker has chickened out. Thames
and Kosmos of Portsmouth, R.I., sells the Chem
C3000, a tolerably well-stocked set with extra
bottles for risky stuff like hydrochloric acid and
sodium hydroxide, which you're encouraged to
purchase separately.

But if you really want to do chemistry at home,
you'll want to make your own DIY chemistry set.
Elemental Scientific sells kits of chemicals, glass-
ware, and lab equipment selected specifically to
accompany MAKE author Robert Bruce Thompson's
Illustrated Guide to Home Chemistry Experiments.
To learn more, get the book at makershed.com or
visit homechemlab.com.

Keith Hammond is copy chief of MAKE and CRAFT magazines.
He fondly recalls reading Scientific American and experiment-
ing with his first chemistry set as a kid in the 1970s.

We asked author Robert Bruce Thompson about the powerful stuff in classic chemistry sets that's missing
today — and where you can get it. (You can see more photos at_makezine.com/16/chemsets).

Mr. Wizard’s Experiments in
Chemistry, Set MW-073
Owens-lllinois, Inc., Toledo, Ohio, 1973
“Exciting and Fun”

lodine, I,

“lodine is now a Drug Enforcement Administration
List I material, which means it's no longer readily
available, and paperwork is required,” says Thomp-
son. The only exception is for 1 fluid ounce or less of
iodine solution that contains 2.2% or less of iodine.
»DIY: “You can make your own iodine crystals from
potassium iodide (KI), which is the subject of our
first how-to video at homechemlab.com””

“Mystery Powder”

This was reportedly sucrose and acetylsalicylic acid,

i.e. sugar and aspirin.

2,4-Dichlorophenol, CgH4Cl,0
A toxic ingredient in herbicides and pesticides, it's
a suspected carcinogen and endocrine disruptor.

“A common precursor for industrial-scale syntheses,

it's a chemical with few or no uses in a home lab,”
Thompson says.
»DIY: It's a mystery.
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The BGL Chemical Set A he ‘BGL’

B.G.L. Limited, London, England, 1930s wj LE[H} mu¢
“Perfectly Harmless!” | [E 'E\ I]-

Lead acetate aka sugar of lead, Pb(C,H30,),

A highly toxic compound used as a sweetener in
ancient Rome, it's hard to believe this was in kids’
sets, but here it is — sold by the British Gas Light
Company.

»DIY: Textile, dye, and alternative photography
suppliers.

Sodium hydroxide aka caustic soda or lye, NaOH
Not really kids' stuff either. Extremely corrosive, it
burns skin on contact. It reacts with acids violently,
with metals to produce flammable hydrogen gas, and
with sugars to form deadly carbon monoxide gas.
»DIY: Sold at hardware stores as crystal drain
cleaner (check the label to make sure it's pure).

Chemcraft Chemical Outfit No. 1

Porter Chemical Co., Hagerstown, Md., 1917
“Perfectly Safe. Contains No Poisonous Or Otherwise
Harmful Substances”

Potassium nitrate, KNO3

Sulfur, Sg

Gunpowder precursors were common in chemistry
sets before about 1940. Black powder is potassium
nitrate (saltpeter), carbon (charcoal), and sulfur
mixed in the correct proportions (see MAKE, Volume
13, “The Fire Drug”).

“Potassium nitrate and table sugar, if processed
and mixed properly, can form a low explosive that's
used for amateur rocket motors (“rocket candy”),” THE POR
says Thompson. “Otherwise they simply form a very | ds
combustible mixture that burns fiercely and gener-
ates a lot of smoke (smoke bombs). In today’s sets,
sulfur is still common — but not potassium nitrate.”
»DIY: Charcoal you can get anywhere. Potassium
nitrate is sold as a fertilizer (14-0-45 or 13-0-46),
and sulfur is sold in lawn and garden stores to
control plant pests and diseases.

Ammonium nitrate, NH4;NO3
Explosive, it's used in fertilizer bombs like the one el g
that destroyed the federal building in Oklahoma City ~ Strontium nitrate, Sr(NO3)»

in 1995. Extremely volatile, it's used to color fireworks.
»DIY: Sold at lawn and garden or farm supply When heated, it releases toxic nitrogen dioxide gas.
stores as 34-0-0 fertilizer. »DIY: Chemical supply companies.
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Gilbert Chemistry Set

A.C. Gilbert Co., New Haven, Conn., 1920s
“Today’s Adventures in Science Will Create
Tomorrow's America”

Sodium cyanide, NaCN

Erector Set inventor A.C. Gilbert actually sold kids
this chemistry set with sodium cyanide, the stuff
of suicide capsules and murder most foul. “Deadly
stuff in pretty small doses,” says Thompson, “just
like potassium cyanide. It also reacts with acids to
form hydrogen cyanide gas, which is also deadly.
This isn't something kids should be messing with.
It's so toxic that it'd have been insane to include it,
even back when things were a lot more relaxed.”
»DIY: It's sold by some photography suppliers,
but its transport is heavily regulated.

Gilbert No. U-238 Atomic Energy Lab
A.C. Gilbert Co., New Haven, Conn., 1950s
“Most Modern Scientific Set Ever Created!”

Radioactive uranium ores, UO, and others

These 4 small samples of carnotite, autunite,
torbernite, and uraninite emitted alpha, beta, and
gamma radiation. The set also had a Geiger counter,
a cloud chamber to see the paths of alpha particles,
and an electroscope and spinthariscope for detect-
ing radioactivity and decay.

»DIY: “Readily available,” says Thompson. “United
Nuclear sells small chunks of various (slightly)
radioactive ores and minerals. They present no real
danger, although they shouldn't be ingested and

it's a good idea to handle them only with gloves

and tongs.”

Gilbert Chemistry Set
A.C. Gilbert Co., New Haven, Conn., ¢c. 1920s

Glass blowing kit

A.C. Gilbert strikes again. Sand (silicon dioxide)
melts at 3,100°F. But if you add soda ash (sodium
carbonate) and powdered limestone (calcium
carbonate), it melts into glass at just 1,600°F. Still,
that's 1,600°F, kids. Mind your fingers.

»DIY: Readymade lab glassware is sold by suppliers
like Elemental Scientific (see Resources).
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Porter Chemcraft Master Chemistry
Lab No. 616 featuring Atomic Energy
Porter Chemical Co., Hagerstown, Md., 1950s
“Modern Plastic Experiments. Outer Space
Experiments”

Radioactive uranium ore
See Gilbert No. U-238.

Carbon tetrachloride, CCly

Nickel ammonium sulfate, Ni(NH4)2(S04),-6H,0
Both are likely carcinogens, banished from chemis-
try sets today. Neither is particularly dangerous

to handle, says Thompson, if you take proper
precautions to avoid fumes or dust, prevent skin
contact, and so forth.

» DIY: Readily available from chemical suppliers
such as Elemental Scientific and Home Science
Tools — see Resources, below.

Calcium hypochlorite, Ca(ClO),

A strong oxidizer, it's been known to undergo
self-heating and rapid decomposition, releasing
toxic chlorine gas. “Frankly, | see little use for this
chemical in a home lab,” says Thompson. “For most
purposes you can substitute the much safer sodium
hypochlorite solution sold in grocery stores as
chlorine bleach.”

»DIY: Sold as pool and spa “shock” treatment;

use bleach instead.

Sodium ferrocyanide, NasFe(CN)g

Ferrocyanide salts react with iron(lIl) (ferric) ions
to produce the intense pigment Prussian blue, so
they're a great test for the presence of ferric ions.
“Despite the ‘cyanide’ in the name, these salts are
relatively nontoxic and safe to handle,” says Thomp-
son. “Heating them to decomposition or treating
them with a strong mineral acid does produce
hydrogen cyanide gas, which is deadly in significant

RESOURCES

» Chemical and equipment suppliers:
Elemental Scientific elementalscientific.net
Home Science Tools homesciencetools.com
Science Kit sciencekit.com
United Nuclear unitednuclear.com
Edmund Scientific scientificsonline.com
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amounts. Technically, these salts are considered
poisons, but they're not really dangerous if handled
with normal precautions.”

»DIY: Chemical suppliers. For most purposes, you
can substitute the more readily available potas-
sium ferrocyanide, K4[Fe(CN)g], also available
from photography darkroom suppliers.

» Alternative sources for chemicals:
hyperdeath.co.uk/chemicals

» Chemical Heritage Foundation:
makezine.com/go/chemheritage

» Reproduction manuals for vintage Chemcraft
sets: gordonspeer.com

» Top 10 Amazing Chemistry Videos, from Wired
Science: makezine.com/go/wiredscience

Photography courtesy of Chemical Heritage Foundation (top); by Dustin Fenstermacher (bottom two)
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Pedglers

A company that hauls away

your trash — on bikes.
By Peter Smith

bicycle business in Northampton, Mass., that

hauls furniture, yard waste, and garbage —
all year round. In June 2007, Pedal People signed a
contract with the City of Northampton to pick up
its 70 trash barrels in downtown, one of the only
bicycle-powered businesses in the United States
picking up municipal trash.

| spoke with Pedal People's founders, Alex Jarrett

and Ruthy Woodring, from their home in Florence.

ID edal People is an 11-person cooperative

Peter Smith: When did you start hauling with bikes?

Ruthy Woodring: | started in Chicago when | was
living in a Catholic Worker house. One of the things
we did was an open dinner, like a soup kitchen. To
get food, we would do some dumpster diving and
we also had a food pickup run to get donations. One
day the truck broke down and so | thought, “Well, I'll
just tie the garden cart to the back of my bicycle.”

| started doing that until a friend came by and
said, “You know what, Ruthy? | got something better
for you.” And he donated a trailer to the house.

PS: Now you're doing more. What's an average day?

Alex Jarrett: Typically a day with Pedal People
involves getting the trailer ready, making sure you
have everything you need: bungee cords, spare
trash bags, gloves, and our trailers, which we stack
with eight recycling totes with lids.

RW: Our trailers can take four tubs on the bottom
and four on the top. So by the time the trailer’s full,
it's about as high as my head. The weight limit on
the trailers is between 200 and 300 pounds.

PS: Tell me about the bike trailers you build.

AJ: If you can find your own wheels and plywood, it
costs about $30. Labor’s about five to ten hours — if
you get good at it. You need some basic tools and
brazing equipment.

Go to the hardware store for a few lengths of
conduit. You can use them to make a few other
optional things like handles. For the dropouts, you
need %" angle iron. | only have a hacksaw to cut
out the dropouts, where the wheels will go.

And then the hitch is made out of %" flat stock
and a rod you bend to go around the chain stay. You
have to buy a little $6 universal joint for the hitch
so the trailer can tilt as you're riding around.

PS: Do you think more people will be doing this?
Is this an easy way to transport things?

RW: It's a pretty unique situation in Northampton,
where the city does not provide municipal trash
pickup service and does provide a transfer center
within biking distance of most households. Those
two factors let Pedal People work.

For other people in other towns, hauling things on
bicycles is pretty easy. There's very low overhead.
The bike trailers are relatively inexpensive. The
capital is your human labor. Compared to a truck,
you don't have to pay for gas.

» Pedal People: pedalpeople.com
» Build a bike trailer: bikecart.pedalpeople.com

Peter Smith, a freelance writer based in Portland, Maine,
snacks on wild crabapples and dumpstered baguettes. His
work is viewable at peterandreysmith.com.
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DIEHARD RACERS: The Make: Way
team members are (clockwise from
top) Brett Doar, Tom Jennings,

Jason Torchinsky, and Sloan Fader.

We're Numbepr

' Ya I
33!

The Make: Way race team takes on the 24 Hours of LeMons.

By Jason Torchinsky

I lied to my mom about having health insurance.

That is my one, solitary regret about the entire
I exciting, challenging experience of turning a
$300 junker into a real live race car.

The reason | and my very talented Make: Way
teammates, Brett Doar, Sloan Fader, and Tom
Jennings, turned a $300 crapbox into a race car
in the first place is so we could be a part of Jay
Lamm’s 24 Hours of LeMons — a racing series
open to anyone with a metabolism, a modest
entry fee, and a car that costs less than $500.

Car Buying on a Skateboard Budget
Finding the right car is the first real challenge of the
race. Your gut instinct is to buy the fastest thing you
can find, but that would be a mistake. The 24 Hours
of LeMons is an endurance race, with 14 hours of
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driving over two days, covering about 400 miles
on a challenging track, in the middle of a hot May.
A car’s durability under these grueling conditions
is more important than its speed.

We looked for gently used, well-maintained
vehicles. Most had one or more serious flaws;
others were so tired they practically had a blinking
KILL ME NOW light on their dashboards. What we
ended up with was a boring but extremely well-
maintained 1993 Ford Escort LX.

Now, the car wasn't fast — only 88 horsepower
and an automatic — but it seemed capable of last-
ing the race, and we would do all we could to help
the speed. Plus, the Escort is an extremely common
car, so parts are cheap and plentiful. At $300, it
was the perfect place to start.

Photograph by Amy Crilly
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Per
Converting an economy runabout into a racer is
largely a process of removal. Weight is the enemy of
performance, so the first step was to gut the car of
anything unnecessary: carpet, seats, insulation, door
panels, hatchback, glass, you name it. The less those
88 horses have to drag around, the faster we'll go.

Once the car was lightened, we started in on
performance enhancements. For better weight
distribution, which leads to better handling, we
moved the heavy battery to the rear of the car. We
removed the catalytic converter and most restric-
tions on the exhaust system, replacing them with a
simple Cherry Bomb-type muffler. The only actual
“racing” part we used was a free-flowing air cleaner,
courtesy of MAKE contributing editor Mister Jalopy.
As with the exhaust system, opening up the intake
of a motor is a quick, cheap way to free up an extra
horse or two.

.
srmance

Religbility

If we wanted to be the tortoise that beat the hare,
we needed to stay on the track, and one of the
biggest factors conspiring to get us off the track
would be heat.

First we tried mounting two radiators atop the
ventilated hood. This failed, and taught us a valu-
able lesson: on a cheap car, everything is designed
to perform to spec, and not a bit more. That means
the water pump can happily pump water as far as
it needs to go, but God help you if you try to go an
inch farther.

In the end we remounted the radiator to its
original position, but added a secondary fan atop
the hood and a dedicated transmission cooler
made from an old A/C condenser. At the race, in
80-degree-plus heat, while many of our more
sporting competitors were spewing geysers of
steam, we didn't overheat once.

Safety

Safety equipment doesn't count toward the $500
limit, which is a good thing, as you don't want to
cheap out on your roll cage, tires, or brakes. We
were lucky enough to have the free services of

a professional welder, Mike Garcia, to help us
assemble our cage. There's a reasonable amount
of contact in the race, so in addition to the cage to
protect us, we reinforced the flimsy body, especially
around the radiator. We also added a racing seat
with a five-point harness, which, along with helmet
and full fireproof racing gear, is a requirement.

Makers, Start Your Engines

We barely finished the car in time for the race.
We had little time to practice, because the car was
illegal for road use, and finding places to drive it
was difficult.

The first laps of the race were both terrifying and
exhilarating. Once the green flag waves, the nearly
90 other cars on the track storm like angry wasps,
passing and trying to pass within inches. Every
driving instinct you have is set into a panic by events
you normally associate with big, expensive trouble:
shrieking tires, the sickening sound of crunching
metal, the smell of burning rubber — but once you
realize there are no insurance numbers to exchange,
you start to getinto it.

There's plenty of contact in the race, and the
track is quite technical — not very fast, but lots
of hairpins, S-curves, and the like, so the speed
disadvantage of our car wasn't so pronounced.

We were only off-track once for mechanical woes,
when the front wheel flew off while | was driving,
which is actually less terrifying than it sounds.

In the end, we came in 33rd out of nearly 90 cars
— beating out many more obvious pieces of sport-
ing machinery like V-8 Mustangs, BMWs, and even
an Alfa Romeo. It was a far better result than | ever
would have expected.

The maker crowd and the backyard, greasy-
handed auto enthusiast crowd have a fairly large
divide between them, which seems absurd,
considering how many maker skills go into a project
such as this. | encourage all makers to have a go
at the dirty, loud side of making things, and the 24
Hours of LeMons is a great way to do it. See you on
the track — we'll be turbocharged next time around.

Make: Way, MAKE magazine's official racing
team: makewayracing.com

» 24 Hours of LeMons: 24hoursoflemons.com

Jason Torchinsky (Jasontorchinsky.com) is an artist and

tinkerer living in Los Angeles with his partner, Sally.
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The “Boston Logan Terrorist Suicide Bomber” explains
what really happened to her. By star Simpson

I t's 8 p.m., and I'm nervous and excited. Nervous
because I have roughly 12 hours to finish two
MIT problem sets | haven't really started on.

Excited because the next morning, my friend Tim

Anderson will be flying from California to visit me

in Massachusetts. My plan is to grab dinner, plunk

myself into a study room with my books, pen, pad

of graph paper, and computer, and do what's known

around MIT as “tool” — that is, work solidly until I'm

finished, all night if necessary. At 6:45 a.m. I'll go to

the airport to meet Tim's flight.
Things go more or less as planned. At 5:30 a.m.,

| lay down on the solid hardwood floor of the study

room to catch a catnap. | set an alarm for 6:30. It

goes off, but I'm so exhausted that | doze in a half-
awake state, music blaring in my headphones, until
with a jolt | realize it's already 7:05! The plane is
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scheduled to land in just 15 minutes.

| run down to my room and throw on my clothes
in a fireman's hurry. The early morning looks gray
and dewy, so | grab a sweatshirt. It happens to be
the one I'd made the week before, with a battery-
powered LED star on it. Tim studied electrical engi-
neering, and he's shown me a lot about how to build
things. It crosses my mind that wearing my nerdy,
homespun sweatshirt might make him smile. | also
pick up a little flower | sculpted from plastic
that | want to give to him.

| fly outside, bleary-eyed and a little wobbly, but
filled with enthusiasm to see Tim again. | rush to get
to a T stop, hoping he'll wait for me at the airport.

Early-rising coffee drinkers chat boisterously all
around me on the subway. After a long ride on the T,
| get off at the airport stop and jump on the shuttle

Photograph by AP Images / Lisa Poole
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TERRORIZED: (opposite) MIT sophomore Star
Simpson, 19, leaves court after her arraignment
Sept. 21, 2007, on charges of disturbing the peace
and possessing a hoax device, after being arrested
at gunpoint at Logan International Airport while
wearing a circuit board and wiring in plain view over
a black hooded sweatshirt (above).

to the terminal. | look around — no Tim. Check the
baggage claim — no Tim there, either.

[t's almost 7:45. | consider walking to nearby
terminals, in case his plane made a gate change at
the last minute. | spot an information desk. Aha!
Information! Exactly what | need.

| ask the woman behind the counter if she knows
anything about a change to Tim'’s flight.

She looks up at me and starts saying things
| don’t understand. She doesn't speak English as
a first language, making communication difficult.

“What is that? You can't have that.” She gestures
at my shirt.

What? Am | supposed to give her my clothes?
| start to answer her first question, about my shirt
decoration. | point at it and hold it out for her.

“It's a bunch of lights, see? Decorations? | made it."

“You can't have that, what is that, you can't have
that,” she repeats.

“It's art, just a bunch of lights.” I'm not sure how
to properly explain, so I'm trying to do so in simple
terms. “Can you tell me about a flight? It came in
this morning from Oakland.”

She's getting frantic, hysterical. For some reason,
she isn't hearing what I'm saying. She appears to be

completely glazed over with fear. “You can't have that.

No. No, you can't have that. I'm calling the police.”

| really don't understand, but | realize that noth-
ing | say will help this woman comprehend. I'm
frustrated, tired, and just really want to see Tim, so
| translate “I'm calling the police” to mean “please

go away,” and | turn and walk from her desk while
unplugging the battery to make the lights turn off.

| make one more pass through the baggage claim
and decide | must have missed Tim. Depressed, and
with the weight of my problem sets to finish, | walk
to the traffic island to catch the next MBTA shuttle
so | can go back to school.

While I'm in baggage claim, a man dressed in black
walks by me. He looks at my eyes. He looks at my
sweatshirt, and continues to walk past. | watch him
because he doesn't look like a passenger. The back of
his shirt has “State Police” written in tall, white letters.

| think, she didn't really call the police, did she?
Maybe the police make regular patrols around here.

I'm on the traffic island when someone grabs my
wrists. Suddenly, shouting is coming from every direc-
tion. | feel my arms get wrenched up over my head.

People in black uniforms are all over me, yelling
and forcing my arms into uncomfortable positions.

Some dam of stress breaks. | burst into tears.
What's going on? I'm trying to go home and finish
some crucial homework | probably won't be able to
complete before it's due. I've missed my friend at
the airport because | overslept. And now I'm getting
mobbed by a gang wielding guns. It seems like 40
people are surrounding me. Some of them are hold-
ing pieces of metal that I initially mistake for giant
camera tripods. They turn out to be German MP5
submachine guns.

“I'm an MIT student!” | shout.

“Empty your pockets! Slowly!" they shout back.

“Does she have a lighter on her?” one sergeant
shouts to another, hoping, | later realize, to bolster
their “hoax device” argument with the idea that the
flower in my hand could be a blob of plastic explosive.

For the next hour, I'm an “alleged” MIT student,
until someone at my school can confirm it. Which MIT
does, by issuing a press statement disowning me,
based on the trickle of lies fed by early news reports.

“As reported to us by authorities, Ms. Simpson's
actions were reckless and understandably created
alarm at the airport,” reports my school’'s news office.
Their statement doesn't help me feel any better.

“What is this?" an officer shouts, holding up the
metal U-lock clipped to my bag.

“That's a bike lock,” | respond.

“Why would you bring a bike lock to an airport?”

In the post-9/11 era, everything is suspect. | supply
a reason for carrying a bike lock: “I bike.”

Within a few minutes of surrounding me and
demanding | remove my sweatshirt for their inspec-
tion, the police and bomb squad realize my sweatshirt
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is innocuous. Nevertheless, they arrest me, put mein
handcuffs, and take me to the State Police office for
more questioning. I'm “processed” and sent to a room
where a detective questions me for an hour or more.

The telephone in the room never stops ringing. The
U.S. secretary of homeland security wants to know
about the “Boston Logan Terrorist Suicide Bomber.”

I'm terrified, exhausted, and want to fall asleep
on every remotely soft surface | see. | realize I'm
not going to get my problem sets done.

Nothing makes any sense. One minute, you're
an MIT student trying to be organized and do
good work, and the next you feel like only Chuck
Palahniuk could write a more bizarre story.

Before | know it, reporters are calling my family
and everyone |'ve ever known.

After several hours, I'm placed in a police trans-
port car to be taken to East Boston District Court.
The radio is on, tuned to a daytime talk show.

The host is trashing me by first, middle, and last
names, discussing various vast, awful, and mean
speculations about who | am and what happened.
The officer switches it off without comment.

How does the media know my middle name,
where | live, and how to reach my family? How is the
radio capable of telling me what happened at the
airport, before I'm even sure myself? It's evident
that someone in the police department sold the
story for a really nice dinner.

My house is staked out, so | stay with a friend.
My old dorm is surrounded, as are my old haunts,
including the machine shop at MIT. One time, I'm
spit on: while I'm riding my bike around Copley
Square in June — ten months after being arrested!
— a man snarls, “You shoulda done time!” and
hocks a giant loogie on my spokes.

For months, | can't walk down the street or use
public transportation without being recognized.
Many people take their cues from the same factless
news reports. | can even tell which news sources a
person tuned in to, by what they believe about me.

This is Boston, the same city that blew up
Cartoon Network's LED signs and a private firm's
traffic counter because the unidentified electronics
weren't well-labeled enough to prevent the bomb
squad from thinking they might be a threat.

After ten months of slow-progress court proceed-
ings, East Boston District Court finally drops the
hoax device charges. I'm ordered to perform 50
hours of community service, avoid being arrested in
Massachusetts for one year, and submit an apology
to the people who almost shot me because they
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“You can’t have that. No.
No, you can’t have that.
I'm calling the police.”

overreacted to the LEDs on my sweatshirt.

If I don't, I'll be charged with disorderly conduct,
which is hard to defend, because it's not necessary
for the state to prove | intended to be disorderly,
only that | behaved in a disorderly way. In the end,
| choose to finish the court case at the first possible
opportunity, because the ordeal has exhausted me.

I'm well aware that things could have gone much
worse. To quote State Police Maj. Scott Pare at the
press conference, “Thankfully because she followed
our instructions, she ended up in our cell instead of
amorgue.”

I'm disturbed by the idea that, with one hysterical
phone call, the state can be set in motion to relent-
lessly persecute anyone. Especially in a town full of
tech hobbyists. Also, the State of Massachusetts
seemed unable to stop persecuting me, no matter
what the facts were, once the wheels were set in
motion. | don't like what this means about the future.

Of the few hilarious side effects of the arrest, the
funniest involves the 2007 International Symposium
on Wearable Computers. All of my wearables
superheroes (especially Leah Buechley, whose LED
clothing project appears in CRAFT, Volume 01) were
to convene for the symposium, held, by chance, in
Boston. | was invited, and | was delighted to accept.

Only there was a catch. The venue chosen was

the Hyatt hotel at Logan International Airport.
The judge’s ban against my approaching MassPort
property of course blocked my ability to attend the
event. So, getting arrested both wholly created, and
destroyed, that opportunity for me.

Many thanks go to my legal team of Tom Dwyer,
Serina Barkley, and others at the firm Dwyer &
Collora, to my parents, and to Tim Anderson,
Hal Abelson, Gerry Sussman, Patrick Winston,
Ken Manning, and everyone who knew better than
to take the police and press accounts seriously.

Editor’s Note: Star Simpson wrote a how-to
for making your own light-up sweatshirt at
Instructables:_makezine.com/go/starshirt.

Star Simpson grew up in Hawaii and studied at MIT.


http://makezine.com/go/starshirt
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The Art of
the Frame

Akio Tanabe creates some of
the world’s most sought-after
bicycle frames. By Jess Hemerly

created a new form of track cycling: keirin

(pronounced kay-rin). In a keirin race, a
bicycle, motorbike, or moped sets pace for six to
nine bike riders, gradually increasing speed on each
lap. When the pacer drops off, the race becomes a
sprint as riders jockey for the front position.

People across Japan trek to velodromes to watch
and bet on keirin racing the way Americans bet on
horse racing — except the stakes are much higher.

With significant sums of money at stake, a
governing body, Nihon Jitensha Shinkokai (NJS),
regulates keirin racing. NJS has exceptionally high
standards for bike geometry, weight, and materials,
to ensure that a rider’s equipment never provides
an advantage or results in catastrophic failure.

This fiercely regulated system of quality standards
comes from a tradition of quality and integrity. Many
keirin bikes are hand-built by a single frame builder.

Urbanites worldwide have caught keirin fever, and
frames branded with some of Japan's most notable
names, from 3Rensho to Watanabe to Makino, roll
through city streets. And while NJS-stamped frames
and parts are sought by fixed-gear fans for street
riding, the NJS stamp of approval is the only thing
that will allow a frame or part on the keirin track.

On a recent trip to Tokyo, we were lucky enough
to hook up with a Flickr contact, a bicycle aficionado
named Yohei Morita. On Christmas Day, Morita
picked us up at our hotel and offered to take us
around to some of his favorite bike shops in the city.

After the first shop in the Shibuya ward, we con-
sidered where to go next. | blurted out, “Kalavinka!”

“Sure, it's a short drive,” our host answered.

For 35 years, Tsukumo Cycle Sports, a small com-
munity bicycle shop located in Meguro ward, Tokyo,
has serviced all kinds of bicycles, from domestic
mama-chari to professional keirin bikes.

g hortly after World War 11, the Japanese

Tanabe-san poses for a photo in his Tokyo workshop.

But it's what lies in the back of the shop that makes
Tsukumo a destination for bicycle aficionados. It's in
this tiny workshop, the size of a large closet, where
Akio Tanabe creates some of the most sought-after
bicycle frames under the name Kalavinka.

There's nothing particularly new about the tech-
nology Tanabe-san uses to hand-build his frames.
His workshop is filled with sketches, bottom bracket
shells, lugs, and bottles of chemicals. There's no
automated assembly line, no shiny new tools, and,
until recently, no space-age carbon fiber. Kalavinka
has been working on a carbon track frame for some
time, but Tanabe-san is best known for frames
produced with steel tubing and welding machines.

Before opening Tsukumo and starting his own
line of bikes, Tanabe-san worked as a test rider and
racer. He builds 80 to 90 frames a year, half of which
are for professional keirin racers.

Despite Kalavinka's prestige, Tanabe-san is
incredibly humble. He greeted us warmheartedly,
showed us his workshop, and even posed for a
picture. But when we began lumping on the praise,
he deflected it by pulling a metal Kalavinka head
badge from underneath the workbench, meticu-
lously hand-painted by his wife.

The art of frame building is enjoying new interest
in the United States. The United Bicycle Institute in
Ashland, Ore., offers two-week programs for aspiring
frame builders. And it's partly because of Japanese
legends like Tanabe-san.

» Tsukomo Cycle Sports: kalavinka-bikes.com
» United Bicycle Institute: bikeschool.com
23 More photos: makezine.com/16/kalavinka

Jess Hemerly is a research manager at the Institute for the
Future, a freelance music critic, and a bicycle enthusiast.
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TELEPRESENT: Maker
Marque Cornblatt
lounges at home with
Sparky 2, his autono-
mous telepresence
robot, while his cat One
ignores them both.
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My robotic alter ego steps out — open source. By Marque Cornblatt

I spent much of my childhood dismantling toys

and gadgets and cobbling them back together in
I interesting ways. One proud example combined
a slot car, a one-function wireless remote, a 9-volt
battery, and a few fabricated gears and bits to
create (in my mind, in the early 80s) the world's
smallest remote control car.

The 2-inch vehicle was top-heavy and had too
much torque, but it accelerated violently to the
right every time | pressed the remote button — it
worked! — until it finally tore itself apart, like a tiny
top-fuel dragster. In my mind it was a success, and
it sparked my lifelong interest in interactive, kinetic
projects.

In the early 90s, | began building a wireless,
rolling, remote control robot with a two-way video
chat setup positioned at eye level, which enabled
real-time, face-to-face communication. | found
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most of the materials dumpster diving or at garage
sales: a motorized wheelchair, a few old video cam-
eras, a wireless baby monitor, and some R/C toys.
Separately these were junk, but combined they
became an interactive sculpture that allowed me to
see, hear, chat, and move through a remote location
with complete autonomy.

| could “become™ my creation, temporarily
merging my own identity into that of this machine/
human hybrid. | named the robot SPARC-I, a rough
acronym for Self-Portrait Artifact — Roving Chassis,
or Sparky for short.

Sparky Works the Room

| originally made Sparky to explore the boundaries
of the body and how our identities change when
filtered through technology, topics that have recently
become hot in our age of online profiles and avatars.
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I've been upgrading Sparky ever since, as newer
technologies have become available. Over the years,
the Sparky experience has developed into what | call
Autonomous Telepresence, an experience combining
remote sensing and locomotion, web video, social
networking, and human interaction.

It's interesting to watch Sparky “work the room”
at an art opening or cocktail party. At first, people
are drawn to the robot as a techno-spectacle.

But it's remarkable how quickly people forget the
machine and interact with the remote person,
joking, flirting, or having long, deep conversations
as if there were nothing unusual. So Sparky has
informed my sense of body, self, and identity, but it
has also guided me toward insights and decisions in
an area | never expected.

The original Sparky had severe limitations, such
as bad audio quality and a broadcasting range of
just a few meters, but | improved its performance
over the years by swapping in new technologies,
including better audiovisual transmission compo-
nents, radio control upgrades, and fresh batteries.

The biggest upgrade was the decision to leave
the old-school analog AV components behind and
make the leap to digital. Using the power of wi-fi
and the internet, Sparky became truly remote,
enabling real-time chat and control from virtually
anywhere in the world.

During the mid- to late-90s tech boom in the
San Francisco Bay Area, Sparky became a party
machine. What tech-savvy startup wouldn't want a
robot at their launch party? Sparky would mingle
and schmooze for hours on a full battery charge,
while | worked behind the curtain.

We made appearances at (and crashed) parties
for the San Francisco Museum of Modern Art, San
Jose Museum of Art, Burning Man, the E3 Media
and Business Summit, Industrial Light and Magic,
Intel, and others. Sparky was even, briefly, the
singer and leader of a jazz quartet.

Productize or

To Not?
Back then, it seemed everyone was getting VC
funding for new tech businesses based purely on
speculation. Meanwhile, | had created a proven,
one-of-a-kind prototype that seemed to have
commercial potential. Sparky's success in such
varied professional and social settings inspired
me to consider its potential in a wider range of
environments, from facilitating distance learning
to working as a museum tour guide.

| researched the nascent mobile telepresence

During the mid- to late
90s, Sparky became

a party machine. What
tech-savvy startup
wouldn’t want a robot
at their launch party?

market and discovered that several Sparky-like
devices were already for sale or soon to hit the
market, ranging from children’s toys to the
$100,000-plus hospital-bots that appear on ER.

Given this commercial environment, | understood
that it would take a lot of effort to define Sparky
as unique, and then raise the venture capital to
pursue designing, manufacturing, and protecting
it as intellectual property.

| wrote a business plan and met with potential
investors to pursue Sparky’'s commercial devel-
opment. In the meantime, the Sparky upgrades
continued. In 2006, John Celenza and | built Sparky
2 (see page 53), and | had a great time using it to
telepresently cruise the exhibit floor at the first
Maker Faire. Sparky 2 also appeared on the History
Channel's Modern Marvels as a possible “future of
the telephone,” and | demonstrated it at technology
and entertainment industry conferences.

| weighed the pros and cons of going commercial.
John and | could freeze development, treat Sparky’s
design as a trade secret, and attempt to “productize”
it under the distraction and meddling of investors.
This did not sound fun or interesting to me.

On the other hand, without investment, we could
keep experimenting, trying new video chat clients,
motor-control schemes, and other Sparky-relevant
technologies as they improved and became cheaper.
We could bounce from one technology to the next,
adapting what worked for our one-of-a-kind creation,
and enjoying the journey free from investor
expectations.

This offered a far more appealing path, and with
this insight, | realized two things:

One, I'm a maker first, and a business guy second.

Two, Sparky and Autonomous Telepresence are
not defined by hardware, software, or other tech-
nologies — which are changed and upgraded too
frequently. Instead, Sparky is defined by the unique
experience it offers, which has remained consistent
over its years of evolution: an opportunity to
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become a hybrid identity that can have intimate,
face-to-face interactions and move freely in a
remote location.

At New York's American International Toy Fair
in early 2008, | saw a cheap mobile telepresence
toy, clearly not designed for hackability, and that
clinched it. | decided to share Sparky 2 as an open
source DIY project, based on the MAKE Controller
board and the components | had lying around.

DIY Sparky

So here's the take-away: you can now find a full
set of plans for an open source, DIY Sparky at
makezine.com/16/sparky, as well as a step-by-step

video at gomistyle.com.
| co-developed the DIY version of Sparky 2 with

my longtime friend and programmer extraordinaire,

John Celenza. It uses the MAKE Controller connected
to an onboard Mac Mini, which transmits audio,
video, and motor control data over a wi-fi network.
We have several software versions, including a
lag-free one that requires a web server to connect
robot and controller, and another one that sends
the motor-control data through Skype. We've also
developed a small iPhone patch that allows it to
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LEFT: Close-up of the MAKE Controller that connects
Sparky’s onboard computer to the servomotors.
RIGHT: The exposed TV tube. Mounting the
monitor without its case is a bit more dangerous,
but how cyberpunk!

connect in any location, even without wi-fi. If the
“Jesus phone” can connect, so can DIY Sparky.

The DIY Sparky shown here was built using scrap
components | had available, including Vex kit com-
ponents for the chassis and the motors, an old Mac
Mini, an unused LCD monitor, an iSight webcam, a
12V scooter battery, and an AC inverter. Your ver-
sion will be different, based on whatever you have
lying around.

The only part | purchased was the MAKE
Controller board — | could have gone with the
cheaper and better-known Arduino, but the MAKE
board offered additional helpful features like the
4 plug-and-play servo connectors. The MAKE board
also has numerous digital and analog ins and outs,
which give DIY Sparky plenty of room to grow new
appendages, like movable gripper arms, sensors,
and bumpers.

23 See more of Sparky at makezine.com/16/sparky.

Marque Cornblatt (marquecornblatt.com) is a conceptual
artist, roboticist, and maker. He is the creator and host of
Gomi Style, a green DIY lifestyle and design series on the

web (gomistyle.com).
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|-Contact

One experimental Sparky design addresses a problem

common to all webcam-based video chat applications:

the annoying lack of eye contact.

During a video chat, we tend to look at the image
of the other person on our monitor rather than into
the webcam mounted above or beside it. Because of
this, we seem to gaze over the shoulder of the person
we're chatting with, which fails to replicate the inti-
macy of face-to-face communication.

The new Sparky design takes a cue from the way

teleprompters work. For both Sparky’s “head” and the
remote operator’s webcam, an angled piece of one-
way glass reflects the video image of the other person
directly toward viewers. Meanwhile, a video camera
placed behind the glass captures the face(s) looking
at the screen, creating a simulation of eye contact.

My experience has shown that this illusion of eye
contact is effective. It encourages users to talk more
normally, look into each other’s eyes, and forget that
there may be thousands of miles physically separat-
ing them.

—Marque Cornblatt
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Rick and Megan Prelinger couldn’t find a library with
what they wanted, so they made their own. ByR.U. Sirius

t's an overcast Monday afternoon as | arrive at
I8th and Folsom in San Francisco's seedy, bohe-

mian SOMA district. | find 301 8th Street and then
buzz Room 215. A voice says hello. | tell him who
| am and he buzzes me in. | take an elevator to the
second floor, walk past several closed offices, and
enter a small room packed to the rafters with four
rows of shelves filled with books stacked 15 feet
high. This is not your typical 21st-century urbane,
haute-culture library.

The Prelinger Library (prelingerlibrary.org) is
the brainchild of Megan Shaw Prelinger and Rick
Prelinger. Founded in 2004, it's a DIY, appropriation-
friendly, intuitive, and highly personalized context for
organizing and sharing this couple’s books, periodi-
cals, printed ephemera (like obscure government
documents from the Department of Indian Affairs),
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and — most of all — their obsessions. In addition to
its physical presence in San Francisco, it has an on-
line presence of more than 3,000 scanned volumes
at the Internet Archive (archive.org).

Rick is also the founder of the Prelinger Archives,
a collection of about 200,000 discrete items,
including 60,000 advertising, educational, indus-
trial, and amateur films. Rick founded the archives
in 1982, and the Library of Congress acquired it in
2002. A subset of the archives is freely download-
able and reusable at the Internet Archive.

Rick and Megan met in 1998 over a mutual inter-
est in the American landscape (Rick was looking
into restarting Landscape magazine). They soon
discovered that they shared, in Megan's words,
“aremarkably similar set of cultural reference
points and values, such as ... punk rock and the
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DIY movement. We shared similar ideas about
collection-building, with regards to books. We both
valued book collections very highly, but valued them
as building blocks, tools, and raw materials, rather
than as static objects to be locked away.”

Soon, they — and their book collections — were
married.

When the couple’s collection, in Megan'’s words,
“outstepped our immediate research needs,” they
started to think about public access. But the size
of their bounty wasn’t their main motivation for
starting the Prelinger Library. That evolved out of a
profound dissatisfaction with public and university
libraries.

Public libraries have recently been shedding
books to make room for elegant lounging spaces
and rows of computers. And with their emphasis on
query-based online cataloging, they are discourag-
ing the sorts of serendipitous discoveries that occur
while browsing the shelves. Meanwhile, academic
libraries keep a lot of their most valuable research
materials in “closed stacks,” leaving the browser
unaware of what she is missing.

As Megan told an interviewer for In These Times,
“One of the ... barriers put in place by major research
libraries is that they don't enable ordinary people to
make use of extraordinary materials.”

By contrast, the Prelinger Library provides extraor-
dinary materials and then encourages serendipitous
discovery. Megan has organized the flow of the
materials into a sort of narrative structure.

Like a thoughtful DJ describing a playlist, Megan
describes the interior taxonomic logic to her place-
ment of books in an article on the library’s website:
“Row Two starts with what people do with what we
pull out of the Earth: histories of manufacturing
and industry. Mill and Factory rubs shoulders here
with Iron Age and Factory Management. The next
bank proceeds to how we move around the objects
we've made with what we've pulled out of the Earth:
histories of transportation infrastructure. Highways,
cars, railroads, airlines, and even Bus Transportation
magazine have their spaces here.”

The extraordinary is the rule here (where else will
you find the 1956-57 collection of Modern Packaging
magazine?). The Prelingers don't believe that history
is best served by reading contemporary books by
historians, so the library is a treasure trove of original
source material. Do you want to know how the U.S.
government described aspects of its slavery policies
in sordid detail? Then why not go directly to the
source and read a government research publication

“We value book
collections very highly,
but value them as
building blocks, tools,
and raw materials,
rather than as static
objects to be locked
away.’

on slavery from the mid-19th century?

Another unique aspect of the Prelinger library is
its appropriation-friendliness. As with Rick’s earlier
film archives, the Prelingers want you to be able to
take these fragments of history and use them for
your own textual mashup — your own satire or
commentary or research project. So they'll help
and encourage you to grab text and visuals from,
say, Factory Management magazine, Soviet Woman,
FBI Law Enforcement Bulletin, or the complete
125-year run of the Official Gazette of the U.S.
Patent and Trademark Office, and then scan
and use them.

| point out that nobody gets in my face at my local
library when | use their copier to copy pages out
of their books. So what's so appropriation-friendly
about the Prelingers’ place? Megan responds:
“While it may be possible to still make copies at the
public library, that doesn’t address the climate of
fear that generally governs people’s relationships
to the use of published works. People have been
conditioned by the copyright notices at Kinko's and
other places to believe that they are not entitled
to make something out of a published work. We
encounter that with visitors who say, ‘Is it really
OK to make a scan of this? Really?’

“By offering our space as a workshop and en-
couraging people to photograph, copy, or scan,
we create an environment where the use made of
the materials is foregrounded in a way it isn't at
the public library.

“Also, our library has a much greater proportion
of public-domain materials than is presentin a
general reading collection in a public library. And it
has been cultivated to be image-rich, and therefore
of particular interest to artists. Combine that fact
with the presence of a flatbed scanner, and the
result is quite different than the fair-use xeroxing
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of contemporary, copyrighted works at the public
library.”

The Prelingers facilitate open access to printed
text in other ways as well. They've partnered with
the Internet Archive to digitize 4,000 items in their
library. And they actually take the trouble to inves-
tigate the public access possibilities of individual
books. Says Rick, “The majority of works published
from 1923 to 1963 are public domain, but the only
way you can know is to check the physical copy
for the proper form of copyright notice and look
for a copyright renewal in the records of the U.S.
Copyright Office. This process is hard to automate,
but for books we use an excellent database built by
Mike Lesk and optimized by the Stanford University
library. For other items we consult our own copies
of Copyright Office records. It is, for sure, a slow
and artisanal process.”

In defense of the public domain, the Prelinger
Library has joined the Internet Archive in challeng-
ing 1992 changes to copyright law — changes that
automatically extend copyrights up to 75 years.
This new copyright law creates an “orphan class” of
creative works, because even if authors no longer
care about protecting their commercial rights, the
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BROWSER’S
PARADISE:

The Prelinger Library’s
vast offerings are wide
open to the public, the
rows of shelves inviting
serendipitous discovery.
Patrons are encour-
aged to use the space
as a workshop, with
access to a flatbed
scanner.

copyright is automatically in force and permission
for reuse can only be granted by the author, who
may be dead or impossible to locate.

Before leaving, | ask the Prelingers if their
library is replicable. “Yes!" says Megan. “We really
encourage people to create their own idiosyncratic
public-access libraries.”

Imagine if all the most rabid collectors of books
and odd (or not-so-odd) textual ephemera started
merging collections in locales all over the world, and
artfully organized them so that each one represented
a way of seeing the world. Sounds pretty cool, right?
Let a million public-access libraries bloom!

» Prelinger Library online collection:
archive.org/details/prelinger_library

» Prelinger Archives online collection:
archive.org/details/prelinger

R.U. Sirius is a notorious technoculture iconoclast.
He recently launched the Open Source Party and
QuestionAuthority — two incipient political organizations

at mondoglobo.net.
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Meet TRIZ
0 E \ A
A methodology for inventive
problem solving. By Richard Langevin

I discovered the Theory of Inventive Problem Solv-
ing, or TRIZ (its acronym in the original Russian),
when | began working with Lev Shulyak in 1992.

He had translated an introductory text on TRIZ from

Russian into his broken English, and he wanted help

editing and marketing it.

In that manuscript | saw a fascinating concept
that had global impact: a methodology that can help
everyone from children to rocket scientists solve
problems more quickly and with better results.

| signed on, and the decision changed my life. Soon
after, Shulyak and | formed the Technical Innovation
Center, dedicated to TRIZ. And the rest is history.

TRIZ (pronounced “trees”) is the brainchild of
Russian scientist and engineer Genrikh Altshuller.
Born in 1926, he made his first invention at the age of
14 and was later educated as a mechanical engineer.

In 1946, he developed his first mature inven-
tion, a method for escaping from an immobilized
submarine without diving gear. This invention was
immediately classified as a military secret, and
Altshuller started working in the patent office of the
Caspian Sea Navy, where he became intrigued by
the meta-question of how innovation happens.

Altshuller searched scientific libraries, but could
not find even the most elementary book on the
subject of inventing. Scientists have often claimed
that their inventions resulted from accidents and
serendipity, but Altshuller didn't accept this mantra.
He decided that if a methodology for inventing did
not exist, one should be developed.

Taking an empirical approach, Altshuller began
by reading patents, a resource that was readily
available where he worked. Patents represent the
best documentation we have for what constitutes
invention; they're detailed descriptions of new
solutions to existing problems.

Grounded in the patent base, but abstracting

TRIZ founder Genrikh Altshuller.

beyond the specific technical subject matter,
Altshuller found that a meaningful invention is,
in essence, nothing more than the removal of a
contradiction without compromise.

What does this mean? Basically, it means
eliminating a technical or physical conflict in one
characteristic of a system without compromising
other characteristics of that system.

Further, Altshuller observed that the same
problem types appeared time and time again, and
yielded to correspondingly generic solutions.
Innovation seemed to follow a taxonomy, which
supported the idea that it could proceed method-
ologically, like other engineering disciplines. And
once its techniques had been discovered and
codified, they could be taught to engineers and
children alike, and applied to generate innovative
ideas for diverse problem situations.

Altshuller assembled a team and proceeded
to develop this methodology. TRIZ knowledge is
divided into two groups: Key Concepts and Tools.
Key Concepts include Levels of Innovation, Ideality,
Contradictions, and Evolution of Systems. Tools
include the 40 Principles, Standards, Substance-
Field Analysis, and ARIZ, the algorithm for solving
nonstandard problems. As | tell my trainees, TRIZ
is the natural way that creative people have solved
inventive problems.

| believe TRIZ can help many makers become
more effective problem solvers, and | hope you'll
want to learn more about it. For more information,
please visit our website at_triz.org, or the Altshuller
Institute for TRIZ Studies, a not-for-profit group
dedicated to promoting and overseeing TRIZ
development, at aitriz.org.

Richard Langevin is CEO of the Technical Innovation

Center, Inc. (triz.org).
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Proof that you can buy

happiness ... for 24 cents.
By Jake Bronstein

hen people see my Fun Idea Machine (a
\,\lvending machine I've filled with plastic

bubbles, each containing an idea for having
fun) they usually ask me the following questions:

1. Where did the idea for the Fun Idea Machine
come from?

| consult for ad agencies developing fun ideas to
market products. So the idea of a vending machine
that could sit behind my desk and “sell ideas”
seemed like the kind of thing executives visiting
my office would enjoy.

2. How did you build the machine?

Toy dispensers are pretty cheap: $80 brand new
on eBay. From there, all | had to do was make the
signs to stick to the inside glass. Originally it read,
“Fun ideas: $1,000 and up. Consumer engagement:
Priceless!”

3. So what'’s in the machine?

At first, nothing — it was just a prop. Clients would
come in and ask if they could use it, and | would
chuckle, “Sure ... it runs on quarters ... you're going
to need 4,000." Everything changed when | brought
it out to the street to take some pictures for my
business cards. People kept stopping me, asking
if they could use it.

4. So there’s nothing in it?

Au contraire. | realized | was onto something.

| rushed back to my office, ordered a box of toys
and the eggs to put them in, and went to work filling
it up. Obviously | had to change the price — the
machine requires two quarters — but even that
seemed excessive. So in addition to putting a fun
idea in with each toy, | put in a quarter, and a penny
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that you could leave heads-up for someone else to
find (nothing is more fun than making someone’s
day). Putin 50 cents, and you get back a toy, a fun
idea, and 26 cents. Fun, right?

5. What are your favorite ideas?

Having taken the machine out now about 30 times,
made more than 400 ideas to put inside, and sold
almost 4,000 “Funballs,” | can tell you my favorites
come in two categories. The first are things people
can do right now, things that if they try, their friends
will see and say, “l wanna do that.” Like the “shaky
face” or “high jump” (search for these terms at
zoomdoggle.com to see what they are).

The second are things they might not do, but they
remember a time when they would have, a time
when they knew that fun was just something you
do, regardless of the time or place. Somehow adults
forget — they “make fun of” which is taking the fun
out of, instead of “having fun with."

6. Are you going to start a Fun Idea Machine
business?

| got a call from a vending machine business owner.
He wanted to know how much it would cost to
franchise the idea. | told him it'd be cool to have 10
machines out there and make a couple bucks ...
but it'd be cooler to have 1,000 machines even if it
meant people were stealing the idea. | don't have
the patent on fun. The machine is just a fun thing for
me and the people who use it. The funnest idea of
all is to make one of your own. | promise you won't
regret it.

Jake Bronstein was one of the founding editors of FHM
magazine's U.S. edition. He keeps a blog about fun called

zoomdoggle.com and can be found at jakebronstein.com.

Photograph by Jake Bronstein
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l‘\ ny secret agent worth a bowtie camera knows that spying and technology
are as intertwined as M and Q. This issue snoops into the 21st century

with an invisible ink printer, a cellphone spy scope, a talking booby trap, a USB
drive hidden inside a battery, and other stealthy schemes. The only question
that remains is which project to start first. Now that takes intelligence. »
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TALLKING BOOBY TRAIPP
SURPRISE ENEMY SPIES Y xﬁ,‘:&
WITH THE SOUND OF YOUR 3‘*’
OWN VOICE. 54 BOB KNETZGER

_ J

THE TELL-TALE TRAP: You set the trap, they
get the scare. “Villain! Admit the deed!”

I_I aving trouble with people snatching your top-secret stuff? Need help
getting some privacy? Here's a sneaky gizmo you can make to keep those
snoops away. It's a Talking Booby Trap: record your personalized message or
sound effect, then hide it in a strategic place. When it's disturbed, the intruders
will hear your surprise warning message telling them to “Get lost!”
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Illustrations by Bob Knetzger

MATIEERIALS

9V Recording Module, RadioShack part
#276-1323. This is a pre-wired record/playback
unit complete with audio board, speaker,
and controls that will record up to 20 seconds
of sound in nonvolatile memory. There are
actually 2 different versions of this part;
try to find the one with the separate wired
microphone. It’s much better, with a louder
and clearer sound!

9-volt battery

Clothespin serves as a spring-loaded booby trap
and as the switch that triggers the sound

Rubber band

Aluminum duct tape

Wire

Plastic cap from 1gal milk jug

Super glue aka cyanoacrylate glue

Zip ties

Double-sided foam tape

Soldering iron, solder

Wire cutters

Small bit of brass strip (optional)
with tiny screws (2)

Drill (optional)

BUILDING THEE BOOBY TRAP

1. Disassemble the clothespin — the wire spring
is too stiff for our purpose. Reassemble the pin as
shown in Figure A (next page) so that the spring is
used as a fulcrum pivot. Wrap a rubber band around
the jaws of the clip a couple of times. Slide the

®EOO®OO®

rubber band closer or farther from the fulcrum to
adjust the tension. The clip should open easily, but
still be able to close all the way.

For an easier-to-use booby trap, add an optional
extension to the top leg of the clothespin. Bend
a small strip of stiff brass so that it lies flat when
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TO PINCH A THIEF: Fig. A: Take apart and reassemble
a clothespin. Fig. B: Add an optional brass extension to
the clothespin.

the clothespin is held open. Drill 2 small holes in
the brass and attach it to the clothespin with tiny
screws (Figure B).

2. Wrap the jaws of the clothespin with the alumi-
num tape. Poke a small hole in the aluminum and
attach the stripped end of a short wire (about 5"
long) to each jaw. Twist the wire and crimp the tape
over it firmly to make a good electrical connection
(Figure C). You'll be soldering the other ends of
these 2 wires to traces on the recording module’s
circuit board.

3. Install the 9-volt battery and test the circuit:
press and hold the Record button (the red LED goes
on) and speak loudly into the microphone. Release
the Record button when finished. Press the gray
button on the PC board to hear your recording.
You can improve the sound significantly and
protect the naked speaker by adding a resonant
chamber/cover. Use a plastic bottle cap from
a gallon milk jug — it's just the right diameter.
Super-glue it to the front of the speaker (Figure D).
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Fig C: Metal tape on the ends of the clothespin serves
as contacts for the spring-loaded switch. Fig. D: A small
plastic cap improves the speaker’s sound.

4. Now modify the circuit to wire up the clothespin.
Remove the battery. Find the gray rubber-domed
Play switch on the PC board (Figure E). Bend the
3 metal tabs on the back and remove the button.

5. Feed a wire from the clothespin jaw through 1 of
the tab holes and over the edge of 1 of the 2 switch
traces. Carefully solder the wire to the first trace
only — don’t short out the traces! Do the same
thing for the second jaw wire and solder it to the
second trace (Figure F).

Now the clothespin will act as a Play switch: when
the jaws touch together, the sound plays. Try it! To
prevent the sound from playing, place a slip of paper
between the jaws as an insulator.

6. To finish, stick the battery to the top of the
clothespin with double-stick foam tape, and then
stick it to the circuit board with more foam tape.
Foam-tape the speaker on top, then use cable ties
through the center of the spring to cinch everything
together. Tuck in the microphone and Record switch
wires to neaten it all up (Figures G and H).

Photography by Bob Knetzger



Fig. E: The sound recording module we’ll be using.
Fig. F: Remove the Play switch button on the circuit
board. Feed the clothespin wires through 2 of the

SETTING UP THIZ BOOBY TRAPRP
After you record your own message and sound
effects, you can use the Talking Booby Trap in lots
of ways:

» Place a diary, journal, or any object on the brass
tab. The weight of the object keeps the clothespin
open and armed. Camouflage the booby trap by

placing something else in front. If anyone lifts the

book — whoop! whoop! — the alarm goes off. The
snoop is busted!

» Use the Talking Booby Trap to shame your lunch-
lifting co-workers. Hide it behind your food inside
the fridge at work. If anybody touches it, the talking
booby trap blasts: “Keep your hands off my lunch!”
Now everybody will know the identity of the secret
food thief!

» Tie a string to a small piece of paper and slip it
between the clothespin jaws. Then tie the other end
to any pilferable object. You'll know if anyone tries
to take it, because pulling the string trips the booby
trap: “Step away from the camera!” You can use

tab holes. Fig. G: Booby trap in set position.
Fig. H: Booby trap in triggered position. Adjust rubber
band tension as needed.

thin monofilament fishing line instead of string for
anearly invisible alarm.

» Any bit of paper can act as the bait in your trap to
catch a thief.

» Open the Talking Booby Trap and slip it under a
closed door. If anybody opens the door, you'll know
it. “Hey, you kids — get back in bed!" Or record a
scolding “Bad dog!"” message to keep pets in their
place while you're away. You can also arm a drawer
or sliding door.

» On a more positive note, you can leave a friendly
audio reminder for someone special. Arm their cell-
phone or car keys and they'll hear you say: “Don’t
forget — romantic dinner tonight!” They'll really get
the message from the spy who loves them!

Bob Knetzger (neotoybob@comcast.net) is an inventor/
designer with 30 years’ experience making fun stuff.

He's created educational software, video and board games,
and all kinds of toys, from high-tech electronics down to
“free inside!” cereal box premiums.
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PORTABLE SPY SCOPIE
TURN YOUR CELLPHONE " p—
INTO A HIGH-POWER DIGISCOPE. > 4
534 ERIC ROSENTHAL
& )

I'M READY FOR MY CLOSE-UP: Zoom in on
distant subjects with this simple set-up.

IJ igiscoping is the process of coupling a digital camera to a spotting scope
to photograph distant subjects. Digiscopes are popular with hunters and
birdwatchers. By shooting digital photos through a powerful scope, you can
produce highly magnified photographs with the same image quality as that of
a camera with a 3,000mm-4,000mm focal length lens.
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Fig. A: Drill a 13/64" pilot hole on the cellphone holster’s
spring clip. Fig. B: Use a ¥4-20 tap for the tripod camera
mount screw.

MAKING A SPY SCQOPI=
| set up my system using 2 ball-head mini tripods.
One tripod holds the cellphone (camera) in position
and the other holds the monoscope. Depending on
what kind of cellphone and monoscope you use,
you may have to modify the setup described here.

| found a cellphone belt clip that fit my phone
without covering the camera lens. | drilled a 364"
pilot hole on the spring clip (Figure A) and then used
a ¥-20 tap so that the tripod camera mount screw
would thread into the tapped hole in the belt clip
(Figures B and C).

MATIEERIALS

Cellphone with a camera

Ball-head mini tripods (2) | used Vanguard VS-55
mini table tripods but there are many other
options.

Cellphone belt clip that fits your phone without
covering the camera lens

13/64" drill bit and ¥4-20 tap

Monocular telescope aka monoscope

1" pipe clamp to mount the monoscope

4-20 nut

Fig. C: Attach the mini-tripod to the cellphone holster
with the mount screw. Fig. D: Mount the monoscope using
a 1" pipe clamp.

I mounted the monoscope using a 1" pipe clamp
(Figure D) and attached the clamp to the %-20
tripod screw with a ¥4-20 nut (Figure E, next page).

Once you've successfully mounted your cellphone
and the monoscope on the mini tripods, find a
stable, vibration-free platform large enough to hold
both tripods.

Set the monoscope with its tripod on the platform.
Aim and focus the monoscope on a distant object.
Then position the cellphone with its tripod so that
the lens of the cellphone camera is directly behind
and in line with the eyepiece lens of the monoscope.

Turn the cellphone camera on and carefully posi-
tion it so that you get the best image that fills the
screen. Take the time to find the correct position;
this is critical to obtaining quality images.

If you can't position the camera lens close enough
to the monoscope eyepiece to fill the frame, then
remove the rubber eye guard on the monoscope (it
should just pull off) and try again.

You're now ready to take the photo. It's important
to reduce vibration to a minimum when capturing
the image. If your cellphone has a self-timer, set the
timer to capture the image. If there's no self-timer
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Fig. E: Attach the pipe clamp to the mini-tripod using
a Y4-20 nut. Fig F: Tighten the nut on the pipe clamp to
secure the monoscope.

then you have to be careful to keep the cellphone
very steady when taking the picture.

Once you've determined the correct positioning
of your camera and monoscope, you can construct
a customized mount to make the rig more portable
without the need for constant alignment.

Above are some images taken with my spy
camera (Figures H and J).
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Figs. G and H: A mailbox that’s almost invisible to the
naked eye is no problem for the spy scope. Figs. | and J:
Chemical refinery or theme park? The spy scope knows!

XX More information and many more photos can be
found at creative-technology.net/SpyCamera.html.

Eric Rosenthal is president of Creative Technology, LLC
(CTech), a company specializing in new and advanced
imaging technology, consulting, and development.

Photography by Ed Troxell (E and F) and Eric Rosenthal
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SIMPLIEE LASIEER COMMUNICATOR
TALK IN SECRET ‘W
OVER YOUR PRIVATE > 4
LASER BEAM LIGHT LINK. SIMON QUELLEN FIELD
- J

LIGHT CONVERSATION: No one will suspect
you’re communicating through a laser.

I_I ow would you like to talk over a laser beam? In about 15 minutes you can
set up your own laser communication system using a cheap laser pointer
and a few parts from RadioShack. The audio signal from a microphone varies
the power feeding the laser, so that its brightness changes, following the
shape of the original sound wave. At the receiving end, a solar cell or photo-
resistor converts the oscillating light signal back into the original sound.

The communication is completely private, with no wire connection to tap
into. Only you will be able hear what comes over the secret laser link.
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MATIEERIALS

Laser pointer You can get one for $10 from my
Scitoys Catalog, scitoyscatalog.com.

Batteries, 1.5V, any size Get the same number
of batteries and voltage that the laser takes,
typically 3x 1.5V.

Battery holder for the 1.5V batteries If you can’t
find a 3-battery holder, wire a 1-cell and a 2-cell
holder in series, or use a 4-cell holder and bridge
1 compartment with wire.

Stiff wire or rubber band

Audio output transformer, 1kQ primary coil,

8() secondary RadioShack part #273-1380
or Scitoys Catalog #XFORMR

Alligator clip leads (2-10) with points fine enough
to connect to the inside of the laser pointer. You
can substitute wire and solder, but the clip leads
are easier. RadioShack #278-1156 will do nicely.

2-lead bicolor LED to protect the laser from voltage
spikes if it doesn’t have built-in protection.

Hookup wire

Mini portable amplifier such as RadioShack #277-
1008. Alternately, you can use a stereo system.

Microphone with cable and plug that fits amplifier
or stereo input

RECEIVER OPTION #1: SOLAR CELL WITH

EARPHONE (SIMPLEST)

Small solar cell Scitoys #3SOLARCELLS or
RadioShack #276-124

Piezoelectric earphone Scitoys #EARPHONE

Transparent tape

RECEIVER OPTION #2: PHOTOCELL WITH

EARPHONE (CHEAPER AND STURDIER)

Piezoelectric earphone Scitoys #£ARPHONE

9V battery and battery clip

Photoresistor, cadmium sulfide (CdS)
RadioShack #276-1657

220Q resistor

TOOLS

Soldering equipment

Transistor radio

Earphone plug to fit your radio, such as
RadioShack #42-2434

Phono/mic plug to fit the phono/mic input jack
of your mini amplifier (or stereo), such as
RadioShack #42-2434 or #42-2457

ASSEMBLE THEE TRANSMITTER

NOTE: | recommend soldering this project, but initially

it’s easier to make it and test it using alligator clip leads.

Remove the batteries from the laser. Connect the
external battery pack to the laser’'s power contacts
with 2 alligator clips; usually you'll connect one
lead to the battery case and the other to the spring

inside. Some laser pointers are easy to disassemble;

you can remove the circuit board and see the power
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Fig. A: The laser pointer with its button taped down
to the always-on position.
Fig. B: The transmitter wiring diagram.

contacts conveniently marked with a plus and a
minus. If it doesn't light, try reversing the power;
this won't harm the laser.

Figure out how to hold the laser’s button down
with a rubber band, wire, or tape (Figure A).

Remove the batteries. Following the schematic in
Figure B, connect the 1,000-ohm (1kQ) side of the
transformer in-line between the battery pack and
the laser, using the outside 2 wires of the transformer.
We don't need the center tap wire.

Connect the bicolor LED between the same
2 wires of the transformer. This protects the laser
from high voltage spikes, since so many cheap

lasers nowadays have no onboard protection circuit.

If you see the LED flash, that indicates a spike.
Now connect the earphone plug to the 8Q side
of the transformer with alligator clips. That's it! We
have a laser transmitter, in just a few minutes! We'll
plug it into a transistor radio for testing (Figure C).

ASSEEMBIE A RECEIVER

For the simplest receiver, connect the 2 leads from
a piezoelectric earphone to a small solar cell. You
can attach them using transparent tape instead of

[llustration by Julian Honoré/p4rse.com
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Fig. C: Transmitter ready for testing with a radio.
Fig. D: Simplest receiver: just an earphone and
a solar cell.

soldering, which can be difficult on solar cells
(Figure D).

For a sturdier and cheaper alternative, use a cad-
mium sulfide (CdS) photoresistor, which changes
its resistance proportional to the amount of light
hitting it. Paired with a battery, this acts like a solar
cell. To make the receiver, connect the earphone
and a 9V battery across the photoresistor, so that
battery, earphone, and photoresistor are all parallel.
Add a 220Q resistor in series with the battery to
reduce power consumption and prevent heating of
the photoresistor (Figure E).

SETUP AND TEESTING

We'll test the system by transmitting a radio signal
and amplifying the receiver so we can hear it across
the room. First, replace the earphone of your receiver
with an audio plug (or just clip the audio plug to
the earphone wires), and plug it into an amplifier
or stereo.

With the radio off, plug in the transmitter. Turn up
the volume on the amplifier until you hear a hiss,
then turn it down until it isn't noticeable.

Aim the laser across the room so it hits the solar

Fig. E: The photocell (i.e. photoresistor) uses battery
power. Fig. F: The working transmitter is fed by
a microphone.

cell or photoresistor. You may hear some clicks or
pops. Now turn on the radio and adjust its volume
until you hear it across the room. If you don't hear it,
try increasing the amp'’s volume before you turn up
the radio. If you pull out the earphone plug, the radio
should be just audible.

Depending on your signal source, you also might
want to reverse the transformer. Some devices,
like iPods, don't have enough power to drive 8Q
speakers, so you should connect them across the
1kQ side. This arrangement will dim the laser, but
won't affect its range much.

When you can hear the radio, break the laser
beam with your hand, and notice that the music
stops. Try chopping up the audio with your fingers.

The system is ready. To send secret voice
communications, move the amp from the receiver
to the transmitter and plug in a mic. You're ready for
the field; just be careful with the volume, to protect
the laser.

Simon Quellen Field (sfield@scitoys.com) is the president
and CEO of Kinetic MicroScience (scitoys.com), and the
author of several books on science and computing.
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(SURVIVAL SYSTEMS: SHAKIEEN, NOT STIRRED

MINIATURIZE A
SERIOUS SURVIVAL KIT.

Mo16

4
4“4

5 3
234 THOMAS AREY

CURIOUSLY STRONG SURVIVAL: It won’t
help your breath but it could save your life.

(Jwas not happy about the latest memo from M: budget cuts indicated that
Q Division had to tighten its belt. No more custom-built Aston Martins
for the men and women of the OO Division. Q was now expected to outfit the
agents with “off-the-shelf” devices to help them out of difficult situations.

He had great plans for his latest system, a survival
kit that had all the essentials, including a shelter and
a satellite transponder all built into an agent's shoe
heels — but it looked like that project would have to
be put aside. Agent 007 was to leave on a mission in
the morning and he required a practical survival kit
that would fit in the pocket of his evening jacket.

Q took a mint tin from Miss Moneypenny's desk
and set out putting together the essential tools for
staying alive until help comes.

You don't have to be Q to figure out how to make
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a small but truly useful personal survival system.
With planning, careful shopping, and a bit of good
old maker scrounging, you can pull together the
essentials to keep you going until help arrives.

As someone who likes to get out into the woods,
often solo, | understand the importance of choosing
good survival tools. My favorite resource in such
matters is Cody Lundin’s book, 98.6 Degrees: The
Art of Keeping Your Ass Alive. Lundin shows how to as-
semble a custom survival kit that's more practical and
better outfitted than those you can buy in a camping

Photograph by Garry McLeod
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or outdoor store. Stir in a little maker attitude
with Lundin’s experience and it's easy to build a
pocket-sized survival kit that rival Q's best efforts.

| started the project with a mint tin. Since it's not
waterproof, | needed to choose tools that could still
do their duty if exposed to moisture.

Any good survival system begins with a high-quality
cutting edge. | chose the Gerber Mini Paraframe
knife ($12). It's made of stainless steel, has a 2%"
serrated blade, and weighs only 1%20z. You may
choose to substitute a MAKE: Warranty Voider,
aka the Leatherman Squirt P4 multi-tool (2%4",
20z, $40 from makershed.com).

In the event | find myself in the dark, | included
a Princeton Tec Pulsar LED flashlight (1", %40z,
$8-$11). Its lithium batteries last for 12 hours.

Letting rescuers know where you're located can
be as easy as whistling. In this case |'ve added a flat,
“pealess” Fox 40 Micro Safety Whistle (2", Y20z, $6).
And keeping your bearings can be critical, so
| added a mini “cube” compass (1", Y50z, $2).

Being able to make a fire can help rescuers locate
you, as well as provide necessary warmth. Since
| wanted to keep this kit small and free from wet
worries, | chose a Swedish FireSteel magnesium
fire-starting tool (3", 1oz, $12). Lighting a fire is as
simple as building a pile of dry tinder and striking
the steel with your knife.

@ The essential survival
tools, picked to fit inside
the ubiquitous mint tin.
Note the hole in the tin lid,
which allows it to function
as a rescue mirror.

SERIOUS
SURVIVAL
INATIN

© Swedish FireSteel
magnesium fire-starting
tool. The handle has been
shaved to save room in
the mint tin.

©® Mini “cube” compass

O If you pack carefully,
there’s room for cordage or
other survival essentials.

© Fox 40 Micro Safety
Whistle

©® Princeton Tec Pulsar
LED flashlight

@ Leatherman Squirt
P4 multi-tool

TIP: Save the sharp edge of your knife blade. The back
edge will usually work just as well when striking a metal
match.

If you carefully remove as much extra plastic
or metal from survival devices as possible, you
can stuff even more items into the mint tin. | was
able to remove enough “meat” from the whistle,
compass, LED light, and metal match to make room
in the case for 12' of 7-strand nylon “paracord.” This
500Ib-test cord can be used whole, or the individual
strands can be separated for other uses.

Not only can a mint tin serve to carry my survival
essentials, its shiny inside surface makes for an
excellent signal mirror. | just punched a small hole in
the lid. Sighting through this hole allows me to flash
the mirror onto my rescuer’s location and draw
attention to myself.

Your personal preferences and needs will dictate
changes to this kit. As always, a bit of scrounging
and repurposing will go a long way. And finally, the
maker mindset will always be the most important
tool you can bring to an emergency or survival
situation. Q would be proud.

Thomas Arey has been a freelance writer to the radio/
electronics hobby world for over 25 years and is the
author of Radio Monitoring: A How-To Guide.
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A HOLLOW BOLT 2.
HIDES SECRET MESSAGES.
234 BRIAN DEREU
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DEAD BOLT: Who would think this
hardware is threaded with conversation?

\A’hen spies need to pass off a note or microfilm without meeting in
person, they sometimes use a “dead drop” device. An effective dead
drop device looks common enough to blend in without causing suspicion
under the casual glances of passersby. This bolt is one such item.

It's made from an ordinary steel bolt that's hollowed out and fitted with a
threaded, removable head. If made to the correct size and properly painted,
it could replace a solid bolt on a fence, bridge, or similar structure. (Of course,
we don't advocate that you remove a real bolt from a bridge! The device
described here should be considered a desktop curiosity only.)
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Fig. A: Thread a nut on the bolt, put it in a vise, and cut
off the head with a hacksaw. Fig. B: Clean up the bolt
shank and head with a file or sandpaper.

MATIEERIALS

12-13x2" SAE Grade 1 or 2 steel bolt
Nut to fit bolt
Small O-ring or rubber seal (optional)

TO0LS

Vise

Hacksaw

File or belt sander

Drill press with vise

Center drill bit

3/8" twist drill

29/32" drill bit

Cutting oil

Countersink bit

12-20 thread, high-speed steel tap and die

Sandpaper

Grinder

Small, tapered center rod or steel rod
to grind your own

Fig. C: Use a center drill on the shank of the bolt to
prevent the twist drill from “walking.” Fig. D: Hollow
the shank of the bolt with a 3/8" twist drill.

1. BEHEAD THI= BOLT.

Begin by cutting off the head of the bolt with a hack-
saw on a bench vise (Figure A), and then cleaning
up the shank and the head with either a file or a belt
sander (Figure B). The jaws of a vise will crush the
threads of the bolt, so hold the bolt by a nut that is
run all the way up the shank.

2. HOLL.OW THEE SHANK.

Transfer the bolt shank to a drill press vise and
adjust it to bring the spindle of the chuck directly
atop the center of the shank. When drilling steel, it's
always advisable to start the hole with a center drill
to keep the twist drill from “walking” (Figure C).

After center drilling, drill the cavity hole in the
shank with a 3" twist drill to a depth of 1%2" or so.
Use plenty of cutting oil, and peck the drill up and
down often to clean out the chips and to introduce
fresh coolant into the hole (Figure D). Chamfer the
hole with a countersink bit.
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Fig. E: Thread the shank of the bolt down 3 threads.
Fig. F: After threading, deburr and clean up the shank
with a file and sandpaper.

3. THREAD THIE SHANK.

Now the shank goes back to the bench vise for
threading. | chose a ¥2-20 thread for this project.
When purchasing taps, dies, and twist drills, always
choose high-speed steel over carbon steel, and buy
the best you can afford.

Thread the shank of the bolt down 3 threads
(Figure E). Some dies have a taper on 1 end, and
some are tapered on both ends. If your die has
a single-sided taper, use that end first, and then flip
it around and clean up the threads with the non-
tapered end. Deburr and clean up the shank with
a file and sandpaper, and it's done (Figure F).

4. DRILL. AND TAP THIz HIEAD.
Next, the head of the bolt requires drilling and
tapping. Use a 2%/32" drill bit for a ¥2-20 tap. In this
step, it's imperative to set the depth stop on the drill
press; set it to leave around ¥s" of metal at the bot-
tom of the hole. As the bolt's head is already shallow
to begin with, the twist drill will need to be modified
into a bottom drill after the initial drilling (Figure G).
To grind a bottom drill, start by grinding the end
of the drill flat and square. Continue by grinding the
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Fig. G: Drilling and tapping the bolt head is tricky,
because the head is shallow. Use the depth stop on the
drill press. Fig. H: Make a bottom drill from a twist drill.

back of each cutting lip approximately 20° from flat
(Figures Hand I). The idea is to produce a cutting
edge and to keep only the lips in contact with the
hole bottom.

After grinding the bottom drill and reinserting
it into the chuck, start the drill press on its lowest
speed, and don't start the spindle until the bottom
drillis inside the hole. Use plenty of cutting oil, and
feed slowly. When finished, the hole will be at full
diameter throughout its entire length.

Without moving the bolt head or the drill press
vise, replace the drill in the chuck with a small
tapered center, which can be ground from a small
metal rod (Figure J). Its purpose is to allow the tap
to pivot on it, keeping it on center and square to the
bolt head.

Using plenty of cutting oil, begin tapping the hole
(Figure K). Hand taps come in 3 configurations: taper,
plug, and bottom. A taper tap has several threads
tapered for a very gradual cut, and is used mainly for
through-holes. Plug taps have fewer threads tapered,
and bottom taps have a taper on only the first couple
of threads. For the few threads needed here, a bot-
tom tap will suffice. As you advance the tap each

Photography by Brian Dereu (E, F, G, K) and Ed Troxell (H, I, J)
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Fig. I: To grind a bottom drill, start by grinding the end
of the drill flat and square. Continue by grinding the
back of each cutting lip approximately 20° from flat.

quarter turn, back it out to break the chips and allow
easier tapping. Continue until the tap bottoms out,
then remove the tap and clean the hole.

5. TEST AND TWIEEAK.

Test the thread engagement between the bolt head
and shank to see if the shank will thread at least

2 threads. If not, it may be necessary to grind off
the first thread of the tap, enabling it to cut down
deeper at full thread diameter as you re-tap the bolt
head. Deburr and clean everything, and your spy
bolt is complete.

Besides being used as a dead drop device, this
hollow bolt can be used to conceal anything small
enough to fit in its cavity. If there's enough room in
the head, a small O-ring can be used to make the
bolt waterproof. Keep the device protected with a
light coat of oil when it's not in use. The bolt was
likely plated when new, but machining it exposes
the uncoated steel that will eventually corrode
when exposed to moisture.

Brian Dereu is a self-employed manufacturer who enjoys
gadgets, fishing, and family.

Fig. J: Make a tapered center from a small metal rod.
Fig. K: Tap the hole in the head. Fig. L: Hash marks on
bolt heads indicate the grade of steel. Use Grade 1 or 2.

A BIT ABOUT BOLTS

The bolt for this project can be of many sizes.
For ease of machining, it should be SAE Grade
1 or 2 steel; both are low-carbon and not
heat-treated.

The head of the bolt tells the grade by a
series of radial hash marks. No hash marks
at all indicates the lowest grade, and there-
fore the softest and easiest to machine.
Select a bolt that has a portion of its shank
unthreaded (a long length-to-diameter ratio)
which will leave a section available for the
new threads.

For this project, | chose a ¥2-13x2" bolt. In
bolt designations, ¥2-13 means 2" diameter,
and 13 threads per inch. The length of a
bolt is measured by its shank, not including
the head.
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THIS QBJIECT WILL SELIF-DIESTRUCT...
Sy
CREATE OBJECTS THAT - :
MELT INTO USELESSNESS ,,»
AT YOUR COMMAND. 2 ANDREW LEWIS
_ J

HOT ITEM: Sculpt any shape, add secrets,
then activate to liquefy.

\[ou've locked the top-secret documents in the safe, but the bad guys burst
through the door before you have a chance to leave. What should you do?
You could try swallowing the key, but these guys look like they might use a
little amateur surgery to retrieve it.

The answer is simple — you calmly hand them the OK, so this scenario is a little farfetched, but it
key and start edging your way toward the door. does neatly describe a use for this project. A bat-
Seconds later, the head bad guy lets out a scream, tery, a reed switch, some Constantan wire, Friendly
and you flee the scene, leaving the intruders with a Plastic, and powdered aluminum are all you need to
molten heap of plastic that used to be a key. make a self-destructing object.
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Fig. A: Choose an object to copy, like this key.

MATERIALLS

CR2 lithium camera battery

Reed switch normally open type

Small piece of Constantan wire A copper-nickel
alloy, it’s sold by electronics shops.

ShapelLock or Friendly Plastic aka Polymorph in
the U.K. and Europe. All of these are polycapro-
lactone (PCL) plastic, a biodegradable polymer
with a low melting point.

Powdered aluminum sold by hobby or
model suppliers

Spatula or spoon Wood is good; use something that
won’'t melt and won’t get hot in your hand.

Brass curtain rings (2)

Electrical tape

Thin foam tape

TOOLS

Hot plate or alcohol burner
Heat gun or hair dryer
Gloves and goggles
Magnet

Figs. B-D: Make a mold using casting plaster (as shown
here) or resin. Be sure to spray light oil or mold release
into the mold before using it.

1. MAKI= AMOLD OFF THEE QBJECT
YOU WANT 1O CAST.

Choose an object to copy (in this case a key) and
make a mold from casting plaster or resin (Figures
A-D). | don't intend to provide detailed information
on how to make a mold, since Adam Savage did
such an excellent job in MAKE, Volume 08 (“Primer:
Moldmaking™). Just remember to spray some light
oil or mold release into the mold before you use it.

2. MAKIz AN ELEMENT WIRI=.
The element wire should form a loop that passes
through as much of the object as possible, so bend
it into a suitable shape (Figure E, following page).
The gauge and length of the wire will affect the
temperature, as will the voltage and type of battery
you use.

| chose a CR2 battery, and about 5" of 28-SWG
Constantan wire. This battery and wire combination
will produce a fairly dramatic result when activated,
but it will also get hot enough to burn or even catch
fire. For safety reasons, it's probably better to use
either a lower-voltage battery or a thinner (cooler)
gauge of wire.
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Fig. E: Bend the element wire into shape, forming a loop
that passes through as much of the object as possible.
Fig. F: Push the molten plastic into the mold, then lay

3. MIX PILASTIC COMPOSITE=.
Friendly Plastic is a low-temperature, moldable
plastic called polycaprolactone (PCL). At higher
temperatures, PCL becomes sticky (like a hot glue),
and it can be mixed with various additives to alter
its physical properties.

To make the composite, simply melt some
Friendly Plastic in a pot over low heat until it's easily
stirred but not so hot that it smokes. Then switch off
the flame and add the aluminum powder, at a ratio
of about 2 parts plastic to 1 part aluminum. The
aluminum will help transmit heat evenly through the
plastic, accelerating the remelting process. Mix the
composite until you get a smooth, gray emulsion.

CAUTION: Be very careful with the plastic in its
s molten state — when overheated, it behaves a bit
like boiling sugar, and it will stick to your skin, leaving a
painful burn. Because you're melting the plastic over a
direct heat source rather than with hot water, you should
always handle it with a spatula and not with your hands.

4. CASTYOUR OBJIECT.

Use a spatula to push the molten plastic into the
2 halves of the mold and then lay the element wire
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the element wire over the top of 1 half of the mold.
Fig. G: The finished molding will have excess bits
attached. Fig. H: Clean off the excess with a sharp knife.

over the top of 1 half of the object (Figure F). The
ends of the wire should stick out from the end of the
object, so that they can be connected to the rest of
the electronic components.

Remelt the plastic in the mold with a heat gun,
and then quickly bring the 2 halves of the mold
together. The 2 plastic pieces should bond together,
trapping the element wire between them. Let the
mold cool for about a half hour, and then open it.

You may find that you need to smash the mold to
get at the object. This usually happens if you stuffed
too much plastic into the mold, or didn't use any
mold release.

The finished molding will probably have excess
plastic and bits of the mold clinging to it (Figure G).
Clean these off with a sharp knife, and smooth any
rough edges with a hot blade (Figure H). Be careful
at this stage, since the plastic composite will melt
very quickly if you apply too much heat.

5 ATTACH THEE BATTERY

AND SWITCH.

Next, you need to connect your battery to a reed
switch. The easiest way to do this is to strip the plas-



Fig. I: The ends of the wire should stick out. Fig. J: Poke
1 wire through the battery hole and twist the other onto
the reed switch leg. Fig. K: Anchor the element and

tic coating from the battery, and bend 1 wire on the
reed switch back 180°. You can then tape the switch
to the battery using ordinary electrical tape. Make
sure you use enough tape to prevent a short circuit.
Most CR2 batteries have a small hole through the
positive cap, and this can be useful for positioning
the element wires. Poke one wire from the element
through the hole, and twist it to secure. Twist the
other wire onto the leg of the reed switch (Figure J).
Be very careful not to short-circuit anything here,
because a minor slip at this point can prematurely
trigger the element and spoil all your hard work.

6. CONCEAL THEE DESTRUCT
CIRCUIT.

All that remains is to anchor the element and bat-
tery in position using more plastic composite, and
to make the battery look less conspicuous. Simply
glue 2 small brass curtain rings at either end of the
battery, pad the sides with foam, and then wrap with
the tape of your choice (Figure K).

7. SELF-DESTRUCT!

To make the key self-destruct, place it on a suitably

battery and polish off the look with 2 small brass rings.
Fig. L: Once activated, the key should begin to sag and
melt within 10 seconds.

protected surface in close proximity to a magnet.
The magnet activates the reed switch.

Once the self-destruct has been activated, the
key will quickly heat up. The key should begin to sag
and melt within 10 seconds (Figure L), and within 1
minute you'll have just a pile of molten plastic and a
glowing red wire.

Remove the magnet as soon as the key has
melted; if you leave it in place for more than a
couple of minutes, the plastic will start to bubble
and the battery will overheat.

| CAUTION: Molten plastic will stick to your

L skin and burn you, so wear appropriate safety
equipment: gloves and goggles at a minimum.
Remember to stand well back and remove the magnet
as soon as the key has melted. Leaving the magnet in
place for a prolonged period could cause the battery
to overheat, and in extreme cases, explode.

Andrew Lewis is a keen artificer and computer scientist
with interests in 3D scanning, computational theory,
algorithmics, and electronics. He is a relentless tinkerer
whose love of science and technology is second only to
his love of all things steampunk.
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HIDE A SECRET ;: ~r
FLASH DRIVE IN AN <
INNOCENT AA CELL. 54 ANDREW LEWIS
\_ J

KNOWLEDGE IN POWER: This hollow AA cell conceals
a USB drive and uses a watch battery for “cover.”

I<eeping secret documents out of enemy hands can be a challenge,

especially if the bad guys are in the habit of stopping and searching you.

Encryption is one thing, but it's the art of steganography (hiding messages)
that will ultimately save you from a small, hot room with no windows.

This project shows you how to make a USB flash data, looks just like a normal AA alkaline cell, and
memory battery useful for storing secrets far from shows 1.5V if you test it. It'll even power small
prying eyes. The battery can store a gigabyte of electronic devices.
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MATIEERIALS

Discharged AA alkaline battery

Small USB flash drive the smaller and thinner, the
better. | used a Kingston DataTraveler 1GB.

Inkjet-printable clear sticker film or sticker paper

USB Mini B socket desoldered from an old camera
or USB hub

Thin, insulated wires from an old network cable

Small rare earth magnets (2)

Rapid-setting epoxy glue

AG13 button cell battery

USB A to USB Mini B cable

TOOLS

Craft knife

Junior hacksaw

Disposable gloves

Goggles

Countersink or drill with 12mm bit
Screwdriver or probe set

Metal file if you need to trim the flash drive a bit
Soldering iron and solder

Small clamps

Steel wool

Fine sandpaper

Computer and printer

1. REMOVIE THIE AA BATTERY'S
PILASTIC SHIEATH.

Cut off the plastic wrapper that covers the dead
AA battery, taking care not to score the metal
underneath. Depending on the brand, you might
need to clean glue from the battery case using
a label remover.

2. SCORE THEE BATTERY AROUND
THEE BOTTOM END CAP.

Some batteries (Duracell, for example) have a small
indent in the case near the negative terminal; make
cuts here with your hacksaw. Don't cut through the
battery with a single cut. Just pierce the outer case,
then rotate the battery, making a series of small
cuts (Figure A).

CAUTION: Wear gloves and goggles when cutting
= and emptying the AA alkaline battery.

3. EMPTY THIZ BATTERY.

Remove the end cap of the battery, using pliers if
necessary, and save it for later (Figure B). The inside
is filled with chemical mush. Scoop this out and
dispose of it safely. Wash the battery in cold water
to get rid of any remaining mush.

4. REMOVIEE THI= CARBON LINING.

Hold the battery in a cloth and use either a drill or
a countersink to carefully and slowly grind out the
carbon. A 12mm bit should fit inside the battery
quite neatly (Figure C, following page). Stop every
now and again to empty the carbon dust out of the
battery casing (Figure D).

CAUTION: If you drill too fast, the casing will get
= too hot to hold, or the drill will clog with dust and
snatch the casing from your hand.

When the casing is empty, wash it again and clean
it with a piece of cloth on a screwdriver. Carbon dust
is electrically conductive, so you don't want to leave
any in there to short out the USB circuitry.

5. CRACK OPEN YOUR
IFILASH DRIVIE.
The plastic case on most USB thumb drives is
clipped together and can be opened fairly easily by
levering around the seams with a knife (Figure E).
The space inside the battery is tight, so you may
need to file the edges of the USB circuit board and
gently flex the metal casing to get it to fit. Just be
careful not to knock any components off. Also look
out for any “through-the-board” links, and make
sure that you don't grind them away (Figure F).
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6. REMOVIEE THE USB PILUG

FROM THIz FI_LASH DRIVE.

The standard USB plug is too large to fit inside the
battery, so it needs to be removed with a soldering
iron or a micro heat gun. Heat the solder as evenly
as possible, without melting any of the surface-
mount components. Don't pull the socket; applying
too much pressure will break the fine metal tracks
on the circuit board.

7.WIRIEE THEE TAGS ON

THIz MINI USIB SOCKI=T.

The wires should be connected as shown in the
diagram (Figure G). This will take a steady hand and
plenty of patience. If you have a magnifying light,
you might want to use it. Begin by applying solder to
the wire and the socket individually, then put them
together and touch them with the iron to briefly
remelt the solder. Holding the iron on for too long
will melt the socket. Once the wires are soldered in
place, strengthen the joint by applying a little epoxy
resin to the back of the socket (Figure H).

8. CONNECT AND TEST

THI= MINI SOCKI=T.

Trim the mini socket's wires so that they reach the
tags that the original USB plug was connected to.
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Solder them into place, but don't overheat them
(Figure ).

CAUTION: Make sure you've wired the socket
o correctly. It's possible to permanently damage
your computer if you don’t.

Plug the USB drive into the computer to check
that it's working. If it is, then carry on making;
otherwise go back and check your wiring. The
circuit must work before you can continue.

9. GLLUE THI= SOCKI=T AND
WIRIES IN PLACE.

Use more epoxy, holding the socket in place with a
small clamp if necessary (Figure J). When the glue is
dry, remove the clamp and slide the circuit into the
battery housing, with the socket pointing out.

10. INSTALL 2 SMALL MAGNETS
IN THI= CASE.
Set these back slightly from the edge of the case,
but don't block the USB socket (Figure K). Make
sure the poles of the magnets are both facing the
same way relative to the battery case.

Apply a little more epoxy and hold the magnets in
place with small clamps or tweezers until the glue
dries.

Illustration by Julian Honoré/p4rse.com
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11, SALVAGIE THIE RING IFROM
THIZ END CAPR OFF THIE AA.
You'll probably find a plastic plug with a thin metal
cap stuck inside the end cap you removed from the
AA battery. You need to remove this plastic. Pick it
away with pliers, blades, or a drill (Figure L).

Once you've liberated the small metal ring from
the plastic plug, clean the ring with steel wool.

1.2. INSTALL THIE AG1.3

BUTTON BATTI=RY.

Melt some solder onto the inside of the ring from
the AA, and then scuff the outside of the AG13
battery with fine sandpaper.

CAUTION: Don’t use steel wool to scuff the
= AG13 battery, as it will short-circuit the cell.

Place the AG13 on a heat-resistant surface with
its negative terminal facing up. Center the ring on
the AG13 so that its negative terminal is positioned
where the AA's negative terminal used to be. Melt
the solder on the ring again to join them. If you can't
get the solder to stick properly, use some spots of
epoxy to reinforce the weld.

Now the end cap should fit back onto the end of
the battery case, and be held in place by the mag-
nets you glued in earlier (Figure M).

Make:
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1.3. CREATEE A NEW WRAPPIER
IFOR THIE BATTEERY.

A suitable piece of artwork can be downloaded
from_makezine.com/16/usbattery and printed onto
sticky-backed inkjet paper or film (Figure N). Before
you stick it on, use a cotton swab and solvent to
remove the adhesive from the bottom 2" of the
label. This makes it easy to remove the bottom of
the battery without it sticking to the artwork.

The battery should now look like an ordinary AA
battery, and also register a normal 1.5V voltage if
you check it with a voltmeter, thanks to the AG13
cell fitted to the end cap.

To remove the end of the battery and reveal the
USB socket, simply attach a small magnet to the
bottom of the battery and pull it away from the rest
of the battery.

You now have your very own secret USB drive that
you can use to smuggle those all-important Death
Star plans past those pesky Imperial stormtroopers.
To make it really blend in, you should cover some
other normal batteries with artwork that matches
the USB battery.

Andrew Lewis also wrote “Self-Destructing Object” and
“Checkmate, Mr. Bond!" in this volume of MAKE.
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CHEECKMATIE, MRR. BOND! S
UNLOCK A SECRET B st
COMPARTMENT WITH -
MAGNETIC CHESS PIECES. N ANDREW LEWIS

o J

TREASURE CHESS: An ordinary-looking
game board is the last place they’ll look.

= veryone needs somewhere to stash stuff, and this chessboard provides
== a cunning hiding place whether you're a super-spy or a super-villain.
Moving the chess pieces across the board in a particular way will unlock
a secret compartment that you can use to hide diamonds, baseball cards,
or the evidence linking you to the crime of the century.
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Fig. A: The chessmen after casting. Fig. B: Paint the
chessmen. It seems more authentic not to varnish them.
Fig. C: The completed set, behind a section of game

MATIEERIALS

10lbs or 5kg of high-strength molding plaster such
as Hydro-Stone or Denscal (Herculite Stone or
Crystacast in the U.K.)

Latex chess set molds including chessmen and
2" square molds for the tiles

Acrylic paint

Acrylic clear coat (optional)

Rare earth bar magnets (4) small enough to fit
inside the base of the chess pieces

PVA adhesive such as carpenter’s glue or
ordinary white glue

4" medium-density fiberboard (MDF) pieces:
16" squares (2) for the chessboard top and base
8"x12" for the drawer base

Dimensional lumber:
1x2x16" (2) for the chessboard sides. Remember
that 1x2 dimensional lumber actually measures
34"x134".
1x2x12%2" for the chessboard back
1x2x31/3" (2) for the chessboard front
2x2x14Y2" (2) for the drawer guides

Hardwood:
1"x142"x8" (2) for the drawer’s front and back
1"x15"x12" (2) for the drawer’s sides
14" x1/2" strip, 11¥2" lengths (2) for drawer runners
212" xY4" trim boards | used reclaimed oak.

board tiles. Fig. D: Two chessmen will contain magnets,
which are used to open the secret drawer.

MAKIz THIZ CHIESSMIEN

AND TILIES

1. Cast the chessmen and tiles.

Wash the latex molds in soapy water, and let any
excess water drain out.

Mix the plaster with water and pour into the
molds. The correct powder to water ratio for Hercu-
lite is about 2:1, but a good general rule is to aim for
the consistency of thick pancake batter. Support the
latex molds with jars or tins, so that the pieces don't
fall over.

2. Remove the pieces from the molds.

Once the plaster is firm and dry (in an hour or so),
you can remove the pieces from the molds (Figure A).
You'll need to produce a complete set of chessmen
from the molds, and also 64 tiles. Making the tiles
might take a while, but it's worth the effort.

3. Paint the chessmen and tiles.

Once you've molded all the pieces, you can paint
them with acrylic paint. The color scheme is up to
you, but a more traditional look will probably attract
less attention. Chess pieces tend to look best when
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Fig. E: Chessboard with top removed, secret door closed.
Fig. F: Secret door open. Note the drawer runners under-
neath the drawer. Fig. G: Close-up of the magnet slots.

left unvarnished, while the tiles will benefit from a
layer of clear acrylic (Figures B and C, previous page).

4. Install magnets in 2 chessmen.

You need to install bar magnets into 2 of the pieces,
so that they can be used to activate the locking
mechanism. The easiest way to do this is to hollow
out the bottom of the chess pieces with a hobby drill
or similar tool, and then glue the magnet in place
before covering the hole with plaster (Figure D).

MAKIE THIEE SECRIET
COMPARTMIEENT CHIESSIBOARD

1. Seal the MDF pieces.

Start by sealing the MDF pieces with a 50% solution
of PVA adhesive and water.

2. Glue the wood sides to the chessboard base.
Glue boards all around the edge of the MDF base
like the sides of a box, except for an 8%" gap
centered on the front (where the secret drawer will
be). The thickness of these side boards isn't critical
(lused 34"-thick 1x2 stock), although a height of

at least 134" is recommended. You can improve on
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Note the small wooden stop to keep the magnet from
falling out. Fig. H: Remember not to glue the corner
trim to the sides!

the strength of the glue with heavy-duty staples or
tacks, but these aren't absolutely necessary.

3. Add the drawer guides and runners.

Cut a slot the same size as the bar magnets across
the top of each drawer guide, then glue the guides
into place on the base (Figure E).

A small plug of wood should be glued into the
outside end of each slot to stop the magnets from
falling out (Figure G). Also glue the Y4"xY2" drawer
runners to the base; these go under the drawer to
make it easier to slide the drawer open and closed
(Figure F).

4. Make a simple drawer.

Glue 1"xY%" sides, the front, and the back to the
8"x12" MDF drawer base. | miter-cut the corners
for strength and appearance.

To make the drawer look more presentable, you
can either line it with material or apply a coat of
paint. The drawer should slide freely between the
drawer guides, and it should be the same height
as the sides of the box (or nearly so).

Photography by Sam Murphy (E, F, G) and Andrew Lewis (H)
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5. Add magnetic locks to the drawer.

Carefully line up the drawer with the front edge of
the box, and then glue some wooden stops behind
to prevent it from slipping too far inside. Now mark
the drawer sides where the magnet slots are, and
cut a matching recess in the drawer sides. The bar
magnet should be able to slide freely into and out of
the slot in the drawer.

Place the bar magnets into the slots, and tempo-
rarily place the MDF top onto the box. You can now
test that the magnetic locks will work by passing
a magnet over the area of the locks, sliding the bar
magnets back and forth in their slots.

6. Assemble the chessboard.

Remove the MDF top and glue the tiles to it using
contact adhesive. Trim the edge of the box using
hardwood strips. Make sure that on the front side
you glue the trim to the drawer only, not to the box
sides (Figure H). The trim should be wide enough
to cover the box and the edge of the tiles.

Finish the corners with a wooden corner molding
of your choice, but remember to glue itin such a
way that the operation of the drawer is not affected.

7. Finish.
All that remains is to finish the wood trim and give
everything a final polish. | used a dark wood stain
and beeswax to finish the wood, and then gave it a
polish with a soft cloth.

You could just as easily use metal or plastic trim
instead of wood, but | prefer the more natural look
that wood offers.

Andrew Lewis also wrote “Self-Destructing Object” and
“USBattery” in this volume of MAKE.
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COVERT WIRELESS LISTIENING s
INSTALL A SNEAKY - ,/
BUG IN A BOOK. €

234 DAVID SIMPSON
. )

THE SPY WHO BUGGED ME: Don't judge
a book by its cover.

™onnect a shirt-pocket “amplified listener” hearing aid with an in-car
» FM transmitter, and you've got a wireless bug.

Tuck them inside a hollowed-out book with the mic concealed by the dust
cover, and you've got a covert listening device that you can leave lying around
or on a shelf near a surveillance target. Then an undercover agent in the next
room can eavesdrop on any devious plotting through her FM radio.

This is a fun and easy project, and if it weren't for
the “covert” part, you could have all the components
working together before you leave the RadioShack
where you got them. (Really, | did!)

| used a book to camouflage my listening system,
but you can also use a stuffed animal, a plastic toy
(the big robotic WALL-E has potential), a basket of
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potpourri, or maybe even your dog’s collar.

The important considerations are:

» Make sure the microphone isn't obstructed.

» Provide an easy way to turn the power on and off.
» Don't enclose the electronics in metal, which
limits the transmitter’s range.

» Protect the delicate connections inside.

Photograph by Garry McLeod
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IF THIS BOOK HAD EARS: Your sister might
be listening to everything you're saying!

MATERIALS

Miniature “amplified listener” | used RadioShack
#33-1096; the Listen Up (“As Seen On TV”)
didn’t work.

Small wireless FM transmitter | used the Accurian
T707, RadioShack #12-2054.

Personal music player with FM receiver | used an
old Walkman-style cassette player.

Earbuds or headset

AA batteries (2)

2x AA battery holder

Hookup wire, red and black, around 22 gauge

Heavy shirt cardboard or illustration board

Heat-shrink tubing

Hardcover book

Velcro tape

White glue

TOOLS

Screwdrivers

Alligator jumper cables

Soldering/desoldering supplies

Hobby knife

Wire cutters/strippers

Ruler

Binder clips, large (1-2)

Drill and 2" drill bits

Paint brush, about ¥2" wide

Marker

Wood boards (2), with drywall screws (4) or
handscrew clamps (2) for use as a book press

TESTING, ONEE, TWO, THREIEE

Let's launch this mission. First, we'll test everything.
Plug the headphones into the listener and turn it on.
You should hear your surroundings like a bat.

Now plug the headphones into the FM receiver
and tune it to a static-only spot at the low end of the
dial, where these wireless FM transmitters generally
broadcast.

Plug the transmitter into the listener, tune it to
match the receiver, and you should be able to hear
the sounds of the listener through the receiver. The
signal should be strong, but it still might have some
static.

Have a co-conspirator help with your test by talk-
ing near the listener while you walk away, listening
through the receiver. See how far you can get before
the signal is no longer intelligible. (For the best
range, make sure to use fresh batteries.)

Test the components individually and together
like this after each step of the assembly process.
Delicate wires can snap and tiny switches can get
switched at any stage, making troubleshooting
difficult.
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Fig. A: Components clipped together for initial testing.
Fig. B: Mics extended from listener PC board.

GUT AND IEXTIEND

Shed the extra bulk by unscrewing the listener and
transmitter’s plastic housings and taking out their
guts. Note the locations of all the controls: on/off,
volume, balance, tuning, and so on. Hook everything
back up with jumper cables, drawing power from
2 AA batteries in a holder (Figure A). Test again.

| decided to move the listener’s 2 microphones from
their original position to the book's outside spine,
because the spine is generally exposed whether the
book is in a bookcase or just laying around.

To do this, desolder the mics from the PC board,
being careful not to damage them or any nearby
electronics with too much heat. Use hookup wire to
extend the leads of both mics by about 6", and resol-
der the extended leads back to the board (Figure B).

While you're at it, extend the power leads from
the transmitter and listener by about 6" as well.
Protect all the new connections with heat-shrink
tubing (always slip it on before soldering). Attach
the power leads from the 2 components and the
battery box, joining all the reds (positive) and all the
blacks (negative), as in Figure C. Twist the conduc-
tors together, solder, and cover with heat-shrink.
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Fig. C: The listener and transmitter share connections to
the battery pack. Fig. D: Cut through the pages to hollow
out the book.

PREPARIE THI= BOOK

Choose a hardcover book that's big enoughin all 3
dimensions to enclose the system’s components.
The dust jacket should be in good condition. Pick
a title that won't draw undue attention from your
intended target. You don't want them to notice the
book and start looking through it!

Skip a few pages and set your components
centered side-by-side on a front-facing page. Draw
a rectangular outline of the components with a ruler,
adding ¥2"-1" all around, making sure there'’s still
15"~1" of book left around the edges. This outline
will become your compartment. Cut a piece of
cardboard about %" smaller all around, to serve
as the compartment’s floor.

I used an X-Acto knife and a ruler to cut the rect-
angle through the pages, cutting down about V6"
each time and stopping within %" of the back cover.
| used a binder clip to keep the cut pages out of the
way while | worked downward (Figure D).

Two previous MAKE articles also describe
book-hollowing techniques: “Palm Pilot Notebook™
(Volume 07, page 138) and “Uncle Bill's Magic Tricks”
(Volume 13, page 60).

Photography by David Simpson and Linda Kennyhertz; Sam Murphy (H)



Fig. E: Drill holes through the spine for the microphones.
Fig. F: Mics and rubber dampers in place.

Glue the cardboard floor to the bottom of the
compartment and give the walls 3 coats of a 50/50
solution of white glue and water. | dried each coat
for about 12 hours, with waxed paper on the top cut
sheet to prevent it from gluing shut, and the whole
thing under weights to keep the pages flat.

Clamp the book between 2 boards using
drywall screws or handscrew clamps. For each
microphone and its surrounding rubber sound
damper, drill a ¥2" hole through the spine, clear
into the compartment (Figure E). Clean away the
shredded paper and paint the tunnels with the
50/50 glue solution.

HOOK UPR, STRAPR IN, TURN ON

| used velcro tape to mount the components to the
compartment floor, and before sticking themin,

| slid the microphones with their dampers into their
holes in the spine. Inset the mics about ¥8" so they

won't touch the dust jacket (Figure F).

Tidy the wires so that they're all well within the
chamber and the book can be closed (Figure G).
Test the rig again, put the dust cover on, and you're
ready to save the free world!

Fig. G: Electronics all tucked neatly inside the book.
Fig. H: Some books are not to be trusted!

Another cool use for this setup is as a covert
2-way communication system. Assemble 2 of
these systems, then you and your fellow agent
can conduct a whispered conversation in a noisy
environment — listening on one another’s frequency
— without sitting together.

LIMITATIONS

The problem with these in-car FM transmitters is
that their range is only about 15'-20". The listener
can be in an adjacent room or the room above or
below if there's no metal blocking the signal.

Sorry about that, Max — you probably can't tune in
from a car parked at the curb of the subject’s build-
ing. For that, you might consider modifying a wireless
lapel mic system, like the ones used by presenters.

David Simpson also wrote “G-Meter and Altimeter” in this
volume of MAKE, as well as “Hydraulic Flight Simulator” in
Volume 12 and “Explosion Engine” in Volume 13.
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CINVISIBLE INK PRINTER

TAKE A NEW TWIST
ON LEMON JUICE.

Mo16

234 MIKE GOLEMBEWSKI

J

JUICY SECRETS: Make your top-secret
messages a mystery.

emon juice has been used as

== iNVvisible ink for centuries.
Messages written in lemon juice are
invisible to the naked eye. However,
when brushed with a mix of iodine
and water, they become quite visible.

You can use an updated version of
this technique by modifying an
HP ink cartridge so that it prints in
lemon juice instead of ink. Here's
how to do it.
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TO0LS & MATEERIALLS

HP inkjet printer
Color ink cartridge
C-clamp

Hacksaw

Chisel

Latex gloves

X-Acto knife

Paper towels

True Lemon crystallized lemon juice (15 packets)
Small mixing cups (2)
Wide electrical tape
Zip-lock bag

2% iodine tincture

Photograph by Garry McLeod
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1. OPEN THI= CARTRIDGI=.

Clamp the HP ink cartridge to a workbench, with
the leads facing down. Use a hacksaw to cut a 4"
groove into the cartridge, at the gap between the
purple lid and the black case. Insert a chisel into the
cut, and pry the lid open (Figure A). Take off the lid.

2. CLEAN OUT THIE YELLILOW INK.
The ink will stain skin, so wear gloves. Use an X-Acto
knife to remove the yellow ink sponge from the
cartridge (Figure B). Wash the sponge in a sink until
the water runs clear (Figure C). Squeeze out the
sponge, and put it aside.

Take a paper towel, and use it to clean the ink
from the sponge holder in the cartridge. Repeat this,
getting all the way to the bottom, until the towel
comes out clean.

3. MAKIE THEE INVISIBLIE INK.

Fresh-squeezed lemon juice is not strong enough
to work as invisible ink in a printer, so you'll need to
make a concentrated mixture. Do this by using True
Lemon crystallized lemon powder. Add 4tsp of water
to a mixing cup, and then pour in 15 True Lemon
packets. Stir until the powder is dissolved. Soak the
sponge in this mixture for 10 minutes. Make sure it's
completely saturated. Push the sponge back into
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the cartridge (Figure D). Replace the cartridge lid
and seal it shut with electrical tape.

4. PRINT THI= INVISIBIL.I=
INK DOCUMIENTS.
Put the modified cartridge in your printer. Create a
solid yellow image at letter size, 8%2x11 (Figure E).
Keep printing this until no yellow ink appears on the
prints. Once the pages look empty, the printer is
printing only in lemon juice, and you're ready to go!
To make a secret message, print documents with
solid yellow text and images (Figure F). The yellow
areas will print in lemon juice, and will be invisible to
the naked eye.

TIP: Once you're done using your invisible ink cartridge,
wrap it in plastic and put it in a zip-lock bag; otherwise,
it will dry out.

5. EXPOSIE THIZ INVISIBLE INK!

To reveal your secret message, make a mixture of
1 partiodine tincture to 10 parts water. Brush it over
the page. The message will remain white, while the
rest of the page will turn pale blue!

Michael Golembewski is an artist and interaction designer who
lives in Boston. For more of his work, go to_mwgstudio.com.
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Male: SPYTECH

e » VA &g - N
SPY SHRINE ~
VISITORS EXPLORE THE g
SECRET AND EXCITING WORLD OF | ©¥
INTERNATIONAL ESPIONAGE. B LAURA COCHRANE

& )
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SMASHING, BABY: The exterior of the
International Spy Museum.

"he nation’s only museum dedicated to the
-I profession of espionage is located, appropri-
ately enough, one block from FBI headquarters in
Washington, D.C. With 95% of its contents devoted
to real-life spies (read: not a shrine to James Bond),
the International Spy Museum relies on authentic
concealment devices, sabotage weapons, and cipher
machines to bring to life the stories of the men and
women working in this intriguing field.

Visitors start with a briefing film, followed by a
tour of the School for Spies — a display of artifacts
and interactive exhibits. With two floors of spy
paraphernalia and lore to investigate, the museum
features the largest collection of international spy

94  Make: Volume 16

| B
# -

g

artifacts on public display. When done exploring,
visitors can watch a film about gathering intelligence
in the 21st century.

Despite its location in a city rife with politicians,
the museum tries to present a comprehensive look
at espionage around the world with a focus on
human intelligence, not political ideology.

For those interested in an extra dash of stealth,
Operation Birthday Cake is a children’s birthday party
rolled into a scavenger hunt. The facilities are also
available to rent out for an after-hours rendezvous —
perhaps for a shaken, not stirred, martini party?

Laura Cochrane is an editorial assistant at MAKE.

Photography courtesy of the International Spy Museum



SPYI N G 0 N S PI ES Fig. A: Cold War-era
KGB shoe transmitter from the former USSR.

Fig. B: KGB coat with buttonhole camera from the
70s. Fig. C: U.S. WWII coal explosive device that
detonates when burned in a locomotive or factory.
Fig. D: A U.S. tree stump listening device used to
capture Soviet radio transmissions in the 70s.

Fig. E: War of the Spies exhibit, which explores Cold
War-era espionage in divided Berlin. Fig. F: Operation
Spy, a hands-on spy adventure challenge.

» International Spy Museum: spymuseum.org
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hotoshop has probably influenced digital
P arts and crafts more than any other piece
of software in the past decade. Recogniz-
ing this, this Upload section is all about imaging.
With a list price near $1,000, Photoshop CS3
is a pricey product, but there are ways around
this. CS2 is selling currently for as little as $200,
sealed and unused, on eBay. It should get even

cheaper as CS4 hits the market, but if you want
to pay even less, try version 7 for maybe $100.
Version 5.5 for Mac or 6.0 for Windows (sev-
eral years old, but still with most of the features
you need) can be found for as little as $50. eBay
does not knowingly allow bootlegs, but make

sure you ask the vendor whether the software
can be, or has been, registered.

Photoshop Elements is available new for
less than $100. This simpler version of Photo-
shop lacks some of the most powerful features,
but may still suffice.

And then there's GIMP, the open source image-
editing software that emulates Photoshop and
costs nothing at all. Available for Windows, Linux, or
Mac, it's downloadable from many shareware sites.

One way or another, powerful image-editing is
now within your means. What fun things can you
do with it? Here are some suggestions.

—Charles Platt

Turn your favorite blonde into a silk-screened

glamour queen. By James Grant

When Andy Warhol made his famous silk-screened prints of Marilyn Monroe,
he started with a simple idea: use a high-contrast black-and-white photo, and
overprint it with bold swatches of color. Is that idea simple enough for us to
emulate it with modern image-editing software? Let's find out. This will work

in Photoshop 6 or later versions.

Figure A (opposite page) is a stock photograph
that I acquired from_istockphoto.com for just $14
(including the rights to reproduce it in a magazine).
| chose a picture that has a plain background and
is brightly lit, without much shadow. Avoid photo-
graphs that have noticeable shadows; they'll look
muddy after being Warholized.

1. SAVE PHOTO AS DUPLICATE
Select the whole image, copy, and paste to create
a duplicate of it in Layer 1. You'll use this version,
preserving the Background layer untouched in
case you need it later.

2 . REMOVE COLOR
Get rid of the color in Layer 1. To do this, go to
Image — Adjust — Hue/Saturation, and in the
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dialog box that opens, drag the Saturation slider all
the way to -100.

3 . MAKE TINT OVERLAY LAYERS
It'll be easier to add color overlays now, before you
crank up the contrast in the photo. Create a new
layer; call it “Dress,” and continue by creating addi-
tional layers for hair, eyes, lips, and any other part
of the picture you want to color.

4. ADD COLORS TO LAYERS

In each layer, fill an appropriate area with any color
you like (you can fine-tune the colors later). Paint
with a paintbrush, or fill an area that you've selected
with the lasso — do whatever works for you. You
don't need to be precise. Warhol slapped the color
on with a “painterly” hand, which is to say, he didn't


http://istockphoto.com

take a lot of trouble to align the edges. After you
add the layers, your picture should look something
like Figure B.

5 . INCREASE CONTRAST
Now we'll increase the contrast in the photo. First
click the little eyeball symbols in the Layers Palette
to hide the layers you created — except for Layer 1,
which must remain visible.

Click on the name you gave to Layer 1 to make
it active. Open the Curves dialog box and drag 2
points to make an angular S shape, as in Figure C.
The curve has been highlighted yellow, to make
it more obvious. The steeper the middle section
is, the more contrast you'll get. Move the anchor
points left and right until you can see the main
facial features in the photo, but not too much
shadow. Press Enter when you're done.

6 . ALLOW BLACKTO

SHOW THROUGH

Now in the Layers palette, process each layer like
this: click the eyeball to display the layer, click its
name to make it active, and pull down the little

menu near the top of the palette to change from
Normal to Multiply. This will let the black parts of
the image show through, just like a Warhol print

where black ink showed through transparent col-
ored ink that was laid over it (Figure D).

7. FINAL TOUCHES
Time for some cleanup. You can adjust the color
edges, and maybe lighten the black areas of the lips
on Layer 1. Tweak the color of any layer by using
the Hue/Saturation feature. | went down to the
Background layer and retrieved the pattern of the
dress, to make the green area more interesting.
Does my Warholized photo stand up to a compar-
ison with the real thing? Will yours? You'll probably
find that his art was actually a little more difficult
to create than it looked. And consider this: he did
it the hard way, without an Undo command. In the
age of Photoshop, that's something to think about.

James Grant creates silk-screened T-shirts in Colorado.

A suitable photo should have few shadows.

Lay on the color, without being too fussy about
the edges. Use Photoshop’s Curves feature so
that most gray tones are changed to solid black or
solid white. With each layer in Multiply mode,
the black details show through. After some
tweaking, you have the Warholized Marilyn effect!
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Create an
Insect Eye

| wanted an insect-eye effect in
Photoshop, but | wasn't satisfied with
the ones that | found as plugins. So

| made my own. This procedure works
with Photoshop 6 or later.

1 . CREATE ANEW DOCUMENT

Begin a new blank document in RGB mode, size
21"x21",100dpi, filled with solid black.

2 . MAKEAGRID

Go to Edit — Preferences — Guides and Grid to spec-
ify a gridline every %2", with 1 subdivision. Now select
View — Show — Grid, and View — Snap To — Grid.

3 . PASTE IN YOUR PHOTO

Open a photo, crop it to 6"x6" at 100dpi (Figure A),
select all, copy, and switch to your blank document.
Paste the photo, which will show in Layer 1 over the
black background. Use the Move tool to drag the
photo down to the bottom-right corner of the canvas.

4. DEFINE A MARQUEE

First we're going to take multiple samples from
the photo at steps of ¥2". Choose the Rectangular
Marquee tool, use Window — Show Options to
display the Options Palette, and in its Style pull-
down menu, select Fixed Size, then enter width 6",
height 3". (Type “6in" and “3 in" if inches are not
your default units.) Feather should be O.

5 . COPYROWS 1-6

Imagine the grid dividing your photo into 12
horizontal slices, numbered 1-12 from top to
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By Charles Platt

bottom. Click with the Marquee tool to select rows
1-6. Hold down Command+Option (Mac) or Ctrl+Alt
(Windows) while dragging a copy all the way up to
the top-right corner of the canvas.

6 . COPY OTHER ROWS

Now select rows 2-7 and drag a copy of them up to
touch the bottom edge of the previous copy. Repeat
this procedure to copy rows 3-8, 4-9, and so on,
until your copies look like Figure B.

. COPY COLUMNS
Reset the Rectangular Marquee tool to a fixed size
of 3"x21". Imagine your photo segments divided
into vertical grid-columns numbered 1-12, from left
to right. Use the Marquee tool to drag a copy of
columns 1-6 over to the extreme left-hand edge
of the canvas, then drag a copy of columns 2-7
to touch the previous copy, and so on. The result
should look like an array of 49 tiles, each containing
6x6 grid squares (Figure C). Save your work so far.

Photography by Charles Platt



8 . MOVE TILES INTO EYE SHAPE
Reset the Rectangular Marquee tool to 3"x3".
Imagine your rows of tiles numbered 1-7, top to
bottom, and columns of tiles numbered 1-7, left

to right. In column 1, select and delete single tiles
inrows 1,2, 3,5,6,and 7. In column 2, select and
delete tiles 1 and 7. In column 7, select and delete 1,
2,6, and 7. Then select and Ctrl-drag (Windows) or
Command-drag (Mac) the remaining tiles into the
configuration in Figure D.

9. CHANGE INTO CIRCLES

Choose the Elliptical Marquee tool. Retain the fixed

size of 3"x3". Click at the top-left corner of the first

tile, shift-click the top-left corner of the next tile, and
repeat on every tile until you've selected circles in all
37 of them. Then go to Select — Inverse, and delete
everything except the circles.

10 . SPHERIZE THE CIRCLES
Reselect the first circle and apply Filter — Distort —
Spherize at 75%. Click to select the second circle
and press Ctrl-F in Windows (Command-F, Mac) to
repeat the same filter. After you do this to all the
circles they should look like Figure E.

11- ADJUST C|RCLE POS|T|ONS P 2 ot Y For best results, use a
Use the Rectangular Marquee tool, set to 21"x3", to ’ A photo with a lot of blank
select row 3 of circular tiles. Drag them down until : ; space around the face.
they just touch the tiles in row 4. Drag row 2 to touch
row 3, then row 1 to touch row 2. Follow the opposite
sequence in the lower half of the document.

1 2 For instance, keeping the same grid spacing as

. SPHERIZE ENTIRE ARRAY in the example above, you could begin with a
Turn off the grid. Increase the canvas size to photograph 7"x7" in size, pasted onto a canvas
23"x23", then choose the Elliptical Marquee tool, measuring 27"x27". In Step 4, your fixed size
hold down Shift, and stretch a circular selection area  rectangular marquee would be 7"x3", and in Step
that just includes all the tiles. Apply the Spherize 7, your marquee would be 3"x27". The rest of the

filter at 100% to the whole array. procedure would remain basically the same, except
that you'll need a little more patience to complete
GOING FURTHER the project.

There you have it! | think 37 circles (as in the

example here) is about the minimum number to get
a good insect-eye effect. Naturally, if you have the
patience, you can divide an image into many more. Charles Platt is the Upload section editor for MAKE.
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A simple setup for better
auction photos.
By Charles Platt

A friend of mine used to take the photographs for the sales catalogs printed by
Sotheby'’s, the old-school auction house. Since many of the items up for sale
were worth tens of thousands of dollars, they had to look good.

When I'm selling little items on eBay, | think it's still worth taking a little trouble
to enhance their appearance instead of just using a flash photo of something
sitting on a kitchen table. The main thing | learned from my friend is that if you
place an object on an elevated glass plate and use a large, diffuse light source,
your object will seem to float in space instead of sitting on its own shadow.

1 . GET THE GLASS

From a hardware store, buy an 18" square of window
glass or clear polycarbonate such as Lexan. Don’t
use acrylic, because it scratches too easily. Even
polycarbonate will pick up scratches if you're not
careful — which is why, personally, | prefer glass.

2 . SETUP

Set up your photo area on a low table. This should be
a clean area, free from intrusions from pets or family
members, especially if you're using a sheet of glass,
which can hurt someone badly if the person walks
into it without noticing that it's there. If you don't have
any photographic lights, work near a window on a day
when a cloudy sky creates a neutral, diffuse glow.
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3 . SOFTEN GLARE

If you do have lights, you'll need to soften their
glare. A reflective umbrella (about $30 from a photo
supply store) is one method. A softbox is another
option. This is a collapsible black fabric hood with

a large, translucent white panel at the front. | use an
umbrella about 4'-6' away to create sharp highlights,
and a softbox up close, just 12"-18" from the object.

| use incandescent bulbs because an electronic flash
is expensive and unnecessary for small objects.

4. RAISE THE PANEL

Raise your glass or polycarbonate panel at least 4"
above the background. | placed mine on 4 inverted
plastic cups.

Photography by Charles Platt



5 . CHOOSE A BACKGROUND
You can use colored paper from a craft store to
complement the dominant color of your collectible,
but | prefer a smooth gradation of color.

| achieved this by opening a full-page document
in Photoshop and creating a gradient fill using the
Gradient tool. | printed the gradient with a low-cost
inkjet printer and slipped it under the sheet of glass.
Although a printed gradient is less than perfect,
its imperfections should disappear when it's out
of focus below the glass.

6. DIAL IN COLOR BALANCE

Deactivate the flash on your camera and set the

white balance to match your light source (check your

camera’s instructions if you don't know how). If you
can get good color balance right from the start, this
will save a lot of trouble later. Use the lowest ISO
number to reduce sensor noise, and since this may
entail a time exposure, you should use a tripod.

. ADJUST YOUR LIGHTING
For a shiny object, sometimes you need to place a
light almost in front of you, to get good “bounce”
from the reflective areas. However, the light will
also tend to reflect in your transparent panel.

Trial and error is the only way to achieve the best
result. You may need to tilt your object relative to
the camera, in which case you can tear off a small
piece of duct tape, roll it into a little sticky ball, and
hide it behind your object.

8 . ADJUST THE APERTURE

If your camera has an aperture priority setting,
choose the widest aperture. This throws the
background out of focus and may also make
your collectible look more 3-dimensional.

9 . UPLOAD AND ADJUST
Upload your pictures into an image editing program
such as Photoshop. If you see highlights on your
collectible reflected in the glass or polycarbonate
panel beneath it, use the Clone tool to cover them
with background color.

If you want to change the background, use the

Your object will seem to
float in space instead of
sitting on its own shadow.

Light from the
softbox and umbrella
looks yellow in this
photo, because it was
taken with additional
daylight from a skylight.

Even a utilitarian gear-
motor looks better if
it’s carefully lit.

Magic Wand tool to select it, then open the Hue/
Saturation dialog box. You can also blur the back-
ground to hide any remaining imperfections. Finally,
crop your image and adjust the resolution.

Your finished photo may not be up to the stan-
dards of a Sotheby's catalog, but compared with
most pictures on eBay, it will be a work of art.

Charles Platt is the Upload section editor for MAKE.
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Reveal the asymmetry in
familiar features—including
your own. By Erico Narita

None of us is perfectly symmetrical, but our eyes tend not to notice irregu-
larities in faces we see many times. Anyone watching national TV news, for
instance, had eight years to get familiar with Dick Cheney's lopsided grin, and
a previous generation had an equal amount of time to get used to Ronald

Reagan's crooked smile.

To see these features more clearly, select one half of the face and reflect it,
so that the 2 sides become identical. Then select the other half and reflect
that, and compare the 2 versions. The results will be surprising.

I've chosen politicians for this experiment because
high-res photographs of them are available for free
download with no copyright restrictions.

Of course you can create your own photographs; if
you do, make sure both sides of the face are equally
lit, and place your camera at least 6' from the face
before zooming in to frame it. Portrait photographs
should not be taken close to the subject with a wide
lens, because this tends to create distortion.

When you've chosen a picture to work on, the
following steps will apply to Photoshop 6 or later
versions.

1 . SPLIT THE FACE WITH A LINE
After opening the image, create a new layer in the
Layers Palette and use the Line tool to stretch a
straight line down the center of the face, from the
top of the head, along the bridge of the nose, and
through the center of the chin.

This may be difficult, because the chin might not
line up with the nose. But don't worry if the line isn't
completely vertical.

2 . COPYTHE LEFT SIDE

Now click the Background layer in the Layers Palette.
Select the left side of the face with the Lasso tool,
holding down the Alt key in Windows or the Option
key on the Mac, to make it extend a straight line.
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Place the line parallel to your guideline but just a
little to the right of it, to allow yourself some margin
for overlap. Continue around the entire left side of
the photo, then copy and paste. This will copy the
left side into a new layer — call it “First Layer Left.”

3 . CREATE ANEW LAYER

Select all of First Layer Left, then copy and paste
again. This creates another new layer — I'll call it
“Second Layer Left”

4. CREATE A MIRROR IMAGE

Click the Second Layer Left in the Layers Palette to
make it active, then go to Edit — Transform — Flip
Horizontal. This creates a mirror image.

5 . ALIGN THE HALVES

Go to Edit — Transform — Rotate and turn the
selection until the angle of its left edge matches the
angle of the right edge of First Layer Left. Drag the
image till it aligns and overlaps the one beneath.

6. CLEAN THE EDGES

Use the Eraser set to 50%, and drag it down the
overlapping edge to hide the transition.



. REPEAT ON THE RIGHT SIDE
Merge down Second Layer Left to First Layer Left,
and you have your first reflected face. Now you can
go back to your background layer and repeat the
whole process, except this time select the right side
of the face. Finally, get rid of the guideline that you
drew at the beginning by trashing that layer.

MIRRORED IMAGE
If you want to see the asymmetry of your own
face, you don't need a camera. From a hardware
store, buy two 12" square mirror tiles, tape 2 edges
together (so the tape forms a hinge), and angle
them 90° to each other. Then look into the angle
between the tiles.

The tiles flip your image twice, so that you see

When you
select half of
a face and
reflect it, the
results can be
surprising.

Dark lighting on
one side of Vice President
Dick Cheney’s face creates
a strange effect when it's
duplicated on both sides.

The differences in
Senator Joe Lieberman’s
face seem subtle — until

you look more closely.

Late President
Ronald Reagan'’s left and
right sides almost look
like 2 different people
inhabiting the same body.

yourself as other people see you instead of the way
you normally see yourself in a mirror. This doubles
the subjective appearance of all your little asym-
metries — which can be disturbing, although you
should remember that other people probably don't
notice the differences that seem obvious to you.

In any case, asymmetry doesn't seem to be a
significant disadvantage in most occupations. It
certainly didn't interfere with the ambitions of Dick
Cheney or Ronald Reagan.

Erico Narita is a graphic designer in New York City.
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This simple projector shines an image of an alien
on the wall. It uses an LED as the light source and
projects an image varying in size from a few inches
to several feet. The simple circuit consists of only a
battery, resistor, switch, and LED.

1. Build the basic circuit.

Trim the resistor and LED leads to %" long, and
solder 1 end of the resistor onto the negative lead
of the LED. Cut about 6" of wire, and solder it to
the positive lead of the LED.

Put a piece of heat-shrink tubing over the black
(negative) wire of the 9V battery clip, then solder
the wire to the other leg of the resistor. Solder
the red (positive) wire from the battery clip to the
middle terminal of the switch. Place heat-shrink
tubing over this wire if you wish.

Solder the positive LED wire to one of the outside
pins of the switch.

2. Build the case parts.

Print the templates of the front and back plates, cut
them out, and tape them to the balsa wood sheet.
With a sharp knife, cut out the inside of the template
first, then the outside. Use the cross on the back
template to mark the hole for the switch.

Cut two 134" lengths of balsa wood stick. With
the knife, drill a 346" hole in the middle of one, and
a %" hole in the middle of the other.

Drilla ¥4" hole in the middle of the balsa back
plate where it's marked, then glue the stick with the
%" hole to the back plate.

3. Put it all together.

Glue the LED into the stick with the 36" hole. Fit the
switch to the back plate. Fit the LED stick into the
middle of the PVC pipe, then glue the front plate
onto the pipe. Snap the battery into the battery clip,
then fit the back plate into place.

To set up the projector, place it in a dark room 1'-4"
from the wall. Move it closer to the wall for a smaller
image, and farther away for a bigger image. The best
thing about this project is that you can cut out any
simple image and project it onto the wall, perhaps
pumpkins for Halloween and a tree for Christmas.

+“0 4“2 Alien Projector

Shine an alien, large or small, on any wall.

green
330R
SPST panel
mount

_makezine.com/,
16/123_alien

Brian McNamara lives near Canberra, Australia. By day he works in a university workshop designing and repairing
equipment for a biological research facility; by night he designs, hacks, and bends kids’ toys and musical instruments.
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ing ls'an art as well as a science, and these
j}pFOJects demonstrate a unique aesthetic’ Snap an
' fialFmasterpiece with your R/Cpgfe photography
"'s" tup, or sculpt recycled foam using'a hot wire,: "
12 volts, and your imagination. Then' capturesthe
beauty of acoustic waves in visible form; using net.;
much more than a vibrating platter and'a'¢oneless ™
speaker. :
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Photograph by William Gurstelle and Karen Hansen
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Photograph by Karen Hansen and William Gurstelle

A POLE-MOUNTED
AERIAL PHOTOGRAPHY RIG

Sometimes nothing is as important

as perspective. My goal in photography
'S often to find a view no one else has
found, to be able to see things from
unusual and insightful vantage points.

The most practical way to obtain the elusive aerial perspec-
tive is by attaching a camera to a pole. While not trivial, it's
not complicated, either. Making a pole-mounted camerarig
like the Sky Eye takes about a day, not including trips to the
store. You can make the rig and use it the same day.

I've experimented many times with aerial photographic
techniques for obtaining the much-sought-after bird’'s-eye
view. First, there was the specially rigged kite, way back in
the first issue of MAKE (Volume 01, page 50, “Kite Aerial
Photography™). And I've dabbled with taking pictures from
R/C aircraft, helium balloons, model rockets, and so forth.

While these approaches are novel, | find them limiting
because the photographer is at the mercy of uncontrollable
factors. There may be too much wind to loft a balloon, or
not enough to fly a kite. Rough terrain or low visibility may
make it impossible to launch and recover a rocket-borne
camera. And none of these methods works indoors, say at
a stadium. The Sky Eye works in all these conditions.

Set up: p.109 Make it: p.110 Use it: p.113

William Gurstelle is a MAKE contributing editor and is currently hard at work on Make: television, coming to public

television in early 2009. makezine.tv
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PROJECTS: R/C POLE PHOTOGRAPHY

makezine.com/16/polecamera

~

The Sky Eye design will work with most digital cameras.
It doesn’t require you to remove the cover of your cam-
era or rewire or solder any circuitry. Instead, it employs
one of the most useful devices in the maker’s arsenal of
cool tools: the radio-controlled servomotor. By building a
lightweight, sturdy mounting frame, attaching your cam-
era, and affixing a pair of servos, you can inexpensively
shoot photographs that others have paid hundreds if not
thousands of dollars to capture.

\

N

HOW’S THE WEATHER UP THERE?

~

If you choose, you can make your shooting sessions
more efficient by attaching a wireless video camera to
the camera mount. Acting as a remote viewfinder, the
video camera allows you to frame your shots from the
ground.

It's important to remember you're making a one-of-a-
kind tool based on the materials available to you and
the camera you already own. So, you’ll need to impro-
vise and work out some of the details for yourself.

BUILD A SKY-HIGH EYE h

@ Optional video camera
© Digital camera

© Shutter servo

© Tilt servo

© Battery pack
© Radio control receiver

@ Painter's pole and
brush extension

|

\%
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Photograph by William Gurstelle

MATERIALS

[A] Wood framing The
following parts worked
fine for my Canon SD850,
Futaba servomotors and
(optional) wireless, video
camera. You may have to
change the dimensions
slightly to fit your camera.
1"x1"x13" long
1"x1"x5" long
1"x12"x10" long
1"x12"x4Y2" long (3)

[B] Radio control transmit-
ter, receiver, and battery
designed for ground use.
Don’t use R/C airplane or
helicopter frequencies.

[C] Hobby servomotors (2)

[D] ¥4" carriage bolt,
2" long

[E] #8x2" machine screws
with nuts (4) for the upper
servo

[F] #6x1%4" machine
screws with nuts (2)
for the lower servo

[G] Small wood screws or
brads to fit the bottom
servo arm

[H] %"-diameter machine
screw, 1" long

[1] Plastic hose washers
(3-6)

[J] ¥a"-diameter nylon bolt,
12" long, with nut, ¥4"
nylon spacer, and 2 washers

[K] Painter’s brush exten-
sion with a socket that fits
the extension pole

[L] Battery pack (optional)

[M] Wireless video camera
and receiver (optional)

[NOT SHOWN]
Digital camera
Cable ties

Telescoping painter’s
extension pole

#8x2" machine screws
with nuts and washers (2)
(optional) to mount the
video camera

Portable television
(optional)
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MAKE IT.

BUILD YOUR
SKY EYE CAMERA RIG

START = Time: Less than a Dax ComBIexitx: Easx

MEASURE THE CAMERA
= AND SERVOMOTORS

The first step is to size up your camera and servos with a ruler and record the following dimensions:
A. The distance from the end of the camera to the center of the shutter button.

B. The distance from the end of the
camera to the center of the tripod
socket.

C. The height of the camera, from
the camera bottom to the top of the
shutter button.

D. If you choose to include the
wireless video camera viewfinder,
measure and record the overall width
and height of the video camera.

E. The distance from the center of the
servo arm to the servo mounting holes.

F. The distance from the center of
the servo arm to its tip.
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2- BUILD THE FRAMES

Using the wood framing dimensions from the Materials list, build
the camera-holding top frame (shown at the top of the photo),
using glue and nails. You can use wood screws, dowels, or pegs
instead of nails if you prefer.

Next, build the mast attachment, or bottom, frame (shown at the
bottom of the photo).

MOUNT THE SHUTTER SERVO
= AND CAMERA(S) TO THE TOP FRAME

3a. Mount the shutter servo to the
left upright of the top frame (the 1"x1"
piece). Position it so that its centerline
is at a height of (C + F + 2 washers)
above the surface of the base piece
where the camera will be mounted, i.e.
the combined length of the camera
height (C) plus the length of the servo
arm (F) plus the thickness of 2 hose
washers.

Drill 2 holes in the upright with a #25
drill bit (about 5/32"), corresponding to
dimension E. Attach the shutter servo
to the upright with two #6 machine
screws, and fasten it securely with nuts.

3b. Drill a ¥4"-diameter clearance hole in the base for the camera-mounting NOTE: Once you've suc-
machine screw, at a position such that the shutter button is directly under- cessfully positioned the
neath the servo arm when the arm is fully extended. This distance varies servo arm, the shutter

) ) will trip each time the
between cameras and depends on both dimensions A and B. servomotor rotates.

Insert the 1"-long, %"-diameter machine screw into the camera-mounting hole on the top frame. Place
a few hose washers over this bolt before securing the camera. As you tighten the camera by turning the
machine screw, the hose washers compress; this will give you a degree of fine adjustment of the shutter
servo in a subsequent step.

3c. (Optional) If you're going to add the wireless video camera, drill mounting holes for it on the top frame,
corresponding to dimension D, then attach it with two #8 machine screws, nuts, and lock washers. Take care
to align the digital and video cameras so that they point at the same target.
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MOUNT THE TILT SERVO AND
= RADIO GEAR TO THE BOTTOM FRAME

4a. Mount the tilt servo to the bottom
frame, as shown here, using four
2"-long #6 machine screws. Install
the nylon bolt, spacer, and nut on the
bottom frame exactly opposite the tilt
servo's axis of rotation. Take time to
carefully align this axis so the servo
can easily and smoothly control the
tilt angle. Attach the tilt servo’s control
arm to the top frame with very small
wood screws or wire brads.

4b. Attach the paintbrush exten-
sion to the bottom frame using a
Y4"-diameter, 2"-long carriage bolt.

NOTE: For information on how
to build the optional control
panel if you're using the
wireless video camera, go to

makezine.com/16/polecamera.
Then attach the radio control receiver

and the receiver/servo battery pack to
the bottom frame using cable ties. Pull
the cable ties tight so the components
can't come loose.

5- MOUNT THE FRAME TO THE POLE

The last task is to screw the brush
extension into the pole. The qualities
that make a good photography
pole are light weight, stiffness, and
strength.

| used a 23' telescoping extension pole
with the delightfully descriptive name
of Mr. Longarm. Available in the paint
department of hardware stores, it's
not expensive and works adequately,
although it does flex quite a bit. Fully
extended in a stiff wind, you'll really
feel Mr. Longarm'’s sway. More intrepid
makers may want to experiment with
chromoly steel or carbon fiber poles.

FINISH 4

NOW GO USE IT »
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SKY EYE OPERATION

1. Plug all servomotors and batteries into the slots
on the radio receiver. If you don't know how to
operate an R/C radio, read the manual, talk with a
knowledgeable friend, or visit a model/hobby store.

2. Turn on the R/C transmitter and operate the
levers to see which one controls the tilt servo and
which one controls the shutter servo. Depending

on your preferences, you may want to rearrange the
servo plugs on the receiver. | plugged the tilt servo
into radio channel 1 and the shutter servo into
channel 3, thereby putting the tilt action and the
shutter release on different joysticks.

3. Now you're ready to take pictures. Turn on the
camera and extend the pole to a reasonable height.
Raising and lowering the pole can be a bit dicey with
the camera mounted to the end. Work slowly and
deliberately.

4. Mast photography is best done by 2 or more
people: 1to operate the camera shutter and tilt con-
trols and (at least) 1 assistant to hold the mast or
pole. To take pictures, the assistant rotates the pole
so the lens faces the desired direction, and then
the camera operator adjusts the tilt servo so that
from the ground it appears that the lens is pointing
directly at the item to be photographed. If you've
equipped your rig with the wireless video viewfinder,
frame the picture using the image on the television.
The camera operator then holds down the shutter
joystick until the servomotor arm depresses the
camera’s shutter button. If the servo fails to operate
the shutter, readjust the tightness and alignment of
the bolt that holds the camera against the top frame
and washers.

SAFETY CAUTIONS

Tipping: The farther the pole is extended, the
greater the tendency to tip and fall. Use extreme
caution. Also, the greater the angle of tilt, the
greater the tipping tendency. Hold the pole as
close to 90° vertical as possible.

Buckling: Depending on the strength of the pole,
the weight concentrated on the end of the pole could
cause it to buckle or fold, especially when the pole
is fully extended. The tendency to buckle becomes
more pronounced as the pole is held at increasing
angles from vertical. Test the strength of the pole
before fully extending it or holding it at an angle.

CAUTION: Keep the camera and pole under

control at all times, and most importantly,
away from overhead wires and power lines.
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5-MINUTE
FOAM FACTORY

By Bob Knetzger




Photograph by Garry McLeod

FRY BY WIRE

What keeps your coffee warm but also
rides the cold Pacific surf? What's in the
Rock and Roll Hall of Fame but makes an
annoying, squeaky sound? Even though
it's banned in over 100 cities, you can
find it just about everywhere. What is it?
't's expanded polystyrene (EPS) foam.

Styrofoam is a great insulator (for hot drink cups and wall
insulation), lightweight and stiff, and impervious to water
(great for surfboards). Unfortunately, it's also impractical to
recycle and can be an unsightly part of the waste stream.
Our landfills and waterways are filling up with discarded
coffee cups, store meat trays, and take-out packaging.

With this easy hot-wire foam cutter, you can reuse this
leftover EPS foam to create treasures from trash!

Once you've mastered the basic foam cutting techniques,
go to makezine.com/16/styrocutter to learn more cool
tricks. Create a double-cut, 3D teddy bear shape, spin a
compound-curve cone, and cut a stack of foam sheets to
make a blizzard of snowflakes.

Set up: p.117 Make it: p.118 Use it: p.121

Bob Knetzger (neotoybob@yahoo.com) is an inventor/designer with 30 years’ experience making fun stuff. He's created

educational software, video and board games, and all kinds of toys from high-tech electronics down to “free inside!”
cereal box premiums.
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THE CUTTING EDGE

HOT-WIRE CUTTER EXPOSED

This cross-section view shows
how the conductive aluminum rod
completes the circuit to provide
current to the nichrome wire.

To make perfect cuts, use cutout
cardboard shapes as templates.

@ Nichrome wire

@ Aluminum rod

© 2x4 base

@ Wire anchor

© Pegboard

© Red test lead — positive
@) Green test lead — negative
© Transformer

© EPS foam
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Photography by Bob Knetzger

MATERIALS

Scrounge your workshop for scrap materials to build the cutter. None of the dimen-
sions are critical, so feel free to adapt the sizes shown here to use what you’ve got.

[A] Hacksaw
[B] Drill and bits
[C] Screws and nails

[D] 18"x18" pegboard any
thickness, tempered or not

[E] 2x4 lumber or any
dimensional lumber

[F] EPS foam material
Sure, you can buy it at a
craft store, but why not
get creative and recycle?
Once you start looking,
you’ll find lots of EPS foam
in everyday items you'd
otherwise throw away:

» Grocery store meat trays
in cool colors like black,
blue, red, and yellow!

» Picnic plates

» Coffee cups

» Fast food containers

» Packing materials

» Styrofoam coolers

» Leftover chunks of

house insulation — Dow
Styrofoam “blueboard” and
Owens Corning InsulPink
are both extruded polysty-
rene (XPS), not made from
little beads, and give
excellent results!

[G] Y4"-diameter aluminum
rod, 21" long

[H] Super glue or any
cyanoacrylate glue

[1] Test leads with
alligator clips (2)

[J] Bolt (1) with nuts (4)
any size

[K] Paper or cardboard
for making templates

[L] Transparent tape

[M] Model train trans-
former One with variable
DC control is ideal.

[N] Nichrome wire, 0.010"
diameter, with a resistance
of 7Q per foot. Get it at a
hobby store or online.

[0] Hammer

[P] Wood handsaw

[NOT SHOWN]

Multimeter with Q
setting (optional)

Screwdriver

Tape measure

SAFETY
WARNING:

When heated, EPS

can produce benzene,
and when burned, it
gives off other noxious
fumes. So always use
your hot-wire cutter in
a very well-ventilated
area!

Use the train trans-
former’s speed control
to set the wire tem-

perature: just warm
enough to cut the
foam. Never cut with a
red-hot, smoking wire!

Foam made by
Woodland Scenics is
specially manufactured
so that it doesn’t give
off harmful fumes when
cut with a hot wire. Get
it where model train
supplies are sold or at
woodlandscenics.com.
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MAKE IT.

BUILD YOUR
STYRO CUTTER

START Time: 1 Hour ComBIexitx: Easx

1- MAKE THE CUTTER BASE

1la. Measure and cut the pegboard

to make a tabletop. Mine is 18"x18". g 1 i A CAUTION: Wear eye
Then measure and cut 2 pieces of 3 . ; protection when using all
2x4 to make leg rails. I ; '. tools, and to be extra safe,
4 wear gloves when cutting with
the hot wire. You don’t want to
touch it — it’s over 200°F!

1b. Use screws to attach the top to
the rails. Then place a %" drill bit
through the outermost middle peg-
board hole above one of the 2x4s
and drill all the way through the rail.
This will be the hole that the rod
fits into.

2- BEND AND INSERT THE ROD

2a. Cut the aluminum rod to 21" in
length. Mark off 12" and bend the
rod about 90°. After bending the rod,
insert the short leg into the hole you
drilled in Step 1b and align as shown
here. Mark the closest pegboard
hole beneath a point 1" or so from
the tip of the rod. Then mark the top
surface of the rod directly above the
marked hole.
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2b. Use the hacksaw to make a
shallow notch across the top of
the rod where it's marked.

2c. Insert the rod and drill a small
Y6" pilot hole through the rail and
into and through the aluminum rod.
Drive a nail into the hole and through
the rod. This prevents the rod from
swiveling in its hole as you cut in
different directions.

3- MAKE AND ATTACH THE CUTTING WIRE

3a. Thread 2 nuts onto the bolt. Wrap,
then tie the nichrome wire around the
bolt, and add the remaining 2 nuts.
Tighten the 2 nuts in the middle to
pinch the wire.

3b. Align the nuts so that they all lie
flat. Put a drop of super glue on them
to lock them tight.

3c. Thread the nichrome wire through
the marked hole in the pegboard (from
Step 2a) and pull it up vertically. Press
the tip of the rod down slightly and
hold it there. (You want a little springy
tension to keep the wire taut.) At the
same time, make a loop in the wire so
that the tip of the loop just reaches the
deflected rod. Hold that loop and tie it
off in a simple overhand knot.

As you press the rod down, slip the loop over the rod and into the notch. Let go. The gentle spring force
of the rod should make the wire taut. If it's too loose, shorten the wire by tying another knot. Trim any
stray ends.
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4- CHECK THE CIRCUIT

Remember your high school physics about electricity?
Voltage equals current times resistance: V=/*R

You can measure the resistance of the wire with a voltmeter:
set it to “ohms” and measure the wire by placing 1 probe at each
end point. My wire measures 7Q. My transformer puts out 12 volts
DC. Plugging that into the formula gives:

12=1*70r12/7=1

so/=171

So the current needed is just under 2 amps. My train transformer is rated at 2 amps, so that's good, at
least for short time periods. The resistance of the wire will change at various temperatures, so the current
drawn will vary. Many train transformers have a built-in thermal breaker — if they get too warm, they’ll
shut off. If that happens, unplug the transformer and let it cool down. It should work again later.

5- POWER UP!

Use the alligator clip leads to attach the train transformer. First,
unplug the transformer. Connect the first lead from one side of the
regulated DC contacts to the bolt underneath the table. Connect 1
clip of the second lead to the remaining DC voltage contact on the
transformer. Make sure the variable control is at its lowest setting,
then plug in the transformer.

Ready to test it? Finally, connect the last alligator clip to the base
of the rod. You've created a circuit that sends current through the
wire. Adjust the transformer’s control so that the wire gets warm
— not glowing red-hot. No heat? Check your connections and
make sure the clips aren't touching each other at the transformer.

Test your cutter with a scrap of foam. Place the foam on the
table surface and gently slide it into the hot wire — it should
cut easily with just the slightest pressure. Adjust the voltage if
needed. Don't press too hard, or you'll pull the wire into an arc
and your cuts will be curved instead of straight.

Use that last connection to the rod as your on/off switch. You
can see when it's connected and that the hot wire is “on.”

FINISHEd

NOW GO USE IT »
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START CUTTING!

You can cut free-form shapes easily — just keep the foam moving at a smooth, constant speed.
You'll notice that the slightest wiggle in your movements will result in a wavy or ridged part! Here are
a few tricks for easy cutting and perfect parts.

STRAIGHT CUTS

Make a guide from a piece of 1x2 lumber and some 4" dowels. Drill 2 holes on

1" centers and slip in pieces of dowel. Plug these dowel pins into the pegboard

and you've got an adjustable fence for smooth, straight cuts.

» Position the fence close to the wire to cut thin strips.

» Position the fence farther away to make wide cuts and to square up blocks.

» For size adjustments of less than 1", remove 1 of the dowel pins, and use just
1 pin as a pivot. Swivel the fence around the pin to adjust the angle until the
distance between the wire and the fence is just right. Place a second long
dowel pin behind the fence at the closest pegboard hole. Fast and easy!

CIRCLES

Make a circle cutter guide out of a dowel and a nail. Cut a dowel to a length so
that when inserted into a pegboard hole, it's flush with the tabletop. Drill a %"
pilot hole into the end of the dowel and insert a small nail — head first. Tap it in
with a hammer. Now you have a dowel with a pointy pin sticking out — be careful!

Place the dowel in any pegboard hole. The distance from the wire to the pin will
be the radius of your circular cut. Energize the wire. Slide a piece of foam into
the wire and impale the foam on the pin. As you spin the foam around on the
pin, you'll cut a perfect circle. Turn off the wire and remove your part.

ANGLED CUTS

You're not limited to 90° cuts. Build an elevated and angled wedge to make
beveled cuts! Make a wedge of the desired angle and nail it to a block with
dowels on the bottom.

Plug the wedge into the pegboard and slide the foam to make your angle cut!

For more super cool techniques for cutting hyperbolic, toroidal, and conic
shapes, as well as how to use templates, go to makezine.com/16/styrocutter.
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Photograph by Ed Troxell

BEAUTIFUL ACOUSTICS

Use a broken speaker, bits of wire, and
tape to prepare a coneless voice coll
driver, then use it to generate standing
waves on a sheet of metal, making
sound visible. Magic!

My knowledgeable friend Robin once said that you don't
need to worry about having too big an audio amplifier,
because speakers are usually damaged by under-powered
amps working too hard and clipping the signal, creating
rough square waves with too much power. | learned that
this is true when | melted a speaker’s coil by running a
strong 20Hz signal through it, to drive a vortex cannon
(MAKE, Volume 15, page 114).

On the bright side, | now had a nice speaker magnet to
use as the foundation for something else | wanted to try,

a Chladni plate!

Early acoustics researchers Robert Hooke and Ernst
Chladni (CLOD-knee) found that fine powders sprinkled
on a vibrating plate would settle in patterns that showed
how the plate was vibrating. They got their glass and
metal plates vibrating for their experiments by running
a violin bow across the edges. In our updated version, we'll
generate the vibrations using a voice coil driver, which is
basically a speaker without the cone.

Set up: p.125 Make it: p.126 Use it: p.131

Edwin Wise is a software engineer with 25 years’ experience. He develops software during the day and explores the

edges of mad science at night. He can be found at simreal.com.
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Vibrating surfaces move and flex in some places while remaining relatively still in others.
Powder sprinkled on a flat, vibrating surface will flee the moving areas and settle in the
still areas. When the vibrations are steady and at the right frequency, this creates a pattern
of standing waves that shows how the material is vibrating.

HOW IT WORKS CHLADNI PLATE
A speaker’s magnet AND SHAKER
assembly has a ring ASSEMBLY
magnet, a pole piece,

and front and rear plates

that hold them together.

The ring magnet creates
the magnetic field that
the voice coil pushes
against.

The pole piece helps
contain and shape the Plastic cup
magnetic field.

Aluminum tape
Screw mount p

The voice coil consists
of a thin-walled former
and the coil itself, the
wire wound around it. . ) )
Electricity moving back Voice coil
and forth through the

wire turns the coil into

an electromagnet of

varying polarity and

strength that moves

within the ring magnet’s

field. Ring magnet

The voice coil connects
to the plate.

The signal generator
feeds a pure oscillating
signal into the voice coil,
and the resulting vibra-
tions travel outward and
bounce back from the
plate edges. We adjust
the signal’s frequency,
and when the plate can
physically resonate at

a particular frequency,

it settles into a stable
pattern: a standing wave.

The nodes are the still
areas where the powder
collects.

The antinodes are the . . .
clean areas where the SPEAKER @ Ring magnet O Pole piece @ Spider

plate moves the most. DRIVER © Front plate © Voice coil © Vent
© Rear plate © Former © signal wires

PATTERNS

The pattern depends on the shape of the
surface and the frequency of the vibrations;
higher frequencies produce denser patterns.
Since acoustic musical instruments produce
sound by vibrating, these visualizations

can be used to understand and improve an
instrument’s design.
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Photography by Edwin Wise

MATERIALS
[A] Speaker

[B] Wire-wrap or magnet
wire, 30 gauge

[C] Spray paint (optional)
gloss black

[D] Signal source such
as a signal generator or
computer running a
program such as ToneGen

(nch.com.au/tonegen)

[E] Amplifier such as a
stereo amplifier, that the
signal source can plug into

[F] Epoxy glue
[G] Aluminum tape

[H] Packing tape cheap
plastic

[1] Small plastic cups (2)
should be roughly the
same diameter as the coil
inside the speaker, which
in my case was 2". Try
condiment containers.

[J] Graphite powder sold
in hardware stores as a
dry lubricant

[K] Rigid styrofoam sheet,
12" thick, 4" square from
insulation or packing
material

[L] Plastic tubing,

732" outer diameter (OD),
5/8" long available at hobby
and craft stores

[M] Metal tubing,

732" inner diameter (ID),
5/s" long available at hobby
and craft stores

[N] Thin metal sheet,
2' square, about 22 to 24
gauge

[O1 Nylon bolt, #10-24,

about 1" long You'll cut
it down to size.

[NOT SHOWN]
Fine powder such as fine
sand, gelatin powder, salt,

or sugar

Awl or nail and hammer

TOOLS

[P1 Drill

[Q] Straightedge
[R] Wire cutters
[S] Sharp knife
[T]1 Marking pen

[U] #10-24 tap
and drill bit

[V] Sandpaper
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MAKE IT.

BUILD YOUR
CHLADNI PLATE

START = Time: An Afternoon Complexity: Eas

1- TEAR DOWN THE SPEAKER

The first step is to tear apart a speaker to get at the good bits. We'll need the magnet assembly and the
former, which is the cylinder that the voice coil wraps around.

l1a. Cut through the speaker cone
around its outside edge and around
the dust cap in the center. Remove
the cone.

1b. Cut the outside edge of the
“spider,” the flexible ring-shaped
fabric membrane under the cone
that runs between the former and
the speaker’s frame.

1c. Lift the spider and former out of the ring magnet and speaker.
At some point you'll need to snip the braided wire that leads into
the coil.

1d. Gently untangle, extract, and unwind all the old wire from the
former. Carefully prod the former into good shape. If the former
has rough spots, sand them down. If it's bent, unbend it. If it's
sticky, rub on graphite powder to seal it.
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2- WIND A NEW COIL

If your speaker coil is deep enough to let you mount an extension and has wire beefy enough to handle
some high-voltage driving, you can skip this step and add the riser (Step 3) to the existing coil. Otherwise

it's a better bet to wind your own.

2a. Create a new former by wrapping
a tight loop of packing tape around
the old former with the sticky side
out, so you can slip it off later. It
may take several tries to get a clean,
smooth cylinder.

2b. Wind a new voice coil onto the
tape. Start by taping the end of your
magnet wire securely to the spider
on both sides, leaving some extra
length. Then wind a tight, single-layer
coil around the former with 50 to 100
loops. Don’t make multiple layers

of wire, or the coil will jam in the
magnet or overheat.

TIP: When winding a coil, the first loop is the most important, because it sets the standard for the rest. To make
winding easier, pull the wire off of its spool tangentially, so it doesn’t kink. To help with this, | used a large Allen
wrench in a vise as a spool holder. Spin the former in your hand as you pull the wire and lay it down firmly.

2c. After you're done winding, spiral
the outer end of the wire down the
former and tape it to the spider. Cut
the wire and strip both ends.

2d. Use squares of aluminum tape to
cover the coil and at least ¥4" of the
packing tape that sticks out under-
neath, but leave a small gap down

1 side so that the aluminum doesn't
create a conductive ring. Make sure no
tape is sticking to the original former.

TIP: Use several small
squares of tape rather
than 1 piece, because
aluminum tape is tricky

to manipulate, and a single
cylinder of tape would

fit poorly on the conical-
shaped cup later.

B

2e. Slide your new coil off the former.

TIP: Calculate your coil’s resistance by multiplying its length by the
wire’s resistance. For example, my coil had a 2" diameter, 60 windings,
and 30-gauge wire whose resistance is about 0.1Q per foot.

This gives (2x1x60) x 0.1/12 = about 3Q.
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3- ADD THE RISER

The plastic-cup riser makes a strong connection between the coil and the Chladni plate.

3a. Insert the narrow end of a plastic
cup into the coil until it stops, and
draw a line around it along that edge.

3b. Cut away the wide part of the cup
so that it fits through the coil. Use
small bits of tape to tack the cup onto
the coil, with the wire coil side toward
the cup and the empty tape side away
from the cup.

3c. Use aluminum tape to tape the
cup to the coil from the inside, cov-
ering all the wire, 4" of the packing
tape, and at least %" of the cup. You
can add more aluminum tape to the
outside of the cup for strength, but
don't tape very far down past the coil
or it may become too thick to slip
into the speaker.

NOTE: This coil/cup connection will take
a huge amount of abuse during operation,
so make it strong; we don’t want it to slip
or buckle.

3d. Use a sharp knife to cut a clean
edge through the 3 layers of tape
about ¥8" beyond the coil. Remove the
excess tape.

3e. Cut a Y2"-thick styrofoam disk
that fits snugly into the bottom of the
plastic cup, and use epoxy on its face
and edge to glue it in.
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3f. The plate’'s mounting point is
built from a plastic tube, tapped

for a screw mount, nested inside a
rigid metal tube. Cut the metal and
plastic tubing to %" and epoxy them
together. After the epoxy sets, tap
the plastic tube for #10-24 threads.

3g. Mark the center-bottom of the
cup and drill a %" hole. Epoxy the
tapped mount into the hole so that it's
straight and nearly flush with the out-
side of the cup. Your driver assembly
is complete.

4- ADD THE STOP RING

The stop ring around the voice coil holds the weight of the Chladni plate so that the coil doesn't sink too
far down into the magnet.

4a. Test-fit the driver assembly into
the speaker magnet. Find a reason-
able position with most of the wire
coil inside the magnet, and mark
that position on the driver.

4b. Make a plastic ring by cutting
another plastic cup %" down from
its rounded lip.

4c. Fit the ring over the driver assem-
bly with the cut edge pointing up
toward the threaded tube, and the lip
facing the magnet side and running
along the marked line. Cut the ring as
needed to fit, and epoxy it into place,
holding it with small squares of tape
as it cures.
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5- PREPARE THE METAL SHEET(S)

5a. Take the metal sheet and cut a clean square about 24" on a side. Lay a straightedge across each
diagonal pair of corners and draw an X through the center with a thick marker. Use a knife to make a finely
scribed X in the dark ink.

5b. Use an awl or nail to dent the
precise center of the X, then drill a
4" (or so) hole through the plate.

5c. (Optional) If you have enough
metal, you can mark and cut a disk,
a violin shape, or any other shape.

5d. (Optional) Paint the Chladni
plate black, and then un-sticky the . >

surface with “the poor man’s Teflon”  TIP: To find the center of balance of a flat shape, hold any point along
by rubbing graphite powder into the perimeter with a plumb bob hanging down, mark along the plumb
line, then rotate the shape and repeat at another perimeter point.
Where the lines cross is the center. You can also simply find where
the shape balances flat on 1 fingertip.

the dried paint.

5e. Using a nylon #10-24 bolt, fasten the plate to the driver.

5f. Connect your signal source to
one of your amplifier’s inputs and the
speaker wires to an output.

5g. Finally, gently settle the driver into
the magnet, down to the stop ring.
That's it!

FINISH 4

NOW GO USE IT »
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OPERATING INSTRUCTIONS

1. Sprinkle some powder across the plate.

2. Starting at a signal of a few hundred hertz, slowly
turn the amplifier power up until the powder starts
to vibrate. Adjust the frequency and volume until
patterns appear!

To reduce friction, | periodically rub graphite pow-
der over the plate and brush off any excess. Then
my other powder slides around on this slick surface
like a cat in roller skates.

Clean patterns will appear for only those frequen-
cies that resonate with the plate. On smaller plates
only very high frequencies will show a stable pat-
tern of nodes and antinodes; on larger plates, lower
frequencies will resonate as well. On a large plate
with a high frequency, you'll see a detailed pattern
across the plate.

On a round plate, you'll mostly get concentric
circles, with the number of circles indicating the
ratio of the driver frequency to the plate’'s natural
fundamental frequency. In such cases, the driver
is playing a harmonic (or multiple) of the lowest
frequency that the plate produces naturally when
you strike it. With some frequencies, you'll see a
serpentine pattern on the round plate.

On a square plate, or a plate in the shape of a
violin or other complex shape, the resonances are
more complex and interesting.

If you want a permanent display of your vibra-
tional patterns, photography is the way to go.
Although if you have an extremely effective filter
mask and a high tolerance for a horrible mess,
| would think that laser printer toner would make a
nice pattern, and then, using a heat gun from below,
you could fuse it to the metal for a permanent
display. | haven't tried this, however. Also note that
laser toner is extremely bad for your lungs, laundry,
and household harmony.

LET'S MAKE
SOME NODES

KEEP YOUR POWDER DRY

Any fine powder will work, but the finer the powder,
the more sensitive it will be to vibrations, enabling
it to work at lower volumes. If you're using a coarse
powder, you may need to turn up the volume quite
a bit before it bounces into place.

If the powder is sticky or overly fine, it may not want
to bounce at all, but instead may stick to the plate and
ignore even the most abusive volume levels.

Some powders, such as salt or sugar, will absorb
moisture from the air and melt (especially here in
Texas), making a terrible mess. Gelatin and graphite
powder are both very fine, but tend to stick to the
plate over time. Fine white sand should work nicely,
with minimal mess.

The traditional superfine substance of choice is
Lycopodium powder, which is the spore of a par-
ticular fern. This powder is used by magicians and
pyrotechnicians as a flash powder, and it can be
found at chemical supply houses.

( See Edwin Wise's Chladni plate in action at
makezine.com/go/chladni.
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Photograph by Pat Molner

By Scott Driscoll

When cellphones were housed in briefcases,
manufactured electronics had easy-to-solder
leads. Now phones fit in pockets, and the smaller
surface-mount devices (SMDs) inside are driving
through-hole components into extinction.

SMDs can cost less than their old-school equiva-
lents, and many newer devices, including most
accelerometers, are only available in SMD format.

If you design printed circuit boards, using
SMT (surface-mount technology) and putting
components on both sides makes them cheaper
and smaller. This may not matter on a robot, but it
helps a project fit into a mint tin or hang off a kite.

SMDs are designed for precise machinery to
mass-assemble onto densely packed PCBs. Their
tiny leads may look impossible for human hands
to work with, but there are several good, relatively
inexpensive methods that don’t require a $1,000-
and-up professional SMT soldering station.
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What you need depends on

what you're doing and how

much of it (see story).

[A] Soldering station

[B] Flux felt pen, brush
bottle, or needle bottle

[C] Flush wire cutters
[D] Solder
[E] Lint-free wipes

[F] Hot plate or coffee pot
warmer or skillet

[G] Embossing heat tool
from an art store

[H] Dental picks

[1] Vacuum pickup
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[J] Tweezers
[K] Hemostat
[L] Solder paste

[M] Chip Quik SMD
removal kit

[N] PanaVise

[0] Temperature-indicating
marker or thermocouple

[P] Toaster oven

[Q] Loupe or lighted
magnifying glass

[R] Acid brush
[S] Desoldering braid

[T] Dry tip cleaner
or sponge

[U] Isopropyl alcohol

[V] Stereo zoom
microscope, 30x

[W] Hot air station

[NOT SHOWN]
Soldering tip
X-Acto knife
Mylar stencil

Small squeegee

TYPICAL SMD PACKAGES

[a] QPF208

[b] OPF44

[c] PLCC

[d] soiC

[e] Electrolytic capacitor
[f] SOT23

[g] OFN

[h] Tantalum capacitor
[i] 805 resistor

[j] 603 resistor

[k] 402 resistor

Photography by Scott Driscoll
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IRONS, HOT RIR, AND TORSTER OVENS

We'll look at 3 methods of SMD soldering. The easiest components have feet or other accessible contacts
that lay flat on the board'’s pads. These you can connect with a soldering iron. A quick touch of the tip, and a
bit of solder will naturally flow under the foot and make the connection. This is the magic of SMD soldering —

capillary action does most of the work for you.

Other SMD packages have their contacts on the underside, out of reach. You can solder these in 2 ways:
individually, using solder or solder paste and a jet of hot air, or en masse by positioning all components on
the board with solder paste between each contact and its pad, and then heating the board on a skillet or in
a toaster oven to “reflow” the board (melt the paste) and make all the connections.

Each method has its own tools and supplies. Here
are the ones you'll need for iron-soldering the
simplest SMDs: resistors, capacitors, and IC
(integrated circuit) packages with leads.

Fine-tipped industrial tweezers let you pick
up and align small components. Also helpful are
hemostats, dental picks (for fixing bent leads),
and an X-Acto knife.

Flux is the secret sauce in surface-mount solder-
ing. It removes oxides from the connections so that
solder can bond to them, and also helps to distrib-
ute heat. During normal through-hole soldering, you
heat the joint with an iron and then melt solder wire
against it, which lets the flux in the solder’s core
melt out and clean the joint. With surface-mount
soldering, solder is often melted on the iron and
then transferred to the joint — a mortal sin in regular
soldering. The flux tends to boil off during this
transfer, so you need to add more to the connection
directly. Flux comes in 3 types of container: felt pen,
brush bottle, and needle bottle.

You can solder all but the most finely pitched
components using a lighted magnifying glass, and
you can use a $10 loupe with 10x magnification for
the finest. If you expect to do a lot of SMD work,
get a stereo zoom microscope with up to 30x
magnification (try eBay).

I recommend getting a temperature-controlled
soldering station, at least 50 watts, which will prob-
ably cost $50-$120. A cheap 15W iron will work on
some things, but will be slower and more frustrating.
A good soldering iron is especially important if you're
using lead-free solder, which requires higher heat.

Soldering stations include a sponge, but a dry tip
cleaner lets you clean a soldering tip without lowering
its temperature.

Soldering tip selection is a matter of personal
preference. | prefer a small ¥32" (0.8mm) chisel or
screwdriver tip because it can hold a bit of solder
atits end. | don't recommend tips smaller than
0.6mm, as solder tends to draw away from the
point. Bevel/spade/hoof tips are designed to hold
a small ball of solder at the end, which is useful for
the drag-soldering technique explained later.

Use 0.02" or 0.015" diameter, flux-cored solder.
To get the hang of SMT, I'd recommend starting off
with lead-based solder, which is slightly easier to
work with.

Desoldering braid or wick is a fine mesh of copper
strands that you can use to remove excess solder.

For removing SMDs without a hot air station and
myriad special nozzles, use the Chip Quik SMD
removal kit (item #SMD1, $16 from chipquik.com).
The kit contains a low-melting-point metal that when
mixed with existing solder causes it to remain molten
for a couple of seconds — long enough to flick off
the component.

A small vise such as a PanaVise.

Install a 1206 Resistor

Now we're ready to install a surface-mount resistor.
Note that the resistive element in an SMT resistor
is exposed and colored, and it should face upward
to dissipate heat. The number 1206 means that the
package measures 0.12"x0.06". A 603 package is
0.06"x0.03", and so on. Let’s get started.
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1. Add flux to the pads (Figure A). This may not be
necessary for 1206s, but is helpful for 603s and
402s, where melting solder wire directly on the
connection will likely deposit too much. A lightly
tinned tip may provide all the solder necessary. As
arule, if you're melting solder wire directly onto a
connection, you don't need additional flux, but if

you're carrying solder to the joint with an iron, you do.

2. Add a small amount of solder to 1 of the 2 pads
(Figure B).

3. Use tweezers to hold the 1206 in place while

touching the junction between chip and pad with
the iron. You should feel the chip drop into place

as the solder liquefies underneath (Figure C).

4. Solder the other side by holding the iron so it
touches the chip and board and adding a small
amount of solder (Figure D).

Install a QFP (Quad Flat Package)

QFPs are square IC packages with leads all around.
The distance between the leads, called the pitch, is
typically 0.5mm or 0.8mm, but some are 0.4mm.

1. Flux the pads (Figure E).

2. Align the QFP over its pads with tweezers or
dental picks (Figure F).

3. Add a small drop of solder to the tip of the iron.
This part is key: you want a small drop to hang off

the end (Figure G).
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4. Tack 1 corner by sliding the tinned tip up against
the toe of the lead (Figure H). The solder should
quickly wick under the lead. Check alignment and
tack an opposite corner. Sometimes | add more flux
on top of the leads after tacking.

5. Continue touching the toes of the leads with the
iron to complete the chip. You should be able to sol-
der several leads with 1 load of solder on the tip. With
practice, you can slowly drag the tip over the feet and
“drag-solder” an entire row with 1 pass (Figure I).

6. Use the loupe to check for bridges and sufficient
solder (Figures J and K).

7. Remove any shorted or bridged connections by
touching the leads with a clean iron tip or applying
solder wick (Figure L).

Alternately, there's the “flood and wick” method,
which involves flooding all the leads with solder
and then removing the bridges with wick. Surface
tension holds some solder under the leads even
after wicking. | hate to argue against something that
works, but folks in the industry don’'t recommend
this technique because it can overheat the board or
component, and the wick might detach pads.

Install a PLCC (Plastic Leaded Chip Carrier)
PLCCs have legs that fold back under the package
rather than sticking outward. The steps are similar
to soldering a QFP: flux the pads (Figure M), align
the part, tack some corners, flux some more, and
solder. Keep the iron in contact long enough for the
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solder to wick around the back of each pin. | like to
lay a length of 0.02" solder along the pins and then
press it into each pin with the iron (Figure N).

SOLLDERING NG-LERD SMDs

The following tools let you handle IC packages with-
out leads, like QFNs (quad flat no-lead) and BGAs
(ball grid array), that defy soldering with an iron.

» You can buy a hot air station with temperature-
and flow-controlled air for under $300 from
Madell (Figure O, background; madelltech.com).
Instructables.com also has a wonderful array of DIY
hot-air machines. If you're feeling less adventurous,
a $25 arts and crafts embossing heat tool (Figure O,
foreground) also gets the job done. Avoid ordinary
heat guns; their nozzles are too big and they're too
hot for SMD work.

» Solder paste consists of tiny solder balls floating
in flux gel. It comes in 2 forms: in syringes, for apply-
ing to contacts individually, or in jars, for applying
en masse with a mylar stencil and squeegee (see
sidebar). Some distributors require fast shipping on
solder paste, since its lifespan decreases without
refrigeration.

» A hot plate can preheat the board to 212°F-250°F
in order to limit the time and energy required when
applying solder or hot air. This is optional, but it
mimics the large-scale manufacturing process and
reduces the risk of damaging boards or compo-
nents. Preheating is especially helpful if you're
using lead-free solder or if the board contains large,
heat-absorbing ground planes. Preheaters are also

SOLDER PRSTE TYPES

Solder paste comes in either syringes or jars. With a syringe, you should apply small, Hershey's
Kiss-shaped drops to individual pads on the PCB, and thin lines on packages with rows of pins. | like
a 22-gauge needle. In the oven, the paste will wick to the connections and avoid bridging (for the
most part). Don't bother trying to put paste on every little contact individually, because it will slump
(spread out) anyway when it heats. You can buy solder paste syringes from Chip Quik, Zephyrtronics,
smtsolderpaste.com, and others.

Paste in jars retains its form, and you can quickly apply it to all the pads on a board using a squeegee
and a laser-cut mylar stencil. Getting the right amount of paste — between having too little solder and
bridging leads — takes some trial and error. For stencil material, try stencilsunlimited.com.

Both types of paste come in either “no-clean” or water-soluble formulas. With water-soluble paste,
the flux residues are corrosive and must be removed.

- J
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available from Madell or Zephyrtronics (zeph.com),
but a $7 Mr. Coffee hot plate works for small, single-
sided boards.

» You can reflow a board in a toaster oven. Look
for one that can heat up to 480°F (250°C) in less
than 5 minutes, which will let it reflow all the solder
without baking the board. Since toaster ovens
don't have their 0-to-480°F speed marked on the
outside of the box, I'd advise using a small one, or
alarge one that's more than 1,400 watts.

As an alternative,_sparkfun.com has tutorials
and blog entries that recommend using a skillet
instead of a toaster oven for boards that carry
both plastic and large metal connectors. The
downside of a skillet is that it only works with
1-sided boards.

»_Stencilsunlimited.com sells temperature-indicating
markers that change color when a particular tem-
perature is reached, to let you know when to stop
applying heat. You can also monitor temperature
with a thermocouple.

» An acid brush, isopropyl alcohol, and lint-free
wipes clean up flux residues. | keep the alcohol in a
pump bottle that dispenses as needed and prevents
the rest from evaporating.

» A vacuum pickup tool can help place larger
components that tweezers can't hold, although
fingers do a decent job, too.

Install a QFN (Quad Flat No-Lead)
The recommended method with these chips is to
use a stencil with solder paste, but you can also
get by with regular solder and hot air.

You needn't apply solder to a chip’s bottom-side
heat sink, which is present on many motor amps
and voltage regulators, but if you do, it shouldn't
exceed 0.01" in thickness.

Also, you'll probably need to reflow it individually
with a direct shot of hot air or solder it through a
hole drilled underneath.

1. Flux and tin the bottom connections on the QFN
(Figure P).

2. Flux and tin just the outer pads (Figure Q).
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SMD PROTOTYPING

Prototyping with SMDs is more difficult than
quickly plugging through-hole components into
a solderless breadboard, but SchmartBoard
(schmartboard.com) carries breakout boards
that port any SMD to standard 0.1"-spaced
through-hole pins.

For prototyping, you still have to solder the
chip onto the breakout board and then remove
it later to install on the final board (unless you
just solder in the breakout board, which takes
up space). But the breakout boards are perfect
if you have a limited number of SMDs that you
need to interface with through-hole compo-
nents, and you aren’t making your own PCB.

In my experience, it's faster to skip the
breadboarding stage and go straight to a PCB
prototype of the whole circuit. You can fix mis-
takes by scraping traces and jumpering with
small, 30-gauge “green” wires. |'ve found that
drawing schematics on a computer is more
reliable than dealing with a million breadboard
wires, although it's less immediate.

& J
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3. | recommend preheating, especially if you're
soldering the heat sink.

4. Apply hot air about 34" away in a circling motion
until you feel the chip drop. Surface tension from the
molten solder should pull the chip into alignment.

You can also nudge the chip with tweezers to
make sure it's correctly seated; it should spring
back into position (Figure R).

5. Check the sides with a loupe to make sure the
markers line up with the pads (Figure S).

SOILDER R DOUBILE-SIDED BORRD
If the board has components on both sides, you
need to use a toaster oven rather than a skillet.

1. Apply solder paste, using either a syringe or a
stencil and squeegee (see “Solder Paste Types”), to
whichever side of the board has lighter components
(Figure T; PLCCs are the heaviest).

2. Place the components using tweezers, fingers,
or avacuum tool. It's alright if the smaller compo-
nents aren’t perfectly aligned; they'll snap into place
during reflow (Figure U).

3. Reflow the board in the toaster oven. | use binder
clips to suspend it above the rack (Figure V). Paste
and component manufacturers recommended a
precise 3-phase sequence:

3a. Preheat and evaporate solvents in the paste
at 300°F (150°C).

3b. “Soak” between 300°F and 350°F (150°C~
180°C) for 1-2 minutes to let the flux remove
the oxides.

3c. Run up to about 425°F (220°C) for 1-1%2

minutes to melt the solder.

What | do is simply turn the oven on max, wait for
all the solder to melt, then count to 15 and open
the door.

More complex boards and BGAs might require
greater precision. A thermocouple or temperature-
indicating marker lets you see when you've
reached your target temperature.

For more control, sites like_articulationllc.com
and_thesiliconhorizon.com sell controllers that plug
into toaster ovens and let you program and run
time-temperature sequences, although most toast-
ers don't heat up fast enough to give a controller
much to work with.

4. After the first side is cooled, apply solder paste,
place components, and cook the other side. Surface
tension will hold the lighter bottom components

in place.

My results with the project photographed here
were about 25 bridged connections on the 208-pin
QFP with 0.5mm pitch, and a couple here and there
on the other packages, but the majority turned
out OK.

Scott Driscoll (scott@curiousinventor.com) is an IPC-certified
soldering specialist, has master’s degrees in mechanical
engineering and music technology from Georgia Tech. He
researches and writes how-to guides at_curiousinventor.com
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G-METER AND ALTIMETER
Double-duty aerospace instrument on
a shoestring budget. By David Simpson

A

Here's an aerospace instrument you can build for
$5 that will measure the crushing forces that a
model rocket withstands and the rarified strata it
attains. It isn't exactly six-sigma technology in
terms of accuracy, but it's darn fun.

The device, which you install in the rocket’s
payload compartment, uses 2 small bands of
heat-shrink tubing that slide over a dowel to record
the maximum G-force and altitude attained. As
the rocket accelerates, the G-force band is pushed
down by washers on a spring, and as the rocket
rises, the altitude band is pushed down the rod by
the expansion of a pressure chamber made from a
pill bottle and a rubber-balloon membrane.

The force of landing doesn’t disturb the positions
of the bands, which are heat-shrunk snugly over the
rod and stay in place thanks to their relatively high
coefficient of friction and low mass.

DIY

OUTDOORS

[

The “secret sauce” for both readings is the cali-
bration step, where you mark positions on the dowel
with their corresponding G-force and altitude levels.
To calibrate the G-force meter, we stack increasing
weights onto the spring and gauge its compression.
The altimeter we calibrate using a kitchen vacuum
food sealer and a commercial altimeter or barometer.

Build the Altimeter
Make the flexible membrane by cutting a 2"-diameter
circle from a rubber balloon. Stretch it flat over the
open end of the pill bottle, and secure it by winding
button thread around several times, near the top. Tie
off the thread and coat it with a thin layer of wood
glue or epoxy, then trim away the excess rubber.

Cut a disk the same diameter as the pill bottle out
of ¥4" balsa or aircraft plywood. Drill a 6" pilot hole
in the center of the disk and glue it to the bottom of
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MATERIALS
Cylindrical plastic pill bottle about 212" long

Rubber balloon

Button thread or heavy-duty sewing thread
3/16"-diameter wood dowel, 16" or longer
Model aircraft plywood, 16" thick, 2" square
Balsa wood, /8" thick, 2" square

Balsa wood, %" thick, 2" square

Scrap wood board, at least 4" square

Small cylindrical spring, %" diameter
Washers: ¥%6" ID (1), 78" OD (2)

Heat-shrink tubing, %" diameter
Wood screw, about 1%2" long
Wood glue or epoxy

CA (cyanoacrylate) adhesive gel
High-tack, double-sided foam tape
Paper

TOOLS

Model rocket with transparent plastic payload
section at least 5" long

Drill and drill bits: Y16", 316"
Saw
Tool for cutting 1" rounds out of thin plywood

Altimeter or barometer

Vacuum chamber or a vacuum food sealer
and vacuum bag

2" PVC pipe, 12" long

Colored pencils or fine markers

the bottle. This base will later accept a wood screw
to hold the chamber fast to the tube coupler at the
bottom of the payload section (Figures B and G).

Build the G-Meter
Cut a disk of %6" aircraft plywood just slightly shy
of the inner diameter of the rocket’s payload tube,
and drill a 346" hole in the center.

| did this in a fun way: first | traced the circumfer-
ence of the body tube onto the plywood, rough-cut
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the disk, and drilled a ¥16" hole in the approximate
center by eye. Then | threaded the disk onto a
Dremel 401 mandrel bit (a shank with a screw-like
head at the end) and used the Dremel as a sort
of mini reverse-lathe, turning the disk down to
diameter against a piece of sandpaper tacked to
a board (Figure C). The mandrel bit is designed to
hold polishing bits, but hey, here's a new use! After
sanding down the disk, | redrilled its center hole
out to ¥s".

Glue a 3%2" length of 36" dowel into the disk, and
mark a scale on the dowel from the base to the end,
in Yi6" increments, alternating between contrasting
colors to make it easier to read (Figure D).

Slip a %" length of heat-shrink tubing over the
dowel, and shrink it down until it stays in place even
if you shake it like a thermometer. This is the G-force
band. Slide the spring over the dowel, followed by the
smaller washer and then the 2 larger washers. Now
shrink another %" length of heat-shrink — this is the
altitude band.

Prepare the Adjacent

Rocket Sections

Cut 2 more disks out of ¥8" balsa, to fit the rocket's
inside diameter (Figure E). Drill one with a ¥8" hole in
the center and use CA gel adhesive to attach it flat
into the tube coupler piece that will take the bottom
of the rocket’s payload tube, about %2" down from the
top edge. This disk will anchor the altimeter chamber.

Drill a %46" hole in the center of the other disk and
use CA adhesive to glue it into the nose cone, flush
with its bottom edge.

The G-meter dowel will run through this disk and
slide farther in when higher altitudes cause the
pressure chamber membrane to balloon upward.
The altitude heat-shrink band will meanwhile stay
in place against the disk.

Assembly: No Bouncing Around!
Use a short wood screw to secure the payload tube
coupler to the altimeter base (Figure F). Attach
the G-meter base to the altimeter membrane with
a 8"-3%16" square of high-tack, double-sided foam
tape. Use a thin film of epoxy to attach the G-meter
base to the spring, the spring to the washers, and
the washers to each other (Figure G).

Drill a %" hole through the side of the payload
section to allow external air pressure to reach the
altimeter.

Photography by David Simpson and Linda Kennyhertz






Calibrate the G-Meter

Calibrating this combo meter is more complicated
than constructing it, but it's both cool and educa-
tional. To calibrate the G-meter, you first build

a calibration rig. Glue a 12" length of %6" dowel
vertically in a wooden base and mark it the same
way you did the G-meter dowel.

Slide the G-meter spring over the dowel and add
the payload quantity of 1 small washer and 2 large
washers. Check the reading on the scale. That's 1g,
our baseline. Make a table that translates millimeter
readings on the dowel to corresponding G-forces.
Record the 1g reading, then add 1 more small washer
and 2 more large ones, and record the position on
the scale for 2g. Continue doing this until you've got
readings for 40g (Figure H). Unless you need a lot of
washers, you might opt to conduct this procedure
in the aisle of the hardware store.

Calibrating the Altimeter

Calibrating the altimeter is even cooler, but more
involved. You'll need access to a vacuum chamber;
if you can’t gain access to a scientific or industrial
vacuum chamber, borrow (or buy) a vacuum food
sealer. You'll also need an altimeter or barometer;

| experimented with a RadioShack mini digital
weather station, which included a barometer, but
it was a challenge getting it to take instantaneous
readings. | was able to do it by interrupting and
re-energizing the circuit at the moment | wanted the
reading. But | wound up using a good old airplane
altimeter, which was simpler.

If you're using a vacuum food sealer, put the
G-meter/altimeter in a cage made by cutting two
5" windows in a 12" piece of 2" PVC pipe. The cage
prevents the bag from collapsing around the instru-
ment. Put the reference altimeter or barometer
and our instrument in the vacuum bag or chamber
(Figure I).

Blip the vacuum button to reduce the pressure in
small increments, and record the readings from the
dowel and the commercial barometer or altimeter.
Make an association table between the two, like with
the G-meter. If you're using a barometer, you can
convert pressure to altitude using the calculator at
csgnetwork.com/pressurealtcalc.html.

Prepare for Liftoff
Make sure both heat-shrink bands are in their start-
ing positions before each flight: the G-meter band
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at the top of the spring, just under the washers, and
the altimeter band at the top of the dowel, so that it
will be flush with the nose cone disk when you slide
it on. If the nose cone is a little loose, secure it with
masking tape. As with other model rockets, friction-
fit the payload atop the booster, connect the elastic
shock cord, and attach the parachute — or else
you'll be digging your combo meter out of a hole!

Recovery, Reading, Reset,

and Repeat

After “3, 2, 1, liftoff!” and whoosh!, recover your
vehicle and peek inside. You may need to loosen
the bottom wood screw in order to read the bands,
then use your tables to translate their positions into
max-g and max-altitude. You've got your max-g and
max-altitude recorded on the combo!

A variation: Instead of marking millimeters on the
dowels, inscribe the target units — gs and feet or
meters — directly during calibration. Just take care
not to bump anything while making the marks.

You'll find that different rockets, engines, and gross
weights all affect the readings. You may need to add
or remove washers and recalibrate to change the
overall range of the G-meter; more powerful engines
need fewer washers to register a reading while
weaker engines need more.

Safe rocketeering!

David Simpson is a private pilot and teaches aviation to
teenage cadets as aerospace education officer for the Civil
Air Patrol in New Jersey. He can be reached at dsimpson@
hydroflightsim.net.

ﬁ

TIPS |
”

The Key Hole

My first job was as a bicycle mechanic at a
shop where we also cut keys. One fine day, a
fellow came in to have his house key duplicated,
and he asked me to drill a nice big hole in the
key so it would be easy to find in the dark. It
wasn't long after that when | drilled my own key! My
current key ring has, among others, three identically
shaped Schlage keys, so | cut a little off the wings of
another to make it easy to identify. Try this trick — I'll
bet you never go back.

—Frank Ford, frets.com

Find more tools-n-tips at makezine.com/tnt.
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TWINKLE TOES

Add a flashing, tricolor UFO to your
roller skates. By Dan Bassak

e

Skatetown is our local roller rink in Bloomsburg, Pa.

For years, it's also been my artistic LED experiment
laboratory. | started by taping single-color LEDs to
skates. They were so popular that one session on
the floor looked like a swarm of fireflies.

My latest LED invention is the UFO Toe Stop. It
uses a disk-shaped “flying saucer” unit that con-
tains ared, green, and blue (RGB) LED. | wanted to
blend the colors in interesting ways, so | wired it to
a PIC-controlled RGB microcontroller that comes
with programmed routines such as fixed colors,
fast-changing rainbows, or dazzling strobe effects.

| also used some translucent jam plugs (small
bolt covers used in skate dancing) that | bought in
the rink’s pro shop as light diffusers.

1. Unscrew the boot and the old toe stop (or jam
plug) from the skate plate (Figure A, following page).

Place the skate plate on the ¥8" plastic sheet
(Figure B). Mark the 4 boot holes on the sheet and
drill them to the same size as the boot screws.

2. Temporarily bolt the skate plate to the plastic
sheet with 1" screws. Trace the outline of the plate
using a sharp point and then tap the skate plate
with a mallet to leave marks where the plate’s
protruding rivets are located. (In Step 4, you'll drill
holes through these marks to allow clearance for
the rivets.)

3. Mark the center of the toe stop, looking down
through its threaded hole. This will be the center of
your LED. Because most toe stops are at an angle,
center the hole slightly toward the front of the skate.
This slight angle will give higher light output from
your LED toe stop.
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$7 from Big Clive’s Shop, bigclive.com.
All Electronics part #1CS-8,
allelectronics.com
$10, Quickar Electronics

part #mhrgbufo, quickar.com

such as an LM7805,
from Jameco Electronics, jameco.com

from Jameco Electronics
All Electronics #PC-1

NOTE: Alternatively, you can buy an RGB board
kit for $25 from_bizclive.com that includes
everything above except the UFO LED and the
47Q resistors. | built my own because the kit’s
printed circuit board was too big for my skates.

All Electronics #MPB-1
All Electronics #SMTS-4

All Electronics #BST-3
| used a 1"x2"x3" box,
All Electronics #TB-1.
to power the LED.
| used old printer wire.

$5/pair, color
GLOW, from newskates.com

$5 from newskates.com

from any
hardware store

$14,

McMaster-Carr part #8575K113, mcmaster.com.

This will build 2 insulator plates.
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4. Remove the temporary bolts from the skate plate
and find your center mark for the UFO LED. Drill a
flat-bottomed hole (not a through-hole) with a 78"
Forstner bit. The goal is to leave a ¥32" layer of plas-
tic at the bottom of the hole to serve as an insulator
between the metal plate and the LED. In the center
of this hole, drill a 34" hole through the plastic sheet,
to allow the UFO LED lens to poke through. Make a
small notch in the rear part of the thin plastic insula-
tor (to make it easier to run the small wires for the
LED). Drill out clearance holes for any protruding
rivets at this time.

5. Using a scroll saw, cut out the outline of the skate
plate on the plastic sheet. Stay on the outside of the
trace line. Smooth the edges; sandpaper works well.
Verify the accuracy of the plastic plate against the
metal skate plate; it should fit flat. Note the square
notch for wires in the plastic plate (Figure C).

6. Solder 4 wires to the UFO LED, using very thin
wires about 12" long that will fit inside 8" heat-
shrink tubing after it's shrunk to ¥%s". | used red,
green, and blue to indicate the LED colors and white
as the common wire (Figure D). Wire from an old
printer cable worked well for me.

My skate plate had a gap in the metal at the
back of the toe stop. Enlarge it just a little with a
Y&" drill bit to make a place to run the LED controller
wires (Figure E). If your plate uses a jam nut to lock
the toe stop, you may need to drill a ¥8" hole for
the wires.

7. Place the plastic plate over the metal skate plate
and line up the holes. Insert the LED wires through
the hole or slot in the rear of the toe stop and gently
place the UFO LED into the hole, making sure that
the shrink tubing protects the small wires from
chafing (Figure F). Place some velcro tape (the soft,
loop side of the hook-and-loop pair) over the LED to
cushion it. Reattach the boot by installing the plas-
tic spacer between the boot and the metal skate
plate using new bolts.

8. Drill holes in the project box for the on/off and
program switches. The switches should be placed
where they're accessible but somewhat protected
from breakage. Solder wires to the switches, then
install them (Figure G). Mount the control box to
the skate plate using velcro or screws (Figure H).
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78L05 PIC
In Gnd Out
’ ] B
I @ . 2] 6
SW1 & Option .i: 7
C1 C2 Program| 4 8
9V Push-button N.O.
battery switches

R4, R5, R6: 1kQ, AW
R1,R2,R3: 47Q, YW
Cl1, C2: 22uF, 25V

SW1: Mini on/off switch

Plan a good route for the LED wires, from the toe
stop to the control box. Drill a hole in the box for the
LED wires, leaving them about 3" long.

9. Build the control board. | used a small printed
circuit board that came with my plastic project box.
First, I installed a socket for the PIC, and then | built
the circuit around it. Make sure the PIC chip power
is run through the voltage regulator and only gets
5 volts. The solder connections were placed on the
outside of the PC board to make hooking up the
power and LED wires easier.

| connected 47Q current-limiting resistors to the
LEDs to prolong the battery life. This was bright
enough in a well-lit rink._Bigclive.com has complete
kits with the circuit boards if you want, but the
board was just a little too big to fit my skates.

10. Find a place for the battery. | installed the
battery next to the heel of the boot between the
boot and plate (Figure |, previous page). | used
velcro to hold it in place. Now, plan where you'll run
the battery wires, then drill a small hole in the
control box for them. Insert the wire into the box.

11. Solder the battery power wires to the power
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switch and the control PCB. Next, wire in the
program and option push-button switches; they are
pins 2 and 3 on the PIC chip (the other side of the
switches are grounded). Next, solder the common
(white) wire for the UFO LED to the battery positive
and then the red, green, and blue LED wires to the
47Q current-limiting resistors from the field-effect
transistor (FET) outputs (Figure J).

12. Install the translucent jam plug. Turn on the
UFO controller with the power switch. The LED will
start displaying colors. By holding down both the
program and option switches simultaneously for
a short time, you can toggle the PIC between the
standard and FX modes. The option switch will allow
you to slow down or speed up the program mode.
Place the cover on the control box and reassemble
the roller skates by attaching the skate trucks and
wheels (Figure J).

That's it! Now you're all set to take your skates to
the rink and trip — er — roll the lights fantastic!

When Dan Bassak isn't experimenting with LEDs or dodg-
ing rink vipers, you can find him tinkering in the kitchen or
tending the organic vegetable garden. dan@mcnelis.com
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REMOTE VOLUME KNOB

e

There's nothing like hard work to get your mind
running. Having to get up from the couch to adjust
the volume on my old stereo amp several times
each night got me thinking. | didn't want to buy

a new stereo, so | came up with a plug-in remote
volume controller that you can easily adapt to
anything with a reasonable-sized volume knob.

My circuit uses a Picaxe-O8M microcontroller,
which is programmable in BASIC, and a TSOP2238
infrared receiver, which sees signals from any
Sony (or compatible) TV remote. The removable
device hangs off the volume knob, attached with
velcro.

At the top, an R/C servomotor turns the knob
through about 180° of travel, which should be
enough range for most environments. At the
bottom, 3 AA batteries act as a “keel,” weighing
that end down so that the knob is forced to turn.

By Paulo Rebordao

Turn the knob without leaving the couch.

Design and Program

Before actually building, | conceptualized the circuit,
drew a schematic, and wrote a draft version of the
software. You can download my schematic and final
program at makezine.com/16/diycircuits_volume.

| prototyped the circuit on a solderless bread-
board, adding the extra circuitry required to
program the Picaxe-O8M (as described on page
22 of the online Picaxe Manual), including a Picaxe
download cable connected to my PC's serial port.
From this setup | tested and tuned the software
until everything worked right. | downloaded each
revision to the chip by pressing F5 in the Picaxe
Programming Editor.

From your remote, the software recognizes the
Up/Down volume buttons as well as Mute. Pressing
Mute again will restore the previous volume level.
There's no auto power off, although standby
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such as SuperTec S7.5
or 4x AA with 1 slot shorted
for the microcontroller
| used a push button.

for holding the servo

from picaxe.co.uk

in circuit with download cable

consumption is tiny.

Servomotors vary in range of movement, so the
software defines 2 constants (TOP and BOT) for the
motor’s upper and lower limits of travel. If you use
the software with a servo other than the S7.5, you'll
have to tweak those numbers.

Build the Device
With everything working, | transferred the circuit
to a piece of perf board, leaving out the Picaxe pro-
gramming circuitry. | soldered in an 8-pin IC socket
to hold the Picaxe, and plugged it in with the final
version of the software already loaded (Figure A).

| selected the smallest project box where every-
thing would fit, and then drilled 5 holes: 3 for the
servo axle and fixing screws in back, and 2 on the
front for the IR sensor opening and the power switch
(Figure B). Screw the servo to your enclosure firmly
and position the batteries as low as possible at the
other end. | wedged the battery holder between 2 of
the box’s screw posts, and used duct tape to attach
the circuit board to the inside of the box (Figure C).

| put the longest arm available onto the servo
motor axle, to maximize contact with the knob. Then
| covered the arm with the loops side (softer) of some
velcro tape, and affixed the hooks side (scratchier)
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to the front of the volume knob (Figure D).

When you first start the circuit, the servo travels
to its lowest setting. This lets you match knob and
servo positions by turning the volume knob to the
lowest setting and then joining the velcro. It also
prevents your amp from exploring the upper reaches
of its volume range. Your hearing will thank you.

Test the Up, Down, and Mute buttons. Check that
the movement range is adequate and, more impor-
tant, that the amp’s knob isn't hitting its off-stop on
the way down. If so, you might have to reposition the
controller slightly. Happy listening!

Improvements and Alternatives

» Replace the IR receiver for another one compatible
with your remote brand. Seven different variants
(TSOP22xx) cater to most brands out there.

» Include an auto power-off feature. This is desir-
able, but not easy to implement in a simple design.

E3 For project software and a schematic, visit
makezine.com/16/diycircuits_ volume.

Paulo Rebordéo is a software practitioner but is consider-
ing moving into hardware for a firmer grasp on reality.
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TELEPHONY

ICE OF

JUDY GARLAND SPEAKS!

How to make a Ghost Phone.

By Greg MaclLaurin

Currently, I'm obsessed with analog telephones.

| don't know why. My last obsession was with the
severed hands of mummies, but let's not get into
that. Today it's phones. And these Ghost Phones are
fun. The idea is simple: hide an MP3 player and its
headphone inside an old analog telephone, and you
can listen to someone talking to you!

But before we start unscrewing things willy-nilly,
let's take a moment to find out about analog phones
and how they work. (I hate reinventing the wheel.
I'm all into research.) Privateline.com has a good
history of telephone technology, and HowStuff-
Works has a technical overview at howstuffworks.
com/telephone.htm. Remember, these are just

starting points. Please do your own research; you'll

learn something amazing in the process.

Now that you've become a font of information
on analog telephones, you're ready to modify one.
Here are my instructions for making a Judy Garland
Ghost Phone.

1. Record audio and load

the MP3 player.

1a. Decide which ghost you want to summon. Think
of who the ghost is, and who they're talking to. Set
a scene. All my Ghost Phones are first-person: the
ghost totally monopolizes the conversation, and
never lets you get a word in edgewise. Even though
the ghost might ask a question, they either answer
it for you or they just continue talking.
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with cord
playing a 30-minute, custom-edited
monologue
for earpiece
for headphone jack
to insulate connectors
to cover the hole in the bottom of the phone
Counterpoint-music.com sells a
2-CD set of Judy’s self-recorded notes for her
unwritten autobiography.

all in one!

white metal with custom,
garishly upholstered padded seat

1qt Gordon’s and 1pt
Seagram’s (2)
with garish gold and
black pattern
with custom labels in
3 types:

Los Angeles (Mayer Drug Co.) (2)
New York (Luft Drug Store) (2)
London (Palladium Drug Co.) (6)
in garish black and colored print

1b. Obtain or record your audio. The audio should
be longer than your audience’s attention span. The
Judy phone has 30 minutes of audio. You don't want
your audience to hear a repeat; that's just sloppy
dream sharing. Also, it might be nice to filter the
audio so it has the same limited frequency range

of a telephone, but it's up to you.

1c. Get a small, cheap MP3 player, one that's simple,
tiny, and has less than 1GB (Figure A). Find one at

a thrift store or on eBay. Avoid proprietary devices,
like Sony's or Apple’s, that force you to download
software to use the device.

1d. Load the MP3 file onto the player (it helps if the
only file on the player is your Ghost Phone audio),
set the player to permanent loop/repeat, press play,
and you're set.
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2. Replace the speaker in

the earpiece.

You don't want to use the existing telephone
speaker because speaker technology has advanced
considerably over the past 10 or so years. Also, the
analog telephone speaker's impedance doesn't
match an MP3 player's.

2a. After you remove the telephone’s earpiece,
you'll see that the speaker is screwed into the wiring
by 2 spade lugs. Remove the screws and toss the
speaker.

2b. Take the headphones that work with your MP3

player and break off 1 earpiece, keeping about 3" of
the wire pair. Strip ¥2" of insulation from the end of
each wire.

2c. Crimp 2 insulated female spade lugs onto

the speaker wires (Figure B), then plug the male
and female spade lugs together (Figure C). No bare
wires should be visible. Check for shorts. Wrap it
up with electrical tape.

3. Connect the audio plug to the
telephone’s terminal strip.

3a. Take what remains of the broken headphones,
and cut off the wires about 12" above the plug.

As you can see, the sleeve for the headphone wires
contains 3 conductors: left, right, and common.

You need to join the left and right wires.

To find out which is which, plug the audio plug into
the MP3 player and join 2 of the 3 wires together.
Take these 2 conductors and touch them to the
speaker. If it plays, then permanently twist the wires
together. If not, untwist and try another combination.
Still not working? Untwist and try the third possible
combination.

3b. Once you've figured out the wiring, crimp on
male spade lugs.

3c. Take the cover off the phone and look for the
main terminal strip. It's under the handset cradle.
I'm pointing to it with my favorite yellow screwdriver
(Figure D).

NOTE: All phones are not the same, so some
experimentation may be in order.


http://Counterpoint-music.com

3d. To add realism, we want the voice to cut off
when the handset is placed in the cradle. Trace the 4
wires from the handset (2 for the earpiece, 2 for the
mouthpiece), down through the cradle switch and
on to the main terminal strip.

You can use either a multimeter or trial and
error: turn the MP3 player on, touch your 2 MP3
male lugs to the 4 handset wires on the main
terminal strip, and listen for which 2 wires on the
terminal strip are for the earpiece. Screw the lugs
into the terminal strip.

3e. All that remains is to cut a hole (with a saw,
Dremel, or metal shears) in the metal base of the
phone so that the MP3 player can be hidden inside
(Figure E). File down the sharp edges and cover the
opening with duct tape.

You're done! The MP3 player should play through

the earpiece when the handset's lifted from the cradle.

Yes, the MP3 player must run constantly. It might
be possible to connect a switch so that the player
turns on when the handset is lifted from the cradle,
or perhaps you can give the phone a remote switch.
How about hooking up a motion sensor so that it
automatically turns on when someone gets within
proximity?

Another thing | like is to take the existing wall cord
from the phone and rip and shred it about 12" from
the phone itself. It makes it all a bit more mysterious.
And | am all into mystery.

4. Create a scene.
Finally, since I'm into creating mysterious environ-
ments and making art projects far more interactive,
| try to create scenes for the phones: a specific table
that the phone rests on, appropriate props around
it. Things that enhance and deepen the story of the
ghost talking to you on the phone.

It's more than just a phone with a dinky MP3
player inside. It's a strange dream, shared. And it's
wonderful that | can share this one with you!

Greg MacLaurin (gregagogo.com) is an artist and concept
designer in Los Angeles, whose work for Walt Disney
Imagineering, Universal Creative, and other theme park
design companies is challenging and fun, but is usually
so secret he can never talk about it.
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CHATTER TELEPRONE

| remember making pretend phone calls on my
Fisher-Price Chatter Telephone when | was 7 or 8,
and wondering if it was possible to turnitinto a
real phone. That question stayed with me, and when
| saw a Chatter Telephone and a Crosley Princess
Telephone recently at Target, | knew the answer was
yes. | brought them home and made it work, and it
was easier than | expected.

Disassembling the Chatter and Crosley phones
was easy with screwdrivers (Figures A and B).
The Chatter's dial pops off when you tap out the
pin underneath with a hammer and nail. To clear
room inside the Chatter, | used a Dremel and
X-Acto knife to shave the bell and clicker mounts
off the inside of the bottom cover. Examining
the phone's workings, | saw that there were 6
elements | needed to fit into the Chatter. Here's
how | handled each.
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Surprise! A classic pull-toy phone that
really works. By Frank E. Yost

Push-Button Dial

| used a paper template to mark and cut a 3" hole in
the Chatter, centered over the dial's sticker. The rest
of the sticker | peeled off. | temporarily taped the
Crosley dial in place in the 3" hole, turned it all upside
down, and glued the dial in around its circumference.
For reinforcement (optional), | Dremeled off the part
of the Crosley’s shell that held the dial in back, filed
its edges, and screwed it back on using the original
screws (Figure C, page 156).

Later, | had to grind down the bottom inside edge of
the dial, to give the Chatter's eyes room to bob up and
down. As a finishing touch, | removed the Fisher-Price
sticker under a hair dryer, and affixed it to the new dial.

RJ11 Jacks
With a knife, | cut holes for the jacks in the Chatter’s
base just next to the Fisher-Price logos on the right

Photography by Frank E. Yost



about
$15. The plastic ones have more room inside
than the old wooden ones. | used the classic,
boxy style (#952), now sold under license by
Sababa Toys (sababatoys.com). This project
might also work with the newer, rounded
Fisher-Price model (#77816), but | didn't try
that one.

$31 at Target

from a thrift store

not super glue
| used Duck Brand
667 Pro Series.

side and the back. Then | glued the jacks in place
from the inside.

Hang-Up Hinge

The Crosley’s hang-up hinge is too long to tuck
inside the Chatter, so | trimmed 1%&" off each end of
the top piece and %" each from the bottom. | mea-
sured and drilled two 7" holes in the Chatter for the
clear plastic plungers to stick up through (Figure D,
next page). | then made a bracket out of sheet metal
to hold the hinge underneath; download the pattern
at makezine.com/16/diytelephony chatter.

With the plungers through the new holes, | posi-
tioned the hinge and bracket so that the plungers
moved up and down freely, and then | marked the
bracket's position, drilled four ¥4" holes through the
sides of the phone, and pop-riveted it in place.

Circuit Board

| made brackets for the circuit board out of
aluminum angle; see makezine.com/16/
diytelephony_chatter. | insulated them with

electrical tape, screwed them to the board with

4 plastic nuts and bolts, and then drilled and pop-
riveted them to the Chatter through the flat part
of the base (Figure E).
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Bell

| put the bell on the outside of the Chatter phone by
pop-riveting its mount across the sound vents in the
back. The 2 wires powering the bell tucked neatly
through one of the vents (Figure F).

Handset

| assembled the handset last, after testing the
modded body with a working donor handset. The
Crosley's handset had delicate wiring that melted
under a soldering iron, so | used an older phone
from a thrift store. | gutted the handset, cutting the
wires to the microphone and speaker. Then | used
a coping saw to cut off the Chatter handset's caps,
Y," from each end.

To add sufficient weight to push down the plung-
ers, | hammered a 4" length of 4" brass pipe into
shape in a vise, threaded the curved pipe through
the handle, and glued it in place. | cut out a hole for
the jack, then fished the wiring through the pipe.

| drilled ¥16" sound holes through the end caps,
following the toy's existing dimple pattern, then
glued in the microphone and speaker. | resoldered
the wire connections, insulated them with tape,
and glued the jack in place. Finally, | taped the caps
back onto the handset tightly, using precisely cut
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red electrical tape that matched the toy almost
perfectly (Figure F).

Conclusion

That's how | turned a classic toy into a working tele-
phone. Now call someone! With a phone like this,
you'll have plenty to talk about.

Frank E. Yost is an amateur artist who lives in Andover, Minn.
He wrote the Retro R/C Racer project in MAKE, Volume 11.

Coloring Glue
When you're about to glue up a crack repair

or any other job where the glue will have to fill
“PS | some gaps and be visible, don't forget to add
; some color to the glue. It's always better to
have the glue line looking a bit darker than
the surrounding wood, and the closer you match the
color the better. Regular powdered artist’s pigments
work well with most any glue, whether water soluble
or catalyzed. —Frank Ford, frets.com

Find more tools-n-tips at makezine.com/tnt.


http://frets.com
http://makezine.com/tnt

Photography by Daniel Gentleman

DIY

CHUMBY PHONE

There's no simple explanation of the Chumby. It's an
alarm clock on steroids, a digital photo album, a tiny
Linux box, an internet radio player, and more. Owners
can set up a queue of personalized software widgets
through which the Chumby continually cycles. These
widgets, made interactive through the Chumby's
touchscreen and motion sensors, include news,
weather, email notifications, Flickr feeds, Facebook
friend status, and even Netflix queue status.

Above all, Chumby’s open design welcomes
hacking and crafting. The creators of Chumby
offer not only their entire base of source code,
but the schematics to their hardware as well, at
chumby.com/developers/hardware (login required).

With its “open everything” nature, the Chumby is
easy to craft into a personal information appliance
that can fit into any setting. In my case, this happens
to be my computer desk, where | thought a bright

A hackable platform disguised as
a red hotline. By Daniel Gentleman

red, 1980s-style telephone would look perfect.
Here's how | repackaged my Chumby into an

old desk phone, swapping its touchscreen for the

phone's original keypad, fitting its stereo speakers

into each end of the phone's handset, and putting its

ports on the back, replacing the original RJ14 jack.

Chumby Inside Tour
The first step in crafting with the Chumby is
learning the parts and how they all fit together. The
leather case, slightly larger than a softball, has a
3" touchscreen face. The rear of the unit has a plastic
assembly that houses a couple of USB ports, a head-
phone jack, and a pair of rear-facing speakers. On
top of the Chumby, a single button under the leather
toggles the control panel on and off.

Now for the inside tour. Open the unit by running
a hobby knife or thin screwdriver between the
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Any
kind of wood, metal, or plastic that you can
size and shape will do. | used a spare, bendable
metal belt from a VEX Robotics kit.

from an electronics parts store
You can
use wider cable; | bought 32-wire cable and
peeled away the excess.

| used a Dremel,
but jigsaw cuts would have been straighter.
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plastic bezel and the leather case on the outside to
release the glue. Peel back the case from the bezel,
and the main assembly, known as the “core unit,”
pops out. This core unit is attached to a 26-pin
ribbon cable (the “Chumbilical”), so be gentle when
removing it.

Disconnect the Chumbilical from the core unit and
remove all the stuffing inside, so you can access the
rest of the components more easily (Figure A). The
other end of this ribbon cable attaches to a small
“daughtercard,” which carries the charger port, USB
ports, headphone jack, on/off button connector,
and a hidden 9-volt battery connector. Unscrew the
4 small screws that attach this daughtercard to the
plastic at the rear of the Chumby, and remove the
entire rear assembly.

The core unit (Figure B) consists of 3 circuit
boards. The main circuit board affixed to the LCD
contains all the major electronics, including the
CPU, memory, display controller, and a USB port
that connects to the second board: the USB riser.
The riser is a primarily blank board used to lift the
third component, the USB wi-fi module, off the
main circuitry. The USB riser's empty back makes
it a good surface for mounting additional hardware
(Figure C).



Disassemble the Phone

Disassembling the donor phone was initially exciting

but then somewhat heartbreaking, because these

classic phones are such works of art on the inside.
After debating ways that | might attempt to reuse

some of its components, | eventually decided to

just gut the entire thing and only use its chassis, to

make installation easier (Figure D).

Mount the Display
To hold the Chumby's display up where the phone'’s
original keypad was located, | created a mounting
bracket from a thin strap of metal, which | screwed
into the phone’s bottom plate and bent up to the
proper height and angle (Figure E).

| first made a cardboard template by tracing
lines around the keypad hole in the faceplate. Then
| attached the metal band to the base with some of
the phone’s original screws and, using the template as
a guide, bent the band around to hold the Chumby's
touchscreen up where the original keypad sat. | affixed
the touchscreen to its bracket with mounting tape, and
fit the rest of the core unit underneath.

| used a Dremel with a cutting bit to cut a window
for the Chumby's screen in the phone'’s faceplate.
This is the most visible modification you'll make, so

take extra care in measuring, cutting, and finishing
the square. | made a mistake when cutting one corner,
and looking back, | wish | had used a jigsaw, but | used
the blue “Chumby Charm” logo to successfully cover
up the small misstep.

Extend the Chumbilical
The original Chumbilical is only a few inches long,
and after mounting the display | realized I'd have to
lengthen it if | wanted to put the Chumby's ports on
the back of the phone. Initially, | hoped that | could
simply strip some of the ribbon cable’s wires, then
solder leads connecting them to a new power plug,
the USB riser, speakers, and switches. But from read-
ing the schematics on the Chumby developer site,
| learned that the daughtercard doesn't just handle
ports and power, it also carries a 3-axis motion
detector that sends its readings to the main board so
that software can react when the Chumby is tipped
or shaken. It made more sense to extend everything.
To create a new Chumbilical, | went to my local
electronics parts store and picked up a longer
ribbon cable and 2 female 26-pin connectors, all for
under $4. | crimped a connector to each end of the
cable, making sure | had the header’s plastic notch
and the red “pin 1" marking on the correct side each

Make: 159



time. After closing the connectors down onto the
ribbon cable, it's a good idea to test for connectivity
and short circuits using a multimeter and a needle.
As a final step, fire up the Chumby and test the
Chumbilical to make sure all functions still work.

Remove the Speakers

and Daughtercard

Once the Chumbilical worked, | set forth dissecting
the rear assembly of the Chumby. The daughtercard
is only a few centimeters across and is affixed to the
rear assembly with several screws.

The control panel button, 9V battery connector,
and speaker wires are attached to the daughterboard
with plastic connectors and headers, so | gently pulled
them off; no desoldering necessary. Disconnecting
these made the daughtercard slide easily out of the
plastic assembly.

| measured the space on the daughtercard dedi-
cated to the Chumby's ports, and cut a matching
hole in the back of the phone around its original RJ14
jack. Then | used mounting tape to affix the daugh-
tercard to the inside of the phone case, with its ports
and jacks facing out the hole.

The metal baseplate of the phone curves up around
its perimeter, and its back edge covered the Chumby's
recessed power button, located at the bottom of its
daughter card. | cut a notch in the metal to allow ac-
cess to the button (Figure F, previous page). This lets
you turn its power off and on with a pen or other small
pointed object, which is the way you'd do it anyway;
the Chumby is meant to be left on continuously.

Move the Speakers to

the Phone Headset

Using a small screwdriver, | easily broke the brittle
adhesive that attached the Chumby's speakers
to the rear assembly. To put them in the phone'’s
handset, | simply soldered some extension wires
insulated with heat-shrink tubing to the RJ14 jacks
at each end of the existing coiled phone cable. The
cable has 4 wires, so it can drive 2 speakers.

The Chumby's speaker wires are thick and easy
to strip and solder, making them a good choice for
hacking. Remembering to maintain the polarity,
| soldered the pin connectors on the daughtercard
for the speakers to the RJ14 jack contacts for the
coil cable at the phone end. Then | unscrewed the
microphone and speaker ends of the handset and
simply lifted the 2 disk-shaped components out.
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The Chumby's speakers fit nicely at each end of
the handset (Figure G). | wired them to the RJ14
jack on the bottom of the handset, and stuffed
cotton around each speaker to prevent them from
rattling against the plastic.

Mount the Control Panel Switch
The final step was to replace the control panel
switch, the squeeze switch at the top of the
Chumby. The original part is a limit switch with a
long, curved arm. It fits well within the Chumby, but
its large, exposed contacts would be easy to short-
circuit, making it not very good for other projects.
The good news is that it's simple to replace
with any other type of intermittent contact switch.
Initially, | wanted to set up my Chumby so the control
panel switch would be triggered by the rocker that
rotated when the phone was lifted from the hook.
But my engineering skill failed me on this, forcing me
to concede to a standard panel-mount pushbutton
drilled in behind the handset cradle. Soldering the
wires was easy, but now | have to disconnect that
button whenever | open the phone chassis.

Future Improvements

While it's not perfect, it is fun to have a big, retro,
important-looking red phone that happens to run
Linux, tune internet radio, and display widgets
(Figure H). Since the Chumby's schematics and
source code are all available, all 3 of the following
improvements should be relatively easy work.

» Build an iPod dock into the back of the unit.

Chumby can read from a USB-connected iPod (but
not iPhone or iPod Touch), and it has a nice touch-
screen interface for playing through the speakers.

» Improve access to the power button — likely by
splicing out the Chumbilical’s leads for that contact.

» Connect a switch and hack software to activate
the phone's “hook” buttons. | eventually want the
device to launch the internet radio application when
you take the handset off the hook. Then, imagine
hanging up the red phone and having internet radio
automatically turn off. Sweet!

Daniel Gentleman (dan@thoughtfix.com), better known as
ThoughtFix, operates two blogs about mobile technology
and portable Linux devices.
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HACKING THE GLADE WISP

Not long ago, my 11-year-old daughter Belle wanted

to create a gadget that would amuse her dog Panda
by dispensing different scents for him to sniff. | had

no idea how to control the dispensing of fragrances,
so we took a trip to the local pharmacy and checked
out the electric air fresheners.

Most of them diffused fragrances with heat or fans,

but one, the Glade Wisp, claimed to use a microchip
to “automatically puff” scented oils into the air.
Intrigued, | bought one to see what made it tick.

The Glade Wisp runs off a single AA battery, which
powers a vibrating piezoelectric disc that atomizes
and disperses aromatic oil in short, smoke-like puffs.
The Wisp turns out to be easy to hack — for less than
$10 you can make a computer-controlled aromatic

atomizer for all sorts of practical and artistic projects.

Here's how | modified a Wisp to be controlled by an
Arduino board running just a few lines of code.

Make your own scent output peripheral
from a piezo air freshener. By Wayne Holder

Before you go tearing the Wisp apart, get familiar
with how the manufacturer intended it to work.
Screw in the scent bottle, remove the red blocking
tab from the battery, and watch the unit in opera-
tion for a few minutes.

Set the Wisp to its strongest setting, use a desk
lamp to illuminate it from the side, and hold a dark
piece of paper behind it; you should be able to see
white vapor puff out from the top about every 10 to
15 seconds. This will show you what to expect from
your modified unit. If you're curious about how the
Wisp works, you can read the patent online; see the
references for this article at makezine.com/16/

diyhome_aroma.

1. Hack in and hook up.
Now let's see what's inside. First, pry off the top
shell, starting from the end opposite the adjustment
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There are a
few models; | used the one shown here, not the
one shaped like a bottom-heavy donut or the
more expensive “flameless candle” with the
flickering LED.

Any type that’s based

on the Atmel ATmegal68 chip running at 16MHz
will do; | used an Arduino Nano.

The possibilities are vast; Google “fragrance oils”
or investigate candle making and soap making
suppliers.

from_arduino.cc/en/main/software

with clips and

a magnifying glass
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switch. The cover is held to the base with snap-fit
plastic tabs, so you'll need to get a bit physical and
sort of “unzip” the tabs toward the switch end
(Figure B). I used a small flat-blade screwdriver.

The base and shell are rather flexible and all the
circuit components are attached loosely, so | don't
think you can damage the workings unless you slip
and rip out one of the wires that attaches the circuit
board to the piezoelectric atomizer next to it.

Inspect the PC board and locate a black, rectan-
gular component with 3 leads coming out of one
side and 1 big lead on the opposite side. It will prob-
ably be marked “3055L." This is a power MOSFET,

a type of transistor, and it drives a transformer on
the underside of the board, which in turn boosts the
battery voltage up to the level needed to power the
piezoelectric atomizer disc.

The first step in the mod is to use an X-Acto knife
to cut the trace that connects the MOSFET to the
control chip that's hidden under the big, round blob
of epoxy in the middle of the board.

Severing this connection lets us take over control
and vibrate the disc ourselves. With the blob oriented
above, | severed the trace just to the upper right of
the MOSFET's big lead (Figure C).

Cut 2 lengths of 24-gauge hookup wire long enough


http://arduino.cc/en/main/software

to reach from the Wisp to your Arduino board.
Connect one wire to the upper left MOSFET lead, and
connect the other to the board contact nearest the
lower right corner (Figures C and D). Take care not to
create short circuits by bridging the MOSFET's pins,
and inspect your work carefully. The MOSFET is small,
so you may need a “helping hands” tool to assist.

Connect the Arduino’s digital output pin D2 to
the wire connected to the MOSFET, and connect
the Arduino’s ground pin to the other lead from the
Wisp board (Figure E). That's it for the hardware
mods needed to control the Wisp.

2. Program the Arduino.
| used an oscilloscope to probe the Wisp onboard
controller’'s output, and found that it drives the
atomization process by generating a 150MHz signal
that lasts about 10 milliseconds. We'll program our
Arduino board to mimic this signal. The following
Arduino code simulates the Wisp's signal pattern,
except that it tells the piezoelectric disc to “puff”
every 2 seconds instead of every 10—15 seconds.
Reattach the fragrance bottle to the Wisp, then
upload and run the code, and if you've wired every-
thing correctly, you should see white puffs coming
out of the atomizer immediately.

void setup () {
DDRD = 0xFF;
)

void atomize (char pins)
unsigned int ii;

char kk;

while (digitalRead(8) == HIGH)

for (ii = 0; ii < 2000; ii++) {
PORTD |= pins;
for (kk = 0; kk < 12; kk++)

PORTD &= !pins;

for (kk = 0; kk < 12; kk++)
)
)

void loop() {
atomize(0x04);
delay(2000);

)

In the code, the DDRD and PORTD keywords config-
ure the Arduino’s DO—D7 pins as outputs to be con-
trolled directly, by using the Arduino’s port manipu-
lation commands. The nested loops in the atomize()
function toggle the D2 pin (specified by passing in
the value 0x04) on and off a total of 2,000 times, with
a very short pause after each change.

The values | chose for the delay loops make the
Arduino's output roughly match the Wisp controller's,
but with a shorter, 2-second delay between puffs.
You may have seen other code that controls the
Arduino’s digital outputs by calling digitalWrite(), but
this would be too slow to generate a 150MHz signal.

You can experiment with setting the loops to
count up to values other than 2,000 and 12 to see
how this changes the atomization process, but note
that shorter delay times may not give the circuit’s
3,300pF capacitor enough time to fully recharge
between puffs, which will result in significantly
decreased vapor output.

3. Substitute your own fragrance.
As interesting as it might be to have a computer-
controlled air freshener (not very, IMO), the real
fun begins when you replace the unit's original
fragrance with something more meaningful or
exotic, such as, say, the smell of freshly baked
cinnamon buns, or hazelnut coffee.

To do this, you need about Y20z of an essential oil
in the fragrance or aroma of your choice. The design
of this bottle makes it difficult to remove the cap,
but it can be done. | used a small, flat-blade jeweler's
screwdriver to pry around the cap, pulling it away
from the neck and breaking the glue that attached it.
You can also drill a small hole in the top of the bottle.

Whichever method you use, you should clean the
bottle with rubbing alcohol and let it dry, to remove as
much of the old scent as possible. Once you've added
your own fragrance, reattach the cap to the bottle
with hot glue so it will twist back into place in the Wisp.

4. Further development:

Create an aroma orchestra.

Because the Arduino’s PORTD value lets you write to
all of its digital outputs at the same time, one Arduino
can control up to 6 Wisps simultaneously. You
simply connect each Wisp to a different output pin
and pass different values into the atomize() function.
Using the Arduino programming environment's
Serial Monitor feature, you can send keyboard
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characters to the Arduino, which lets you create an
instrument that plays fragrances, live. Just make
sure to avoid using pins DO and D1, which share
their function with the serial port.

For example, the following code reads an input
character and uses it to select which of 4 different
Wisps to puff. Typing the 2 key commands the
Wisp that's connected to pin D2, while typing 3
commands pin D3, and so on.

void setup () {
DDRD = OxFF;
Serial.begin(9600);
)

void atomize (char pins) {
unsigned int ii;

char kk;
for (ii = 0; ii < 2000; ii++) {
PORTD |= pins;

for (kk = 0; kk < 12; kk++)

PORTD &-= Ipins;

for (kk = 0; kk < 12; kk++)
)
)

void loop() {
char cc = Serial.read();
switch (cc) {
case '2':
atomize(0x04);
break;

case '3':
atomize(0x08);
break;

case '4":
atomize(0x10);
break;

case '5':
atomize(0x20);
break;

)

)

To set this up, load the code to the Arduino board,

then click the Serial Monitor button, which is the
rightmost button at the top of the Arduino’s devel-
opment environment.
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Olfactory Displays

Scentovision (1939) movie theater scents
introduced at New York World’s Fair

Aroma-Rama (1959) movie theater scents from
Behind the Great Wall

Smell-O-Vision (1960) movie theater scents from
Scents of Mystery

Odorama (1981) movie scratch-and-sniff cards
from John Waters’ Polyester

iSmell (2001) computer peripheral developed by
DigiScents, never marketed

Scent Dome (2004) computer peripheral from
TriSenx,_trisenx.com

Fragrance Communication System (2005)
networked aroma emitters and services for
homes, hotels, and theaters, in development
at NTT Communications, nit.com

CineScent (2006) movie theater scents, in
development, cinescent.com

This will display a set of controls near the bottom
of the window. Select 9,600 baud, then type a num-
ber (2-5) into the text box and press Send. This
should trigger the corresponding pin, and the Wisp
it's connected to.

By using a variation of this code, you can program
a set of Wisps to play your own home-theater ver-
sion of John Waters' notorious Odorama, triggering
a “smelltrack” that's synchronized with pictures or
scenes of different aromatic subjects appearing
onscreen. A small fan that blows the aromas toward
the audience might be helpful here.

With some additional work, you can create more
advanced scent-enabled applications, such as a
network-controlled aroma generator that could
receive fragrance-based “mood” messages. It's all
up to your imagination and ingenuity.

Meanwhile, Belle and | will be busy working on the
device she's designing for Panda, but we hope you'll
have fun with this idea, too!

E3 Find the project code and other resources at
makezine.com/16/diyhome_aroma.

Wayne Holder has a classical education in computers,
tinkering, and building.
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USB MOTION DETECTOR

Gone are the days when people's interest could

be held by simple radio or television. Today we're
bombarded with information and we crave interac-
tive experiences that don't waste a single second
of our time. Advertisers recognize the difficulty of
presenting messages that cut through the clutter,
and they've come up with creative ways to capture
our attention.

One example: the multimedia kiosk, now common
in shopping malls, movie theaters, and airports.
Complete with an internal computer, sound card,
and video graphics monitor, these dazzle stations
can be a powerful advertising tool — especially
when they have motion detection circuitry that
triggers a video presentation at the precise moment
an unsuspecting patron comes near.

This article explains how to construct a USB
motion detector that will give your computer this

Turn your PC into an ambush multimedia
presenter. By Ken Delahoussaye

hey-you ability, using a free Windows presentation
applet | wrote, USB Multimedia Presenter, so that you
can start your own kiosk advertising campaign. You
can also use the setup for practical jokes, or just to
amaze or amuse your friends.

To interface between the detector and computer,
| used an off-the-shelf USB device which requires no
drivers to install, since it uses existing Windows driv-
ers. The detector draws all the power it needs from
the computer, which further simplifies things. All the
parts for the project are easy to find, and if you have
basic soldering and mechanical skills, you can put it
together in a single evening.

Connect the Detector to
the USB Interface

Drill a 346" hole in the top of the motion detector
enclosure, to accommodate the USB cable. Center
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DSC'’s Digital '
Bravo BV-300DP has |
room enough to fit the a

other components inside = - ﬂ
its case. Available from e — g
=]

the Home Security Store,
homesecuritystore.com.
USBmicro part #U421,

usbmicro.com
| used the
Cincon EC1SAO2N, Mouser Electronics
part #418-EC1SAO2N, mouser.com.
Mouser #291-1K-RC
aka hookup wire, various colors

Download it at_kadtronix.com/

downloads/usbmediapres10setup.zip.
for presentation

aka ESD wrist strap
or ground bracelet

the hole on the seam where the 2 halves of the
enclosure meet. Do not let the drill bit penetrate
more than ¥2" inside the unit, as this can damage
internal components (Figure A).

To open up the detector, first unscrew the retaining
screw, if the unit has one. Then firmly grasp the unit
in your left hand and use your right hand to pull
the halves apart while gently pushing down on the
retaining tab with a small flat-blade screwdriver.
Set both halves aside.

At this point you'll start handling static-sensitive
electronic components, so you are strongly advised
to wear an antistatic wrist strap clipped to a suitable
electrical ground. This will protect the components
from damage from electrostatic discharge.

Use a Phillips screwdriver to remove the screw
that holds the detector’s printed circuit board.
Carefully remove the PCB and set it aside.

Solder short (2") lengths of signal wire follow-
ing the project wiring diagram (above) to pre-wire
the USB interface, DC voltage converter, and 1kQ

166 Make: Volume 16

USB Motion Detector
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resistor. Note that the 4 pins of the SIP package
version of the DC converter are numbered 1, 2, 4,
and 6, to match the pin numbering on other versions
of the component. Leads run from terminals 9 and
14 of the USB interface PCB to pins 2 and 1 of the
converter, respectively. Pin 1 of the converter con-
nects to the resistor, and pins 2 and 4 connect
together. Solder leads to converter pins 2 and 6, and
connect another lead from USB PCB terminal 2 to
the unconnected end of the resistor, but leave them
loose for now (Figure B); we'll attach them when
reinstalling the detector PCB.

Arrange the pre-wired components inside the
detector case, and secure them to the back shell
with double-stick mounting tape. Be careful not to
obstruct the area where the detector PCB will be
reinserted. The components should fit just under
the detector PCB without making contact (Figure C).

Now, reinstall the detector PCB and secure it
with the small original screw. Complete the wiring
as shown in the wiring diagram: USB PCB terminal
2 and resistor to terminal NC, DC converter pins
6 and 4 to 12V and Gnd, and terminal C bridged to
Gnd (Figures D and E). The PCB has screw terminal
blocks, so you don't need to solder. The NC (nor-
mally closed) and C (common) terminals serve as
a switch that turns things on and off, and the USB
interface routes this signal to the computer.

Close the detector case back up; that's it for
the hardware!

Photograph by Ken Delahoussaye
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Photography by Ed Troxell (Figures A-B) and Ken Delahoussaye (Figures C—E)

Configure the Software,

and Run with It

The software, USB Multimedia Presenter, builds a
playlist with all the audio and video files in a speci-
fied folder. Then, each time someone comes near
the detector, it randomly selects and plays one of
them. To get started, download the application from
kadtronix.com/downloads/usbmediapreslOsetup.
zip onto your PC, then unzip it, install, and launch.

In the Configure box, choose a folder on your
system containing the media files you want to
trigger; this defaults to the C:\WINDOWS\MEDIA
folder, which is ideal for testing purposes if you
don't have a specific playlist already.

Test the software by clicking Start, with the Use
Trigger Device box unchecked below. This will
shuffle-play the files in “demo mode,” with a set
delay between each.

Now let's put the system together. Plug the motion
detector into the computer and positionitina
direction that will detect movement. To eliminate
false-positive triggerings, you might strategically
limit its field of view. My detector picked up on
adults moving up to 15 feet away.

In USB Multimedia Presenter, check Use Trigger
Device at the bottom of the pane, then click Start.

You're up and running. The Device Activity Indicator
should flash from green to red when motion is
detected. Approaching visitors will be amazed as
your presentation magically begins for them.

Create a Presentation
For the presentation itself, you can do anything
you want. Brightly colored graphics, flashy ani-
mations, and special effects are always effective
eye-catchers, and once you've got an audience,
the content must hold their interest long enough
to convey the message.

There are many other possible uses for the
system. Once, | set the detector up just outside
my front door, so that the computer would alert
me when a visitor approached. Another time, | set
it up to play a .wav audio of a shattering window.
For added effect, | turned up the volume on my
computer speakers. Whenever the trigger occurred,
it had everyone in the house running around looking
for broken glass.

Ken Delahoussaye (kdelahou@kadtronix.com) is a software
consultant in Melbourne, Fla., who specializes in embedded
software and PC applications. He operates_kadtronix.com,
which features access control and related resources.
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RELATIVE MEASUREMENTS

Making good guesses using what's at
hand (including your hand). By Donald Haas

Having the right tool for the job is important, but
sometimes you have to work with what's available.
Relative measurements can be just as accurate as
standard measurements. Memorize the dimensions
of a few common items that you usually have with
you or readily available, and you're set.

| know that with my arms stretched out to the
sides, my fingertips are 6' apart; great for measuring
rope or a rough estimate of a room size. A dollar bill
is 6Y8"x2Y8", a credit/debit/gift card is 3.370"x2%5",
a business card is 3%2"x2", a quarter has a 0.955"
diameter. Most floor tiles are 12"x12" while ceiling
tiles are 2'x4'. Remember, it's all relative.

Measure This: Far Yard Sale

The Problem: The Mrs. calls from a yard sale where
she found a desk she thinks would be perfect in a
nook in the office, but she isn't sure it will fit. She
wants me to measure the nook, then meet her at
the yard sale and measure the desk. The yard sale is
over a half-hour drive away. She doesn’t have a tape
measure, and neither does the owner of the house.

The Solution: | have her measure how many credit
cards (using the long side) wide and deep the

desk is, while | measure the nook with the length of
a credit card. The nook is 3'0" or 10.7 credit cards
wide, while the desk is 11.25 credit cards wide, or
about 3'2". Too big. | save myself an hour on the
road and get back to playing with my soldering iron.
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Measure This: Cookie Calculation
The Problem: | receive a wonderful old Swedish
recipe for gingerbread cookies, and it calls for 4
hectograms of flour. | have to check my copy of the
MAKE Pocket Ref, which gives me the conversion
factor of 0.22 (4 hectograms = 0.88 Ibs.). That's
when | remember | don't own a kitchen scale.

The Solution: | remember the phrase “A pint's a
pound the world around,” which refers to a pint of
water (16 fluid ounces, actual weight is 1.04 Ibs).

| have a measuring cup that's marked in pints, so

| measure out approximately 0.88 pints of water.

| place that in 1 of 2 identical large cups. Then

| spoon flour into the second cup until their weights
feel equal to me. Approximations like this are fine
for the cookie recipe — they're delicious.

Donald Haas (maker@kurtroedeger.com) is an amateur
tinkerer and perpetual daydreamer. He's always looking for
new solutions to old problems.

ﬁ

TIPS |
”

Lubricating Saw Blades

Before cutting fret slots, or much of anything

else, rub an old candle along the edge of your

saw blade. You'll be surprised how much easier

it makes the process to have a bit of lubrication.
—Frank Ford, frets.com

Find more tools-n-tips at makezine.com/tnt.

Illustration by Alison Kendall
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When we took possession of our humble London
home, | was shocked to find that all the window
treatments had been removed. So we suffered
the rat-in-a-maze lkea gantlet to get a good price
on new Venetian blinds. | hung the new blinds
immediately but it took me months to get around
to tailoring them by removing the extra slats.
As soon as | did, | realized that | had a maker's
trifecta win in my hands: easily worked hardwood,
prefinished and free.

First I built a new box for our kitchen plastic wrap,
then my daughter wanted some doll furniture. Next
was a laminated beam to repair our baby stroller,
and a few slats to serve as drawer dividers for the
clothes dresser I'd built ages ago but never quite
finished. But the piece de résistance was a set of
archery bows that | whipped up to the delight of the
neighborhood kids.

PAULOWNIA ARCHERY BOWS
e e

Wonder Wood

It turns out that Ikea's Lindmon blinds (product
#10092570 at ikea.com/us) are made from
Paulownia elongata, an incredibly fast-growing
hardwood that originates in southern China and
Southeast Asia but has been bred for cultivation
around the world, including in the somewhat colder
climate of the southeastern United States (see
paulowniatrees.org).

Paulownia is made into everything from coffins
to stringed instruments. The wood is fine-grained,
virtually knot-free, and easily worked. It has the look
and feel of balsa, only slightly heavier with about
twice the strength and hardness.

| could tell the wood was something special, but
claims that paulownia is an environmentally friendly
“wonder tree” made me skeptical, so | did some
homework. | checked out the scientific literature

Make: 169


http://ikea.com/us
http://paulowniatrees.org

and even paid a visit to Tokyo, where the Tanaka
furniture company maintains the World Paulownia
Museum adjacent to its production facilities (Figures
A and B) — visit them online at kiriyatanaka.co.jp
(and for an always amusing English translation use
babelfish.altavista.com).

After researching, playing a paulownia guitar, and
seeing evidence of the wood'’s fire resistance, I'm
a believer.

The tree is sustainable, reduces soil erosion, and
grows up to a very marketable 12 meters high in
just seven years. After harvest, new trees grow from
the stumps. Planted alongside food crops, it boosts
yields by creating a windbreak and an improved
microclimate. It serves as a biomass fuel and has
been shown to grow nicely in swine lagoons, where
it provides waste remediation. It has a very high
ignition point and is relatively rot-resistant. And
apparently it was named for a Russian princess.

Working with Paulownia

Dimensional paulownia lumber is slowly becoming
available in the United States, but Ikea has helpfully
processed a bunch of it into 13&"x%4" (35mmx2mm)
slats complete with precisely located holes good for
making all kinds of stuff. There are plenty of extra slats
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after shortening the blinds, but it might even be worth
buying blinds just for the slats: they run 6.25 cents per
linear foot, and you get the mechanism as a bonus.

Here's a look at some of the techniques of work-
ing paulownia slats. | mostly use a dovetail saw,
simply a small back saw with fine teeth. You can find
one at the hardware store for $10-$15. Any saw
will do, but the fine teeth make clean cuts and let
you easily hold the piece steady with your hand.

No saw? You can score and snap (Figure C) or
even cut all the way through the slats with a pocket-
knife or utility knife.

Gluing can present a problem, as there is a thin
layer of lacquer on the slats. For a strong joint using
carpenter’s glue, sand the slat to expose the bare
wood. The coating seems light enough that polyure-
thane glue worked well even without sanding (I like
Gorilla Glue because it's available in small quantities).

Quick Paulownia Projects
My first project was a quick-and-dirty plastic wrap
dispenser made from scrap 1"x2" lumber, a dowel,
and a few slats (Figures D and E).

Next, my daughter and | built some doll beds. We
used a bit of tree branch to give a rustic look, and
bent the slats to create a nice Gothic arch (Figure F).


http://kiriyatanaka.co.jp
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The kids had broken the footrest on our baby
buggy, but | could never find anything both rigid and
thin enough to effect a repair. Then | hit on the idea of
a curved, laminated beam of paulownia slats. My
8"-long, 3-slat-thick beam with a slight curve has
held up better than the original plastic.

The strength of this little beam was so impressive
| decided to experiment with something bigger.
| hammered nails into our deck where the center
and 2 ends of the curve would be. Dry-fitting the
slats proved this simple jig would work.

| then wet down 1 side of the slats and spread
a thin layer of Gorilla Glue on each before setting
them into my jig. | clamped the whole thing together
with all the clamps | had, plus temporary clamps
made from lumber and drywall screws (Figure G).
It's important to apply pressure all the way along
your glue-up.

Once dry, the beam measured 37" long by 1" thick
and had a chord (height) of 7". It supports at least
60 Ibs. with little deflection (Figure H).

Archery Bows

My beam experiment and quick projects were fun,
but the best use of paulownia is also the simplest:
archery bows. All you need are 3 slats and a bit of

low-stretch cord — nylon clothesline works great.

Cut a length of line about 1' longer than your slats.
Tie a stopper knot at one end, then stack your slats
and thread the line through 1 set of holes. Bend into
a curve, thread through the other set of holes, tie off,
and you're done (Figure |). Add duct tape to show
the kids where to hold the bow (Figure J). The quick
construction is key, because as soon as the first kid
gets one, the others will be all over you.

For arrows, you can use any straight sticks;
bamboo garden stakes work well. Cut a vee groove
at one end to accept the bowstring. You would think
that you'd need feathers to get the arrows to shoot
well, but in fact the sticks fly nicely naked.

If they flew any straighter they'd be deadly,
which isn't really the point. Similarly, you could add
more slats to your bow for more force, but try not to
start an arms race.

Dan Albert (exchaoordo@gmail.com) is an assistant professor
of history at Salem State College in Massachusetts. He writes
on transport technology.
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By Donald Simanek

TOYS, TRICKS, & TEASERS

The Spinning Cylinder lllusion

This is atoy, a puzzle, and anillusion all in one, with only one
moving part. No batteries are required. | like simplicity, especially

when it produces puzzling complexity.

ﬂ I've not been able to track down the origin of
this homemade toy, but itisn't very well known
outside the community of physics teachers. It's
a kinetic illusion, one that depends on physical
motion to make you see something that isn't there.

A familiar example of a kinetic illusion is the
strobe effect sometimes seen in old movies, causing
the spokes of a carriage wheel to seem to be turning
in the wrong direction.

In its simplest form, this toy consists of a hollow
cylinder of rigid plastic. The version in these photos
is 4cm long and 1cm in diameter, with 2mm wall
thickness. It was cut from a piece of polyethylene
plastic tubing that happened to be lying on my
workbench. Whatever tubing you use, be sure to
choose a very straight piece.

This material can be cut easily with a single-edged
razor blade, scrap of board, and hammer. Use heavy
gloves and goggles in case the razor blade breaks.
Or use a hacksaw, then smooth up the cut with fine
sandpaper. Cut the piece initially a bit long, then
shorten it to optimum length by trial. I've made
small ones in 2-, 3-, 4-, and 5¢cm lengths. I've also
made them from the barrels of old ballpoint pens,
and larger ones from PVC plumbing pipe.

Glue or paint a red dot near one end and a green
dot at the other end, or use a felt-tip marker to
make distinctive symbols at the ends.

The Vanishing Dot

Place the cylinder on a flat surface. It's best to
choose a surface that won't dent or scratch, like a
smooth, hard floor. Press down on 1 side of 1 end
with your thumb, as shown in Figure B, until the
cylinder slips away from your thumb and flies off
spinning. It will settle down, revolving about its
midpoint and at the same time spinning about
its long axis (Figure A).
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Here's a sequence of photos showing the cylinder
beginning to spin (Figure C), not quite settled down
(Figure D), and finally spinning in one place with
nearly constant angular speed (Figure E). These
photos were taken with a digital camera, but they
show approximately what appears to the eye.

All these photos are taken from the same camera
position and distance, and reproduced at constant
scale. Therefore lengths on the pictures may be
directly compared. Notice that a stable illusion
showing 4 equally spaced dots occurs when the
cylinder rotates about its center, and both ends
traverse the same circle, which has a diameter
equal to the length of the cylinder.

The puzzling outcome is that when the cylinder
settles down to a uniform spin rate at a particular
location on the table, you see only one color dot
(red, in this case), repeated N times, where N is
the ratio of the cylinder’s length to its diameter.

The dot you see is the one at the end you pressed
with your thumb to launch it. You don't see any
evidence of the dot at the other end (green, in this
case). Launch the cylinder by pressing the green
dot end and then you see only the green dot, and
not the red one.

How can we explain this unexpected behavior?
Note that translational motion of the cylinder’s
center of mass stops just before stable dot patterns
become visible. Note also that what we call the
“stable motion” occurs when the ends of the
cylinder trace a circle.

When you think you've got it figured out, test
your understanding by considering this follow-up
question. If you spin this toy on a glass sheet, and
someone looks up at it from below the glass, which
colored dot would that observer see? A glass-
topped coffee table is good for this experiment.

What would be the optimum length-to-diameter



Photography by Sam Murphy; illustrations by Donald Simanek

WHERE DID THE GREEN DOT GO? Fig. A: The spinning cylinder revolves around its midpoint (radius R) and
simultaneously around its long axis (radius r). Fig. B: A small plastic cylinder has a red dot on one end, and
a green dot on the other. Fig. C: Inmediately after spinning, the motion is chaotic. Fig. D: As the cylinder

stabilizes, many red dots are visible. Fig. E: When the spinning has stabilized, 4 red dots are clearly visible.
The green dot is not visible.

ratio for a given number of dot repetitions, if you
used a solid cylinder? (It may not be the same.)
What role does moment of inertia play here?
Friction? Energy? There's a lot of physics here to
address, and it may not be easy to do.

Some Curious Observations

A 3:1 version with 34" PVC pipe works best for the
following experiments. This larger version also
seems to exhibit less translational motion from the
point of launch before stabilizing, enabling you to do
the experiments on a smaller surface area.

Spin the 3:1 cylinder by launching it forcefully at
the red dot end, and observe it from the side. For a
while, it spins with the red dot end rather high in the
air. During that time you may see a brief but stable
pattern of 5 red dots. The cylinder’s spin slows until

its red dot end is only slightly above the table. Then
you see a pattern of 3 red dots for a longer time.
During the transition you do not observe a stable
pattern of 4 dots, except perhaps fleetingly. Why
5and not 47 Could it be that the lower end is still
sliding on the floor? This would be consistent with
the observed shorter time that this motion is stable.

Solution

Another thing | like about this toy is that it combines
physics and physiology. Initially, because of the
manner of launching, the cylinder spins about its
own long axis and slides on the floor (Figure F, next
page). Because the end you launched (red dot) is
also propelled sideways, the other end (green dot)
drags on the floor. The friction with the floor slows
the cylinder’'s motion and also changes its direction.
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As the cylinder spins about its long
traces a circle around the floor. When the green dot
is up, the dot is moving too rapidly to be distinctly
seen. The red dot moves most slowly when it is fac-
ing upward, and is therefore briefly visible, as seen
from above. Fig. G: Different decorations can
produce kaleidoscopic patterns. Fig. H: Experiment
with patterns using colored tape.

The motion stabilizes with both ends moving
around a common circle, but the end you launched
is not quite touching the floor, while the other end is
rolling around the circle without slipping. When the
green dot is up, the dot is moving too rapidly to be
distinctly seen. When the red dot is up, it's mov-
ing around the cylinder’s long axis in the opposite
direction to the direction that end of the cylinder
moves around the larger circle. Therefore the red
dot moves most slowly when it's facing upward, and
is therefore briefly visible, as seen from above.

If the cylinder is 4 times as long as its diameter,
the larger circle is 4 times the diameter of the cylin-
der. When rolling without slipping is established, the
cylinder rotates about its long axis 4 times for every
time it spins around the large circle, and therefore
we see the red dot 4 times.

When the cylinder is spun very forcefully, it may
for a short while spin with the cylinder elevated at a
large angle, but it soon settles down to the motion
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described. There's a lot of good physics going on
here, involving moments of inertia, gyroscopic
motion, rotational energy, and so forth. If anyone
wants to work that out, please get in touch with me
at dsimanek@lhup.edu, and | might find space for
your analysis on my web page.

More lllusory Fun

Now that you understand the principle, you can
get creatively arty. If you use a larger-sized white
plastic tube, you can decorate it in various ways so
that when it's spun, it will produce “kaleidoscopic”
patterns (Figure G). Star patterns are easy. Colored
flexible plastic tape is good for initial experimentation
(Figure H), and more permanent marking may be
used later.

Donald Simanek is emeritus professor of physics at Lock
Haven University of Pennsylvania. He writes about science,
pseudoscience, and humor at www.[hup.edu/~dsimanek.

Photography and illustration by Donald Simanek
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The Electronic Frontier Foundation (EFF) is e leading organization defending
civil liberties in the digital world. We defend free speech on the Internet, fight illegal surveillance,
promote the rights of innovators to develop new digital technologies, and work to ensure that the
rights and freedoms we enjoy are enhanced — rather than eroded — as our use of technology grows.

PRIVACY EFF has filed two major lawsuits — one against the government and one against AT&T —
challenging the NSA's illegal warrantless wiretapping program. eff.org/nsa

FREE SPEECH EFFs Coders' Rights Project is defending the rights of programmers and security
researchers to publish their findings without fear of legal challenges.
eff.org/freespeech

INNOVATION EFF's Patent Busting Project challenges overbroad patents that threaten
technological innovation. eff.org/patent

FAIR USE EFF is fighting prohibitive standards that would take away your right to receive and use
over-the-air television broadcasts any way you choose. eff.org/IP/fairuse

TRANSPARENCY  EFF has developed the Switzerland Network Testing Tool to give individuals the tools to
test for covert traffic filtering. efforg/transparency

INTERNATIONAL EFF is working to ensure that international treaties do not restrict our free spesch,
privacy or digital consumer rights. eff.org/global

EFrF.IIHiIs

ELECTRONIC FRONTIER FOUNDATION

EFF is a member-supported organization. Join Now! wwuw.eff.org/support
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Magnetic tacks, a doorbell for your cubicle, science for
the hungry, and lessons from the Game of Life.

1001LBOX

Hooked
Micro and Pocket Grappling Hooks
$22-$27_countycomm.com

You will never, ever need your own personal, pocket-sized grappling hook.
Ever. Until that one crowning moment when disaster strikes; someone
will yell, “If only we had a grappling hook!” You'll coolly draw your Micro
Grappling Hook from your pocket, unscrew its base to reveal its three tiny
spikes, thread them into their angled holes, recap it, and without saying

a word, swing the hook toward its target, saving the day. | know all this
because | lived it — at my son'’s fifth birthday party right after | tossed his
new airplane onto the roof.

Designed for the more serious needs of military personnel, the microhook
is beautifully machined from 300 series stainless steel. The end hole will
accommodate 550 paracord, but for long-range grappling, soldiers use
fishing line and a Pocket Fisherman. Your own hero moment is waiting
for you. —John Edgar Park

Want more?
Check out our searchable online database of tips and tools at makezine.com/tnt.
Have a tool worth keeping in your toolbox? Let us know at toolbox@makezine.com.
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MagTacks

makezine.com/go/magtacks

Ever wanted to tack something up but not
mar it with permanent holes? MagTacks are
the answer to your prayers. Each one is

a magnet and a tack rolled up in one compact,
nonslip package. Simply push the tack end
into your corkboard or wall, then separate the
two magnetic sides and use them to hold
your item in place. Perfect for displaying
(while preserving) photos, schematics, plans,
posters, you name it. You can even get crazy
and reverse the usage to “tack” something to
your fridge. And when you're using only the
magnet, you can flip the tack around to store
it safely in its own cushion. | heart simple

ingenuity! —Goli Mohammadi

MoteDaemon
Screenfash\on.org

Screenfashion has released MoteDaemon, an
application that allows Adobe Flash/Flex develop-
ers to create Wiimote-controlled applications for
OS X. Imagine the potential for homebrew video
games and VJ applications.

Pairing the Wiimote to MoteDaemon is a snap.
(If you aren’t comfortable with ActionScripting
in Flash, you won’t be able to get much immedi-
ate use out of this software.) Fortunately, a little
test-drive application, WiiCockpit, is included,
and although the documentation is in German,
they were kind enough to include the .fla docu-
ment with all the ActionScript for WiiCockpit.
Experienced Flash developers will quickly figure
out how to integrate MoteDaemon from a peek
at WiiCockpit's code. —Bill Byrne

Mini Metal Lathe

grizzly.com

| don't have a lot of room or money to spend on fancy
machine tools, but | really enjoy making things out of
metal. This meant | needed a lathe. Not a wood lathe

or a pen lathe — | needed a metalworking lathe.

Lucky for me, | found an entire community centered
on 7"x10" and 7"x12" mini lathes. You can buy them
from many sources; mine is from Grizzly Industrial, Inc.
It's small, but it can do quite a bit. Plus, there are many
people who are constantly upgrading or hot rodding
their machines to get the most out of them. | used
mine in the first month to repair a pulley on my ancient
garage door for which there were no replacements.
| figure | saved the cost of the lathe right there. And
| plan on using this for years to come to make all sorts
of things. —Brian Graham
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Our family reunions have become quite an
affair now that my mother can tally 21 grand-
kids. Aged from 1 to 20, keeping them busy is
a challenge. For a previous reunion, | had built
a soda bottle rocket launcher that was a big hit
(see MAKE, Volume 05, page 78). This year

| had a small LED craft project for the little kids,
but needed something more challenging for
the older kids. Luckily, | came across the Game
of Life kit that Lady Ada at Adafruit Industries
had just updated.

The Game of Life, as proposed by John
Conway in 1970, is not really a game — other
than it's fun to watch. From a given initial
pattern on a grid, using simple rules governing
the life or death of each square, amazing

shapes known as cellular automata can evolve.

The larger the grid, the more elaborate the
patterns can become. Performed with paper
and pencil in Conway's time, the game is a
perfect application for a small microcontroller
driving an LED array. | purchased two of the
kits and had my girls, ages 9 and 13, try to put
them together. They both picked up soldering
quickly, and in a matter of hours we had two
working boards. What's more, they enjoyed it!
At the reunion, we had a table set up with
two soldering stations. | pulled kids aside two
at a time, gave them a brief lesson on solder-
ing, and then let them try their hand at it. | had
purchased a selection of LEDs so they could

choose their own colors. Some of them picked
up soldering quickly, and rapidly finished
their kit. Others took their time, and would
take breaks as their attention waned. Some
required several sessions to finish the kit.
Inevitably, someone would make a solder
bridge or put an LED in backwards, and a
lesson on using desoldering braid was taught.

As each kit was finished and tested, it was
attached to the other boards that were already
assembled. The boards communicate their
status to each other, allowing larger and more
elaborate patterns to be formed. At the end, we
had ten boards, or 160 LEDs, working together.

We put the entire assembly in a prominent
location and let it run for the remainder of the
reunion. It was as mesmerizing to watch as the
campfire was. Several times, large repeating
patterns evolved.

As our families prepared to go their separate
ways at the end of the reunion, the kids were
given their boards to take home. Hopefully one
of the lessons learned was how reunions are a
chance to come together, if only for a while, and
be a part of something larger than ourselves.

—Ken Olsen

B Watch the video of our ten Game of Life
boards at makezine.com/go/reunion. The
younger kids' project, Buggy, can be seen at
makezine.com/go/buggy.
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ThingamaKit

$55-$65 bleeplabs.com

With his deranged-but-cute robot good looks, the
ThingamaKit analog synthesizer is great fun to
build, and even more fun to play with. Whether I'm
trying to make it sound like a lounge act from the
future or a game of Space Invaders, | can't seem to
put it down.

The kit is beautifully designed: a clearly labeled
circuit board, bagged and tagged components, and
excellent printed instructions, complete with full-
color photos of the build process. You supply basic
soldering skills, a few tools, and an evening or two.

ThingamaKit has knobs to tune the waveform
rate and shape of his main oscillator. This by itself
sounds roughly like emergency-room equipment on
the fritz.

His true power is revealed when you look into his
light-sensitive “eyes,” a pair of photoresistors. The
amount of light he sees with his right eye adjusts
pitch, which means you can wave your hand around
to play him like a theremin. For bleepier sounds,
use his blinking “LEDacle” appendage as a light

source. His left eye and its corresponding LEDacle,
switches, and knob adjust the modulator, which
affects the tempo of the bleeps and adds audible
sidebands at higher frequencies.

The net result is a space-age sonic freak show.
ThingamakKit is both a satisfying build and an

adorable, noisy companion. —John Edgar Park

Wave Shield for Arduino Kit

$22 adafruit.com

I'm fascinated by electronics and I'm always look-
ing for practical ways to learn about them. It's not
enough to read about how things work; sometimes
| just need to get my hands dirty. Lately I've been
hacking on an Arduino for a rudimentary cocktail-
serving robot, and | decided | needed to get some

sound on board. Some research brought me to the
Wave Shield kit sold by Adafruit Industries.

The kit is a PCB “shield” that piggybacks onto
your Arduino to add audio playback. It plays 22kHz,
16-bit .wav files from an SD card through a standard
headphone jack.

The Wave Shield is a great, low-barrier-to-entry
way to get sound into your project. Unfortunately,
the Wave Shield does take up a sizable chunk of
RAM to buffer the audio on the Arduino, but overall
it's a neat little kit to work with.

Assembly and soldering are a snap; it took about
20 minutes to get it ready to plug in and test. On
the programming side, Adafruit has a fairly extensive
library to download, as well as a bunch of code
examples on the site.

As long as you aren't expecting hi-fi audio
quality | think you'll be pleasantly surprised by the
Wave Shield kit, and at 22 bucks it's worth it just
to have your Arduino compliment you on your
soldering skills.

—Mitchell Heinrich
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As chosen by Dick DeBartolo, “MAD’s Maddest Writer.”

Desktop Earbud Speakers ...
A real attention-getter for your desk, these 500 XL Desktop Earbud
Speakers look exactly like a pair of iPod earbuds — except they're 500
times bigger! The sound is not knockout great but it's impressive for
their size and price, and people will freak out when they see them on
your desk. They've got a built-in amp, and can be powered by batteries,
USB, or a standard wall-plug power supply. Podcast:_twit.tv/dew528

Mini Surge Protector Charger.... ...
So you have just two outlets next to your desk, and way more than two
devices to plug in. This surge protector is the perfect answer. Plug it
into one outlet and you get three outlets, plus two USB charging ports!
It has a rotating plug so you can face the device in the direction that's
most convenient. A green LED lets you know the outlet is powered and
the surge protection is on. Podcast:_twit.tv/dgw534

Cubicaller oo
When someone comes to your cubicle and you're involved in your
work, how do you know they're there? | installed the Cubicaller. It
comes with self-adhesive velcro tape so it installs in a minute. You can
choose from 12 different sounds such as doorbell, duck quack, fanfare,
and meow. Podcast: twit tv/dgw381

Socket Sense oo
Hate those big “outlet killer” power adapters that take up the space
of two outlets? Here's a surge strip that expands! You can extend
the strip sockets by about 8" by pulling on both ends. The adjustable
sockets are also set on an angle to make sure a transformer plug does
not block another socket.

Openlt! enjovzibra.com/openit
If you hate those almost-indestructible plastic blister packs that so
many new small electronics are packaged in, check out the Openlt!
It looks like pruning shears but instead of small branches, it cuts
through heavy-duty plastic shell packages. There's also a retractable
box-cutter built into one side of the handle, and a mini screwdriver in
the other, so you can open the “kid-proof” battery compartment of
your new gadget. Podcast:_twit.tv/dgw496

Stealth SWItCh thinkgeek.com
Playing games at school? Don't want to get caught? Stealth Switch is
the answer. Install the software and plug the hidden foot switch into an
available USB port, then just a tap of your toes will hide the current win-
dow, hide all windows, or hide all except the one you want! (For PC only.)

Dick DeBartolo wears two hats, which is why he looks so strange when you meet him. He's had something published in every
issue of MAD for the past 40-plus years! His other career is as the Giz Wiz, as in Gizmo Wizard. Dick does the Daily Giz Wiz pod-
cast, along with tech genius Leo Laporte. Check out Dick's gadget reviews at gizwiz.biz and follow him at twitter.com/thegizwiz.
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Play with Your Food

The Hungry Scientist Handbook by Patrick Buckley and Lily Binns
$17 Collins Living

Ever wonder what the original do-it-yourself handbook was about?
| think it must have been about food. Accordingly, in their new book,
Patrick Buckley and Lily Binns celebrate hackers in the kitchen.

This book is about playing with your food. It's got recipes for
kitchen- and party-related hardware as well as edibles, and includes
juicy snippets of technical information related to the projects. This
is a bit like how your favorite science textbooks had those little
inset “relevant project” sections that were the best part — except in
reverse, with adventurous projects as the main topics, and tidbits on
the science behind it all in the insets.

The projects can do delightful things that food shouldn't do
(like blink), and they cover a wide range of complexity and required
tinkering time. The crafty among you will be tempted to try every
project at least once, and some projects may even find their way
into your kitchen ritual. —Kenny Cheung

Kingdom of the Skull

Skulls by Noah Scalin
$15 Lark Books

The genius and arty delight of the Skull-A-Day website can now be
had in a new book! Published by Lark Books, Skulls is sure to be

a coffee table favorite all year long. The book showcases some of
Noah Scalin’s creations during his yearlong adventure in which he
made a new skull each day and posted it on his award-winning blog,
skulladayv.com. Scalin’s experimentation knew no bounds; he made
skulls from keyboard keys, pennies, rice, a watermelon, a plastic
bag, a light bulb, pancakes, wire, even a single acorn (one of my
favorites). The book captures the fun and brilliance of the website
— turning the pages is an exercise in oohing and ahhing at one
outrageous skull after another. —Shawn Connally

Stuck on Camping
Don’t Forget the Duct Tape by Kristin Hostetter
$8 Mountaineers Books

This little book should be standard issue with every new piece of
camping equipment sold. It's a great collection of tips for keeping
outdoor and travel gear in tip-top shape, full of smart advice for
repairing broken zippers, snagged sleeping bags, and sputtering
camp stoves. Even more importantly, it lays out the best way to keep
problems from happening in the first place. Kristin Hostetter is the
gear editor at Backpacker magazine, and you can tell she's seen a
lot of gear. Heck, it's a great thing to take with you when shopping
for your stuff in the first place. —Arwen O'Reilly Griffith
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Gamer’s Dream

$10 garrysmod.com

As a tinkerer and a gaming fanatic | was pleasantly
surprised to find my two passions merged into one glorious,
3D-rendered package. Garry's Mod is a PC gamer’'s/maker’s
dream, a sandbox environment that incorporates the interac-
tivity of Half-Life 2 and pops the lid off its can of confinement.

Tools like Easy Weld let you piece together the most
obscene creations. Ever wanted to make a mech out of
filing cabinets, paint cans, and coffee tables, or see what
a rocket-powered hovering toilet with mounted machine
guns looks like? Of course you have.

GMod also lets you adjust gravity, light, color, proportions,
and movement to basically shape your own world. Phys-
ics does come into play, which adds a humorous reality
to some of the misshapen monstrosities you can throw
together. You're free to make mistakes, trash your prototype,
even obliterate your avatar, and all you have to do is make a
few clicks to right the world again. Riders of the God com-
plex highway, here's your stallion.

—Ryan Beacom

Get the
Hook

The Amazing Monkey Hook
$3 for 2_.monkevhook.com

My wife is an artist, so I've hung many pictures,
and | thought I'd seen all the available systems.
On a recent trip from Australia to visit our son
and his wife, | was given the job of hanging two
paintings brought by my wife on the flimsy
sheetrock walls of their home.

Whilst | contemplated the many wall fixings
at Home Depot, a young man, sensing my
dilemma, handed me a pack of Amazing Monkey
Hooks, which he had used before. | read the
description on the pack and realized that here
was a device that in engineering terms was
perfect.

It would spread the hanging load over the
maximum area of the fragile wall (in compres-
sion — its strongest load-bearing orientation).
It would make a minimal hole in the wall (no
drilling — the hook penetrates with a little
manual help). It would maintain its correct
orientation (thanks to its bent profile that
presents the pointed tip to the backside
of the wall sheet). And it could be easily
removed, leaving only a small hole for repair.

I came 8,000 miles to find it, and | took
home a future supply! —Ross Griffith

Tricks of the Trade By Tim Lillis

Making labels is clearly easy.

B
B

"

®

]

\ TOP TOP
SECRET SECRET

Need to print some clear
labels but put off by the high
price tag of commercial label
paper? Try this trick from
Jeff Crews for a DIY solution.

Have a trick of the trade? Send it to_tricks@makezine.com.
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First, take a used paper
label sheet and remove all
the borders. You can save
these sheets in a file after
you use them, so you have
them at the ready.

Next, insert the sheet into
your laser printer so the
glossy smooth side gets the
toner. Print!

Take the printed sheet, and
mount tape or clear contact
paper on top of the printed
area. Carefully peel it back,
and the toner will adhere

to the clear material.
Attach and enjoy!


http://garrysmod.com
http://monkeyhook.com
mailto:tricks@makezine.com

Li’'l Guppie

$30 crkt.com/lilguppie.html

Why the heck do | need another pocket tool? I've already got a
multi-tool with pliers, knives, screwdrivers, and more. Well, the rea-
son is this: ever try to loosen a bolt without an adjustable wrench?
It's pretty hopeless; the nonparallel jaws of pliers just don't cut it.
The Li'l Guppie is the answer; it has an adjustable wrench on it.

Thanks to its carabiner-like form, | can hang it from my belt loop,
ready to be deployed on a stubborn bolt. It's got a fangy little blade
that makes me nervous (I wish it locked in place), but turning the
thumbscrew to open the wrench reveals a Phillips screwdriver, an
extra clever feature. A flathead screwdriver is cast into the butt of
the tool, with a pretty serviceable bottle opener built in, too.

—John Edgar Park

HobbyCNC Pro Driver Board
$80_hobbycnc.com

I'm a mechanical type of guy. So when | decided to refurbish a
desktop CNC milling machine, | was a little nervous about the elec-
tronics, especially since the existing electronics were falling apart.
| could have tried to build a stepper motor controller, but | didn't
want to spend all that time and money on a refurbish, only to rely
on my weakest skill at the very end to see if it worked.

Then | found HobbyCNC. You can get different levels and kits to fit
your needs. They're easy to assemble for anyone with basic soldering
skills, and there's plenty of support if you run into any issues. Mine
went together without any problems, and is currently “making chips.”
With a product like this, it's only a matter of time before everyone has
a CNC mill or router in the workshop. —Brian Graham

Warning Label
Generator

Free warninglabelgenerator.com

Do you ever find yourself in desper-
ate need of a properly bureaucratic
security notice regarding interga-
lactic space travel, or the hazard of
harboring what look like snowflakes
inside your body? Then this site is
for you. The array of standard and
original symbols and templates just
has me itching to hone my skill at
making up non-sequitur warning sign
zingers, but the intrigue doesn’t end
there. Joke potential aside, it’s a free
and lightning-fast way to provide an
air of caution to any danger zone you
can dream up. —Meara O'Reilly

Bill Byrne is a multimedia artist,
educator, writer, and member of the
Painful Leg Injuries. billbyrne.net

Brian Graham is a mechanical engineer
and robotics coach, and likes his tools
a bit too much.

John Edgar Park works at Walt Disney
Animation Studios and hosts the Maker
Workshop in the upcoming TV series
Make: television.

Ken Olsen lives and makes in
Adair Village, Ore.

Kenny Cheung is an architect and
graduate student at the Center for Bits
and Atoms at MIT's Media Lab.

Meara O’Reilly is an intern at CRAFT.

Mitchell Heinrich is a design scientist
passionate about sustainable technolo-
gies and robots that serve cocktails.

Ross Griffith is an engineer and retired
professor of textile technology.

Ryan Beacom studies interactive media
development at Algonquin College.

Have you used something worth
keeping in your toolbox? Let us know at
foolbox@makezine.com.
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' Tick, Tick, Tick ... e

The Scenario: You've worked late into the night as a computer engineer in the high-rise
headquarters of an international bank, and you're finally heading with your briefcase to your car
in the subterranean parking garage. Your car is the only one left on this dimly lit level, parked
along a cement wall right near the elevator. But, as you pull out your keys and are about to hit the
unlock button, you hear a loud beep behind you.

Startled, you turn to see an object against the wall just a few feet away with a pulsing red light
on it — and in the poor light, you can immediately make out an illuminated timer which is now
ticking off the seconds from a 3-minute window!

There is a jumble of multicolored wires, and an array of three motion detectors set to cover
a 180° field off the wall, all of which are wired into a small black box sitting on a large brick-
shaped object that’s slightly smaller than a shoebox. Also atop the brick and on its ends, you see
three horizontal glass tubes that appear to contain mercury with wires at both ends, as well as
a metallic-looking cylinder with several long wires jammed into the side of the brick-like mass.
There’s little doubt left in your mind now that this is a bomb! — and your arrival here must’ve
set off the timer.

The Challenge: Though you know how mercury switches work, you're uncertain of the
purpose of the motion detectors, or of the black box — could it contain a hidden transponder?

If you try to move out of range or call for help with your cellphone, might your attempt to flee or
the cellphone signal set the device off? Hell, even pushing the unlock button on your key ring
now could send the wrong kind of signal, no? But panic is not an option, as it seems you have less
than three minutes to decide your best course of action. So what are you going to do?!

What You Have: Your briefcase and pockets contain what a computer engineer might
normally have, within reason — if that includes a Swiss Army knife or Leatherman tool, so be it.
Beyond that, your brain is the best tool you’ve got. So think fast, and ... good luck.

i /'{'"7_ b L ——R |

P+ Send a detailed description of your MakeShift solution with sketches and/or photos to
makeshift@makezine.com by March 6, 2009. If duplicate solutions are submitted, the

winner will be determined by the quality of the explanation and presentation. The most plausible
and most creative solutions will each win a MAKE T-shirt and a MAKE Pocket Ref. Think positive
and include your shirt size and contact information with your solution. Good luck! For readers’
solutions to previous MakeShift challenges, visit makezine.com/makeshift.

And the next MakeShift challenge could be yours! That’s right, we’re throwing open the doors
and offering you the chance to create your own MakeShift to challenge the world. Just submit an
original scenario in the familiar format — the challenge, what you have, etc. — with some ideas of
how you think it should be solved. The winning scenario will not only be published right here but
will also earn you a $50 gift certificate for the Maker Shed. The deadline is March 6, 2009, so get
out there and start looking for trouble!

Lee David Zlotoff is a writer/producer/director among whose numerous credits is creator of MacGyver. He is also
president of Custom Image Concepts (customimageconcepts.com).
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Workshop

Len Cullum in Seattle, Wash.

Making Connections

Neatly lined up along the walls of Len Cullum’s
1,500-square-foot north Seattle workshop are
handmade Japanese chisels, saws, and planes.
In a building rumored to have once been
a shark oil processing plant, Cullum, 42,
creates Japanese-style shoji doors and
windows, garden structures, and furniture.
Cullum constructs these pieces using
traditional joinery, a specialty where it’s crucial
to be precise and to understand the tempera-
mental qualities of wood because there aren’t
any metal fasteners to hold together poorly
measured or cut pieces. Port-Orford-cedar is
his favorite wood to work with. “It planes to an
amazing sheen and it smells great,” he says.
His philosophy dovetails with his work.
“I've long felt that life is largely about mak-
ing connections. When connecting two ideas
or people (or pieces of wood), not only is the
fit important, but also the type of connec-
tion,” Cullum muses. “Some things benefit
more from a flexible, freer connection, some
from one tighter and more rigid. But none
survive one that is sloppy or poorly fit.”
Although he uses power tools for the larger
cuts, he prefers handmade hand tools for the
finer details. “Things that are made by hand
have a kind of vibration to them,” he says.
“The little inconsistencies, even ones you
can’t consciously see, give it a life.”
—Laura Cochrane

1. Antique Japanese rip saw used to cut
planks from a log. 2. Hand saws. 3. Push
chisels used for lighter work. 4. Bench chisels,
crane-neck chisels, and shoji-specific chisels.
5. Hollow chisel mortiser to drill square
holes. 6. Antique Chinese plane that “takes
shavings as thick as cardboard.” 7. Japanese
hand planes, which are pulled instead of
pushed. 8. Japanese hammers used to drive
chisels, adjust planes, and tap joints.

9. Cabinetmaker’s bench. 10. Parks band saw.
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Photograph by John Keatley

» More info: shokunin-do.com
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We only have ONIE. Treat it well.

ECO TRAVEL GREEN GADGETS ORGANIC GOODIES FAIR TRADE FASHION  POLITICS WITH A TWIST

PLENTY

The World In Green

Green is feeling it more, not less.
Green is living a lifestyle that supports innovation.
Green is never compromising.

Subscribe today and save 60% off the newstand price.
Call 1-800-316-9006 or visit www.plentvmad.com


http://www.plentymag.com

Photography by Markus Haselbach (bottom) and Matt Blum (top)
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Make: television .+
Early January, nationwide, U.S.
Catch the first season of
Make: television. The new
series, based on our magazine,
comes to public television in
early January. Hosted by John
Edgar Park. Check local list-
ings for airtimes in your area.
makezine.tv

=+ Roboexotica Festival for
Cocktail Robotics

Dec. 4, Vienna, Austria

The quintessential cocktail
robotics event expands its scope
as the festival celebrates its
tenth year with an exhibition,
workshops, musical perfor-
mances, and an awards gala.

roboexotica.org

= DIY Festival of Art

and Technology

Dec. 5-7, Zurich, Switzerland

This Euro DIY festival is a series
of talks, concerts, and workshops
intended for those who prefer

to make things their own way.
Exhibitions include robots, inter-
active installations, games, noise

toys, and more. diyfestival.ch

MAKER’S CALENDAR
Compiled by William Gurstelle

= Fermilab Family Open House
Jan. 17, Batavia, Ill.

The public is invited onto the
grounds of the gigantic Fermi
National Accelerator Laboratory
to see the Cockroft-Walton
accelerator, the linear accel-
erator gallery, the main control
room, and more.
ed.fnal.gov/ffse/openhouse

s Techfest

Jan. 24-26, Bombay, India

More than 45,000 people gather
at Techfest, one of Asia’s largest
technology festivals. Activities
include several competitions,
lectures, workshops, and

exhibitions. techfest.org

+»Discover Engineering

Family Day

Feb. 21, Washington, D.C.

Thousands of kids will visit
Washington’s National Building
Museum to celebrate Engineering
Week 20009. The festival features
dozens of hands-on engineering-
related activities — and slime!
eweekdcfamilyday.org

Our favorite events from
around the world.

+»Magnet Lab Open House
Feb. 21, Tallahassee, Fla.

The National High Magnetic
Field Laboratory opens the
doors of its world-class research
laboratory at Florida State
University for public tours.
Demonstrations, giveaways,
and the chance to meet and
chat with Mag Lab scientists
are highlights.
makezine.com/go/magnetlab

== Winter Star Party

Feb. 21-28, Spanish Harbor Key, Fla.
The stars shine bright at this
stellar party, where more than
600 amateur astronomers
gather to talk about telescopes
and gaze at the Orion Nebula
and other winter sky attractions
without fur-lined parkas.

scas.org

IMPORTANT: All times, dates, locations,
and events are subject to change. Verify all
information before making plans to attend.

Know an event that should be included?
Send it to events@makezine.com.
Sorry, it's not possible to list all
submitted events in the magazine,

but they will be listed online.

If you attend one of these events, please
tell us about it at forums.makezine.com.
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Make:

The new Public
Television series

premieres

January
2009

» makezine. tv

Featuring Makers and More Makers

MAJOR FUNDING PROVIDED BY: @

IT'S TIME TO PUT THE HD IN YOUR HDTV.

Calibrating your new HDTYV isn't our goal, it's our
duty. And while we can't legally break into your
home and calibrate your TV on our own, we do 1-800-GEEKSQUAD
have Certified ISF Installers standmg by waiting onnv"zqnouns|nnnm1n.con|ni:ﬂ BUY STORES
for your call. With professional ISF training, ~
and thousands of dollars worth of precision test
equipment and software, we hold ourselves to
delivering the highest level of picture quality
available in the known universe. So when you're
ready to get all the HD out of your HDTV, give
Geek Squad a call or visit www.geeksquad.com.

t thWIN CITIES PUBLIC TELEVISION
PRODUCED BY: St. Paul - Minneapolis DISTRIBUTED BY:

IN ASSOCIATION WITH: O’REILLY
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Illustration by Roy Doty

S Puzzle This

MAKE'’s favorite pUZZ|es. (When you're ready to check your answers, visit makezine.com/16/aha,)

World Series Survival

The CIA asks you to infiltrate the North Korean
leadership. After attempting to enter the country,
you're captured by Kim Jong-il. But it turns out he's
a fan of American baseball, and as the World Series
is about to start, he chooses to give you a sporting
chance to be freed.

The Yankees are playing the Red Sox and the
2 teams are perfectly, absolutely matched. Each
game is a coin flip — the chances of a win for both
are exactly 50%. The outcome of any previous
games does not give you any information about
who'll win the next game.

The Dear Leader wants to bet a million bucks that
the Yankees will win the entire series. He will front
you the cash (i.e., he'll give you $1 million up front,
and you give him $2 million back if the Yankees win,
and give him nothing if the Yankees lose).

If you decline the bet, he will kill you. If the Yankees
win and you don't have all $2 million to pay him, he
will kill you. If the Yankees lose, and you have money

W\v\\\\?\\\\‘\\

left over, he will accuse you of stealing and kill you.

You have no money, except for the money he's given
you, and maybe a couple hundreds in your pocket

(for rounding errors).

There are bookies you can place bets with in
Pyongyang, but unfortunately they will only accept
bets for one game at a time, not for the whole
series. Since each game is a coin flip and the out-
come of previous games doesn’t change that fact,
you can place whatever size bet you want on each
game, at fair odds ($1 wagered wins $2 back), right
before they occur (after any previous games have
been played). Obviously you must have the money
in your pocket to place the bet.

Remember, the World Series is a 7-game series
where the first team to win 4 individual games is
declared the winner.

How should you place your bets to guarantee
you'll have 2 million bucks for Kim Jong-il if the
Yankees win the entire series, and $0 if they lose?

Michael Pryor is the co-founder and president of Fog Creek Software. He runs a technical interview site at techinterview.org.
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S Maker SHIED

DIY KITS + TOOLS + BOOKS + FUN

BEST OF MAKE

This book contains the best
DIY projects fro our first ten
volumes — a surefire collec-
tion of fun and challenging
activities.

MAKER'S

NOTEBOOK

. MAKER’S NOTEBOOK
Put your own ideas, diagram,
© calculations and notes down
in these 150 pages of engi-
neering graph paper.

THE BEST OF
INSTRUCTABLES

A collection of technology
how-to’s from the site
instructables.com. Includes
tips, tricks, and techniques

you won't find anywhere else. |

. HOME CHEMISTRY

. This one-of-a-kind guide ex-
plains how to set up and use
© a home chemistry lab, with
step-by-step instructions for
conducting experiments.

makershed.com

FASHIONING
TECHMOLOGY

. FASHIONING
| TECHNOLOGY

. Getthe top book on smart
' crafting, because LEDs are
' the new sequins.

MAKE: THE FOURTH
. YEAR BOX SET

3 Four volumes of MAKE, Year
3 4, are combined in a Special
. Edition Boxed Collector’s Set.
Includes: Volume 13, Volume
14, Volume 15, and Volume 16.

DISCOVER DIY KITS, TOOLS, BOOKS, AND MORE AT » makershed.com
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BUILT FROM PLANS!
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www.AtomicZombie.com

‘Precision
CNC Machii

{f

ing

3 Axis Mill

$7480

(plus shipping)
Shown with optional stand

and accessories.
Tormach 2 e

PCNC 1100
Features:

= Table size
3445 9.5"
® | .5 hp spindle
5000 RPM 4
computer
controlled
® Precision
ground
ballscrews
= Optional
4th axis,
digitizer,
and more
= |ncludes CAD
and CAM
software

® Cuts aluminum,
steel, even stainless!
'- I ; Product information and
g online ordering at
M e
G www.tormach.com

Robotics & Electronic

6000 S. Eastern Ave. 12D, Las Vegas, NV 89119

ﬂPoIqu#

Low-Voltage
Dual Serial Motor Controller
Two motors, 0-7 V, 5 A per

channel, only 1.0" x 0.9"

#0120: $31.95

Micro Serial
Servo Controller

With a 0.91” x 0.91”
outline, this 8-servo
controller fits just about

anywhere! A
N
4%)'
IL

#0207: $19.95
ol a

C-programmable, #0975:
ATmega168-based robot! $99

Robot Controllers
voltage

Custo Egvlger
Laser red user
From $25 LED 4
ATmega48/168 | pr°9"‘““’“'t”9
1 microcontroller 20 Mi'onr}eckor
Make your own ZCo8

. Baby Orangutan B
custom plastic parts! #1215, #1216 starting at $24.95

Call 1-877-7-POLOLU or visit www.pololu.com

Solderless
clock kits

$25-33 with coupon’mks'  Free shipping!

Get started with our bright 9"
(LEDs, panel,1 watt driver, stands, manual).

x 5" kit

Then customize! We make it easy to:
> Build even larger displays.
= Synchronize multiple displays.

www.LEDKit.biz
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Build Your Own:
r

|

FREE KIT!

www.paia.com/make-freel

PIC® Microcontrollers
starting under $5!

Use PIC MCUs for: Motor Control, USB
Peripherals, Ethernet Appliances, Serial
Communication, Home Automation, Data
Logging, Remote Confrol, Robot Brains,
Movie Props and Sets, Autonomous Vehicles,
Engine Control Units, and infinitely more.

melabs U2 Programmer for PIC MCUs
Packages from $89.95 fo $144.95
melabs also offers: BASIC Compilers, Experimenter

Boards, Prototyping Boards, Programmers, Serial
Displays, Books, Example Programs, Free Resources

www.melabs.com
(719) 520-5323

ALL
€ELECT IC{

COR/F ORATI ON

Thousands of Electronic Parts
Available Today! I

LEDS - CONNECTORS

RELAYS - SOLENOIDS - FANS
ENCLOSURES - MOTORS
WHEELS - MAGNETS

POWER SUPPLIES - PC BOARDS
SWITCHES - LIGHTS - BATTERIES
and many more items....

We have
what you
need foryour
next project.

www.allelectronics.com

Discount Prices -

Fast Shipping

Davelopment Kits - E

X zarie= SO

Murve Metworks .'-II.'IFI'I"rl_l]"II"'.I'I" s

- Edutaimment
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RARE EARTH MAGNETS Microcontroller
Science ° Crafts * Hobby ° Industry )

\ Introduction to
computers and
Huge Inventory ® Same Day Shipping -

programming
Stock and Custom Sizes Available
Great for Throwies, Generators, Sensors,
Magnetic Levitation, Experimentation with
Ferrofluid, or General Science

2

RODS = CUBES ° PLATES ° SPHERES ° RINGS

WE ACCEPT PAYPAL AND ALL MAJOR CREDIT CARDS

AMAZING
MAGNETS®

© 2008 Amazing Magnets, LLC + 55 SCIenc Klts
available at
www.thamesandkosmos.com
the Maker Shed Store

and toy retailers everywhere

www.amazingmagnets.com

WARNING—Rare earth magnets are very powerful and
can easily pinch fingers. Not to be used as a toy.

@ Thames & Kosmos

Helping Inventors
Since 1990

Stanford University
Center for Computer Research in
Music and Acoustics

Summer Workshops 2009

InventorsForum.org
(Southern California)

Learn state of the art digital signal processing for music,
interaction design for musical instruments, perceptual audio
coding, programming, microcontrollers, sensors and circuits, from
leading computer music personalities: Perry Cook, Marina Bosi,
Xavier Serra, Ge Wang and Michael Gurevich.

Don't get ripped-off! Join
a non-profit inventors
group in your area.
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Free and Confidential
30 min. Consultation

Registered with the U.S. Patent Office

660 Lomita Drive il McGushion Patent
“Your Patent Experts”

Stanford University e
Stanford, CA 94305 P .
? www.mcgushion.com

650-723-4971
http://ccrma.stanford.edu/workshops/2009 ! nfo@ m Cg ushion.com

Y

For more information please visit:
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http://www.inventorsforum.org
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Capture the
Unexpected

With the
Camera Interface
. Application Kit

@

L=

25mm x 35mm

Order Online At
rabbitkit.com

RABBITowg>

Recommended for use
with MITs OpenCourseware
"Practical Electronics”

- Hords On Learning

The git of matenal goods makes
peopte dependent, but the git
of knowledge makes fhem free.
- EF Schumacher

EVIL
GENIUS

roventobe e BEST ST
Introduction to Electronics Course

Book and Compie components ks
avalable from Abra-Elconics
Www.abra-lecironics.com
1.800.717.2212

DRO,FOR YOUR LATHES AND MILLS

$599 US 4 $749 US
Ll BT-2 System g BT-3 System
Includes Includes
BT-2 Readout Unit BT-3 Readout Unit
1-48" Scale 1- 48" Scale
1-16" Scale 2-16" Scale
Power Supply Power Supply
Manual Manual

Bolt Circles * Bolt Lines ° Power Fail Memory * Tool Offsets
Reversible Count Direction ¢ INC/ABS Mode ° Inch/MM
Diameter Mode ° 5 Year Warranty

CALL TOLL FREE

1-800-772-6322

www.star-techno.com

Star

Nﬁade in Canada ¥ BUY FACTORY DIRECT

Parts & Accessories for your Mac + iPod

do-it-yourself Mac & iPod Parts
free online Fixit Guides
thousands of parts and upgrades

7Fixit
Mac + iPod Parts & Upgrades
use this coupon for $5 off: | MAKEFIXMAC

1-866-61-FIXIT

iFixit.com
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Liquidations

Closeouts & Overstocks

Hardware

Vinyl Sign Supplies
Craft Supplies
Rare Collectibles

Scratch and Dent
Auto Accessories &
Performance Accessories

Electrical Surplus
Electronic Surplus

4791 Memphis Avenue | Cleveland, Ohio 44109
216-241-4797 | 216-408-8316
contactus@memphissurplus.net
www.memphissurplus.net

Talking Alarm Clock Kits

Talking alarm clock with iPod/MP3 input
Colorful synchronized LED lightshows
Color-shifting nightlight
Downloadable alarm music
Multiple colors & designs

Compete kits from $39

@ Rival Electronics e info@rivalonline.com

NotorlessTMation!

-

Dis
MusclenWires®
Thin all-metal
filmaments

that can lift

1,000s of

times their

own weight!

In 11 strengths from

7 grams to 2 kilos!
Discover Fast, Strong,
Silent, Low Voltage,

Essential gadgets for
Motorcyclists, Pilofs
and Makers

www.mofo.aero

$500 Monthly Contest


mailto:contactus@memphissurplus.net
http://www.memphissurplus.net
mailto:info@rivalonline.com
http://www.moto.aero
http://musclewires.com
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————— Wheelchair Safety System

. My daughter Katy uses an electric wheelchair
and last year she went off to college. Her mom and
| were concerned about Katy's safety in navigating
the campus — she might get her chair stuck or have
some other type of trouble and not be able to get to
her cellphone.

So | used a Parallax microcontroller to control
a GSM cellphone as a “telematics” system for her
wheelchair. Inside the gray box mounted on the
back of her chair, | use the phone in speakerphone
mode with an external microphone and speaker.

The way | did this was by leveraging the old modem
“AT" command set that almost any GSM phone has
for legacy control. Using a prepaid phone, | broke it
down and connected it to the Parallax Basic Stamp 2
microcontroller and a receiver with two wireless
remotes. | used an old Sony Ericsson T226 phone,
but I've since learned that the Motorola C168i or
T720 would have been much easier.

For operation, Katy keeps one remote in her
purse while the other one is attached to her chair.
If there's a problem, she can push the buttons on
either remote and the device will call a local health
care provider, then my mobile phone, and then our

200 Mmake: Volume 16

home, or with another sequence of button presses it
will call campus police. When anyone is reached, the
unit acts like a standard speakerphone.

The joy for me is that it's always on and | never
have to worry. Plus, at boot-up the BS2 sends a
command to the phone to put it in auto answer
mode. If we're ever concerned, as a last resort we
can call the phone and it will answer in speaker-
phone mode without ringing (also good for Dad's
concern of boys in the dorm room!). | thought about
adding GPS, but my daughter vetoed that idea.

Since Katy's chair is always with her, we know
she'll be safe. The alternatives were just not
acceptable; even pay services were little more than
remote-enabled speakerphones with a required
wired connection. With the ease of the BS2, the
whole project was assembled over a weekend,
including time for coding and debugging. So in a
very short time at home, | was able to develop and
deploy a one-of-a-kind wireless product that exactly
fits my needs!

Bryant Underwood serves as the director of supply chain for a
defense contractor and resides in the Bridgeport, Texas, area.

Photograph by Debra Underwood
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42 Watt Universal Stereo Amplifier System

v 42 watt class D amplifer, spread spectrum design!

v 87% efficient heat-free operation!

v 0.1% distortion for clean crisp audio response!

v Balanced and unbalanced audio inputs!

v All DC controls for noise free operation, no analog pots!
v Selectable pre/post proccess line outputs

v Short-circuit proof!

v Operates on 12-18VDC at a mere 3.3A!

v Compact and attractive shielded aluminum case!

Make It, Learn It, Achieve It, Enjoy It!

Not Included
Those Are Mine!

The success of the tiny little UAM4 stereo amplifier was incredible, but there
were a lot of requests for a complete system built around its technology. These

requests seemed like a great idea, so here it is, the UAM4SYS!

The amplifer is based on a single SMT device that runs in class D, which means it's highly efficient and produces very little heat! Your
power goes into the audio output, not heat on a heatsink! The results, 21 watts per channel of stereo or 42 watts total or mono audio
power! All cool running without the need of heatsinks or ventilation requirements! Easy-to-use board jumpers offer selectable gain of
+22dB, +25dB, +29.5dB or +36dB to match your input levels. Board jumpers also enable protection and shutdown options as well as
stereo/mono/bridge mode. The amplifier also features built-in click and pop suppression to protect not only your ears and sanity, but
our speakers and equipment! Line outputs are selectable pre or post processing and the headphone circuit gives you 64 steps of audio
evel and stores your last setting! Construction is through-hole for easy assembly, other than the SMT devices which are pre-installed.
Runs on 28VDC for full rated output but runs well on 12VD for mobile applications! Visit www.ramseykits.com for full details and specs.

UAMA4SYS
UAM4SYSWT
SPS183

42W Stereo Amplifier Kit

Laser Trip Sensor

True laser protects over 500 yards!

At last within the reach of the h

byist, this neat kit us
i irciuded) to provide both audible and visual alert of
roken path. 5A relay makes it simple to interface!

Laser Trip Sensor Kit $29.95

Passive Air Band Aircraft Montior

Written up in Communications Magazine worldwide,
the ABM1has become one of the most popular air-
craft receivers of all times! Our patented circuit and
design receives traffic over the entire aircraft band of
118-136MHz without anP/ tuning! It gets even better,
it contains no local oscillator, therefore generates no
RF w}flta}tsoever, and therefore can be used on-board
aircraft!

Just imagine the thrill, of listening to the pilot of

your aircraft, or the bigger thrill of listening to all

active traffic at an air show without looking for frequen-

cies or tuning a receiver! Available in a through hole kit form or a
factory assembled & tested SMT version. 9V battery required.

ABM1 Passive Air Band Monitor Kit $89.95
ABMIWT Factory Asmb & Tested SMT Version $159.95

Sniff-It RF Detector Probe

One of our most popular test accessories that

we designed to simply take the hassles out of ,

RF troubleshooting! Connects to any DVM

and provides a DC voltage output from

extremely weak RF signals. Great for signal trac-

ing, locating bad stages, tuning receivers, and a whole lot more.
Terminates in banana plugs for your meter. Assembled & tested.

RF1 Sniff-It RF Detector Probe $22.95

RAMSEY ELECTRONICS, LLC
590 Fishers Station Drive
Victor, NY 14564

(585) 924-4560

42W Stereo Amplifier Assembled & Tested With SPS183 Power Supply
18VDC, 3.3A Switching Power Supply, 100-240VAC, 50/60Hz

$199.95
$299.95
$49.95

www.ramseykits.com

MORE than just friendly on-line ordering!

User Forums, Dealer Information, FAQ’s, Info, Catalog Order, Kit Building Guides,
Downloads, Live Weather, Pro Audio, Live Webcams, and much more!

800-446-2295

OBDII CarChip Pro Logger

v Monitor vehicle performance and
emissions to save gas!

v Stores up to 300 hours of trip info!

v Records extreme conditions

v View & reset engine trouble codes!

With gas prices constantly
uctuating on the high side it's become
J|more important than ever to make sure
your vehicle is in tip-top shape for the
most economical performance possible!
Old sparkplugs can reduce fuel economy
to 30%! Worse than that, a bad oxygen sensor cuts it by 40%.
Andr;c'hat relates to a lot of extra gas at today’s price! Just do the
math!

With the CarChip Pro plugged into your OBDII port you have
access to all your vehicle’s diagnostic data at your fingertips. It
stores up to 300 hours of trip details, including speed, time, idle
time, hard and extreme accelerations and braking, and engine
diagnostic trouble codes. You can also log up to 4 custom param-
eters including RPM, throttle position, engine load, fuel pressure,
fuel system satus, short term fuel trim, long term fuel trim, battery
voltage, timing advance, coolant temperature, air flow rate, intake
air temperature, intake manifold pressure, and oxygen sensor!
Plus on top of all that, it automatically records all critical data 20
seconds before any impact! Just like an aircraft “black box"!

You can also set thresholds and audible alarms for speed, acceler-
ation, braking, etc. which makes a great tool for teaching kids how
to drive... and keeping track of them!

Includes the CarChip Pro, software, a USB cable, and detailed
instructions. Just plug into any computer compatible with USB
and download the data into reports or custom spreadsheets.
needed. Compatible with gas vehicles after 1996. From Davis.

8226 OBDII CarChip Pro Data Logger, Asmb $99.95

W anti o

Get The New 2008
Catalog Today!
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Let your geek shine.

Meet Pete Lewis, lead vocalist for the band
Storytyme. Pete recently created the RS1000,
a new personal monitor system for performing
musicians. It was SparkFun’s tutorials, products
and PCB service that enabled him to take his idea
to market in less than a year.

The tools are out there. Find the resources you
need to let your geek shine too.

searkfunm

LECTRONICS

Sharing Ingenuity

WWW.SPARKFUN.COM

©2008 SparkFun Electronics, Inc. All rights reserved.

Hear music from Storytyme at www.storytymeband.com, or check
out Pete’s RS1000 at www.rockonaudio.com.
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The Value of a Good
Hands-On Project

by my desk the other day pointing at a
Newsweek folded back to a chart that ranked
retail winners and losers for the past quarter.

“Look what came in right behind gasoline stations
on the high-growth list,” he said, pointing to the
circled chart. “Hobby, toy, and game stores.” No
one who owns a car will be surprised to see that
gas stations top the growth chart, but hobby and
game stores? We're in the midst of some gray
economic times, and folks generally think of
hobbies and games as discretionary pursuits, no?

Dale and | were intrigued by the chart because
it mapped so closely to our own Maker Shed
experience — a pronounced upswing in interest
in kits. To be sure, part of our success is the result
of a team of smart editors and staffers who've
uncovered beautiful kits and projects that really
resonate with our audience of inquisitive makers
and science enthusiasts. However, | think the
underlying data is telling us something important
about ourselves and the kind of value we derive
from a good hands-on project.

Perhaps it's the constructive distraction of
focusing ourselves on something other than the
recession, something where we have a reasonable
chance of controlling the outcome. Maybe it's
the satisfaction of picking up a new skill, dusting
off an old one, or simply learning how something
works (or doesn't). Maybe it's the memories that
live long after the project is done.

And there's definitely something intrinsically
satisfying about passing along skills — even the
simplest of skills — to a younger maker. What
kid doesn't enjoy a workbench, a few tools, and
a good project on a rainy day?

Even though many of us are nixing the vacation
we'd thought about, driving that funky clunker of
a car for another year, or putting the bathroom
remodel on hold, the basements, garages, and
backyards of this planet are coming alive with
experiments, tinkering, and the making spirit.

So this holiday season, whether you provision a
project from recycled materials and repurposed

E ditor and Publisher Dale Dougherty came

N b
St

The chart mapped so
closely to our own
experience: a pronounced
upswing in interest in Kits.

hardware lying around the house, or decide to buy
a project kit from the Maker Shed (makershed.com)
or somewhere else, give yourself and someone you
care about the gift of making something together.

And if you're in a position and the spirit moves
you, consider giving the gift of a science kit to a
deserving school or teacher. They need your help
more than ever before.

Dan Woods is associate publisher of MAKE and CRAFT
magazines.

Photography by Scott Beale / Laughing Squid
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LED ORNAMENTS . BLINKYBUG KIT | POCKET REFS

Light up your tree with these LED These simple, little electro-mechan- Choose from a variety of pint-
felt ornaments. Choose from a +ical insects respond to movement, : sized reference books, chock-full
dove, reindeer, or snowboarder. . wind, and vibrations by blinking . of need-to-know info. You'll never

No soldering necessary! their LED eyes. Great for all ages! be stumped again.

MOUSEBOT KIT ' PROJECT TIN '+ TV-B-GONE

Herbie the Mousebot is a very The perfect housing for electronics Turn any TV on or off with the click
quick, easy-to-build, light-chasing | projects. We even took out those . of a button. Peace on Earth is at
robot kit perfect for beginners. + pesky mints! . your fingertips.

ROBOT CHARM + SOCK MONKEY . 3D CHRISTMAS TREE
Made from shiny electronic . This creative starter kit will have . The ultimate Christmas gadget
components salvaged from TVs, you making a “Finnoola Peach” features 16 flashing LEDs.
VCRs, and computers, then strung monkey faster than you can say
on an 18" nickel ball chain. " “eek eek.”

DISCOVER DIY KITS, TOOLS, BOOKS, AND MORE AT makershed.com.
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TGP DIY KITS

GAKKEN MECHAMO KITS

Make metal inch, scuttle, and undu- :

late with these kits. You can have
robotic insect wars between the

inchworm and centipede, and then
watch the crab crush them both!

BRAIN MACHINE KIT

Hack your brain! Get comfortable,
put on the glasses and head-
phones, close your eyes, and flick
the power switch!

A4 Dircover '

= Electronics! |
f::"‘.’"" - « DIY ELECTRONICS KITS

g | Harness the power of the electron
with this component-loaded kit.
Everything you need to get started
is in the box. You'll master the
basics in no time.

¥ THAMES & KOSMOS
CHEMISTRY SET

Inspired by our Home Chemistry
book, we searched for the best
chemistry kit available. This is it.

Electronicr

W Dmngs

VACUUM TUBE RADIO BLUBBER BOT BLIMP

This handsome, easy-to-make kit . Build an autonomous light-seeking
includes a pin straightener, a blimp that will delight all ages. Buy
variable condenser, a testing micro- a few and make your own pod.

phone, and a powerful transformer.

DISCOVER DIY KITS, TOOLS, BOOKS, AND MORE AT makershed.com.
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MAKER BUNDLE

All of the components for our top
MAKE Projects : Mousey (V02),
Trimet (VO6), SolarRoller (VO6),
and Beetlebot (V12).

EVERYTHING

DIET COKE + MENTOS
From the guys who created the
internet sensation comes a kit
that lets you recreate the glory —
and mess — at home. Towels not
included.

IF YOU CAN'T

OPEN IT,

TOU DON'T OWHN IT
——— )

MAKE HOODIE

Show your Maker attitude with
this comfy sweatshirt featuring
the MAKE motto.

RRDUING

%
Arduino
Starter Kit

ARDUINO STARTER KIT

Arduino lets you connect the

physical world to the digital world.

Contains everything you need for
your first Arduino project, includ-
ing our Making Things Talk book.

Getting
Started

Make:

GETTING STARTED

WITH ARDUINO

A brand new guide to this open
source computing platform,
written by one of the co-founders
of the Arduino project.

Making
Th|ngs Talk

MAKING THINGS TALK
Create talking objects from
anything. Learn how to get your
creations communicating with
one another by forming networks
of smart devices.

ARDUINO PLUS USB
Get this easily programmed,
open source microcontroller.

PROTOSHIELD

The best solution for trying out
your circuits — it plugs right into
the top of your Arduino.

MOTORSHIELD
Controlling motors with an
Arduino has never been easier.

DISCOVER DIY KITS, TOOLS, BOOKS, AND MORE AT makershed.com.
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THE BEST OF MAKE

The best DIY projects — a surefire
collection of fun and challenging
activities going back to MAKE’s

FASHIONING
TECHMOLOGY

FASHIONING TECHNOLOGY
Get the top book on smart craft-
ing, which includes an invaluable
60-page primer — because LEDs

BEST OF INSTRUCTABLES

A collection of technology how-tos
from the site instructables.com.
Includes tips, tricks, and techniques

launch in early 2005. are the new sequins. you won't find anywhere else.

MAKER'S
NOTEBOOK

lllustrated Guide to
Astronomical Wonders

OREILLY

ASTRONOMICAL WONDERS
Explains the equipment and
describes how and where to find
hundreds of spectacular objects
in the night sky.

HOME CHEMISTRY

How to set up and use a home
chemistry lab, with step-by-step
instructions for conducting
experiments.

MAKER’S NOTEBOOK

Put your own notes, diagrams, and
calculations down in 150 pages of
engineering graph paper. Plus 20
bonus pages of reference material.

. Eccentric
. Cubicle
R

OREILLY"

MEET THE MAKERS
Our profiles of a brigade of
citizen engineers.

ECCENTRIC CUBICLE
Enter a parallel universe of
surreal office-based projects
from a desktop guillotine to a
USB powered bubble blower.

« AND DON’'T FORGET BACK ISSUES!

MAKE: BOX SET

Four volumes of MAKE, Year 4,
are combined in a Special Edition
Boxed Collector’s Set. Includes:
Volumes 13, 14, 15, and 16.
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= Maker SHIED

DIY KITS + TOOLS + BOOKS + FUN

Welcome to the Maker Shed. In the following special
holiday section, you'll discover just a few of the unusual
and hard-to-find DIY projects available for purchase in
our makershed.com store. Carefully screened by the
editors and staff of MAKE magazine, Maker Shed kits,
tools, books, and games are designed and produced by
our favorite makers and small suppliers from around
the world. Our goal is to offer life-enriching challenges
and exploration through carefully curated science,
tech, and crafting projects for a range of interests and
experience levels. We hope you enjoy them!

HAPPY HOLIDRYS + PERMISSION TO PLAY!
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