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7: Crafter Manifesto
The magic of making things. By Ulla-Maaria Mutanen

10: Welcome
Managing Editar Shawn Connally on laziness as the
ultimate motivator.

12: Life Hacks: The Paper Chase
Our real challenge today is not to use less paper but to keep
less paper. By Merlin Mann and Danny O'Brien

15: Tim O'Reilly
Mews from the Future: A report on the labs and garage
projects changing the way we live.

16: Made on Earth

Amazing things your neighbors build in their basements.

26: Bruce Sterling

Multitools are for people who never stop tinkering.

28: Maker: Dean Kamen

Wasting time is an unspeakable crime, says Segway inventor
Dean Kamen. By William Lidwell

38: Heirloom Technology
Chinese Ingenuity: Bamboo scaffolding and sneaker-foam
rafts. By Tim Anderson

42: How to Make a Film, Without
Money, While Being Bombed

Shooting a documentary in Belgrade is risky business.
By Jasmina Tesanovic

45: Maximoog

A tribute to Bob Moog, the man who gave us somany good
vibrations. By Jimmy Guterman

46: The Playful Scientist

Call me crazy. Just don't call me mad. By Saul Griffith

48: Let the X Games Begin
If you ever wanted to try making a video game, here's your
chance. By Alex Handy

52: Mister Jalopy’s Garage

Inside a garage-sale treasure trove. By Mark Frauenfelder

54: World's Biggest MP3 Player
Filling & retro hi-fiwith an MP3 ripping and playback systemn.
By Mister Jalopy

59: Film Jockey
Julie Meitz uses old film projectors to create collages of light
and color. By Ross Orr

60: Proto: Where Bits Meet Flesh

IBM's Thomas Zimmerman and the “thrill of the make”
By David Pescovitz
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Keeping It Ree!

Old skool V) Julie Meitz's
sound and moving-image
performances utilize multiple
16mm film projectors.

Meet Mister Jalopy

Inside the garage of an
unrepentant garage sale fiend.

ON THE COVER

Cigar box guitars have a rich
history in American music.
Jimi Hendrix, Roy Clark, and
Carl Perkins learned their
chops on this easy-to-build
instrument. Qur version, on
page 76, incorporates an inex-
pensive piezoelectric buzzer
as an electric pickup.
Photograph by Topher Lucas
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CIRCUIT BENDING

Convert cheap toys into
weird-sounding synthesizers.
By Sabastian Boaz and
Cristiana Yambo

33

PHOTOGRAPHY

Take pictures of popping balloons,
breaking glass, and water droplets.
By Tom and Wendell Anderson

How to program chips.
By Sparkle Labs

158




CIRCUIT BOARD

Need PCB123 Provides the M.
FREE Complete Circuit Board Solution ey
Design Through Order | i Enwl

design <D0 YOUHACKS |
software? Are you tired of bread boards & chemicals? E===

* Get a high quality, rugged Printed Circuit
Board in as little as 2 days.

* New libraries contain over a 1000 common | i:i; /S i®~ °
devices (PIC MCU, AVR, Flash, OTP, EPROM | : i
and much more)

P@BT 20} 13426 S Freeman Rd. Mulino, OR 97042 USA DOWNLOAD THE NEW VERSION
b, 3_|, Phone: [B00] 228-8198 x236 / Fax: (503) 829-6657 [www.pcb‘lz.'i.cornfmék{]

YOUR TARGET FOR CIRCUIT BOARDS

——_
6{,{0 INTERNET 5,

Successfully selling online since 1997.
Experience you can trust! Try us out today at:

www.PCBexpress.com/make




Volume 04
64: Kits for the Holidays

Our guide to the coolest kits to make and give.

152: Sneaky Uses for Everyday Things

Turn acup into a speaker and a microphone. By Cy Tymaony

154: Owner’s Manifesto
If you can't open it, you don’t own it. By Mister Jalopy

166: HowToons: Baster Flute
By Saul Griffith, Nick Dragotta, and Joost Bonsen

168: Toolbox

The best tools, software, gadgets, books, magazines, and
websites.

179: 1-2-3: Wizard Crackers

Start the holidays with a bang. By Charles Neveu

180: Tales from MAKE: Blog

CVS Hackathon. By Phillip Torrone

181: Maker’s Corner
Almost everything you need to know about MAKE.

182: Retrocomputing

Consolidating your computer peripherals. By Tom Owad

183: Cory Doctorow
RIP: Rip, Mix, Burn.

184: Dale Dougherty
Wahi-Sabi: The Japanese have a deep appreciation for things
humble and handmade.
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IBM'S In-House
Maker

into a product. It becomes
able hardware and you

make new d
—Thomas erman of the
iences & Experien
rch laboratory at IBM's
Almaden Research Center

186: Blast From the Past

Lindsay Publications’ unique catalog of hard-to-find lore.
By Dale Dougherty

188: MakeShift

Dean Kamen challenges you to create an irrigation system for
a small farm. By Williarn Lidwel|

190: Reader Input

192: Homebrew
My Lego Electronic Lab Kit Bricks. By Claude Rieth
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Ulla-Maaria Mutanen, @ Ph D. student at the University of

Helsinki in Finland, has been thinking about why we enjoy
making things. Creator of the HobbyPrincess blog, she
developed a Crafter's Manifesto that could just as easily

be read as a call for makers t

o unite. We present it here

as our holiday greeting to celebrate the universal urge

to do-it-yourself.

M People get satisfaction for being
ahle to create/craft things because
they can see themselves in the
objects they make. This is not poss-
ible in purchased products.

B The things that people have made

themselves have magic powers. They

have hidden meanings that other
people can't see.

B The things people make they usually

want to keep and update. Crafting is

not against consumption. Itis against

throwing things away.

B People seek recognition for the
things they have made. Primarily it
comes from their friends and family.
This manifests as an aconomy of gifts.

B People who believe they are pro-
ducing genuinely cool things seek
broader exposure for their products.
This creates opportunities for alter-
native publishing channels.

Ulla-Maaria Mutanen is a Finni

B Work inspires work. Seeing what
other peaple have made generates
new ideas and designs.

B Essential for crafting are tools
that are accessible, portable, and
easy to learn.

M Materials become important.
Knowledge of what they are made
of and where to get them becomes
essential.

M Recipes become important. The
ahility to create and distribute inter-
esting recipes becomes valuable.

B | caring techniques brings people
together. This cred tes online and
offline communities of practice.

M Craft-oriented people seek oppor-
tunities to discover interesting things
and meet their makers. This creates
marketplaces.

B At the bottom. crafting is a form
of play.

<h crafter who pub! ishes

{he HobhyPrincess [ullamaaria.typepad com/)blog

about fashic crafting, and technology.
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Contributors

Ten years ago, Mister Jalopy (World's Biggest MP3 Player and Own Your Own) decided to
be handy. “People are not born craftsmen; they just have the courage to screw things up,”
he says. "Embrace your inner amateur and try everything. There will always be an expert to
take your money and fix the mistakes.” Mister Jalopy is a mediocre welder, a fair shade-tree
mechanic, a clumsy designer, and has never touched a piece of wood that he hasn't ruined.
Haowever, he still gets a lot done at_hooptyrides.com.

A new kind of activist, Ulla-Maaria Mutanen (Crafter’s Manifesto) started her blog,
hobbyprincess. com, because she “thought girls should get more active in defining where
society and technology are going.” The Helsinki native is also building a free product code sys-
tem and an opendatabase for products, ThingLinks, while working toward a Ph.D.in the social
sciences. Inher spare time, shelikes to “scavenge second-hand shops for wonderful things, sing,
and ride a green bicycle! Mote to Dean Kamen: She thinks you should invent a flying Segway.

William Lidwell (MakeShift) is an artist, author, and entrepreneur. For fun, he can be found
practicing martial arts, playing ping-pong, or working on esoteric problems over pizza and
beer with friends. For work, he splits his time between writing. consulting, and working on
bizarre design projects at the Stuff Creators Design Studio. William is author of the book
Universal Principles of Design.

Both motivated and broke, Dustin Amory Hostetler ( Cigar Box Guitar and Retrocomputing
illustrations) loves club soda, the color yellow, cats and dogs equally. and any tree with a tree
house. A prolific illustrator, this Toledo, Ohio, native just started a design studio with his wife
(studiosansnom.com) and is the publisher of the annual art magazine Faesthetic. He also
admits to holding grudges, so be careful about criticizing club sodain his presence.

Ed Vogel (Cigar Box Guitar) describes himself as "an aging punk who likes musical theater”
and makes one-string pizza box guitars with kids at leonardosbasement.org (“fill the belly
and then fill the mind!™). He once bet he could make a transistor using late 19th century
materials and built a device out of a photoconductive cell, a neon glow bulb, and a resistor.
He's now working on a solar-powered adsorption ice machine and can't decide if he likes
chocolate cake or broccoli more.

His mom bought him his first 110 camera when he was &, and Topher Lucas (cover photo)
has been shooting ever since. A photographer who describes his job as being “some sort of
license to meet completely random strangers” he's currently working on a project docu-
menting the characters of the Lower Haight, his neighbors in San Francisco, Calif., and is
going to Vietnam for a shoot early next year. He also enjoys yoga, the ocean, and riding his
motorcycle, but does not like chocolate.




LAZY

PROGRESS

I'VE GOTTEN GREEDY, I'VE GOTTEN LAZY, AND
lexpect too much. T mostly blame TiVo for taking
me down this path. I[f Tivo can ligure out what | like
to watch and let me rewind a scene Lo figure oul
what that mumbling actor is saying, why can’t my
car stereo let me listen to 2 song from the begin
ning if | jump into the car as it's ending? Why can't
my special shampoo chemically enhance the rools
al my hair and keep my. um, natural blonde high
lights looking natural?

The marvels of 21st century technology have
made me look at my microwave, toaster, and yard
sprinkler with disdain. [1's & bagel stupid. not 2 fro
zenwallle I'm delrosting chicken. nal fish. My kids
are oulside playing — don't you even have 2 motion
sensor, you dumb hydro-dumping apparatus?

Way back in the 20th century. | resisted the
mind-rotting capabilities of programming my home
phone to remember all my important numbers for
me. But now | demand a speakerphone an my cell

“Sonow I'm casting aside
my guilt and embracing
my laziness.’

phone, remole access Lo the messages on my offlice
phone, and one-button access Lo my answering
machine when ['m sitting on the couch and too lazy
to walk into the other room.

[can't believe | used Lo wail three days belore gel
ting to see the photos from my last vacation. And |
actually snail-mailed prints of the new house, kid, or
car to each family member, instead of doing a2 mass
emall pointing to my latest online photo album.

et all this leaves me wanling more, more, more.
Oneday, while looking through the galleys of the
soon-to-be fourth volume of MAKE, It struck me

[am not alone inmy greed and slothfulness.

10  Make: Volume 04

Everyone wants lechnology to work Tor them in hip
per, better, more logical ways. Laziness is actuzlly a
terrific motivator for coming up with creative solu
tions: "How can | come up with a way to never have Lo
cleanmy rain gutters again? Why, | could build a little
robot that shovels out the debris as it rolls along!”

Makers on every continent, in every walk of life,
andin every age bracket are crealing — belter yet,
making — the things they crave. A regular alarm
clock doesn't gel Gauri Nanda out of bed, so she
makes one that crawls around the bedroom. Cold
[usion trumps retirement; neoprene zels a new life;
that thermostat is Tooled with just a2 nightlight and
same ingenuity!

Sonow I'm casting aside my guilt and embracing
my laziness. I'm going to improve the guality of my
life by making the technology | paid for work the
way [want it to. Qur Wi-Fi doesn't work in the guest
cabin —il's alittle too far away from the house
and, as such, cannol be used as the home-office
away-from-home that my husband craves. Recently,
I decided to jump into my technology and create
aWi-Fi mesh network (see Volume 01, page 132).
This is zoing Lo be his Christmas present. and my
headfirst jJump into the maker world. And ['m mak
ing a blog for my sister so she can easily document
her trip across the country. [t's not cold fusion or
printed circuit boards, but it's a start.

| challenge you to look around and make your
world, or someone else's world. a better cooler,
easier place to be. [U's the time for gift-giving, and
it's more fulfilling and & lot cheaper Lo make some
thing, whether it's as simple as a personalized
photo album or as complicated as devising a way
to make the radar detector in the car talk to the gas
pedal so speeding tickels are a thing of the past.

I'd love to hear about the things you make:
editor@makezine corm.

Shawn Connally is managing editor of MAKE.



The University of Advancing Technology creates
thinkers who understand technology, and teaches
them how to apply that thinking no matter how
the world evolves. It's accelerated leaming

in an innovative environment you won't find
anywhere else—a select praduate college
combining business knowledge with technology.

Choose from specialized areas such as:
== [nformation Security

== Artificial Life Programming '
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== Technology Management ;
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life Hacks: Overclocking Your Productivity

DERTH TO PRPER!

VIVA PRPER!

THE DERD TREE VERSION 1S RLWRYS
BETTER THRN THE DIGITRL VERSION.
EXCEPT FOR WHEN iT iISN'T.

By Merlin Mann & Danny O'Brien
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Mustration by Kristy McKoy



OU MAY RECALL, SEVERAL YEARS BACK,

when the coroner's reporl on paper came back
with findings as grave as they were decisive. Owing
toils purported cost unwieldiness, and utter obvia
tion by widely available clusters of zeroes and ones,
the proud and pulpy sheet was reportedly as dead
as Trolsky. Four thousand years in the loyal service
of pharaohs, lovers, and child-artists just terminated
withoul ceremony or recompense — made redun
dant, we were Lold, because simply everyone was
using computers nowadays — so, why (God, why?)
would any sensible person ever wanl 1o write some
thing down agzain? | mean, really.

Visualize the bafflement among the paperphilic
stafl of Life Hacks Labs upon hearing from many
of these same (albeit slightly rounder and greyer)
[uturistas that paper s now apparently "back” And
apparently paper has really caught on with geeks.
Can you believe 17 The same scoundrels who were
placed incharge of all those compulters that sup
posedly replaced paper back during the Clinton
Administration! The very idea. The mind reels.

There is no Lumber Cartel. Friends, we're here
today to unvell the august secrel that we hope will
save potentially dozens of Important Technology
Writers from needing to produce another wide-eyed
report on how very odd itis that all these ceeks
seem o love paper so much. The trick is thal there s
noparadox, no more so than suggesting that people
who buy screwdrivers must necessarily hate drills.

Ceeks rely on paper for the same reason that the
normals do: paper — along with conceptual cousins
like whiteboards and magnets — is simply the most
efficient tool Tor completing certain kinds of cognitive
work. And no amount of enhanced technology will
likely diminish this anytime soon.

Paper's in the room with you. The physicality of
paper invites us 1o stack and tear and tape and Told
and occasionally even fashion a missile to hurl at a
beloved family pet. Paper is there, and it inarguably
represents the purest and most durable instance of
the WYSIWYG interface.

A pile of sticky notes and a blank wall brings a
brainstorming session to life, while the modest index
card lets us capture, pile, analyze, and quickly reorga
nize our thoughts in cognitively satisfying ways.

Paper likes a day off as much as anybody. This
isnot toimply that our tasks can't all be accom
plished with the help of an appropriate digital
device We've each seen the oulsize functional yield
ol one beardy hacker, a Perlinstall, and a couple of

spare afllernoons. [Us more 1o suggest that paper
alfords presence and immediacy for the tasks that
require our minds to be open, ductile, and genera
tive ITyou've mastered an electronic tool lo the
extent thal paper seems to impede your Tlow, then
more power Lo you.

But even in the rariflied geek subculture of Extreme
Programming, we [ind paper to be front and center.
Index cards are employed in abundance, with clients
wriling user stories, developers tracking tasks, and

“Our real challenge today
IS not to use less paper
but to keep less paper.”

the cards themselves serving as physical reminders
of progress and next steps.

Does this make my FedEx look fat?
Jnfortunately, the physicality that makes paper
s0 ideal for “thinking” tasks is the very quality that
makes itill-suited for storage. recall, and transmis
sion over physical distance: paper takes up space,
weighs something, and can, in time, degrade in
quality. Flus, until they finally build out that interna
tional network of pneumatic tubes we've been ask
ing for iUs likely that gzip and sftp will continue to lap
[axing and shipping Tor both cost and efficiency.

Farmer and cowman should be friends. As
Malcolm Gladwell noted in his 2002 New Yorker
review of The Myth of the Paperless Office our real
chzllenge today is nol to use less paper but Lo keep
less paper. Paper still has a rolein our lives — just
not as the sole information tool we have al our
disposal. We don't throw out our wallets when we
buy a new suitcase, and no one seems Lo mind liv
ing in a home that contains both a television and a
radio Likewise, there's plenty of room for paper and
digital to live alongside each other so long as we
remember and respect what each is betler at.

For ubiguitous capture, planning, and brainstorm
ing. paper's tough to beat. For storage, searching. and
editing, the point goes Lo digital. As for organizing and
outlining? Your call. But whatever you decide to use
and for whatever purpose, it's comforting to know that
the chance for a fresh start s always waiting at arm’s
length on a penny's worth of plain old paper.

Learn how toreel in your mind at Danny O'Brien'slifebacks com
and Merlin Mann's 4 3folders.com.

Make: 13
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F -
Saturday and
Sunday
April 22 - 23
2006
makezine.com/faire

*Meet expert Makers and MAKE contributors *Hear from
O'Reilly’'s Hacks authors *Attend DIY tutorials *Explore DIY
projects and demonstrations *See the Ultimate Workshop

A hands-on event
featuring Makers whose
science and technology
projects will amaze
you and ignite your
imagination.

Bring your family and friends to the San Mateo Fairgrounds (centrally located in the San Francisco
Bay Area) for a weekend of hands-on exploration, recipe-sharing, creative mischief-making, and
wholesome play. All-day admission is a paltry $12 adults, $5 teens, and not a cent for kids 12 and

under accompanied by an adult. Maker-friendly family tickets and full weekend passes available as well!
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n puzzling out the shape of the future, it's not the
stories themselves that matter so much as the
I pattern. Once you'verecognized that, the stories

Jump out atyou.

Take this morning's New York Times. A story on
the increasing competition among the paparazzi for
celebrity pholtographs describes the quality of the
information at one leading celebrity photo agency:

“He opens a drawer, pulls out a few stacks of
paper. Here, he says, are this week's scheduled
movements of every famous passenger of a major
limousine company inLos Angeles... Here too, are .
passenzer manifesls of every coast-to-coast flight on
American Airlines, the biggest carrier at Los Angeles
International Alirport. ' gel the Tull printout! he says.
A they Ty any coastal flight, | know. [ can also find
anybody in the world within 24 hours. | guarantee it
He says he has law enforcement officers on his
payroll too, and can have z license plate checked in
an hour on weekdays, 20 minutes onweskends”

There's money in tracking celebrities, and the tracks
they leave are bigzer than those lelt by yvou or me, but
don't be fooled: information about where you are and
what vou dois also available, increasingly inreal time.
Porous access Lo huge electronic databases conlain
ing the tracks we all leave incyberspace — credil card
purchases, travel arrangements, what we read and
who we talk to — ensures that those who have the
time for a deeper look can ind plenty of information.

Here's where the makers among us come in: rather
thanjust bemoaning the loss of privacy, the fact that
big businesses Use this data to drive marketing into
every aspect of our privale lives, or the warning that
the police state is coming, makers figure out how 1o
ride the trend and turn it in a positive direction.

S0, for example, during last yvear's presidential
election, maker Michael Frumin of New York
technology/arts group Eyebeam built an amazing
site called_lundrace ore. which mined the public
dalabases of the Federal Election Commission and
bBuilt visuzlization tools to show the patterns of
contribution for each candidate, right down to the
local level Before Fundrace, this data was theoreti
cally avallable to the public, bul because access was
difficult, it was largely the province of political
organizations, lobbyists, and other industry insiders.
Frumin and his colleagues at Eyebeam struck a blow

Tim O'Reilly

NEWS

-ROM THE

FUTURE

(I D D N N N O N D P —
“The future is here. itU's just not evenly

distributed yet.” — William Gibson

for democracy, leveling the playing Hield and giving
equal access to all.

Whal's interesting is that even when you can see
the direction the trends are taking us, there are many
variations in the possible shape of the seemingly
inevitable future. Police state, maybe. Intrusive
commercialization, almaost certainly. But you can
also frame this pattern as the global small town.

Theysaythat in a small town, there's no privacy.
The blogosphere is today's town newspaper and
town gossip rolled into one, and digital cameras,
cellphones, and SMS from the [ront lines make sure
that breaking news gels picked up quickly. Just when
pundits were bermoaning the centralization of radio
and television by giant companies like Clear Channel,
podcasting and viogzing have flung open the doors
of competition once again.

And that's another pattern: this alternation of
centralization and decentralization can be seen
again and again. A new technology springs up from
the edges, breaking the stranglehold of entrenched
players and lowering the barriers to innovation.
Entrepreneurs capilalize on the new technology;
eventuzlly. the winners of the economic compet
tion consolidate their power and shut oul newcom
ers. But then (paraphrasing poel Wallace Stevens),
“the story begins again, in the yes of the maker,
spoken because he must say ves, because benealh
every no lay a ves that had never been broken”

You can gel URLs for the referenced stories (and
others) at makezinecom/ 0411

Tim O Reilly (tim.oreilly.com) is founder and CEQ of O'Reilly
Media, Inc. See what's on the O'Reilly Radar at radar oreilly com.

Make: 15



MADEONEARTH

..
..?;'

- "-‘-::*i
@

Photography by Daniel Jolliffe and Jessica Larva
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[Tyoure walking through your local park and happen
upon a device looking like something oul of Yellow
Submarine with loud random voices blaring from it,
you've found Daniel Jolliffe's "One Free Minute”

Designed to promole anonymous public speech,
One Free Minute allows calls to the cellphone inside
the sculpture o be connected Tor exactly one minute
toa 200-walt amplifier and speaker. The resulls can
beempowering, funny, touching, and downright
loud. The speech produced by Jolliffe’s sculpture
can be heard clearly for more than 150 feel.

The 4l-year-old Canadian artist created Cne Free
Minute for his master's thesis project at Ohio State
University. [U's attached to a bicycle for easy move
ment, and he's taking it on tour throughout the
J.S and Canada.

There's clearly a2 political aspect to One Free
Minute By creating a tool that allows anonymous
ree speech inpublic places, Jolliffe hopes to let
activists speak without fear or recrimination at a
limewhen governments everywhere are increasingly
vigilant of who s saying what and where.

The sculpture was designed in Rhino CAD, which
offers a wide range of visualization options. Once
Jolliffe settled on the look he wanled, he used a
process similar Lo building a wooden boal, creat
ing the shell out of fiberglass and epoxy and then
sanding

g e

lots of sanding.

The electronics turned oul to be the easy parl.
Jolliffe assembled the embedded controller by
hand, threw inan ofl-the-shelf car stereo ampli
fier, 2 couple of gel cell batteries, a 200-watt
compression driver, and a serially controlled MP3
player. The sculpture was ready to make some
serlous noise.

From the woman who called to say she had
pancreatic cancer and wanted to tell her children
she loved them belore she died, to political ranters,
to silly singers, Jolliffe credits them all. " The people
who callup and lay their guts on the line, saying
what they really think — this piece was built for
them and they are the real creators of what is good
about One Free Minute”

M youwanl to speak live, send email to
nfo@onelreeminule nel and yvou'll receive the live

number before the next performance. You can
alsocall a number anylime Lo record your message
(seewebsite for numbers) or send MP3 files for
public broadeast.

To make your own cellular megaphone, see page 129,
¢ 0ne Free Minute: onefreeminuienst

I see One Free Minute in action at
rmakezinecoms 04 made,

—Bruce Stewart
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Sitting behind alaptop is boring, but how do you
invent @ new musical instrument for “plaving”
the computer? Musician and interactive designer
Ben Dove needed a new solution, and he didn't
want to simply mimic traditional instruments.
Sohe started with the sensing technology Tirst.
His "String Thing " uses a combination of laser
powered motion tracking, metal rods for sensing
finger pressure, and even avibration system for
physical feedback. Flug itinto 2 computer, and you

position controls pitch, and pressure controls
volurme. The result may look like z strange robolic
cello, bul playing it s a totally new experience.

[T this sounds hard o perfect, it was. Dove admils
zelting the positioning system Lo work was a night
mare. | spent so long trying things.” he says. | just
could not believe it was such a big deal!” The current
model, Dove's thesis project at taly's Inleraction
Design Institute vrea, is the latest of 2 long string
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of prototypes. The lirst was constructed from a
clothes hanger, guilar string, and DV Lape. Later, he
sellled on suspended melal rods Tor pressure. The
motion tracking system uses a webcam connecled
o the Tree PC soltware Eyes\Web, which “walches”
reflected laser dols onthe player's fingers.

The work has paid off: while Dove has more
reflinements planned, the instrument is already
funto play. Dove's own playing has been “trance
inducing, very droney.” but others have successiully
ried it loo. Some allempled to pluck it which
won' twork, but others “seemed Lo instantly get
it— [their playing] sounded better than my efforts!”
Move over, Stradivarius, Theremin, and Les Paul:
there's & new axein town, —Peter Kirn
#=String Thing's construction: people.nteraciion-iwea.
Jhdovesstring_thing/

Hear String Thing at_nzkezine com/ 04/ made.

Photography by Ben Dove



Photograph by Steve Lodefink

The digging stick was a neal invention, and stone
tool-making traditions came in handy for @ lew
million yvears. But metallurgy, specifically humans’

discovery of how to turnlumps of red dirt into work
able slabs ol iron, really opened up the technological
loodzates Blacksmiths had to have skills as de
signer. engineer, and metalworker in order Lo make
best use of this precious commodity.

Vith the Industrial Bevolution, blacksmiths became
nearly extinclt. A few skilled artisans prospered by
adorning the mansions of the new industrial barons
with beautiful hand-forged ironwork. Today, Seattle
artist blacksmith Maria Cristalli wields her hammer
primarily in the service of pounding out incredible
hand-forged architectural metalwork for the palaces
of today's Silicon Revolution tycoons.

Formally educated in fine arts, Cristalli started
a career as a pholographer, bul when she look
awelding class one day, melal got under her skin
and there was no looking back. Cristalli’'s metal

wiorking skills have evolved through a long series of
apprenticeships, workshops, and time at the anvil.

The hand forging process is much like it has been
lor hundreds of years Abar of metalis heated up
inalurnace untilit reaches its red-hol working
temperature, and the blacksmith then works the
plece with hammers, anvil, and huge amounts of
skill until the design emerges.

Cristalli's architectural pleces are inhigh demand.
and her commissions include an elaborate iron
wishing-well cover with stylized acanthus leaves,
an Antonio Gaudi-inspired home interior, numerous
lireplace surrounds, gales, and various home and
carden accessories. When Cristalli gets burned out
on bolanical designs and scrollwork, she turns out
clean contemporary furnishings and sculpture.
lroning really is women's work.

Steve Lodefink

#»Maria Cristalli's site: marizcrisiallcom
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Talk aboul stubborn. Larry Cotton, a relired engineer
[rom MNew Bern, N.C didn tbwanl PO hardweare

it would have made things a lot easier. Most makers
connecl instruments Lo a computer via MO or
some olher commaon interface. Collon had Lo e
e low lechoplical reader inside the marimba

Lo play custom cianorolls  Dwas justkand of doing
my own thing, commiltted Lo using nothing that
exisled already says Collon.

He starled with pholodiodes and 300 pound
lshing line. He shined spothichls through the thick
monohlament crealing & cheap Nber oplic syslem.
He lined up 40 spols across 4 inches of makeshill
roll eachone zccounting for one of the 37 hand
made osk bars around the circular instrument.
Aninkiel orinter furnished Black dols on the lrans
parency. and when the dols blocked lghl 2 vollage
change lrom the pholodiodes resislered Lo Schmitt
lricoers and 550 Lmers.
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Each hand-=soldered cirouil drove relays and
highercurrent solenoids (former casselle olayer
mechanisms bought surplus).

Cotton makes custom rolls himself by playing
songs on his clano and capluring the audio on

his workshop PC. By running 1t through Cakewalk
GO0 sollware, Collonis able Lo reflormal the WD

compuler dols to play in bis machine,

The oddly shaped manmbea counds oul 2 mean
version of Flight of the Bumble Bee, slong with he
old Carmen Miranda tune  Tico Tico™ and olher
songs Bul ke nearly all plaver instruments, vou
can tell the difference Asked I there are Limes
vou can almosl close your eves and hear 2 human
plaver, Collon lauzhs "Ohoyeah” s A prelly
badone”

—Bob Parks

Photograph by Larry Cotton



Photograph by Duck brand Duct Tape (Unroll Your Own) and photograph by Clark Whittington (Art-O-Matic Reflex)

[T Cinderellz had used duct tape Lo fashion her gown,
she wouldn't have needed those fairy codmothers,
and two tleens in Oklahoma have proved it For their
winning entry in the 2004 annual Duck Brand Duct
Tape "Stuck al From” Scholarship Contest, high
school students Casey Isringhouse and Krystal
Long constructed rovally-themed prom wear oul
of duct tape Lo win the prize, 2 52 500 college
scholarship. Interested in entering next yvear? Read
the Contest FAQs Tor tips, such as this: "the enlire
outlit does not have to be 100% duct tape. However
full duct tape atlire [is] 2 plus.”

—Arwen O'Reilly

#»Stuck at Prom Scholarship Contest:

rmakezine.comseos/duckiape

Clark Whittington began repurposing vintage
clgarette-vending machines in 1997 to vend arl
instead of smokes. Now Art-o-mats are available in
cities all over the United Stales. AL 35 a pop. it can
hardly be called & dangerous addiction. And, more
importantly, its a unique transaction: you have an
original work ol art in your hands. But Whittington
s quick o point oul “It's the artists who are doing
whiz bang work. And many times, it's the first [art]
purchase for the buyer”

Artists submit their work, Whittington and friends
evaluate it (Is it worth Tive bucks? Will it fitin 2 box
the size of a clzarette package?) package il and
supply the far-flung machines. The low price lag
erases the elilist associations many people have
with art, and the machine, by making explicil the
relationship between art and money, pokes fun
al more prelentious galleries.

Although the Art-o-mat has in fact led Lo gallery
shows Tor some of its artisls, the machines are doing
Just fine, thank you. In Chicago alone, there are 3,000
sales a vear. Nolquite enough Lo relire on, maybe,
but then, that's nol the point: the art 1=,

—Arwen O'Reilly

¥ Art-o-mat: artormat.org
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[fyou find yoursell constantly tapping your desk,
you'll love this: Beatbox, created by Andy Huntington
while studying at the Royal College of Art, London.
Beatbox is a series of tapping boxes. You can teach
each box a rhythm by lapping it and it will replay by
tapping any surface you altachit to.

‘Ihad beenworking with tapping toys for the last
L& months, based around solenoids, and became
interested in being able to use them to release the
acoustic properties of everyday items " he explains.

Toteach a box, you press the record button,
turning the LED inside red. Tap 2 sequence, and
then press the play button, turning the box green.
The box will then accurately tap your rhythrm until
yourecord & new one or tell it to stop. By attaching
boxes to a variety of surfaces. iLis possible o create
awide range of sound textures, so get oul your
kitchen pots, pans, and pizza boxes!

Bealbox has two modes: the lirst has each tapper
box looping around its own clock, and the other
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synes all the Lappers Lo a central loop time. [Lis also
possible to change the overall rhythm speed from
the central box.

Developed using PIC chips, solenoids, computer
kevboard buttons, LEDs sell-assembled acrylic boxes,
and some custom PCEs, the boxes glow white upon
each tap, creating amini light show and a visual
indicator for each beat.

Huntington, who s currently looking at turning
Bealbox into a cormmercial product, wanted to
get away from a computer-based timeline meta
phor by creating a physical interface. The result:
aninstrument that's easy to pick up and play. yel
llexible enough to creale more complicated beals.
Simple but perfect. —Chris O'Shea

> Beatbox: extraversion.co.uk/beatbox/

I see a video of Beatbox in action at

makezine.com/04/made.

FPhotograph by Andy Huntington
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What does someone who is equally serious about
LEGO and Bach doin their spare time? Make a fully
functional LEGO harpsichord, of course.

Requiring around 100,000 LEGO pieces and two
yvears ol theorizing, designing, collecting parts,
building, testing, and rebuilding, Henry Lim's harp
sichord was delinitely a labor of love. Limis a prolific

LEGO artist (see henrylim org/LEC culptures
ey, but the harpsichord was the most difficult

and ambitious LEGO project he's takenon so far,

The most important design consideralions were
strength, elliciency, and durability. The instrument
hadto be strong enough to support the tension
of the strings, as well as be able o withstand the
repeated movermnents required of 2 keyboard instru
ment. The final design relied heavily on the larger
Zud and 1x16 bricks and 6x8 and 6x16 plates to
achieve the necessary sltrength. With the exception
of the strings, every single part of Lim's harpsichord
ismade of LEGO.

LEGO as a medium holds rather well, not to
mention it's heavier than hell ona compoundedly
large scale” points out the 33-year-old Lim, who
currently has the life-sized harpsichord on display
inhis living room in Bedondo Beach, Calil

Acoustically, the harpsichord needed lo be as
smoolh as possible, soinstead of having the stan
dard LEGO studs exposed, Lim covered these up
with smooth-topped flat tiles. The end result is
asound as resonant as LEGO will get.

While musically the LEGO harpsichord leaves
alittle to be desired — "Tuning itis a bitch, " explains
Lim — that really wasn't the point. Lim's working
harpsichord is a majestic LEGO engineering feal.

—Bruce Stewart

rpsichord.htrl

#»LEGO Harpsichord:_hen

Hear Lim's harpsichord at mzakezine.con
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Most people would consider the Westlield Megabusa,
a 1.000-pound sports car with 175 horsepower, a
scarily fast car. But when Dennis Palatov finished
Building his Westheld, it just whetted his appetite for
an even more extreme car. He started designing his
own, the dpl His goal: a trackday car with aninsane
power-to-weight ratio and a top speed of 160 MPH.
How lo do it increase power or decrease weight.
Palatov ruthlessly attacked the latter, setting the
target weight Tor the car al just 700
The rest of the dpl's design llowed from the weight
target. Two people weigh more than one, soit's a
single seater. Asmaller rame (s lighter, so he located
the engine beside the driver, pulled the ends of the
car closer together, and used Liny, L3-inch-diameter
wheels. Instead of a drive shalt, the dpl uses 2 chain
drive like 2 motorcycle and a lightweight, turbo

pounds.

charged Suzuki Hayabusa motorcycle engine. The
body is carbon fiber (what else?) on a steel space
frame. The carhas noradio, air conditioning, carpet,
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roof, trunk, windshield, or place to hang your fTuzzy
dice. lts lightness doesn't getin the way of high per
formance, though: it has a full undertray to generate
aerodynamic downforce, and all-wheel drive to claw
its way oul ol corners.

The dpl's design process has been just as high
tech as the dpl itsell. The parts were (abricated
from CAD files designed by Palatov, and the car's
aerodynamics were simulated in a software wind
tunnel He's posted progress reporls, enginering
drawings, and photos on his blog, and has used
LazyWeb (online requests for help) to solve design
problems and find specialized fzbricators.

Three years into the project, the dplis almost
ready to roll. Best of all, Palatov s now a manufac
turer. He'll build 2 dpl for yvou, too.

—Bob Miller

#»Dennis Palatov's dpl build log:

randomresearchoomsdp]

»»Palatov's design log: dpcars

Photograph by Dennis Palatov



Build and Program
your own Robot!

The Boe-Bot® robot is built on a high-guality brushed aluminum chassis
that provides a sturdy platform for the continuous rotation servo motors
and BASIC Stamp®module's Board of Education carrier board.
Many mounting holes and slots may be used to add
customrobofic equipment or off-the-shelf Parallax
add-ons. What readlly makes the Boe-Bof
unique is the BASIC Stamp microcontroller’s
flexibility of programming when coupled
with breadboard circuit construction.
Following along in Robotics with the
Boe-Bot, users quickly learn about
embedded projects, from wiring and
components fo programming and
mechdanical dte_.gendencies.

The Boe-Bot robot takes about 1-2
hours to put together, though each
project in the text provides a unique
new experience of wiring and source
code tuning. Completfing the entire set of
projects takes 50 hours and is suitable for
anybody over 12 years of age. The Board of
Education® {and #BS2-IC) may also be removed

fo be used as your platform for other projects.

g
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» Q06 Boe-Bot Full Kit - $179
? “mm Serial version; #28132
"W USB version; #28832

MMM Immm

To order visit www.parallax.com or oA D)4
call Toll-Free 888-512-1024 (Monday- 7 '

Friday, 7 a.m. - 5 p.m., PT).
fjcc Beot, BASIC Stamp, and Bcu_rd of Education are registered frademarks of WWW. pu ral qu ! C 0 m

Parallesx, Ine. Parallex, and the Parallax lego are frademaris of Parallce, Ine.
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EVERY THING,

FOR EVERYBGDY,

EVERY _TiME

Fockel lools Hand tools Swiss ools Mullpliers.
Wosl lools are designed Lo Tulll one exphol Tunclion,
=0 they have one name and a single eflicient Torm
Cutmultilools are different they re compacl hingey.
clumsy, ungainly, Tolding, pronged. clickely-clackely.

Acrmultitoo! haunts the body ina pockel or purse.
s came plan s o stay wilth you zround the clock,
ready for anylhing. Proflessionals lools exst for
people whio need Lo oel & job done. Mullilools are lor
people who can'Ldeline heir jobs, and whio never
slop tinkering.

The original Swiss Army knife of 1891 was built to
dofour clear things inone package: Lopened mililary
canned food L punched holes inmilitary horse
harnesses (Lunscrewed Swiss rifles, and il could cul
However anyone who cando lour things with one
cizmonalurally wanls (o do elchl things, or Len, or
a thousand Oulside the landlocked Swiss Army the
world markel for multilools turned oul o be huge,
comprehensive, and ever-expanding Today, there are
hundreds of models of Swiss Armmy knives. They shul
e therr fealures ke 2 Vegas dealer shullles cards,

Wullitools belong, by nature, Lo ngenious people in
conditions of mavherm where nolhing s working right
Bul everylhing needs doing righl away. Thal means
soldiers (of course), but also emergency workers,
rescle personnel explorers exlreme sporls lreaks,
aslronzuls, survivalisls
When everybody s forced Lo make do Lhen mulbitools
appear all over the place.

The Leatherman pockel tool was invenled by an
American engineer wandering through Europe and
[ran. Tim Leatherman, harassed by broken rental
cars and malodorous loreizn olumbing crealed 2
rmullipronged super-nterfzee for aworld of SNAFLL
A Leatherman ollers 2 single handlul that 1s pliers 2
wire culler knives, a saw, a file, scissors, screwdrivers,
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anybody forced 1o make dio.

elmulliple celera — butils nol & mere sl ol imple
menls. [Us a2 slale of mind.

Once 2 Leatherman s in the users hand s very
likely that the so-called “screwdriver” will become a
chisel or the slainless steel butl of the thing will be

“Multitools are for people
who can't define their
Jjobs, and who never stop
tinkering.”

usedas animpromplu hammer The specilic desizn ol
lhe sub-tools withina multitool is well-igh irrelevant.
Mualtitools aren 't buill Lo solve specilic problems:
nslead They orovoke ingenuily. IUs hard Lo give up
and despair with @ Leatherman, because he thing
olfers such a cornucopia of possible aclions Given
Lrme and determination. you could escape jal with
one. Or perform brain surgery, Or constrack anentire
cas 2y oeek deserlsland ulopia, ke n Jules
Verne's Mysterious [sland.

Mulilools are a postmaodern lechnology. They oller

chances Lo reframe the issue Lo think oulside the box,
o redeline conlexds and Lo doa rapid crappy job al
calching up a makeshilt hacke [Us not the ulbimale
lrath, But ik rmisht last long enougsh for the user Lo
cashin quick and run away!

Multitools lack purpose. They re all aboul repurpos
ingz ather stull that has lost or misplaced ils purpose,
or thal has the wrong purpose al some cribical Lme,
or thal has succumbed Lo 2 ceneral disaster where all
humean purpose nzs been crushed. The ongimal moult
lools were super loush: they were created Torwould
beomnecompelent suys who were really up against

Wustration by Kirk von Rohr



the wall. A Leatherman has a 25-year warranty. lls
plier jaws cansoak up 600 pounds of crushing Torce
The Swiss Army knife (SAK) outhitis 2 century-old
model of socialist lifetime employment. The SAK

is not a military weapon, but & force for good in the
world, like the Red Cross.

However as it becormes obvious to people that
no real-life lechnology canever actually “work.”
multitools become the people’s friend. A cerlain
pop decadence is setting in. Today, there are Harley
Davidson multitools that let bikers pretend to be rea
mechanics. Caterpillar multitools strut their stuff ke
bulldozers. The Gerber ProScoul has a “camaouflage
linish" (Hey what use is a tool you can't see?) The
Frost Cutlery Dale Earnhardt #3 Handi-Mechzanic
couldn't stop the racecar hero from meeting his own
high-speed doom. The Gerber Terminator [ Rise of
the Machines multitool is 2 movie te-inproduct: it's
from a dystopic world where angry hardware kills off
the puny humans.

They're getting skinnier — with credit-card slip
cases — and fatler like the Leatherman Surze, that
chromed SUV of multitools, too big to tole handily bul
packing enough torgue to crack 2 Swiss Army knife
like & walnut. They're also adding on 2 host of extra
twiddly bits — nol just the removable SAK loothpick
bul drill bits, screwdriver tips, chromed sockets, plus
the newlangled LED flashlights and flash memory
plugs They're appearing inflashy chrome yellow,
and red, and hot pink, and with finger-friendly rubber

“Tim Leatherman,
harassed by broken
rental cars and malodo-
rous foreign plumbing,
created a multipronged
super-interface for a
world of SNAFU.

inlays. The multitool wars are a nall soup of product
profusion, from Victorinox, Leatherman, Ka-Bar,
Kershaw, SOG, Gerber, Seber, and now the Chinese
are getting into the act, with a swarming host of dirt
cheap fakes and downmarket workalikes! Where can
itend? Every one of these things s 2 mobile puddle of
improvisation!

Then there's the dark side: the mischiel factor.
Since a mullitool can do almost anything, it's impos

sible lo design 2 harmless one. The Transportation
Safely Agency has been convinced by grim example
that anyone can use small blades Lo make jels
smash skyscrapers. Therefore, they arrest all mult
toals on sight. You can buy the detainees on eBay
now, in heaps, offered lor resale by the government;
these extremely personal devices, the treasured
darlings of pockels, packs, and purses, stripped
away lrom their embarrassed owners and cynically
sold off in buckets-Tull. That's such a shame but ..
wow! Six big Swiss Army knives for just six bucks?!
Imagine what yvou could do with that!

The more vou fix, the more yvou gel 1o fisx

Bruce Sterling (bruce@well.com) is a science fiction writer
and part-time design professor.
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Dean Kamen holds more than 150
patents on revolutionary inventions

ranging from portable dialysis machines

o sophisticated mobility devices to highly
efficient and compact Stirling engines. In ad
dition to numerous honorary degrees, Kamen

Prize, Heinz Award, Kilby Award, and the National
Medal of Technology. A tireless advocale for
science and technology education, Kamen
founded FIRST (For Inspiration and Recognition
of Science and Technology) to encourage kids
lo pursue careers as scientists and engineers,
as well as toreset societal values so thal people
aspire to be thinkers and inventlors, "Cur culture
celebrates one thing: sporls heroes,” he says.
“You have leenagers thinking they're going Lo
make millions as NBA stars when that's not real
istic for even one percent of them. Becoming
a scientist or an engineer is.”

Armed with a crack photographer and an
iPod recorder running 1PodLinux (see MAKE 02,
page 135), | met with Kamen at his company in
Manchester, N.H., and al his home in Bedford,
N.H. His company, DEKA Research and Develop
ment Corp. (DEKA from DEan KAmen) is located
in a series of renovated mill buildings on the
shore of the Merrimack River. The building
simple and nondescript on the outside, revealing
little about the kind of work that goes on inside.
Theinterior, by contrasl, is dol-com ollice meels

sdre

Monster Garage. It is a casual environment
adorned with tools and technology. lestaments
to past and present inventions, and a wide vari
ety of exceptional artwork created by Kamen's
father, one of the legendary EC comic book
arlists, Jack Kamen. After a few hours al DEKA,
we moved Lo his home, called West Wind. Built
around an 87.000-pound steam engine once
owned by Henry Ford, West Wind is as much
homage to innovation as it is a living-work space.

L

Designed and built by Kamen in 1957 West Wind

features multiple workshops, an extensive library,

helicopter hangar, and a sufficient number of

interesting gadgels and gizmos to qualify it as a

.E__'!
sort of technology museum.
Dressed in his customary cotton work shirt and

Levi's, Kamen wasled little time in getting things
started: “You know how a slide rule works?” he
asked without context or warning. | sheepishly
confessed that | didn't. " Slide rules were a bit
before my time,” | said. Clearly dissalislied with
my response, Kamen sprang from his chair and
quickly located a six-foot slide rule lying &
awall in his office. He then proceeded to show

me how to use this giant slide rule to perform all
manner of calculations, simple and complex, and
requently inserted commentary on the design
elements that made the slide rule work. Kamen
was never condescending or mean-spirited dur
ing what turned out to be a 30-minute unsolic
ited exposition on slide rules. His explanation
had the enthusiasm that you have the first time
you learn something new and want to share it
with others, though this was surely an explana
Llion he had given hundreds of times. Suffice it
o say that | now have a deep and unanticipated
appreciation of slide rules.

Much of the interview went this way. | came in
a skeptic of the Segway. | left exploring financing
oplions Tor the new cross-country model. Can a
Stirling engine really save the world? | came in
thinking the notion ridiculous. Now | am tinker
ing with Stirling engine models. One thing is for
certain: Kamen's unique mix of world-saving
idealism and inventive genius makes for a very
addiclive conlechion.

Itis said that Edison emibraced enlightened trial
and error to achieve the majority of his break-
throughs, whereas his contemporary Nikola Tesla
worked through everything in his head before get-
ting his hands dirty in the shop. How would vou
characterize your approach to innovation relative
to Edison and Tesla?

Unfortunately. | would put myself closer to the
Edison end of the continuurm: the Linkerer, the
get-your-hands-dirty and keep-screwing-with-it

"'1. l'llll
1-"' 1-"
+* +*
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until-you-make-it-work side. | am much mare in
awe of people like Galileo, Newton, and Einstein
than | am of the tinkerers who just kepl working
with the tools and technology of their day until
they got something to work. | am just in awe of
those people. | wish | was one of them, butit’s
nolbinthe cards. So lwork hard to succeed al the
olher end of the scale

This relates to what you call “frog kissing ™ in
your research and development?

Yes. Engineers are taught to think and work in

a risk-averse way: let's avoid making mistakes,
let's only do what has been documented towork,
let’s play it safe. Well that's great, but it will never
result in significant innovation. So | try to get my
team to try things that aren’t likely to be success
ful — ie. to kiss a lot of frogs. The princess went
out and took a chance. She kissed a frog. Most
of the time when you kiss a frog, you end up with
warts. But every once in a while, you kiss a frog
and you get a prince or princess. [tis OK to get
warts. [tis OK to fail. You laugh at it, learn from
it, and move on. And then, every once in a while,
you'll kiss a frog and get an iBOT, or a Segway, or
a dialysis machine. And that's a big deal.

I understand that some of vour engineers built
vou areplica of a Chinese south-painting chariot
as a gift. What is the story behind that?

Every year the people at DEKA secretly go off and
build a spectacular holiday gift for me. And since
| have an incredibly talented team of engineers
and designers, and an extraordinary maching
shop that can literally make anything, they come
Lp with some truly amazing things.

Well, everyone at DEKA has heard me talk
more than once aboul an ancient Chinese inven
tion called the south-pointing chariot. Imagine
you have a two-wheeled chariol drawn by horse.
Each wheel of the chariot is connected toa
differential. both ofwhich turn a central shaft a
variable amount as the chariot turns. A pointer
is connecled Lo the central shafl. The gears are
configured to turn the central shaft so that the
pointer always ends up pointing the same way as
if you had gone straight. So you could look at the
pointer and pull yourself back on course. It is an
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incredible plece of lechnology
log computer, a summing machine. ltis a great
piece of technology excepl for one thing: itis
well documented in history that the Chinese had
knowledge of lodestone [iron] well before they
were building these chariots. They knew that if
they took a little plece of lodestone and pul it on
acork in a bowl of water, it would always float to
the same side of the bowl. Today, we call this a
compass, but they were building these hugely
complicated chariots to tell them which way they
were going, rather than using something simple
and elegant like a compass. So when we evaluate
possible approaches to a technical challenge at
DEKA, the engineers each have a passion to use
their area of expertise to create a solution. I'll
look at these solutions and ask, “It's greal, but

is it a south-pointing chariot?” Meaning: are we
reveling in a particular technology that we love,

literally an ana

ogy to solve the real problem?

So one year, the gift that they made me was
a beautifully crafted. stainless-steel-geared
south-pointing chariot. | pulled it around and
the pointer always pointed in the same direc
ion. It was a marvel to watch. Then they told me,
“Dean, go squeeze that little jack-in-the-box on
the pointer” | did, and out popped a daoll of Albert
Einsteinwith a compass pinned to his chest.
And they said, "Dean, we want you to know that
we really do listen to you. And though we love
technology, we really do try to separate our love
for the technology from the objective of bringing
the best solution to the problem” DEKA's goal
is not to build monuments to engineering. Our
goal is to bring the best available solution to
solve important problems. We use the lesson of
the south-pointing chariot to help us keep our
perspectlive.

South-pointing chariot built by DEKA
engineers and given to Kamen as a Christ-
mas present. It bears a placard that reads,
“In Case You Ever Lose Your Sense of
Direction. From the Technology Zealots of
DEKA. Christmas, 1996."
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The Segway Is a beautiful piece of design and
engineering no doubt. However, it competes
with some pretty simple and efficient alterna-
tives, like scooters, bicycles, and walking. Do you
ever wonder if, with the Segway, you created a
modern-day south-painting chariot?

| worry about this with every product we make.
Tome, a south-pointing chariot is any product
that even when b was Iirst conceved, was nol
the best solution to the problem. Right now,
people use cars for most of their travel for any
thing beyond a few hundred yards. Most people
Lhat we know won'| walk one or two miles Lo gel
somewhere — they just won't. Towalk a couple
of miles would take a half-hour to an hour, and
we live in an era where time is compressed and
so valuable. Over 50% of the car tripsin the
Jnited Slates are less than three miles. The aver
aoe speed within the city imits belweesn any lwo
points within the 20 largest cities of the world is
less than @ mph. Then why does everybody use
his or her car to get around? Because walking is
less than 2 mph!

So what if you could give people in cities an
alternative to walking for distances grealer than
100 yards and less than a few miles? People gen
erally don't walk, because evenin a congesled
city, walking is four times slower than taking
acab. But, what if they could get on a Segway
and cruise from start to finish at 8 mph? That's
the same speed at which a taxi travels. And, it's
coslellective energy ellicient, environmentally
[riendly and fun Inhighly dense urbanized areas
where buses and cars do not work well — they
have only been used to fill the gap for lack of a
good alternative — the Segway shines. | would
a south-pointing chariot. If a better solution
comes along in the next 20 yvears o address
the rapidly worsening inner city transportation
problem, then the Segway may become a south
pointing chariot. But so far, | have not seen a
better solution.

So what about a bicycle? it is cheap, reliable, and
inexpensive.

A bicycle cannot mix effectively in a congested
pedestrian environment. It can't move at walking
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speeds with humans, then stop, back up, and
spin around. | think bicycles are wonderful. And
there are hundreds of millions of them oul there.
| don't think that they compete with the Segway
because while they have many advantages al
higher speeds and longer distances Lhey are
poar al low speeds invalving lots of stops and
light turns. By contrast, a Segway is designed

o use the same infrastructure that pedestrians
use occupy the same [oolprnl as 2 pedestrian,
be highly flexible, mobile, and safe, while increas
ing the user's transportation efficiency 300
400%. | think that's pretty terrific.

The AutoSyringe, Segway, (BOT Stirling genera-
tor — all of these products addressed nuances of
prablems that nobody else seemed to recognize.
For example, the 1BOT enables the wheelchair-
bound tointeract with people at eve level, tra-
verse stairs and uneven terrain, and be remotely
operated so that its owner can navigate it into a
vehicle. How do vou attain such a deep under-
standing of the problems vou seek to solve?

[ try to understand the basic laws of nature.
Bevond this, [ dovery Hltle research as Lo whal
the product should be You would never gel

the iIBOT by doing research on wheelchairs. If
vou do product research” the product thal

you end up with will be similar to what already
exsls Forexample ifyou went oul o people
who make wheelchairs and said, “| want to

make the next great improvement.” they would
lypically conduct focus groups with people who
use wheelchairs. And these wheelchair users,
operating within the context of their existing
wheelchairs, might ask for things like a new cup
holder. They saw a greal cup holder in a minivan,
and realized thal their wheelchair didn 't have
one. So they ask [or 2 cup holder, or some olher
incremental improverment. You have Lo starl with

Kamen twiddles an oscilloscope in his home
electronics workshop.
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“If | couldrask God for one
thing, | would ask for
assurance that a‘problem
IS solvable given existing
technology, tools,
apd-resources.’
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try-to understand the
hasic laws of nature.

Beyond this, | dovery little
research as townat a
product should be."




basic questions: if this personis now missing this
amount of functionality, is there some alternalive
to a wheelchair that is both dramatically better
and not prohibited by the laws of physics and the
current state of engineering and technology?

Focusing on the problem in this flundamental
way allowed us to understand thal wheelchair
users need Lo have the same small Tootprint on
the ground as you and | so they can navigate
around areas and obstacles as we do. They need
o have Ltheir eves and hands al the same level as
a slanding person. so they can see over counters
and get things down from shelves. They need 1o
be able to get water out of a faucet. And soon. In
order lo achieve any of these things, we looked al
how fully functioning humans do it. They do it by
being dynamically stable — by constantly adjust
ing themselves to maintain balance. Balance is a
prerequisite condition to living in a world that is
architected by people who walk around balanc
ing themselves. So we decided to forget about
wheelchairs and focus on the real problem. The
real problem isn’'t locomotion — wheels solve
that problem fine. The real problem is that these
people lost their ability to move around while
also physically elevating themselves within a
small foolprint, which requires dynamic stability.
Solving this problem would dramatically improve
their lives.

Rumor has it that vou don't sleep much. What
keeps vou up at night?

Naot knowing if 2 problem is solvable. If | could
ask God for one thing, it wouldn't be for a solu
tion to a particular problem
life boring. | would ask for assurance that a
problem is solvable given existing technology,
tools, and resources. | don't wanl answers or

that would make

DEKA is home to many Stirling engine
prototypes. Here, Kamen is discussing the
issue of the size-to-energy-density problem
common to Stirlings, and how this model
makes significant inroads to overcome this
problem.

clues, just assurance that a problem is solvable.
IT'lgoto bed frustrated . itisn't because | didn't
solve a problem: it's that | don't know whether
we are chasing some windmill over the horizon
or whether we are learning and making real
progress. | gel emotionally stuck between two
conflicting lines of thought: [17 | shouldnt give up
at this. Giving up is for people with no courage,
no vision, and no conviction. You don't give up
on an important problem — ever; and, [2] | have
failed and failed and failed. Am | just being stub
born? Stupid? People are tired and frustrated.
We don't seem to be making progress. Am | just
not quitting because | am in denial?

Then | think back on past projects where we
were very close to gquitting, but we went just a it
tle further and had & breakthrough. It really gives
me a chill to think how close we were Lo quitting
and what would have been losL And Lhen olher
imes, we'd spend a year or two, spend a million
dollars, and fail to solve a problem. I'd think to
myself, “I should have quit over a year ago. | knew
over a year ago that this wouldn't work. Look at
the human misery and anxiety and energy we put
into this to just shut it down. We could have shul
it down over a year ago.”

Anunexpecled success aller you are thal close
to quitting really makes it hard to guit anything
else IU's like trying lo disprove the exislence
of aliens. You can't. So how can you prove to
yourselfthat yvou can't do something? Especially
because once in a while, one that you didn’t
think you could do, you do! It's that “once-in
a-while” event that distorts your judgment and
perspective, so then you really start to second
guess yourself. For example, we are working on

system to bring potable water to 20% of the
population of this planet. For 60 years, huge
international organizations such as the World
Bank and the United Nations have tried and
failed at this. Yet, | think a few people here at
DEKA can solve it. Part of me thinks, “You're
nuts!” But another part of me thinks, “You can
do this. The world needs this. Be courageous.”

Read more of William Lidwell's interview with
Dean Kamen at makezine.com/ 04/ interview.
t‘_ﬂt
L o ]
I

Make:

37



PR
S

MR
PR MULTY

By Tim Anderson

¥

LOO FOR THE TECHHOLOGY OF THE FUTUREE IH
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No boat built of temperate species can survive in
tropical seas without a coating of antifouling (toxic)
paint, hence the custom of every wooden boat

being the same green color below the waterline.
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Bamboo scaffolding lashings are made with a seem-
ingly weak plastic fibrous material. One strand is
easily torn off with a thumbnail, but a few turns of
it are apparently plenty strong.

o but they
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frame structure and power Lransmission (above)
This one has an air inlake hose going Lo a larger

air filter canister. A layer of shoe foam insulation
makes a load ol ice blocks last longer.

goevele sideca ckshaws carm, |_-|. |.|
eople across lown (above). There's no limit to
whal one of these can carry — a load of logs or
oranite blocks, or & dozen school kids. The cargo
capacity of these rickshaws exceeds any I've seen
inthe world. | saw one bike with a small motorcycle
engine under the sidecar. [t used an [V bag to drip
waler on the motor 1o kKeep it cool gong uphill on
a hot day.

Sometimes a motorcyclist will put out his fool to
give one a power assist up a hill.

4 SHOE FOAM FLOATS .

lall the world's running shoes are made in this
ovee tefty This dinghy s made from shoe

foam. | saw people carrying these bundles of foam
Blocks on their bicyeles and didn't realize they
were dinghies. This man paddled to shore from his
boal using pleces of plastic flotsam as paddles.
He bobbed up and down on the waves as they
smashed against the seawall and then climbed
up with help from his wile.

Tim Anderson, founder of Z Corp., has a home at siuffimit

eduw/people/robot/harme.bitml. When not ice-kite-butt-board-
ing in a rooster-crested motorecycle helmet, he canbe found
all over theworld using and docurnertting heirloom technologies.
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Being a political idiot has its advantages.

By Jasmina Tesanovic

Back in 1929 while my homelown of Belgrade
was benge Blown up by 12 dillerent countries | was
wriling and uploading a diary. One day & producer
[rom German nalional TV phoned me She'd been
reading my online journal (Diary of a Political idiot)
and thought itrmight make 2 good Dlim.

dnlortunately since her counlry was so busy
bombing mine she couldn L zive me any practical
help, However she thought that ity Dl somehow
col made she could promole and distributel and
show il at film festivals.

Irmediately [ sad yestUWhal & oreal occasion
Lo make a mezningzlul Curopean arl Hlomowithoul
Lthose Uresome commercizl restriclions. backers,
producers, and other arlistic brakes thal every
Lrue cineasle fears!

Firsl Hound & cameraman who had somehow
survived Bosnia with his equipment intact. He was
a Serbian CNN stringer, which was perlect since
everyone in 1999 thousht that wars could only be
weon by andsor throush ChN

Cecause everylhing around mewas 2 ‘mililary
secrel under the Milosevic recime. had no right”
lo shool & lm at all 5ol declared my own lie 1o be
the intellectual proper by ol the world-Tamous Bel
orade cinema archive. Once the archivists had given
me the all-important movie permit, the military
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authorily was even obliged Lo help me shool (for
example, while the river bridzges on the Danube
were being blown Lo pleces).

Soonanew dally problem emerged el
Ling electrcal power NATO elliciently bombed
the power planls on 2 regular basis, sowe ran
rom one power-plant coverage area Lo another.
Conveniently the NATO bombing schedules were
regularly published by CNN.

Localvolunleer/cilizen vollage hackers soon
learned how to climb broken power poles and
reconnect the wiring, and we learmed how Lo Tollow
them and plug i our equipment. This meant thal
miy s plol and scenery were strclly associzled
with available wallage.

soslol the Iim s exlras were hobos derelicls,
and animals because nobody else wanled Lo show
upevery day for a project that right well have no
Lomorrow.

Alter 19 days ol heclic shooling, our German
sponsor impaltiently asked for a2 final edil con
cerned thal the war mightl end 2t any moment and
wiewould lose our largel audience on German TY.
Sowe had o make doowith the ediling oo Alocal
Andy Warhol lanvoluntesred [or the job His Tilm
sludio had been heavily damaged by 2 lamous
missile raid on the Serbian national TV building,

Images from the film Jasmina’s Diary



bul he'd managed Lo turn some semi-functionzal
machinery into a private studio of his own. The
film's editing was patchy, bul at least the price
was right.

With & completed film, we now had the final
hurdle: smuggling the product through the military
and border customs inlo an enemy counlry.

Two blondes in miniskirts, with two underage kids,

jumped into a car full of Wall Disney cartoons. They
pretended to be heading to Budapest for a2 “visa
arrangement.” One of the Disney films was my diary
film. The customs oflficers were too lazy lo screen a
whole bunch of kids cartoons.

Somy film and | ended up at the Venice film
lestival logether with Antonio Banderas, Melanie
Griffith, Nicole Kidman, and Torm Cruise,

Eventuzlly, my lilm, dubbed into German and
titled Jasmina's Diary, was shown to L5 million TV
watching Germans. [Lstill airs, every once in a while,
invarious corners of the world.

In 1999 Granta 67 published an excerpt of Tesa-
novic’s The Diary of a Political ldiot. You can read it
onfineg at cranta comisextracts/ 494

Jasmina Tesanovic is a writer and filmmaker from
Belgrade Serbia.

Jasmina Tesanovic's online journal, Diary
of a Political lIdiot, became the basis of an
autobiographical documentary and a
book, published by Cleis Press in 2000.
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A tribute to the man who gave us so

many good vibrations.
By Jimmy Guterman

[T vou knew Bob Moog, chances are you still
associate him with the synthesizers thal bear
his name (which, by the way, rhymes with
“wozue) He started experimenting with

his landmark electronic-music instru

ment while at & Columbia-Princeton joint
program. By 1963 he had developed a
machine thal could be played in real ime,
and by the late 60s, he'd developed enough
ol a following among musicians that his
synthesizer was being featured on hit albums

by everyone from the Monkees Lo Wendy Carlos.

Those early analog synthesizers were modular,
controlled by an almost infinite variation of
patch-cord combinations, but the devices went
mainstream in 1971 with the introduction of the
Minimoog. The device's leapin ease and Tunclionality
made new sounds and possibilities avallable to non
cearheads. Thal's when art rockers became Moog's
most relizble and popularizing clients, folks like Rick
Wakeman of Yes and Keith Emerson of Emerson,
Lake & Palmer IU's a period well documented in
the delightful short film, Moog .

Moog's synthesizers led to an explosion of the
imagination and were stulfed with DIY add-on
opportunities. Unfortunately, much of the most
popular music produced with synthesizers was
more interesting technically than musically. As
someone who has written books about Jerry Lee
Lewis, the Sex Pistols, and Bruce Springsteen, I'm
not the sort of guy who adores the flatulent art
rock that made the Moog synthesizer famous. Bul
blaming Bob Moog for the nolt-so-greal music made
onhis greal inventionis like blaming Jimi Hendrix
for Yngwie Malmsleen. You can't control who will be
influenced by your genius work. And, to be fair, Beck
and others have made stellar records with Moog
synthesizers al the center.

Inrecent years, Moog circled back to his irst love,

RIP Bob Moog, 1934-2005. The electronic music pioneer
died in August of a brain tumor at age 71

the therermin, the only instrument that makes music
out ol thinair. 've been a semi-competent theremin
player for several years now, so it's been a treat to
see the most famous maker of theremins this side
of Leon Theremin return to his inventing roots. The
theremin's most famous contribution to pop music
isin the Beach Boys "Good Vibrations”

WMoog built theremins for fun, going back Lo the
Truman administration. Alter describing how to
build one in Electronic World he returned to manu
facturing and selling kits and fully made theremins
inthe 9Cs; even the Tully constructed models come
with notes on how to "hotrod” your theremin, sol
dering ironin hand, showing that Moog's DIY ethic
was still with him. As he met his linal challenge,

[ suspect it served him well.

Jimmy Guterman {(guterman.com}is the editor-in-chief
of Forrester magazine. His most recent book is Runaway

American Dream.
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Call me crazy, but just don't call me mad. gy saucrinin

This month 've beenranting Lo everyone | know
aboul the term mad scientisl T Tdon 't ke oL | Teel
ke ilis used Lo trivialize logical, rational thought
and Lo undermimne scientilic results and the won
derful cursuils carefully adding 1o the sum Lotz
of human knowledoe.

Wy Triends tell me that [ might be a little overboard
onthis one and thal “mad scientist s a plaviul salire
or lictional stereolype. They then argue thal rather
than a campaign azamst the use of "mad sclientist”
| should encourzee s reclamation i the same way
Lhe cay communily has reclaimed "queer 25 2
positive term.

“Playlul scientist”
worlhreclaiming bul mad s 2 ternible adjeclive
inanera where conservalives seem Lo be making
cround inundermining such things as educaltion
on the theory of evolubion | Blame comic books.
No o wall g second — | blame greal llerature like
Shelley s Frankenstein or Marlowe s Dr. Faustus.

Perhaps | should blame mysell. [ kitesurf. [t's a
lanlastic sporl, kind of ke walersking behind a
jumbo el as Fmwonl Lo say Pre-20010 11 was Lhe
domain of cranks and lunatics who experimented
with the rmmeature equipment of 2 new sporl (There,
yol see! | ust used the words “cranks and lunalics”

Bul really Tmeantit alfectionalely ) Prior Lo The
highly commercialized induslry thal kitesurfing is
loday anvone who did (L had Lo bald/modilyrepar
Lhe equipment L was wonderlul yvou were slways

| say, would be a term well
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happy Lo seeanolther Treak” al the beach rying Lo
jereyerie something saler or lasler or bigger than the
[ast thing they tred [Lwas creal communily.

Then the mad scientisls of the early days were
replaced with adrenaling junkies who consumed

the commercizl sear and thought that anylhing

noncormmerciabwas lantamount Lo heresy The crew
ol jokesters surlhwith were vililied a2t the beach by
people who arrived in shiny SJVs with brand-name

shickers oneverylning they owned Thalwon L work

CThals oo dancerous | oave up onaiving them my
rant onwhy basic hydrodynamics showed hal The
[ins on therr shiny boards They thoughl were civing
them il were really just giving them drag. [ slopped

Photograph by Tim Anderson



explaining that a rectangle of 510 plywood would

be more effective than their 3500 carbon liber,

advanced, PCE-impregnated dolphin killer.
Sonow lgotothe less popular beaches and seek

out the werrdoes — the guys and gals who believe that
having funis the gozal and hacking stufl s the surefire
route o nirvana. Failing is fun, alter all. Try something
new, and even ifit doesn'twork, it's likely 1o be hilar
ous. | was rerminded of this just yesterday when | met
two new freaks. One had a pair of sunglasses with only
one lens. Unperturbed, he just kept going, looking [ike
a one-eyed pirate amidst the East Bay fog.

His [riend farms eBay for used sports stuff to
modily into wind-powered car-park dragsters, and
we had an exciled discussion involving the abvious
link between jet boats, wind-surfing sails, paragliding
[iTting winches, and what we should do next weekend.
[ could tell he was my kind of fregk because he'd
recently sold his Porsche in favor of a VW transpor ter
with a pop-top rool conversion and retrofitled walter
cooling. “Il's way more Tun than the Porsche, and it
said The best thing about meeting the welrdoes is
that the conversation works to communicate infor
rmation first, NDAs later, if ever. IU's all about sharing
eachother's excitlerment and experience.

There | go again, guilty as charged. characterizing
mysell and my glorious peers as eccentrics, cranks,
welrdoes . mad scienlists”

Solet's go with "playlul scientists” inslead. Where
doyou find themn? Burning Man s an obvious reposi
tory, but there are evenls every weekend populated
by the sort of people you want to know. Oshkosh's
yearly AirVenture has all the homebuilt airplane
nerds that vou could ever want to meel. Keep your
eve oul for bicycle and car swap meels and carnivals

always arich source. Try emailing or calling people
who built some cool thing that yvou found on the web.
Odds are that they want you Lo come over and meel
therm: that's why they pul it up on the web. A Tew
weeks aoo, [learned anenormous amaount by visiting
the Alameda workshop of a custorm bike frame builder.
I've never seen so many handmadejigs and working
Bridgeports insuch a small space. | guess 'mooming
around to the opinion that it's time for everyone to
come oul of the closel and celebrale being playful
scientists. Ve may be crazy, but we are not mad.

Saul Griffith thinks about open source hardware while working
withthe power-nerds at Squid Labs (squid-abs.com).
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If you've ever wanted to try making a video game, here's

your chance. By Alex Handy

For an engineer, designing consumer electronicsis a
nerve-wracking endeavor. Years of preparation and
research are reguired to create and manufacture
new equipment, and nowhere is this more evident
thanin the video game market. Zero hour for the
EE ninjas of the video game world s looming an the
horizon, as Microsofl, Sony, and Nintendo prepare
to launch next-generation gaming hardware for the
2005 Christmas season.

Independent video game hardware designers are a
dying breed, however. The three big game companies
have something of 2 monopoly on the talent in this
limited pool, as evidenced by the relatively small
market proliferation of fresh video game hardware.
This is primarily due to the fact that almost all video
game-oriented educational institutions Tocus exclu-
sively on the software and arl side of the industry.

André LaMothe wants to change all that. Al 37,
LaMothe s fond of griping aboul the kids today: they
can'tread binary, they never finish what they startl,
and they constantly bitch about the quality of games
that they could never hope Lo create themselves.

SWhat these guys do today” he grumbles, “most of
them shouldn't even be calling themselves program-
mers. They wrile scripts. The APls do everything Tor
them so they never need Lo learn the hardware”

With around 15 books under his belt 2nd hundreds
ol games published, thanks lo his know-how,
LaMothe's earned the right to complain. He alten
receives email from aspiring designers who've read
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his books and want to make the next Halo. LaMothe
replies 1o every one of these inquiries with the same
command: | tell them to make Pong. [ you can
make and finish Pong, you can make a real game.”

Trouble s, most of them can't.

LaMothe has something of & reputation within
the games industry as the Yoda of game design. He
doesn't work at Electronic Arts or publish million-
dollar titles . but he does encourage and teach the
next generation of prodigies, and those that prove
themselves will be rewarded. Do or donol — there
15Nty

Yoda carries a stall: LaMothe wields the XGame-
Station (XGS), 2 $200 video game console kil
(xzamestation.com). With all those billions of dollars
and trillions of yen wrapped up in new console
launches, it would seem thal anyone else trying Lo
sell gaming hardware would be doomed to failure
— especially il your console has only 128KEB of RAM
and an 80 million instructions-per-second processor.
But then, there's a lot aboul the XG5 that doesn't
quite fit with traditional console design wisdom.

The XGS is nol made for playing games so much
as ibis for making games. The simple demos included
with the console, such as Pac-Man, Tetris, and a
basic racing game, are offered up not for entertain-
ment, bul for hacking. Indeed. the XGS manual,
written by LaMothe's apprentice Alex Varanese, has
asection that explains how to ezsily modily these
demos and games Varanese also wrole 2 number

Photography by André LaMothe



The XGameStation fea-
tures a readable circuit
board and basic games faor
hacking purposes.
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of XGS programs, including the newly created tile
based graphics engine that allows developers to
create platform games in the vein of the old Nintendo
Entertainment Systermn With a light touch, XG5 users
canchange the blocks in Tetris into smiley Taces, or
modily the background of the Pole Position clone to

A
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look like z cityscape. Both of these simple hacks
are explained in the XG5 manual — LaMothe and
Varanese know that the easiest way to gel into
programming is to modily pre-existing code.

“When | had Alex write the manual, | gave him
the old docs for the Apple computers that Steve
Wozniak wrote | handed those to him and said,
SWrite it Hike this! ™ says LaMothe.

LaMothe longs for those distant days, when
electrical engineering and programming were sig
nificantly closer disciplines — the lone programmer
creating his or her ownvision with perfect clarity and
dedication. The xGS software scene is homegrown
and almost exclusively staffed by one-man dev
teams. New hacks, games, and demos appear every
day on ve nel andall of them are lzbors of
love. Each one is a2 solution Lo the problems designers
encounter while using the XG5, Each new game
created is a triumph over the hardware's limitations.

And this is exactly what LaMothe wants. The XG5S
was specilically designed with these limitations in
mind: what it can't dois more important than what
it can. As such, developers must rediscover the
tricks of the trade used by their predecessors,

Take interlacing, for example. Many moons ago,
if & game designer wanted to draw more than two

maoving objects on screen at once, interlacing was
the only way to get it done.

Every time the screen displays 2 moving image,
it'sreally putting up many single motionless images,
each one swapped out quickly for the next, like a
lipbook. The human eye can't really distinguish
between each of these still frames. Using interlacing
requires drawing Pong paddle one and Pong paddle
two in one lrame, then drawing the ball and score on
the next frame. These two divergent frames are
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as It is ror making games.”

then swapped back and forth, creating the illusion
of simultaneous existence. This is why some old
games, especially on the Atari and NES consoles,
seem Lo flicker when a lot ol actionis going on.

Obwviously, this sort of workaround isn't used
much anymaore, but implementing interlacing ina
video game is still a terrific way o
learn how to interact directly with
the video generzlor on a plece of
hardware. Thisis a trick you'll have
to learn while programming the XG5,

To the uninitiated, the XGS looks
Just like any other circuit board . But
to the trained eve, there are distinect
features thal stand out upon first
glance. For starters, you can read it Most modern
circuit boards are 2 snarled mess of myslerious
inputs, illegible 2-point font, and unlabeled pin outs.
But the xXGameStation's various bits are labeled
well enough that even a newbie can differentiate
between the video processor and the sound Tilters.

Fop open your Xbox and try to find where the
board processes sound — you'll need 2 magnifying
elass and an engineering schematic. As a hackable
platform, Microsoft's game console is impenetrable
to all but the savviest hackers, but the XG5 begs to
berewired, diddled with, and modilied.

The XGameStation requires the sort of program
ming that just about anybody can learn with a little
time and effort. Your humble author, for example,
has only a rudimentary knowledgze of both BEASIC and
8086 assembly language — yvelt within a few minutes,
tenyears of brain rol vanished as vague memories of
iI-thenloops began toreturn to the frontal lobes.

LaMothe and Varanese have created compilers
for many different programming languages, and
even the humble BASIC is usable here. No matter
whal yvou remember from your heady and youthful
days at computer camp, you ll likely Tind a way to
apply it to design on the XG5,

While there's absolutely no chance of the XG5
replacing your Xbox, it could quickly take a beloved
position on your workbench, next to the unfinished
birdhouse and the old Apple || you've kept since
wyour childhood. [Tyou really want to get into game
design, there's no better way to gain a foundation of
knowledze for the endeavor than by diving headlong
into the XGameStation.

AR
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Alex Handy is a purple-haired newlywed who can't put bricks to
sleep by looking at them. He lives atwww gism net.



New ideas challenge the status quo. That's
why people wvho make cool tools get so much
heat from the old guard - and their lawyers.
The Electronic Frontier Foundation thinks
that innovators who help people speak more
freely, share information more easily, and
protect privacy more effectively shouldn't
fight those battles alone. Learn more about
EFF's work to protect your right to innovate
in the digital world:

http://www.eff.org/innovate
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OPY'S GARAGE

Located on a quiet street flanked by gigantic
shade trees in Burbank, Calif., Mister Jalopy's
garage is like a portal into the past and the
future at the same time. It's fully stuffed from
floor to ceiling with vintage tools, car parts, and
movie memorabilia he picks up at garage sales.
“I would fill my dream garage with ice cream
trucks, carnival rides, Helms Bakery trucks,
funeral flower cars, Mercedes-Benz ambulance
conversions by Binz, Unimogs, doodlebugs,
flathead four-powered log splitters, Cadillac
El Caminos, passenger buses from India, Air-
streams, Model T fruit trucks, farm equipment,
hit-and-miss engines, Spartans, aluminum-

wiil ; o
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bodied mail trucks, dragsters, utility trucks with
cherry picker baskets, Aeroflots, diamond-plate
F-350s with welders on the back, teardrop
trailers, well diggers, and, most favorably, book-
mobiles. | would collect houses and skyscrapers,
but that would take up too much space,” Mister
Jalopy notes. A retired music industry executive,
Mister Jalopy confesses to owning eight cars,
including a 1965 Ford Country Squire Wagon
with a whimsical paint job by his friend, a
retired Disney sign painter. He's planning to
drive it in a local drag race. Read the chronicles
of his garage life on his blog, A
—Mark Frauenfelder

Photograph by Carla Sinclair




1. Having restored and hot-rod pinstriped an
O'Keefe & Merritt stove, Mister Jalopy won't
dare start this rare mint green range until the
average daily temperature drops below 85.

2. Good garage policy: WWTBD? (What Would
The Bandit Do?) 3. Automobile water bags and
Model A headlights from a time when crossing
the desert by automobile was a risky proposi-
tion. 4. The “Outlaw Motorcycle Club" Levi's
cutoff jacket from the 1960s was a garage sale
find. 5. The heartbeat of any good garage, the
ever-present, never-large-enough, Snap-on
rollaway tool chest that has every imaginable
tool except the wrench you need at midnight.

ey

6. Your father's father rode in that kiddie ride.
Mister Jalopy is trying to figure out where to
mount an engine. 7. That beautiful art deco
Farnsworth radio cabinet hides a complete
Macintosh record album digitizing workstation
(see page 54 in this issue). 8. The Captain Fantastic
pinball machine was rescued from the trash and
“almost works!" 9. Garage sale Oriental rugs
really tie the room together, and oil spills just
add character. 10. Purchased for some future
race car project, those spindle-mount magne-
sium racing wheels were from Barney Navarro's
1969 Indy 500 entry.
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THE WGORLD'S
BIGGEST MP3 PLLAYER

Play and digitize your LP collection with this retromodern

wonder machine.
By Misler Jalopy

Alter years ol garage sales, | have amassed a lrea
sure lrove ol scralchy 78 BEPM records on obscure
recionzl lzbels by even more obscure arlisls. Most
will never make iLlo g commercizal C0, as the markel
s restncled s few ke minded kooks thatdon Llke
Lo leave the house And the old-Umey stalf thatl has
made L onlo ©0 has been scrubbed and optimized
Lo remove Lhe pops, skips scralches, and olher
aucitory folbles,

Cutwhat il you like those defects? Aren'l those
pops and scratches part of the Tun ol Tslening Lo
anorgmnal pressmng of Duke Ellington's "Mood [0
dico 7 And Soll Cells Non-Stop Brolic Cabarel or
AC/DC's "For Those Aboul to Rock” sounds exactly
as you remembered when you hear (b in the correcl
order wilh the scratlchy pauses belween lracks. A
whole 9% cents for 2 single Tunes track? Foroelit!

1. Nearly any old Panasonic, Fisher, or Marantz tuner
would be great as long as it has a turntable input.
My good friend Damon turned me on to the 1970s
Sansui tuners. Pretty expensive back in the day,
this $10 garage sale Sansui is a reasonably modern,
solid-state design with lots of inputs, and it works
perfectly. Plus, it's loud as hell.

2. Areplacement needle and cartridge will cost more
than your excellent garage sale turntable score, so
make sure the needle looks decent before you buy!

3. Aesthetically, the $15 Farnsworth is beyond
reproach. The turntable was gone, but they were
generally monaural so it's better to replace it anyway.
The commanding size of the Farnsworth means there
is ample interior space for all the stuff to be jammed
inside. Can’t find a Farnsworth? Find a Philco or a

Awell-spent garage sale quarler will buy an
entire album of Dinah Washington, Three Dog
Night, or Devo.

Ol course Lhere aresiznilicant downsides 1o
vinyl records. The endless lhipping of the album. the
sleady sound decradation with every play. and the
space required Tor record collections are all legend
ary. So owilh the ever-presenl bar napkan, | slarted
desicning my dream machine [ had o be able
Lo digitize any mpul — mono or slereo L should
have o radio prelerably with Ume-shiftrecording
[ike & Tivo, should syne Lo my 1iPod. have 2 decent
turntable and & big hard drive And i shouldn 't be
embarrassingly ugly.

Youcanresl assured thal vouwon't gel mugged
carrying this behemoth on g subway — build the
world's biggest MP3 player!

Telefunken! Or an old sewing machine table! Or a
round-top refrigerator!

4. | used the KOGI L4AX 14" LCD. It was the cheapest
flat screen that CompUSA was selling four years ago.
| paid about $200.

5. Nearly a perfect embedded computer, the Mac mini
is compact and discreet. A cheaper donor Mac would
be just dandy, too.

6. Griffin gadgets are just input/output devices. But
they are quite elegant and provide the necessary
interface to get the technology to do what you want:
AirClick — Wireless Remote Control

iMic — Line Level Input to USB Converter
RadioShark — Radio Tuner with Time Shift Recording
PowerMate — Programmable Anything Knob
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LIBERATE COMPONENTS

[T almosl always makes sense Lo break individuz!
components from ther orginal housings. Bvery
Ihing jusl gels so much smaller

ﬂ Install the Turntahble
Make a cardboard template and use a coping saw
Lo trim the lurntable wood lop Lo TE

Install the Tuner

The tuner should be handy, so | decided Tront and
cenler would be perlect removed Lhe wood speaker
crlland trimmed the verlicals Lo clear the tuner
Then ladded a new horizonlal wood crosshar

Replace the Speaker Grill

The original 12" speaker was long zone, and replace
ment multirange 12" speakers are no longer avail
able A SE Sony bookshell speaker s sitling on top
of the luner behind thal Tzbrc

H Use the Chassis

Aller removing endless capacilors and lubes 1he
origingl chassis s the perlect platform Tor your new
modded machine Al the connecting hardweare 1s
there everylhing ines up and s construcled Lo
lzstunbil the next ice zoe The Mac mini s held in
with hardware store Velcro earthquake straps.

H Liberate the Screen

Like the turntable the LOD panelis considerably
more svelle when you free L rom s plastic case.
Don't el anyone, bul Lo reuse the BF shielding,

[just smeared some silicone adhesive Lo secure il

H Mount the LCD

The monitor s screwed riehl o the turntable d To
[ind the correcl spacer measure Lthe depth of the
monitor and Tind something just e shade lonzer al
Lhe hardware slore.

RETROFIT
iMac

The ornzmal amplilerAuner chassis s renslalled

Bul now wilth the Mac mimiimils place. Those bullons
were radio presels, bul now they will control the (Pod.

E Study What's There
Momentary swilche a swilch thal retums Lo s
normal position when lorce s removed.
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Aproject ke this s somuch more salislying i
you are able toreuse the existing conlrols. Under
the gold-tone radio presel laceplalte we ind the
original radio luner presel bullon assembly, and Lo
cel this swilch towork we need Lo converl 1L Lo g
momentary switch AniFod s remole bullons press
and thenrelease By examining the radio presel
assembly [delermined & single spring needed Lo
b removed Lo converl the old “press and hold ™
ultons to Pod-compatible momentary swilches.

B Connect Wires to AirClick

The ArClhcks the magie bridee o contral the Pod.
Inside the ArClhick there are gold cireul board
swilchconlacts thal are rigeered by magnelic pads
on the backs ol rubber bullons Very carelully dril
Liny holes throuzh the cirreuill board switch contlacts
Lo connect the new wire. Thread the wires for each
contact sel throush the ArClick case holes as il
will be tidier when we reassemble. For ezch bullon
lunclion solder @ black wire Lo one swilch conlacl,
aredwire o the olher

Be sure not to drill through a trace on the backside
of the circuit board! Despite being careful, | STILL

ruined an AirClick!

E Connect the Old Switch

Solder the other end of each red/black wire pair
Lo the contacts on the old radio presel swilch 11
should be a2 one-lo-one relzlionshio when connecl
ing the wires Trom ArrClick Lo the old switch

After soldering the wires to the AirClick board,
check each wire pair by touching the stripped wire
ends and see if it operates the iPod.

EI Connect Griffin Wheel and iPod Dock

To leed hroush the JSE/FreWire conneclors the
old knob holes needed Lo be expanded . Despile he
creepy name the ral-lail Hle 1= & lantastic ool 1o
make s round hole oblong . Use the base of the Dle
by the handle Tor a iz wide cutl

Frequently check the connector in the expanded
hole to make sure it does not end up bigger than

necessary. And when you are done, touch up the
new oblong hole with wood stain on a Q-Tip.
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Combining live performance with old film gets Julie Meitz
back to her roots. By Ross Orr

es onereel andlels Lran

oFcRwlu]e].

orojechions). She

K
zinslallzlio

Lalely shes been mixing video in live perlormance

superimposed onlo this, swive

[or music shows 2nd olher events in the Delrol ares 12 her projeclors on lazy Susans as needed

1T P stulled And ellects processing? Y Imanug

VJing, she lugs along a v

wilh 30 glos of sour lech, and homemade, Ve pandoul colored

dnal Tol

coe Tound Nilrm or prog ed lealure ishols. She  gels or @ spinning multicolored liter wheel made

[rom anold Nim reel She hand-cra anblade

front of one lens, giving a beautiful strobe effect

1perlormance, she s a blur ol movermenl dar

around her clallering selup o chanze Illers

reels, and g levers, Theresulling collage canbe

unny, evocalive quirky, and magica
Cetling the tm

lense, even using a |
cconslanl risk o

cended o recenl perlorma

ving ait her pro rs gralelul kisses, for making

LLhrouzh the show wilh only one momnor Dreakdow
She somelimes wonders T Lthe stress 15 wior
Cut WMellz stlhdelizhts in the

jected film. And audiences, jaded with gee-w

cllecls seem Lo cppreciale her elforls Lo keep

Foss Orr keeps the anzlog alive in Ann Arbor, Mich.
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Where the
Bits Meet
the Flesh

IBM's Thomas
/Zimmerman and
the “thrill of the
make.”
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- Call the fire marshall: Underneath this stuff, there's a

-

U desk belonging to IBM scientist Thomas Zimmerman.
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When lextend my hand Lo greel [BM research scl
enti=l Thomeas Zimmerman. | hall-expect 2 shock
Lo cccompany the shake Tenyears ago Jmmerman
and MIT prolessor Nell Gershenleld demonslrated
aayslem where electronic business cards could be
swapped usl by shaking hands, Dubbed 2 personal
area nelwork (AN The syslem was jusl onein
along line of novel human-computer inlerlaces
Zimmerman has developed since the 19805 His il
listolnventions includes the Tamous virtual realily
DataClove, a PAN-based technique thal prevenls
alr bags rom decloying when a child s ina car seal,
and a blomelric system

that identilies vou by the

whal appears Lo be a standard-issue clipboard
wilh e Wacom lablelduct laped Lo ils surface. A
cheap digital camera was once mounled Lo the
clip bul he's since yanked (Lol Tor anolher mock-up

Cllove to pul conneclors oncommercialized
lechnology Lo leverace 2l of the enzineering and
costreduction thal wenl into 2 producl he says.
N becomes reusable hardware and you jusl need
alittle clueware Lo connect things logether and
make new devices

[T ey nol look ke much bul the clipboard 1s
adalaentry system lor healthcare practilioners.

Sdance of the pen on the “YOU JUSt need a ||tt‘e ‘glueware,

pad’ as you sien your
name. ZIMmerman's
lechnical sandbox he
says, s the realm where
“lhe bils meel the leshs

Amember of the User
Sclences & Cxperiences Hesearch laboralory al
[EM's Almaden Research Center, Zimmerman is
Lhe lirstina senes of corporale makers thal Tl be
pridfiling in MAKE. He s & quintessenlial maker who
has manzged Lo parlay 2 hacker sensbilily mto
alifelong career.

A graduate of MIT, Zimmerman is an alum of
Alariwhere during the 19705 he mel many ol
Lhe scientists who would become ploneers in Lhe
leld of virtual reality. By then, Zimmerman and 2
[riend had already conceved of & wearable cestural
inlerlace & dala glove Tor anelectronic air suillar
sowe could play just ke Jimihe says Along wilth
thie head - mounted display the DalaGlove became
ancon ol the promised virtual realily revolution
of the cyberdelic late 125805 tventually VPL the
virtual realily company Zimmerman founded with
saron Lanier leensed the lechnology Lo Nintendo
asawvideo same controller called the PowerGlove.

InZimmermeans oflice a1 BM Almaden's Silicon
Valley headquarlers the Ninlendo Power Glove
holds & place ol honor high alop a shell That s,
Lhere s nothing ciled on top ol 10 For the most parl
Zimmerman's ollice s knee-deep n piles ol books,
papers, cracked open mice ouldated PDAS can
mibalized disposable cameras, langles of cables,
assorled olher bils of hich-lechdelrilus and rolls
ol duct tape Duct lape, Zimmerman says in all
serlousness s one ol his essenbizl prololyping
malerials. To llustrate his poinl, Zimmerman grabs
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to connect things together and
make new devices.’

Doclors and nurses use lorms Lo populale their
palienls medical records. he says, and are reluclant
Lo shill to a typical monitor/keyboard combo.

Paper s hard Lo slore relrieve search and dis
lribute hesays Bul pen and paper =5 & wonder (Ul
interlace o lake noles when you re conversing wilh
someone. Pens have a low cognitive load, whereas
i musing e word processor a big percenlage of
my bramis locused on the Llools instead of The
persan | mlalking with.

Zimmerman s ides works ke this: the doclor or
nurse clips a lorm onlo the clipboard. As he or she
wriles with zrecular pen . the dala s caplured by
the Wacom lablel The camera on the clip serves
lwo purposes. One, it snaps a photo of the form so
the compuler can identily i1 Two b measures the
angle of the paper on lop of the Leblel so the dig)
Lzed text can be correclly entered into the correct
lelds on the electronic form. This protolype may
beabil er raw but il ol the point across. And
that's all that matters, Zimmerman says.

Wy philosophy s Lo gelvour hands dirly quickly ™
hesays Youcan lalk aboul something, bul the
Diostlepis o hack somelhing and el a2 demao
logelher Also someone old me nol Lo make prolo
lypes loo polished because then there's no room
[or other people o play in grow ibwith vou . and
helpshape il

As with many makers, play is a big part of
Zimmermans VO Hanging proudly inhis oflice



is 2 photo of Zimmerman and his young son with
aremole control car they outlitted with a wireless
webcam. Beside thal are snapshols of exhibits at
San Francisco's Exploratorium sclence museurn
that Zimmerman designed with a friend: 2 stop-mo
tion photography rig and a high-voltage contraplion
rigped o explode a vat of Jell-0. These are the kinds
of things that Zimmerman. who lectures lrequently
al area schools, knows will convey the thrill of the
make Lo the uninibiated.

He Tell that thrill last night, he says, at Dorkbot5F,
aninformal gathering of engineers and artists “doing
slrange things with electricity” as the group’s motto
coes (see MAKE, Volume 01, page 47). An experl
mental musician, Zimmerman spent the evening
lamming on a homebrew theremin. In fact, it takes
some doing for Zimmerman lo delineale between
the cadgeteering he does for IBM and his own pet
projects.

Like the modded clipboard there are other clues
about his “professional responsibilities” in the piling
cabinel once known as his desk.

For example, a disassembled credil card scanner
hints at his latest project. [BM's Relall Store Solutions
croupin Raleigh, N.C s designing systems for the
grocery store of the future, and Zimmerman has been
helping with the "Shopping Buddy " 2 touch-screen
compuler that mounts on the handle of 2 shopping
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cart. As the shopper grabs itlems [rom the shelves,
heor she scans the JPC code using a handheld
reader. Meanwhile, infrared beacons track the carl’s
location as it moves through the store Tor, what else.
targeted advertising and coupon delivery. Wireless
web access connecls the user with online shopping
lists. Eventually, Zimmerman says, a credit card
magstripe reader could be added to the system for
self-checkoutright on the carl.

“The Retall group tests this stulf ina 50000
square-foot building that used to be a manufactur
ing facility for network boxes but is now a model of
ahugestore” Zimmerman says. It reminded me of
how NASA used to test lunar landings here on Earth
with a simulzation of the Moon”

Indeed, [BM . he explains, s a perfecl place Lo
[uel his maker's passion. He feels very fortunate,
he says 1o beimmersed in an environment where
potential collaborators are around every corner,
the basement fab lab hums with high-end CNC
machines, "a vacuurm chamber is just down the
hall. and liguid nitrogen is on tap”

David Pescovitz is co-editor of the popular blog BEoingBoing
and an affiliate of the Institute for the Future.
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There’s nothing like the
thrill of a kit: open the box
and shining new parts
gleam up at you, making
projects possible that take
forever to huild from
scratch. Sometimes a kit
lets you try something you
know nothing about; some-
times it speeds up a familiar
process. Every kid (no mat-
ter how old) wants a kit for
the holidays, something to
fiddle with before work or
school kicks in again. Santa’s
elves have been very, very
busy this year, and they’ve
given us a sneak peek of
their best offerings.

Edited by Arwen O'Rellly

llustrations by Robert Ullman



Ty @ Sumo Wréstlers

* The Solarbotics Sumovore:
Mini-Sumo Robotics Platform

There are several robotics kits on the market that are billed as “sumo
robots,” but they're not actually it for official competition. One kit that
is mini-sumo-ready s the Solarbotics Sumovore. Solarbolics, known
for their clever kil designs, meticulous attention to detall, and irrever
ent sense ol humor (when's the last ime your computer/electronics
manual cracked silly jokes?) delivers one of the mosl salislying kils
['ve ever bulll.

As with most Solarbotics kits, the Sumovore offers a greal “out
ol-bag” experience, with 2 handsome construction/operations man
ualand codles of high-quality components, all thoughtfully divided
into labeled bags for each sub-assembly (main board, sensor board,
discrete brainboard). The well-photographed manual takes you step

surprisingly clear. There's even a soldering tutorial, although this is not
a project for beginners. Anyone with moderate soldering skills and sul
licient patience shouldn't have too much trouble. One cool thing about
the instructions is the way they tell you whal each component does,
soas you're bulding the bot, you gel some idea of its circuil logic and
overall engineering.

The Sumovore represents over 500 hours of development and has
cone through 21 prototypes. [t ships with 2 “discrete brain.” using
BEAM lechnology Lo create sophisticated behaviors Trom analog cir
cuitry. Add-on programmable “brainboard” kils are available thal use
popular microcontrollers like the Basic Stamp 2 and the PICIEFE77A
With this programmability, and the breadboards built into these add
on boards, the capabilities of the Sumaovore are nearly endless.

—Gareth Branwyn

@ TRUE BLUE CHRISTMAS
« MOVIT/0OWIKIT WAO Kranius

You don’t have to be Elvis Presley
to sing “Blue Christmas” this holiday
season. Just hide a WAQ “Kranius”
under your tree, and you'll be singing
the praises of this fun-to-build kit.

The Kranius features a potent
ATMEL 8-bit microcontroller
accessed via an integrated 33-key
keyboard. The kit also includes two
infrared sensors, four cadmium sul-
fide photoresistor light sensors, and
two motor gearbox pulse sensors,
used for guiding the robot.

Accessing sensors is done with
a unique 37-command program-
ming language input through the
keyboard. This feature is in direct
opposition to most other robot kits.
If using the matchstick-sized keys
is too difficult for you, there is an
optional PC Interface Kit (WIN-9762;
$34.95). In normal use, however, the
keyboard is well-suited for entering
lengthy programs into the robot.

In less than three hours of assem-
bly and programming, you'll have
a new, blue member of the family
scooting about the floor.

—Dave Prochnow

$120_owirobot.com

%'i?é MORE ROBOT KITS

* Robot Kits Direct

The distribution channel of OWI
kits. they have a great grouping
of fun-looking robots with special
features. robotikitsdirect.com

* Robot Store

See our profile of Maker Natalie
Jeremijenko in Volume 02 (see page
Z2) for ideas on what to do with
their robot pets.

robotstore.com

Make: 65



HOLIDAY

KITS

‘ I’ve done tie-dye kits,
aquarium kits, radio-
controlled airplane kits. A number
of years ago I made a dulcimer
from a kit, which is probably the
nicest kit experience I’ve had -
because the result was something
I would not have made otherwise.
A great kit has all the parts and
idiot-proof instructions and gets
you somewhere you would not

reach by yourself. , ,
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HELP ME, OBI-WAN

- Litiholo Hologram Kit

If your heart still flutters at the
thought of Princess Leia’s hologram
pleading with Obi-Wan Kenobi, you
should definitely check this out.
While most hologram technology

is well out of the realm of you or me,
this kit comes with a SafetyLight
Laser Diode and “Instant Hologram™
film. Litiholo film makes transmis-
sion holograms, viewable with the
laser or LED light included in the
kit. You’ll have your own princess in
under an hour. $139, litiholo.com/
hologram_kits.htm

DO-ABLE HELIX

* Discovery DNA Explorer Kit
Forensic science is one of the fast-
est-growing disciplines in science
curriculums today, thanks to a host
of popular television shows. The
Discovery DNA Explorer Kit, “ideal
for hudding forensic scientists or
secret agents,” lets you test it out
before you get that degree. Including
a centrifuge, magnetic mixer, and
electrophoresis chamber, the kit may
also unintentionally mimic another
common experience in the sciences:
when you finish your six experi-
ments, you have to wait for funding
before you can get another set of
DNA samples. $80, makezine.com/

Zo/discovervdna

FOR FURTHER FORAYS
INTO FORENSIC SCIENCE

Kid's Forensic Facial Reconstruction
Kit: makezine.com/go/forensic

+ More Kits

Find more kits online at




Photography by Derrick Story

CHEAP FRENCH VACATION

+ Cheese-Making Kit

Now that the Concorde is grounded,
those weekend cheese-tasting trips
are a thing of the past. Never fear!
Now you can make your own cheese
at home. The Edmund Scientific kit
includes a cheese press, rennet tab-
let, and cheesecloth, along with reci-
pes for a numhber of cheeses, includ-
ing hard cheddar, cottage cheese,
and cream cheese.

$22, makezine.com/go/cheese

+ Be sure to also check out the
Make Your Own Chocolate from
Scratch Kit. You may never have to
leave the house again.

$10, makezine.com/go/cocoa

[

@ RED HOT CHILIS
AND PEPPERS

* Hot Sauce Kit

Some like it hot, and if you're one
of those, custom-made hot sauce
is probably the stuff dreams are
made of. Edmund Scientific's Make
Your Own Hot Sauce Kit provides
you with allspice, black cumin, curry
powder, achiote, Jamaican jerk, gin-
ger, bottles, a pepper glossary, and
instructions for searing your insides
without actually doing real damage.
$20, makezine.com/go/hotsauce

OTHER RECOMMENDED
BEER-MAKING KITS:

Munton's Gold Continental Pilsner
Beer Kit: makezine.com/go/muntons

Mr. Beer Brew Kit:_mrbeer.com

Or, if you don’t want to make the
hard stuff, try brewing your own root
beer: makezine.com/zo/rootbeer

® Oatmeal Is Good
For You

« Brewer's Best Hardware Kit

About a year ago, my friend
Moah brought over a copy of
DVD Studio Pro and six boltles
of his homemade oatmeal stout.
[ Tizured the beer would taste like
dishwater bul | let him Bring it
because he was doing me a favor.
The beer, however, was amazing.
While he tried to teach me the
program, | drank my way through
most ol the six-pack.

[t turns cut that homebrew
like Noah's s surprisingly easy
to make, With the basic Brewer's
Best Hardware Kit, you can pro
duce good homebrew on the first
try. The kit comes with most of
the basic equipment you'll need
to produce five zallons (about
4 bottles) of beer. And the kit
Is well suited to first-time users;
itincludes a booklet with clear
instructions on how to assemble
the kit's various pieces and a brief
overview ol the brewing process.
Allyou need Lo supply is a2 large
stockpol, boltled water, 54 empty
brown glass boltles, and the
brewing ingredients themselves.

Jsing this kit over the course of
avear, | have brewed Tour batches
of beer. The kit has held up well,
though its thermometer doesn't
oive accurale lemperature read
ings, and the siphon Lakes some
practice. But otherwise, ['ve
found it user-friendly, and no one
has complained about its Tinal
product. Within the month, you
too could Introduce your Triends
to the pleasures of homebrew.

—Pacho Velez

Make:

67




HOLIDAY
KITS

wwnmiakies ne.cormy Od hits

® A Fuller
Greenhouse

» Geodesic Greenhouse Kit

[fyoucan't face another winter,
thisis one of the more effeclive
greennouse kils on the mar
kel The geodesic shape deals
well with wind and snow and is
remarkably energy efficient. The
kil comes with all the materials
needed to install it voursell (lum
ber hardware, and either 8mm
or 16mm triangular polycarbon
ate sheels), and has a len-year
warranty. That's ten years of
vine-ripened tomatoes in March!
Start at $3,450, seodesic

greenhouse-kits.comsdetails.p

CRAFTY

® Rocket to Me

* Paper Rocket Kit

This is a downloadable PDF that
has the plans for your own paper
rockel It goes sky high (or at
least 16 feet high) with the help
of 2 pneurmatic launch pad you
fold yoursell. Folding the bellows
can be alittle tricky, but once you
do this, making an origami spider
will just come naturally. Free!

croec de/nuszles rockel hlm
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WHITTLE BITTY KNIFE KIT PAPER TRAIN

+ X-ACTO Woodcarving Knife * Pepakura Paper Designer
Deluxe Set Not exactly a kit, but this software
Always an advocate of the right tool will allow you to produce any 3D
for the job, the completeness of object you can imagine (or at least
the X-ACTO knife kit demands my design using 3DCG software such as
unwavering respect. The wooden box, 3D Studio, LightWave, or Softimage).
breadth of blades, and selection of The website is full of intricate paper
handles means you can take comfort hirds, airplanes, spaceships, boxes,
in knowing that you have an absolute and cars made by previous users.
X-ACTO solution. It is not for lack of  The software is open to the public
the correct tool that | do not carve as shareware (and can be used with
my initials in my maple tree, because 3DCG freeware MetasequoialE). but
if | had even modest whittling skills, more features are available if you
| would affix the Number 19 Angle shell out some cash.
Wood Chiseling blade to the Number _tamasoft.co.jp/pepakura-en
8 Heavy Duty Aluminum Handle and
leave my name far and wide.

But. my woodcarving experience
is limited to when | had a more
modest X-ACTO kit when | was 10
and crafted an entire balsa wood
Christmas village. While watching
M*A*5*H, | built everything from Ye
Olde Toy Shoppe to the Peppermint
Factory from the comfort of a couch
and TV table. It is difficult to say if
M*a*5%H, the TV table, or the X-ACTO
knife kit provide the greatest ben-
efit to society, but the fact that the
X-ACTO knife kit is in such august
company should be reason enough
to add one to your arsenal.

—Mr. Jalopy

$23.75_makezine.com/go/xacto

* BE YOUR OWN BOND

- QKits

An eclectic mix: kits for your car
(back-up noises, screen wiper robots,
and home-built car alarms among
others), solar and wind (solar panels
and wind turbines of all sizes), and
sound kits (someone tying up your
phone line? Install the Telephone
Interception Kit). You'll also find kits
you might not stumble across other-
wise, like the Deftness Kit, a basic
electronic circuit which is designed

to test dexterity._gkits.com




CRYSTAL CLEAR RECEPTION
+ XSS Crystal Set Kit

Most middle-aged DIY enthusiasts
probably have constructed a crystal
radio set: it was a joy to pull radio
signals out of the ether using no
power source other than the radio
signal itself. If you have an interest
in “old school” radio technology. or
if you're looking for a simple kit to
learn how to build more complex
electronic projects, the Xtal Set
Society has a perfect starter kit, the
XSS Little Wonder Crystal Radio Kit.
Designed by Phillip Anderson,
WOXI, the XS5 tunes the entire AM
broadcast band. The kit has large
solder pads, great for learning sol-
dering technigue. Unlike traditional

crystal sets, the X55 uses a molded, =
high-frequency choke. This elimi- . The Grass IS Cleaner

nates the coil winding process that » Remote Control Hybrid Lawn Mower Parts and Kit

can frustrate many first-timers.

The XSS is perfect for parents and As these guys put it, “Realily has now laken over lawn mower
grandparents to build with kids. It's

also priced for school use, and can imagination” You too can have the lawn mower of your dreams:
be used to teach basic radio theory, IU's nol guite as fun as a ndeable mower, butit's the next best thing
soldering, and handling of electronic and cheaper, too. Evatech also points oul that the lawn mower
parts and PCBs. The kit also includes can be used as an electric power generator capable of delivering
a high-impedance crystal earplug ) o

that can be used with further crys- over 60 amps of electric power at 12V DC. The kit includes a frame,
tal set experiments. Crystal radio deck, alternator mount, elevation plate and lever, ball bearings,
enthusiasts still thrive in this age andwheels. $400 for parts and instructions, $25 Tor blueprint Lo

of digital communications. ) . e .
Thormas Arey N2EI convert your old lawn mower, evalech nel

$15, midnightscience.com

‘ ‘ I fondly remember two
kits from my childhood that
had a big impact on me: an elec-
tronics breadboard kit (circuits
were made by sticking wires in
springs; the highlight was a real

working transistor), and Things
of Science that used to come in the
mail each month, bringing a little

project to do. , ’

Make: B9



HOLIDAY
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‘ ‘ I think playing with well-
designed kits is a terrific
means to learn about science and
engineering and develop creativ-
ity and problem-solving skills. I
grew up playing with Heathkits.
Today, kids have access to more
advanced systems like the new
VEX kits, available at RadioShack,
that enable them to make real
robots. Tomorrow? Who knows —
perhaps kits to make mobile,
self-balancing machines. ,’
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® Bear Band

= Grizzly Industrial Ukulele Kit

Grizzly Industrial sells milling
machines, all sorts of industrial
shop equipment and tools, and, of
course, ukulele kits. Alter all, what
woodworker hasn't thought about
building a musical instrument?

Well aspiring luthiers will Tind
the Grizzly soprano ukulele kit
areally fun and salisTying first
project. The kil leatures 2 pre
assembled mahogany body, which
eliminates the intimidating task
of bending the sides. The neck s
also pre-shaped and fitled, ready
to glue to the body, leaving the
builder with the satislying jobs of
linzl assembly and finish work,

The woods used in the kit are
quite nice considering the low
price; the only wezak parlis per
haps the plywood fret board. But
one great thing about kit building
Is the opportunity for improve
menlts and customization. 1T you
build it as instructed ., you will end
up with avery nice entry-level
ukulele but it can also serve as a
creal platform o experiment with
intermediate techniques like body
edze binding or inlay work.

S0, whether you aspire 1o be an
exolic island crooner or starl the
next post-punk, all-toy-instrument
band. a ukuleleis just anice thing
to have around. Inmy opinion. no
household is complete without one.

—Steve Lodefink
$25 makezine com/szo/uke




® CAN YOU CANOE?

+ Stillwater Canoe Kit

Stillwater boats are designed to use only four pieces of wood for the
hull Kits include the hull and deck panels cul to shape and the rest of
the wood and hardware needed for construction. While the award
winning designer admils other boals have many advantages, these are
quick, lghtwelght, and simple to make. Paddle is not included, though,
so be carelul which creeks you head up. 559 Tor single canoe plans,
5365 for the kit_stillwalerboals com

OUT OF THIN AIR

« Etherwave Theremin Kit
Due to its unusual, hands-free
interface (pitch and volume are
controlled by the body's proxim-
ity to and interference with the
instrument’s electromagnetic
field), the theremin is famed both
as a novelty instrument and for
its importance in 20th-century
music. Moog Music, started by
legendary synthesizer inventor
Bob Moog, now allows you to
make your own.

When | began assembling, |
had next to no soldering experi-
ence, and only a brave desire to
learn. However, the instructions
are very straightforward, and are
actually a great introduction to
the world of circuits: accessible as
you need them to be, but there's
detailed circuitry information for
more advanced assemblers. It
comes with a nice wooden casing
that needs a brief sanding and a
vamish or paint of your choice,
and a mostly constructed circuit
board to which you solder various
components that determine the
theremin’s tone and waveforms.

This kit also comes equipped
with a hilarious special perfor-
mance DVD of Clara Rockmore,
one of the earliest theremin
players, and a somber instruc-
tional demonstration from the 80s
with Lydia Kavina. Rockmore’s
granddaughter. —Meara O'Reilly
$349, makezine.com/go/theremin

‘ Of course, hetween Ikea
and online shopping, every-
one gets furniture in kit form now.
Some Assembhly Required is the
difference between paying $100

versus $400 for something, not
to mention $35 versus $135 for

shipping. , ’
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The Soul of an 0ld Heathkit

% Howard Nurse built hundreds of Heathkits,
starting in the 1950s with a2 ham radio
transmitter kit, the DX-40. As a kid. he loved to
o o sleep reading the catalog, which was 2 win
dow into the world of electronics and & wish list
of things he wanted to build.

“You have to understand the whole experience
of a Heathkit” he said. "It began with the catalog,
which became part of my dreams and fantasies”
Once he had pored over the catalog and placed
anorder, he would count the days until his Heath
kit box arrived, each day imagining where his letter
was enroute who opened it in the Benton Harbor,
Mich  headquarters of Heathkit, how the order
was processed, and then estimating how many
days it would take the post office to deliver it to his
home in New Jersey. “Finally you'd get the package
inthe post box, after all this anticipation” he said.

Electronics were not readily accessible inthe 50s.

Nurse said the only place he could see electronic
components was al a local TV repair shop, which he
hung around. The Heathkil catalog opened a door
to the new worlds of hi-li components, electrical
test equipment. ham radios, and television sets.

72  Make: Vaolume 04

Murse recalls the joy of opening up the Heathkit
box. “First, you'd see the Heathkit manual, which
was the heart of the kit Then he'd ind the capaci
tors and resistors in brown envelopes. A transform
er came wrapped in a spongy paper, a predecessor

“You have to understand
the whole experience of a
Heathkit,” he said. “It
began with the catalog,
which bhecame part of my
dreams and fantasies.”

of bubble wrap. "Belore you did anything, yvou had
to go through the errata that came with the kit”
Then he would do an inventory of the parts — using
amuffintinto sort them. Additionally, he'd use cor
rugated cardboard to arrange the small capacitors
and resistors in rows.

“Alter all this wailing and preparation, you'd begin
to assemble the parts” he said. “You started by



Photography courtesy of Terry A. Perdue

The H8 Digital Computer rocked 4K of RAM bhack
in 1977 — and was a huge Heathkit success.

attaching a few components, and then you gol Lo
solder whichwas really fun” He added. "Flux was
an aphrodisiac” When you finished the assembly
and tried it often it didn't work. This, too, was parl
of the process of understanding electronics and
learning tofix problems.

Nurse eventuzlly got an insider's view of Heathkil.
In 1964, his Tather, David W. Nurse, went to work
[or the company as vice president, just as Howard
was going off to college. His father was promoled
to president 1In 1966 and remained in that position
until he retired in 1980

The Heathkit Company got its start in the 1920s
as the Heath Aeroplane Company. Founder Eddie
Healh developed do-it-yoursell aircralt kits: his
company's most lamous was the Heath Parasol, a
plane with an overhead wing. Unfortunately, Heath
was killed in 1931in an airplane accident. Anengi
neer named Howard Anthony bought the company
from Heath's widow in 1935, After World War 1,
Anthony bought a large stock of surplus wartime
electronic parts, among them 5" CETs (the legend
is that he ordered a case but a carload arrived). He
designed anoscilloscope kit for 33950 and began
to sell it through mail order. It took 10 yvears Lo go
through the original CET shipment. According to an

excerpl from the Heathkit Catalog found on healhkol

useurn corm Me Anthony based the success of
his idea on the premise that anyone, regardless of
technical knowledge or skills, could assemble a kit
himsell and save up to 50% over comparable [ac
tory built models. All that would be required were
a few simple hand tools and some spare time”

In 1951, Anthony also died in an airplane crash.
The company changed ownership several imes,
but continued Lo produce innovative kits, including

The “Apache™ ham radio transmitter was noted for
its “many fine features and modern styling”

acolor TV set in 1964 Heathkit did 3100 million
inannual sales inthe 70s ona wide variety of kils,
including furniture and satellite television recelvers.

“The Heathkit philosophy said Nurse, "was
that they didn't invent new products: they looked for
products that were already successiul in the mar
kel Then they turned them into kits for the
do-it-yourself market.

Nurse believes he may have had a rolein persuad
ing Heathkit to undertake its first digital compuler.
N 1975 the cover of Popular Electronics featured
the MITS Altair 8800, which ariginally sold as a kit
that required the user to solder and assemble the
components. Noticing that it was selling well, he told
his lather that there should be a Heathkit computer.
In 1977 Heathkit launched the HE Digital Computer,
and it proved to be extremely successful. Based on
the Intel 8080, the HE came with 4K of RAM and. &
casselte-based operating system. [t had a keypad
on the front and & nine-digit display. Nurse wrote
aradio Teletype software program for the HE and
started his own business selling it

Inthe 80s, interestin DIY electronics declined
significantly, and the Heathkit Company stopped
making kits. Today, Heathkits live on as memorabilia
exchanged on eBay (aboul 25 kits a month) and
inthe enthusiasts who frequent websites and two
Yahoo! groups. Heathkits have had a lasting impaclt
on an entire generation. Ul bet that every engineer
inthis country over the age of 50 grew up building
Heathkits said Nurse. "Heathkils were special.
The best way | can explain it s and he paused.
“AHeathkit had a soul”

Dale Dougherty (dale Careilly com} is the editor and publisher
of MAKE.
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Make: Projects

Use a cigar box and twine to
build a sweet-singin’ three-
string guitar. For something
completely different, warp
an innocent toy musical
keyboard into anirresistibly
twisted electronic noise
factory. For dessert, savor
the hidden intricacies of

flash-frozen reality with ultra-

fast strobe photography.

Cigar Box Guitar

Circuit Bending

33

High-Speed Photography

102
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ROCK 'N' ROLL-YOUR-OWN

As a volunteer music teacher, | sometimes
meet kids who can't afford instruments.
So | decided to design one that they could
Inexpensively build themselves, based on
the traditional cigar box guitar.

Before the 1950s, when factory guitars
became less expensive, many folk musicians
built their own stringed instruments.
Wooden cigar boxes, which were solidly
constructed connoisseur objects, became
a popular choice for the instruments’ bod-
les. Thus, an American tradition was born,
and today, the cigar box guitar is enjoying
a folk revival.

My guitar is a simple, three-stringed
design that uses only one power tool and
common hardware. Despite its low cost,
this guitar plays real music and will hold

Its tuning for a couple of days.
et A Kid can build it (and play it),
and so can you.
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MAKING STRINGS SING

f makes very litl
sound. The cigar box guitar. like other stringed
al. ightweight surfaces
to push more air around. making the sound
ectric pickup converts the

etting you plug inand

Astring vibrating by itse

mstruments. uses |

louder. A piezoe
vibrations to voltage.
wake the entire neighborhood.

(s}
e

Like the body of a violin or the

sounding hoard of a piano, the cigar box vibrates and

resonates with the strings. amplifying the sound. In
exchange. it drains energy away from the strings,
decreasing the duration of the vibrations.

This solid
connection is the main

point through which the

strings' vibrations are
transferred to the cigar
box hody.

Certain materials
generate voltages in proportion to physical strains
applied to them. This was first chserved in some
crystals. in which electrically polarized molecules
all point the same way within a lattice structure.
Squeeze the crystal in the right direction. and
you alter the relative positions of entire planes of
charged particles, changing the potential differ-
ence (voltage) from one side to the other. Materi-
als with this property can act as transducers. con-
verting physical vibrations into electrical signal
— which lets them work as acoustic pickups.

Fashioned super-cheap
from eyelet screws and
nails. these determine
the strings’lengths
and tautness — and by
extension. the notes
they play.

The piezo effect works
hoth ways, converting vibration to voltage and
voltage to vibration. Inexpensive ceramic buzzers
are designed as tiny speakers. but they also work
as pickups. The piezoelectric ceramic elements
inside these devices are manufactured by mixing
metallic crystal powders into a ceramic. and then
applying a strong DC voltage to align all of the
crystals. The resulting material is cheaper and
maore durable than piezoelectric crystals.
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MATERIALS

[A] Pen. pencil. or markers
{not shown)

[B] Scizsors (not shown)

[C] Cigar box

Many tobacconists will
give cigar boxes away free.
| usually end up paying a
dollar for them at a place
near my house. If you can’t
find a cigar box. an intact
pizza box will also work.

[D] Mason twine,

#15 and #18

Available at hardware
stores. this is used by
bricklayers and cement
workers to mark lines.

[E] ¥"x3" eyebolts and
nuts (3)

[F] #12x5%%" wood
screws (3)

[G] Drill and drill bits

[H] 3' length of 1x2 red oak
This will be the guitar's
neck. The lumber’s actual
measurements are %" by
145", but 1x2 is how it's
named.

[1] %" square hardwood
stock, at least 142" long
This will be the nut. at the
top of the neck.

[4] ¥*2" square hardwood
stock, at least 142" long
This will be the bridge.
[K] Super glue

[L] 90-second epoxy (or
5-minute epoxy. for a little

more positioning time)

[M] %" washers (6)

[N] %" wing nuts (3)

[0] 2" common nails
(at least 3)

[P] Phillips screwdriver

[Q] 342" x 1" (size 33)
rubber bands

[R]Hacksaw blade or
hacksaw

OPTIONAL

1500-3000Hz piezoelectric
element, a.k.a. piezo buzzer
For amplifier pickup.

4" phono jack

Soldering iron, solder,
and wire
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MAKE IT.

BUILD YOUR
CIGAR BOX
GUITAR

START - Time: An Afternoon Complexity: Low

ASSEMBLE THE
= NECK AND BODY

la. Using the diagram at right, drill Tuner holes, 4" bit Tail holes. 542" bit
holes at each end of the 1x2. You'll Measure from left edge Measure from right edge
drill six holes in tworows at the tail,
toanchor the strings below the bridge, 14" o o 14" a o
and six more in two diagonal rows 3" o o 3" o o
where the tuning pegs will be. " o o " o o
a" a"
1" 11e" 25" 3" 1" e

1b. ITyou want to add an electric
plckup to your guitar, skip ahead to
step 4. Olherwise, super-glue the
clgar box shut.
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lc. Sel the neck squarely on the box
so thal s =i holes are justclear of
one ol the boxs ends. Mark The box
along bolhsides of the neck 50 wou
Fnow where lo oul the glue.

1d. Mixup some epoxy. [ recommentd
using half a tube, since there may be
some gaps to fill.

le. Apply o cenerous amount of epoxy
Lo Lhe crzar box posibion he neck on
loo, and weigh il downwith @ phone
book orotherweighl With 80 second
epoxy Dwall o minales Lo gel 2 decent
cure.

.‘-_’.f.":'_ Sowrly & W sy M Pl &

7 -3 - = - - .

79 9’1_,41_’.11;1 OF) -S54 1=~
e - -

iy

1f. Jse the pen tomark the widlh
of the neck (1A on the V2 square
stock. This will be the bridge.

lg. Jse the hacksaw blade Lo cul the
bridee.

1h. Pul diwn three dols of super olue
[or the bridee zboul Y2 up rom the
s holes sl the Lailend of the neck.

1i. Sel the brdee downon the slue
and hold it long enocuzh Lo sing

“Twinkle, Twinkle, Little Star” twice.
This song will help you tune laler on.

1j. Repeal sleps I througzh i us=ing
[he A" slock Glue the nul six inches
[rom the opposile end of the neck.
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STRING THE
= GUITAR

2a. Take aneyeboll, spin a nut down
the threads, add a2 washer, and then
insertitupinto 2 tuner hole at the end
of the neck. Pul another washer on
top and spin on g wing nut.

2b. Repeat with the other two bolts,
and tighten zll three to hight-finger
tight. Are you still humming ~ Twinkle,
Twinkle"? It can become a real ear
worm. This will work in your Tavor later,
for tuning and playing.

2c. Cut a pliece of #18 mason twine
aboul 5 leetlong Youwon't need all
ofit, but ends gel frayed and we need
some slack for pulling on. Thread the
string through the empty tuner hole
closest 1o the nut, and tie the end to
the adjacent eyebolt in back. Make
sure the knotl is onthe side where the
“eye slarts its bend, so that it won't
ship out when we tighten the string.

2d. Spin the eyebolt clockwise three
times to get some string wrapped on.
Tighten the wing nut to firm-linger
tightness. Pull the string over the nut.

2e. Pull the string over the bridge and
thread the other end down the cor
responding hole just below.
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2f. Gel a screw starled in the hole on
the other side, but leave some of the
threaded part showing soit's easy to
wrap the string around it

2g. Herels where some slack is handy.
Wake aloose loop of string around the
screw, and then wrap the slack around
vour hand so you can pull the string
tight while yvou tighten the screw to
secure the string.

2h. Congratulations! You ve just installed your bass string. Repeal steps 2¢ throuzh 2g. using the #15
mason twine. for the tenor and alto strings.

People have been building playable musical instru-
ments from LEGO for some time. Henry Lim’s LEGO
Harpsichord (see Made on Earth, page 23) and Brad's
LEGO Guitar have been written about many times,
but they're only the start.

Telerobotic Glockenspiel Player: XILO is a slightly
frightening-looking device that uses the LEGO
camera to watch the player and translate his or
her movements into real-time Glockenspiel play- -
ing. Eight metal tubes lifted from a toy xylophone LEGO Dulcimer: What is it with medieval instruments and
surround a two-motor whacker in the middle. One LEGO? Mountain dulcimer enthusiast Peter Always built
motor rotates a mallet into position, and the other himself a bright yellow dulcimer, with properly spaced
brings it down onto one of the tubes to play the frets made of little grey tiles.

corresponding note.

Robotic Ukulele Players: Brown University
students Bryant Choung and Amelia Wong built
a ukulele-playing robot out of LEGO in 2003, and
more recently. Middlebury College students Mike
Rimoin and Jarvis Lagmans built a smaller one
that plays three-chord, such as “Stir 1t Up” and
“Rivers of Babylon.”

Singing LEGO Blocks: The LEGO Mindstorms
RCX block (the brain of the system) has a built-in
speaker. and Ralph Hempel has written a webpage
that explains in eye-watering detail how to make
music with it. Remarkably, there doesn’t seem to
be a MIDI interface for the RCX: at least not yet...

LEGO MID| Guitar: The “Lifelong Kindergarten” group at

Get links to all these LEGO musical instrument MIT developed this LEGO-based system. The idea was

websites at makezine.com/04/lego. that children could use special LEGO components to
build their own experimental instruments, which would

Tom Whitwell is the founder of wwwmusicthing co.uk. work as MIDI controllers.

Reprinted with permission from Whitwell's weekly

column on engadget.con. —Tom Whitwell
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PROJECTS:

ADD THE
FRETS

You can usually just find the
proper fret locations by singing
the major scale. This picture shows
approximately where they will go, but
Il take some tweaking to get it nght
Onomy guitar, the five frets went from i
Fe at 2V inches down Trom the nut, 134"
to La at 1134 inches down. Try pluck
ing the string and listening for a tone,
then marking a dot at the spol with

a pencil.

Sol
912"

wwnumakezine.cormy’ Odstigarbax

3a. Toattach a fret, first take a rubber
band and double-loop it

3b. Fit the looped rubber band to a
nail near the head.

3c. Flace the nail at a frel position,
and pull the rubber band up from
underneath the neck. Stretch and
loop it around the pointed end of
the nail. Notice how the nall point is
pointing up. This is & good thing.

3d. Repeal steps 3a through 3cabove
to attach frets for Re Mi Fa Sol and
La. Sing those notes a few times to
cel thal going in your head because il
15 going to help you tune your guitar.
You can add frets farther up, ifyou
want, and the reason my guitar only
has frets up to Lz, instead of up the
ull scale to Do, is almost maniacal:
those are the noles yvou need Lo play
“Twinkle, Twinkle, Little Star” And
nothing else matlers.
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ELECTRIFY!
(OPTIONAL)

You can testify; now you must electrify! Here's how Lo add a2 quick-and-dirty (and | do mean dirty)
pickup, so yvou can play your cigar box guitar through an amp. [T you already know yvou'll want to play
electric, iU's easier Lo perform these steps irst, before vou build the rest of the guitar.

4a. Drill a2 38" hole inthe tal end of -
the box and mount the 14" phono jack.

(I you've already glued the box shut,
vou ll have Lo immy it back open with

a hobby knile)

4b. Glue the piezo element inside the
box as shown, and solder two wires o .
connect the piezo pickup to the phono ,f
jack terminzls. Then glue the box shut. *’
[T vou haven't already built the rest of
your guitar, jump back to step 1le, and
continue from there.

dc. Plug inand rock out! 1T you find that the pickup s picking up sounds other than the guitar try covering
the sound hole of the plezo element with a couple of pieces of duct tape.

The cigar box is admirably suited to the job of radiat-

ing string sounds into the surrounding air. You can get

the most sound out of one by using a short neck that

stops mid-box, attaching the bridge directly to the box

(rather than to the neck), and adding a sound hole in
front. But that calls for a more complex design than

what appears in this article. After you've successfully
made one or two of the standard models, mayhe you'll

find yourself getting more ambitious!

If you can’t readily lay your hands on a cigar box, or
you just want to explore some other possibilities, here
are a few materials and approaches to consider:

An inexpensive styrofoam picnic cooler makes a
surprisingly effective sound radiator. Simply glue or
screw the cooler to one or both ends of a stick-guitar,
for respectable volume and a pleasant tone.

Lightweight metal pots, pans, or howls are also
effective. Attach them concave side out, facing the
strings. With aluminum mixing bowls (and especially if
you're using steel strings). you can get an exotic sound
by placing a little water in the bottom and playing
lap-style, tipping the instrument this way and that.

Kinda crazy, but an inflated balloon pressed against the
strings where they cross the bridge will greatly increase
the volume and add an interesting, percussive tone.
With a simple stick guitar. secure a sausage-shaped
balloon in place with a long, thin rubber band running
around the back of the fretboard. Take a moment to
adjust the location for optimal results.

—Bart Hopkin

Bart Hopkin runs Experimental Musical Instruments, an
organization that produces books, CDs, and other materi-
als relating to new and unusual musical instrumerts of all
sorts. For information, write_erm @windworld. cormn or visit

windworld.com.
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PROJECTS: CIGAR GUITAR

USE IT.

A TUNE

TUNING

Tuning any musical instrument can be tricky so
| am going to offer two methods: you can tune by
ear, using “Twinkle, Twinkle” or you canuse a guilar
tuner If both methods still leave you unsalisfied,
take your guitar to 2 music store and have them do
It have never done this mysell but it might freak
them out, which would be well worth the trip.

[Ttrying to tune s making you crazy, pul the gui
tar down for an hour, or even a day. Praclice singing
the scale and "Twinkle, Twinkle, Little Star” You are
not tone deal I you were, you would nol be able to
tell the difference between someone asking you a
gquestionand giving yvou a command. Give in Lo the
earworm and be patient.

Alter coming back to your guitar, just monkey
around with it You built it it's yours, and yvou can dao
whatever you want! Try over-lightening the strings,
and see whal the notes sound like until they break.
How loose can a string be and still play a recogniz
able musical sound?

Plan A: To tune by ear

a. Look al the picture you used o position the frets
for step 3. To tweak in the Trels, you ll play the low
esl string, the bass string, which is the one nearest
the heads of the nails.

b. Turnthe bass eyeboll and play the string until you
start to hear a relatively clear tone.

c. lghten the bass wing nub.

d. Use a screwdriver 1o gel some leverage and
tighten it a little more. Notice how the tone gels a
little higher in pitch as you tighten?

e. Pluck the bass string a few times and sing the

first two notes of "Twinkle, Twinkle, Little Star”
(whichis, of course, the two-syllable word “twinkle ™).
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TUNE, AND PLAY

f. Now tighten the middle string with the screw
driver the same way you lightened the bass string,
until it sounds like the third and Tourth notes of
“Twinkle, Twinkle, Little Star” the second “twinkle”
Youmay ind yoursell singing “ Twinkle, Twinkle"
along with the bass and middle strings 10 or 20
times. If vou are truly going nuts al this point,
proceed to Plan B: Using a guitar tuner.

g. Thelast string is a little trickier, because it
requires that the first fret ("Re") is properly sel.
Additionally, you are going o sing in a different key
Jse the middle string to play the first two notes
of “Twinkle, Twinkle” Then, while fretting the third
string up one fret, tighten it Lo play the second
“twinkle Your left hand holds the third string down
behind the first frel, as your right hand alternates
between plucking the string and turning the peg.
Agzain, repetition will make it work.

h. [T you feel like you've got it (and even il you
don't), strum all three strings. [t should sound
nice. Another thing that should sound nice is fret
ting the third string on any fret while strumming
all three strings. This little bit of magic lets you play
melody and harmony easily, while anly fretting one
string. This is how the dulcimer works.



Plan B: Using a guitar tuner
a. Gel a guitar tuner al a music store, or borrow one.

b. Tighlen the bass string until it starts to sound clear.

c. Place the tuner on the cigar box and strum the
bass. You should still be below A,

d. Tighlen the bass string until you get an A

e. Repeal steps b through d for the middle string
untilyou getan E

f. Repeat steps b through d for the top string until
yougel an A again. It will be an octave higher.

Now that the strings are tuned . you can use the
tuner to set the frets:

g. Frel the third string Lo the first frel.

h. Strum and look at the tuner 1Tt shows a tone
lower than B, move the frel down the neck toward
the cigar box I it shows a tone higher than B, move
it up the neck toward the tuners.

i. Repeal steps g and h. moving down the frels,
tuning to C#. 0 E F and so on.

I Watch MAKE Editor-In-Chief Mark Frauen-
felder demonstrate his variant on the cigar
box guitar at makezine.com/04 /cigarbox.

LRl

& cigar box guitardy

PLAY A TUNE

Can youguess which one? I'll bet you can! Yes, it

is “Twinkle, Twinkle, Little Star”You can do it all on
yvour guitar's bottom string. All you have 1o dois play
the notes that appear above the words notated below:

Do Do Sol Sol La La Sol
Twin - kle twin - kle it -tle star,
Fa FaMi Mi Re Re Do
How | won - der what you are.
LalaFa Fa Mi Mi Re

Up a -bove the world, so high,
La LaFa Fa Mi Mi Re

Like 2 diz-mondin the sky.

(Andsoon)

[T vou have a hard time remembering which fret is
Do, Be, Mi, and so on, then just pencil them in on
the neck. It's yvour guitar, and you can do what you
want! To gel @ more bluegrass sound. you can strum
all three strings down and up, double time, Tor each
note.

TAKE IT ON THE ROAD

All-Cigar Box Guitar music festivals have been held
recently in Carrolton, Ky Hunlsville Ala.: and Red
Lion, Penn., and more are being planned for 2006,
Check the cigarboxguitars Yahoo! Group for detlails
and updales.

RESOURCES
CEG sites: cizarboxzuitars com,
ceocities comscizarboxguitar

CBG Yahoo! Group: groups va

NG GO E LD S

cligarboxguitars

CEBG-building tutorial: cizarboxguitars com

Musical Instrument Design by Barl Hopkin

Cardboard Folk Instruments to Make and Play
by Dennis Waring

Ed Sound clip of author Ed Vogel playing  Twinkle,
Twinkle™: www ezeocities co 1WA
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CIRCUIT
BENDING

By Cristiana Ya
and Sabastian Boaz

Modify a Casio keyboard
(or other electronic audio
stuff) and start playing
some of the strangest
sounds you ve ever heard.

+ +
lll‘.lll

o

Photography by Bit Shifter
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SOUNDS OF CIRCUITS

The easiest way to start circuit bending

IS “playing open circuits.” That's where you
open up an audio device and use your hands
or alligator clips to mess with the board
inside and see what it sounds like. But it's
almost as easy to permanently "bend” any
suitable device by soldering on a few wires
and switches. We'll explain how, and then
show you how we transformed a Casio SK-5,
a common, 80s-era sampling keyboard, into
an unstoppably flexible sound organ and
sonic effects generator.

A word of caution: Do not attempt to circuit
bend anything that needs to be plugged into
awall, such as a VCR or a television. These
devices use high voltages, and playing with
the circuitry inside might injure or kill you.
Circuit bending is for battery-powered toys
and instruments only:.

When not sticking her hand in electronic equipment, Cristiana Yambo spins industrial beats on the DJ table and hides

of a computer programmer. Sabastian Boaz doesn't just circuit bend as a hobby but also uses his
creations in recording and performing synthpop and industrial music.
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lustrations by Mark Watkinson

BENDING: THE RULES

Any battery-powered audio toy or
musical nstrument can be bent.
Favorites include old Speak &
spells, toy keyboards, and Furbys.
available at low prices at garage
sales and junk shops nationwide.

Method 1
SCAN AND MARK

With a pair of alligator
clips. probe around
the circuit board. con-
necting solder points
and listening for the
results.

You'll often find
zood bends by con-
necting different pins
on a chip.

00 E0000000
Ei
10HN00a000G

(SO SC S

47 an
JUUHUUL

Method 2
COMPONENT JUMPING

S

Identify components on
the hoard and bypass them
with the alligator clips.
Resistors usually work best.
but you can also try jump-
ing diodes, capacitors. and
other components.

For Your Listening Pleasure

Project co-author Sabastian Boaz has produced several
electronic music CDs that feature sounds from his bent
instrument collection. His older music relied heavily on

circuit bending, and his latest CD, Head Drone, builds on
these roots by incorporating crazy electronic sounds

generated using a variety of techniques.

You can listen to some of Sabastian's music,
along with other bent instrument recordings, at

makezine.com/04/circuithending

Method 3

LICK AND PRESS

The quickest tech-
nigue is to lick a
finger and press it
around resistors and
trim pots: neighbor-
ing solder points will
be bridged by the
variable resistor of
your skin, produc-
ing nice distortions.
Avoid getting too
much moisture on

' the board because

| that can corrode the
' contacts.

When you locate a bend
you like, mark the two

points with a Sharpie
and scan for more
bends.

Permanently Bent

To make bends permanent,
solder wires and switches
to the connection points.
The easiest method is to
bridge the points directly.
This project brings them
out to a patch bay that
allows arbitrary connec-
tions, for greater flexibility.
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ALIEN LIFE FORMS

The father of circuit bending confronts the normals.

[t's hard to know who invented electronic music
synthesis, but you could say that Beed Ghazala
uninvented it He coined the term “clircuit bending”
and has been the technique's spiritual father and
first major practitioner,

Ghazala stumbled on the idea in 1967 " was
14 soing on 15, injunior high and craving my own
synth, bul penniless” he recalls. “In my desk drawer
was a junked mini amplifier made by EadioShack,
batltery installed and back ofl, exposing the circuitry.
Closing the drawer alter a search for who-knows
what, my room was suddenly Tilled with weird
electronic music: strange Tlanged oscillator sweeps
rising in pitch, repeating
over and over again.” The
amplifier had shorted out
against something metal,
and thatl led to a revela
tion: what if you shorted
out circuitry intentionally?

Reed's lirst instrument
took advantage of this
idea, but audiences didn't
immediately take to the
avanl-garde sounds.
“Rowdy Elvis fans” at an
early gig physically attacked Ghazala, hoping to
“send me and the band to the emergency room. he
says. "But their main target was my instrument. [t
symbolized a notion of music beyond verbal ballad,
telling stories in a language they couldn't understand”

The audience succeeded in destroying the instrument.

Despite the lack of early audience support,
Ghazala was hooked on creating something new
and alien, and his audience-obliterated instrument
was lollowed by decades of prolific instrument
building. "When | was first body-contacting bent
instruments. | realized neither the circuits nor |
stopped at our ends anymore,” says Ghazala. "
was exlended into the circuit and the circull was
exlended into me. We shared the vital electricity
that we each depended upon to function, to live.
Newere no longer two separate entities, like guitar
and guitarist. We literally, were one” He calls the com
bination 2" Bio-Electronic Audiosapian,” or BEAsape.
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Circuit bending, Ghazalz explains, means drop
ping your intentions. “When | hack a radio receiver,
' may clip some diodes init so that | can tune into
awider frequency range. Bul that's not circuit
bending. because | know where things are going o
oo With bending, you cannot presume whal you're
coing to find — just like sending a probe into deep
space.” And outside presumption lies an alien world
lilled with alien sounds.

Ghazala's instruments certainly look alien, with
llashing lights, eyeballs, laser controls, and hand
inked patterns thatl resemble psychedelic extra
terrestrial animal prints. Ghazala considers

“Thelr main target was my instru-
ment. [t symbolized a notion of
music beyond verbal ballad, telling
stories ina language they couldn't
understand.”

hiscreations more arganism than art object, with
body modilications that allow them to “sing things
they couldn't sing before”

Perhaps Ghazala's instruments have grown
eveballs and skins because they re evolving. Nearly
40 years alter his first experiments, circuit bending
has become a worldwide phenomenon. “As the arl
of circult bending claims more territory, spreading
through the music underground like alien bacteria”
Ghazala says, "it's infecting more and more circuitry
every day”

—Peter Kirn

Ghazala's tutorial on how to build an Incantor s

available at makezine.com/C4/circultbending.

Peter Kirn is a composer, musician, and media artist; his blog
(createdigitalmusic.com) regularly covers circuit bending and
other far-out music technologies.




Photograph by David Albertson

MATERIALS

[A] Casio SK-series
keyboard We used an SK-5,
but they're all great for
bending. Check local thrift
stores or eBay.

[B] Stranded wire 22-
gauge or thereabouts

[C] Small machine screws
and nuts At least 77 of
each

[D] Flat. non-conducting,
easily drillable box For the
patch bay. we used a trans-
lucent plastic storage box.
The patch bay box should
be big enough to hold and
permit access to 77 screws
without crowding.

[E] Flat. non-conducting
box Like above, hut

smaller; for external key
box controller {optional)

[F] Assorted switches,
contacts, and other bend
components For the
control panel. We used 4
toggle switches, 1 poten-
tiometer. 1 photometer,
2 doorknobs (for hody
contacts), and a push-
button momentary switch
to reset the device.

[G] Flat. non-conducting.
easily drillable panel.
about 5"%x5" For the control
panel. which fits over the
keyhoard’s speaker area.

[H]Hose clamps (2)
[1T Alligator clips At

least a few: the more,
the merrier.

[J] Ethernet cable
For external controllers
(optional)

[K]Ethernet jack
For external controllers

{optional)

[L]Flexible plastic tubing

Momentary switches
We used keyboard keys
from an old Macintosh.
In many older, heavier
computer keyhoards,
each key is its own self-
contained momentary
switch {not shown).

TOOLS

[M] Soldering equipment
[N] Glue gun and hot glue
[O] Multimeter

[P]Drill and drill bits

[Q] Rotary tool and bits
[R] Electrical tape
Multiple voltage
transformer {optional,

not shown)
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MAKE IT.

BEND YOUR
CASIO SK
KEYBOARD

START Time: A Weekend Complexity: Medium

CONNECT THE
= PATCH WIRES

The chips on Casio SK keyboards contain vast potential for unruly sounds, and wiring up a patch bay
unlocks all of it by making every possible pin-to-pin connection available

la. Find the main chips. Open the
case, remove the motherboard, and it
identify the main sound processing e
chips: these are two large, rectangular
chips next to each other in the middle
of the board. Each has 14 pins per
side, a total of 56 pins. Turn the board
aver and find the points of these pins
on the underside. You will solder one
wire to each of these.

1b. Solder and check wires. For each
row of 14 main chip pins, solder 14
lenzths of wire, each around 30 inches
long. to the contact points under
neath. Carefully check each pin for
solder bridees When you finish a row,
replace the board and play the key
board to see if it still works normally.
Tt makes any welrd sounds, you
probably brideed two pins together.
You can also use your multimeter to
Lest pairs of wires for continuity and
resolder wherever you find one.
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1c. Insulate. Cnice
= lest

= pins mnmelectrce

res ineleclrca

. Alter yo

Hee Cd

and checked all four
12 the oins anid
When il passes

the lest warm up your glue sun and

1hot glue This holds

res nplace and nsulates the

"

[

1L anintended

inechons lop

short crrculs

BUILD AND CONNECT
= THE PATCH BAY

s and a 2 lor clips are chegper more corm

construct patch b ROA jacks, bul scr

15

N 24

cacl and they lel vou connecl mulliple clips o the same poml which vaslly expands [he sonic possibililies

2a. Drill the holes. “ea:
and drll 60 holes

fixur e

Fumpe
side Lo laciilate mulliple conneclions

e holes should T your screws snug

croom lor another smaller sel

ol holes for the conlrol panel which

vou ll drll later

o the holes, with the heads onthe

iside and the shalls pombing oul

enls, and then stnp and cul encugzhwires

..... .

wee dsed Lo tolal vou'll connect these

which ends connect o one another. Gather

wires later, soil helps Lo include some extra ones and |z

lehwires lomak cable that will run belween

welher wilh four leped logelher sels ol er

ol

Secure each end with hose clamps. and push it through the plastic tube
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2d. Route the patch cable. Cut
alarge hole in the side of the palch
bay box. Insert the patch cable and
secure il by hol-gluing the hose
clamp to the box.

2e. Connect the patch wires. Now
s time towire the screws. Wrap the
end of each patch wire clockwise
underneath the head of each screw
andtighten the boltto secure the wire.
Connect each group of 14 patch wires
Lo adifferent row on the patch bay.

2f. Test the board. Using alligator
clips, connect swilches and pols
between different patch points, play
the keyboard, and see how it works.
Operating the components and
changing their confizuration should
yield different sounds.

REMOVE THE
= TUNING POT

Many old electronic instruments easily lose their tuning and have 2 small potentiometer that adjusts them
back into tune. We'll bring this component's connections oul Lo our patch bay, so yvou can creale bends
that alter the pitch of the entire keyboard.

3a. Unsolder the pot. The SK's tun
ing polis normally accessed through
a hole in the underside of the key
board. in the center, and you adjust
it with & small screwdriver. Find the
component on the board and use a
solder sucker or desoldering braid to
rermove all of the solder.

Oisvy

l, l }'1'1 bbbt s

96  Make: Valume 04



3b. Pull out the tuning pot. "ou w
probably have lo use some force. Then

markowhere (Lweas localed Lo help you

BUILD THE
= CONTROL PANEL

Fhe control panel houses inlerlace components whichyoucan hookonto any crcanl bends vig Lhe palch

ooy L also has the resel bullon, 2 momentary swilch hal restarls the nstrument aller 2 crash

4a. Cut out the speaker grill. =ing

2
Hary lool cul oul the speaker or

e s zomne lobe used Lo house

aoeelemenls

4b. Build the control panel. Allach
vour components o the panel For
ours we drilled holes in o plece of
rard plastic and thenhiol zlaed in our
components: four logele swilches, 2
pair ol doorknobs Tor body contacls
2 polentiomeler (separale rom Lhe
Luning poly @ cholomeler Tor lizhl
sensihive distorlions. and @ momen
Lary swilch, which will acl as a resel

cullon
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CONNECT THE
= CONTROL PANEL

5a. Finish the patch bay. Crill holes
and instzll screws inthe patch bay, as
in Step 2. You'll need the appropriate
number of contact points for each
component on the control panel. plus
bwo more to lead to the tuning pol's
contacts on the circult board. Arrange
Lhe holes in the same way thal your
components are arranged on the
control panel. This makes it easy to
remember which contact point on the
bay corresponds to which control.

5b. Wire the control panel. Now
yvoure going lo use the exlra wires in
the cable [Tthey aren’t labeled use a

multimeter to identily matching ends.

Then connect the control panel com
ponents to the new palch bay array,
following your logical mapping. Screw
the wires o the patch bay points as
before and solder the other ends to
Lhe components.

5c¢c. Connect the tuning circuit.
Screw two remaining extra wires to
the tuning-circuit points on the patch
bay and solder the other ends Lo the
tuning pol contacts on the board.
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CONNECT THE RESET,
= AND CLOSE IT UP

Bent instruments sometimes crash in away that disables the power switch. One solution is to wire a
momentary switch between the positive power line and the circult board, but with the SK-Zit's easier (o
install a switch that connects the positive and negative power lines, momentarily shorting therm oul.

6a. Connect the reset button. 5ol
der the resel button's contacts to the
positive and negative terminals that
lead from the ballery compartment.

6bh. Hot-glue the control panel to the case.

6c¢. Close up the case. Screw il
together, switch it on, and then rock
oul with the ultimate SK!

EJ Extend the capabilities of your new keyboard by adding an external
controller port and making two kinds of external controllers. Visit
makezine.com/04 /circuithending for complete instructions.

FINISH 3

NOW GO USEIT »»
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MAKING TOYS
PERFORMANCE-READY

One of the greal Teatures of this project s thal the
patch bay also allows you lo connect other devices
Lo the keyboard's circuitry. For example, we alligator
clipped the cutput of an iPod to our SK-5s tuning
pol contacts. This made the waveform of the music
playing on the iIPod modulate the pitch of the SK-5's
output, anamazing eflfect.

Body contacts can be played with various parts
of the body at different pressures Tor different

wwnamiakezinec o OdAcircuitbe nding

JOIN THE
CIRCUITS

elfects. Touching a body contact with vour tongue
givesvery low resistance, which can translate to an
extremely high pitch — and electrocute yvour tongue
alittle bit.

SKeseries keyboards, like the one usedin this
project, have wall warts and audio jacks. This means
they won'trunout of juice, and you can amplily
them directly and record them by plugging them in.
But many bend-worthy audio toys lack these two
essentials. Here's how to remedy the situation.

Adding an Audio Out

With a toy thal has only @ speaker, you can make an
audio out by connecting the two wires thal feed the
speaker Lo a standard mono audio jack or 2 cul au
dio cable If the wires are colored, you can follow the
convention of connecting red to the tip and black 1o
the ring. Bul the order shouldn't matter: either way
will work fine.

With some toys, oulput to the speaker might be
high enough to cause distortion. To bring it down to
regular analog audio signal levels, add a resistor in
line to the wire that connects to the tip. Experiment
with different values to ind one that works.

Adding a Power Source
Add the battery voltages and find an adapler with
the same total voltage — you may already have one
from some old appliance. Confirm its voltage with a
multimeter (labels can be incorrect) and determine
Its polarity, which is usuzlly but not always tip posi
tive, ring negative. [T it checks oul, solder wires from
the negative and positive ends of the toy's batlery
tray to the corresponding contacts of the DC in.
Toys somelimes list an amperage You can usually
ignore this, but if the circuitry is especially sensitive,
test the power adapler's amperage along with the
voltage. Again, trust the multimeter, not the lzbel.
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WELCOME TO THE WARPED
WORLD OF CIRCUIT BENDING

ITyou've grown weary of computer software for
look-alike, sound-zlike musical instruments, you
might have something to learn from Adrizan Dimond.
His latest project s making modiflied experimental
sound creation devices oul of Furby loys.

Dimond, aka Xdugel L unwinds
rom his day job as a molion graphics arlist by
producing raunchy electrical noise. His tools of
choice range lrom modified C0 players and ancient
reel-to-reel tapes to educationzl phonics toys and

xduzelcorm

a flanger effects box. That might sound archaic, but
Dimond is hardly alone. Fueled by online instruc
tions for device modification, circuil bending has
become a phenomenon. Nine Inch Nails uses bent
instruments now, and you can hear experimental
artist Oval's skipping CD players in a Calvin Klein
[ragrance ad Bending's exposure may have gone
mainstream, but the soundis Tar from conven
tionzal: bent creations are adored Tor their noisy,
unpredictable nature.

Fopular instruments for beginning benders
include the plentiful Casio CZ-1 keyboard and the
venerable Texas Instruments "Speak & talking
toy series (Speak & Spell, Speak & Read Speak &
Math) Whereas bending once involved countless
hours of adjusting circuits with what-il pokes and
prods, online treasure maps and tutorials make il
easy lor newcomers Lo the field. And once you've
cut yvour teeth with one of the more well-document
ed devices, plenty of unexplored frontiers remain,
particularly the more complex digital devices.

The gamut of bending projects is virtually limit
less Some works are arl objects as much as instru
ments, sculpturzl creations with elaborate cases
and what Dimond describes as “Duchampian col
lage” Others are more ulilitarian, salvaging plastic
cases or simply painting absurdillustrations on the
bent object Many are tongue-in-cheek, merciless
modilications ol toys.

Or Age ol the UK band Cementimental has
warped Nintendo games into video arl, and built
bizarre instruments out of 2 Ghostbusler voice
modiflier toy, a Pikachu keychain, and a plastic
toilet, which he converted into an oplical Theremin.
Techdweeb (lechdweeb com) has taken on danc
ing daisy toys and the infarmous talking fish Billy
Bass. Carrion Sound (carnonsound com) has done
unspeakable things to Howdy the Talking Pony.

-
-1
:
-
=t
-
-
-
-
-

[I's alittle premature to talk about a circuil bending
"scene’ yel, particularly since it's hard to know where
to draw the lines between "true” circuit bending,
device maodification. instrumental abuse, and more
ceneral noise art. But amidst the countless exper
mental performances around the world, there's
clearly 2 growing interest in festivals and workshops
locused on bending. New York City s a major epi
center with numerous concerls and classes and the
Bent Festival, held in 2004 and 2005 at The Tank

(thetanknve corm). Bending festivals are alsoin the
works for California and Virginia, and Los Angeles’
I Corral (hallnormal com/dilcorral) has established

A

itsell as & West Coasthub for noise and sound arl,

In the meantime, benders share hundreds of
websites Teaturing music, schematics, photo galler
ies ol various creations, and (sometimes heated)
message boards and mailing lists.

—Peter Kirn

RESOURCES

Circuit-Bending: Build Your Own Alien Instruments.
by Reed Ghazala

Feed Ghazala's sile:
anti-theory

corm/bentsound

Other bending and noise art sites:
cementimental.com/slinks htm

1SS e Ol

Discussion groups:

SroUns Vanoo.comdaer

Composer, musician, and media artist Peter Kirn profiled
Reed Ghazala on page 92.
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Pictures of high-speed
events such as popping
balloons, breaking glass,
and splashing liguids reveal
INteresting structures not
visible to the naked eye. You
can take your own high-
speed photos to capture
these ephemeral events. »#

Set up: p.108 Make it: p. 109 Use |t p.116

e
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hy by Tom Anderson and Wendell Anderson
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JUMPIN’ JACKED FLASH

We built a strobe flash out of a Kodak dis-
posable camera and then designed a cir-
cuit that triggers the flash when it detects
a sound or other measurable event. The
strobe flash will freeze motion!

We use a digital camera set for a long
exposure (two seconds or more), and
shoot the picture in a dark room. When the
balloon pops, the sound-activated trigger
circuit fires the flash, and the camera cap-
tures the incredible event.

Why not just take the picture of the bal-
loon with a digital camera and its built-in
flash? First, getting the timing right is a
hard problem: the camera’s exposure, its
flash, and the event itself need to be syn-
chronized. (Try it yourself and see what
luck you have.) The second problem is that
a stock camera flash doesn’'t make a very
good strobe because it flashes too long,
causing blurry high-speed photos.

Tom Anderson and Wendell Anderson are engineers for an electronics company. As a hobby, they develop audio
hard

ardware and software projects.
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SOUND TRIGGER

Wi lake long exposures ina darkened room [Ldoesn ' need
Lo be pitch black we usea garage al nizhlbwith the izhls
oul tven thoush the shutler s opentlor 2 10 15 seconds he
[lash fires just once, lngeered by sound. The llash reezes Lhe
motion, and we gel apelure When laking 2 llashpiclure in a
dark room L doesn L maller how long the shuller s open. All
that rmatlers s thal the Tash Tres while the shuller s open.

2

Pop the balloon.

~ @
( U |
(<O
Press the camera’s
shutter button y
and the shutter 3

remains open. The sound is picked up

by a microphone.
6
The camera’s shutter
closes.

6 () i
The light from the

flash tube lights up
the picture.

e T Tl /-y i
W

= -
' A

= @ C

|
0
.
.‘ 0
[

e
s

4 Controller logic: The sound
travels from the microphone
to the controller, where it is
converted to an electrical

signal. The electrical signal
trips the comparator. The
comparator triggers the
timer. The timer generates

a delay. The timer fires the
SCR. The capacitor discharg-
es through the flash tube.

Hustration by Timmy Kucynda
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Strobe Photo Gallery

This page, clockwise from top: Bottle blast in Bryn Russell's
high-speed studio; .22 bullet meets crayons, by Khuong
Mguyen, Ed Bystrom, and Chen-Chei Chuang; Chris Pycior
captures Dan Brown making a catch inLee's Summit, Mo ;
drive-by fruiting by Bryn Russell. (Mot all of these photos can
be takenusing the Flash Controller Kit).

Opposite page, clockwise from top: Ken Reppart’s glass is
rmare than half full; firecracker explosion by Tom and Wendell
Anderson; board breaking by Torm and Wendell Anderson.

3 see more strobe photography in the Flickr high-speed
photography pool, flickrcom/groups/highspeed/pool.




A BRIEF HISTORY OF
HIGH-SPEED PHOTOGRAPHY

ErnstWach published some of he earliest
sing the liehl from

aspark zap Lo freeze 2 bullel and reveal Lthe

nehrspeed images in Las,

shadow ol he sucersonic shock wave preced
il Bubibis WMIT proflessor Harold  Doc
Edeerlon (1903 190
rrning slrobes from an obscure
strument inlo @ pedestrian device

pevery camera inaddition o having the

scienbific and enzinesring acumen Lo perlecl
slrobes commercially, Edgerlon s equally
recoonized [or hisvisual zesthelic. Many ol
[he striking imazes he created ol dlumimabing
chenomena adorn arl museams worldwide

His pholos and strobe equipment can be seen
Peter M
Editor's Note: Peter Mui had Doc Edgerton as his

thesis advisor at MIT and after graduationwas a
research assistant in his lab until 1990.
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SET UP. Visit makezine.com/04/strobe for source list.

MATERIALS

Disposable camera*
Flash Controller*

Battery*

Flash cable 2.5mm
mono male-to-male*

2.5mm phone jack*
Flash wire 22 awg
hookup wire, 8" long,
one green, one red*

Computer microphone*

Balloon

Soldering ironor
soldering gun

Solder

* These items are
included in the Flash

Controller Kit.

The authors of this project have worked with MAKE
to develop a limited number of kits for sale. The Flash
Controller Kit includes all of the electronic compo-
nents, the circuit board, an enclosure (the box), a
disposable camera, a microphone, and other compo-
nents described in this project. The Flash Controller
included in the kit is assembled and tested. although

you can order an unassembled version if you want to
solder more than 60 components. (You should at least
have soldering equipment and a volt-ohm meter and
know how to use them. This is not a “learn to solder”
project.) The Flash Controller Kit costs $99, and you
can order it at makezine.com/go/flashkit.
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MAKE IT.

START

Time: An Afternoon Com

HOW TO CAPTURE
HIGH-SPEED MOTION

lexity: Low

DISASSEMBLE THE
= DISPOSABLE CAMERA

The flash speed of a2 weaker flash s fast enough
to make a pretly good strobe light. So we made
one oul of the cheapest disposable camera we
could find (under $5). We took apart a single-use
camera, added a connection Tor the flash control

ler circuit to Tire the flash, and then put the camera

back togelther.

About Single-Use Cameras
Evenilyou don't make a strobe pholo system, vou
may find it interesting to take apart 2 single-use
camera, whichis surprisingly maker-friendly. These
cameras are designed 1o be laken apart and put
back together, but not necessarily by those who
buy them. Inside youmay find parts that show the
wear and tear of multiple re-uses. We gol a few used
cameras for free just by asking for them at a local
camera shop. (Kodak pays about 5015 each Tor
returning them Tor recycling, so don't waste your
time asking for free ones at the big W See kodak
corm and search for “one-time-use camera recy
cling” for details on Kodak's recycling program.)
The usual reason for disassembling a disposable
camera would be to add new lilm and a battery, but
we wanl to use the camera as a sound-triggered
flash attachment. The actual photos will be taken
with a digital (or film) camera.

Camera Disassembly, Step-by-Step

Follow along with the photographs on the next page.

First. we remove the stickers and goo from the oul
side of the camera [1] There are Tour side latches
(left, right top, and boltom). We Tound it easiest
to start with the left. Using a small, flal-bladed
screwdriver, gently pry open the latch, and slightly

WARNING: Nasty Shock Inside

Before you take apart a single-use camera, you need
to know that there is a large electrolytic capacitor
inside the camera. This capacitor, which stores the
charge for the flash bulb, is charged to 330V and can
give you a nasty shock if you touch the leads or the
circuit board before it is discharged. We tell you how
to safely discharge the capacitor, so do not leave out
this step.

I watch this video clip of discharging a capacitor:
makezine.com/ 04/ flash/caps.mov

separate the plastic back from the camera, which
keeps the latch open [2] While holding the front
and back slightly apart, pry out the top and bottom
latch. Finally, pry out the right latch and remove the
plastic back [3] Try nol to break the latches. (T you
do. use duct tape or rubber bands when reassem
bling.) Remove the film and battery [4].

The charged-up capacitor leads should be visible
near the bottom center, when looking in through
the back of the camera. Using the tip of a small,
insulated, plastic-handled screwdriver, short the
two capacitor leads together [B]. You will probably
see a flash and hear 2 loud pop. After you are sure
the capacitor has been discharged, gently pry off
the lalch that holds the plastic front [6, 7] Behind
the plastic front s a lens and shutter. Carefully pry
off the lens holder as shown [8] Beneath is the
shutter, with a spring connected to it Remove these
as wel [9]. There should be 2 hole in the center that
s open from the front to the back [10].
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MOD THE DISPOSABLE
= CAMERA

2a. Firslowe will mount our ngeer
conneclor (which comes mcluded
wilh the kil onlo the camera s plastic
...... o
the place ol the lm canisler. Starl by
10

drthing @ W' hole in the plasbic back

2b. Thread he red and green connec
Lorwires Lhrough the cenler hole and
solder them as shown red wire on the
lop and greenon the bollom: Do nol

remslall the shotler and lens

amera after reinstalling

ery Inslalline the baller

apacitor, sobe careful!
ien snap the plastic back onlo the

camera, and the Tash s complele!

slhions on the disposable camera

sowe can control its cheap

Solder wires to the tip
(red) and shield {green)
terminals of the 2.5mm
connector.

Back of camera. wires
threaded through shutter
hole.

Front of camera.

NOTE: Pay attention to the
polarity of the battery. If
you put it in backwards, it
permanently damages the
circuit, and you will have
to start over with a new
camera.
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DESIGN OF THE FLASH CONTROLLER

The Flash Controller inour kit responds 1o a signal and then triggers the flash unit. We needed to add an
adjustable delay between the sound and the photo to get the best possible stop-action picture. Azood
flash trigger should be able to react Lo loud sounds (ke 2 balloon pop) or guiet sounds (like 2 drop of water
landing ina dish). It should be able o trigger from light as well as sound. It should be able Lo trigger a flash
or a strobe light This is what we designed and built. If yvou're interested in making your own controller, see
the sidebar on page 115 "Make Versus Buy.”

>
%@1(@41 1

Microphone
Time Delay

Window + o

Comparator

v 6 «
i
Eyd
Photo Sensor

Light Flash Controller

Camera Flash

Our Flash Controller circuit consists of six
simplified “system blocks.” Eachblock's behavior
is programmed by a lew components (resistors
and capacitors), which are inside the block. Our
overall systermn has two inputs (sound or light) and
two outputs (TTL or camera flash). See below for
instructions on using and adjusting the settings of
the Flash Controller.

HOW TO MAKE A TIME-DELAY-SUB-CIRCUIT

Do you want your balloon photograph to have a small How does a resistor and capacitor set a time delay?
hole or a big one? A small difference in time delay
changes the photo a great deal. You could just move Ve A vin R

W
the microphone further away from the sound to add | c .
delay (about 1/1000 of a second per foot), but this I
won't work for light triggering. Switch closes

Win i

When the switch closes

' at time t=0, the output

time voltage Vout follows the
Wee formula:

In order to get the best high-speed photographs, it is
important to be able to adjust the time between the
sound and when the picture is taken.

—  Vout=Vin(l-¢ )
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Sensor Block

WhCrophons

c)) = ] : This sub-unit has two
£ — Inputs: sound and light.

( C'—o\ab_t The microphone con
~ Ky Fnototransistor verts sound into vollage

and the photodiode con
verls light tovoltage. Plugzing in the microphone
automatically makes the microphone active and
disables the photodiode. When the microphone is
unplugged. the photodiode is automatically active.
The Sensor Block output is a low-level voltage (a

few thousandths of & voll).
Amplifier Block

”'“l—-fu'%— ““‘|_JUL This makes the voltage
e e Irom the Sensor Block
Rs

Win
O

proportionately larger.
The exact proportion

is called "gain and it is
programmed by BT and
Fs, according to the for
mula Gain =1+ Ri/Rs.
Since the gain s proportional, then Gain = YVoult/Vin.
The circull shown hereis a simplified version of

the Amplifier Block used inour design. Consider
what would happen if Rl were a variable resistance:
changing Bf would change the gain, which would
change how much the signal is amplified. This s one
way to make avolume control This is also why our
circuit can trigger onloud or soft noises, depending
on the gain selling.

Time Machine Block
This block consists of

four 555 timer chips.
One sets delay (see

+9W Noe O
R
Win _[i o
Wou
—0

O— LME5S
inm sidebar, "How to Make
C t ;

T a Time-Delay Sub-

T I Circuit™) and one sets
Win output pulse width: the

H Loy other two are used Lo
. fime prevent multiple flashes,

WVout Wl AT

which can be caused
e =300V by echoes of aloud

nolse when using the

microphone. We added
the last two 5555 when we noticed “double images”
onour originagl balloon-popping pictures.

When the input voltage of 2 555 goes Lo zero, il
outputs a positive pulse whose lengthis set by R
and C The length of the output pulse (in seconds)
=1.1*R* C. For example, when R = 560K, and
C=10uF the Length = 11* 560E3 * 10E-6 =62
seconds.

Flash QOutput Block

There are two different ways our circull can be
used: with a camera flash or a strobe light. The
strobe accepts TTL levels and the camera flash
accepls the SCE output. The TTL output of the time
rmachine can drive the Snapshot [ strobes that we
found here (Just use a guitar cable to connect Lo it):

www.musicliansiriend.comssrs /g=home/search/

detal/base 1d/38402. The SCR (Silicon Controlled

Window Comparator
Block

When the voltage from
the amplifier 1s above or
below a specified level,
the output voltage of
the window comparator
soes very quickly from
Voo to zero, and delivers
pulses of OV o the Time
Machine Block. When
you use the photodiode
input, the flash will trigger when the light comes
on, orwhen the light goes ofl For example, a laser
pointer will trigger the flash when the beam is inter
rupted, or when it is lirst received.

Rectifier) is a triggering device for 2 camera flash,
including the one we buill for this project. [tis also
connected to the output of the time machine. The
SCRcantrigeer many types of standard camera
llashes, including the one inthe modified dispos
able camera.

Power Supply Block
vee A9V battery supplies

R power to the circull The
diode prevents damage

o~ Lo the circuit in case

LED

the battery is installed
backwards. Aswitch
turns the circuit on and
off, and the LED is on when the circuit is on.
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When we started this project, we investigated
building a flash from scrateh. It was a big chal
lenze to make it cheap. We figured out how Lo
make a nice one, but it was Loo expensive, Ve
looked into modifying a cheap flash from Ritz
Camera, bulit wasn't fasl enough, causing the
picltures Lo be blurry.

Cheaper, faster. There are only 2 Tew components
that can cause the flash to be slow. By substituting
[aster parts for these components, we found
which part was slow — the flash capacitor. [ronically,
a smaller, cheaper capacitor would be faster We
tried a disposable camera, figuring it would have a
small capacilor to save cost We were right.

To keep the lzsh from becoming too dim, a
higher vollage can be used on a small capacitor,
which increases the stored energy. With this
approach, and a few other tricks, & very fast flash
{a few microseconds long) can be created. This
cels expensive and complicated, though.

el dam (o220 Choosing a Flash

One important enabler Tor designing this sort
of a circuitis o be able to make good measure
ments of things like flash speed. We built 2 special
circull that uses a last photodiode Lo convert the
llashes of light at the inpul Lo a vollage oulpul We
measured this vollage cutput with an oscilloscope.

The sound of speed. Camera flash unils use a
xenon flash tube, and its flash s accompanied by
adistinctive sound. We found that we can hear the
difference between a shorl, strobe-like "lick " and a
longer, fill Tlash, which sounds like “pugghushs.”
The zenon flash tube in your camera is probably
the most efficient light bulb inyour house. It prob
ably also has the shortest operational lifetime.
While it may last for about 200000 pictures, each
llashis perhaps about 172000 of 2 second long.

Sointotal it lasts only 100 seconds!

Industrial strobe lights are used for inspection of
machinery because they can freeze moving parts.
I See a demo at makezine.com/04/strobe/
indstrobe.mov.
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[T vou plan to make a llash circuit from scrateh,

it might interest you to learn how we wenl Trom
awish{trigeering a flash based on a2 measurable
evenl) to a finished printed circuit board (PCEB)
that fullilled the wish. [t required planning. testing,
protolyping, and revising.

1. Start with a breadboard. The parts were most
Iy soldered in mid-air. This allowed us to quickly try
oul design allernatives, and made it easier Lo find
design problems and fix them.

2. Keep track of the breadboard with a hand-
drawn schematic. Ve enlered the schemalic inlo
a CAD tool called gschem (geda seulorg/lools/

deNdgm (o)W Designing a Circuit Board

cochenn) Mext, we designed the shape of the

printed circuill board.

3. Finish the printed circuit board design with
another CAD tool called PCB (pcb sourcelors

e nel).

We sent the output files from PCE Lo the printed
circult board fabricator PCBexpress (pebexpress

4. Order parts from Mouser
Digi-Key (:
and parts arrived in a lew days.

and

MAKE VERSUS BUY

You can build yvour own flash control
ler using the information from this
article and the Tull schematic avail
able at makezine com/C4/strobe, or
you canbuy the Flash Controller Kit
for $99 For more information, see
nakezine comseo/lashkit. There are
a limited number of kits available.

y
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USE IT.

READY...

Elow up a balloon and place it and a subjectin a
cood spol for picture taking.

1. Setcamera for 2 long exposure Lime, say two
seconds, using “Shutter priority” Also, turn off
the camera's built-in flash. You may also want Lo
experiment with manual Tocus vs autolocus. Use
the camera's “Macro” mode for exposure control if
available.

2. Position the cameraso it is focused and pointed at
the balloon {z tripod s handy for this, if you have one).

3. Positionthe flash sa it is pointed at the balloon
and not at the camera (a tripod s handy here, too, i
you have another one).

4. Flug the microphone into the Flash Controller.
5. Positionthe microphone close to the balloon.

6. Flug the cable into the Flash Controller and the
flash (or strobe). There are two possible oulputs
from the Flash Controller. Either or both can
beused. One cable (a2 normal guitar cable, not
supplied) connectls the Flash Controller to the
Snapshot I strobe light (not supplied). The other
cable (2 5mm male mono to 2.5mm male mono,
supplied) connectls the Flash Controller (supplied)
Lo the modified disposable camera flash (unmaod
fied camera supplied).

7. Power on the Flash Controller and the flash {or
strobe). Connect the output cable to power up the
Controller. Press the buttonon the front of the cam
era lor a few seconds to power up the flash.
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winmiakesine com/Od A trobe

NOW CAPTURE
A BALLOON
IN MID-POP

SET...

1. Turnout the lights. The room doesn't have to be
completely dark, bul darker is betler.

2. Press the shutter release. [T you don't use manual
focus, your camera might need a little lght to adjust
the focus inthe dark, so wail aboul Lsecond for the
lens to focus.

GO!

Fop the balloon with a halpin. The sound triggers
the carmera flash. Wail for the shutler to close or
vou will ruin the shol. My camera makes a little click
when the shutter closes. Then turn the lighls back
on and admire the pholo.

DO IT AGAIN!

[fyou're ke us, you'll wanl to make z few adjust
ments and shoot it azain.

Adjust the Flash Controller delay il necessary;
more delay means a bigger hole inthe balloon.
There are two knobs on the top of the Flash Control
ler. Oneis for delay, and oneis lor gain. By twisting
the delay knob, more or less delay can be added.
Thesame s true for gain. Increase the Flash Con
trooller gainif the flash didn't go off.

Move the flash closer o the balloon for more light
il the pholo is too dark.

Il vou're proud of one of your pholos, please
post it to yvour website and send anemail about it to
edilor@makes




Photograph by Will O Brien

Mod your espresso maker's filter holder for a

tastier cup. By Will O'Brien

In my office at home, one end of the room is
devoted to computers, electronics, and my
assorted projects. The other is the home of the
holy grail of caffeine: my espresso bar. That's
where | measure, grind, and tamp my way to
produce some beautiful espresso. I've been
tuning and tweaking my setup for the last six
months or so, and there's no end in sight. My
most recent modification involved some power
tools and my portafilter.

The portafilter is the chrome-plated coffee
filter holder that most people only notice as the
spent grounds are being beaten from its shiny
grasp. In this case, | drilled, cut, and ground out

the bottom of it to get what's known as a "bot
tomless” or "naked” portafilter.

Mo stock machine comes with a bottomless
portafilter. The modification can sometimes
result in espresso going in strange directions

like the wall on the other side of the room. The
only side affect |'ve observed is a tiny amount of
spatter on the top of my espresso cup. So why
go bottomless? For some, it's simply so they can
fit a triple basket in the
stock portafilter. The
espresso industry refers
to the bottomless porta
filter as a “training tool.”

By removing the bottom
of your espresso mak-

er's filter holder, you get
more prized “crema.”
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' o
Portafilter

Bottom of Portafilter
{after removal)

espressoparts.

FREQUENTLY ASKED QUESTIONS ABOUT CREMA

What is crema? It's the delicious reddish-brown colored
froth on the top of a well-made shot of espresso.

Why doesn't my espresso have crema in it? Several fac-
tors could be at play her the fine-
ess of the grind, the de

and then practice. Remember: "Mo crema, no serval”




Phetagraphy by Jehnathan Nightingale

After a set amount of
time, the toaster tea
popper lifts the bag
from the cup.

Perfect brew by the clock. By Johnathan Nightingale

| didn't used to care about tea timing. In general,
| have found that | can prepare tea of adequate

quality by simply leaving the teabag in for “a while.”

Recently, though. | was persuaded to begin timing
and have been convinced that doing so yields a
better and more consistent brew. Conventional
tea timers have a common failing though, be they
hourglass, mechanical, or, in my case, Palm: they
require user intervention. At work, | inevitably
became distracted by a conversation or got called
away to fix something only to return to a patiently
beeping timer and some very overdone tea. What |
needed was a timer that could remaove the teabag
on its own.

| found my salvation in a toaster. A toaster is,
after all, an easily obtainable and very cheap
device that has, at its core, a variable timer con-
trolling a mechanical lifting arm. Most modern

toasters use a simple electronic circuit: when the
lever is depressed, current flows to the heating
elements and to an electromagnet. The electro-
magnet holds the lever down against the tension
of a spring in the handle. While the toast is
toasting, a trickle of current flows into a capaci-
tor at a rate controlled by the “darkness” dial,
which is nothing more than a variable resistor
or “rheostat.” When the capacitor is filled, the
electromagnet disconnects, the lever pops back
up. and current is cut to the heating coils. With
all this work already done for us, a basic ability to
solder and some simple parts should be all that's
needed for this project.

To begin, take the toaster apart. As you remove
the front panel, you will see the various compo-
nents described above: the arm. including a metal
tab that the electromagnet grabs; a switch that
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Only one style of toaster will work for this project. Here's
a simple thrift-store test: push the handle down with the
toaster unplugged. If it stays down, you have the wrong
kind of toaster — an electromagnetic toaster (the kind

the arm depresses allowing current to flow; and
a circuit board with the electromagnet and rheo-
stat (connected to the toaster’s darkness dial).
The toaster’'s frame and the heating coils can be
discarded, but this is easier said than done: my
toaster was huilt like a tank. A Dremel cutting
wheel, tin snips. or some other metal cutting
tool will help here.

Of course, we don't want to have to plug this
into the wall. The vast majority of a toaster's
energy consumption goes into generating heat in
the toasting coils. We don't want that and neither
does the circuit board; it's counting on having
most of the voltage dropped by the heaters. Your
circuit board will likely be stamped with something
like “10V"; regardless of the appliance voltage,
the circuit wants to receive no more than 10V.
Since most people like tea to steep a little longer
than they like toast to toast, a 9V battery will
wark well here — the lower voltage will slow the
rate at which the capacitor charges, and that's
just fine. The problem of how to convert the
toaster from alternating current (wall socket) to
direct current (battery) is also solved: the toaster
circuit contains a bridge rectifier (a simple circuit
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you want) will pop back up immediately if no power is
flowing to the magnet.

for converting AC to DC.) Our DC battery will
pass straight through, unaltered.

Putting it all together is easier if you can find a
suitable container; | used an unfinished wood box
from a local craft store. Cut most of the original
power cord, attached to the lever switch, and
solder the ends to a 9V battery holder. Solder the
other lines from the lever switch to the power
leads on the circuit board — thanks to the bridge
rectifier, polarity doesn't matter. Now arrange
the pieces in your box as they were in the toaster.
For the arm, | used a wooden dowel with a brass
hook. To make a cup of tea, tie the teabag onto the
hook, push the lever down to immerse the tea
bag, and place your trust in the machine.

As the battery runs down, the timer will slow
even more, but not to worry. By the time the bat-
tery gets that low, the voltage will have dropped
low enough that the electromagnet no longer
holds. | estimate that a regular 600mAh bat-
tery should be good for at least 8 hours runtime,
about B0-100 cups for a 5-minute steeper.

Johnathan Nightingale is an IEM coder by day. reality
hacker by night. and habitual over-thinker.



Photography by John F. Murphy

Get consistent shots by adding precise
temperature control to your espresso maker.
By John F. Murphy

The art of espresso making is fraught with many
variables — coffee bean origin and blend, degree
of roast, fineness and consistency of grind. tamp-
ing force and technique, and on and on and on.
The temperature of the water used to brew the
shot is one of the most important variables. In
most espresso machines, the brew temperature
is controlled by a wildly inaccurate thermostat.
However, control over the brew temperature
is key to espresso quality. Different blends of
espresso beans and different degrees of roast
develop different flavors when brewed at different
temperatures. Malabar Gold may taste sweet at a
temperature that makes DSEB taste sour. Control
over the brew temp allows the skilled barista to

coax the best flavor from each blend and each
roast. In a stock Silvia espresso maker, relative
brew temperature is roughly guestimated by
“time surfing.” or pulling the shot a certain num-
ber of seconds after the stock thermostat turns
on the heating element. Surfing does work, but it
requires careful attention and lacks accuracy.

A better way is to use a PID controller. It's
easy to use (just set the desired temp and let
the PID do its thing) and highly accurate, mean-
ing the brew temperature of the next shot can
be very nearly the same — if not exactly the
same — as the last shot. And consistency from
one shot of espresso to the next is the haly grail
of espresso fanatics.
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In simple terms (which is about all | can under-
stand), a PID controller is a precise, computer-
controlled thermostat. PID is an acronym for
“Proportional, Derivative, Integral.” which has
something to do with how the controller holds the

boiler (in this application) at a precise temperature.

Here's an analogy that explains how the PID
works and why it is a good thing. Imagine you are
driving your car down the street at 60mph. Ahead
is an intersection controlled by a stop sign. If you
continue to travel at 60mph until you reach the
intersection and then slam on the brakes, your
car is going to shoot past the stop sign before
caoming to rest. If, on the other hand, you gradu-
ally apply the brakes well in advance of the stop
sign, you can come to a controlled stop right at
the intersection. (This analogy is paraphrased
from an explanation in the Fuji PXV3 manual.)

The stock brew thermostat in the Silvia is like
the driver who slams on the brakes at the stop
sign. The stock thermostat supplies full power
to the baoiler's heating element until it reaches a
certain temperature, and then cuts the power off
completely. When the power is cut. the heating
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element continues to heat the boiler water for
some seconds until the heating element cools
off; this is like the car skidding through the inter-
section. On my Silvia, the stock thermostat turns
off the heating element at around 220" F, but the
water continues to heat up until it reaches about
238" F. This is called "overshoot.”

The PID controller is like the driver who gradu-
ally applies the brakes and slows down as he
approaches the intersection. The PID controller
turns the heating element on and off at one-
second intervals. As the boiler approaches the
desired temperature, the PID turns the heating
element on for shorter intervals — like a driver
braking harder the closer he gets to the stop
sign (this is where the proportional, integral,
and derivative calculations come in). Thus, the
PID is able to hold the boiler at the desired
temperature with very little overshoot. | usually
see a 1® F or less overshoot with my PID'd Silvia.
Compare that to the 18-degree overshoot with
the stock thermostat.

Once the boiler is at the desired temperature,
the PID cycles the heating element on and off at
intervals calculated to maintain the boiler very
close to that temperature. Mine fluctuates by
about 1° F. The stock thermostat, by contrast,
has a fluctuation of at least 40° F!

If you're going to be finicky enough about your
coffee that a few degrees variation in brew tem-
perature is a big deal, you'd better start off with
a decent espresso machine. The internet is re-
plete with raves about Rancilio’s Silvia, so I'll just
touch on one key feature: temperature stability.
Silvia contains a lot of heavy brass in the boiler,
the grouphead, and the portafilter. Once all that
brass gets up to operating temperature, it tends
to stay there.

When you pull a two-ounce double, the hot
brass of the grouphead and portafilter keep
the brew water from cooling off before it hits
the coffee grounds. Likewise, the brass hoiler
stays hot even as cool water from the reservair
replaces the water used to make the shot. With-
out good temperature stability during a shot,
accurate temperature control is useless, if not
downright impossible.



PID SHOPPING LIST

Solid-state relay (230V/40A out, DC in. zero switching)

14-gauge wire (50' spool)

Double-sided foam tape

Crimp-on connectors

Project box, 5"x2.5"x2"

| also used the following tools and supplies that |
had on hand: wire stripper/crimper (RadioShack sells

them for under $8), soldering iron, solder, heat-shrink
tubing, coping saw, and various small screwdrivers.

| did not actually follow these steps in the
order presented. | did a lot of trial fitting, testing,
etc.. before | arrived at the final assembly. But
if | had it to do all over again, this is the way |
would do it.

Fitting the PID into
the project box was a bit tricky for someone of
my limited craftsmanship. The screw towers and
circuit board holders in the enclosure interfered
with the placement of the PID. | ended up cutting
a slot through one end of the enclosure with a
hand miter saw and a coping saw. The distance
between the circuit board holders molded into
the enclosure is very close to the height of the
PID, so | simply cut down along the circuit board
holders. broke out the piece of plastic between
the cuts with a pair of pliers, and reamed out the
opening with a power drill until the PID fit.

| also drilled a /4" hole in the back of the en
closure to run wires to the PID and a 34" hole in the
top towards the back to mount the (entirely super
tluous) lighted rocker switch. Actually mounting
the PID in the enclosure is simple enough once the

RS1A23D40 TTI Global $26.00
n/a Home Depot %£3.59
n/a Home Depot $3.00
64-3038 RadioShack $1.69
270-1803 RadioShack $3.69

(The last three items were all used solely for installing
the optional switch.)

opening is prepared: slip the white mounting collar
aver the PID, slide the PID into the enclosure, then
cinch the mounting collar up tight against the
inside of the enclosure. This is easier to do than it
Is to describe.

Silvia is a breeze
to open — especially compared to my first
machine, a DelLonghi, which was held together by
hidden tamperproof screws.

Remove the water reservoir. Shake the
excess water out of the two water hoses into a
towel or sink.

Remove the four screws that hold on Silvia's
top. Set the top aside.

Remove the two screws that hold on the front
splash panel. Set the splash panel aside.

Now that Silvia's
innards are exposed, you can see the bronze
colored boiler with many wires and two blue
cylinders attached to it. The blue cylinders are
the thermostats. The thermostats are attached
to the boiler by three screws. Remove one of the
screws, slip the washer end of the thermaocouple
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under the “ear” of the thermostat, and then re-
place the screw through the thermostat and the
thermocouple washer (see Fig. 1). | test-mounted
the thermocouple under the leftmost screw, but
later moved it over to the rightmost screw, which
is closer to where the cold water enters the boiler.
I'm not sure it makes any difference in operation.

The
brew thermostat is the blue cylinder on the left.

Unplug both connectors from the thermostat
(see Fig. 2).

Cut two pieces of wire about 12" long. Strip
the ends of both wires.

Crimp a connector onto one end of each wire.

Plug the connectors into the wires detached
from the thermostat in step 4 (see Fig. 3).

Run the other ends of the wires through
Silvia's chassis so that they protrude down
behind the splashguard.
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Attach the bare wire ends to the S5R. There
are four terminals on the S5R; on mine, they were
labeled L1, T1, A2(+), and A2(-). Attach the wires
to L1 and TL. It does not matter which wire goes
to L1 or which to T1. My SSR has screw/clamp
terminals; simply slide the wire into the termi-
nal and tighten the screw to hold it in place. If
necessary. trim the wires before attaching to the
SSR so there is not an excess of wire behind the
splashguard (see Fig. 3).

Cut two more pieces of wire, about 36" each.
They need to be this long because | decided to run
the wires out to the PID. Strip the ends.

Since all of the wire | used was the same
color, | marked both ends of one piece with tape
so | could identify it later.

Run one end of each wire from the boiler
compartment down to the SSR.

Attach the wire marked with tape to the '+’
terminal on the SSR. Attach the other wire to the
“"terminal (see Fig. 4).




7. Run control wires and thermocouple wire out  8b.
to the PID.

3c.

7a.
8d.

WHITETC WIRE

OUTPUT1 ALARMS
VPULEE S OUTPUT 2

POWER

.~ "\!q." .
e | IR o!‘_"' wad" R~ W Fig7PID pinout.
Fig. 5 Reservoir panel.
8e.
7b.
8f.
7c.

8g.

8h.

g T 9. Mount the PID in the enclosure.

Fig. 6 Wire path out of Silvia.

8. Wire the PID.
8a.




10. Secure the SSR, and reinstall the splash 3. Factory Presets Menu:
panel.
P-dF
FUZY
11. Reinstall Silvia's top and water reser-
VOIr.
Autotuning
12. Fire up!
To activate autotuning:
1.
TUNING
P
3.
4.
5.
6.

Manual Settings

That's all there is to it. Silvia is ready to go.

1. Primary Menu:

2. Secondary Menu:

TC
P-n2

P-dP




AUTOMATE YOUR COFFEE
POT USING X10

misterhouse.net



The coffee pot is off.

Scheduling
Morning:

Set To: 55, 545, 6608, 630 AM
Afternoon:

-

Learn more about Misterhouse and how it can help
you do more than brew a great cup of joe by visiting
the wiki at misterhouse.sourceforge.net.
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Your cellphone offers
huge possibilities with
just a paper cone, bat-
tery, and a few wires.

Build your own anonymous megaphone.

By Daniel Jolliffe

You, too, can bring anonymous voices into public
spaces, stage an anonymous protest, or speak
to the masses without revealing your identity.
I've created a grander version of this anonymous
megaphone (see Made on Earth. page_16). but a
cellphone, some construction paper, a battery.
and a few wires can easily do the trick.

Turning your cellphone into an automatic mega
phoneis asnap. I'll show you how to build an unat
tended megaphone that projects a caller's voice
up to 30 feet — it all depends on how big a horn
you make. It should take about two hours to put
together, assuming some familiarity with soldering
and basic electronics, and cost you $5 to $10.

Once you get all the parts together (see table
on next page), there are basically just two simple
steps on the road to anonymous oration.

Cut the perf board to size and solder the
LM386 in the middle.

Drill a hole to the end of the board, to tie-wrap
the battery and headset cable.

Solder in the battery clip and headset wires.
With a cable from a cheap headset, you'll have to
heat the wire until the enamel covering the wire
melts. Tie-wrap them to the board.

Identify the headset cable connections. The
plug's sleeve goes to ground. the ring is the
phone’s speaker, and the tip is its microphone.

Connect a 1-10K{: resistor between the tip wire
and ground. This fools your cellphone into think
ing that a headset is connected. You may have to
experiment with different values (| used 2.2K12).

Solder in the rest of the capacitors and the
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Wustration by Damisn Scogin

33pF
16V Capacitor

10K
LuF Potentiometer

16V Capacitor

Diode
1IN4001

Battery
Clip

— Ring

10K
Resistor

Sleeve

A cellphone checks if a headset is plugged in by testing
resistance between the plug’s mic and ground. Put a resis-
tor between the two, and you can hijack the cell's audio

valume contral — see the diagram above. Attach
the speaker with about six inches of wire.

Don't forget the blocking diode — this protects
your circuit when you inevitably connect the bat-
tery clip backwards at 1 a.m. If you don't want a
valume knob, substitute a resistor for the 10K pot
and control the volume from your phone.

The headset cable isn't soldered in properly.
Use a multimeter to check its three connections.

Some MNokia phones don't use a standard 342"
headset jack. If that's the case, get an adapter.

Most of the component values in this circuit
can be approximate, but the one crucial part is the
resistor from the tip of the headset plug to ground,
which fools the cell into thinking a headset is con-
nected. You may have to swap resistors to tweak
this value, depending on your cellphone model.

If you get feedback and oscillation, you may
have to add a suppressor: solder a .05uF capaci-
tor in series with a 104 resistor from pin 5 to
ground. See the schematic above. Another option
is to reduce the pin 1-8 capacitor to 22uF (or even
10pF). which lowers the gain of the amplifier.
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# Cellphone Jack

81! Speaker

220uF
16V Capacitor

out and amplify it to drive a speaker. A LM386 takes input

from pin 3 and sends an amplified signal to pin 5. Acap

bridging pins 1 and 8 increases the chip’s gain.

10K<! trim-pot

7-16L! speaker. about
15" in diameter

(Use a transistor radio-type

speaker, not something out

of & pair of headphones)

Amplifier chip. prefer
LM386N-3 or N-4, but
LM386N-1 will work

Tie-wraps, hot glue,
double-sided Velecro

Card stock for mega-
phone, about 24"x36"

9V hattery and clip

Small perf board

Headset plug for cell-
phone {¥3:2"). with
wire attached

Three capacitors. rated
for 16V or more:
100-300pF, 22-33F,
and 1pF

1-10K:! resistor

Diode. any from 1IN4001-
1IN4004 series

Roll up the card stock into a cone shape and hot
glue the seams to hold it together. Cut the end of
the paper horn to fit the speaker, and hot glue it
on. (Hot glue is just terrific, isn't it?) Now hot glue
or Velcro the battery and amplifier to the horn.
Set your phone to auto-answer after a few
rings. Make sure it's also set to route audio
through the headphone jack. Velcro your cell-
phone to the horn. Congratulations — you've
created an anonymous public speech device.

Daniel Jolliffe is the creator of One Free Minute (see page IG)
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Pocket amplifier punches up headphones.

By Warren Young

Headphone amps make portable listening good
and loud. Commercial audiophile models can cost
$200+, or you can build a great-sounding amp
insicdle a mint tin for around $30, following Chu

Moy's popular design. Powered by a 9-volt battery,

this amp drives high-impedance headphones to
thunderous volumes from even weak sources.

To make one, you need an ap-amp chip (like
the TI/Burr-Brown OPA132), capacitors, resistors,
an LED, and a small prototyping board. plus
optional knobs, switches, and other bits. all
easily obtained. And, of course, you also need
a pocket-sized box. like a Penguin or Altoids
tin. See the website listed at the end for a full
parts list, along with layout diagrams and mare
detailed instructions.

Start with a small prototyping board such as
RadioShack’'s model #276-150 — anything that
has at least 12 rows of holes and fits into your
case. Larger protoboards can be cut down to size
with an X-Acto knife. Then solder nine jumper
wires as shown in Fig. 1 on page 133.

The jumpers lower down along the edges are
what | call “M-jumpers.” They tie three two-hale
pads together to form a single pad with three free
holes. You can make these by taking a one-inch
piece of stiff wire, folding it in half, pinching the
kink tight with pliers,
and then bowing the two
ends over. You may also
need pliers to stuff the
thick middle bit into the

Your MP3 player's music
will sound minty fresh

when played through
this Ii’'l headphone amp.
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hole. Some people make the same connection by
threading “S-jumpers” through to the other side,
but this makes the jump less visible.

Solder in the capacitors, and use them to arient
everything else. Make sure you put the legs in
the right holes — the jumpers you placed previ
ously dictate the path of current flow, so there's
no room for “creativity " now. All the electrolytic
capacitors are polarized, so you must orient them
properly. If one leg is shorter than the other, the
short one is negative, and there should also be
a stripe or other mark on the negative side.

Now solder the LED and the current-limiting
resistor. As with the capacitors, the short/nega
tive leg of the LED should lead to the negative
side of the power supply. with resistors in series
in between. If you're mounting the LED on the
lid of the mint tin, solder the resistor close to
the board and cover the joint with heat-shrink
tubing. That way. its legs won't flex and snap
from repeated openings of the case (see Fig. 1).

On the underside of the board, solder two 2
inch hookup wires to each side of the third row.
in the holes marked V+ and V- (for valtage) in Fig.
1. Leave the other ends dangling loose, but don't
let them touch while power is applied.

Now figure out a temporary way to add power
to the board. For example, you can solder a 9V
battery clip's leads into the holes marked "Batt
+"and "Batt - This only needs to work until you
start working on the case.

To test the power, set your meter to DC volts,
apply power to the board, and measure from the
signal ground (“Ground” in the diagram) to the
hookup wires going to the V+ and V- holes. With
a fresh 9V battery, you should see about +4.5V
DC and -4.5V DC at each capacitor, respectively,
and their magnitudes should be nearly identical.
If you're off by more than a tenth of a volt, check
the wiring and look for solder bridges, wayward

drips of solder shorting out to neighboring nodes.

Fix any problems and unplug the power supply
before continuing.

Solder the IC socket to the board with the notch
away from the power supply. Leave one or two
rows of holes between it and the power supply

132 Make: Volume 04

caps; use two rows if your caps are exceptionally
large. Insert the op-amp into the socket. While
placing the other components, refer to the pinout
diagram on the op-amp’s datasheet.

Next, add all the resistors (see Fig. 2). Notice
in the photo on page 135 that | used jumpers in
place of R5. | almaost never install these resistors;
they're there to quiet the low-level hiss that you
hear with some low-impedance headphones. If
you hear a low hiss at normal volume with the
audio source disconnected, you can try adding
two 47 to 10042 resistors in the R5 positions. But
don't do this otherwise because it will raise the
amp’'s output impedance, inhibiting control aver
the headphones.

For the remaining resistors, | add them in
matched pairs: for each resistor in the left chan
nel, | use my ohmmeter to find another that
measures as close to identical as possible for
the right channel. | haven't scientifically studied
whether this really helps, but it's easy and quick,
sowhy not? It's one less thing to blame if the
final product’s sound has flaws.

Now add the input capacitors (C2). These aren't
polar like the electrolytic power supply caps. so
you can orient them any way you like. Axial capac
itors are easiest to fit into tight spaces, but most
caps can be made to work with a bit of creative
lead bending.

Mext, take the hookup wires coming from the
V+ and V- points in the power supply area and run
them to pins 4 and 8 of the op-amp. the chip's
V+ and V- points. | recommend you do this on the
bottom side of the board, since you'll be adding
more wires to the top later. The more wires you
can put on the bottom. the cleaner the top side
of the finished amp will be, facilitating any repairs
and tweaks later.

Finally, add test points at R.out and L.out,
and also at R.in and L.in if an alligator clip can’t
attach to the input capacitor leads directly (see
Fig. 2. | use half-inch pieces of stiff wire, usually
clippings from resistor and capacitor legs. bent
In an upside-down “U." These are temporary, used
only for the signal test, the next step.

Mow you're ready to see if you have an amplifier
yet or not! Apply power to the board, and let it
sit a bit. Then, carefully touch the op-amp and

Iustrations by Warren Young



MINI-CMOQY POCKET AMP WIRING DIAGRAM
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Fig. 1 Add power supply. Fig. 2 Add amplifier section.

Fig. 3 Add panel components. Switch

enclose, and enjoy!
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Testing the circuitry: Plug a stereo mini-to-mini cable
into any audio device, and use alligator clips to connect
the other end to your circuit board. The plug’s tip (left
channel) goes to the L.in test point (see Fig. 2, page 133),

all the resistors’ bodies to make sure nothing is
overheating. You shouldn’t feel any heat at all;
if you do, unplug the power and find out what's
going wrong.

| use a portable CD player for testing since they
have volume controls, useful when you're testing
a circuit without a volume control. Turn the play-
er's volume all the way down and start it playing.

Hook the source into the circuit. There is no
one right way to do this, but | use six alligator
jumpers and a mini-to-mini audio jack cable. |
plug the cable into the player's headphone out
and connect three jumpers to the other end. For
5" and %4" stereo mini plugs, the tip carries the
left channel, the “ring” further down is the right,
and the long remainder, the “sleeve,” is the
ground. | clip one jumper to each of these, and
then clip the other ends to the corresponding
test points and across the ground jumper on the
board, as shown above.

Then | use the other three alligator jumpers
to tie my amp’'s output points to a pair of cheap
headphones. Don't use your $200 cans for first
tests — if something’'s hooked up wrong, you can
blow your cans’ drivers out.
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Green wire = Gound
Red wire = Right channel
White wire = Left channel

the plug’s ring (right channel) goes to R.in, and the
sleeve goes to ground. Then take some headphones and
alligator-clip three more connections to L.out, R.out, and
Ground. Play some music, and see if it all works.

With the headphones sitting on the table,
slowly turn up the volume on the player until you
can hear some sound out of the headphones. Put
them on now and adjust the volume. If you get
good sound, you're done! You might listen for a
while longer and try to stress the amp a bit, but
kasically, you hooked the amp up right the first
try. Once you're satisfied that the amp circuit
is behaving properly, try your good headphones
with the amp. Sometimes efficient, cheapie
‘phones will work fine, but the higher load of big,
audiophile headphones causes problems.

Amps that don't work right exhibit different
symptoms. With some, you'll hear nothing at all,
or the sound will be faint or scratchy, even with
the player volume turned up. Others sound fine
at very low volumes, but distort when louder.
And in some cases, the amp plays for a short
while, but then stops. This last case comes from
the op-amp shutting down; op-amps often have
power-protection circuitry, which is triggered by
various wiring faults.

Troubleshooting is difficult, and | can’t cover it
deeply here. But the main things to check are that
all the connections to ground are solid, and that



Alligator jumpers all hooked up for testing, from music
source (| use a CD player) and headphones. Be sure to
use a cheap pair of headphones, because an improperly
wired circuit can destroy the headphone’s drivers.

you don’t have signals or power going to ground
when they shouldn't. Check all connections with
your meter; sometimes a connection will look
right but have high resistance. in which case it
needs to be re-soldered.

If your wiring fully checks out, try adding a
second battery temporarily, in series with the
first. If that cleans the sound up, your circuit or op-
amp are marginal. You can either keep on using
extra voltage and build for two batteries or try
to improve your implementation. See the article,
“Basic Trouhleshooting for Headphone Ampli-
fiers.” at for
more advice.

With the amplifier board built and tested, you can
decide where on the case you want to place the
panel components — the volume control, power
switch, LED, and 1/0 jacks. To minimize the tangle
of hookup wire, the exterior ports for these
components should be positioned close to where
they hook up on the board. Beyond that, it's your
aesthetic judgment. Once you have your layout,
drill the necessary holes and set it all up with

o &
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the board in the case and the panel components
fastened into their holes, but not connected to
the board. This ensures that everything's going to
fit before you start soldering again.

When wiring the panel components into the cir-
cuit, add them one at a time, and retest the circuit
after each. If you connect all the components at
once and then have a problem, troubleshooting
becomes very difficult. Also. be sure to test each
component on its own, out in the air, and then
again once it's fastened in place. This identifies
weak wires, bad chassis grounding, and other
issues. I've built several amps that worked fine
when the panel components were still flopping
around on their hookup wires, but failed once the
amp was battened down within its case. Fig. 3 on
page 133 shows where all the panel components
(the switch, LED, in and out jacks, and valume
control potentiometer) hook up to the PC board.
First, | hook up the LED and the power switch
to the pawer supply. Once these are working,
| add the input and output jacks, remembering
the standard stereo plug tip/ring/sleeve ordering
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The completed amp. Unless you want to build it in a day,
including the time to get the parts, there’s little reason
to get RadioShack parts; the big mail-order houses have
everything RadioShack has and more, with cheaper

described above. | connect and test each one at
a time, and use extra-long wires for the inputs.
That way, it's easy to splice in the potentiometer,
which is the next and final step.

The potentiometer has six pins, three in a row
for each channel. The middle pin, the "wiper,”
connects to the circuit board’s input capacitor,
at L.in or R.in on the diagram. The pins on either
side of the wiper connect to the input jack and
to ground. If you want volume to increase as you
turn the knob clockwise, the ground usually
needs to connect to the pin that's on the left, as
you face the knob with the pins pointing down
ward. But it's best to determine the pin arrange
ment by checking the component’'s datasheet or
testing with an ohmmeter; lowering the resis
tance between the side pin and the wiper means
turning the volume up. If you reverse these con
nections, the amp will work fine, but the volume
knob will operate in the wrong direction.

That's it — now you've got an amp! You can
enhance it with various tweaks described on the
website, including tuning the gain, adding a DC
power jack, using different caps and resistors,
and improving the virtual ground circuit.
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prices and better quality. | highly suggest you mail order
everything you can, if you can stand waiting a week for
the parts to arrive.

For the full project tutorial site, including a
parts list, background articles and other refer
ences, and maore detailed instructions, visit

Warren Young is a software developer who used to think
the maxim “beware of programmers who carry soldering
irons” was funny. He lives in Aztec, NM.
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VJs' rigs are all differ-
ent; unlike with DJing,
there's no standard “two
turntables and a mixer.”

Performing live video combines the visual power
of filmmaking with the spontaneity of jazz.

By Paul Spinrad

It's a great time for live visuals. After a century-
long march of color organs, visual music, light
shows, and club videos, visualists can finally
manipulate and mix original material and samples,
both abstract and representational, in real time.
You don't have to wait for rendering anymore.
Mast new laptops with dual-screen support (a VJ
must) can now handle live video mixing and
effects in resolutions of 320x240 or 640x480,
depending on the software — and of course,
they're getting hetter every year. With a super-
fast gamer laptop, you can go even higher.
Meanwhile, the home theater boom has brought
a flood of dazzling and relatively inexpensive
digital projectors. Today's lightweight, $800 DLP

projectors have far higher brightness and resolu-
tion than the bank- and back-breaking Eidophor
projectors that defined the dance club look of the
1980s. Between a laptop and a digital projector,
you have all the hardware you need to start VJing.

Recent years have seen an explosion of live video
software. Some apps. such as Videodelic, Touch,
and Zuma, are mainly synthesizers that use
gestural input and settings to generate dazzling
abstract patterns. Other software focuses on
playing and mixing video clips.

The easiest clip-based applications to learn,
including Arkaos. Motion Dive, and Livid Union,
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There's almost no VJ-specific hardware, but you
can control live video with many other devices.

A game controller navigates
VJ software fast (and Vling

resembles gaming, but with
an audience). M-Audio’s Oxygen8 keyhoard has 25 keys that

you can assign to trigger different video clips.
Meanwhile, 8 knobs up at the top will tweak
effects parameters and other continuous values.
A USE port in back of this portable keyboard
lets it talk to your laptop directly. without requir-
ing a MIDI-USE adapter.

The STC-1000's abstract
interface won't make you
think you're playing music
or a game.

Special vinyl LP lets you
turn any turntable into a
precise controller for play-
ing and scratching video.

Following their DJ heritage. many Vs use turntables
like the Technics 1200 series, outfitted with Ms.
Pinky or the EJ MID| system.

Hard drives let you store
and swap different collec-
tions of video clips.

Center-stage VJs need to move. The PS5 Data Glove
works in mouse mode with any app. and reaches its
full gesture-recognition potential with MIDI and Max/
MSP interfaces. Refer to the pSglove Yahoo! group.

Live video eats up pro-
cessing power, so VJs favor
RAM-enhancedPowerBooks
and gamer PC laptops with
fast graphics.

Lightweight LCD or DLP
beamers throw your visuals
onto the wall {or anything
else) for all to see.
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use the interface metaphor of DJing: you see
two preview screens (instead of turntables) on
either side of a slide control, or “fader.” You trigger
video clips by clicking on their thumbnails. paging
through your collection as desired, and you can
apply effects and mixing algorithms to both.

Other apps, such as Flowmotion and Resolume,
present a channel-switching metaphor, letting you
draw from and layer multiple concurrent video
sources. As with the DJ-style apps. you can also
apply filters and effects. The most versatile of all
VJ applications, such as |sadora, VDMX, and Max/
MSP with Jitter, are complete visual programming
environments that let you string together clip
libraries, live streams. functions, inputs, and out
puts to create your own virtual video instruments.
Most VJ software runs on Mac OS5, but some also
run on Linux or Windows.

Alot of VJ software takes MIDI input from your
laptop's USE port (translated via a MIDI-USE
interface dongle such as the M-Audio Uno or Edirol
UM-1X). The VJ applications use this input to syn
chronize cuts and effects to music coming from
the DJ or other source. More importantly, MIDI-in
also lets you attach outboard MIDI controllers,
which make it easier to perform. Mousing around
on ascreen can be difficult in a high-energy
environment, but with a MIDI keyboard connected
to your laptop, you can trigger clips with the piano
keys and twiddle settings with physical knobs.
You can also use a variety of other devices to
generate non-MIDl inputs as well as MIDI, such
as substituting for the mouse and hotkeys on the
keyboard. Joysticks, graphics tablets or touch con
trollers, and data gloves are all tools that can as
sist your performance — and, to varying degrees,
show the audience that you 're not just checking
your email while running a DVD of canned visuals.
One special case is scratching video back and
forth, DJ style. To perform this move, you can
retrofit any turntable with either the Ms. Pinky
system, which relies on a special pink vinyl disc
and compatible VJ software, or the EJMIDI Turn
table. which uses a barcode-like disc, an optical
tonearm cartridge. and a small box that translates
your turntablism to MIDI. Alternatively, you can
forget the tables altogether, and scratch with a
jog shuttle controller such as the ShuttlePRO.

As flexible as laptops are, mixing video and
running computationally intensive effects can
make a laptop sluggish, or even make it crash.
That's why many dedicated VJs invest in a hard
ware mixer, such as the Edirol V-4, and put this at
the center of their rig. Hardware mixers run their
processing algorithms on a chip, which means that
they don't offer the endless array of effects that
you can get in software. But they ' re faster, imme
diately responsive, and crash-proof. If you're hard
ware-mixer based, you can still use a laptop as one
of your mixer's inputs. VJ applications like Grid2
are designed for this purpose, turning a laptop into
a dedicated, fast-triggering clip server.

The VJ's palette encompasses all imagery.
abstract or representational, recognizable or
obscure, iconic or ambiguous. Anything you've
ever shot, ripped, recorded, generated, or down
loaded is fair game, and you can also capture
material live from camera or video feeds. Unlike
with DJing, you can mix freely, without worrying
about key or tempo. The dissonances thata V.l
creates are cognitive, not musical. and juxtaposi
tions that give people pause are part of the fun.
With a visual vocabulary, ranging from old icons
to today’s news, you can construct puns, argu
ments. and even narratives.

VJing is for the moment. for the people you're
with, growing out of a unique time and place.
What you throw onscreen is an expression of the
now, not a dead document for posterity. If you want
to impose an unchanging visual message on re
mote, passive audiences, you're probably better off
as a filmmaker. But if you prefer interaction, flow,
and living experiences, then VJing may be for you.

VJ Central reference and forums:
Eyecandy Yahoo! group:

Eyewash (NYC):
La-Va (Los Angeles):
Video Salon (SF):

Paul Spinrad is projects editor for MAKE and the author of
The W Book.
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Use a webcam to turn motion into music.

By Peter Kirn

Leon Theremin introduced the world to music
made from the ether in 1919 with the Therem
invox: wave your hand through the air, and the
tube-based instrument produced sound. Now it's
possible to realize new possibilities for controlling
sound in the air, all with a cheap webcam and off
the-shelf DIY software.

A webcam.

Motion analysis or “computer vision” software.

A means of translating the motion analysis into

control (usually MIDI).

Something to control, like software synthesizer
settings or effects parameters.
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The easiest part of the equation is the webcam.
I've used both an Apple iSight ( )
and a Logitech QuickCam Pro for Notebooks

( ); | prefer the Logitech
camera because it's cheaper and works well on
both Windows and Mac.

There are many forms of video motion analysis,
including motion detection and motion tracking.
Motion detection responds to any change in
the colar of specified pixels anywhere in a video
source. It can tell if something is moving, but
it can't track the direction of a pixel or object
through space. Since
you can divide the im

It may look like a cam-
age into a grid, motion era, but this Logitech
detection works well

for camera-controlled

QuickCam really wants to
be a musical input device.




Photography by Peter Kirn

drum machines; each grid section triggers to a
different percussion sound.

Motion tracking is mare sophisticated, tracking
a pixel (or object) through space. For continuous
control of parameters, like a video theremin, con-
trolling an effect, or scratching in air, you'll need
some form of motion tracking.

Implementing motion tracking from scratch
is thorny stuff, but there are many off-the-shelf
solutions, a number of them free. Interactive
toolkits let you create your own custom software
by “patching” visually instead of coding, ideal for
handling the motion data flexibly. By transmitting
MIDI, they can also be used to control instru-
ments and effects software. On Windows, the
free software EyesWeb ( ) is perfect;
it's designed specifically for experimenting with
computer vision and has plenty of tweakable
parameters. Mac and Linux users can combine
the interactive toolkit PD (Pure Data,

Y with PiDiP (recursive acronym for Definitely
in Pieces, ). Both PD
and PiDiP are open source, though they're a little
less robust when it comes to motion tracking.

The best cross-platform solution is Max/MSP
and Jitter from Cycling '74 (Mac/Windows,

); it lacks the ingredients for com-
puter vision but has extensive modular MIDI,
audio, video, and number-crunching capabili-
ties. Two cross-platform add-on libraries for
Jitter include a full toolkit of computer vision
capabilities: the commercial Tap.Tools ($65-

$119, ) and cv.jit (free,
J. | regularly use bath.

Max/MSP/litter is an expensive solution, costing
hundreds of dollars, but to get you started, I've cre-
ated a simple standalone application developed in
Jitter that does the work for you, converting motion
tracking to MIDI data. The download, instructions,
and details on how it was made are available on the
MAKE site (E3 ).

You may still want to build your own tool using
one of the aforementioned options, but trying
out this tool with your favorite instruments
and effects will give you a sense of what does
and doesn't work. Some quick fixes to track-
ing problems include using a brightly colored
object for tracking, or shining a small flashlight
at the camera (perfect for darkened onstage
performances.)
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You can construct your own audio functionality
using these applications’ modular capabilities, or
you can route MID| data to your audio software of
choice. Mac users can route MID| between applica-
tions, easily using the Inter Application Communi-
cation (IAC) driver; select |IAC in the sending and
receiving application, or another virtual in/out,
and you're done. Windows users need to install the
MIDI-routing tool MIDI Yoke ( ).

Lastly. you need something to control. |
wanted “virtual scratching” ability, so | could
wave my hands to shuffle and distort beats. The
free audio instrument Musolomo (Mac,

) fit the bill perfectly. Destroy

FX's donationware Scrubby and Buffer Override
(Windows/Mac, )
also work well, though for these you'll need a host
that supports sending MIDI to effects, like the free
modular host Buzz (Windows, ).

Put it all together, and you've got video contraol
of audio. You'll need to experiment with lighting,
positioning, and your technique. but as with the
ariginal theremin, the effort is part of the fun.
Especially when the reward is magically pulling
music from the ether.

Peter Kirn is @ composer/media artist and editor of
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The essential tools of a

Game Boy musician: a
classic Game Boy and a
homebrew cartridge.

Turn your Game Boy into a musical instrument.

By Peter Kirn

To its fans, the low-fi, 8-bit sound of a Game Boy
might as well be a Stradivarius violin. So how
can you make your original, gray 1989 Game Boy,
or even your new DS, into a retro music-making
machine?

The easiest way to start out is via the Game Boy
Camera, an accessory for the original Game Boy.
The camera’s onboard software includes a fairly

limited but usable music creation tool. Used cam-

eras usually go on eBay for $10-%$20 (about the
same price as an old Game Boy, if you're lucky).
The music software is simplistic, but the camera's
photos are appealingly low-res.

For more serious music making, you'll want
a homebrew option; by far, the best are Oliver
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Wittchow's Nanoloop ( ) and Johan
Kotlinski's LSDJ ( ). These are not

Nintendo-licensed. but while Nintendao has made
some moves against backup hardware, they've gen-
erally left homebrew developers alone. Nanaloop
2.0 is available for sale as a Game Boy Advance
(GBA) cartridge (€80, US$100). Nanoloop 1.x for
the original Game Boy is currently out of produc-
tion, but an upcoming 1.3 update will make it avail-
able again for older systems.

The situation with LSDJ is more complicated:
$29 buys you a ROM image. but you're on your
own beyond that. You can load the ROM in an emu-
lator; my favorite is KiGB (Mac/Windows/Linux,

). An emulator makes screen-

shots and audio capture easy, but you'll still want a
real Game Boy for portability and authentic sound.



Photography by Peter Kirn

You'll need linker or “backup™ hardware for
creating your own flash cartridge, and unfor-
tunately, the classic-style cartridges needed
are harder to find than the GBA cartridges. See
L5DJ's website for caveats and up-to-date
advice, but the UK-import Game Boy Transferer
is probably your best bet (Windows only,

).

Assuming you've got a cartridge compatible
with your Game Boy, sound quality is your next
consideration. Aside from their “oldskool cred.”
vintage Game Boys also sound far better than
the GBA and Color models, so for Nanoloop 1.x
or LSDJ, older is better. With Nanoloop 2.0, you'll
need a GBA model or later; the SP and DS have
worked best for me.

Don't expect to pick up any of these options
without a manual or tutorial handy. Here's some
basic advice, but for links to additional tutarials,
resources, and some guickie “survival guides.”

see £1

From the camera’s main menu, select Play. At the

beginning of the Space Fever |l game that appears,

shoot the shape labeled with the letter “D" for the
“DJ" game. Select New from the following screen
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to create a song. Hit Select for the sequencer/
editor; hit Select again to toggle between one of
three sound types. Since left and right choose
beats (or “steps” as they're called in a step
sequencer like this), you'll need to hold down
A+left or right to add a pitch on the keyboard.

Nanoloop is the most graphical of the Game Boy
music “power tools.” The grid you see on startup is
a step sequencer for an individual channel. First,
you'll want to add some notes, so select the note
icon on the bottom (with A+left /right to select the
edit parameter). Next, navigate to the step you
want to edit (with left/right), and then change the
pitch (using B+up/down to edit the step param-
eter). You can then layer channels (use up/down
to select a channel), edit sounds with the instru-
ment editor (hit Start to toggle views), or see
an overview of your whole song (hit Select). See
Wittchow's documentation at

for more information.

LSDJ has the deepest sound and song editing,
but it also has the steepest learning curve. It uses
hex codes in place of graphics, and is conceptu-
ally challenging to beginners because it works
much like vintage “tracker” music software (see

Make: 143



J. The payoff is
complex sequencing and nifty features like built-in

Roland TR-808 samples; see 1980s pop sensation Thomas Dolby is still push-

for tutorials and frequently asked questions. ing musical frontiers at his new company, Retro
Ringtones. For my book, The Art of Digital Music, he
discussed the art and science of composing for
mobile phones.

Better Vibrate than Never

— DAVID BATTINO: Do you find that composing for
extremely limited devices makes you more creative?

THOMAS DOLBY: Yeah. The attraction for me is
sort of puzzle-like. That's coupled to the knowledge
that one day this is going to go off when you're in
line at Starbucks and everybody’s going to turn
around and go, “Whoa! Cool ringtone.”

It's also challenging to see how small you can
make the ringtones, because file sizes are really
important. And obviously, the more audio you use,
the lower the sample rate has to be. So there's this
constant battle to determine the minimum amount
of audio you need to actually make a statement.
Sometimes that means you need to get quite
creative with the song. And then there's the philo-
sophical dilemma of “Would | be pissing off the
artist if | made a different arrangement” versus
“Well, he might be more pissed off if | used twice
the length of audio and had to downsample it to
4kHz."

Recently, I've been adding vibration tracks and
LED tracks to our ringtones, which is a lot of
fun because you get a little extra boost. | either
enhance the kick drum with a short vibration or
have the vibrations play a regular phone-ringing
pattern — vvvvit, wwwvt — in counterpeint or
opposition to what's going on with the music.

| just did a “Sex Machine” one. [Plays a James
Brown ringtone with sampled vocals; the phone’s
vibrating alarm hits on the downbeats.] It's obvi-
ously restructured from the original. The horn
stabs are just one horn stab being retriggered, and
all the answer phrases of “Get on up!” are always
the same. And then, to justify having the horn stab
in at all, | wanted to come back to it more quickly.

So I'm taking quite a lot of artistic liberty with the
song. And | don't know whether Mr. Brown would
prefer to hear that, or a linear section of his song,
but downsampled so it's just unbelievably crunchy.
—David Battino

Excerpted from The Art of Digital Music by David
Battino and Kelli Richards: backbeathooks.com,
artofdigitalmusic.com.
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Photography by Adam Thornton

You haven't lived,

not really, until you've
experienced the thrill
of tandem dog-carting.

Building a tandem dog cart.
By Adam Thornton and Amy Horton

We are owned by three Greater Swiss Mountain
Dogs. The Greater Swiss Mountain Dog was bred
as a general-purpose farm dog. but one of their
traditional tasks has been hauling carts full of
milk jugs. They're relatives of the St. Bernard,
the Rottweiler, and particularly the Bernese

Mountain Dog. They can be thought of as “the

poor man’s horse,” although they make for pecu-

liarly snuggly horses.

Canine drafting has a fairly large following in
the Newfoundland, Rottweiler, Swissy, and Ber-
nese Mountain Dog worlds. If you are interested,

is a pretty good place to start looking. There's
also a Yahoo Groups list: CARTING-L.

You'll need a strong, reasonably large dog
that likes to work. If you want to build a cart like
the one in this article, you'll need a pair of them,
although you could, if you really wanted to, build
a scaled-down tandem cart for your Chinese
Cresteds. If you live in a colder climate, you
might want to investigate sledding. Conversely,
your local sled dog club may also put on carting
events when the weather is warmer, and it's quite
likely to have members who know about drafting.

Two of our Swissies — Golem and Ursa —
already know how to draft, and, although we have
two carts (technically, a cart and a wagon; wagons
have four wheels, while carts have two), both of
them are designed to be pulled by a single dog.
Since we've got two carting dogs, we wanted to
build a cart that both of them could pull at once.
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1 sheet 54" MDF
396" 2x4 studs

2 96" select 1x8
hardwood boards

2 26" bicycle wheels,
tubes. tube liners,
and tires

2 10" 42" conduits

110" 34" conduit

Lots of 142" #8
wood screws

Some 4" framing nails

2 cans of primer

6 cans of spray paint
{we used black
metal flake)

4 516" washers

4 12" chair leg tips
{rubber)

4 12" hose clamps

Electric drill and
variety of bits

Electric screwdriver

Circular saw

Hammer

Conduit cutter

Flat file

Pipe bender

Socket set

Pliers

Compound mitre saw
{don’t try mitred
corers without it!)

24"x48" sheet of
hardhoard

A couple dozen 58"
wire nails

A couple dozen 58"

wood screws
Masking tape
2 dryer vents
EL wire. battery.
and driver
32"x49" industrial
carpeting
Type-R decal
Vanity license plate

4 cotter pins

2 screw hooks, 3"x34"

2 2' lengths of 34" chain

2 spring-loaded
carabiners

The basic design of the cart calls for two wheels on
independent axles (thus no need for a differential),
two hooks in the front (one for each dog to pull),
and four shafts that guide the dogs, with brakes

affixed to them so the dogs can slow the cart sim-

ply by slowing down and letting the brakes press
on harness loops near their shoulders.

Capacity was much more important than
speed to us, so it didn't matter how much the
cart weighed; we were unlikely to build an empty
cart too heavy for the Swissies to pull. Since our
existing two-wheeled cart was about 16 inches
wide, we decided to make this one 32 inches wide.
We decided that 4 feet would be about the right
length. After having built a MAME cabinet last
year, we had become fans of MDF — medium-
density fiberboard — and we decided to make
the deck out of %" MDF.

MDF comes in 49"x97" sheets, so we bought
one and cut a 32"x49" deck, and used the rest,
balanced on a spare dog crate, as our work table
for the rest of the project.
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First we built a frame of 2x4 studs underneath
the deck (since these will not be visible on the
finished cart, construction-grade is fine), with two
front-to-back stringers and a crossbhar to anchor
the back of the larger conduit holding the shafts.
The 2x4s were nailed to each other and screwed
to the MDF. All screws in this design are counter-
sunk (see Countersinking, page 148).

Having built the deck, we then faced it with
select-grade 1x8 lumber (we chose a higher
grade lumber so it would look nice when painted).
We decided to make the bottom of the lumber
even with the bottom of the 2x4s, so 33%" of the
lumber would extend above the deck. We made
the dubious choice to mitre the corners: this is
a lot of work for not much result. and we recom-
mend against it, unless you have a big mitre saw.

Fartunately for us, our neighbor Michael
lent us his compound mitre saw, which made cut-
ting the mitres very easy. We screwed the facing
boards to the deck assembly, and then screwed
the hooks (for the dogs to pull) into the front
end, through the facing board, and into the 2x4s.

Additionally, we used sections of 2x8s to create
raised axle mounts. These are not present in the
final cart, because it turned out that they dropped
the ground clearance of the cart so low that it was
impossible to traverse even the slightest bumps.
Don't bother with these, even though they are
visible in the pictures. It turns out with this design
that putting the axle about 2 inches forward of
the center would balance it when both the shafts
and spoiler are in place. Our cartis just slightly
front-heavy, but not enough to make a difference,
since you can easily adjust the load to compen-
sate. The height of the axle ahove the deck ended




Making the deck: It's OK to use less-expensive construc-

tion-grade lumber for framing, because the studs are on
the underside of the deck and can't be seen.

up being as low as we could lay the electric drill

down inside the cart to drill the axle holes out

through the sides. This gave us about 7 inches
of ground clearance; that's enough for carting on
the street, but you wouldn't want to use this cart
in rough terrain.

A better design would actually have been to
put the axles through the framing 2x4s as well,
but this would have required longer axles than
came with the wheels. Most likely, %" threaded
rod would work fine; we may eventually move to
this design, as it would increase both stability
and ground clearance.

The wheels are standard 26" bicycle wheels.
Because we didn't care about the weight, we
went with steel wheels at $20 each; with tires
and tubes and tube liners, it ended up costing
about $70 for the set. and was therefore the
most expensive single component. You could cut
this cost substantially by buying a used bike and
throwing away everything but the wheels.

The next phase was to attach the shafts that
the dogs would pull between. The shafts actually

function as brakes; the motive force is provided
by the rings at the back of the dog harness pulling
on the two hooks screwed into the front of the cart.
We used 34" conduit for the parts of the shafts
attached to the carts. We simply used long screws
to attach them to the framing 2x4s and used 2"
conduit for the detachable part of the shafts. We
cut these with a conduit cutter and filed the burrs
off the ends. Then we carefully drilled %4" holes
through the assembled shafts and held them
together with %2" cotter pins.

The shafts were then bent into shape with a
pipe bender. This was a lot trickier than it sounds.
and we never did find a good way to get them all
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completely straight. Thankfully, our dogs aren't
particularly precision-crafted either, and good
enough was, indeed, good enough. Chair leg tips
cushion the ends of the shafts. We bent our shafts
so that they'd be about 16 inches off the ground
when the cart was level (you should adjust this
to fit your own dogs’ heights, of course).

You will want brakes on the shafts; we used plain
old hose clamps. These go behind the loops onthe
dogs' harnesses; when they slow down, the shafts
stop at the loops, so the dogs don't get run over
by the cart as they slow.

At this point, you certainly could drill holes for the
axles in the sides of the cart. mount the wheels,
and hegin carting. We decided, in honor of MAKE's
automotive issue (Volume 03), to pimp ourride a
bit. Thus, we constructed a spoiler out of scrap
MDF and fashioned two aversized exhaust pipes
from dryer vents tacked to a hardboard base.

Then we sprayed the contraption with endless
coats of metallic-flake black (all projects seem to
take five times as much paint as they should), and
mounted the wheels (36" holes for the axles and
large washers to spread out the pressure).

Final detailing included a vanity license plate
reading “DOG CART" (designed and purchased

online at ). which we outlined
in purple EL wire to make it look hip. Finally we
added a Type-R decal, which makes the cart 25%
faster. We plan to carpet the deck, but we haven't
done that yet.
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Countersinking

Countersinking is easy: After drilling the pilot hole for
your screw, put a 316" bit in and drill just enough for
the bit to bite, leaving you with a %"-3&" hole at the
top of your pilot hole, big enough for the screw head
to sink into so that it's level with or recessed into the

surface of the piece you're screwing on. Practice on
some scrap first, and practice with all your different
materials: 2x4s, high-grade lumber, and MDF all drill
very differently when you're countersinking.

You could also just buy a countersinking bit; they
cost $10-$15.

In order to get the brakes on the level part of the
shafts, we added 2 feet of chain with carahiners
to clip to the dogs' harnesses. This gives us some
flexibility in how far forward the dogs are when
they're pulling.

Here's the finished product (at left), with the
dogs saddled up and ready to go. Golem is the big
dog and Ursa is the small one. Vinnie, our third
Swissy, does not yet know how to cart.

The cart works fine, but the dogs need some
more training; in particular, Golem freaks out
when Ursa starts pulling and the cart rides up on
him. His response is to dig in his feet. This means
that Ursa does a huge amount of work, and that
Golem needs a lot of cajoling to actually start
pulling. Although they both pull well individually,
Golem is confused about how to do it as part of
a team. Ursa has no such issues, although she
does get annoyed that Golem is slowing her down.
Nevertheless, we did return Michael’s saw to
him today in the cart, which involved several
hundred yards of hilly drafting, carrying a pretty
heavy load, and some distance (although Michael
and Dee are neighbors of ours, their backyard
backs onto our side yard, and they are a fair
distance away by road). The dogs are easily able
to pull the cart loaded with a heavy saw. We now
have high hopes of someday taking turns and rid-
ing our canine chariot through the neighborhood.

Amy Horton studies molecular evolution. while Adam

Thornton is a2 bewhiskered curmudgeon.
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This maker-friendly bot

By Dave Prochnow

One-and-a-half million Robosapiens were sold
last year. Appealing to both adults and kids,
Robosapien has probably gone further toward
inspiring future roboticists than the most ambi-
tious educational product.

But that's only half the story. Robosapien is
one of those few toys that you absolutely must
take apart, for three reasons. First, as you disas-
semble Robosapien, you will be truly amazed at
the simple beauty of its design. Counterbalanc-
ing springs, integrated plastic strain reliefs, and
intricately geared servo motors will delight even
the most jaded toy buyer. This robot ain't no
bucket of bolts.

The second reason for opening up Robosapien
is learning the basics of robot and toy design. Yes,
the insides of this robot are well documented.,

Take me apart: The
Robosapien is a robot
with a purpose — to be
hacked.

begs to be opened up.

ensuring a good, competent education in robotics
— that is, if you're willing to pick up a screwdriver
and apen it up.

Finally, you've got to open up Robosapien if you
want to become one with this robot’'s greatest
inner strength — it wants to be hacked. | should
know: with the blessings of WowWee Ltd. and
Robosapien’s inventor, Mark W. Tilden, | wrote
The Official Robosapien Hacker's Guide (TAB
Electronics, 2005), which details over a dozen
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maoadifications, construction projects, and hacks
that can be performed on this remarkable robot.
Regrettably, there were two hacks | couldn't thor
oughly discuss in this book. Here they are.

By far, the easier of these two Robosapien

hacks is the replacement of the main processor
crystal. Labeled "Y1" on the Robosapien main
circult board, this crystal is actually a monolithic
capacitor. As such. it doesn't require a big leap of
imagination to think that switching this capacitor
crystal's value could result in a different Robasa
pien “personality.”

And that's exactly what will happen: the fre
quency of the robot’'s operation can be slowed
down or sped up by almost 50% just by using
different-sized capacitors. Plus, the Robosapien IR
remote control will still wark. This hack allows you
to vary the speed of motor actions for either fast
and lightweight or slow and powerful designs.

The first step (and one of the hardest in this
hack) is to get inside Robosapien to the main
circuit board. All you will need for this portion
of the hack is a No. O Phillips screwdriver.

Before you begin any hacking surgery, make
sure you remove the four D-cell batteries from
the Robosapien’s feet. With your patient now
suitably anesthetized, there are four screws
that hold the back plate to the Robosapien body

one in each shoulder and two in the waist.

Once you remove these screws, the back
plate will lift off. Be careful, however; the power
switch wiring harness (this also holds the
speaker wiring) is attached to the main circuit
board. Just pull the main circuit board plug for
the power switch harness, and the back plate
can be removed. Set both the front and back
plates aside.

The main circuit board is located on the back of
the Robosapien. Take a moment to study all of
the lovingly applied labeling that WowWee Ltd.
added to the main circuit board
to help you, the hacker.

Locate the crystal capacitor. It is to the left of

all of this done
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the IC U3 and labeled “Y1." Although this crystal
looks like a capacitaor, it is actually a ceramic
resonator. Take a pair of diagonal cutters, snip the
Y1 capacitor off, and remove it from the circuit
board. You will now solder either a new ceramic
resonator or a capacitor in its place. | began

with a .22 F monolithic capacitor. Alternatively,
you can add an inexpensive ceramic resonator

( ). Your beginning frequency for the
resonator would be around 4MHz. Just solder this
replacement capacitor or resonator crystal to the
decapitated leads from the old crystal.

If you really want to experiment with a wide vari
ety of capacitor crystals, you might wish to solder
two header pins to the Y1 crystal passthrough
pads. Then you can just temporarily attach your
capacitors or resonators to these header pins,
until you find the perfect hack.

Typically, resonators with higher frequencies
(6MHz to 12MHz, for example) will result in a
“faster” Robosapien. (NOTE: The IR remote
control might not function properly at frequen
cies higher than 6MHz.) Lower frequency reso
nators (2ZMHz to 3.58MHz) will make the robot
behave moaore slowly.

This same principle holds true for the replace
ment capacitors, as well. For example, try a 2.2uF
capacitor to increase the speed of Robosapien.
Just remember to hold onto the original Y1
crystal, so that you can return your robot to its
factory state of mind.



The Soccersapien

Schematic diagram of an H-bridge circuit. (Schematic
redrawn from original design by Mark W. Tilden ©1997)

Greasy Bot Stuff

Now Fire 'em Up

pcoZgo.com




== Sneaky Uses for Everyday Things
I

Turn a cup into a speaker and a microphone. People seldom think about the com-
mon devices they use everyday and even less about adapting them for other
purposes. Anyone can learn real-life MacGyverisms using everyday items — you
just have to be a little sneaky.

"TUI’I'I d Cup into a Speaker: Alyplcal Lo push and pull the paper cone. This rapid maolion
speaker consisls ol @ col ol wire allached Lo 2 vibrales the air o creale sound.

paper cone with a magnel mounted close by When This project itlustrates how Lo use anordinary
anaudiosienal travels throush the wire (L creales paper or styrofoam cup, wire, and 2 magnel o cre
amagnelic leld Snce magnels altracl and repel ale & Sneaky Speaker.

each other, the speaker's magnel causes the coil

You will need: cup.
maznel thin nsulated
wire, tape, Ve-inch plug '—.___._.___,--— 1 %
cable radio or music

olayer (wilh earphone
|ack)
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INustrations by Mark Frauenfelder

Make It: You can use any thin wire available (e.g..
from an old telephone cord) and & Ye-inch plug
cable Trom an old headphone cable Use a strong
rmagnel Tor this project (not the weak, ceramic ype
used for refrigerator magnets). Arare earth mag
net, if available, works nicely.

First, wrap tenor maore turns of thin wire around
athick penand use lape to keep itinto & coll shape.
Mount the coll on the back of the cup and affix it
with tape.

Mext, connect the coll wires to the ¥%-inch plug
cable Insert the plug into the radio’s earphone jack,
and turn the volume to maximum.

Hold the magnel near the end of the coll. You
should be able to hear sounds emanating from the
cup. I not. reposition the magnet on the back of the
wire coll. Once you've localed the area thal provides
maximum volume, tape the magnet to the back of
the cup.

' Turn a Cup into a Microphone: Just
as the audio signal in the coll near the magnel can
vibrale the cup to produce sound, you can reverse
the effect and create a Sneaky Microphone.

This project uses the same parts and selup as the
Sneaky Speaker bul substitutes a tape recorder for
the radio.

Simply insert the ¥%-inch plug cable into the tape
recorder’s microphone jack. With 2 blank tape inthe

I Going Further

recorder, press the RECORD button. Speak loudly
into the cup to record a message Rewind and
play back the tape, and you'll hear your message
recorded with your Sneaky Microphone.

How it works: By speaking loudly into the cup, yvou
vibrate the coll near the magnet. An electrical audio
signal is produced in the wire that corresponds Lo
your voice The signal is detected and amplified by
the tape recorder, which records it on lape.
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OWN YOUR OWN

A Maker’s Bill of Rights to accessible, extensible, and

repairable hardware.
By Mister Jalopy

person by nalure
whal ihwould cosl Lo repa
srielly considered lving wilhoul 2 gas

Luring cerlain roadside disaster

and decided to fix the problerm myself

Hopelul that Twould be

the news thal T would have Lo buy the “When your cove red Wagon bro the
combined 500+ Deleo fue oume WOOd SPOKE, dld yOU thrOW ElWa}f;u
o \whole wheel? The whole wagori:

[uel sender |

pel Chevrolel specilied Lo ther subcontractor
thal the Tuel sender unilwould De remowe

S st a purely hinancial decision by Chevrolel

= y v, Iy local zulo parts
re sold the same exact unit Tor

er draining and dropp

= rere planning o offer it as

bsell the fuel sender independent ol the Tue

1Y

e the langs for 2

an o

Lo ook longer Lo gel the pliers Tro

s Tail ¢
se Lhe cause of Talure was wrole anessay onwhal makes o product maker
e spring- melal langs And il was andea thal stuck oy head

sislor conlacls and one s oulding the retromodern remole conlro

03 (see page 71 Dale Dougherly

Photography by Mister Jalopy
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LPto-MP3 converter cabinet (see page 54) and was
extremely frustrated that the Mac mini s 2 sealed
box Apple techs open it with some sort of putty
knife-like special tool. Sometimes, smarl engineer
ing and new solutions require new tools. The Model
T required special tools, but they were included with
the car It's hard o imagine the case for requiring

a special tool to open a Mac mini. For all the props
that Apple gets Tor industnal design, would it kill
them to put four screws on the bottom? Would that
oreally harm the aesthetics?

Inthe same way digital rights management (DRM)
locks up data, buying a piece ol equipment that you
can't open, repair, or reler 1o 2 schematic Tor mezans
yvou're setting yoursell up to throw it away tomorrow,

Youdon'town the iITunes songs you buy. Apple
does. Granted, | can't get inside to look at the digital
rights software and fully understand what | have
agreed o but [ know that it has a limited [ife. | listen
Lo my grandfather's 78 BEPM records and will always
be able to play an unlocked CO, but will my grand
kids gel to listen to my (Tunes library?

[Tyou can't open it you don't ownit. You bought
the hardware bul, like DEM. the manufacturer re
stricts your use by controlling access, replacement
parts, and inforrmation. It's yours and usable only
aslong as the manulacturer chooses lo support
and repair it
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k of an older car, there's a fuel

sender with a float that “sends” a remst:lncvil
value to the gas gauge to record the tank level
Then, outside the tank, the fuel pump |:|uml|::wP
gas from the tank to the engine. Newalr car:mgh;
combined the fuel pump and .Se."d'.ar |nt: ot :]
mechanism (as shown) that is inside the g :
pe replaced as a complete
ds, the sender assembly
mbly but Chevrolet

Inside the gas tan

tank and can only
assembly. In 30 secon
can be removed from the asse
sell you a replacement.

won't

50, whal does all this have to do with Chevrolet
and the fuel sender unit? Clearly, components
should be availlable at a granular enough level o be
able to make repairs at reasonable prices. [deally,
yvou would be able to buy the little metal tangs. bul
['wiould be satisflied to buy the sender unit. Chevro
let's decision to sell assemblies rather than compo
nentsis unfortunate but understandable. There is
arationzale, as they are in business to make money
and selling bigger pieces means more money.

After thinking about this, ['ve come up with a
Waker's Bill of Rights. lexpect and hope that other
makers will a2dd and make changes Lo this list. Post
your suggestions at makes ‘04

Mister Jalopy breaks the unbroken, repairs the irreparable, and
explores the mechanical world at hoopt

prides.com.




m Meaningful and specific parts lists shall be
included. mCases shall be easy to open. W Bat-
teries shall be replaceable. ® Special tools are
allowed only for darn good reasons. ® Profiting
by selling expensive special tools IS wrong
and not making special tools available is even
worse. mTorx is OK; tamperproof Is rarely OK.
m Components, not entire sub-assemblies,
shall be replaceable. m Consumables, like fuses
and filters, shall be easy to access. mCircuit
boards shall be commented. mPower from USB
is good; power from proprietary power adapters
s bad. m Standard connecters shall have pin-
outs defined. mif it snaps shut, it shall snap
open. M SCrews better than glues. ®m Docs and
drivers shall have permalinks and shall reside
for all perpetuity at archive.org. m Ease of
repair shall be a design ideal, notan after-
thought. m Metric Or standard, not both.

m Schematics shall be included.

Rig ups to Phillip Torrone and Simon Hill for their

Maker's Bill of Rights ideas.
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Easy-to-program chips
tell circuitry to do
what you want.

. Press a button and a light flashes a pattern.
What makes it flash? It seems like there's a
tiny monkey in there flipping the switch. If
so, many household items contain these tiny
~ | monkeys. They're what send the infrared

: (IR) codes out of our remote controls and
then decode them in our televisions. They
| run our washing machines and toasters.
These tiny monkeys are microcontrollers,
and you can train them to help you with your
own projects.

Photography and illustrations by Sparkle Labs
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Microcontrollers are small computers, all on
one chip. The chip carries a cenltral processing PRGGRPW”WWG P
unit (CPU), program memory, data memory. and MICRCCO 0L
input/output (/0 pins that can connect Lo various
devices. The chip works by the CPU following the
instructions in the program memory, which tell it write compile
what toread and write to data memory. and what code — code
to input and output to the pins.

Programming the microcontroller means writ-
ing and storing these instructions in the chip's
program memory. The microcontroller speaks
assembly language, which consists of binary

instructions (ones and zeros) You can program ¢
directly in assembly language, bul moslt people

prefer o use a higher-level language like C or download
BASIC because they re easier lo understand. code
When you do il this way, programming a micro-

controller is a four-step process.
This article explains the process. Inour example,
the chip will simply make an LED flash. This may

not seem like much, but the hard partis setling up 1. Write the code.
yvour programming environment and making all the 2. Compile the code.
pleces work together. After you get the izght blink- 3. Download the assembler code onto the chip.
ing, you can take over the world! 4. Build and test your target circuit.
L 1

I ﬂlll-l avial IVIIhnnhnntnnllnn

-\ YY _uvvl Wil WVLUIIN Viiwl
e Bps ".) N IVInrll 1

vVS. Wi tump VUL
First. decide whether you want to use a low-level BASIC Stamps combine their microcontroller with
microcontroller or a BASIC Stamp module. Inex- oscillators and other components into one, plug-

pensive low-level chips (a ka PICs), from Microchip  gable package, simplifying circuil design. They also
or Atmel, require additional hardware, software, and  include all development hardware and soltware.

effort. BEASIC Stamp modules, from Parallax and For our example circuit, we're using the low-level,
MNetMedia. are easier for beginners but pricier. two-dollar Microchip PIC 12F675.
Low-level microcontroller chip BASIC Stamp module
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Toprogram a low-level chip, you need three pieces
of hardware: a PC, a hardware programmer with

compalible cable, and the target circult that you'll
pluz the micro into. You'll also need some software,

The vast majorily of soltware tools for
programming microcontrollers run on Windows
machines (but see sidebar, page 162). You don't
need a fast machine; any PCwith the proper porl
for your hardware programmer cable (serial, USE,

ele) will do.

This s whal you plug
your chip into in order to transler your program
from the PC Traditionally, you then remove the
chipand place itinyour circuit, bul some hardware
programmers supporl in-circuit programming,
which lets vou burn the chip in place, within the
circuil, making it easier to debug and re-run the
soltware.

For our example here, we used Microchip's
PICkit 1 Flash Starter Kit, a $35 USB programmer
that contains 2 smeall demo board and can program
some but not all of Microchip's 8- and 14-pin micros.

[Tyoure uststarting out with
microcontroller programming, you can experiment
with & demo board, like the one included with the
FICkit 1 These are printed circuit boards with
aspace Lo plug in your chip and various input
and output devices such as buttons, LEDs, and
polentiomelers. Using one of these boards, you can
explore the leatures of your chip and run different
programs without worrying about wiring.

[Tyou have a standzalone circull idez in mind, the
next step is to build your own. There are plenty
of circuits published online, and you may be able
to find one that's close to whatl you need. Bul
schermnalics often contain errors, so youneed Lo be
careful. If yvou're up to it you can also design your
own circuil from scratch, as discussed below.

In additionto the hardware, you need o
pultogether your software development environment.

This will include the text editor where you wrile
your code, a compiler, the soltware that drives your
hardware programmer (which probably came
included with the hardware), and microprocessor
simulation and debugging tools

You can buy most of this soltware grouped
logether into an integrated development environment
(IDE) from companies like Microchip and Micro
Engineering Labs. We used Prolon Lite, a free Lrial
version IDE that restricts you to 50 lines of BASIC

code —which is plenty Tor our simple blink program.
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First think of what inputs and oulputs your circuit
will have: switches, sensors, lights, motors, etc.
Then you can determine the power requirements.
For simplicity, our circuit uses batteries, but a wall-
wart with a voltage regulator is more reliable.

Nexl, determine how your inputs will interface
with the microcontroller. Some pins take only digital
inputs, a ka logic inputs, where 5V means 1and GV
means 0. The generzl rule for these is that power
brings the vollage up and ground draws it down. To
make a button that changes an input pin from C to
L Tor example, connect the pin o ground, through a
resistor, and also connectil to a button that, when
pressed, compleles a connection Lo power.

Some micro pins take analog as well as digital
inputs: you can feed these from analog sensors that
produce a range of electrical values. For example, a
potentiometer's knob changes its resistance, which
changes 2 voltage fed through it Connect a pot o a
pin that works as an analog-digital (ADC) converter,
and the micro will convert the current position of
the knob into a number you can program with.

An LED will light up directly froma micro’s output
pins, but things like motors require more current.
You can supply this by connecting anoutpul pin to
the base of a transistor that has higher current run-
ning through it Motors may generate vollage spikes
that can damage your chip, bul a diode running in
reverse across the transistor will protect the circuit.

Once you know which sensors connect to which
types of pins. you need to study your microcon-
troller’'s datasheet. As with most micros, pins on the
PICIZ2FE75 perform multiple tasks, and you sel reg-
isters in your software to tell the pins how to behave.
In the registers table from the PICIZ2FE75 datasheet
on Microchip's websile, we see that the TRISIO reg-
ister lells a pintobe input or output, and the ANSEL
register determines which pins connect to the ADC.
These registers have eighl bils, one for each pin. 5o,
to connect a simple binary button to a pin, setits
corresponding bit inthe TRISIO register to 1{inpul)
and inthe ANSEL register to O (disconnect). Ta con-
nectan LED sel the TRISIOto O (oulput). To read a
potentiometer value, set the pin's TRISIO toinput
(1) and set the ANSELto connect the ADC (0.
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There are many general refererences for
programming in BASIC, bul here are two handy
sample code segments for microcontrollers.
Button on pin GPIO.0 lights an LED on
pin GPIO.1:
if GP10.0 =1 then

GPI0.1=1
else

GPIO.1=0
endif
Turn an LED on for 1,000 program cycles:
The main program runs the startlight subroutine
when a button is pressed, turning the LED on,
and calls the endlight subroutine inside a loop,
to turn it back off.
startlight:
GPID.1=1
counterVar = 1000
return

endlight:

counterVar = counterVar -1

if counterVar = 0 then
GPI0.1=0

endif

return

Open Source PIC Programming

gputils:

X11 for Mac OS X, and Xcode Developer Tools (with X11
SDK):




Make an LED Blinky

Here's howwe bull and programmed our microcontroller-based LED Blinky ciroul

START »

-I SETUP YOUR DEVELOPMENT
w. ENVIRONMENT.

Install the 1DE and the PICKILL solt
ware and hardware Adjust the [DE
sellings Lo make sure (L knows where
Lo Ind the programmer and thal (ks
selup lor our controller the Microchin
FIC 12F675.

b

Btk ol Wi i - £

Lk 1

soooe | R oo | s of mes
i
G

Adjusting |IDE settings.

- ASSEMBLE THE CIRCUIT.

e Delore getling down o building
and coding specilics lake a look al the
FIC 12F6/2 s piouls Trom s date
sheel on the Microchip websile You
can see here how our circuilry's wiring
diaoram lollows the chip's pinouls.

Our circul includes the microcon
lroller o power source o liming
cryslal supporl components lor Lhe
rilcrocontroller and the outpul LED.

Fower cormes [rom Lhree A5 cells Lhal
provide 4.5V which s close enough
to digital logic's 5 "high” voltage. A
10K-ohm pull-up resistor maintains a
hiehvollaze level Lo The chip s masler
clear pin, Pin 4 sending low vollage
Clooical Oy to this pin would make he
FIC resel. A 4KHz oscillator supplies
the source Blink pulse whichis slowed

down by lwo capacilors. Vollage Lo the
LED comes Trom the nncrocontroller s

oulpul Fin / connecled Lo groundin
serleswilh a 220 ohm resislor

Follow the wiring diagram at right. We
soldered our cireanl logelher using a
small piece ol perfboard.

PIC 12F675 Pinout

1. vVbD

2. GP5/TICKI/OSC1/CLKIN
3.GP4/AN3/TIG/0SC2/CLKOUT
4. GP3/MCLR/VFP
5.GP2/AN2/TOCKI/INT/COUT

6. GP1/ANL/CIN-/VREF/ICSPCLK
7. GPO/ANO/CIN+/ICSPDAT
8.VS5

A PIC 12F&75

B. Three AA cells

C. 4KHz crystal
oscillator

D. 10Ki! resistor
E. 220! resistor
F. 22pF capacitor
G. LED

»
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PR[MER PIC PROGRAMMING wwnwumiakezinacom Od arimer

<3 WRITETHE
~/. BASIC CODE.

Ve wrole ours inthe text editor window of Proton Lite Hereitis in full, with comments included lo explain
whatl s going on:

Device = 12F675 Tell the compiler what kind of chip we are using.

DelayMS 500 Wait 500 milliseconds for things to settle down. o
XTAL =4 What speed of crystal or oscillator.

ALL_DIGITAL = True Turn off all analog-to-digital converters (ADC); some

of the chip’s pins can be used to detect analog voltage
levels, which we don’t want to do.

TRISIO = % 00000000 Write the byte “%000000000" to the register. :_“:'._T:":;;'.-'M” ——m
"TRISIO" TRISIO decides which pins are input and which are =
output. Proton Lite code window.

GPID = %00000000 This line sets all of the 1/0 pins to be output.
The GPIO register tells the status of our output pins:
all output pins are now set to low (OV).
While1=1 1is always equal to 1, so this creates a loop forever.
GPIN.0=1 Here we make the “0" bit of GPIO equal to 1.
GPI0O is now % 00000001, with Pin 7 high (+5V).
This makes Pin 7 output light up the LED.

DelayM5s 500 Wait .5 seconds.
GPID.O =0 Set Pin 7 to low again, switching LED off.
DelayM5s 500 Wait .5 seconds.
Wend Go back to the beginning of the While loop.
End This marks the end of the code.

A COMPILE THE
“". CODE.

Save your code (whichis a plain text #, ratan IDE L ITE - B #Wasi2. 6o
file) to your hard drive, and then click :.J it
_— T = - File: Laakd: C:\ecomants and Satt
Proton Lite's "Compile and Download e e Rt
. - . o - Frogan M
button This creates a hex version ) bemgimle (] BUHEw [ oo 'D'ﬁtiﬁ"':z;';'?ﬂ'l'i':i"'n'liiz"all'F"F":qffi"itbi"h?i'a"lihﬂ r 1
-nd launches B ke it do B I s s L i
of the Tile and launches the FICKIT 1 . e o h L T L T e o
i ) =D 1xer 7 UG20 DDOD gS2F DOUG L3S1 1@ 1303 DODO OOO@
softwere. - 5 | | e
8 e ; 00a0  AFFF 3FFE SFFF 3FEF JFFF 3FFE 3FFF 3EFEF ol
o % AL PO 4 Q086 IFEF 3EE JEFE JEEF Jrer SEEE JETE SEEE i
M - " = 1D onstanks D0GS  JFCF AFFE JEFF FEF JFFF ICCE IFFF JBEF
Within the PICKILL software interface, e 1 UOEG| JECE ACTE ‘AFTEJUEE JTEE A0V 0K IR
T a“ " 15) A ancd Macifars 0063 JIFFF 3FFF 3FFF 3FFF AFFF 3FFF SFFF 3FFF ™
click “Import HEX ™ Lo open your newly B L =
a 1o EEFATA Homoy B Contiols
crezted hex file, which was writlen to 3 Do o o 05 i FF GT PR FE FF EE 3R L | F DeweFon
T 13 g ;; ;F g 1}:; lF’F ; ;‘; [ 26HHz Ose 1O0 focsver
the same directory as your ariginal 2 o0 IE PP EF PE FE EF IE IF
22 FF FF FF¥ FF ¥F FF FF FF
code file. This hex file contains the 0T SRR ke R
microcontroller assembly code. wrteOuvics | Voity | Ereee | gen | |
Dizvice Condigiintion
Dewce Mol Present Confgursthsn'wiond  HIFE]
Usat Dz TFAFTFIF 5 L1 00
ChackSun  h3B1C i 3 100
[Firwseee Warscn QLD
g Gl ®
Fmslt - B
Cormpel ot Suc ess for Target Device 1EMGTS Whedremdae, A gus. 03, 2007
verson 04.0,14 11:06:14 A
[ 1 & progeam mards used from s poasile LD24 [6,25%)
— 1 # variabln bty used from & possdie 0400, 257%)
30 SL0GKE ¢ B9 peograin Wik Lsed, < e b e usad & Lni4: calce
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BURN THE ASSEMBLER CODE

ONTO THE CHIP.
Inserl the microcontroller chip into the PICKIL hardware programmer and click "Wrile Device” IU's that
simple: your microcontroller is now programmed!

BUILD AND TEST YOUR
TARGET CIRCUIT.
One common method s to prototype
itonabreadboard. Thisis what we did
for our example,

Flugit into your target circuit, connect
up the power, and bask inthe blinking
glory!

NEXT STEPS

Now you can experiment with other
input and output devices. Resistive
sensors are fun: these change their
resistance inresponse o things like
light flex and temperature You can
also use gravily sensors, compasses,
accelerometers, and rangefinders.

For outpuls, buzzers and small
speakers make sounds, and molors
cive your projecl legs or wheels. LCD
panels show information, and LED
malrices make colorful displays.

Mount arangelinder on a servormaotor,
and your micro can point it around
and read its physical surroundings.
Have vour micro oulput serial data The Platypus Amoeba has
touch sensors on its back,
and responds to petting
with lights and sounds.

to a PC, and you can make a sensor
control 2 game characler We've cre
ated a lot of fun projects with our litte
micro monkeys, and we invite you Lo

do the same.

Sparkle Labs (spar is & product development firm in NYC. They build "hi-tech, hi-touch” environments and
products, using new technologies to create soft and playful interactions.
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BY SAUL GRIFFITH, NICK PRAGOTTA & JOOST BONSEN ‘05

I
I'M THINKING
OF STARTING

A BAND!

LOOK 515, |
THINK IT'S COOL
YOU WANNA BE
IN THE BAND.

..BUT YOU GOTTA
BRING SOMETHING
TO THE TABLE.




LATER CELINE FEVERISHLY
SEARCHES THROUGH HER
ARCHIVES OF INVENTION!

I | KNOW I'VE
GOT A MUSICAL
INSTRUMENT IN HERE
SOMEWHERE.

FILL TURKEY
PASTER BULE
WITH WATER.

S

THE TURKEY
BASTER FLUTE! M L
U7

858

AND SQUEEZE BULE
TO CHANGE NOTES.

FINE TUNE FLUTE
BY PLACING
BANDS AT WHOLE
NOTE INTERVALS.

WOW SIS/ GREAT FLUTE!
IT'LL BE A WELCOME
ADPITION TO THE BAND!

OTHER
THAN YOUR
HOT AIR!

THOUGHT WE NEEDED
A WIND INSTRUMENT.




The best tools, software, gadgets,
books, magazines, and websites.

10C1LBOX

Rock God PC

Fretlight Guitar
$600_optekmusic.com

Wouldn't it be great if you could which means that you can not back to the guitar that light up
pick up a guitar, plug it in to your only use this guitar at home to the fretboard corresponding to
computer, and have it teach you perfect your playing but can lake  finger placement.
to become a rock god? That's it on the road as well, with no one Optional software is available
the premise behind the Fretlizht the wiser. (for more moolah) to teach music
guitar. The Fretlight plugs directly theory and download tablature
The guitar itselfis pretty sweet.  into your computer via USE, the files from the internetl.
It sporls a Fender Stratocaster other end into a special 8-pin DIN With a price equaling 20 or so
body style, with a unique fretboard  jack in the body. (It also has the guitar lessons, you not only get
Lhal hides the true nature of this standard amp jack.) Its software Lo skip out on the smug guitar
piece of technology. Underneath shows you the basics of scales, tezcher in the faded Styx T-shirl,
the fretboard lie 126 LEDs, and chord location, and all the stuff but get a quality guitar as well.
until you plug it into your computer, | slept through in high schoal And while it helps if you know
you'll never even know they're there, music class. Picking a chord on your way around the guitar, with

the computer sends a signal a little patience you too will be
jamming in no time. For a full tour,
checkil out online. It rocks!

—fob Bullington
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o

B oSk v
L] 1o ="
P L
o - i
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Chemical Camera

35mm Voigtlinder Bessa R

£560, photovillage.com

rious photographers a

ir rangef

slealth, And the ¢

1sina’s original rangefinder mode 1 Ty

add auto-ex;

—Ross Orr

All Juiced Up

NewerTech iPod
Replacement Batteries

520-%835_newertech.com

tions and a tool to crack

—Mark Fravenfelder
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TO0LBOX

Knit Wits

Knitting For Dummies
$21.99, ISBN: 076455395X

| hate television, butif my wife, Jacqui, and kids were going to watch it,
| wanted to put the passive consumption of media to good use — by
celling them knitting. And with Knitting For Dumimies. 2 sel of need|es,
and some yarn, Jacqui and my daughter, Ariane, were off Lo the races.
Sure, they both made some mis
Lakes on their lirst pleces. There
was agaping hole knit in error
where that kitly face resides,
but Jacqui turned adversily into
opportunity with style. By using
a pair of scissors, some felt,
and thick thread, voila, she
created a scarf with a kitty
[zoe Such stylin cosls 100
or so in shops on Haight Street

here in San Francisco.

Creating this scarf took probably
10 hours of television watching

not counting the learning curve.
So now our TV is earning us $10

an hour And hey, we ve gol unigue
fashions on our heads and around
our warm necks.

—Jeffrey Goldsmith

Ultravision

INOVA X5 Ultraviclet Flashlight
$60 inovalight conv/site html?X5-ov

Got a CSl fantasy? Then just
drop one of these in your bag of
tricks and starl shining it around
in spare momenls. Featuring five
high-power LEDs backed by two
123-sized lithium batteries, the x5
puts out a surprisingly strong UV
flood, capable of fluorescing moslt
common hidden inks, watermarks,
and other hidden aspects of your
daily crime scenes. Bored at

video club card. Need a good
scare? Turn off the lights in your
bathroom or kitlchen and start

lunch? Dump out everybody's looking around with the X5. I'm

wallels and check oul the hidden slill reeling.

markings on currency or your —Bob Scoit
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In Control

arcadecontrois.con

When | decided to build my
“Taxicab” jukebox/MAME
machine { see MAKE, Volume
02, page 21 | lound that all
internel roads pointed to
one delinitive how-lo source:
the “Build Your Own Arcade
Controls” websile.

The site was started back
in 1997 by John St. Clair as
away to collect information
for interfacing actual arcade
controls with PC emula
lors. Today the site has over
50,000 visitors a month and
is a must-visit for anyone
looking to build a home
arcade or jukebox machine.

BYOAC has an extensive
step-by-step "newbie guide”
on building these incred
ibly fun machines, plus as
much detail as you'd ever
want to know. Its real power,
however, is In the commu
nity it has created, primarily
through its message boards.
That's where | learned the
maost, and if | can build one,
anyone can.

The only thing the site
asksinreturn for connecting
you with this helpful com
munity 1s that you share your
project Hey someone could

learn from you! That way, the

gift keeps on giving.

If you would rather work
from a book, St. Clair has
also written Project Arcade:
Build Your Own Arcade
Machine which has recelved
greal reviews.

—Fatrick Webb




(O0LS ON |

Two Tiny Tools
Versadriver:

£10, countycomm.comAversadriverhtm
Palm Pal:

$12, cooistuffcheap.comy/palm-pal-
hand-wrench-pocket-tool bl

[ Tinally found & pocket-sized
driver sel that isn't afraid of ma
jor appliances. TheVersadriver's
carabiner-shaped handle folds
flat, and the strategically placed
detents let you change your grip,
trading speed for torgue when
necessary. The perfect comple
mentis the equally handy Palm
Pal Hand Wrench, which fits right
in the Versadriver's tiny pouch.
—Bob Scott

a/=c]s

Key to Happiness
Utili-Key 6-in-1
813 swisstechtools.com

Awell-crafted tool In an elegant package is one of the true great joys

in life. This little key-shaped piece of metal is usually my first and,

frequently, last tool | need for minor cutting or screwdriving jobs. [t

also doesn't hurt that its design feels a bit like “Q" made it for James
Bond. It is officially on the FBI's “no-fly” list but that hasn't stopped

my SwissTech Utili-Key from coming along with me through many

airports, smuggled in plain sight between my house and office

keys on my keychain. 've used the Utili-Key for everything
from opening up my new iPod, to extracting a dollar from a
clogged vending machine (helping to defray the $13 costin
the process), to lending it to MAKE columnist Cory Doclorow
Lo adjust his glasses al a conlerence.

—Marc H. Nathan

Badass Office
Blade

Al Mar SLE Knife »
$70_agrussellcomsknivess ﬁ

\'?r"‘ﬁ \

[l your inner geek is
trapped in a suit at
work, you 've probably
longed for a good, compact knife. Trendy tactical folders are gener
ally too big, too heavy, or just plain too scary looking for parceling out
Gouda in the CEQ's office. Wobbly penknives, on the other hand, are
a ticket to the ER when facing anything more challenging than staple
removal. Enter the Al Mar SLE. Featuring a stout-but-stubby 1%-inch
locking blade and an attractive, lightweight black Micarta handle,
the SLE is easy to carry, particularly if you ditch the pocket clip. The
AUS-8 alloy steel takes and holds an edge after multiple FedEx box
openings, too.

—Bob Scott

The Palm Pal Wrench lets you tackle
bolts from ¥s inch down to 8mm
— just flip over to change from SAE
to metric. The Versadriver (at left)
works with a variety of custom bits.
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TO0LBOX

SHEK

USB Devices for

Keyspan USB Server

$130 keyspan.coms/oroducts/ish servern

R S [Ul

Two (or More)

I'min a mixed marriage — my wile

We don't ha

flawlessly

: a lot of desk space, so we use a Keyspan USB
Server Lo share USEB devices. This tiny, silent device plugs
into our network with an RJ45 connector at 100 megabits
per second and accepts up to four USE devices. It warks
with an Epson flatbed scanner, a card reader, jump

drives. and a USB-powered Zip drive. We could also use it for printers

has a PC and | have a Mac.

and larger disk drives, but because the USE Server only lets one com

puter use a peripheral at a time

and at the slower USB 1.1 standard

we slick with a dedicated print server and a nelwork slorage device

for those circumstances. Sl the USE Server keeps us from buying two

of everything and saves us the has

sle of unplugging and plugging when

==}

we wanl to move a device from one machine to another.

Straight
Shooter

Porter Cable & Gal. Compressor
Combo with Finish & Brad Nailers
& Crown Stapler

%329 _homedepot.com
{catalog #1003494439 )

Whenever | told anyone that | was
planning to install a chair rail in
my dining area. the most common
response was, “You do have a nail
gun, right?” | complained that
nail guns were too expensive and
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—Fred Sandsmark

that | was going to do it with a
good old-fashioned nail set. The
following Saturday morning, |
wasted half of the day with my 56
bending nails, dropping
expletives, and gouging up the
expensive trim | was trying to

nail set

mount on the wall.

For my next home project,
| went to Home Depol and took
the plunge for a nzail gun combo
set from Porter Cable. It almost
paid for itself on that first job, and
every |ob since then, |'ve thanked

136 psT

Measuring just 5"x3"x 1", the
Keyspan USE Server lets more than
one computer share different USB
devices.

myself for buying it. For less than
what | thought a single top-of
the-ling nailer would have cost,
| got a pancake compressor with

a 25-foot hose, a crown stapler,

a brad nailer, and a finishing nailer.
Each nailer came in an ind
vidual hard plastic case for easy

storage and with a full box of
ammo. Unless you're framing a
wall, you're pretty much covered
with this setup.

—Matthew Russel

If you have more than a chair rail on
your list of projects. get yourself a
Porter Cable combo set. On second
thought. get one anyway — your
friends will love you for it.



Get a Grip

Safety-Walk Tape
%1/foot, hardware stores

Hardware stores and home
centers sell some wonderful stulf
made by 3M called Safety-Walk.
This self-adhesive roll of gray,
nubby rubber comes in 1-inch
and 3-inch widths. IUs intended
to add skid protection to stair
steps, but | always have some
ol it on hand because it's terrific
for making personal electronics
easier to handle.

['ve got a strip on the slick sil
very back of my iPod. [t prevents
the thing from sliding off the
passenger seat of my car when |
apply the brakes. I've got it on the
back of my Sony 616 phone; now,
it doesn't escape from my fingers
when | dig through my pocket to
answer I it doesn L ly out of my
hands as I'm fumbling for a pen,
and it won't slip out of my pants
pocket when | sit down.

It's only about a buck a foot,
too. Hay
somewhere and it'll get used.

—Andy lhnatko

e Lhis stufl in the house

Fry that Fly

Charcoal Companion
Amazing Bug Zapper
$10, check Froogle.com for an even

lower price

[ like it when flies come into
my house. The drone of a dumb
horsefly bumping against larmp
shades is my signal to run to
the broom closet and pull out
the Bug Zapper, a red and yel
low $10 flying insect killer that
looks like a toy tennis racket.
By simultaneously pressing
two buttons on the handle,
the rows of wires strung across
the head become electrified.,
and a red LED in the handle
illuminates to confirm that the

Zapper is ready Lo kill.

My hunting method is primitive
but effective: | swing wildly in
the general direction of the tiny

winged vermin. The heavy, stupid
flies are almost too easy to zap:
| prefer the smaller quieter Tlies
that tease me by alighting on an

armchair or counter, only to flit
away in the nick of time. But no
matter what kind of fly I'm after,
the end game never changes

the wires Louch the fly, there's
atiny spark and a crackle, and
the fly drops to the ground, inert.
Haematopaota pluvialis: prepare Lo
meet thy doom.

—Mark Fravenfelder

Whip the Wi-Fi
Blues

Whip Pro +5.5dB PowerBook antenna
5100_guickertek com

Maciumbler Tde [dd  Wnde

Frustrated by the Wi-Fi reception problems on your large-screen
FowerBook? Use QuickerTek's high gain Whip Pro antenna. My 15-inch
aluminum PowerBook was showing two wireless networks near my
office; my new Whip Pro shows eight. | don't know where they might
be or to whom they belong, but | see them and most of them show
signal strength of over 20 using MacStumbler. In other words, it sees

more networks and sees them with better reception. | found that one

network was even on the same channel as my AirPort base station
and changing that proved to be very helpful with reception on my
own network. Interesting to see just how many people surrounding
my own office never checked competitive networks on their frequency.
Onthe down side, installation is not for the timid, though it is not
quite as tough as one might think. In fact, this model was designed to

make the form meet the function, and the aesthetics actually make

installation easier in terms of mounting and assembly.

—Daniel East
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TOOILBOX
Micro GPS Shoot Out

don't ask for directions. There, | said it. And my girlfriend has a belter

sense of direction than | do. There, | said that too. | need GPS. That's

where these babies come in — each represents a different approach to

Iways-on-you GPS solution Bob Scott

Suunto X9

$700_suunto.comi

A technological tour-de-force (and pricec

accordingly), this huge but comfy GI
also includes the usual Suunto co
outdoor gizmos: barometer/alt
tegrated GPS rece

can automatically set and correct the t

and thermomete

COMMIP s UL

rometer ambiguities. A necessarily terse

ely long GPS acquisition time, but that's a

Ise for a quick drink on the trail. A seria

e cradle lets you type in waypoints and

Cobul doesn L suppor

from other programs

DeLorme Blue
Logger

%180, delorme.com/bluelogeer

Garmin Geko 201

§150 sarmiin.comsoroduets ko0 it (eoor ey [Erayy A i e b
$150 garmin.com/prodt Rekol) Not much bigger than a fun-size candy

1apping software to make j :
tion setup. But the eight-hour recharg
yalttery and wireles

throw it on the das

connection let

out dang

Unigquely, it can also operate as a standalone

standards. Cheap, fast ck logger, automatically storing thousands

able. Loaded with lithium osition and speed data points for later
s ny choice for the wireless download, Jse il Lo track the rovine

erything from balloons to yo

ange standard for
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Billboard Bags

Relan Bags Made from
Billboard Material
£55-590_relanbag. corm

Jon Jonnson, an

made out of a really dura

1 the great outdoor

wine DdgEs e materia

> bags
and the trim on many of the b

=

A Bag for All
Gadgets

CountyComm Bail Out Bag

540, countyconing oot
BAILOUTEAGGENS htmi

light ac

]

LINCH

el i [
e Bail Out Bag's

itrepreneurial ar

s both water

made from recy

boards were

figured out b

ned to withstand eight

i =1

1yl

2 kils, yoga mat toles, and
slant

led tire rubber

and ltear-res tlooks coo

—Shawn Connally

an gadgels

ap-around handles and a

ylon construction (or oliv

>hic at the same
—Bob Scott

TiE

Light Touch

FingerWorks TouchStream LP
£320. fingerworks.com

Note: FingerWorks has ceased
operations, but yvou can still buy
the keyboard from online retailers
and eBay.

ree weeks of 12-hour de

front of my laptop, and the mere

o

amount of force it took to pre:

causing pain

rds a
wrisls, so | bought a |
ouchStream LE which has a
perfectly smooth surface like a
trackpad, but with a keyboard

ghtest touch w

0

pad for typ

e TouchStrea

ar more than just a

12, however. Place logether two
fingers on the right-hand surface

mimic the arr
shift-a
il text The Tol
rts adizzy

ceslures. Special modes exisl

finger for

[ (&)
Hgnlg

ything from Emacs to
Fhotoshop

—Tom Owad
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Sound Advice

Temples of Sound: Inside the Great
Recording Studios, by Jim Cogan
and William Clark

525 1SBN: 0811833941, Chronicle

Books (2003}

“Those studios were
built with some incred
ible technology. For
nstance the studios
were built on four or Tive
inches of cork. Acement
slab was then floated
(suspendedyinside the
building that did not
Louch the walls of the
building, and then the

supported by that slab.
There was no physical
contact between the
Is and the in

outer wal

ner walls
That's how sound
engineer Bruce Swedien
describes the desien ol o
versal Studios in Chicago, built in
1957 by Bill Putnam. Putnam was,
by many accounts, the grandfa
ther of modern recording studio
engineers, a technological iInnova

Lo build whatlever he needed Lo
caplure what he heard. Along with
other greals, he ushered Inanera
of American popular music that
had “the sound” — a rich pres
ence that many digital engineers

are still trying to replicate.

Temples of Sound s 2 [ascinal

ing insider tour of the legendary

recording studios of the past
the rooms that recorded the most
revered American pop music of
Lhe twentieth century: the sounds
of Frank Sinatra, Ray Charles,
Brian Wilson, Aretha Franklin,
Barbara Streisand, Simon and
Garfunkel, the Mamas and the
Papas, the Rolling Stones, and
Marvin Gaye. They all had prefer
ences [or cerlain studios and
cerlain engineers. Jim Cogan and
William Clark’s lovingly narrated
travelogue brings you back to an
erawhen the materials and phys
ics really mattered.

—David Albertson

Further exploration: see Jim
Cogan's story on Bill Putnam
in the Oct/Nov 2003 issue of
Mix Magazine, mixonline.com,
search under “Bill Putham.”

Also, Tape Op Magazine is a
regular source for audio engi-
neering buffs: tapeon.com.

The Father of
Invention

Jack Kamen Comic Book Reprints
on Book and CD-ROM
BudPlant.com, comicsoncdromi.com

Dean Kamen's penchant for the
fantastic, it turns out, runs in
the family

i

‘hen the millionaire
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of his medical or personal trans
portation concepts, he turns Lo his
father, Jack Kamen.

In the 19505, Jack Kamen
worked for EC Comics, the
publisher of Wenrd Science. Tales

supernatural creatures, flawlessly
beautiful (but oh-so-WASPy)
wormen, and Leave it to Beaver
style families gone berserk.

Much of Kamen's early comic

book work is available in reprint
form, both in book and CD-ROM
format. Recommended titles:
Jo-Jo. Congo King (volumes one
and two, CD-EOM, $19.95 each,
comicsoncdrom.com/ titles/

jojo.htm). loaded with late 1940s

“sood girl” art, and the EC Comics
reprints available fram art dealer
Bud Plant .

—ark Frauvenfelder



Rocket Man

Strange Angel: The Otherworldly
Life of Rocket Scientist John White-
side Parsons, by George Pendle

%25, [SBN: 0I5100957X, Harcourt

(2005)

| already knew a bil about Jack
Parsons belore | read Strange
Angel. | knew he was an avid
DIY experimenter, a pioneering
rocket scientist from Pasadena
who co-founded Jet Propulsion
Laboratories in the 1930s, and an
avid lfollower of occullist Aleister

Crowley.

| also knew he accidentally
blew himself up with explosives
while working in his home labora
tory. Parsons seemed like an inter
esling but doomed and mentally
il man.

| hoped authour George
Pendle's account of Parsons
would go beyond the brief ac
counts of his life I'd read about,
and | wasn't disappointed. In fact,
Strange Angel s he besl book
I've read this year. Pendle’s story
presents the dizzy roller coaster
ride of Parsons’life within the well
researched context of the era in
which Parsons lived.

The Prelinger Library

How-To Library

301 &th Street, Room 215, San Francisco

To make anappointment to visit, go to prelingerlibrary. on

You might have heard of the Prelinger Archives (archive.org/

 ——

details/prelinger), a stupendous collection of industrial films
from decades past. But you might not know that there's also a
Prelinger Library, a library every maker should know about. Even
if you can't go, the fact that it exists should inspire: it's a col
lection of roughly 40,000 books, periodicals, maps, textbooks,
sovernment documents, and printed ephemera on subjects
ranging from engineering, cooking, and astronomy to landscape
and environment. The subject list sounds like a what's what of
modern living: cultural, rural, and urban geography, travel and
tourism, highways and car culture, natural history, cily planning,
media, and technology, just to start.

There is no Dewey decimal system: this library is what Rick
and Megan Prelinger call “access-oriented.” Shelves tower above
browsers, titles glimmering faintly down the aisles, a taste of
what's to come. Everything is grouped together by subject: the
shelves start out with books about San Francisco and wend their
way through the things of this world until they end with outer
space. The beauty of the organizational system lies in its seem
ing randomness; in an age where internel searches and closed
slacks are common, serendipily doesn L gel much of & loothold.
Best of all, in true maker style, the library is “appropriation

Iy where users are encouraged to scan, photograph, and
v to their hearts content.

—Arwen O'Reilly

lloved Pendle's multi-page forays
into the history of Pasadena as a
paradisiacal Eden for old-money
families from the Midwest and
New England, and the crooked
Los Angeles political machine
of the 1930s.

Pendle also provides the best
short biography of English occult

st Aleister Crowley ['ve ever read.

L. Ron Hubbard figures promi
nently in the book, too: he lived
in Parsons' house in the 1940s
before he founded Scientology.
Pendle paints an unflattering
portrait of Hubbard, claiming he
swindled Parsons out of around

520,000 and swiped Parsons’
girlfriend, to boot.

Pendle conducted interviews
with people who knew Parsons,
and scoured the archives of JPL
CalTech, and Thelema Mediz
(which publishes Crowley's
books) to collect enough bits of
factual history to construct a di
mensional portrait of a man who
heretolore has been presented
as a cardboard cutout.

Parsons’ life was far more in
leresting and sadder than | could
have guessed. This would make a
great movie.

—Mark Fravenfelder

Make: 177



TO0LBOX

Monster Possibilities

The Big Box of Monster Garage
540, motorbooks.com

U's hard to find a

eat af bo
sel of book

and connolsseurs o
1, but this is exac

Viotorbooks has achie

cable fans
good desig
whal
wilh ils How to Customize Damn
Near Anything, How to Weld Damin
Near Anything, and How to Custoiri
Faint Darmin Near Anything

' ) wilth attitude
Vv the “da

references and the hot

1e5E

are how
ustra

anything

TIN Near

graphics sprinkled throughout

115 boxed sel based on the

the DlYers
your life” And they're pretty much
right onthe mark. Everyone from
ear-olds to &l

10 -3 A
and especially if they

gel into checking these out
1 How to Custom Paint Damin
Near Anything pinstriping :

flames play

T or r

Have you used something worth
keeping in your toolbox? Let us
know at

cd V
& How
to create diamond plating

=i
S0

and tribal designs are als
out and the

1 |',_||'"-l.(,.
results are quite stunning

And once wo

n painl

1 move on Lo

nasltered custo
g, YOUu ca
How to Customize Damin

Near Anything. and lackle

eng

gine building, chassis
construction, and more
itense painting effects

(think skulls). Suspension

rakes then stop you) are
icluded

How to Weld Damin Near Any

thing arly expla

MIG welding and plasma ci

12 the basics a

antWelding Shop

And this one include

||_.‘.l|"‘. alnc

Safely
1aps the funniest p
Lion
IAVE ONe of

page 34, bottom phota)

sel: "Every shop ¢

1 Lhe

nore of these™ |

Jeffrey Goldsmith is publishing
cool books through his nascent

David Albertson is creative director
of MAKE.

Rob Bullington is the marketing and
events coordinator for MAKE.
Shawn Connally is managing editor
of MAKE.

Daniel East is a writer for several
Mac publications and the founder of
the Mid-Atlantic Apple & Macintash
User Groups Team.

Mark Frauenfelder is editor-in-chief
of MAKE.
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Andy lhnatko ( ) is
The Chicago Sun-Times technology
columnist and the author of best-
selling Mac books for Wiley Publishing.
Marc H. Nathan is an angel investor
and technology enthusiast who lives
with his wife and bulldogs in Houstan.
Tom Owad is a Macintosh consul-
tant in York, Pa., and editor of
Applefritter { ). Heis
the author of Apple ! Replica Creation.
Arwen O'Reilly is an assistant editor
for MAKE.
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A big box of monster tips and tricks
to customize damn near anything.

ilecd every shoo should have

The Big Box on ils shelves
—Shawn Connally

Ross Orr hacks low-tech gadgets
and invasive plants in Ann Arbar, Mich.
Matthew Russell tries to live life as
a renaissance man, but hasn't made
much progress since becoming
enthralled by the cult of Mac.
Fred Sandsmark is a freelance
writer and musician living in Castro
Valley, Calif.
Baob Scottis a statistical construct
of various consumer electronics
markefing departments.
Patrick Webb manages computer
projects at his day job and is a writer,
private pilot, and technology
aficionado the rest of the time.
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W= Wizard Christmas Crackers
& |

Make trick crackers that go off like a gunshot and burst into
a blinding, sparkling ball of flame.

MATERIALS Strong cotton (not nylon String poppers: The kind Flash cord {optional)
Flash paper or polyester) thread :fif;si‘rg?gs C?E'g"ghi”t Electric flash powder, also
Flash cotton Clear nail polish O ENOS, 1O cram called sparkle powder

. ) pagne bottles. | buy these (optional): Available at
Non-flammable confetti Small toy: Strange coins, in Chinatown. clvlighter com or

(optional) medallions, rings, and carved
animals work well.

theatrefx.

1. Make the igniter.

2. Tie the popper

1. Arrange a few poppers strings together.

as shown.

3. Weave a tuft of flash cotton

hetween and around the 9

poppers. If you have sparkle

po'..l'.fdelrl. 'Imat Elhe l'ﬁmter wnc:-' 4. Tie the flash cotton around 5. Tie two strong 18" strings
!-latll pois 1;” roll it aroun the poppers with a small bit securely to the string bundles
Inihe powder. aof thread or flash cord. on eachend.

2. Build the tube.

6. Find an appropriately
sized cylinder (I use a AA
battery) and wrap flash
paper around it, gluing the
tube closed with nail polish.
After the polishis dry,
remove the cylinder.

F.l— - 7 Insert the igniter assembly so that one string handle comes
out each end of the tube. Insert the tay in the tube. Optionally,
stuff in some non-flammable confetti — but not so much that
it will interfere with the ignition of the tube. For a better grip,
you can tie a small ring to each handle.

3. Twist the ends.

8. Twist the ends of the tube 9
closed. Make sure the handle
strings are not mechanically
attached to the tube. You don't
wanrt the tube to pull apart like
a normal cracker; it should
remain intact and be ignited
along with everything else.

4---

9. Stand away from anything flammable and keep the cracker
away from people and pets. With one person holding each
string, stand apart, and on a count of three, yank the strings
sharply to pop it. Don't be timid: if one person gives, it might
just pull the handle strings off.

Make: 179




. 00000001 cvs Hackatho“

Gadgeteer and hacker Phillip Torrone
blogs daily, pointing out DIY projects
as well as showcasing his own how-to
solutions. You can find blogs, podcasts,
and images at makezine.com.

. Hizhly connected communities are getting
smarter and more nimble, especially when there are
mutually shared warranty-voiding goals. The MAKE:
Elog tends to become a clearinghouse of information

during intense weeks of ravenous device modding.
Afavorile ol mineis the digital CVS One-Time-Use
Video Camcorder.

Introduced in June of 2005, the CVS disposable
digital video camera was meant o be purchased lor
under or around $30 (less with rebate), and eventu
ally returned Lo the store Tor processing. Aller their
“processing.” which costs another 512, you get a
DVD back with your videos, a meager maximum
of 20 minutes. IT's a one-lime-use camera, 50 you
don't zel to keep il but the idea of 2 low-cost digital
video camera Lo use for a variely of projects s
extremely appealing to any maker out there.

CWVS has released disposable digital still cameras
with much success (and those too were hacked
for photography projects). v
Lhe CVS video version, | expected it to be used
ininteresting ways. But what | didn't expect was
how quickly and efficiently the makers, hackers,
and modders worked, both independently and
collaboratively I blog posts were Tossil records,

'|'||

Vhen | heard about

you could see the evolution of this lowly camera 1o
the maker-Triendly, super-duper, all-purpose video
camerait is today.
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CVS Disposable Video Camera Hack Timeline
(on the makezine.com/blog)

Day1l CVS disposable video camera is introduced.
Day 3 Camera disassembly is documented.

Day 7 USE pinouts posted.

Day 10 Videos posted. file formats explored.

Day 20 Hacked! Maker John Maushammer hacks
the camera inless than 18 hours.

Day 22 MAKE: Audio interview with Maushammer.

Day 59 Videos can be downloaded over USEB with
no need to desolder the flash memaory.

Day 64 Hack using a Palm |l syne cradle posted.

Day 65 How to build 2 helmetl cam, with video, posted.

Day 78 Camera manulacturer Peer Digital says,
“Do-ityoursellers are not our targel audience. [U's
sort of a2 non-issue”

Day 82 C\V5 camera aucltions are removed from
eBay no reasons given.

Day 83 Using the CVS camera in a rockel posted.

Mot oo shabby. In less than two months, a crippled
camera wenl from sitting on the shell to becoaming
eve posted dozens of how-tos,
each project bullding on the past ones, from cameras
onRBC planes to night-vision mods. The CVS dispos
able digital has become more than itwas initially
intended to be and thal's truly the most interesting
thing about this device

hi

part of arocket. W

what you make with it.

Check out our latest posts onmakezine com/sblog
and mod yoursell an excellent (and cheap) digital
video carmera this weekend.

Photograph by Bill Bradford



B Check out the cool gift ideas for
the maker on your list:

Makers: — Celebrate the creativily and resourceful
ness of the DIY moverment with this beautiful hard
bound book worthy of any maker's coflee table. Bob
Farks and the editors of MAKE profile 100 makers
and their homebrew projects, backyard inventions,
and basement creations. Available December L
Preorder yours today at makezine corm/makers,

Gift Subscriptions to MAKE
so sharing with your issues of MAKE. Your friends
appreciate it We appreciate it But now is the perfect
time to reclzim your own subscription. Give the geek
on your list a truly unique zift this holiday — their very
own subscription to MAKE. While supplies last, yvou'll
also receive your very own MAKE T-shirt!

II's greal you've been

Early Volumes of MAKE — e 've been hearing from
newcomers o MAKE who'd love Lo gel their hands
onthe often hard-to-find early volumes of MAKE Lo
complete their collection. Now available is a specia
collector's edition gift box of the entire first year of
WMAKE., as well as individuzl copies of all four volumes.,

Find these and many other cool gifts sure to bring
asmile to the face of a maker this holiday season at

makezine com/coolzifls.

MAKE T-Shirts — OK, we heard you. MAKE T-shirts
are now available at makezine.com/coolgifts.

|| Bay Area Maker Faire

Note: New dates now slated for April 22 and 23 to allow
for more outdoor projects.

Join the MAKE team and thousands of other
makers at MAKE magazine's first ever Maker Faire.
Meel experl makers and MAKE contributors. Hear
from O Reilly's Hacks Series authors. Atlend DIY
tutorials. Explore DIY projects and see demonstra
tions. See the Ulimate Workshop.

Bring your family and friends to the San Mateo
Fairgrounds (centrally located in the San Francisco
Bay Area) for aweekend of hands-on exploration,
recipe sharing, creative mischiel making, and whole
some play.

All-day admissionis a pallry $12 for adulls, S5 for
leens, and nol a cent for kids 12 and under accom
panied by an adull. Maker-friendly family tickels
and Tull weekend passes avallable as well! Joinus
on Saturday, April 22, and Sunday, April 23, 2006.

M Tired of waiting for your MAKE?
Add MAKE Digital Edition to your subscription
(freeto print subscribers). MAKE subscribers can
now read, search, and share their MAKE magazine
online Gel access 1o special audio and video extras.

And best of all, you'll be reading your MAKE up
lo three weeks prior lo receiving your print edition.
Avallable to MAKE subscribers only. Get more infor
mation at makezine.com/dizital.

In our profile of Ed Storms (Volume
03, page 25). we failed to mention his
employment with Lattice Energy. LLC in Chicago.

Dr. Storms’ current work with a scanning tunneling
electron microscope has been made possible by Lattice.
You can read Lattice Energy CEO Lewis Larsen’s letter to
MAKE. in which he clarifies several points about Dr. Storms’
employment status, at makezine.com/03/interview.

In the Welding Primer (Volume 03, page 163), Mister Jalopy
warns readers to “Make sure your welding area is clean
and inflammable as the sparks are going to fly!” We meant
to say that your welding area should be non-flammable.
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————=_ And One Mouse to Rule Them All

. The computers are stacking up. They re on my
desk, behind my desk. in the attic.in the basement,
in the garage. Ideally, I'd like Lo have one monitor,
one keyboard, and one mouse on my desk, with all
my computers hooked up through them.

What's the most efficient setup for a2 workspace
with a range of equipment spanning 30 years of
technology? | began with 2 1970s DEC desk with a
bBuillt-in, three-foot rack. Desks like these are hard 1o
find nowadays. [U's much easier Lo find self-stand
ing. three-fool racks, which can then be craflted into
a custom desk,

This desk’s rack contains my Apple lIGS, Replica
| (an Apple Ireplica), RackMac TZ, and GatorBox
LocalTalk-to-Ethernet adapter. Sitting atop the desk
15 a 5C5-based HP Scanjel with Automatic Docu
ment Feeder, which luse to scan docurmentation on
the RackMac. The two PowerBooks and the Caolor
Classic are on the desk.

In trying to find & monitor that would work with
all these, | came up with the Dell UltraSharp 2001FF
20 1-inch LCD. This display supports DV, VGA,
SVideo, and composite video. Swilching modes
oceurs al the push of & button, so it's easy Lo rolzale
through multiple systems. The 12" PowerBook con
nects via DVI, the RackMac via VGA, and the Apple
IG5 via composite. | access the PowerBook through

Lhe Mac OS X server Lools and have a serial interface,

via USB adapter, for the Eeplica |, which allows me
Lo controlit through a terminal window on my 12"
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4mHow Tom tames his
computers.
1. HP Scanjet with auto-
matic document feeder
2. PowerBook G4 Titanium
(display broken off in
5 mishap) 3. PowerBook
G4 12" Aluminum 4. Dell
UltraSharp 2001FP 20.1-
— inch LCD 5. Color Classic
(running System 7)
- T 6. FingerWorks
TouchStream LP keyhoard
7. Acer Wireless ADB key-
board 5. RackMac TZ (run-
ning Mac OS 9)
9. GatorBox LocalTalk-to-
Ethernet adapter (hidden
from view) 10. Replica |l (a
= replica of the Apple |. hid-
den from view) 11. Apple
1IGS (with all the extras)

S|

FPowerBook. The Color Classic, of course, has ils
own internal display.

This approach eliminates the need for a desk full
of monitors, but it leaves the keyboard and mouse
problem. | use a FingerWorks TouchStream LP
keyboard/zesture pad with my PowerBook. Since |
connect to the Replica | via a terminal session, this
also works with the Replica |, but leaves me with
three ADE systems needing keyboards and mice.
ADEB switches are extremely difficult to find. Inlieu
of this, | decided to use infrared keyboards. | chose
an Acer Wireless ADE keyboard.

| connected an infrared receiver to each of the
ADE Macs and positioned these onmy desk. | stow
the keyboardin an open slol in the rack When |
wanl to work with any of the ADE Macs, | slide the
TouchStream aside and pull out the Acer Wireless,
Communication from the keyboard to the receiver
Is one way. so il | have all three machines on al once,
all three will receive the same keyboard and mouse
input. | keep a piece of tinfoll handy to cover the
other receivers, If more than one s active.

With one display, 2 handful of video switches, and
infrared keyboards, there are very lew compulters
that cannol be incorporated into this setup.

Tormn Owad (owad@applefritter.com) is a Macintosh consul-
tant in York, Pa., and editor of Applefritter (applefriftercom).
He is the author of Apple ! Replica Creation (Syngress, 2005).

lllustration by Dustin Amery Hostetler / Upso.org



On June 27 the Supreme Courl issued its decision
inGrokster vs. MGM, a lawsuit over the legality of
peer-to-peer networking. The decision creales a
new form of copyright liability that goes Lo the heart
of what MAKE is all about: making cool stulf out of
other stufl and sharing it with the world.

The Grokster case was aboutl “secondary”
lability. IT you make a tool that allows your users
Lo infringe on copyrights — like a camera, pencil,
VOR, or the internet — should you be held hable
for their actions? The granddaddy of secondary
liability cases was the Betamax decision, which was
handed down in 1984, when the studios argued that
the VCR should be made illezal because it would
Napsterize the movies that were aired on broadeaslt
TV (yes. they claimed this!).

The court then found that the VCR was not illegal,
nor was any technology “capable of sustaining a
substantial non-infringing use” That is. 1 your tech
nology could be used Tor non-infringing purposes
(say. recording the copyright-free congressional
wrangles on C-SPAN). then it was legal to build it
Your customers might still be on the hook if they
oot caught making infringing copies, but it wasn't
your responsibility.

Betamax stood us in good stead for more than
20 years. The knowledge thal any technology that
could be used for good was legal to bulld gave mak
ers the cerlainty to develop. capitalize, and sell or
distribute all kinds of tools from printers and scan
ners to Microsoft Cutlook to the Google Toolbar.

But as the majority of internel users seek an end
run around the entertainment industry's price fix
ing, limited back catalogs, and antiquated delivery
mechanisms by means of F2P systems. the enter
tainment companies have tried to create a new kind
of secondary liability — Tor inducing your users (o
infringe copyright.

This is thoughterime. If Alice and Bob both build
identical VCRs, but Alice advertises that yvou can use
her VCR to duplicate copyrighted movies while Bob
merely winks knowingly and lays his finger along
side his nose, Alice faces liability and Bob doesn 'L
Groksler and its codefendants were accused of
this kind of thoughtcrime. Napster was sued into

AP

\

RIP, MiX, BURN

oblivion, found guilty on the grounds that they'd had
the ability to control their users, so they couldnt find
refuge in the Betamax delense. Grokster and the
other post-Napster P2P companies set oul o deploy
F2F systems thal lacked this control: systems buill
on technology like Gnutella, where the people who
deploy the soltware have no way of knowing what
users are downloading or searching for.

Eut the Supremes found that since the architects
of these systems had hoped that their users would
download infringing songs — because they targeted
ex-Napster users — they were guilly of inducing
infringement.

The court saw their intention to attract
JO000.000 Napsler users as evidence that they
had intended to induce the infringement — even
though Napster itsell has since been bought oul by
record labels who are marketing a new service (also
called Napster) to those same users.

I you're a maker, this is scary news. With every
word you utter, every email you wrile, every M you
send, you've gol to make sure you never breathe
ahint of any expectation that your users might
infringe copyright. Apple couldn't get away with
“Rip. Mix, Burn” under this standard.

In 1984 the Supremes’ Betamax decision gave
every tinkerer and garage startup a gift: an easy-to
understand standard Tor which all kinds of products
are lawful in the marketplace. That gift paid 2 divi
dend: 20 years of innovation, encompassing every
thing from the PC revolution o the internet. This
year, they took that gift away with the Grokster dec
sion: an impossible-to-gauge standard that makes
your technologies' uses secondary 1o your slate of
rmind when you sat down al your workbench,

Cory Doctorow (craphound. com ) works for the Electronic
Frontier Foundation (efforg). co-edits boingboing.net, and
has written several novels.
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1 wabi_sabi

The Japanese have a deep appreciation
for things humble and handmade.

. Do you have a favorite cup or pen or T-shirt?
NVhy dooyou like it so much? [ have a lfavorile colfee
mug that's at least 30 years old. It's a ceramic mug
with a few nicks in the handle and it bears the call
letters of 2 public radio station, which sent it to me
aspart of a membership drive. [ cannot explainwhy
[ like to use that particular mug first thing in the
morning. To be honest, | never really thought about
it until [returned from a trip to Japan earlier this vear
Onmy trip, | picked up a2 small book called Wabi-
Sabi for Artists, Designers, Foets and Philosophers.
writlen and published by 2 San Franciscan, Leonard

Al

Koren. He delines Wabi-Sabi as "the Zen ol things”
Koren writes that Wabi-Sahi “is a beauty of things
imperfect impermanent, and incomplete. Itis a
beauly of things modest and humble. [tis a beauty
ol things unconventional.” Criginally Wabi relerred

Lo “the misery ol living zlone innature” and Sabi
meant “lean” or “withered.” Over time, Wabi-Sabi
came to mean an appreciation of the simple things
inlife. It seems akin to the way the word “organic”
Is now used.

InJapanese culture, Wabi-Sabi is wrapped in the
mystery and ritual of the tea ceremony. The ceremany
traditionzlly takes place in anoutbulding that is by
nomeans elaborate; its more of 2 shed or a shack.
The ceramic bowls used to serve lea have been
unigquely created for this use and they are often
passed down from one generation to the next They
arerough-hewn not polished The tea ceremony,
like a lot of what you see in Japan, is aboul taking
something that we do regularly and making it into
an art form, a deeply considered experience. [1's
the difference between eating fast food on the run
and enjoying a satislying meal in the company of
friends or family.

Wabi-5abi defines an aesthetic sense of an object,
apart fromits function. It's away of understanding
why we are altracted to some things, whal they
meantous and how they make us feel. One insight
of Wabi-Sabi is that objects gain value by being
used. "They record the sun, wind, rain, heat, cold
inalanzuage of discoloration, rust tarnish, stain,
warping, shrinking, shriveling, and cracking. Their
nicks, chips, bruises, scars, dents, peeling, and
other forms of attrition are a testament to histories
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of use and misuse . They still possess anundimin
ished poise and strength of character” InVolume 02
of MAKE (see page 50). Joe Grand showed us how
to put & new compulter inside the well-worn case of
an Atari console. | must admit that | wondered why
someone would really want to go to all that trouble.
Now, Wabi-Sabi helps me understand why Joe trea
sures his old Atarl system.

Bob Dylan. inhis book Chronicles, Volume One,
says that when he was asked early in his career
what kind of music he played. he answered, "Tolk
music. When he was then asked Lo describe Tolk
music, he answered thal "It was handed-down
songs.” He slarted out learning this music and only
later did he decide o make his own kind of music.

“One insight of Wabi-Sabi is that objects

gain value by being used.
abi-Sabi challenges conventional notions of
beauly — that whatis new is belter, thal mass
produced products are perfect In fact our exper
ence is exactly opposite. Nothing is perfect. Nor
arewe. Large billboards in American cities this past
summer featured large American women instead
of excessively slender supermodels, showing that
beauly comes in zll shapes and sizes. Koren wriles,
“Wabl-Sabl appeared the perfect antidote to the
pervasively slick, saccharine corporate style of
beauty that | felt was desensitizing American society”
Wabi-Sabi helps us identily something that is truly
authentic, based onvaluing our own experience.
When something becomes your favorite, you don't
want to replace it with something new. The things
we make are more adthentic than the things we buy.
Cur own knowledge and experience are rellected in
what we have made. As Finnish crafter Ulla-Maaria
Mutanen writes in the Manifesto that appears in this
issue (see page7) Il yvoumake something yvoursell,
you see part of yourself in that object. This is not
possible inpurchased products” Making something
is & creative ritual, like the tea ceremony. We follow a
set ol steps thal have been handed down to us, but
what we end up with is all our own.

Dale Dougherty is editor and publisher of MAKE.
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| Treasure Trove

Makers past and present populate a
unique catalog of hard-to-find lore.

."I have been an incurable experimenter and
cadeeleer since childhood Hove old science and

lechnolosy books and have @ special lascinalion
[or people past and present. who can bald some
Lhine oul of nething nlzel Thave something of 2
reculabion mysell” Sound lke anyone you know?
That s how H Peler Friedrchs ntroduces himsell
in The Wice of the Crystal his 185 page book sboul
making crystal radios from household materials. This
1999 cemn s one ol many in the exlensive calalos of
Lindsay Publications, Ine.

Nobinto crystals? Try red-hot metal The Charcoal
Foundry by Lhe l2le David Gingery s the lirst ol 2
seres leatured inthe calalog. Gingery wriles: As
i5 usugally the case with the hobbyistl, experimenter,
or inventor Ldidn b need & machine shop [ usl
wanled one” He selsoul Lo build & lathe by casling
Lhe parls himsell and then o use L Lo prodoce he
rest ol the equipment Lo make up 2 ull and practical
machine shop Evenilyoure nol that ambitious,
Lhe book will convinece yvou thabyvou canlearn Lo build
vour own loundry and make llems rom scrap melal
Cyou have ever bull sand castles or made mud
ples you have some experence inoreen sand mold
ngwriles Gingery  [really s that easy. The sand
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4m Vince Gingery pulls the
crucible from a gas-fired
furnace (left).

®) Dave Gingery's Charcoal
Foundry shows you how to
build a very basic furnace
(right).

Simple
Scientific
Experiments

ez
4= This 96-page reprint.

of a booklet published a
century ago. has 46
experiments including

a device that makes
smoke rings. and one

that detonates flour.

by Aurel de Ratti

will Lake animpression ol the patlern and provide
ccavily inlto which we pour the mollen melal ™

Lindsay who only uses one name s the manwho
culs oul the eponymous calalog Hesays  Sand
casting goes back 3 000 vears Dave Gingery used
o say Whenyou shake oul the sand and see Lhe
casting ibs ke Chrstmas morning. Lindsay, 2n
encineer has been publishing lor 25 years Melal
wiorking Is a big calegory for him

don 't olfer everylhing ust the very besl [ can
nd hetels me  Theres alol ol good old stull
Wany of the Lindsay olferngs are reprinls of oul
ol copyrichl works, such as the 1825 Distilfation
and Rectification of Alcohol ¢ so-called realise hal
explains the making ol wine whiskey, and lguears.

[Mthal leads vou lo bulding & distillery vou canlearn
o make a boller or a keltle Trom Coppersmithing.
published in 1893 T youre a lan ol S Feet Under.
yourmay wanl lounderlake reading the 1200 Pre-
serving the Dead: The Art and Science of Embalmiing.
Lindsay also carnies sell-published books such
as those by Gingery and Friedrichs that don't end
upin bookslore chains | rarely offer beginner's
Books which are more easily lound WMy books are
more complicaled " says Lindsay bul nol nearly as

Photography courtesy of Lindsay Publications
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" What to Make
of This?

We found this 1944 issue
of Popular Mechanics at

a flea market. Yes, you'd
think they knew we were
coming, some 61 years
later. Projects include all
kinds of thankless work
including making house-
hold furniture, Christmas
cards, dollhouses, and the
like, all with the classic
diagrams that seem to
make anything possible.
And all for 50 cents. Yet
the unusual pops out
amidst the commonplace,
for instance, the “Swank
Martin Apartments,”
which are elegant. three-
story hexagon-shaped
birdhouses. There's an
article on designing skate
sails, which is news to me,
a Californian, but the con-
cept is similar to wind surf-
ing. Now. via Google, | find
a Museum of Skate Sailing
in Sweden, and learn that
current designs achieve
75mph.

complex, mathemalical nor as expensive as lop
end engineering texts”

The catalog is a treasure trove of lost knowledge
and. more importantly, the books themselves are
cuides by and for the resourceful. The title Impover-
ished Radio Experimenter says it all In How to Use
Tin Can Metalin Science Projects. author Edward
J.Skibness says that the book's subtitle should be
“How to Do Much Without Much”

And Friedrichs writes, "Crystal radiois old news.,
and may be of limited value as an educational
experience. However, Il excels as an exercise in
crealtive and logical thought " Indeed these are
books that teach the timeless lesson of learning
by trial-and-error.

B WayBack Website

“The Museum of Retro Technology grew out of an
early page on odd steam locomolives” explains
Douglas Sell, a2 designer of hi-l equipment whose
websile hosts the Museurn. Sell decided he needed
abroader name when he began to add “odd tech
nologies” that had nothing to do with steam engines.
“Electromechanical amplifiers were one of the
first new topics — the technology is so odd and so
ohscure | could not resist adding it he says. Now
the museum covers four categories of technology:
Communications, Computing, Transporl, and Power.

self.dsl pipex.corm/

Museumn of Retro Technology: v .
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This MakeShift challenge is brought to you by Dean Kamen
and the creative team at DEKA. Dean and his team will also
be participating in the analysis and winner selection. And
remember: Don't be afraid to kiss frogs!

The Scenario: You're driving through a remote region of
Mexico currently experiencing drought conditions. From the
road, you see a family working desperately to keep their crops
irrigated by carrying buckets of water. A quick scan of the
farm leads you to believe that you can help. You pull over and
introduce yourself (en espanol, por supuesto). You learn that
the pond level has dropped due to the unusually dry summer,
and the stream that it normally feeds has stopped flowing.
This family of five has been doing its best, but it is clear that
they are doomed to fail given the severe heat, distances, and
carrying capacities involved. These crops represent food for
the winter, annual income, and seed for next year's crop. Una
solucion elegante a este problema dificil es necesaria.

Supply List:

Metal barn with industrial farm 1 old oil tank, approximately
equipment (wagon, tiller, mower, etc.) 1,500-liter capacity

1 dilapidated greenhouse, with most 3 oak barrels, about 200-liter
of its glass and equipment intact capacity (not watertight)

1 broken-down farm tractor Numerous rolls of black and clear
4 mil plastic, about Imx50m each

3 donkeys

Send a detailed description of your MakeShift solution with sketches and/or photos

to makeshift@makezine.com by Dec. 31, 2005. 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 MAKE T-shirts and a SWISSMEM-
ORY™ USB Victorinox 512MB. Think positive and include your shirt size and contact
information with your description. Good luck! For readers’ solutions to previous Make-
Shift challenges, visit makezine.com/makeshift.

William Lichwell is aconsultant with Stuff Creatars Design Studio and co-authar of the book Universal Principles of Design.







Where makers tell their tales
and offer praise, brickbats,
and swell ideas.

. Alan sent us this email after we saw his
pictures on Flickr of a waterlogged MAKE, Volume
03 that barely survived a river rafting trip, and we
offered to replace it.

Hey. zlad you like the pics. | actually ended up
bringing both MAKE and Consumer Reports down
the river. Despite how weathered MAKE was by the
end, Consumer Reports didn't have a chance — it
was pracltically torn o pleces.

Thanks lor making such an interesting {(and
robust) magazine: iU's always a must-read for me,
and yes, | would love a replacement copy. Thanks
[or the offer.

Keep on makin' MAKE.

—Alan Joyce

. [justhad z briel email discussion with Eric
Wilhelm, the author of the Halloween article in Vol
03 of MAKE. He was extremely helpful inironing out
a few wrinkles inmy understanding ol the project
(nol the fault of the article, just my own knowledge
caps), and in the course or our discussion, he sug
cested | contact the MAKE team to let them know
that this was the type ol article thatis right down
my proverbial alley . sothal's what 'm doing!

| subscribed to MAKE sight-unseen alter reading
ablurb about it on 5FGate 2 number of months
ago, and | haven't been disappointed in the least.
The Halloween article especially appealed Lo me
because ['ve always had a nagzing interestin how
to interface with objects external to 2 compulter,
and now | know. | have no idea how [l actuzlly use
the project, bul that makes little difference — | just
want to build it | suppose this suggests a desire
[or more projects where the obvious “cool” factor
is appreciated by geeks and non-geeks alike. More
Hzlloween fun and less how-to-turn-your-FsP-into
a-web-server ... maybe.

Keep up the outstanding work.

—Steve Borgstrom

. OK, MAKE is the best damn magazine | 've ever
colten. Period. Lel's just gzel that out of the way.
'mgoing to keep getting i In fact, when | got the
email sayving that it lupgrade to a premiere mem
bership, I'd get FULL ACCESS TO THE DIGITAL
EDITIONS, | thought, "Now THAT'S what a maker
would want!” Right?

Aw, jeez. Actually, itis what a maker would want,
but what this actually isisn't that. What a maker
would want is areal, honest-to-gosh POF file.
Searchable text and all that. Come on, folks, ['ve got
adual 20GHz G5 with Spotlight and space onmy
portable drive for eBooks out the wazoo, and here
[canonly get 2 bunch of rendered images that will
print to enormous, awkwardly laid-out, non-search
able PDF. Eleah.

Anvhoo, it just seemed odd since thisis amaga
zine thal's had brilliznt criticism of bonehead DREM,
and this implementation leels like just that. Then,
It's probably just a tech issue, but | thought you
should know how it reads.

AWESOME MAGAZINE and well done!

—Simon Tarr

. Wy son made the potato gsun and was tolally
successiul inso doing. Thanks Tor putting out
a great magazine that looks beautiful but more
importantly, got my video-obsessed kid reading.
Much appreciated! The trees inour backyard are
taking @ pounding, however...

—Rick Kleffel

val. 04, Navernber 20058, MAKE (155N 1556-2336) is published quarterly by O'Railly Media, Inc. in the manths af February, May, August, and Novarmber, O'Raily Madia
islocated at 1005 Gravenstain Hwy North, Sebastopol, CA 85472, (707) B27-7000. SUBSCRIFTIONS: Send all subscription requests to MAKE, PO. Box 17048, Morth
Halbwaood, CA $1615-9588 ar subscribe online at makezine comdalfer ar via phane at 866-283-8847 (L1.5. and Canada), all ather countries call (818) 487-2037.
Subscriptions are available for $34.95 lar 1 year (4 quarterly issues) in the US. Canada: $3995 USD: all ather countnes: $4555 USD. Apphcation ta Mail at Periodicals
Postage Rates i Pending at Sebastopal, CA and al addibonal mailing olfices. POSTMASTER: Send addrass changes to MAKE, PO. Bax 17046, North Ballywood, CA 915159588,
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. ['msure Mister Jalopy is 100 times the welder
| am, so the point I'm about to raise was probably in
the original article and got dropped somehow, but

The nice, clean "tube of toothpaste” welds he
demonstrates require one extra step that wasn't
explicitly discussed: as you squeeze the trigger
and move the weld sun away from you, make very
small circular motions with the tip of your weld
cun (some folks make 2 zigzag, and others make
arunning series of hall-moon shapes, but the little
circles work for me).

By the way, my second welding project was a
welding cart made from several discarded steel
shelving units, some casters from Enco, and a
dumpster-dived bank of drawers that look like they
came from the Soviet Ministry of Card Catalogs.

The magazine keeps gelting better. Keep it up!

—Travis Li. Corcoran

. | was browsing my local Barnes and Noble
looking for something interesting when | noticed
MAKE magazine. Curious, | picked it up and began

to read. | was amazed. There were so many wonder
fulideas and projects that | purchased it immediately.

Alter reading it cover Lo cover twice, | bought a
subscription. Please keep up the good work. [U's
very few mags nowadays that see hacks for their
inventive and exploratory nature, rather the media
image ol the malicious hack junkie, hopped up on
calfeine and trying to break into the admin accounts
ol anyone that passes them a furtive glance.

Kudos to yvou Tor portraying the real story! Wowed,

—D. Griffin

. | made PVYC marshmallow guns for my two boys
this weekend. Al first, they had no idea what | was
doing. After my 8-year-old saw the first mini-marsh
mallow Ty out of the tube and smack the wall, he
was hooked and so was his S-year-old brother.

Thanks for helping me be a hero for $5.71 (cost
for 2 guns).

My oldest slept with his gunlast night and
was amazed that when he woke up it smelled [ke
marshmallows. “Yup. | said, "l love the smell of
rmarshmallows in the morning.” The male bonding
has begun.

—John Bobo

AMERICAN SCIENCE
& SURPLUS

INCREDIBLE STUFF, UNBELIEVABLE PRICES!

Tools * Components * Materials * Parts
Workings * Apparatus * Gear * Devices
Machinery * Mechanisms * Equipment
Supplies * Paraphernalia * Kits * Hard-to-find
Plus lots of weird stuff!

Shop Online: www.sciplus.com

Call for a FREE catalog! 888-724-7587




F————= My Lego Electronic Lab Kit Bricks

. | still own a FPhilips Electronic Lab Kit. My par
ents gave it to me in1975 It's been stulled away in
a box for more than 22 years.

About a vear ago. | el the urze to tell my kids (who
were 5 and 7 at the ime) about electricity, switches,
lamps. batleries and basic circuitry. Digging oul the
old Philips Kit, [Tound that lols of parts were missing.
Jnfortunately, Philips had discontinued it, and there
was no way to gel replacement parts.

With my desire to avoid “vendor lock-n” schemes
wherever possible, and my strong beliel in open stan
dards, | was looking for a kind of OS5 lab kit, easily
expandable. cheap, fast to make, solid, and based
onstandard pieces available almost everywhere.

Naturally, LEGD came to mind for the basic build
ing blocks. They are very solid and you can buy the
colorful plastic bricks almost anywhere (| had three
boxes [ull). The colors allow for good categorization
of components. | bought some LEDs, protolyping
board. soldering nails, and shoes, the initial idea
being that the soldering nails would be stuck to the
prototyping board, which somehow would be con
nected to the LEGO brick | tried. but it was oo
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much work o manulacture a brick.

Then [tried to stick 2 soldering nail through one
of the studs in a brick. It was easy and fast, giving
me the “eureka” effect.

The first brick was composed of 2 LED soldered
to two nails. The solder forms a little bullet onthe
bottom of the nail. Holes Tor the LED's pins were
made by sticking and removing a nail. For other
bricks (transistor), a Dremel tool was used. Bricks
glue easily with super glue.

Forsimple daisychaining, every pin of a compo
nent needs Lo be connecled Lo two nails,

Being too lazy to builld bricks for all kinds of resis
tors and capacitors, | Tound that looping their wires
and blocking them with 2 naill/shoe provided a nice
connection and avolded redundancy.

My next sleps: standards for bricks (e.g. color
usage [or transistors, like NPNyellow and PNP:
red) creating LEGO CAD piece delinitions, and
writing instructions for 2 sel of circuits to build.

Do you have your own Homebrew story to share? Send it fo us
at homebrew@makezine.com.

Photograph by Claude Rigth



was so impressed.

- John

| just LOVE M this service. You need to knOW.

We show you HOW.

The sarvice is, in a nutshell,

cutstanding, and the chaice of

~N

Vs improves every month. /Rent metalworking videos

Hand wark and basic skills, drilling & tapping, using
alathe, welding (gas, flux core, GMAW / MIG, TIG,
cast iron), blacksmithing, working with sheet-metal,
milling {on a milling machine or just a drill press),
threads and gears, brazing, small engines, engraving,
using layout tools, surface treatments, pewter-
smithing, chrome plating, polishing, flame painting,

- Sreve Koschmann,

Make: vol 03

WESOME! | love the
operation you guys run over
there. Thanks.

Coi
- evelyn

power hammers, the English wheel, anodizing, powerhammers, making
springs, heat treating, metal spinning, working with chrome-maely tubing..

I'mi starting a little business
making some custom car

interiors and the videos help

tremendausly. Thanks from

/Rent craft and art videos

AT

Waoad turning, pottery (hasic, advancad, hand-
building, throwing, Raku, glazes, resists, kilns),
polymer clay (basic, advanced, milleficr, metallic
clay), glass (blawing, bead-making, fusing, stained

me and a lot of other people
wheo just can't afford to buy

them!num

-
- immy

glass, horasilicate, bracelets, slumping, sculptures),

Thanks for vour prompt reply,
wood carving, jewelry making, sculpture (clay, metal),
calligraphy, bookkinding, paper-making, oil painting,
photegraphy, spinning, weaving, leather-working, picture framing, jewelry
engraving, patinas, gem cutting, scap-making, chainsaw carving...

-Gabe _,/
\

yvou've got yourself some

repeat customers over here, |
can assure you.

This is service above and

/"_
beyond! | will be renting again. a"d thousands more

Guitar (electric, folk, slide, rock, western, swing, bluss),
fiddle, harmanica, banjo, accordian, kass, cello, brass,
harp, knife-making (forging, sharpening, Damascus
blades), electrician skills, casting resins and metal,

car audio, luthiery, engines, professional chef knifs

n
- noy

Many thanks; AWESQOME

sarvice!

.
I
-cly

skills, matarcycles, sailing, disaster preparedness,

airbrrushing, clock repair, maintenance & setup for
guitars and basses, medieval armor making, uphaolstery, locksmithing, aircraft

. . siloting, leather warking, matorcyele riding, tying knots...
many other titles since you \f . -" ¥ d.tying _//

I 'wish my lecal Blockbuster was
so responsive! lwill be renting

have such a great selection.

- Koji

Choose from a huge selection of TECH NICAL
Please don't add any more metalworking, electronics, automotive,

mavies, Its already too hard to
) woodworking, and thousands more
decide what to get next. | quess
I'll start with blacksmithing how-to” DVDs online, have them =

and work my way down the delivered to your door. VIDEO RENTAL
alphabet!
ST TechnicalVideoRental.com - your source for know-how.

Your service and

communication has always
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