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Advertorial

DINO SEGOVIS 
HARDWARE HACKER

A transistor is an electrical component 
that functions, most basically, as a 
switch—in principle not so different 
from a light switch. Instead of a physical 
movement, however, a transistor is 
controlled by a flow of electricity. And 
unlike your basic light switch, a transistor 
can be on, off or somewhere in between. 

Most transistors have three connections: 
one for current in, one for current out and 
one that controls the switch. The current 
flowing through a transistor can be larger 
than the current controlling it, so it can 
become an amplifier. Connect the input 
to a power source (like a battery) and the 
control lead to a weak signal (like a guitar 
pickup) and the output will sound like the 
control signal, only louder. Just how much 
louder depends on a lot of things, but a 
factor of 200 is routine. This number is 
called gain. 

If you use the output from one transistor 
to control another, the gains multiply.  

With two transistors, the ideal gain 
becomes 200 × 200 = 40,000, and with 
three transistors (as in this circuit), 200 
× 200 × 200 = 8,000,000! That huge 
gain lets you use it to detect the tiniest 
movements of electricity—even those 
created at a distance by induction or 
static charge! 

SNIFF OUT THE SMALLEST SPARK.
Build the Non-Contact Voltage Detector.

1
Cut a piece of perfboard 15 holes wide and 

seven holes tall. Also shave off the corners. 
Use a permanent marker to label the rows 

1–7 and the columns C–M. (Columns A & B 
will not be used.)

3
Cut 4" each of red, black and green wires and strip the ends. Solder 

the red wire to the LED anode and the black wire to its cathode, 
then insulate the joints with heat-shrink tubing. Solder the free end 

of the black wire at perfboard E6 and bend and solder underneath 
to connect with E5. Solder the red wire at E7. Solder 3" of black wire 

between one side of the switch and perfboard H7. Bend and solder 
underneath as needed to connect it with the resistors at G6 and 

I7 and with the red lead at E7. Solder the red wire from the battery 
clip to the other side of the switch and the black wire to perfboard 

I1. Bend and solder underneath to connect with the transistor 
emitter at H1. Solder the green wire to perfboard M4 and connect 

underneath with the transistor base at L4.

Solder the first transistor with its emitter in L3, base in L4 and 
collector in L5; the second with its emitter in J2, base in J3 and 

collector in J4; and the third with its emitter in H1, base in H2 and 
collector in H3. On the copper side, bend and solder the excess 
leads to connect L3 to J3 and J2 to H2. Solder the 220 resistor 

across H4 and E5. Solder the 100K resistor across J5 and G6. 
Solder the 1M resistor across L6 and I7. Bend and solder the 

excess leads to connect H4 to H3, J5 to J4 and L6 to L5.
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SNIFF OUT THE SMALLEST SPARK.
Build the Non-Contact Voltage Detector.

PARTS
О Dual Mini Perfboard  276-148

О  2N3904 Transistor (3)  276-2016

О 1/4W Resistors (1M, 100K 
 and 220)

О  Hookup Wire  278-1224

О 5mm Red LED  276-041 

О  Heat-Shrink Tubing  278-1627

О  Momentary Pushbutton Switch   275-1556

О 9V Snap Connector  270-324 

О 9V Battery  23-2209

О Project Enclosure  270-1801

О LED Holder  276-079

О Copper-Clad PC Board  276-1499

О Double-Sided Foam Tape  640-2343

TOOLS
О Soldering Iron and Solder   

 64-053, 64-013

О Wire Cutter  64-064

О Pliers  64-062

О Wire Stripper  64-224

О Drill and Drill Bits

О Rotary Tool and Saw Blade  64-149

Build the Non-Contact Voltage Detector.
www.radioshack.com/DIT 

TM

Drill a 5/16" hole in the top right of the enclosure lid, just below the lid's screw 
hole. Drill a 1/4" hole in the top left, also below the lid's screw hole. Insert the LED 
holder into the 1/4" hole from the outside and the LED into the holder from the 
inside. Remove the plastic button, mount the switch body into the 5/16" hole with 
its bundled hardware, tighten down and reattach the button.

4

Clip a battery to the connector and insert it, along with the perfboard, 
into the enclosure body. Orient the solder side of the perfboard 
toward the battery. Route any excess wire and gently close the lid. 
Screw it in place.

6

Cut a 3/4" × 1-1/2" strip of copper-clad board with a rotary tool and 
stick it to one end of the enclosure with double-sided tape. Drill a 
1/16" hole through both copper and case near the middle of the strip. 
Thread the green wire from the perfboard through the hole from 
inside, bend it over and solder it to the copper. 

5

Hold the detector near an appliance cord and press the button; the LED will 
glow if the cord is live. The device can also be used to detect static charge. 
Got a feline friend nearby? Try testing the detector against its fur. Now go 
experiment and have fun! (But stay clear of any bare wires that might carry 
dangerous currents!) 

7

TM

RSHDIY13002_16d75x10d875_Advertorial_VoltageDetector.v2.indd   2 6/12/14   5:48 PM

http://www.make-digital.com/make/volume_40/TrackLink.action?pageName=1&exitLink=http%3A%2F%2Fwww.radioshack.com%2FDIT


Raise a CNC Makerspace Shed 30
Build a big, customizable, stand-alone 
workshop for about $1,000.

FabLabs @ 10  34
Ten years of making (almost) anything.

Turn Codes into Things  38
Free, open-source parametric CAD bred 
for CAM from the beginning.

Most Interesting Makerspaces  40
It’s not the size or the tools, it’s about in-
spiring makers and building community.

Snap Shot  45
A peek inside Sector 67 in Madison, WI.

Industrial Instruments  46
Sometimes the right tool for the job can’t 
be found at home. 

Makerspace to Market  48
You may be surprised (or not) at these 
products developed at makerspaces. 

Bizarro Builds  49
These oversized, outlandish makerspace 
projects prove anything is possible with 
the right mix of brains and brawn. 

Kicking Gas  50
Building an electric car is the perfect  
collaboration project for a makerspace.

Where are the Women?  52
Hint: It’s not because they aren’t  
interested in hacking and building.

TechShopʼs Not-So-Secret 
Ingredient  54
Staying polished and profitable. 

How to Make a Makerspace  59
Six things to know before starting.

ON THE 
COVER: 
Emily Pilloton 
of Project H on 
location in the 
blacksmithing 
room at the 
Crucible in 
Oakland.

FEATURES
Audacious by Design  20
Berkeley, California’s Project H looks to the future 
of K-12 education by equipping kids with tools, 
skills, and confidence.

From Cubicle to Clock Repair  24
How maker Dug North took the leap to follow his 
passion for making.

Meticulous Machines  26
What Other Machine’s Eric Weinhoffer learned 
about the challenges of manufacturing high-
resolution CNC mills.

COLUMNS
Welcome  08
Reader Input  10
Right to Repair  12
Fight for your right to truly 
own your things.

7 Cornerstones of 
Making with Kids  13
MakerKids shares their 
recipe for a successful 
makerspace.

Made on Earth  14
Explore the amazing world 
of backyard technology.

20

28

2     

CONTENTS

makershed.com makezine.com

M40_002-4_TOC_F1.indd   2 6/13/14   1:22 PM

http://www.make-digital.com/make/volume_40/TrackLink.action?pageName=2&exitLink=http%3A%2F%2Fmakershed.com


M40_003_Vex_F1.indd   3 6/13/14   12:36 PM

http://www.make-digital.com/make/volume_40/TrackLink.action?pageName=3&exitLink=http%3A%2F%2Fmakercamp.com
http://www.make-digital.com/make/volume_40/TrackLink.action?pageName=3&exitLink=http%3A%2F%2FWWW.VEXIQ.COM


PROJECTS
R/C Omniwheel Robot  66
Build an easy holonomic “Kiwi 
drive” platform that moves 
instantly in any direction. 

A Modern Mobile  70
Swivels and a weight give 
flexibility and stability to this 
contemporary design. 

Fused Filament Fiddle  74
Build a full-size FFF 3D-print-
able electric violin.

Zip-Tie Lounge Chair  79
Forty-four cable ties. A half-
sheet of plywood. Streamlined 
comfort for the nomadic maker. 
Face Recognition  
Treasure Safe  80
Build a RasPi-powered safe 
where your face is the key.

Vinyl Digitizer  
Phono Preamp  82
Convert LPs and 45s to sound 
files and take your music into 
the future. 

Brew a Vintage IPA  86
Re-create the dry, highly 
hopped ale that quenched the 
thirst of the British Empire.

TOOLBOX 
Tool Reviews  102
Recommendations for unique 
and useful maker tools, toys, 
and materials.

New Maker Tech  106 
On the horizon for electronic 
accessories. 

Books  109
Text tools for your bench or 
bedside table.

Vol. 40, July 2014. Make: (ISSN 1556-2336) is 
published bimonthly by Maker Media, Inc. in 
the months of January, March, May, July, Sep-
tember, and November. Maker Media is located 
at 1005 Gravenstein Hwy. North, Sebastopol, 
CA 95472, (707) 827-7000. SUBSCRIPTIONS: 
Send all subscription requests to Make:, P.O. 
Box 17046, North Hollywood, CA 91615-9588 or 
subscribe online at makezine.com/offer or via 
phone at (866) 289-8847 (U.S. and Canada); all 
other countries call (818) 487-2037. Subscrip-
tions are available for $34.95 for 1 year (6 
issues) in the United States; in Canada: $39.95 
USD; all other countries: $49.95 USD. Peri-
odicals Postage Paid at Sebastopol, CA, and at 
additional mailing offices. POSTMASTER: Send 
address changes to Make:, P.O. Box 17046, 
North Hollywood, CA 91615-9588. Canada Post 
Publications Mail Agreement Number 41129568. 
CANADA POSTMASTER: Send address changes 
to: Maker Media, PO Box 456, Niagara Falls, 
ON L2E 6V2

Etch a Kettle with a  
9V Battery  87
Use this trick to mark stainless 
steel or aluminum. 

Remaking History  88
Developed by a Manhattan 
Project alum, the air muscle is 
still important today.

Fond o’ Bondo  90
An illustrated guide to the 
creative side of body filler. 

Vibration Sensors  92
Detect motion with DIY sensors 
better than your smartphone’s. 

Hot Outdoor Projects  94
Ten great backyard projects to 
liven up your summer.

Circuit Stickers  96
Just peel and stick to make 
instant circuits.

Godzilla Detector  97
Fit a classic Cold-War Geiger 
counter with new digital guts.

Sure-Fire Projects for 
Young Makers  98
Use recycled materials to 
create fantastic worlds for tiny, 
easy-to-build BrushBots.

123: Party Popper  
Toy Cannon  99 
Bring some “bang” to your 
desktop wars.
Toy Inventor's  
Notebook  100
Can you build super-cheap 
electronic dice?
Homebrew: Water-
Cooled Pillow  112
Do you hate a hot pillow at 
night? You’re not alone.

SKILL BUILDERS
Custom Sound  60
Shape sound waves with timer 
chips to create your own digital 
sampling system emulator. 

The Skinny on  
End Mills  64
Interested in CNC routing but 
clueless about tooling? We’ve 
got you covered.

86 82 92

74

64

makershed.com makezine.com4     

makezine.com/40CONTENTS

M40_002-4_TOC_F1.indd   4 6/16/14   12:35 PM

http://www.make-digital.com/make/volume_40/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fmakezine.com%2Foffer
http://www.make-digital.com/make/volume_40/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fmakershed.com
http://www.make-digital.com/make/volume_40/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fmakezine.com%2F40CONTENTS
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“The 3D printer gets ‘em in the door, but 
the laser cutter keeps ‘em coming back.”                       
             –Anonymous

PLEASE NOTE: Technology, the laws, and limitations imposed by manufacturers and content owners are constantly changing. Thus, some of the projects described may not work, may be inconsistent with cur-
rent laws or user agreements, or may damage or adversely affect some equipment. Your safety is your own responsibility, including proper use of equipment and safety gear, and determining whether you have 
adequate skill and experience. Power tools, electricity, and other resources used for these projects are dangerous, unless used properly and with adequate precautions, including safety gear. Some illustrative 
photos do not depict safety precautions or equipment, in order to show the project steps more clearly. These projects are not intended for use by children. Use of the instructions and suggestions in Make: is at 
your own risk. Maker Media, Inc., disclaims all responsibility for any resulting damage, injury, or expense. It is your responsibility to make sure that your activities comply with applicable laws, including copyright.
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Georgia Guthrie
Philadelphia, 
Pennsylvania
(Where Are the 
Women?)
I would like to 
take a deeper dive 
into program-
ming with pro-
cessing. I used 
it a few years 
ago to do some 
experimentation 
with facial track-
ing in my grad 
program, but I 
know it’s changed 
a lot since then.

Jing Zhang
London, United 
Kingdom
(Geek Club 
illustration)
I would love to 
learn paint-
ing properly. I 
learned some 
basics of painting 
when I was a kid, 
which is why I 
later developed 
as an illustra-
tor. Going back 
to traditional 
artist is definitely 
something I’d 
love to achieve in 
my life.

Tony DiCola
Kirkland, Washington 
(Face Recognition 
Treasure Safe)
I’d like to learn 
about 3D printing 
and CAD so I can 
build custom 
project cases, 
design proto-
types, and even 
print spare parts 
to fix broken 
things.

Ronald 
Pattinson
Amsterdam, The 
Netherlands
(Brew a Vintage IPA)
Learning to 
video edit is a 
skill I would love 
to learn. With 
my children 
approaching 
adulthood, I won’t 
be able to bribe 
them into nailing 
together the 
scraps of video I 
take into some-
thing vaguely 
watchable for 
much longer.

David Perry
Portland, Oregon
(3D-Printed Electric 
Violin)
One of my 
upcoming proj-
ects combines 3D 
printing, micro-
controllers, and 
textiles, so I need 
to brush up on 
my programming 
and electronics 
skills, but I’m 
really excited to 
learn to sew from 
scratch! I love 
working with my 
hands, and my 
most fun ideas 
come while I’m 
learning new 
things.
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What skill would you like to learn?
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Before After

Enhance your possibilities with Leapfrog’s CREATR and XEED 3D printers. 
From business and education to medical research and manufacturing, 
3D printing is changing the face of the future. And that’s a beautiful thing.

*NOT made in China

Available from: Distributed by:

Creatr 3D Printer

Shown here with optional 
stand and acessories. 

PCNC 1100 Series 3 CNC Milling Machine

$8480 
(plus shipping)

starting at:

PCNC 770 Series 3

$6850 
(plus shipping)

CNC Milling Machine
starting at:

Tormach Personal CNC

www.tormach.com/makertools

Tormach PCNC mills are the ultimate maker 
machines.  Whether you’re a maker, fabber, 
innovator, or builder, a Tormach PCNC will 
enable your ideas with real CNC capability 
and precision.  Scan the QR code below with 
your smartphone to see what other Tormach 
owners are making on their PCNC mills!

Don’t let your tools hold back your 
innovation – visit www.tormach.com.
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“IT’S LIKE A GYM WHERE YOU GET A 
MEMBERSHIP TO USE THE EQUIPMENT.” 
That was the basic idea for TechShop, as ex-
plained to me by founder Jim Newton at our 
first Maker Faire in April of 2006. He asked 
me for a table so he could hang his sign, 
deliver his pitch, and see if people were inter-
ested. The fact that he showed up in a vintage 
military transport vehicle had some bearing 
on my decision to say yes. The interest proved 
strong enough for Jim to get backers and 
open the first TechShop in an industrial park 
in Menlo Park, California, in October 2006. 

Almost from inception, TechShop was a 
dream — not only Jim's but one shared by its 
members — to have unlimited access to the 
tools of a machine shop, plus new tools for 
digital fabrication such as laser cutters and 
3D printers, for a modest monthly fee. 

What do people really do at TechShop? 
There are a group of makers who show up 
with a pretty clear idea of what they want to 
do. They have a project to work on. Often it 
has some practical or commercial applica-
tion, and they lack a place where they could 
develop their idea into something real. 
Others show up and want to belong but don't 
have a project or purpose. They want to learn 
how to use the tools, and maybe that will lead 

them somewhere. David Lang was one of 
those people, and he wrote about his experi-
ence in the book Zero to Maker. 

Some have tried to implement what Tech-
Shop has done. In Shenzhen, China, I came 
across TechSpace. Others, while similar to 
TechShop, are different in that they’re locally 
owned and operated, such as Maker Works 
in Ann Arbor, Michigan. 

Gui Cavalcanti, who started a similar 
shared workspace in 2004, learned some key 
lessons from its failure and started think-
ing of a new model. This became Artisan’s 
Asylum in Somerville, Massachusetts, which 
now occupies a 24,000-square-foot space 
that was originally an envelope factory. He 
had a budget of $40,000 to open the space 
and outfit it. Most of the tools were used, ei-
ther donated by members or acquired for the 
cost of removing them from a former work-
site. Artisan’s Asylum is most successful at 
building a community among its members, 
some of whom rent their own workspace. It 
has become not just a place to do your own 
work but a kind of “collaborative commons,” 
to use the phrase from Jeremy Rifkin’s book, 
The Zero Marginal Cost Society.

There are also quite a number of hack-
erspaces, which tend to be like clubs, 

almost always run by volunteers. Some are 
members-only and others are open to the 
public for free, like Noisebridge in San Fran-
cisco. Some hackerspaces are rather like an 
eccentric’s garage full of scavenged treasure 
and forever awaiting someone to whip it into 
shape. A hackerspace is as much a meeting 
place as a workplace. 

Artisan’s Asylum represents what I might 
call a middle tier between large-scale 
TechShops and small-scale hackerspaces, 
a trend toward the professionalization of 
makerspaces. That is, they must be able to 
perform a core set of services to support 
membership growth. A makerspace needs to 
greet new members and provide basic safety 
training as well as offer workshops for mem-
bers who arrive without project ideas. 

Indeed, a gym is a good analogy to under-
stand makerspaces. Today’s health clubs 
started out years ago as bodybuilding gyms. 
They were designed to meet the needs of 
a narrow, largely male membership. They 
weren’t particularly friendly to newcomers  
or casual users. Yet something changed 
in our culture around physical fitness, and 
health clubs became more open and ac-
commodating, to broaden membership by 
welcoming women as well as men, and the 
serious as well as the casual member. This is 
what we’re seeing as makerspaces transition 
from volunteer efforts serving a small group 
of members.

Neil Gershenfeld designed and built Fab 
Labs, the first of which was opened in Boston 
in 2004. Gershenfeld’s Center for Bits and 
Atoms might be considered the R&D lab 
for digital fabrication, with state-of-the-art 
tools organized in service of an inevitable 
vision of our technological future. While 
there are a variety of settings, from science 
museums to community colleges, Fab Labs 
are funded and managed in a top-down 
fashion that’s consistent with their academic 
origins. Independently, a growing number 
of makerspaces are getting established at 
universities, such as Yale, Georgia Tech, Case 
Western Reserve, and SMU. These spaces 
are designed for students and their projects. 

It doesn’t much matter what you call them 
— TechShops, makerspaces, hackerspaces, 
or Fab Labs. Makers are doing cool stuff, and 
having access to tools, community, and men-
tors really does matter. We need more local 
places for makers to work out new ideas.  Je
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Makerspaces 
Are Working Out 

BY DALE 
DOUGHERTY,  

founder and CEO of 
Maker Media. 
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ENGRAVE IT. CUT IT. MARK IT. 
Laser cut even the most elaborate designs with ease.

Desktop Systems Starting at $7,995

EPILOG CHALLENGE VI
Instructables Presents:

Submit your best instructable and you 
could win an Epilog Zing 16 Laser!

www.instructables.com/contest/epilog6 • Contest ends 9/1/2014

Whether you’re working with wood, 

acrylic, paperboard or just about 

anything else, Epilog Laser Systems 

precisely cut the components you need. 

Your vision combined with Epilog’s 

power equals spectacular creations.

ep i log lase r. com/make   •  sa les@epi log lase r. com  •  888-437-4564
Contact Epilog Laser today for a laser system demo!  

Golden, Colorado

*Assembly Required
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» I really enjoyed “DIY Video Game Plush-
ies from 3D Models” (Volume 38, 
page 72, makezine.com/
projects/video-game-
plushies). It showed a 
creative use of technology 
that I had never dreamed 
of. (Even if I had tried to 
make a plushy from the 
texture-map skins of a 3D 
model, I probably would 
have approached it using 
papercraft techniques.) 
It’s a great article except 
for one thing: It suggests stealing 
art and even gives detailed instruc-
tions on where to find art to steal and tools 
for stealing it. This is like starting an article 
on silversmithing by telling the reader what 
stores are likely to have silver and then giv-
ing tips on breaking and entering.

The second article that bothered 
me was “Kickstart a Kids’ Makerspace” 
(Volume 38, page 28, makezine.com/
kids-makerspace). I’m 100% behind the 
idea of creating makerspaces for kids 
and teaching the necessary skills; I am a 
third-generation teacher and my daughter 
is training to be the fourth. The #1 problem 
with the article is that it does not state a 

use case. How many students can use the 
space at one time? What skills will 

be taught and demonstrated 
using the space? How will it 
fit into an existing curricu-
lum? Another thing that 

left me deeply troubled 
was the lack of a budget 
for safety equipment; for 
training people to super-
vise the makerspace; for 

simple things like tables, 
chairs, extension cords, 

lamps, shelves, or locking 
cabinets; the cost of rooms 

used to house the makerspace; 
or consumables, maintenance, or other 
recurring costs (other than a one-time 
purchase of 3D printer filament). Remem-
ber, there are always at least three ways to 
do anything — the one that looks obvious, 
quick, and simple is never one of them.

—Bob Pendleton, Round Rock, Texas

PROJECTS EDITOR  
KEITH HAMMOND RESPONDS:
» Bob, thanks for reading so closely! In 
“Video Game Plushies,” we didn’t tell 
readers to steal art. We recommended 
extracting 3D models from a game you 

own, downloading from authorized sites, 
or searching repositories online; it’s the 
reader’s responsibility to know and follow 
the law. 

“Kickstart a Kids’ Makerspace” was 
focused on choosing and financing high-
tech tools, but you’re right, our list should 
have included safety gear to accompany 
those tools. As for use cases and overhead 
costs, makerspaces are used in different 
ways — by classes or clubs; during, after, 
or completely outside school — and those 
considerations were beyond the scope of 
the article. As for housing, you might enjoy 
our new “CNC Makerspace Shed” project 
on page 30 of this issue (it comfortably 
seats 16 at worktables).  

MAKE AMENDS: 

n Multiple designs featured in “Open- 
Source CNC Furniture” (Volume 39, page  
74, makezine.com/magazine/open-source-
furniture) and “CNC Maker Bench” (Volume 
38, page 98, makezine.com/projects/cnc-
maker-bench) were erroneously described  
as “open source.” The CC BY-NC-SA license  
used by these designs places commercial 
restrictions on their use and violates the 
sixth provision of the Open Source Definition 
(Annotated): “No Discrimination Against 
Fields of Endeavor.”

»  As soon as we saw the Raspberry 
Pirate Radio project (Volume 38, 
page 80, makezine.com/projects/
raspberry-pirate-radio), we decided 
to try it. My brother and I had so 
much fun! Our friends (who are also 
Raspberry Pi fanatics) came over the 
next day and were inspired to build 
one also. They live across the street 
from an ice rink, and one day when 
we were skating there, they played 
their radio station! We heard a few 
recordings that we made (“This is 
Schatz Radio, 93.7"), and a fake com-
mercial for the Raspberry Pi that 
we added. Anyway, I want to thank 
Make: for a great time and an amaz-
ing educational experience for us.
— Nate Schatz, age 13, Kodiak, Alaska

 
+ Listen to their audio clips: makezine.com/go/raspirates

Pirates, Plushies, and Proper Definitions 
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