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ON THE COVER 
Alexandru Duru 
on his hoverboard; 
photograph by 
John Kealey 

From a personal airplane to a 
printer that makes bridges, we highlight 
the year's 10 greatest inventions 
by scrappy individual inventors. 
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t Popular Science, 
we talk about 
inventors the way 

sportswriters talk about pitchers 
or quarterbacks. Because of that, 
the question "Who is your 
favorite inventor?" is one I get 
just about every week. My answer 
is always the same: Nikola Tesla. 
I pretty much idolize the guy. 
In just a few decades, the man 
developed an induction motor, 

the modern system of electrical 
distribution. remote control, and 
the basis for radio communications. 
The power in our homes, the radios 
in our cars, and the phones in our 
pockets all owe their existence in 
part to Tesla. (He also may have 
burned down a building with 
artificial lightning and was rumored 
to be working on a death beam
but, hey, no one bats 1,ooo.) 

When not working, Tesla loved 
to give audacious demonstrations 
- he would send massive currents 
through his body to power a lamp 
held in his hand. He also thought 
a lot about invention. In 1919, he 
wrote: "The progressive development 
of man is vitally dependent on 
invention. Its ultimate purpose is 
the complete mastery of mind over 
the material world." 

I love this quote. Too often, the 
idea of invention is undervalued. It 
conjures images of a guy pottering 
about his garage in search of a 
perpetual-motion machine. But 
the process of forging iron was an 
invention, as was the plow and the 
printing press, antibiotics and the 
Internet. Our world would be a very 
different place without them. 

As a species, humans are not 
that big or that strong. We don't 
have fur or fins. But we have these 
really big brains, which allow us 
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to adapt to most circumstances. 
We humans have succeeded 
because we're wired to find creative 
solutions to problems. It's our 
single-greatest strength, and 
invention is just an extension of 
that. When we invent, we're doing 
exactly what we were built to do. 

In this issue, we celebrate- as we 
have for a decade-invention and 
those folks bold enough to pursue 
it. You'll meet an engineer who is 
rethinking the airplane, a group that 
conceived a new, ultrafast 3-D
printing method, and the guy on our 
cover who built his own functioning 
hoverboard, among others. You'll 
learn how to unleash your own 
powers of invention. And you'll hear 
from some celebrity inventors
the MythBusters gang and Alton 
Brown chime in with advice. 

As is only fitting for an issue that 
celebrates bold ideas, I have some 
big news: This will be my last issue 
as Editor in Chief. After a full 
magazine and website redesign, 
various product launches and events. 
and too many great stories from too 
many great writers to remember, 
I'm shifting roles to Editor at Large. 
Instead of spending most of my time 
behind a desk, I'll be out talking to 
the scientists, entrepreneurs, and 
(of course) inventors shaping the 
world around us. 

I've loved my time as Editor in 
Chief, and I hope I served you well. 
You, the readers of Popular Science 
are, and will remain, an unending 
source of inspiration to me. You 
epitomize the values that make this 
magazine great: curiosity, ingenuity, 
and enthusiasm for a brighter tomor
row. I'm sure we'll cross paths again. 
For now, I'll see you in the future. 

Enjoy the issue. 

Cliff Ransom 
Editor in Chief 
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Another Year Older 
Hail science! The winners of our 2016 Science Visualization contest 
(the Vizzies), will be on display at the Chicago Science Festival May 
28-31 in honor of the 2,6ooth anniversary of the founding of science 
(thanks ancient Greek guy). Go to nmhmchicago.org to find out more. 

• • -

Truth 
HOW THE PRESIDENTIAL 
CANDIDATES GET SCIENCE WRONG 

PopSci on Video 
Want a small dose of PopSci 
between in-depth articles? 
We're producing video 
shorts on a broad range 
of topics. We've got DIY 
tutorials like how to turn a 
smartphone into a scanner; 
we tackle health topics like 
the Zika virus; we even de
bunk the myriad scientific 
claims made in the crazy 
world of politics. Like us 
on Face book to see these 
videos in your daily stream. 

Feed 
Before We Begin 

Corrections 

At Popular Science, we always strive for 
flawless presentation, but occasionally 
mistakes slip through. On page 33 of the 
March/ April 2016 issue, we wrote that 
the Perlan 2 glider would be towed by 
a 20-horsepower plane. We hope not! 
It will be towed by a 200-horsepower 
plane. We also implied the wingspan 
was a part of the a irfoi l, and it is not. 

Want more? Check us out 

on social media! Besides 

Facebook, Twitter, and 

Instagram, look for our 

icon- a chimp in a spacesuit 

-on Tumblr and List App. 

You can even watch us test 

gear, fly drones, and conduct 

experiments (sometimes on 

each other) on Periscope. 

D B 

Haiku® fans respond automatically to changes in 

temperature, humidity and occupancy to keep you 

comfortable and save energy year-round. 

BIG Ass· 
SOLUTIONS 

haikuhome.com/popsci I 855-995-4105 
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Now 
Goods 

10 Great Ideas in Gear 

1 STARRY STATION 
Wi-Fi routers are 
finally cool. Starry 
Station's touchscreen 
shows your gadgets 
in a galaxy of orbs, 
depicting which devices 
use the most data, 
and Letting you cut the 
kiddies' connection 
at bedtime. The best 
feature: displaying your 
way-too-complicated 
Wi-Fi password. $350 

2 FIX IT STICKS 
Midcommute bike 
repairs are no fun. 
And few of us carry 
the tools needed for a 
quick fix. Fix It Sticks 
are a tiny multitool 
with various-size 
screwdriver bits. And 
a foldable T -shaped 
handle fits in your 
pocket, so you'LL never 
get stuck again. $30 

3 AMAZON 
ECHO DOT 
Amazon's Echo the 
size of a hockey puck: 
That's Echo Dot. 
The voice-activated 
assistant still answers 
queries, spins Spotify, 
and summons your 
Uber. But it's got a 
new trick: support for 
wired or Bluetooth 
speakers. $90 

4 ROOST SMOKE· 
DETECTOR· 
ALARM BATTERY 
Make your old smoke 
detector smart. The 
Roost plugs into any 
off-the-shelf model 
and sends alerts to 
your smartphone if the 
alarm rings or when the 
battery gets Low. $35 

by 
XAVIER 
HARDING 
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5 BRITA 
INFINITY PITCHER 
What good is a Britta if 
youneverchangethe 
water filter? This one 
senses when your filter 
is nearing its end and 
pings Amazon via Wi-Fi. 
A new one arrives just 
in time. $45, $6/filter 

& URBAN 5 
EARSHELLAS 
What's a commute 
without proper cans? 
A cord and in-Line 
remote is replaced 
by Bluetooth, and a 
discreet ear touchpad 
Lets you pick a song or 
change volume. Keep 
the party going. $120 

7 RINGLY ARIES 
Wearables don't all Look 
Like tiny computers. 
Ringly's smart bracelet 
riffs on the company's 
ring idea. The Aries 
collection's striking 
gold band wraps 
around your wrist and 
offers a step tracker, in 
addition to vibrate and a 
notification Light. $275 

8 SAMSUNG 
GEAR360 
Great VR needs great 
content. The Gear 
360 shoots using two 
195-degree cameras, 
then stitches together 
near-4K quality images, 
viewable on Samsung's 
Gear VR headset. Video 
recording comes full 
circle. STBD 

9 MIGHTY 
Combine iPod Shuffle 
design with Spotify 
functionality and you 
get greatness. Take 
that eerily on-point 
Discover Weekly playlist 
to t he gym or on a hike 
without worry of wreck
ing your iPhone. $80 

I 

10 LG GS 
LG's Latest smart
phone focuses on 
modularity. Slide the 
battery tray out to 
affix a camera add-on 
with physical controls, 
a DAC for better music, 
or a Larger battery 
for those Long days. 
Fi ll your utility belt 
to the brim. $650 
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PROMOTION 

h should ou si n 
----1 

u or our newsletter? 

REASON ., ... ~ .. , .. 
rt-.1~ 

Our perspective on science is unique. 
Like you. 

Sign up for the Popular Science editorial newsletter 
and each week you'LL get the Latest and greatest in 
tech reviews, science news, video, photography, and 
special offers. 

PLUS1 

THE FUTURE NOW 
PopSci.com's news-reader app delivers 
all the content from PopSci.com in an 
easy-to-read format on the go. 

Get up-to-the-minute 
news on cutting edge 
scientific research, 
gadgets and green tech. 
Save the stories to read, 
even when you're not 
connected, and filter them 
by your favorite topic. 

STAY CONNECTED TO THE POPULAR SCIENCE COMMUNITY (•) Sign up today: 

f 8+ ~ @ t .1m :\\ POPSCI.COM/NEWSLETTER 
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If you've ever shared a GIF-those brief video loops of 
movie scenes and cooking tutorials-you've used the 
future's most effective communication tool. At least that's 
what Giphy, the three-year-old indexing platform for GIFs, 
is telling us. In a busy world, where even tweeting takes 
too much time, the highlight clip has become our go-to 
lexicon. More than 65 million people a month use Giphy 
to search and share GIFs. But for company founder 
Alex Chung, our global chatter will soon be a lot more 
than just piano-playing cats and Beyonce moves. 

Why do we need a search 
engine for GIFs? 
No one searches Google for self-expression. 
When was the last time you searched 
"happy" or "sad"? You would just get anti
depressant pi lls or it would be the Wikipedia 

You're not getting information from The 
New York Times. You're getting it from 
friends, from Twitter. It's peer-to-peer. GIFs 
are a great format for sharing information 
and for self-expression. We always ask, 
"When has the I nternet really made you 

J-\ Ill()tller t()lcl111e sl1e tlsecl tl1e site t() 
teacl1l1er at1tistic clrilcl ''rl1at lltli11ai1 

exl)ressi()Il is. I felt l)f()tlcl at tl1at I11()111ei1t. 

page for what sad is. That's not useful, unless 
you're a fifth grader writing a report. Google's 
page rank is taken straight out of the citation 
system for library management. It was never 
meant to index all of pop culture. 

Why do you say GIFs are the 
communication tool of the future? 
The I nternet has changed communication. 

PHO TOGRAPH BY Liam Sharp 

cry? Or made you go 'aww'?" It doesn't 
really do that. Unless you read some really 
beautiful poem, but that happens like-

Everyday. 
Yup, every day [laughs]. But really, beyond 
that, GI Fs are efficient. It's the easiest natu
ral way to communicate by using the entire 
lexicon of pop culture as your dictionary. We 

Now 
The Platform 

by 
XAVIER HARDING 

think it will be used for really practical things. 
Like, you get a cut and you think, "How do I 
stitch myself up?" You can find a GIF that 
will show you in five seconds what to do. The 
same goes for CPR, or the Heimlich maneu
ver. As well as how-to's, recipes, everything. 

What's the most surprising use 
of GIFs you've seen? 
I was at South by Southwest, and a mother 
came up to me and she said: 'I just want to 
thank you. I have an autistic chi ld, and we 
use your site to teach him what human 
expression is. There's no place else I can 
really do that.' And it was just really heart 
warming. I felt kind of proud at that moment. 

Wow, that is amazing. Any others? 
Well, for dancers, when they choreograph 
a routine, they break it down into specific 
movements. This is the vocabulary of dance. 
There's no way to translate it well onto paper. 
So GI Fs become like their sketches. They are 
an easy way to codify those dance moves. 

GIFs are like a return to form for 
humans. Like a grown-up show-and-tell. 
It's true. GIFs can represent a concept 
that other mediums can't, such as infinity
because they are forever looping. Nowadays 
communication is messaging. Everything 
that was on the internet is now shared within 
messaging apps and is conversation based. 
GI Fs are everything we as humans want to 
say that words can't express. 

POPSCI. COM 1 7 
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When the sun meets the 
horizon and there's nothing 
in front of you except the 
open road. That's the only 
way to live. 

Get GEICO Motorcycle 
insurance today. 

Motorcycle 
geico.com I 1-800-442-9253 I Local Office 
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OSSIC X 
WEIGHT: 12.3 ounces 
PRICE: $299 (preorder) 
AVAILABLE: Holidays 2016 
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Your ears are 
as distinctive 
as fingerprints. 
Your headphones 
should be too. 
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Popular Science delivers the step-by-step instructions and 
game-changing insights you need to transform a back-of
the-envelope idea into a gleaming finished product. 

-
Generate power with a Cast a shot glass in a Build your 'first 'bot, 
DIY wind turbine! brick! from scratch. 

Order your copy and 
FREE ED FLASHLIGHT at 

FOR BUIL:DING GREAT 
TECH PROJECTS 
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EXCLUSIVE 
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on our digital naivete 
In 2013, a now-infamous 
government contractor 
named Edward Snowden 
shined a stark light on our 
vulnerable communications 
infrastructure by leaking 
10,ooo classified U.S. 
documents to the world. 
One by one, they detailed a 
mass surveillance program 
in which the National 
Security Administration and 
others gathered information 
on citizens-via phone 
tracking and tapping 
undersea Internet cables. 

Three years after igniting 
a controversy over personal 
privacy, public security, and 
online rights that he is still 
very much a part of, Snowden 
shares his thoughts on what's 
still wrong and how to fix it . .. 
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Even if you don't use 
the Internet or a smartphone, 
your information is 
handled by tax authorities 
and healthcare providers 
who route it over the Internet. 
This is a force for good, 
but it can also be abused-
by small-time actors, 
criminals, and nations. 

During the Office of Personnel Manage
ment hack last summer, the government
arguably the world's most well-resourced 
actor-was compromised. They weren't even 
using encryption. There's a great paper called 
'Keys Under Doormats.' It says if you weaken 
security for an individual or for a class of indi
viduals, you weaken it for everyone. Security 
based on trust is, by its very nature, insecure. 
Trust isn't permanent. It changes based on 
situations and administrations. And this is 
not just an American thing; this happens in 

MAY/JUNE 2016 

every country worldwide. 
Think about the governments 
you fear the most, whether 
it is China, Russia, or North 
Korea. These spying capabili
ties exist for everyone. 

Before 2013, we were elec
tronically exposed. We had 
to trust the people handling 
our communication not to 
abuse it-be it iMessage or 
Facebook. We no longer have 
to give it to them. We have 
other options. 

There is Tor [the free 
software that allows for 
anonymous online communi
cation] and Signal [which does 
the same for smartphones]. 
We have WhatsApp, which 
is an end-to-end encrypted 
system-the only ones who 
can read and access the 
messages are the sender and 
the recipient. This is much 
safer against abuse than 
having AT&T hold a record 
of every text message you've 
ever sent. Security in the 
digital world is not something 
that can be selective. 

Technologists now share an 
obligation to clothe users
ways to 'tokenize' access to the 
Internet that divorces it from 
identity and doesn't create 
trails. We should all be using 
it. If you want to call a cab, 
the cab doesn't need to know 
who you are or your payment 
details. Today we create 
activity records of everything 
we do in our daily business. 
It's a byproduct of living life. 
This is what has to change. 
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As told to 
MATT GILES 

Percentage, 
according to a 
2015 Pew study, 
of Americans 
who believe the 
Feds shouldn't 
monitor their 
communications 



Next 
The Conversation 
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Academy Award-wi ·ng 
filmmaker of Cit izenfour, 
a documentary about the 
Snowden-NSA affair 
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by 

MATT GILES 

In the wake of Edward Snowden's for digital backdoors 
to a host of tech
nologies,. which 
would allow access 
to private informa
tion .• This could 
create unintended 
entry points for 
rival governments 

NSA reveal, society has grappled with 
how to balance personal privacy• 
and public safety. Events like the mass 
terror attacks in San Bernardino, Brussels, 
and Paris have only raised the stakes. 

Records of our daily lives now exist on 
our smartphones. That is why the pros
pect of a federally sanctioned iPhone 
hack-even a one-time occurrence under 
the argument of national security
could open a Pandora's box; 2 it could 
threaten future technological rights and 
human rights. 

U.S. presidential candidates are calling 

and hackers, as well 
as damage the brands and trustworthi
ness of tech companies' products. 

Some people say they don't mind giving 
up privacy because they have nothing to 
hide. 5 But citizens in the U.S. and abroad 
have the right to be shielded and need to 
be shielded from state prying. e 

Encryption has gone from niche to 
necessary-the software and apps are no 

2. I trust the state, but only for very 
specific things. The reason we have laws and 
the Constitution is that trust is not enough. 
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longer just for those in the know.e They 
encode information, protecting reams of 
personal data (like medical records) 8 and 
meta data (like geospatial information) 
that are being uploaded to the cloud every 
second of the day. 

Safer software and hardware, howev
er, might not be enough. Like the Bill of 
Rights, we'll need a legal framework to 

5. We are trying to install human-rights 
protections into the architecture of systems 
that people use by default every day. 
There will be people who don't want to use 
those systems, but at least you won't have 
to be a software expert to be protected. 

. Saying you don't care about privacy is 
like saying you don't care about free speech. 
Maybe you don't feel that you personally 
need privacy, but you do believe a journalist 
or a lawyer or a doctor does. 

·. · There are people who were initially shocked 
by the idea of using computers to communi
cate, but now theyare on Skype. People adapt 
to technology-they figure it out. Trusted cyber 
communicat ion tools are ready and available. 

8. When you centralize records, those computer 
systems are vulnerable. There are laws to 
protect that information, but criminals who break 
into a doctor's computer don't care about laws . 

protect the Internet rights that we have, 
until now, taken for granted .• Future 
citizens, raised online with all of the 
inherent benefits and risks, 10 will hope
fully better understand how to navigate 
these new digital waters .• They'll insist 
on defending their freedom by controlling 
what information they let others-corpo
rations and governments alike-see. e 

· . Privacy is not a futurist thing. 
If you can connect to the Internet now, 
someone can connect with you in a 
secure fashion, even behind firewalls . 

10. What scares me is the next generation. 
They might take mass surveillance as 
the new normal. The people being targeted 
seem to be those who are limited in their 
understanding of what's possible. 

· · If you send a postcard, you don't 
expect privacy. If you put it in an envelope, 
you do. It's the same with the Internet. 
Yes, there will always be online governmental 
scrutiny-that won't go away-but there will 
be strategies to preserve privacy, and tactics 
that can subvert unwarranted mass scrutiny. 

If you are in middle school now, there is 
a good likelihood you already have a digital foot
print. You'll want to defend it. and defend the 
new kinds of democratic relationships it creates. 

MAY/JUNE 2016 

JatUll 

Computer security 
researcher, journalist and 
member of the Tor project 

' 

A German-made 

Cryptophone, 

which he uses to 

call Julian Assange 

An iPhone SC 
with microphones 

removed to 

avoid tapping 

The encryption 

service Silent 
Circle, which 

he uses to call a 

regular telephone 

network 

through Tor 

Several Androids 
that run on 

free and secure 

software 
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PRESENT 
Today's helmet is 
almost identical to the 
Apollo era's-bulbous 
and locked solidly into 
the neck of the suit
except that this one 
has cameras and lights. 
Since the International 
Space Station circles 
the Earth every 92 
minutes, astronauts 
might be suddenly 
plunged into darkness 
during a spacewalk, 
so lights are a must. 
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Next 
Tech Trend 

by 
HEATHER 
HANSMAN 

MEAT 
Since tissue engineer 

We depend on cows for food, clothing, and sometimes even insulin. 
Cattle, though, are expensive and inefficient- each cow drinks a 
bathtub of water and emits three times that volume of methane daily. 
There are also the ethics of animal slaughter. But we might no Longer 
need the cow. Scientists are synthesizing the substances we normally 
get from cows by using bovine cells, yeast, and even bacteria. 

Mark Post debuted an in vitro burger 
in 2013, severa~ c;ompanies 

have tried to create 
LEATHER 

MAY/JUNE 2016 

' 
Co s t . in do llars, 
to bioengin eer t he fi r s t 
lab-grown h amburger 

tasty, scalable test-tube meat. 
ifhough Memphis Meats recently 

unveiled a cultured meatball, 
two challenges- chewao1Gty 

To make lab-grown leather;--
Modern Meadow uses bovirtfe cells 

a d cost- have derailed 
other attempts. 

• • • • • • 

INSULIN 
Cow insulin moderates diabetics' 
blood-sugar levels but can cause 
allergic reactions, and synthetic 

analog insulin must be carefully dosed. 
Now, researchers at MIT are 

synthesizing a new form of insulin 
that stays in the bloed and 
activates only when sugar 

levels are too high. 
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MILK 

to grow sheets of collagen, 
which are then tanned and cut into 

leather goods, such as ja~kets. 
A bonus: WoFke~ don't hgve deal 

with the hair or subcutar eous 
fat that comes wit 

animal skin . 

Muufri, a bioengineering 
startup, makes milk that's more 

dairylike than almond or soy. 
The company adds 3-D-printed cow DNA 

into yeast cells, then harvests the 
milk protein it produces- like making 

penicillin or beer. Adding calcium 

•• • 

and potassium, the mixture 
emusifies and gives it the same 

nutritional and textural 
qualities as milk. •• •• 

• • • 
• • •• 

• • • •• 

• 

COLLAGEN 
Foreign antibodies can prevent 

animal tissue from being used on 
human injuries. But KOD-

a synthetically derived collagen, 
stops bleeding, promotes tissue 

regrowth- and, because 
it lacks bovine genes, 

won't be rejected. 

CARTILAGE 
Biologists in Sweden 

are engineering cartilage tissue for 
human joints using cells from cow knees. 

Cartilage is tricky- it has to bend 
and stretch, but it regenerates slowly. 

"If we can make the process 
work with bovine cells, we can one 

day do the same with human 
cells," says team member 

Janne Ylarinne. ::.::: 
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AVIATION 

THE MOST BEAUTIFUL 
PLANE EVER MADE 

_, 
& ' 

I 

) 

David Loury isn't a classic-car kind of guy. But when he decided to 
radically redesign the private plane, he turned to luxury automobiles
and their design-forward aesthetic- for inspiration. "Maserati and 
Mercedes-Benz were the two main cars I looked at, and I engineered 
ideas and concepts from them," says the independent aerospace 
engineer. Those concepts evolved into the Valkyrie: a five-seat, single
piston-engine plane that he calls a "high-tech vehicle of the future." 

The Valkyrie's exterior certainly looks futuristic-and beautiful. 
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With a 350-horsepower 
engine, the Valkyrie can 
reach 260 knots (300 
miles per hour). It has a 
range of 1,200 miles. 

Valkyrie's single-piece 
Plexiglas canopy is the 
largest ever on a private 
plane, providing a 320-
degree view. 

That's because Loury designed 
it to have aesthetic proportions: 
"a convex profile in the front, a 
concave one in the back, and an 
inflection point where they join." 

In addition to Looking good, 
Loury wanted Valkyrie to be effi
cient and easy to fly. So he gave 
it a canard, a second wing near 
the nose that supplies additional 
Lift. This helps make the plane 
up to 20 percent faster, with 

Less fuel burn, than a Cessna or 
comparable aircraft. 

The canard also makes it 
nearly impossible to stall- to 
Lose Lift in midair. Coupled 
with simple controls Uust one 
handle-to-handle throttle) and 
the information-rich Garmin G3X 
flight-display system, Valkyrie is 
extremely user-friendly. "When 
you start the engine, it's as easy 
to control as a car," Loury says. 
"So even if you are a bad pilot, it 
will forgive your errors." 

Loury's startup, Cobalt, plans 
to start filling preorders for the 

PHOTO ILLUSTRATION BY Eric Heintz 

Invention: 
Valkyrie 

Inventor: 
David Loury 

Company: 
Cobalt 

Maturity: 

••••• 

experimental version of the 
plane, Valkyrie X, as early as 

MAY/JUNE 2016 

Late 2016, and aims to make the 
consumer version, Co 50 Valkyrie, 
available in mid-2017. The only 
thing standing between you and 
a Co50 Valkyrie is the $750,000 
price tag. "It's not cheap to make 
a plane Like this," says Loury. But 
he points out the price is only 
slightly more than similar private 
aircraft. "Before the Valkyrie, 
the offerings weren't glamorous 
or fun," he says, "and not nearly 
worth the effort." 
MATT GILES 
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Duru controls his 
altitude and speed 
using a handheld 
remote fashioned 
from a pair of pliers. 

Snowboard bindings 
strap his feet to 
the frame. 

-
-

Invention: -= 

Omni 

Inventor: 
Alexandru Duru 

Company: 
Omni 
Hoverboards 

Maturity: 

••• 

RECREATION 

FINALLY, 
A HOVERBOARD 
THAT FLIES 

On May 22, 2015, Lake 
Ouareau in Quebec, Canada, 
was peaceful and sunny. Then 
something straight out of 
science fiction roared across 
the water. Alexandru Duru, 
balancing on a homemade 
hoverboard 16 feet above the 
surface, flew a distance of 
905 feet, 2 inches-smashing 
the previous Guinness World 
Record (a measly 164 feet) 
for the farthest hoverboard 
flight. "Riding it is a feeling 
that no other machine can 
provide," Duru says. "Nothing 
comes close." 

Duru, a software engineer, 
has devoted the past five 
years to perfecting his hover
board design, called Omni. His 
first attempt was little more 
than a piece of wood strapped 
to a motor and propeller. The 
current iteration-refined by 
his new company, Omni Hov
erboards, and local university 
students-is made from car
bon fiber but still has a DIY 
feel: It achieves lift with eight 
large propellers, powered by 
16 lithium-polymer batteries. 

Duru and his team are 
now developing a second 
prototype that's sleeker, more 
powerful, and safe enough for 
an eager public. He plans for 
it to be ready for distribution 
by 2017. "Most people imagine 
a future with hoverboards 
in them," he says. "I think it's 
going to happen for sure." 
ALYSSA FAVREAU 

PHOTOGRAPHY BY John Kealey 
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LIFETIME INSPIRATION AWARD 

THE YTHB TER 
If science and technology are best 
left to professionals, nobody told Adam 
Savage and Jamie Hyneman. For 14 
seasons, they have provided scientific 
reality checks to more than 1,000 common 
myths on their hit TV series, Myth Busters. 
This March, it came to a close. 

During their run, the dynamic duo and their co-hosts 
determined the truth not by quoting expert opinions, but 
by conducting their own rough-and-ready experiments. 
Although they did consult experts, "We always based our 
conclusions on something we saw happen," Savage says. 

Before fvTythBusters, "DIY" usually referred to building 
a bookcase or insulating an attic. But the series showed 
us a quirkier, more creative application for hands-on skills. 
Nearly every myth called for a testing contraption, often 
involving explosives or firearms, operated by hosts who 
clearly loved creating gonzo rigs. 

You couldn't watch without getting the itch to break out 
a power tool. It's no coincidence, then, that Savage and 
Hyneman's popularity coincided with the rise of the maker 
movement, which celebrates fun and often wildly impractical 
creations. "They were an enormous inspiration to the move
ment," says Mark Hatch, CEO of the maker mecca TechShop. 

Savage and Hyneman would call that myth busted. "We 
stumbled on a way of doing the show that surfed the wave," 
Hyneman says. Still, they taught us all that technology exists 
to be used, abused, hacked, and modified. JAMES B. MEIGS 

----
With Adam Savage 

-·-----------
.... ...... 

How do you get 

.. • 

started on a project? 
When I build stuff, I like 
to have the materials I 
will work with in front 
of me so I can under
stand them. But before 
getting to them, I do 
construction and prob
lem solving in my head. 
The process of building 
in my head is one of 
my favorite feelings-I 
get an endorphin rush. 
Drawing helps mere
member the ideas I am 
having. I certainly think 
the pencil is one of the 
most powerful tools for 
invention ever. I use this 
really wonderfully 
crappy Paper Mate 
Sharpwriter No.2 
mechanical pencil. I 
pick one up and I feel 
like inventing. 

Any tips for DIYers? 
Be ready to build every
thing three to four times. 
It is a developmental 
process, and I never get 
it right the first time. 
Being open to that fact 
helps free me up. For 

MAY/JUNE 2016 

some reason, it took me a 
while to understand that 
starting from scratch is 
the most powerful thing 
I can do. As tedious as it 
might seem, the result is 
better-the second try 
is almost always better 
than the first. 

What's the biggest 
obstacle you've faced 
and overcome? 
At a certain point in 
every build, I have felt 
like it would be a total 
failure. I'd get 70 percent 
into it, and I would think 
that this is a piece of 
crap; why waste so much 
time on it? Then I would 
realize I have to push 
through. But it still hap
pens. I feel that way on 
almost everything I do. 

Do you ever 
take a day off? 
No, I am so addicted to 
making things. There are 
days I don't build any
thing, but I am always 
thinking. That's how I 
function best. 
AS TOLD TO MATT GILES 
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ENERGY 

SELF· 
POWERED 
CAMERA 

At first glance, the boxy 
"eternal camera" looks like 
an old daguerreotype device. 
But appearances are deceiv
ing. This is something new
a camera that powers itself. 

The computer vision lab at 
Columbia University, led by 
computer scientist Shree K. 
Nayar, created this ever
lasting camera by making 

0 The eternal camera's image 
sensor uses 1,200 photo
diodes in a 30-by-40 array. 

4 2 POPSCI.COM 
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photodiodes-devices that 
convert light into electricity 
-do double duty. In digital 
cameras, photodiodes mea
sure light. In solar panels, they 
harvest energy. The eternal 
camera's photodiodes do both 
jobs. This enables the camera 
to generate enough power to 
take photos forever-as long 
as there's light available. 

Nayar's team began by 
building just one double-duty 
photodiode. Mounted on a 
robot that slowly moved it in 
a grid, it captured an entire 
picture one pixel at a time, 
which took about an hour. 
The current iteration of the 
camera incorporates 1.200 

pixels and takes a photo every 

camera 

second, displaying the images 
on an external monitor. 

The group next plans to 
reduce the camera's size while in
creasing its speed and resolution. 
That way it could be used for 
specialty projects where size and 
access to power are concerns: to 
track wildlife as part of conserva
tion projects, to use less power on 
space-exploration missions, or to 
provide round-the-clock security. 

For Nayar, the camera's appeal 
goes beyond its technical accom
plishments. "There's a romantic 
aspect to this," he says. "To 
have anything that can produce 
information without consuming 
power, that can go on forever
it's a powerful concept." 
ALYSSA FAVREAU 
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Each photodiode 
measures the Light 
that passes through a 
lens and turns it into 
an electrical signal, 
which represents a 
single pixel. Combined, 
the signals create an 
image- just as they do 
in a standard camera. 

e Unlike conventional 
cameras, each of the 
eternal camera's pho
todiodes are wired into 
a special circuit, which 
takes some of the elec
tricity produced from 
the absorbed Light and 
stores it in a capacitor 
to power itself. 

IL LUSTRATION BY MCKIBILLO 



0 
Cl) -
J 
r 
VJ 
w 
1-
0::: 
::::J 
0 
u 

ROBOTICS 

THE ROBOT 
COMPANION 
YOU'LL WANT 
TO HANG WITH 

As a child, Cynthia Breazeal 
loved R2-D2 and C-3PO from 
Star Wars. They were not 
only functional, as we expect 
robots to be, but they also 
radiated personality. Decades 
later, as an expert in social 
robotics at MIT, Breazeal 
decided to infuse a real-life 
robotic assistant with the 
same endearing charm. 
She co-founded a company, 
launched an Indiegogo 
campaign, and today, Jibo is 
ready to engage its owners. 

Most smart machines, 
such as phones, distract peo
ple from one another. "We all 
know this image of the dinner 
table where everybody's star
ing at their devices," Breazeal 
says. Not so with Jibo. "He 
really feels like he's part of 
the family," she says. 

Like any good assistant, 
Jibo takes calls and gives 
alerts. The 7.6-pound, nearly 
foot-high robot can recognize 
faces and autonomously 
learn individual prefer-
ences. He can even recite a 
favorite bedtime story or 
snap photos on demand. 
Those who shelled out an 
extra $100 during the initial 
crowdfunding campaign will 
get a developers' version of 
Jibo (standard home versions 
were offered for $499}, so they 
can continually add to his 
repertoire after he ships to 
backers this summer. 

. 
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Jibo inquisitively cocks 
his head while conversing 
in an eager voice. His 
touchscreen face swivels 
to follow the user and 
displays a range of 
friendly expressions. 

. . . . . . . . . . 

Breazeal says that Jibo 
is a significant step forward 
from other home Ais, such 
as the Amazon Echo with 
its Alexa persona. ':Alexa has 
validated that there's a huge 
opportunity for innovating 

MAY/ JUNE 2016 
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the experience of technology 
in the home," she says. "But 
I forget she's there half the 
time. Jibo brings that sense 
of high-touch engagement 
and personal attention." 
SARAH STANLEY 

Invention: 
Jibo 

Inventors: 
Cynthia Breazeal 
(pictured) 
Jonathan Ross 
Fardad Faridi 
Andy Atkins 
Rich Sadowsky 
Todd Pack 

Company: 
Jibo 

Maturity: 

••••• 
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Ann Makosinski's 

Latest 

MANUFACTURING 

FASTEST 3-D 
PRINTER EVER 

During a TedTalk in March 2015, Joseph 
DeSimone quietly revolutionized 3-D print
ing. With little fanfare, he printed a palm-size 
geodesic sphere, a task that normally takes 
hours, in a little over six minutes. 

A serial entrepreneur, DeSimone had de
vised his rapid 3-D-printing method with help 
from his former postdoc Alex Ermoshkin. 
Instead of using conventional techniques, 
they drew inspiration from the liquid-metal 
T-1000 assassin in Terminator 2. 

Like the fictional robot, their M1 printer 
"grows" solid objects out of liquid-by apply
ing ultraviolet light and oxygen to resin in 
a technique called Continuous Liquid Inter
face Production, or CLIP. "We're using light as 
a very delicate chisel that can make complex, 
amazing things," DeSimone says. The result 
is 25 to 100 times faster than conventional 
printing. It also works with more materials, 
including the entire polymer family, and at 
a higher resolution than competitors, which 
build objects in layers-making CLIP ideal 
for custom commercial manufacturing. Now 
the company DeSimone co-founded, Carbon, 
is partnering with BMW, Johnson & Johnson, 
and others to do just that. ALYSSA FAVREAU 

Invention: 
Continuous Liquid 
Interface Produc
tion (CLIP) 

Inventors: 
Joseph DeSimone 
Alex Ermoshkin 
Ed Samulski 

Company: 
Carbon 

Maturity: 

••••• 

Carbon created this 
sphere as a test of the 
printer's ability to work 
with acrylate resin. 
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ACCESSIBILITY 

QUEST FOR 
THE HOLY 
BRAILLE 

Digital tablets provide access 
to a world of information
but there's no elegant, af
fordable way for the visually 
impaired to read from them. 
That's because current braille 
readers, which attach to the 
bottom of a tablet, provide 
room for only one line of text 
at a time. Researchers at the 
University of Michigan, led by 
Brent Gillespie, Alex Russo
manno, Mark Burns, and Sile 
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O'Modhrain, hope to develop 
a refreshable display to trans
late an entire page at once. 

The project was partially 
motivated by O'Modhrain, 
who is visually impaired. 
"Existing displays don't 
allow you to access lots of 
braille code and graphical 
information," she says. "Math 
and music codes, for example, 
are displayed spatially, 
so that they're spread over 
multiple lines." 

Existing technology 
could conceivably allow for a 
full-page braille screen that 
refreshes like a tablet. But 
the price would be astronom
ical. For instance, single-line 
displays that rely on elec
tronics cost more than $3,000; 

expanding them to a full page 

Inventors: 
Brent GillesRie 
Alex Russomanno 
Marl< Burns = 
(not Ricturea) 
Sile O'Modlirain 

Unive sit~ of 

Each dot sits on 
an inflatable bubble. 

Air or liquid flows 
into a specific channel 
to reach the bubble, 
which inflates and 
lifts that dot. 

A microfluidic chip 
controls the pattern 
that emerges. 

could potentially raise the 
price to as high as $55,000. 

To reduce that cost, the team 
chose to make their device 
with microfluidics. 

Here's how: A refreshable 
display must raise and lower 
braille dots-a full page might 
include up to lO,ooo-to create 
a pattern. In the team's device, 
a microfluidic chip controls 
this process by moving small 
doses of fluid through tiny 
channels. Their prototype is 
only a couple of inches wide, 
but the team hopes to expand 
it to a full-page display that 
would cost $1,000 to $2,000. 

As for the device's name, 
collaborator Noel Runyan 
coined a popular moniker: 
Holy Braille. 
XAVIER HARDING 
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DRONES 

A DRONE FOR 
THE EVERYDAY 
COUSTEAU 

Four years ago, Eric Stackpole 
and David Lang were on a 
quest for treasure: They want
ed to build a cheap remotely 
operated vehicle (ROV) and 
explore an underwater cave 
rumored to contain gold. For 
help, they turned to like
minded enthusiasts online. 
An open-source community 
quickly formed to contribute 
to the ROV's design. 

The treasure proved 
elusive, but Stackpole and 
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GADGETS 

PRECISE 3-D 
SCANNING 
ON THE GO 

In 2012, Rahul Koduri, Asfand 
Khan, and Richard Boers were 
designing a solar tracking 
system. But it didn't work. To 
find out what went wrong, 
they needed to find out how 
the shape of a metal dish had 
warped-by performing a 3-D 
scan. "The cheapest option we 
could find for a scanner was 
$2o,ooo, which we couldn't 
afford," Khan says. "So we 
patched something together 
using open-source libraries, a 
camera, and a cheap laser." 

Lang still found success: 
They discovered a market 
for affordable, collaborative 
underwater exploration. 
The pair decided to produce 
a kit that would make such 
exploration "accessible to 
everyone," Lang says. So far, 
thousands of people have 
used it to do things like ob
serve melon-headed whales 
and discover biofluorescence 
in a clam species. Now their 
company, OpenROV, has 
built a new vehicle called 
Trident-a drone that works 
right out of the box. 

Thousands of people 
in their online community 
helped OpenROV develop 
Trident's new features: a 
dive depth of 100 meters, a 
three-thruster design that 
allows for delicate maneuvers, 

Invention: 
eora 3D 

Inventors: 
Rahul Koduri 
Asfand Khan 
Richard Boers 

Company: 
eora 3D 

Maturity: 

••••• 

and a sleek profile that 
provides steadier, faster move
ment. This enables Trident to 
perform transects, which is 
when it semi-autonomously 
travels in long parallel lines to 
capture the topography of a 
seabed or lake bed. Users will 
also be able to modify their 
drones with extra tools, such 
as special lighting systems 
and water samplers. 

Not to mention, the 
inventors say, Trident is fun 
to control. "Normal ROVs feel 
much slower and heavier," 
Lang says. Steering Trident is 
"almost like flying a jet fight
er," Stackpole adds. "When 
you get down there and start 
looking around, it's addictive." 
OpenROV plans to start ship
ping the drone in November. 
SARAH STANLEY 
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While doing online 
research to refine their 
home-built device, the team 
realized other DIYers wanted 
their own cheap, accurate 3-D 
scanners. So they put aside 
the solar project and created 
eora 3D. It's a smartphone
connected laser scanner that 
achieves the same resolution 
as an industrial scanner but at 
a much lower price: $319. After 
a successful Kickstarter cam
paign, the device will begin 
shipping to backers in June. 

The key to eora 3D is that it 
harnesses the processing power 
of smartphones, making it "as 
much a software innovation 
as a hardware innovation," 
says Khan. There are other 
smartphone scanners, but 
they are low-resolution. That's 
because they stitch together 

An HD video 
camera captures the 
underwater scene. 

A neutrally buoyant 
tether sends live 
video and other flight 
data to the surface. 

photos without capturing 
reliable depth data. Eora 3D 
achieves higher precision via 
a soda-can-size device that 
attaches to the smartphone 
and sweeps a green laser 
across an object. The laser 
allows the phone to capture 
depth data for each pixel as 
the phone snaps photos. The 
smartphone app then stitches 
more than a thousand of these 
images into a digital model. 

To capture the object from 
all angles, users can place it on a 
Bluetooth-connected turntable, 
which rotates in sync with 
the laser. The turntable, which 
comes with the device, is ideal 
for scanning small objects. For 
larger ones, eora 3D can take a 
few scans at different angles 
and stitch them together later. 
SARAH STANLEY 
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INVENTION AWARDS 

HEALTH 

SWALLOW 
A PILL TO 
MONITOR 
YOUR VITALS 

Vital signs are key indicators 
of health. But tracking some 
of these signals, such as the 
body's core temperature, can 
require invasive tactics
which is especially prob
lematic for active or injured 
patients. Almost anyone, 
however, can swallow a pill. 

That's what Giovanni 
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Traverso, a gastroenterologist 
and biomedical engineer at 
Harvard Medical School, and 
Al Swiston, a biomaterials sci
entist at MIT's Lincoln Labo
ratory, realized when they met 
at a work event in 2012. At the 
time, Traverso was working on 
ingestible devices and Swiston 
on vital-sign monitoring-so 
they decided to join forces to 
create what Traverso calls "an 
ingestible stethoscope." 

"It's basically a really tiny 
microphone that is able to listen 
just like the doctor would," 
says Swiston. The PSM pill 
(short for "physiological status 
monitoring") contains special 
microphones that pick up the 
sounds of the heart and lungs, 
as well as a tiny thermometer 

0 

Invention: 
PSM Pill 

Inventors: 
Giovanni Traverso 
Robert Langer 
Al Swiston 

Affiliation: 
Harvard Medical 
School, MIT's 
Lincoln Laboratory 

Maturity: 

• 

f.) 

that measures core body 
temperature. It is the only pill 
of its kind that can track three 
vital signs at once. 

So far, the prototype has 
successfully been tested in 
pigs, and the team plans to try 
it in humans next. If all goes 
well, the military could one 
day use the device to monitor 
soldiers in the field for hypo
thermia or dehydration. A 
marathon runner could closely 
track her heart rate during a 
race. And doctors could look 
for abnormal heart rhythms 
or early signs of asthma. The 
researchers hope to one day 
incorporate drug delivery so 
the pill could also treat the 
conditions it detects. 
CLAIRE MALDARELLI 

Once a person swallows 
the pill, hydrophones 
(microphones that work un
derwater) pick up sounds 
coming from the heart and 
lungs, while a small ther
mometer measures core 
body temperature. 

The monitor sends the 
sound and temperature 
data to a computer, where 
an algorithm separates the 
waveforms of the sounds 
into two distinct tracks: one 
for respiratory rate and one 
for heart rate. 

As the pill travels through 
the GI tract, the doctor is 
able to continue monitoring 
vital signs until the pill 
passes- which happens 
within a day or two. 

IL LU STRATI ON BY MCKIBILLO 
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ARCHITECTURE 

A BRIDGE 
PRINTER 

For the past 12 years, the J oris 
Laarman Lab in Amsterdam 
has crafted experimental 
furniture and artwork. To 
produce their more ambitious 
designs, Laarman and his 
partners adopted 3-D printing 
early on. But existing printers 
couldn't produce their larger 
creations. So the team built its 
own system, called multiaxis 
3-D printing, or MX3D. 

"We thought, 'Why not get 
an industrial robot, attach an 
advanced welding machine 
to it, and see what it does?"' 
says Tim Geurtjens, chief 
technology officer of Joris 
Laarman Lab and its spinoff 
R&D company, also called 
MX3D. First, the team devel
oped software to control the 
industrial robotic arm. Then 
they attached extruders-the 
parts of printers that push 
out material-to it and started 
printing with copper and 
aluminum. Most 3-D printers 
attach the extruding tools to a 
frame, which gives them three 
axes of movement. The MX3D 

MAY/ JUNE 2016 

The multiaxis 
industrial robots are 
essentially robotic 
arms equipped with 
extruding tools 
and the software 
to control them. 

has six: It is a mobile, freely 
moving robot that can travel 
with and around the printed 
structure to build an object of 
nearly any size or shape. 

To showcase MX3D's ability 
to create durable, large-scale 
objects, the team is printing a 
fully functioning steel bridge 
in Amsterdam-a city of 165 

canals. They wanted to do a 
project that would demon
strate the technology and 
inspire people at the same 
time. "So we came to the idea 
of printing a footbridge," 
Geurtjens says, "since we are 
from Amsterdam, after all." 
GRENNAN MILLIKEN 
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We are living in a golden age of invention. 
Makerspaces and online creator communities abound; information 
is abundant and free; equipment is affordable and available; and 
crowdsourcing platforms offer a great way to test interest and build 
excitement around a new idea-as well as to fund it. Because barriers to 
entry are practically nonexistent, these days anyone can be an inventor. 

As a result, the number of amateur creators is on the rise. 
Nearly half of American adults now refer to themselves as "makers." 
Most important, people of every age, gender, and background are 
involved in this movement. "You don't have to be an expert in a field in order 
to make an original contribution," says Steve Sasson, inventor of the digital 
camera and a 2011 National Inventors Hall of Fame inductee. "You can 
become an inventor simply by having an idea, working on it, and refining it." 

LIMOR PRIED 

DANIELLE 
APPLESTONE 

ERIC HINTZ 
LEON 
SANDLER 
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Try 
again! 

. ···················~ 

A • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Nope 

• • • • • • • • • • • • 

A • 
• • • • • 

•• •••••• 

•••• Not really 

• 
• 

Does your 
idea somehow 

improve on 
w hat 's already 

outthere? 

Run the idea 
by 20to 50 

experts and/or 
potential 

customers. 
Do they express 

enthusiasm 
and interest? 

• 
• • • • • • 

So you have an idea. How do 
you know if it can bring you fame and fortune? 

Follow this flowchart to find out. 

• • 

• 
• • • y 

• 
• • • y 

.. 

•••••••••••••••••• 
• • • • • • • • • 

~· : 
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• • • • • • • • • • • • v 

I s there a 
market for it? 

• 
• • • • • • • • • • • 

Not sure 

• •••••• . ····) 

~-··················· . 

Can you 
hire or 

partner with 
someone 
w ho can 

help? 

A 
• 
• 

Not sure 

Will it be 

• 
• • • 

an affordable, 
competitively 

priced product? 

• • • • • • • • • • • • • • • • • • • • • • • • 

• • • • • • • • 
• 

• • 
• y 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Try 
again! 

. ····) 

. ····)t 

A 
• • • 
• 

• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • y 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••• Meh, I just want money and fame ~················ . 
Are you driven, 

passionate, and stubborn about 
your idea yet intellectually 

honest with yourself? 

- -

You're a 
hobbyist 
inventor! 

A 
• 
• • • • 

Let's 
go! ~- .. •••• 

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

-

• 
• 

• • y 

Are you willing to 
invest years of your 

life bringing this 
thing to market? 

• • • 
• y 

Um, not really 

Fear of failure {or Looking crazy or stupid) is the biggest hurdle for 
inventors. "You can 't be concerned with that," says Ayah Bdeir, founder 
and CEO of LittleBits, a platform of easy-to-use modules that snap 
together into electronic projects. "You have to get over it and just jump." 
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O Research & Model 

Inventors, Like 
artists, start with 
representations before 
they attempt to make 
something. Among their 
methods and tools: 

RESEARCH The Internet 
is a great way to find 
available materials and 
possible technologies and 
techniques you can apply. 
The broader your search, 
the better. Mixing disci
plines often produces 
the best results. 
DRAWING Pencil 
and paper 
MODELING Cardboard, 
X-Acto knife, tape and 
hot glue 

'• 
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DIGITAL MODELING 2-D and 
3-D modeling and design 
software, such as Auto CAD 
or SolidWorks 

f) Experiment 

The creative process 
requires trial and error
you must test your proto
type, tweak it to make it 
work better, and then test 
it again. Repeat over and 
over again until there's no 
room for improvement. 
The goal is to quickly and 
inexpensively prove the 
technical feasibility of 
your product. Tools for 
this phase include: 
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MILLING MACHINES 
Commonly used in 
industry for producing 
parts with precise sizes 
and shapes 
3-D PRINTERS Used to 
create three-dimensional 
objects in plastic, metal, 
wax, nylon, and more 
LASER CUTTERS Uses a 
high-power beam to make 
exact cuts at high speeds 
ELECTRONICS TOOLS 
Such as a multimeter 
for measuring electric 
resistance, voltage, and 
current; an oscilloscope 
for debugging circuits; 
and a soldering iron 
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E) Finalize 

The final prototype 
should be presentable 
for potential investors 
and customers. 

SCALING UP The tools 
you used in the experi
mental phase might get 
the job done, but your 
final prototype will be 
built to scale and it will 
likely entail more expen
sive materials and more 
careful design. 
OUTSIDE HELP If a proto
type's final creation 
requires skills you don't 
have and can't easily 
learn, hire expert help. 
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Ideally, you've been developing a community of 
"true believers," as tech entrepreneur Danielle Apple
stone calls them-people who know about and support 
your product. Get your prototypes into their hands first. 
Not only will those people provide valuable feedback, 
they'll also spread the word. To extend your reach, evan
gelize about your product at conferences, meetups, and 
hackathons, and write about it in forums and blogs. The 
media can also help you reach new audiences and build 
your customer base. Seize upon every opportunity for an 
interview, even if it's not with a major news outlet; you 
never know who the story might reach. Most companies 
hire professional marketers to help with this phase. 
Finally, use feedback and market research to determine 
demand. This will help you set the pace for scaling up. 

The challenges of scaling up production often catch 
inventors off-guard, so the earlier you begin thinking 
about manufacturing and introducing yourself to 
manufacturers, the better equipped you will be for the 
future. A typical company might reach 1 percent of the 
total market in its first year, 3 percent in its second, and 
5 percent in its third. So if your total market is about 
10,ooo people, you'll need to make 100 products your first 
year. For anything fewer than 1,ooo units, you should 
probably just build your products in-house, following 
the same procedures you used for your prototype. For 
1,ooo to 5.ooo products, team up with nearby manufac
turers to ensure an easy working relationship and low 
transportation costs. Once you hit w,ooo units, however, 
you'll need to find a large-contract manufacturer. 
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DRONE-KOTA 

the downtown Fargo office of 
the startup Botlink, engineers, 
code writers, and executives 
huddled around me, thrusting 
a tablet to show off their app, 
an air traffic control interface 
that allows even the least 
skilled to fly a drone without 
crashing it into a plane. 

"Real-time data distribu
tion," said one. "The orange cir
cles show restricted airspace 
around airports. You want 
a beer? A Coke?" With the 
exception of the executives, 
all sharp smiles and good hair, 
the entourage was pure geek: 
sneakers and hoodies that lim
ited exposure to sunlight and, 
in the Zuckerberg era, seemed 
to suggest imminent innova
tion and subsequent riches. 

I had arrived in North 
Dakota last June, in the 
same week Market Watch 
declared it the "Silicon Valley 
of drones." At each stop I was 
regaled with the vocabulary 
of promise-disruptive tech, 
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green fields, incubators, and 
accelerators. In the booming 
economy of drone technol
ogy; North Dakota has been 
an early and enthusiastic 
adopter. The Federal Aviation 
Administration chose it as one 
of six official drone test sites, 
and the entire state permits 
unmanned flights at night and 
at altitudes of 1,200 feet (as 
opposed to daylight and up to 
200 feet, as per the rest of the 
nation). The U.S. Air Force, Air 
National Guard, and border 
patrol all pilot drones from 
Grand Forks Air Force Base. 
Adjacent to that, Northrup 
Grumman is building a facility 
as the anchor tenant at the 
Grand Sky unmanned aerial 
systems business and aviation 
park-the nation's first. And 
the University of North 
Dakota launched the nation's 
first undergraduate program 
in drone piloting in 2009. 

The state Department of 
Commerce pointed me to 
Botlink as an example of "the 
vibrancy of the sector," so I 
followed the team of coders 
into the creaky elevator of 
their prewar building and 
drove with them to a city park. 
There, they hefted a quadcop
ter from the trunk, laid it on 

NOBODY 
CALLS THEM 
DRONES. 
THAT'S 
A FOUR
LETTER 
WORD 
AROUND 
THESE 
PARTS 

grass, and fired up the rotors. But something wasn't 
meshing with the smartphone, so an engineer named 
Tandy bent over to shut it down. When he reached 
into the rotors, he yelped-blood shot through the 
air. He sucked on his finger and spat red, and finally 
someone asked, "Do you need a bandage, dude?" 

The question was moot because nobody had a 
bandage, but one guy offered a wadded-up napkin 
from his jeans pocket. It was quickly soaked red. No 
matter. The drone again whirred to life and soared 
skyward. Before it could cross the lawn, the pilot 
detected that the app was not communicating with 
the drone-an earlier crash broke the antenna-so 
he landed the thing manually, packed it up, and we 
drove back to the office. It was not exactly the sort 
of tech disruption I had imagined. But my tour of 
North Dakota had just begun-and even the Wright 
Brothers crashed a few planes, right? 

I I I -- -- --
1 1 1 

THANKS TO the shale oil boom, North Dakota's econo
my and population has led the nation in growth-the 
state leapfrogged Alaska to become our 47th largest. 
Just as crude is fracked to the surface, so is money 
fracked to the east, where roughnecks deposit wives 
and children in the leafy lanes and solid schools of 
Fargo and Grand Forks, far from the oily man-camps. 
Now, as oil prices plummet and production drops off, 
North Dakota sees drones as its chance to develop a 
bust-proof tech sector. 

It is worth noting here that nobody official calls 
them drones. They say unmanned aerial vehicles 
(UAV}, unmanned aircraft systems (UAS}, and remote
ly piloted aircraft (RPA). Drones, as one pilot told me, 
is a four-letter word around these parts. Another 
conceded the word had a "delicate public perception." 

Grand Forks exudes warmth and trust-a tidy 
little city: not too rich, not too poor. As I cruised its 
broad streets listening to Polka Hour on the radio, I 
saw evidence everywhere of prosperity. As just one 
informal yardstick, the city of 56,ooo boasts three 
sushi joints. I stayed in a spanking-new motel out by 
the interstate, in a cluster of similar motels plunked 
down like Monopoly pieces on freshly poured 
concrete. Upon registration I was required to sign a 
paper promising not to smuggle a hockey stick into 
my room. A sign in the elevator read: "We suggest 
that if your plans are to 'PARTY after midnight, that 
you please take it to somewhere else. Be respectful of 
others and everyone will have a great stay." 

That could be the state's motto. 
The North Dakotans I met are pursuing their 

quixotic quest with archetypal Midwestern pluck. 
A professor of aviation gifted me a school medallion 
stamped "VENTURUM TEMPUS PROSPECTUS: 
Looking to the Future." A brigadier general said that 
folks here were not just nice, but North Dakota nice. 

This flat state's chief selling point as a nascent 
drone industry, though, might not be what it has, but 
what it lacks: There are fewer people and things to 
collide with should your craft, as one airman put it, 
"come into contact with the ground." Indeed, one of 
the first things you'll see, speeding away from Grand 
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Forks airport, is a red, white, and blue building that 
screams GENEROUS GERRY'S FIREWORKS SUPER
STORE, and you'll think, ·~h yes, come here to do 
dangerous stuff that is elsewhere banned." 

For many years the only drone users were the 
military and hobbyists, who were largely unregu
lated. Then in 2014, the FAA began to issue special 
exemptions to existing regulations. By the time I 
got to Grand Forks, 664 companies across the nation 
had been granted exemptions (the figure has since 
reached 3,ooo and continues to climb). But while the 
companies are allowed to fly-say, for aerial photog
raphy or pipeline inspections-they are not allowed 
to fly out of the pilot's line of sight. Amazon, for exam
ple, can't make deliveries here. To test experimental 
delivery aircraft and techniques, Amazon has been 
working in Canada, the U.K., and Denmark. Smaller 
companies with fewer resources would probably 
have to partner with one of the six FAA-approved test 
sites, such as the Northern Plains Unmanned Aerial 
Systems Test Site in Grand Forks. 

"Until recently, there was no way for a civilian 
entity to fly an unmanned aircraft," the site's 
executive director, Robert Becklund, told me. Now 
that's changing, and North Dakota is eager to help 
it along. Becklund-a lean pilot who's all fighter-jet 

' 

-

competence with clipped hair 
and a crisp black polo-seized 
my hand. "My suspicion," 
he said, "is that by the end 
of the week, you'll be pretty 
enamored with the place." 

I I I -- -- --
1 1 1 

SPEEDWAY sos Grill & Bar 
is a brick block on shadeless 
42nd Street in Grand Forks. 
The parking lot smelled like 
bacon. Inside, Matt Dunlevy 
and Jack Wilcox gulped dark 
beer from glass steins as big as 
their heads. They were from 
SkySkopes, a startup specializ
ing in aerial photography that 
recently won a commercial 

Future pilots in 
the University 
of North 
Dakota's 
drone-flying 
program 
(above). 

Pilot field 
training, 
literally, near 
grazing cattle 
(left) . 
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exemption from the FAA. Dun
levy wore basketball shorts, 
aT-shirt, and rubber sandals. 
Sitting across from him, 
obscured by a plastic tumbler 
of Coke, sat SkySkopes' pilot, 
Connor Grafius, dressed in an 
oxford shirt buttoned to the 
neck. He had a phone against 
one ear and a finger in the oth
er. "We are looking for a range 
extension," Grafius said into 
the phone. ·~ blanket COA to 
200 feet. You have to exclude 
the military installations." 

"We're on the phone with 
the FAA now," Dunlevy told 
me. Two days from now, 
SkySkopes would fly its first 
commercial mission: to inspect 
a cell tower 300 miles west of 
here in the Oil Patch. 

'Your phone sucks," Grafius 
said, passing it back to Dun
levy. He sipped from his straw. 
He drank soda because he was 
20 years old. The founders 
were just a few years older. 

I liked these guys. They 
had vision and were starting 
from nowhere, or close to 
it. Whereas another flight I 
was supposed to witness had 
been scrubbed due to high 
winds, the SkySkopes team 
pulled an octocopter from 
their car when I met them 
and launched it in about five 
minutes. Then they let me fly 
a cheap drone. If their plan 
panned out, SkySkopes could 
prevent linemen or pilots from 
risking their lives to study 
skybound cables-and make a 
bucket of money. Their smarts 
and ambition and enthusiasm 
made me think they were 
going to succeed. Forget jour
nalistic objectivity, I wanted 
them to succeed. 

Because drones are evolving 
quicker than the regulations, 
Grafius had to explain to the 
FAA what he was trying to do 
in order to get permission to 
do it. They did not know of 
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anyone in the country who 
had inspected cell towers with 
drones-at least not legally. 

"There's really no one to ask 
for advice," Dunlevy told me. 

While Dunlevy was the 
businessman, Grafius was 
the ace. A junior in the UAS 
program at the University 
of North Dakota, Grafius 
began flying and building re
mote-controlled aircraft when 
he was 15. Then he mounted 
cameras on his planes and 
piloted them by feel while 
wearing a pair of video 
goggles. Passersby might have 
been perplexed to wander 
upon this wispy teen, seeming
ly blindfolded, operating a 
stick and throttle, enraptured 
by what he saw in his headset. 

"It's the greatest thing I'd 
ever seen," Grafius told me 
as he ate french fries. "The 
sensation, the peripherals-it's 
like you're flying. When people 
asked what I was doing, I'd say, 
'Just look into these goggles 
and you'll freak out."' 

I asked why other compa
nies weren't angling for the 
same business. "We're hungry," 
Dunlevy said. "They're not." 

I I I -- -- - -
1 1 1 

LIKE EVERYONE ELSE I met in 
North Dakota, the guys from 
SkySkopes found nothing 
controversial about drones. 
It was just another industry, 
and if someone was going to 
have a piece of it, it might as 
well be them. Yet outside the 
state, opinion is split. Some see 
the personal aircraft you can 
buy for a few hundred bucks 
as a neat way to film your kid's 
soccer game; others fear it's a 
means to deliver anthrax and 
stalk your ex. I fall in the latter 
camp. So when a professor of 
aeronautics suggested my visit 
might "dispel some myths," I 
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hoped he was right. 
The first unmanned aircraft 

in North Dakota were military; 
their arrival followed the 
decommissioning of fighter 
jets and nuclear missiles. One 
morning, a toothsome trio of 
camo-clad handlers chauf
feured me around Grand Forks 
Air Force Base, where the 
remotely piloted Global Hawk 
hulked in its hangar. Sleek and 
streamlined as a bottlenose 
whale, it is capable of flying 
all the way to Panama and 
back on a single tank of gas. 
The pilot was all smiles. 'Tve 

launched an aircraft, gone 
home, had dinner with my 
wife," he said, "then gone to 
sleep, come back the next 
morning, and landed the same 
aircraft." 

Military drones inspire their 
share of anxiety: Like many 
Americans, I was taken aback 
when the FBI director admit
ted to Congress that drones 
had been used for surveillance 
on U.S. soil. Then-senator 
Lindsey Graham said, "If I'm 
president of the United States, 
and you're thinking about 
joining al-Qaeda or ISIL, I'm 
not gonna call a judge; I'm 
gonna call a drone, and we will 
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kill you." I was allowed to sit at 
a drone simulator and pretend 
to launch it, but when I peered 
down on a building, I did not 
imagine myself the patriot 
gathering in tel, but rather the 
mope in the crosshairs. 

Wherever I went, my fears 
were met with upbeat assur
ances. Back at the Test Site, 
Becklund had said: "Privacy 
concerns will be handled by 
the courts. Will drones get 
in the hands of the wrong 
people? I'm sure they will. But 
from a government point of 
view, privacy is not a big issue." 

• 

- • 0 • 

-

A DXg transmitter 
(used to fly a quadcopte r ) 
alongside a student 
pilot's notebook. 

"If you're not doing any
thing wrong, what's the big 
deal?'' agreed a colleague. 

I had reached the limits of 
Midwestern openness. The 
Global Hawk pilot declined to 
divulge the purpose of flights 
over North America. Because 
of nondisclosure agreements, 
Becklund could not tell me 
what kind of research com
panies were conducting at 

the Test Site. Two Botlink guys told me they piloted 
Predator drones from the Air National Guard base in 
Fargo but weren't supposed to reveal specifics. 

This impenetrability was further tangled by a 
Gordian Knot of agencies. The Test Site is not 
actually a brick-and-mortar proving ground with 
hangars and runways, but rather an amorphous 
entity mandated by the FAA, in partnership with 
UND Aerospace, ND State University, ND Aeronau
tics Commission, ND Aviation Council, and the Adju
tant General of the ND National Guard, but largely 
funded by the ND Department of Commerce, which 
also funds Grand Sky business park. The Test Site is 
housed adjacent to, but not inside, UND's Center for 
UAS Research, Education, and Training, and both are 
connected by tunnel-bridge to the Center for Innova
tion, a project of InnovateND, also partially funded 
by the Department of Commerce. Both the Air 
National Guard and Customs and Border Protection 
operate various types of Predators at the Grand Forks 
Air Force Base, where UND researchers have been 
developing a drone flight simulator. 

Got it? 
The more I asked, the less I learned. I eventually 

found out that the unarmed border-patrol drone 
introduced as an MQ-9 Predator B was referred to by 
the USAF as the MQ-9 "Reaper." 

It made me wonder: Why are we droning Canada 
anyway? Customs and Border Protection deployed a 
Predator B to resolve a standoff with a North Dakota 
rancher. Another border-patrol pilot told me he'd 
assisted with "some meth, some gun cases, some pot." 
Department of Homeland Security reported that 
border drones cost $12,000 per hour to fly-five times 
the original estimate-and that the agency "cannot 
demonstrate how much the program has improved 
border security." 

North Dakota was beginning to feel more like the 
Pentagon than Palo Alto. Yet even Grand Forks Air 
Force Base was disarmingly pleasant. Looking out the 
truck window to take in the verdant view, I asked my 
camouflaged handlers, "Is that really a golf course?" 

"Yes." 
"Eighteen holes?" 
"I want to say it's nine." 

I I I -- -- --
1 1 1 

TWO DAYS LATER. I drove west with the SkySkopes 
team. Flare stacks from the oil field threw yellow fire 
into the sky. At the gas station in an outpost called 
Ray, they donned yellow safety vests. Grafius in par
ticular did not look much like a roughneck. He wore a 
checked oxford, tan Levis, and unlaced boat shoes. At 
the pump, he nearly collided with a man packing two 
firearms. "He looked me right in the eye," Grafius re
ported, "and was like, 'What are you doing out here?"' 

The story I'd been told about North Dakota's 
entrepreneurial blossoming was not quite holding 
together. I learned that of the 664 commercial drone 
operators in the U.S., only three were based in North 
Dakota. That struck me as a small market share for a 
place heralding itself as the upstart of the startups. 

--0::: 
w 
c:o 
:::> 
0::: 
(.!J 

L 
I-
. . 
c.. 
0 
1--

L 
0 
0::: 
LL 



What's more, two of them were existing companies; 
only SkySkopes started up recently. 

Nonetheless, I felt a thrill heading out to a job with 
the SkySkopes team. In their hands, drones didn't 
seem like sinister weapons, but brilliant gadgets to 
make life fun and easy. That day I read about Califor
nia lifeguards who, using a drone, had spotted a shark 
and cleared swimmers from the water. Johns Hop
kins was investigating the transport of human blood 
for transfusions in Uganda. I could get behind this. 

We drove down a gravel road to where a cell tower 
rose from the fields. A tattooed tech with a ponytail 
held up a waiver that I signed without reading. Two 
older men arrived in a pickup. The problem, they 
explained, was water. Strands of black cable snaked 
to the top of the tower. Rainwater had entered the 
plastic sheath and poured into the circuits below. 
Was it faulty weatherstripping? Or had the cable 
been nicked through careless installation? Thou
sands of towers-millions of dollars-hinged on 
the answer. It would cost $1,500 to send up a climber 
who might not figure it out. 

Grafius hefted a black case from the back of the 
car, wheeled it across the gravel, and opened the lid, 
revealing the octocopter. He straightened its spindly 
legs, tipped in red. SkySkopes did not build the drone; 
they bought it online. Grafius' talent was mounting 
and interfacing the camera, gimbal, and software. 

"You have done towers before, right?" one of the 
workmen asked. 

'Yeah," said Grafius. 
"Is it easy to fly one of these things?" 
"Not by a tower." 
"How close can you get?" 
"Very close," Grafius said. "Does this tower produce 

any frequency in the spectrum of 2.4 gigahertz?" 
"You guys have insurance in case something goes 

wrong?" the man asked in return. 
"Up to 2 million," Dunlevy interjected. 
As the workmen beheld the eight-legged creature, 

their skepticism softened. That's the thing about 
drones: They're cool. Everyone stooped to examine it. 

"That's a pretty mean gadget," said the tech. 
Grafius powered the drone and a melody beeped. 
"Clear," he said. "Powering up." 
The thing whirred like a hummingbird as its eight 

rotors spun. Then it lifted off. As Grafius slipped on 
his sunglasses and piloted it upward, the rest of us 
did the only thing male humans can do upon encoun
tering an unmanned craft: We took pictures. 

Grafius' gaze alternated between the drone and 
a real-time video feed. Wilcox operated the camera. 
Grafius gave commands. "I want you to look down at 
those guy wires. Look straight. Now look up." 

"I always get scared," said Dunlevy; pacing. 
Grafius was as cool and crisp as a mint hundred

dollar bill. A workman peered at the video and said: 
"There. Right there. That's what I need." Grafius held 
the drone steady, and Wilcox zoomed in on the junc
tion where the cable entered the steel housing. "Yes, 
that's it." There was a sense of wonder, the marvel 
of technology-the magic really-that we could be 
seeing in such detail2o stories off the ground. These 
magnificent lads and their flying machines! 

THE 
DRONE 
WOVE 
BETWEEN 
STEEL 
CELL-TOWER 
WIRES. 
AND THEN 
I HEARD A 
THWACK. 

The drone wove between steel 
wires as it climbed. Depth 
perception was impossible. 
Grafius propped his Ray Bans 
on his forehead and studied 
the monitor, saying to Wilcox: 
"Look up. OK, look level." He 
lowered the glasses and held 
up a hand to block the sun. 

Then I heard a thwack way 
up high. My head snapped up 
just in time to see the octocop
ter spinning out of control. 

"Uh-oh," said Grafius. He 
throttled up and pulled it 
away from the tower. The 
drone lurched and swiveled. 
Rotors whined, landing gear 
deployed. Before I could count 
to five, the thing slammed 
down in the wheat, bounced, 
and toppled in a heap. 

I I I -- -- --
1 1 1 

BACK ON THE ROAD. we had 
lunch at a pizza place in Mi
not. SkySkopes was unfazed, 
as was my faith in them. No 
one was hurt, the tower and 
wheat field were not harmed, 
and the damage to the drone 
amounted to only $35. Had 
they packed more spare parts, 
they could have repaired 
the thing on the spot. They 
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scheduled to finish the job a 
month later. 'i\nother thing," 
said Grafius, sipping a Coke. 
"We need parachutes." 

From what I'd seen, the 
North Dakota drone industry 
had lots of promise. In fact, 
since my visit last year, the 
Botlink guys said they had 
perfected their software, 
quadrupled their staff of 
engineers, and had moved 
from glitchy prototype to 
actual app-controlled devices 
shipped to real customers. 

But I had also found the 
state oddly insulated from the 
national debate over drones. 
Activists have protested 
Northrup Grumman and 
General Atomics in California, 
but not here. The chair of 
a committee that regulates 
drone use around Grand Forks 
told me there had been little 
conflict. Anyway, she said, we 
are constantly photographed 
in banks and malls, and our 
smart phones track us better 
than any aircraft could. 

"Well, yeah," I sputtered, 
"but we choose to purchase 
a smartphone, same as we 
choose to use the Internet or 
drive a car. No one ever chose 
to be looked at from the sky." 

She looked at me as if I were 
an Amish person explaining 
why suspenders were godly 
but belts were of the devil. 
There's a sense in the north 
country, as the elevator sign 
said, that if we respect one 
another, we'll have a great stay. 

On my trip home in the air
port shuttle, a mounted camera 
winked at me. I had come 
north afraid drones would 
enable my country to invade 
my privacy, only to learn my 
privacy was already compro
mised-usually with my 
consent. Octocopter ads 
flooded my Face book feed. 
Someone may well be watching, 
but it's not them-it's us. % 
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It was a fall night in 2006, when Bradley Waldroup 
walked out of his rural trailer in southeastern 
Tennessee, carrying his .22 caliber hunting rifle. His 
estranged wife and her friend, Leslie Bradshaw, had 
just pulled up to drop off the Waldroups' four children. 

Waldroup began arguing with his wife and 
Bradshaw, who was unloading the car. Drawing his 
gun, Waldroup shot Bradshaw eight times, killing 
her. He used a knife to cut her head open. He then 
chased his wife with the knife and a machete, 
managing to slice off one of her pinkies before drag
ging her into the trailer. There, he told their frightened 
children, "Come tell your mama goodbye" because it 
was the last time they'd ever see her. Miraculously, his 
wife managed to slip his grasp and escape. 

Three years later, in a county court, Waldroup 
admitted the whole thing. He said he had "snapped." 
'Tm not proud of none of it," he told the judge. Con
victed of felony murder, he faced the death penalty. 

To save his life, his legal team took an unusual 
approach, never before admitted in a capital-murder 
case. They sent a sample of Waldroup's blood to 
the molecular genetics lab at Vanderbilt University 
in Nashville. Lab techs there were told to look at a 
specific gene. Sure enough, they found Waldroup 
had a genetic variant on his X chromosome, one that 
coded the enzyme monoamine oxidase-A (MAOA). 
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Jurors ruled out 
the death P-enalty 
for killer Bradley 
Waldroup (above) 
after lawyers 
argued a gene 
variant helP-ed 
predispose him 
to violence. 

MAO.A:s job is to break down crucial neurotrans
mitters, such as dopamine and serotonin. If left 
unchecked, these potent chemicals can build up in 
the brain and cause a loss of impulse control and 
an increase in violence and rage. In part, Waldroup's 
lawyers were claiming, his genes made him do it. 

It's been more than two decades since geneticists 
linked MAOA deficiency to violent behavior. And it's 
been a decade since the media dubbed one of the 
genes that causes the deficiency "the warrior gene." 
It is among the most controversial of several genes 
linked to violence and psychopathic behaviors. 

Mental illnesses have also been linked to genetic 
causes. In January, Harvard scientists jolted the 
mental-health field when they identified a gene that 
might lie at the root of schizophrenia: During ado
lescence and early adulthood, a variant of the gene 
causes the overpruning of synapses in the brain's 
decision-making frontal lobe, impairing things like 
attention and impulse control. While only a fraction 
of the 2 .2 million Americans suffering from schizo
phrenia turn violent-a point that mental-health 
workers are careful to point out-people with 
serious mental illnesses are two to three times more 
likely to become violent than those who are not. 

As each mass shooting and road-rage murder fills 
our daily newsfeeds, scientists, law-enforcement 
officials, politicians, mental-health experts, and the 
public ask what we can do to stop the next one. 
Can we identify violent people before they hurt 
someone? Is there a genetic link among serial killers 
like Ted Bundy, mass murderers like Adam Lanza, 
and roadside shooters like the Uber driver, Jason 
Dalton, who police charged with killing six people in 
a random rampage in Michigan this past February? 

These are uncomfortable questions, ones that 
conjure the quackery of phrenology and the eugenics 
of the Nazis. But as geneticists come closer to unlock
ing the doors of personality traits and pathologies, 
we seem to be stepping beyond behaviorism to 
embrace genetic determinism. We accept science has 
found a gene that increases the risk for alcoholism, 
a condition once associated with weakness of char
acter. We accept that genes can alter brain function 
and may trigger anxiety behaviors. There is 
evidence that the same could be said for violence. 

l(ent IGehl works inside a portable trailer on 
the grounds of the Western New Mexico Correctional 
Facility, home to 440 inmates in the small town of 
Grants. He sits at a cramped desk in front of com
puter screens that monitor activity in a nearby and 
loudly humming cylindrical tube. It is a $2.2 million 
functional magnetic-resonance-imaging scanner 
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Is there a genetic link 
bet\veen 'fed Bundy and 
1\(la111 l~a11za? It's a11 
uncon1fC:ni:able question 
that conjures up eugenics. 
(fMRI). One by one, Kiehl slots in murderers, rapists, 
arsonists, and other violent criminals, and then peers 
into their brains. He has become a top expert on the 
neuroscience of schizophrenia and psychopathy. 

Kiehl has a unique and personal perspective on 
the subject he studies. His family had lived down the 
street from Ted Bundy in a quiet Tacoma neighbor
hood. When Bundy was arrested in 1975 and later 
accused of killing more than 36 women over nearly 
two decades, it sent a collective shiver through his 
neighborhood. Kiehl wondered, "How could someone 
like that grow up in our sleepy little suburb?" As a 
neuroscientist at the University of New Mexico, he 
has spent the past 25 years looking for an answer. 

Psychopaths suffer from severe emotional detach
ment. They lack both empathy and remorse. Kiehl 
has found that they make up about 16 percent of the 
U.S. prison population. Such people also comprise 
about 1 percent of the general population. To put that 
in perspective, it is about as common as bulimia but 
much more difficult to diagnose. That's troublesome 
because psychopaths are inclined to violence. On 
average, a criminal psychopath will be convicted of 
four violent offenses before age 40. Twin studies have 
pointed out a genetic component to psychopathic 
traits, but few experts agree on an exact cause for the 
disorder. Kiehl believes it can be traced to defects in 
the limbic and paralimbic cortex, used in generating 
emotions, controlling impulses, and paying attention. 

During an exam, an inmate lays his head beneath 
a coil that sends and receives magnetic signals. Kiehl 
displays phrases, like "stealing from your job site," or 
images, like that of a car crash, on a screen. He asks 
the inmate to rate the moral offensiveness of each. 

As the inmate makes decisions, his or her neurons 
fire, and the computer records the response time and 
the area of the brain activated. A non psychopath will 
show activity in regions, such as the almond-shaped 
amygdala, related to empathy and emotion. Psycho
paths will not. Depending on which region is active, 
Kiehl can determine how the inmate processes the 
material. A psychopath might show little activity in 
the amygdala and instead be processing the material 

Brain scans, 
like those below, 
have shown 
that psychopaths 
might have defects 
in regions related 
to impulse control 
and emotional 
processing. 

in a logical portion of the brain, in some cases trying 
to trick Kiehl or give Kiehl answers he thinks are 
appropriate or that he thinks Kiehl wants to hear. 

Altogether, Kiehl has collected brain-imaging data 
from more than 4,000 criminals at eight prisons in 
two states, building what amounts to the largest 
forensic neuroscience library in the world. He has 
found that psychopaths tend to have less gray matter 
in the region that he's targeting, as well as smaller 
amygdalas. In short, he says, "they have different 
brains." And those differences are "at least so percent 
caused by genetics," he says, adding, "That shouldn't 
surprise people with neuroscience knowledge." 

Kiehl's work has become so well-known that par
ents of troubled kids frequently seek his advice. It's a 
situation he finds depressing because he doesn't yet 
have answers for them. "I get an email at least once a 
week from a parent whose child is struggling. And it's 
heartbreaking," Kiehl says. "'Is my child a psycho
path?' I'm the last guy they want to call." 

11'1e lllO(lein search for the genetic roots of 
violence began when a woman walked into a univer
sity hospital in Nijmegen, Netherlands, in 1978. She 
had come to seek help for the men in her family-
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several brothers and her own son-who she suspect
ed were suffering from the same mental disability. 
Two had committed arson. One had tried to rape his 
sister. Another tried to kill his boss by ramming him 
with a car. Another had drawn a knife against his 
sisters and forced them to undress. In fact, the family 
violence appeared to stretch as far back as the 1870s, 
according to a detailed family tree of violent offend
ers that a concerned uncle drew up in 1962. 

More than a decade after the woman appeared at 
the Nijrnegen hospital, researchers there finally fig
ured out what was wrong. The violent men possessed 
a mutation on their X chromosome. That defect 
turned out to be a flaw in the MAOA gene. Since 
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In 2015. a 
Finnish study 
concluded 
that a genetic 
variant of the 
CDH13 gene 
was a "plausible 
factor" for 
violent criminal 
behavior. 

the gene is on the X chromosome, men-who have 
only one X chromosome-are more likely to suffer 
its effects than women, in whom a second, normally 
functioning X chromosome can compensate for the 
problems of the defect. Women can, however, pass 
the defect to their sons. Soon the women in the 
family were corning in to be tested to figure out if 
they were carriers. 

Since then, several projects have found other 
genetic risk factors for violent behavior. In 2011. 
a German researcher canvassing the field, found 
a connection between homicidal behavior and a 
variant in a gene that codes for a protein called 
atechol-0-rnethlytransferase (COMT). Like MAOA, it 
regulates dopamine. Four years later, Finnish 
researchers studying prison inmates found that 
violent offenders often possessed MAOA variants 
or variants of genes that code for CDH13-a protein 
that assists in brain-cell signaling. Previous studies 
linked those same variants to autism, schizophrenia, 
and attention-deficit/hyperactivity disorder. The 
inmate study, which appeared in the journal Molecular 
Psychiatry, concluded that the CDH13 variant, and 
the cellular dysfunction that it contributes to, was a 
"plausible factor" for violent criminal behavior. 

The notion that a biological basis to aggression 
might exist troubles many scientists and ethicists. 
They are quick to note that environmental factors 
play a huge role in how genes are expressed. Having a 
gene that increases the risk for breast cancer doesn't 
mean a woman will get breast cancer-and having a 
gene linked to schizophrenia doesn't mean you will 
develop it. "Genes are programs that run every 
activity of every cell in your body every second you 
are alive," says Daniel Weinberger, director of the 
Lieber Institute for Brain Development at Johns 
Hopkins University. "If you inherit small glitches, 
little pieces of noise, this sets you on a path. But 
it doesn't determine you will end up with mental 
illness. These glitches aren't fate. They are for risk. 
Environmental factors are at play too." 

After all, plenty of people carry the same gene 
variant as Bradley Waldroup, the man who killed 
his wife's friend, and they'll never kill anybody. But 
courts have proved ready grounds for the genes
made-me-do-it ethical and science debate. Criminal 
defense cases have cited genetics nearly so times in 
the U.S. between 1994 and 2011. ':Attorneys are getting 
more sophisticated in looking for explanations for be
havior," says Deborah Denno, director of the Fordham 
University Neuroscience and Law Center. 

In the case of Waldroup, the jury spared him the 
death penalty and found instead that he should 
spend his life in prison. The killer-gene defense 
worked. After, when asked if Waldroup's genetics 
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informed her decision, one juror said, "Oh, I'm sure." 
But Denno says the role of gene variants, and links 

to increased risks of violence, has been misunder
stood in the courts and by the media. Behavioral 
genetics seeks to study genetic as well as environmen
tal sources for clues to behavior. It is interdisciplinary, 
incorporating psychology, sociology, statistics, and 
other fields. "While genes influence behavior," Denno 
has noted, "they do not govern nor determine it." 

In fact, environmental factors-as varied as 
malnutrition, social and economic strife, and poor 
education-remain some of the strongest predictors 
of behavioral pathologies in adulthood. Psychologists 
have long known that childhood abuse alone is a risk 
factor for violence. Boys exposed to erratic, coercive, 
and punitive parenting are at risk of developing anti
social personalities and becoming violent offenders, 
according to a 2002 study in Science. Of course, not 
all abused boys become violent. The idea that gene 
variants-like those leading to neural disruption 
or hyperactivity in the brain-might put them at 
increased risk for violence is an intriguing one. But it 
is by no means the sole cause or even a root cause. 

()Ile after11.00111ast fall, the University of 
Connecticut Health Center campus in Farmington 
stood nearly flooded after a late-season downpour. 
Julian Ford, a clinical psychologist who specializes in 
children and adolescents with PTSD, sat in his book
lined fourth-floor office. Ford helped write the official 
114-page investigative report on Adam Lanza and the 
2012 Sandy Hook Elementary School shooting. 

After Lanza killed 20 schoolchildren, six staffers, 
his mother, and himself, the state's medical examiner 
sent a piece of his brain to UConn geneticists and 
asked them to analyze his DNA It was the first time 
a mass murderer's genome had ever been studied. 
Despite formal requests from Popular Science, neither 
the medical examiner, UConn, nor its geneticists 
would release the report's findings or even discuss 
what they were looking for. But they most likely 
searched for gene variants linked to mental illnesses. 

During his early life, Lanza suffered from insomnia 
and struggled with speech. Shy, quiet, and a social 
outsider, he wrote a story for a fifth-grade project 
called "The Big Book of Granny." In it, an old woman 
shoots children and talks about preserving a boy 
for her mantle. Lanza was eventually diagnosed 
with Asperger's syndrome, anxiety, and obsessive
compulsive disorder. While Asperger's is not associ
ated with violence, it might have masked his violent 
thoughts and behaviors. On the basis of a recommen
dation by a psychiatrist, his mother took him out of 
school to teach him at home. While various people 

Would genetic 
testing have 
stopped killers 
Like (top to bottom).;_ 
Ted Bundy. 
Michigan shooting 
spree suspect 
Jason Dalton, and 
Adam Lanza? 
As of now, no. 
And researchers 
are skeptical that 
it ever could. 

had noted Lanza's challenges, "What was apparently 
missed," says Ford, "was his emotional turmoil." 

Adolescence is a vulnerable period, and not just 
because of mood swings caused by surging hormones. 
It is a time when mental illness is most likely to 
manifest. With schizophrenia, for example, symptoms 
often appear suddenly during this period and in early 
adulthood. In their landmark study at Harvard this 
past January, scientists identified a gene potentially 
responsible for this timing: The natural process of 
synaptic pruning, during which the brain deletes 
ineffective connections between neurons, occurs as 
the brain matures. This takes place in the prefrontal 
cortex, where thinking and planning are based. People 
who carry a gene variant that accelerates the pruning 
have a higher risk of developing schizophrenia. 

That's why it's critical that adolescents get care, 
says Steven McCarroll, a Harvard geneticist and 
senior author of the study. "Often when teenagers 
manifest symptoms, they're seen by pediatricians 
without psychiatric specialization," he says. One 
success story he cites is an ongoing Australian 
mental-health program for adolescents, started in 
2006, called heads pace, which runs more than 80 

clinics in some unusual and convenient places. "Some 
are in shopping malls," he says. "They have warm colors 
and welcoming furniture to avoid a clinical feel. It'd 
be wonderful to have something like that here." 

But what about kids like Adam Lanza who fell 
through the health care-system cracks? Would 
genetic screening have helped? As of now, no. And 
researchers are skeptical that it ever could in the 
future. "We don't know enough about genetics yet to 
use genetics as part of diagnosis," says McCarroll. 

There are plenty of reservations about what we 
would look for and what we'd find-worries over 
privacy and stigmatization, the question of what 
to do once you know someone has a genetic risk of 
violence. But learning about genetic markers, even if 
it doesn't entail screening for criminals, still helps us 
better understand violence and its origins. The more 
we understand, the more we can do to prevent it . 

So it's hard to stop looking for genetic clues. Daniel 
Weinberger, the Johns Hopkins neuroscientist, has 
the world's largest collection of brains from deceased 
PTSD sufferers. He studies them for molecular clues 
to mental illness. "For a century, we knew what mental 
illness looked like, sounded like, what it felt like," he 
says. "But we didn't know the basic underlying cause. 
Today, thanks to genetics, we're able to explore things 
that were science fiction 10 years ago." 

But even he worries about what science will find 
and how society will act on it. After all, he says, 
"everyone's genome has a different level of risk for 
different disorders. Everyone's got something." % 
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In November 1944, Japanese soldiers 
in a top-secret oceanside location loosed 
a set of balloons into the westerly winds. 
These globes, about 33 feet in diameter, 
contained a crude but ingenious device 
for releasing ballast that their inventors 
hoped would keep them airborne for 
three to four days-long enough to reach 
the United States. There, an onboard tim
er would activate, causing the balloons to 
drop their payload: incendiary bombs. 

Of the roughly 10,000 balloons-or 
"Fu-go"-launched, about 10 percent 
made it across the ocean. But the 
timer couldn't control where the bombs 
dropped, so most fell in unpopulated 
areas. The strategy never amounted to 
much. Still, these balloons were the first 
successful intercontinental weapons. 

Last year, a pair of foresters found a 

DIY-history columnist 
WILLIAM GURSTELLE 
gives bygone weapons 
a modern spin 

70-year-old Fu-go, half-buried 
but intact, in the mountains of 
eastern British Columbia. That 
amazing discovery inspired me 
to build my own fire balloon
without the dangerous payload. 

My design is much simpler 
than the historical one. Because 
my fire balloons lift off with hot 
air rather than helium, I need to 
use only lightweight materials. 
First I smear a dab of Sterno 
inside a small aluminum pie tin. 
Once lit, the fuel heats the air in 
a flimsy, plastic dry-cleaner bag, 
attached to the pie tin with thin 
wire. The volume of heated air 
gives the device enough buoy

to rise but'ldreds of 
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It's hard to get excited about a meal that takes place when you're 
half-asleep. To get the day started right, these makers have invented 
machines that shake up breakfast. Their outlandish appliances might 
not end up on your table, but they'll certainly whet your DIY appetite. 

by 
JEREMY S. COOK 

1 CEREAL HACKS 2 BACON ALARM CLOCK 

In March 2015, artist rumbling amplifier," Traditional alarm clocks effective alarm." With 
and inventor Dominic and a head-mounted wake you with annoying help from friends, 
Wilcox got an offer he crane for scooping beeps. Tech entrepre- including engineer Josh 
couldn't refuse. Kellogg's cereal. The latter, which neur Matty Sallin Myer, he built a pig-
wanted him to create appeared on The Late decided to make morn- shaped device. Partially 
five goofy devices to Show, uses three levers ings more pleasant- inspired by the Easy-
liven up cereal. Wilcox to control the crane's with a bacon-scented Bake oven, it uses two 
dreamed up 20. He motion and a fourth to alarm clock. "You prob- halogen lights to heat 
eventually built seven, release milk. "The way ably have a memory of up precooked bacon in 
including a cereal- it moves looks robotic," waking up to the smell about 10 minutes. Once 
serving drone, a spoon Wilcox says, "but it's of breakfast," Sallin he's awake, Sallin simply 
with LED eyes, a "tummy powered by hydraulics." says. "It's a completely eats breakfast in bed. 
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3 WAFFLE-MAKING ROBOT 

Jon Eivind Stranden, a it does the rest." At the 
Norwegian electrical- heart of the WaffleBot 
engineering student, is a waffle iron, opened 
created the WaffleBot and closed by a motor 
to help cook breakfast on a wire, and a custom 
when he has guests. "It valve that releases 
solves the problem of the batter. After a set 
having to constantly fill cooking time, the iron 
and empty the waffle rotates upside down 
iron," he says. "You and automatically falls 
just select how many open, releasing a waffle 
waffles you want, and onto a waiting plate. 

ILLUSTRATIONS BY Chris Philpot 
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How to Draw 
Professor David Brody 
UniVPr lty or Washington 

Uncover Your 
• 

Like reading and writing, drawing is a fundamental life skill. Once an 
integral part of a traditional education, knowledge of drawing deepens 
your understanding of the visual world that surrounds you. Contrary 
to what many people think, the ability to draw does not depend on 
innate talent or a unique gift. In fact, you may be amazed at how well 
you can learn to draw, especially with the right instructor. 

The 36 video lessons of How to Draw offer you dynamic and 
comprehensive training in the art of drawing. Your teacher, David 
Brody, brings more than forty years of study, studio work, and 
dedicated teaching to this course, demonstrating an inspiring teaching 
style and limitless insight into the learning process. This brilliantly 
designed course takes you step by step through all of the key elements 
that together build the integrated skill of drawing. This is your 
opportunity to master the primary skill of visual art, an ability with 
rewards you will treasure for a lifetime. 

Offer expires 05/19/16 

THEGREATCOURSES.COM/4PS 

1-800-832-2412 
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ano 
Until recently, James Hobson realistic," he says. He thought 

he could make a simpler version 
spent his days designing \ that actually worked in real life. 

products for a digital-projector \ Hobson started by attaching 
' company. But at night, he pur- ~ some leftover pneumatic 

d · l d 1 cylinders to a brace made of 
SUe a very partiCU ar ream: perforated tubing. The resulting 

to build exoskeletons that give upper-body exoskeleton allowed 

him superhuman strength, I him tO CUrl275 pOUndS With 
I Hobson, a 26-year-old 1 relative ease. "But my back was 
: still taking most of the load," 

Canadian engineer, got the idea : he says, "so we wanted to start 

to build an exoskeleton after I from the ground up." That meant 

watching the movie Elysium. building legs to match. 

"It was the first time I saw an : Hobson designed the pneu-
1 matic legs with a stronger steel 

exoskeleton that was depicted 11 frame, and in January, he used 

in a way that was somewhat / them to lift the back end of a 

I 
I 

I 
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THESE LEGS 
WERE MADE 
FOR LIFTING 

Hobson built his 
exoskeleton's legs 
from lengths of steel, 
anchored in steel-sole 
boots, and pneumatic 
cylinders that stretch 
from the foot mounts to 
a hip mount. External 
loads can be hitched 
to this steel mount, 
which connects to a 
work belt worn at the 
waist, and holds an air 
compressor and battery 
pack. Air flows from 
the compressor to the 
pneumatic cylinders via 
supply lines, elongating 
the leg pieces and lifting 
the weight. Eventually, 
Hobson plans to attach 
the upper body to the 
legs, and lift things with 
the arms as well. Learn 
more on his You Tube 
channel, the Hacksmith. 

Mini Cooper-approximately 800 
pounds. In February, he lifted an 
estimated 1,500, raising a pickup 
truck by its hitch. 

Hobson quit his job this past 
November to focus full time on 
side projects like his exoskeleton 
work. Now he and his friends 
are designing a new upper-body 
exoskeleton to attach to the 
super-strong legs. Eventually, 
they hope their designs will be 
used to help people who are 
disabled. Strong and lightweight 
exoskeletons could also do the 
heavy lifting for firefighters, 
search-and-rescue operators, 
and industrial workers. 

by 
SARAH FECHT 
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Power tools are designed for 
professional users and typical 
applications. Deviate from the 
norm, as makers and DIYers 
often do, and you no longer 
have the best tool for the job. 
For power-tool users who 
crave flexibility, Milwaukee's 
new One-Key line can connect 
to a smartphone via Blue
tooth, allowing users to adjust 
their tool settings (and keep 
an inventory of their tools) 
through an app. 

The initial One-Key launch 
includes a cordless drill, 
hammer drill, impact driver, 
and two impact wrench sizes. 
Users can modify nearly every 
aspect of their drills and 
drivers. In addition to setting 
the desired torque ceiling 
and speed range, advanced 
options let anyone tinker with 
variables such as trigger ramp
up time and the duration 
and brightness of your work 
light. Once you've chosen your 
custom settings, you can save 

Users of the 
Milwaukee One-Key 

hammer drill 
can customize its 
settings through a 
smartphone app. 

PHO TOGRAPH BY Jonathon Kambouris 

by 
STUART DEUTSCH 

them as one of four M,.,...,. 
Or you can pick an existing 
preset profile, tailored to a 
specific application. 

Milwaukee One-Key won't be 
right for everyone. Custom tool 
settings will be most beneficial 
to those who work on many 
different types of projects and 
want repeatable performance 
and optimal results for each 
one without having to 
master the feel of new drill-bit 
and fastener styles every time. 
For these makers, One-Key 
could be a real game-changer. 

STUART'S DRILL TEST 

When I work with 
wood, plastic, metal, 
and other materials, 
it can be difficult to 
keep track of the best 
speeds for different 
sizes and styles 
of drill bits. If I'm 
drilling a 3/a-inch 
hole into acrylic, for 
example, I first look 
up the recommended 
speed. Then I pick a 
speed range, and zero 

Manual 
Toolbox 

-·-Q) 
MAX SPEED (RPM I HIGH 2.000 

sso 2000 

XICK-BACk CONTROl ~ 

in on the ideal trigger 
pressure by trial and 
error. But when I 
reached for a One-Key 
drill, I simply set the , • 
desired speed range ·' 
and trigger ramp-up, 
and got to work. When 
I moved on to drilling 
aluminum, I didn't 
have to look up the 
settings again. I just 
switched to another 
preset mode. 
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HOW TO HACK 
YOUR CAMERA 
Infrared cameras are often 
expensive and specialized. 
But with a few tweaks, any 
camera, from a point-and
shoot to a DSLR, can snap 
infrared images. 

All cameras can capture 
infrared light, but a filter 
allows only visible light 
through. To photograph 
both, first open up the 
camera so you can see the 
lens and the glass filter 
over it. Carefully remove 
that filter. (Note: This 
might permanently alter 
your camera.) 

To give your images a 
more washed-out look, 
you can add a relatively 
inexpensive (ranging from 
$50 to $100 and up) filter 
that will block visible light, 
leaving only infrared. 

86 POPSCI.COM 

Most photographers rely on the light that 
humans can see, known as the visible spec
trum. But photojournalist Steven Saphore 
thinks they could do a lot more with the light 
our eyes can't detect. By hacking cameras, 
he says, photographers can take pictures in 
the infrared spectrum-just as he does in his 
World in Infrared project. 

While we can't see infrared light, we 
experience it all the time in the form of heat, 
which almost every object on Earth emits. 
Dark objects tend to radiate more heat 
than pale ones because they can absorb 
more light energy. This makes them appear 
brighter in infrared. In that way, Saphore's 
photography flips expectations: Leaves on 
a tree, for example, might look muted and 
dark in visible light, but through his lens, 
they become glowing and vibrant. 

by 
CLAIRE MALDARELLI 

MAY/JUNE 2016 

"It's mentally challenging 
because you are forced to see 
beyond your perception," says 
Saphore. "You can't detect 
infrared with your own senses, 
but you have a tool in front of 
you that can." 

Saphore's favorite demon
stration is to create infrared 
images of people with varying 
skin tones. In the presence 
of infrared light, the pigment 
melanin is more transparent. 
"Differences in skin tone are 
less obvious," says Saphore. 
"It's hard to make a snap 
decision based on what you see." 

Saphore snapped this 
photograph in Atlanta, 
Georgia, in 2014. with a 
camera that captures 
only infrared light. 

PHOTOGRAPH BY Steven Saphore 



The Revolutionary HCX! 

~ Digital sound processing chip 
provides crystal clear sound and 
makes speech easier to understand 
without feedback 

~ Multiple memory programs adapt to 
most listening situations 

~ Nearly invisible thin tube design 

~ Long lasting size 13 batteries and a 
low battery warning 

~ 1 0 bands of layered noise reduction 
helps to emphasize voices while 
balancing out background noise 

~ 1 00°/o Money Back Guarantee 

S Star Reviews! 

They Are Fantastic! "I just received 
my HCX hearing aids and they are 
fantastic. Advanced Affordable is far 
superior and far more affordable!" 
- Chuck D. 

Wonderful Company! "I will definitely 
recommend your company to my 
patients:' - Dr. Arun P. 

Hear Better With 2 Hearing Aids! 

Your brain is designed to use both ears 
working together to fully understand 
what you hear. In fact, studies show that 
you may be able to hear up to 3 times 
better in noisy situations when using 
two hearing aids. 

FREE 
1 YEAR 

Supply Of 
Batteries* 

Digital Hearing Aid Technology ... For Only $299!* 
All hearing aids work the same way. The microphone picks up the sound 
and sends an electrical signal to the digital signal processor. The digital 
signal processor is the "brains" of the hearing aid. It takes the sound it 
receives and adjusts the sound to amplify important speech sounds as 
well as filtering out unwanted noise. (To ensure the best in 
quality, our digital processor is designed and manufactured 
right here in the United States.) Once the processor has The 
amplified the sound, it is passed to the receiver (also HC>rM 
known as the speaker) which emits a corrected and 
amplified sound through the sound tube into your ear. 

Most importantly, your new HCX hearing aids work at a fraction of the cost 
of name-brand hearing aids. In addition to the technical components of 
the hearing aid, you also have a volume control that can be modified with 
a light touch of the finger. Your new hearing aids come with 3 different 
audio programs that help you listen in different sound environments. You 
will love the Open-fit design, that is so light you probably won't even feel 
that you are wearing your hearing aids- you'll just be hearing clearly! 

You can spend thousands for a high-end hearing aid or you can spend just 
$329 for a hearing aid that just plain works (only $299 each when you 
buy a pair). We are so sure you will love our product, that we offer a 1 OOo/o 
Money Back Guarantee- Risk Free if you are not satisfied for any reason. 
It's time to get great digital technology at an affordable price! 

r---------------
I BUY A PAIR AND SAVE $60! 
I 1-877-265-3915 
1 Free 1 Year Supply Of Batteries! • 
1 *Use Coupon Code When You Order: P65 
I (Coupon Code & Price Valid For A Limited Time Only) 
L-- --- ---- --- ---

- Advanced Affordable Hearing 
Affordable Quality Since 1996! 
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•FREE• 
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WHAT'S NEW 

-
29TH ANNUAL 

BEST OF WHAT'S 
NEW AWARDS 

WANTED: 
ThelOO 

Best Products 
oftheYear 

Popular Science is 
hunting for the 100 most 
innovative products and 

technologies-and we need 
entries from you! We're 

looking for the best of the 
best in Aerospace, Auto, 
Gadgets, Engineering, 
Recreation, and more! 

If you've got something 
incredibly innovative, 

we'd love to see it! 

Enter starting May 9. 

popsci.com/enter 
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Repurposed Tech 

For the wiring diagram and links to code. visit popsci.com/chippybear. 

INSTRUCTIONS 

1. Purchase a working 
Teddy Ruxpin from eBay, 
and pop open its back 
with the screwdriver. 
Inside, identify three 
sets of motor connec
tors for the eyes, upper 
jaw, and lower jaw. 

2. To sync the upper and 
lower jaws, wire them 

8 8 POPSCI.COM 

TIME 3 hours 
COST About $85 
DIFFICULTY • • • 

together: Clip the first 
two wires on the upper 
and lower jaw connec
tors. and solder together 
the "jaw open" and the 
"jaw closed" wires. 

3. An H-bridge circuit 
will let the C.H.I.P. 
control Teddy's motors. 
Follow the wiring 

I ._._,. ·. ...... ~ ..... ' 

In the 1980s, a talking bear called Teddy 
Ruxpin took the world by storm. Now, 
Oakland engineer Andrew Langley is bring
ing Teddy back. He hacked the bear's circuitry 
and installed C.H.I.P., the $9 computer that 
his company, Next Thing, had just crowd-

by 
ANDREW 
ROSENBLUM 

funded. The 1 GHz 
computer can run 
text-to-voice algo
rithms that Let the 
bear read anything. 

MATERIALS 

• Teddy Ruxpin 
• Screwdriver 
• Wirecutters 
• Soldering iron 
• C.H.I.P. computer 
• SparkFun Motor Driver, 
Dual TB6612FNG 
• 3.5 mm audio cable 
• 3.7-volt single-cell 
Li-po battery 

diagram at popsci.com/ 
chippybearto connect 
the C.H.I.P., the motor 
driver, and the bear's 
control board. 

4. Cut the audio output 
wires that connect 
Teddy to his onboard 
speaker, and rewire 
them to the audio cable. 

Plug the cable and the 
battery into the C.H.I.P. 

5. Follow C.H.I.P.'s 
directions to boot up and 
log onto the Internet. 
Then download 
Langley's software 
from Github. Launch the 
interface, and give Teddy 
something to say. 
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We built SimpliSafe so anyone can install it (we've even seen an eight year old 

do it). There's no hardwiring and no drilling needed ... so you can skip 

the installation fees and save hundreds instead with our 

award-winning protection. 

SimpliSafe takes just 30 minutes to set-up 
and saves you hundreds. Try it today with our 
60-day Money Back Guarantee. Make your 
home safe again . 

• 
1m 
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~;3 EdgeCraft (800)342-3255 
Assembled .edgecraft.com 
in U.S.A. © 2016 EdgeCraft Corporation, Avondale, PA 19311 

NOW 
Starting 
at just 

$79999 

Turn Your Rough 
Driveway into a 
Smooth Ride! 
DR® POWER GRADER 
• Tows behind your ATV or Riding Mower 

to remove ruts, potholes, and washboard. 

• Grading depth adjusts easily from your 
towing vehicle. Models with wireless 
remote control available. 

• Saves you money by loosening and 
redistributing existing driveway material. 

ALSO GREAT FOR HORSE RINGS, BALL FIELDS, 
AND PARKING AREAS! 

I"REE SHIPPING 6 MONTH TRIAL! 

Call for FREE DVD and Catalog! 

TOLL-FREE 

800-731-0205 
DRpowergrader.com 

Manual 
Fix the World 
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While working at a London hospital, 24-year-old 
medical student Faii Ong went to perform some routine 
tests on a 103-year-old patient suffering from hand 
tremors. The woman's hands shook so badly, Ong says, 
that she'd spend half an hour just trying to eat soup, 
most of which had spilled. He'd spend the next half
hour cleaning her up. 

To Ong, now 26, the situation was deplorable. And 
although the hospital staff said that there was nothing 
to be done, he refused to believe them. Instead, he 
recruited a few of his fellow students to build a 
solution: GyroGLove. 

Worn on the hand, the device stabilizes tremors with 
a gyroscope. This spinning disc- used in both aerospace 
technology and children's toys- maintains an upright 
position, even when pushed. So when the hand shakes, 
tilting the gyroscope, the disc will resist the force 
attempting to knock it over. This creates a sensation 
wearers compared to moving their hands through syrup. 
Early Gyro Glove tests reduced significant tremors by 
more than 80 percent. 

The GyroGlove could benefit professional surgeons, 
athletes, photographers, and others who require steady 

TRACKING TREMORS 
The glove's circuit board includes 
a chip that records hand tremors 
and sends the data to a smart
phone app doctors can access. 

MAY/JUNE 2016 

hands. But it would change 
the Lives of the up to 10 million 
people suffering from Par
kinson's and the up to 200 
million affected by Essential 
Tremor globally. "The vision 
is to restore quality of Life and 
independence," says Ong. 

by 
GRENNAN 
MILLIKEN 

2 

1 GLOVE 

2 TURNTABLE 

3 GYROSCOPE 

4 

4 CIRCUIT BOARD 

s CASING 

9 0 POPSCI.COM ILLUSTRATION BY TrevorJohnston 



gravity defyer· 
COMFORT FOOTWEAR TECHNOLOGY 

J 
• 

Verso§~[}:{ t 

I 

G-DEFY 
SUPER WALK 

They are awesome, saved my job ... I work on 
my feet all day and used to pack my knees with 
ice, now I come home with no pain. 

-Ron B. 

Patented Technology In Every Step 

. 
' ' ' - , . -, ' a ..... \ .. ..... 

PROTECTION 
Absorbs 

Harmful Impact 

COMFORT 
Stores Energy, 

Distributes Force 

PERFORMANCE 
Returns Energy 

Feel better. Do more. 
The stress and discomfort of being 
active and on your feet can destroy 
your quality of life. As you age, 
cartilage and other tissues that 
protect your joints become thinner 
and less resilient. Gravity Defyer® 
footwear helps protect your body 
and provide shock absorption from 
the ground up. Jogging running, 
walking - even routine standing, 
generate punishing impact. These 
forces produce lasting damage and 
wear on the body. Gravity Defyer 
footwear changes how our bodies 

Super Walk $129.95 
WoMEN • SIZES 5-11 
Medium & Wide Widths 

BLK/PURP TB9004FBP 

WHT/PINK TB9004FWSP 

relate to the forces that prevent us 
from leading more active lives. 

The Ultimate Shock 
Absorbing Footwear 
With each step our patented shoe 
technology returns energy to you, to 
help you stay active and on your feet 
longer. A more active you means your 
muscles build strength and endurance, 
your body receives more oxygen and 
nutrients, and the heart and lungs work 
more efficiently. As your body gets more 
efficient you will have more energy to 
live the life you've always dreamed of! 

* Payment opt1ons and terms available at checkout. Cred1t or debit accepted. Shoes must be returned within 30 days 1n like-new condition for full 
refund or exchange. Credit card authonzation required. See website for complete details. Free shipping on orders over $200 in the United States. 
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Manual 
Biohacks 

PAINTING 
WITH 
BACTERIA 
by 
STEPH YIN 

Medical illustrator Sarah Berman 
was in a bio-art class at Parsons 
School of Design in New York when 
she learned about fluorescent 
proteins. When genetically modified 
to produce t hem, bacteria glow 
various colors under ultraviolet 
light. Inspired, Berman decided to 
cultivate her own bacteria- and 
use them to make art. "As an art ist, 
I enjoy producing work that makes 
people want to learn more about 
something they weren't interested 
in before," she says. 

Berman created her "paint" at 
Genspace, a community biolab in 
Brooklyn, by injecting DNA that 
codes for fluorescent proteins 
into a nonpathogenic strain of 
E. coli. She found that by mixing 

Accessories Available for 

her genetically modified bacteria, 
she could produce different hues. 
After four months of daily experi
mentation, Berman chose a palette 
that included green, red, yellow, 
and cyan. She smeared the bacteria 
onto large plastic sheets to create 

images of the human endocrine 
system, which she displayed at her 
senior thesis show in May 2015. 

But unlike real paint, Berman's 
bacteria begin to die once they 
leave the petri dish- now, her art 
has become ent irely invisible. 

MAY/J UN E 20 1 6 

Berman painted the 

human brain's p ineal 

and pituitary glands 
using red- and cyan

producing bacteria 

on a polystyrene sheet. 

American Manufacturing Done Right! 
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Acura · Audi · BMW · Buick · Cadillac · Chevrolet · Chrysler · Dodge · Ferrari · Ford · GMC · Honda · Hummer· Hyundai · lnfiniti 
lsuzu · Jeep · Kia · Land Rover · Lexus · Lincoln · Maserati · Mazda · Mercedes-Benz · Mercury · Mini · Mitsubishi · Nissan 
Oldsmobile · Plymouth · Pontiac · Porsche · Saab · Saturn · Scion · Subaru · Suzuki · Toyota· Volkswagen · Volvo · and more! 

Order Now: 800-441-6287 
. . .... ............ . . . . . ...... . . . . . . . . . . . . . . . . . . . . . . American Customers 

WeatherTech.com I + 1 Canadian Customers 
WeatherTech.ca 

• •• • • 
• • 
• • • • • 

European Customers 
WeatherTechEurope.com 

© 2016 by MacNeil IP LLC 
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Cheap Tricks 

by 
JEREMY 
S. COOK 

Your smartphone crushes it when ordering 
pizza, snapping photos, or displaying You Tube videos. 
But playing the audio that goes with those videos? 
Not so much. You could overcome the problem with 
a pricy speaker or some headphones- but that's 
the boring route. Instead, use a PVC pipe or a sturdy 
cardboard tube to make a simple passive amplifier. 

• 
• 

0 
• 

v-Ye.s 

v-Ye.s 

TIME 1 hour 
COST $10 
DIFFICULTY • • • • • 

v-Yes 

v-Ye.s 

TOOLS+MATERIALS 

• 10-inch-by-2-in ch 

PVC pipe 
• Mit er saw 

• Dremel or 

m illing machine 

• Drill 

INSTRUCTIONS 

1 Cut the PVC pipe at 45 
degrees on both ends. 
It should be symmet
rical, with the shortest 
part about 8 inches long. 
2 Rotate the tube so the 
shortest side faces you. 
Along the top center 
of the pipe, use the 
Dremel to make a slot 
that's slightly wider and 
thicker than your phone 
in its case. 
3 To prevent rolling, 
drill a pilot hole for the 

) 

) 
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• ! Vz- i nch-l ong, 

%-i nch-diamet er 

self-threading 

screw 

• Spray paint 
(op t ional) 

screw in the center of 
the pipe's longest side, 
at a 90-degree angle to 
the phone's position. 
4 Secure the screw in 
the hole. 
5 Optionally, decorate 
the amplifier with spray 
paint. Once it dries, 
put on some tunes 
and insert your phone 
speaker-first. If you 
have an iPhone with 
speakers in the bottom, 
prop it up with a spacer. 
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The only limit is your imagination. 
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Desktop Systems Starting at $7,995 

Your vision combined with Epilog's power equals spectacular creations. 
From creating and personalizing 30 models, to laser die cutting pre
printed objects, to marking high-tech gadgets, our laser systems create the 
products you see here and more! Whether you're working with wood, acrylic, 
paperboard or just about anything else, Epilog Laser systems precisely cut 
and etch the components you need. 

Contact Epilog Laser today for a laser system demo! 
www.epiloglaser.com/popsci • sales@epiloglaser.com • 888-437-4564 

MADEiN SA 
Golden, Colorado 

*VISIT W W W . E H E A T . C 0 M 0 R C A L L 1 - 8 0 0 - 8 0 7 - 0 1 0 7 .tal ~ 

SAVEUPTo5Q% 

OR MORE 
• 

ON HEATING COSTS'* 

TM • 
ENERGY SAVING 
heats room as little as 4 cents per hour!* 

Sllfl'll 
fanless design, auto dimming power light 

UlTRA SAFE Sn lSI-l lOSEE 
leave unattended 24/7; cool to the touch slim space saving design, l9" w x 22"h x 2" thin! 

HEA L THY EAS'r NS All 
fanless- doesn't blow dust or dry the air, great installs in minutes, no drill required; 6 foot cord 

WALL-MOU NTED ROOM HEATER 
for those who suffer from asthma or dry eye l20v & 220v hardwired and plug-in models available 

1096 off coupon , PSMJ 1610 1 2 or more 15% off coupon· PSMJ 1615 1 and get FREE SHIPPING to the con tinenta l United Sta les & Canada" 
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Available for purchase with col/fJI)n in 
fine stores everywhere or online at 

www.appliednutrition.com 
Enter Coupon Code: 012252 

lillH 
~ Wf9'd"~ CVSfpharmacy v VITAMI~ 

•• , -:?' WORLD 
~~" M. ~~~ p:netd 

Go Ahead ... 

Short answer It's complicated. 

A: 
While most nations use the metric system 
-those units of decimals that are universally 
employed in science- the U.S. still clings 
to pounds, inches, and feet. Despite several 
high-profile attempts to change that, 
Americans refuse to convert. 

Thomas Jefferson first tried to move the 
nation toward a decimal-based system in 
1789. But without support from scientists, 
his idea flopped. More than a century Later, in 
1906, telephone inventor Alexander Graham 
Bell told Congress that "few people have 
any adequate conception of the amount of 
unnecessary Labor involved in the use of our 
present weights and measures." 

Strong words, but still no change. 
Things Looked promising in 1968, when 

Congress authorized a three-year study that 
eventually recommended converting to 
metric and Laid out a 10-year plan to get 
there. But they did not make the switch 
mandatory. Instead, business owners and 

Have a burning question? Email it to askanything 
@popsci.com or tweet it to @PopSci #AskAnything. 

people who opposed big government and 
globalization- and who saw conversion as 
ceding control- won the battle for hearts and 
minds. A Gallup poll at the time showed that 
45 percent of Americans opposed the switch. 

Today, the problem with metric is 
the same as it's always been: The benefits of 
switching are negligible, but the costs 
are huge. Manufacturers would have to 
convert values on packaging. Everyday 
people would have to replace their tape 
measures, switch to metric wrenches, 
waste time figuring out what it means to 
say its 20 degrees Celsius outside. 

Even metric fans see the hassle. "Like all 
educated people, I just assumed it made 
perfect sense to go metric," says Donald 
Hillger, president of the U.S. Metric Associ
ation, which was founded a century ago to 
promote conversion. "Now I Look at it and 
think: 'Exactly what am I personally going to 
get from this? I'm going to get annoyed."' 

Still, metric creep is already here. We buy 
soda by Liters, machine car parts in milli
meters, and measure medicine in milligrams. 
"It's going to happen," Hillger says, "but at 
the rate we're going, it will take a while." 

Appropriately, it will be a game of inches. 
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Have you ever asked yourself this question: 
"Why do we age? Why does our skin get old 
and wrinkled?" Or, for others of us: "Why did I 
get cancer and others don't?" Those are ques
tions the National Institute of Health has been 
investigating for decades through dozens of 
studies on their website, NIH.gov. They refer 
to this element as DOW, or Deuterium Deplet
ed Water. It's one of those oddities of science, 
you might say, that comes with a blessing and 
a curse. Deuteriumhas a curative affect on 
many of man's most feared diseases, but as 
it is killing the pathogens which cause those 
diseases, Deuteriumis doing one other thing: 
it's damaging your DNA. You will find dozens 
of scientific studies you can access by go
ing to https://www.johnellis.com and clicking 
on the green link, "Revealing Water's Secrets. 
Studies confirm the phenomenal DOW results 
which John Ellis ™Water has achieved-but 
with a twist. 

To produce DOW, the technician must re
distill the water in a centrifuge 60 times (pro
ducing an estimated net cost to the consumer 
of $300.00 for a small bottle. The 13 patents 
on the John Ellis E-5 steel distillers redistill 
and repurify the water hundreds of times-au
tomatically, not just once nor 60 times, killing 
all of the pathogens in the water-including 
DOW. When the FDA applied for patent pro
tection, he was required to prove his distill
ers permanently changed the hydrogen bond 
angle of water from 1 04 ° to 114 °. John Ellis ™ 
water was scientifically analyzed by Dr. G. 
Abraham, MD with a scanning electron mi
croscope [SEM] at the UCLA Medical Center 
when detractors, many of them selling unsafe 
plastic distillers were shouting "quackery!" 
because the John Ellis ™ Electron 5 stainless 
steel distiller, the product of 332 FDA reports 
and 13 patents was more expensive than the 
much cheaper plastic distillers which, possi
bly, will ultimately leach toxins into the water 
plastic distillers boil. 

It is by constantly redistilling and repurify-

ing the water in the John Ellis rM Electron-S 
distiller that you produce MEASURABLE EN
ERGY. (See the Ammeter video at www.joh
nellis.com (which shows you how a defibrilla
tor powers your heart) and you'll understand 
how scientists can measure energy and why 
your heart doesn't have to work that hard to 
keep you alive. With 13 patents, you don't 
need to spend hundreds of dollars on a few 
ounces of DOW water when you can either 
buy bottled water from John Ellis©.com, or 
make it at home for pennies a day. (And, here's 
the biggest secret I can share with you about 
my water.) Most people who buy bottled water 
do so because they think they can't distill it 
themselves. They wonder: "What if I can't do it 
right, myself?" Here's the secret. The E-5 does 
it by itself. It's like baking a cake. You put it in 
the oven, set the timer and go play canasta un
til the timer rings. (Only the E-5) doesn't have 
a ringer. Crystal Clear™is a family business. 
It's been here for over 40 years, and with the 
next generation standing in line waiting for the 

CALL US FOR A FREE 
SAMPLE OF OUR WATER 
AND LISTEN TO A TOLL

FREE RECORDING AT 

1-800-433-9553 

mantle to pass, you know that your children 
and grandchildren will still be doing business 
with my children and grandchildren 1 00 years 
or more from now. 

As far back as Jan. 27, 1992 a Washington 
Post reporter, Edward Coty, was the first to 
ever refer to John Ellis ™water as "light water" 
and almost in the same breath, as "miracle 
water." One of the early DOW water produc
ers, referred to their product as "light water." 
The water, whether produced by NIH, some
one else, or John Ellis is not a miracle, it's 
science. When Edward Coty referred to John 
Ellis ™water as "miracle water" he was correct 
with respect to one fact-with that one com
pany: Changing the hydrogen bond angle of 
ordinary tap or well water from 104° to 114° 
produces over 100,000 lifesaving results. 

I guess you could say that's a miracle. Par
ticularly since, like the nicotine patch you wear 
to quit smoking, water with a bond angle of 
114° or more will also penetrate your skin. An 
independent Doppler Ultrasound study con
firmed at UCLA Medical School that a diabetic 
increased blood flow by soaking a diabetic 
foot, black from the disease, which doctors 
were scant days from amputating. The foot 
went from black to flesh tones. The patient? 
He still has his foot. 

Today, you have the opportunity to try the 
most patented distiller in America. What do 
these 13 patents do, and why are they need
ed? Non-patented distillers distill water. What 
else do they do? Nothing. DOW distills the wa
ter--once. DOW purifies the water once. The 
John Ellis Electron 4 ™ and Electron 5™ re
distill and repurify the water they process until 
it's the purest water money can buy, or people 
can distill and purify at their kitchen sink. 

When people tell you the only thing water 
cures is "thirst," the NIH can assure them of 
dozens of tests on Deuterium Depleted Water 
that confirm phenomenal DOW results-not 
on thirsty patients, but patients suffering from 
medical maladies. 

OUR 501 (c)3 LIVING WATER ENVIRONMENTAL FOUNDATION 
STILL NEEDS YOUR TAX EXEMPT DONATIONS TO MEET THE 
CHALLENGES NOT ONLY IN THE THIRD WORLD, BUT HERE 

AS WELL, MAKE THAT DONATION AT 845-754-8696 

~TERCURESAN HING.CO 
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• Highest Accuracy Stud Finder 
• Triple-Accuracy Technology 
• One-Step Operation 

The Franklin Sensors ProSensor 71 0+ has innovative technology 

that analyzes data from 13 sensors working simultaneously to accu

rately locate hidden studs. You just press a button, and LED lights 

immediately indicate the center and width of the stud. No sliding 

required. The ProSensor 710+ is the fastest, most accurate stud 

finder on the market. It's the easy way to find studs. 

www.franklinsensors.com 

• • • • • • • • 
FRANKLIN 
SENSORS 
PROFESSIONAL STUD FINDERS 

K-band false alarms driving you nuts? 
The problem: Barraged by 
K-band false alarms lately? 
Seems like they're everywhere, 
and they hang on and on. 

NEW: Computerized Junk-K Fighter analyzes 
and rejects most blind-spot warning systems. 

What changed? A new safety 
feature, the lane-change, or 
blind-spot, warning often uses 
K-band radar to "see" nearby ca rs. 

V1 has the solution 
The old problem of K-band door-openers was 
self-limiting. Buildings don't move. You're soon out 
of range. But a blind-spot system may tag along 
with you for miles. You're stuck, not knowing which 
ca r to maneuver away from. 

Introducing Junk-K Fighter: It recognizes these 
junky false alarms and exc ludes them. And it's now 
built into all new Vl s. 

Mike Valentine 
Radar Fanatic 

We can build one for you. Try it for 
30 days. If it doesn't satisfy for any 
reason, send it back for a full refund. 

Call toll-free 1-800-331-3030 
D Valentine One Radar Locator with Laser Detection - $399 
D Carrying Case - $29 D Concealed Display - $39 
D V1connection"'- $49 D V1 connection"' LE - $49 
D SAWY®- $69 Plus Shipping I Ohio residents add sales tax 

30-Day Money-Back Guarantee 
Valentine One is a registered trademark of Valentine Research, Inc 

Valentine Research, Inc. Ph 513·984·8900 
Department No. YG56 Fx 513·984-8976 
1 0280 All ian c e Road IAiiiiiiiiiiJI!!!!!!IIIII I1iiiiil 
Cincinnati, Ohio 45242 ~~ J;iL 
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Q: WHYDOES 
SU LIGHT 
LIGHTE HAIR 
BUT DARKEN 
SKIN? 

Short answer Skin protects itself; 
hair doesn't 

A: 
The sun's ultraviolet rays damage skin 
and hair. So both rely on a pigmented 
polymer called melanin for protection. 
Melanin both absorbs and scatters UV rays, 
keeping them away from your cells' fragile 
DNA. But melanin degrades over time and 
loses its color from prolonged exposure. 

In hair, the result is a bleached or yellowed 
effect. But because hair cells are dead
comprised only of lipids, water, pigments, 
and structural proteins- these light strands 
remain in this damaged state until new hair 
with fresh melanin grows to replace them. 

Skin cells, on the other hand, are alive and 
can react and adapt to UV rays. When sun 
hits the skin, the body cranks out a hormone 
that binds to melanin-making cells, causing 
them to produce more melanin for additional 
protection. This melanin populates the 
lower epidermis and becomes darker as it 
disperses to the upper layers. Over time, 
this process leads to a suntan, which serves 
to protect you better. 

Prolonged exposure to UV light can even
tually damage skin's cellular DNA, though, 
and those damaged cells put you at a higher 
risk for skin cancer. Tanning and repeated 
sunburns only multiply those risks. So feel 
free to sun your hair until it's golden blond
but slather on that sunscreen. 
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From the landmark book Grow Young with 
HGH comes the most powerful, over-the
counter health supplement in the history of 
man. Human growth hormone was first 
discovered in 1920 and has long been thought 
by the medical community to be necessary 
only to stimulate the body to full adult size 
and therefore unnecessary past the age of 20. 
Recent studies, however, have overturned this 
notion completely, discovering instead that the 
natural decline of Human Growth Hormone 
(HGH), from ages 21 to 61 (the average age at 
which there is only a trace left in the body) 
and is the main reason why the the body ages 
and fails to regenerate itself to its 25 year-old 
biological age. 

Like a picked flower cut from the source, we 
gradually wilt physically and mentally and 
become vulnerable to a host of degenerative 
diseases, that we simply weren't susceptible to 
in our early adult years. 

Modern medical science now regards aging as 
a disease that is treatable and prevent
able and that ''aging", the disease, is 
actually acompilation of various 
diseases and pathologies, from 
everything, like a rise in blood glucose 
and pressure to diabetes, skin wrinkling 
and so on. All of these aging symptoms 
can be stopped and rolled back by 
maintaining Growth Hormone levels in 

• Improved sleep & emotional stability 
• Increased energy & exercise endurance 
• Loss of body fat 
• Increased bone density 
• Improved memory & mental alertness 
• Increased muscle strength & size 
• Reverse baldness & color restored 
• Regenerates Immune System 

ADVERTISEMENT 

• oose I 

the blood at the same levels HGH existed in 
the blood when we were 25 years old. 

There is a receptor site in almost every cell in 
the human body for HGH, so its regenerative 
and healing effects are very comprehensive. 

Growth Hormone first synthesized in 1985 
under the Reagan Orphan drug act, to treat 
dwarfism, was quickly recognized to stop 
aging in its tracks and reverse it to a remark
able degree. Since then, only the lucky and 
the rich have had access to it at the cost of 
$10,000 US per year. 

The next big breakthrough was to come in 
1997 when a group of doctors and scientists, 
developed an all-natural source product which 
would cause your own natural HGH to be 
released again and do all the remarkable 
things it d1d for you in your 20's. Now 
available to every adult for about the price of 
a coffee and donut a day. 

. "' 

GHR now available in 
America, just in time for 
the aging Baby Boomers 
and everyone else from 
age 30 to 90 who doesn't 
want to age rapidly but 
would rather stay young, 
beautiful and healthy all 
of the time. 

• Strengthened heart muscle 
• Controlled cholesterol 
• Normalizes blood pressure 
• Controlled mood swings 
• Wrinkle disappearance 
• Reverse many degenerative 
disease symptoms 
• Heightened five senses awareness 
• Increased skin thickness & texture 

GHR 

The new HGH releasers are winning converts 
from the synthetic H GH users as well, since 
GHR is just as effective, is oral instead of 
self-injectable and is very affordable. 

GHR is a natural releaser, has no known side 
effects, unlike the synthetic version and has no 
known drug interactions. Progressive doctors 
admit that this is the direction medicine is 
seeking to go, to get the body to heal itself 
instead of employing dmgs. GHR is truly a 
revolutionary paradigm shift in medicine and, 
like any modern leap frog advance, many others 
will be left in the dust holding their limited, or 
useless drugs and remedies. 

It is now thought that HGH is so comprehen
sive in its healing and regenerative powers that 
it is today, where the computer industry was 
twenty years ago, that it will displace so many 
prescription and non-prescription drugs and 
health remedies that it is staggering to think of. 

The president of BIE Health Products stated in 
a recent interview, I've been waiting for these 
products since the 70's. We knew they would 
come, if only we could stay healthy and live 
long enough to see them! If you want to stay on 
top of your game, physically and mentally as 
you age, this product is a boon, especially for 
the highly skilled professionals who have made 
large investments in their education, and 
experience. Also with the failure of Congress to 
honor our seniors with pharmaceutical coverage 
policy, it's more important than ever to take 
pro-active steps to safeguard your health. 
Continued use of GHR will make a radical 
difference in your health, HGH is particularly 
helpful to the elderly who, given a choice, 
would rather stay independent in their own 
home, strong, healthy and alert enough to 
manage their own affairs, exercise and stay 
involved in their communities. Frank, age 85, 
walks two miles a day, plays golf, belongs to a 
dance club for seniors, had a girl friend again 
and doesn't need Viagara, passed his drivers test 
and is hardly ever home when we call - GHR 
delivers. 

HGH is known to relieve symptoms of Asthma, 
Angina, Chronic Fatigue, Constipation, Lower 
back pain and Sciatica, Cataracts and Macular 
Degeneration, Menopause, Fibromyalgia, 
Regular and Diabetic Neuropathy, Hepatitis, 
helps Kidney Dialysis and Heart and Stroke 
recovery. 

For more information or to 
order call 877-849-4 777 

www.biehea1th.us 
©copyright 2000 

CODEPSC 



QUALITY TOOLS AT RIDICULOUSLY LOW PRICES 

D PUMP® 1.5 TON 
ALUMINUM RACING JACK 

PITTSBURGH 
LOT 69252 

68053/62160 
62496/62516 

60569 shown 
• 3-1/2 Pumps Lilts 

Most Vehicles 
• Weighs 341bs. 

S59~!at $119.99 

11111111111111111111111111111111111111111111111111 
1 86250 6 1 

liMIT 5 · G~d at our stores or HarborFreight com or by calling 
800-423·2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer g~d while supplies last. Non-transferable. Original coupon must be 
presented Valid through 8119116. Limit one coupon per customer per day. 

~~-~- - --------
MECHANIC 

GLOVES 
SIZE LOT 
MED 62434/62426 
LG 62433/62428 

X-LG 62432/62429 

NARDY~ 
Customer Rating 
ecce 
YOUR CHOICE -

$3
99 $1c1~99 

llllllllllllllllllll ll llllllllll lllllllll llllllll 
1 864 9422 

liMIT 8 • Good at our stores or HarborFreight com or by calling 
800·423-2567. Cannot be used with other discount or coupon or prior 
purthases after 30 days from original purchase with original receipt. 
Offer wflile supplies last. Non-transferable. Original coupon must be 
preSI,nied. Valid through 8119116. limit one coupon per customer per day. ------- --------- -- -

SUPER-WIDE TRI·FOLD 
ALUMINUM LOADING RAMP 

Rani I Mastel' . 
.---------,...-----., LOT 90018 shown 

69595/60334 

• 1500 lb. 
capacity 

CustomerRating $7999 
rJI'Jt'tU'"l comp at $179.99 

llllllllllllllllllllllllllllllllllllllll lllllllll 
1 8659617 

liMIT 4 • Good at our stores or HarborFreight.com or by calling 
800-423·2567. Cannot be used with other discount or coupon or prior 
purthases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 8119116. l imrt one coupon per customer per day. 

"7"";,-- -~- - - -~- - - - - ___ ,.._ 
SOLAR ROPE LIGHT 

one stop LOT 62533 
gardens 68353 shown 

$999 

• 16ft. Ill, com!!. at 
221t. long $29.97 

llllllllllllllllllll ll lllll lllll llllllllll llllllll 
1 86444 9 =3 :....,...,--

Lift11T 7 • Good at our stores or HarborFreighLcom or by calling 
800-423·2567. Cannot be used with other discount or coupon or prior 
purthases alter 30 days from original purchase with original rece1pt. 
Offer good while supplies last. Non-transferable. Origtnal coupon must be 
presented. Valid through 8119/16. limrt one coupon per customer per day. 

~'--"LOT 68525/69677/63087/63088 
CALIFORNIA ONLY 

;::>REOATOR 
GE N ERATORS 

• 76 dB Noise Level 

Limit 1 coupon per customer per day. Save 20% on any 1 item 
purchased. *Cannot be used with other discount, coupon or any of the 
following items or brands: Inside Track Club membeJShip, extended 
service plan, gift card, open box item, 3 day parking lot sale item, 
compressors, floor jacks, saw mills, storage cabinets, chests or carts, 
trailers, trencheJS, welders, Admiral, Badland, CoverPro, Daytona, 
Diablo, Franklin, Hercules, Ho~. Jupiter, Predator, Stik·Tek, StormCat, 
Union, Vanguard, Viking. Not valid on prior purchases. Non· 
transferable. Driginalcoupon must be presented. ValidthroughB/19/16. 

II 111111111 11 11 11 111111 1111111 Ill 
1 8633744 

2.5 HP~21 GALLON 
125 p.,l VERTICAL 
AIR COMPRESSOR 
CENTRALPNEUMATIC" 

Customer Rating 
l'll'll'lr1 

LOT 69091/67847 shown 
61454/61693/62803 

$159
99 

comp at $499 

llllllllllll llllllllllllllllllllllllllllllllll 
'1 866898 '1 

LIMIT 3 • Good at our stores or HarborFreight.com or by calling 
SOQ-423·2567. Cannot be used with other discount or coupon or prior 
purchasts after 30 days from original purchase v~th original receipt. 
Offer good while supplies last. ~ton-transferable . Original coupon must be 
presented. Valid through 8119116. Limit one coupon per customer per day. 

LOT 6161 3/68221 shown 

,1111F Customer Rating 
H.,?' CI'JI'JI'JJ"" 

~ ..... ~fJ. 'hh Of0 4-1/4"grinding 
"I' wheel included. 

S2799s49.99 
llllllllllllllllllll lllllllllllllllllllllllll 

1 86581 0 1 
liMIT 5 - Good at our stores or HarborFreight.com or by calling 
800-423·2567. Cannot be used with other discount or coupon or prior 
purthases after 30 days from original purthase wrth orrginal receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 8119116. Limit one coupon per customer per day. 

FOLDABLE ALUMINUM 
SPORTS CHAIR 

LOT 62314/63066 
66383 shown 

•1 00°/o Satisfaction Guaranteed 

We have invested millions 
of dollars in our own 
state-of-the-art quality test 
labs and millions more in 
our factories, so our tools 
will go toe-to-toe with the 
top professional brands. 
And we can sell them for a 
fraction of the price because 
we cut out the middle man 
and pass the savings on to 
you. It's just that simple! 
Come visit one of our 
600+ Stores Nationwide. 

YOUR CHOICE 

$,,, 
• Accuracy 

with in :t4% 

Customer Rating 
rlrlrlrl 

com!!_ at 
$29.99 

DRIVE LOT • 

1/4" 2696/61277 
• 3/8" 

1/2" 
807/61276 

Item 239 
62431/239 shown ~ 

lllllllllllllllllllllllll ll llllllllllllll 
1860705 1 

liMIT 5 · Good at our stores or HarborFreight.com or by calling 
800·423·2567. Cannot be used with other discount or coupon or prior 
purchases alter 30 days from original purchase with original r~eipt. 
Offer while supplies last. Non-transferable. Orrginal coupon must be 
presetnted. Valid 8/19116. limrt one coupon per customer 

US*GENERAL.II1 
30.. 5 DRAWER 

'TOOL CART 
LOT 69397/61427{95272 shown 

• 704lb_. $J /_Qfl'f 
capactty 1 \II ~I · 

comp at $349.99 

1500 WATT DUAL 

HEAT 
(572° /1112°) 
drillmaster 1 

3·1/2 .. SUPER BRIC 
NINE LED ALUMINU 

FLASHLIC 

Customer Rating 
l'll'li'JJ"" 

(BADLAND-I 
2500 LB. 
ELECTRIC WINCH 
WITH WIRELESS 
REMOTE CONTROL 

LOT 69052 shown 
69111 

$69
99 com!!_ at LOT 61258 shown s 159.99 61840/61 297/68146 

llllllllllllllllllll llllllllllllllllllllllllllllll 
'1 8620 993 

liMIT 4 · Good at our stores or HarborFreight.com or by calling 
SOQ-423·2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 8119116. Limit one coupon per customer per day. 

20TON 
SHOP PRESS 

CENTRAL 

@ MACHINERY. 

LOT 62340/62546 I 21 ft 
631 04/96289 shown 1 1-!' 

• Pair of arbor 
plates included 

LOT 32879 

SAl/~ $899 : 60603 shown 

71J!'/g @ ® comp at $29.97 
1 S15999$3b9~99 

lllllllllllllllllllllllllll llllllllllllll llll : I lllllllllllllllllllllllllll llllllllll llllllll 
1 8660 951 1 1 865108 7 

LIMIT 7 • Good at our stores or Harborfreight.com or by calling LIMIT 5 • Gooo at our stores or HarborFreighlcom or by calling 
SOQ-423·2567. Cannot be used wrth other d~count or coupon or prior 1 800-423·2567. Cannot be used with other discount or coupon or prior 
purchases alter 30 from original original receipt. purthases after 30 from original receipl 
Offer while last. Non-transferable. coupon must be I Offer while last. coupon must be 
presetnted. Valid 8119116. Limit one customer Valid 8119/16. Limit one customer 

• No Hassle Return Policy 
• Over 30 Million Satisfied Customers • Lifetime Warranty on An Hand Tools 



NURSERIES 
America1S Lawns Since 1953 

GRASS SEED WILL NEVER GROW A LAWN LIKE THIS! 
Save Water! Save Time! Save Work! Save Money! 

Grass Seed Is Eliminates Endless Stays Green In Summer 
For The Birds! Weeds And Weeding! Through Heat & Drought! 
Stop wasting money, time 
and work sowing new grass 
seed each spring, only ~~==::= 
to see birds eat the seed - f::: 
or rain wash it away
before it can root. Plant a 
genuine Amazoy'"Zoysia 
lawn from our living Plugs 
only once ... and never plant a new lawn again! 

Zoysia Grows Where 
Other Grass Doesn't! 
Zoysia is the perfect choice for hard-to-cover spots, 
areas that are play-worn or have partial shade, and 
for stopping erosion on slopes. North, South, East, 
West - Zoysia grows in any soil, no ifs, ands or buts! 

Each Zoysia Plug You Plant In Your Soil Is 

GUARANTEED TO GROW 
Within 45 Days Or We'll Replace It FREE! 

To ensure best results, we ship you living genuine Amazoy Zoysia 
Grass, harvested direct from our farms. Super Plugs come precut, 
ready to plant. Freestyle Plugs are not cut. Before planting, cut 
sheets into minimum 1" square plugs or any size you want with 
shears or knife. Then follow the included easy instructions to plant 
plugs into small plug holes, up to a foot apart. Our guarantee and 
planting methods are your assurance of lawn success backed by 
more than 6 decades of specialized lawn experience! 

©2016 Zoysia Form Nurseries, 3617 Old Taneytown Rd, Taneytown, MD 21787 

No more pulling out weeds by hand or weeds 
sprouting up all over your lawn. Zoysia Plugs spread 
into a dense, plush, deep-rooted, established lawn 
that drives out unwanted growth and stops crab
grass and summer weeds from germinating. 

Environmentally Friendly, 
No Chemicals Needed! 
No weeding means no chemicals. You'll never 
have to spray poisonous pesticides and weed 
killers again! Zoysia lawns are safer for the 
environment, as well as for family and pets! 

Cuts Watering & Mowing 
By As Much As 2/3! 
Many established 
Zoysia lawns only 
need to be 
mowed once or 
twice a season. 
Watering is rarely, 
if ever, needed -
even in summer! 

Meyer Zoysia Grass was perfected by 
the U.S. Gov't, released in cooperation with 
the U.S. Golf Association as a superior grass. 

When ordinary lawns brown up in summer heat and 
drought, your Zoysia lawn stays green and beautiful. 
The hotter it gets, the better it grows. Zoysia thrives 
in blistering heat (120 °), yet it won't winter-ki II to 
30° below zero. It only goes off its green color 
after killing frosts, but color returns with consistent 
spring warmth. Zoysia is the perfect choice for 
water restrictions and drought areas! 

Plant Your Way With Our 
New Freestyle Plugs! 
Freestyle Plugs come in sheets that contain a 
maximum of 150-1" square plugs. Freestyle Plugs 
allow you to make each plug bigger if you want -
you decide. Bigger plugs mean less cutting, less 
time planting. 

ew Amazoy Super Plugs 
Now Available Online! 
New Super Plugs are precut into individual3" x 3" 
plugs, ready to plant. They are now available and 
arrive in easy-to-handle trays of 15 Super Plugs. 
Save time and get your new lawn even faster! 
Order onlx online at www.zoysiafarms.com/mag 
or call410-756-2311. 

www.ZoysiaFarms.com/mag 

Order Your ZOYSIA Plugs Now Harvested Daily From Our Farms And Shipped To You Direct! 
~-~--~----~-------~-~--~----~--~~----~--~-~ 
I • . I I I 
I FREESTYLE PLUGS. You decide how big to cut the plugs! Moil to: ZOYSIA fARM NURSERIES 1 1 I 

Please send me guaranteed Amozoy Freestyle Plugs (up to 150 per sheet) as marked. 3617 Old Taneytown Rood, Taneytown, MD 21787 Dept. 5759 

I 
I 
I 
I 
~ 

Quantity Mox Plugs* Free Plugs Gross Sheets* Your PRICE + Shipping SAVINGS 

150 - 1 $14.95 $7.00 -

500 100 4 $45.60 $12.00 34o/o 
750 150 6 $63.50 $16.00 40°/o 

1100 400 10 $87.50 $22.00 50°/o 
1500 900 16 s 125.00 $25.00 57°/o 

0 30" Step-on Plugger $6.95 + $3 shipping 0 4" Amozoy Power Auger for 3/8" drill S 14.95 + $5 shipping 
0 30" Stand-up Amozoy Power Auger for 3/8" drillS 19.95 + $5 shipping 

Write price of order here S -----'--

Md. residents odd 6% tax 5------'--
Payment method 

(check one) 

0 Check U MO 
Shipping S 0 MasterCard 

I 

~ ENCLOSED TOTAL S 0 Visa 

Card# hp. Date I 
Name I 
Address J 
City State } 
Zip Phone ------- I 

I *Each gross sheet con produce up to 150-1" square plugs. See other options online of www.zoysioforms.com/ mog We ship all orders the same day plugs are packed at earliest correct planting time in your area. ~ 
A ozoy is the trademark registered U.S. _ . . . ~ 

en! Office for our Meyer Zoysia gross. 0 rd er N ovv! VVV\IVV. ZoysIa Fa rlnS. co ln./Ina g Not shipped outside the USA or mlo WA or OR - __.._----- ---- __.._.._----- __.._-----_._- __.._---- _.._.. ___ __.._.._ __.. ____ -



FOOD NEWS Advertisement 

• urvtva 
or ree 

Farmers vow to keep up with the rush to 
supply every reader who calls toll free and 
beats the deadline to claim up to four free 
72-hour survival food kits. 

25-year shelf life is ensured by packaging made of military-grade Mylar, 
the same material used to protect NASA astronauts. 

In a crisis, your number one need 
is food. The question is, where will 
you get it if stores are closed for 
any length of time? 

One company, Food4Patriots, is 
working to help ensure food will be 
available when it's needed. Recent 
advancements in the processing and 
packaging of their emergency foods 
have led to meals that are guaranteed 
to retain their fresh flavor for a minimum 
of 25 years. Other so-called survival 
foods have been reported to spoil or 
become infested with insects in just a 
few years. 

And right now, in what is truly an 
unprecedented move, the company is 
giving away up to four 72-hour survival 
food kits to science buff who wants 
to try their revolutionary product. The 
only requirement is that you call a 
special toll-free claim hotline before the 
program deadline. 

Your family will enjoy meals much like 
what they're eating now. 

"Survival food is more important 
today than ever before. Droughts, 
disasters, domestic violence, economic 
ills, monopolistic companies, even 
government controls could make 
obtaining sufficient food for your family 

impossible in the not -too-distant 
future," explained Frank Bates, a 
spokesman for the company. "And 
certainly, none of us ever wants to rely 
on a government agency to keep our 
families fed." 

Experts say that everyone should 
have at least a 72-hour supply of non
perishable food on hand at all times. 
Unfortunately, too many people make 
the mistake of choosing products that 
were never intended to be survival 
food. They end up with expensive 
stockpiles that are too big and too 
bulky to move, should an emergency 
force them to leave their homes. 

And if they were unlucky enough 
to stock up on MREs, they'll be 
depending on a product that can 
actually make them sick if they eat it for 
too long. 

Food4Patriots survival foods are 
made of the finest ingredients, grown 
and packaged right here in the USA. 
They taste excellent. They provide 
the nutrition you need. And they 
were developed specifically for use in 
emergencies - although a lot of folks 
sometimes like them for a quick meal 
or snack. 

Bates explained, "These are home
style meals that we package in airtight 
and resealable military-grade Mylar 
pouches that keep them fresh and 
delicious until they're needed. Your 
family will enjoy meals much like they're 
already eating every day." 

Every 72-hour kit that's being given 
away contains four servings each of 
such familiar dishes as Liberty Bell 
Potato Cheddar Soup, Blue Ribbon 
Creamy Chicken Rice, Travelers 
Stew, and the always-loved Granny's 
Homestyle Potato Soup. 

I The company's usual price for the 
72-hour kit is $27.00 plus shipping. But 
readers who act quickly can pay only 
the $9.95 shipping and handling fee for 
each kit claimed through this program. 
There is a limit of four free kits. 

I "We're trying to ensure no one who 
wants this free food misses out, but 
they have to hurry because we have a 
limited supply of the 72-hour kits we 
can give away," Bates warned. "Once 
word got out that folks could actually 
get free survival food, our phones have 
been ringing off the hook. We even had 
to add extra agents to keep up with the 
incredible demand." 

There is still time to take advantage of 
this free food offer, but be aware the 
program will end no matter what at 
midnight, June 30, 2016." 

HOW TO GET YOUR FREE 
72-HOUR SURVIVAL FOOD KIT: 
Food4Patriots is committed to giving 
up to free 72-hour kit to everyone who 
calls their toll-free hotline. Just give the 
agent the approval code shown below. 
Provide your delivery instructions and 
agree to pay the $9.95 shipping and 
handling fee. That's all there is to it. 
(Limit: 4) 

Approva1Code:72FREE 
Toll-Free Hotline: 1-800-804-7508 
Offer Cut-Off Date: 06/30/2016 

Please note: Food4Patriots says they 
will continue to give away these 72-hour 
kits for as long as their supplies last. 

Due to media exposure, their phone 
lines may be busy. Just keep calling and 
you will get through . 



you LITERALLY 
WON'T HAVE TO 

------,, -

MOTIVE 

Millions Demand America's Purest Silver Dollar. 
Shouldn't You? 

Secure Your New 2016 Eagle Silver Dollars Now! 

illions of people collect the 
American Eagle Silver Dollar. In 
fact it's been the country's most 

popular Silver Dollar for thirty years. Try 
as they might, that makes it a very hard 
"secret" to keep quiet. And right now, 
many of those same people are lining up 
to secure the brand new 2016 U.S. Eagle 
Silver Dollars -placing their orders now 
to ensure that they get America's newest 
Silver Dollar, in stunning Brilliant 
Uncirculated condition, before millions 
of others beat you to it. 

America's Brand New 
Silver Dollar 

This is a strictly limited release on the 30th 
anniversary of one of the most beautiful 
silver coins in the world. Today you have 
the opportunity to secure these massive, 
hefty one full Troy ounce U.S. Silver 
Dollars in Brilliant Uncirculated (BU) 
condition. The 100-year-old design 
features a walking Lady Liberty draped 
in a U.S. flag on one side and a majestic 
U.S. Eagle and shield on the other. 

But the clock is ticking ... 

The Most Affordable Precious 
Metal-GOVERNMENT 

GUARANTEED 
Silver is by far the most affordable of all 
precious metals - and each full Troy 
ounce American Eagle Silver Dollar is 
government-guaranteed for its 99.9% 
purity, authenticity, and legal tender status. 

A Coin Flip You Can't 
Afford to Lose 

Why are we releasing the most popular 
Silver Dollar in America for a remarkably 
affordable price? We're doing it to 

introduce you to what hundreds of 
thousands of smart collectors and satisfied 
customers have known since 1984-
GovMint.com is the best source for coins 
worldwide. 

Timing is Everything 
Our advice? Keep this to yourself. The 
more people who know about this offer, 
the worse for you. Demand for Silver 
Eagles in recent years has shattered 
records. Experts predict that the 30th 
anniversary 2016 Silver Eagles may break 
them once again. 

30-Day Money-Back Guarantee 
You must be 100% satisfied with your 
2016 American Eagle Silver Dollars or 
return them within 30 days of receipt for 
a prompt refund (less s!h). Don't miss 
out on this exciting new release. Call 
immediately to secure these American 
Eagle Silver Dollars NOW! 

2016 American Eagle Silver Dollar BU 
Shocking Low Price $16.95 ea. (plus slh) 
LIMIT 10. 

Additional2016 Silver Eagle BU Dollars 
may be purchased for $17.95 each. Limited 
to 50 total coins per household. 

FREE SHIPPING on 9 or More! 
Limited time only. Product total over $150 before taxes 
(if any). Standard domestic shipping only. Not valid on 

previous purchases. 

For fastest service, call today toll-free 

1-800-969-0686 
Offer Code ESB313-06 

Please meutiou tlris code wlreu you mll. 

GOVMINT.COM® 

GovMint.com • 14101 Southcross Dr. W. Dept. ESB313-06 • Burnsville, Minnesota 55337 

Prices and availability subject to change without notice. Facts and figures deemed accurate as of February 2016. NOTE: GovMint.com® is 
a private distributor of worldwide government coin and currency issues and privately issued and licensed collectibles, and is not affiliated 
with the United States government. GovMint.com is not an investment company and does not offer financial advice or sell items as an 
investmen t. The collectible coin market is speculative, and coin values may rise or fa ll over time. All rights reserved. © 2016 GovMint.com. 



er ass ust 
Lower Price 
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Finally, luxury built for value not for false status 

Only a few of us are born TAKE hands. Turn the watch over 
with silver spoons in and examine the 27 -j ew-

our mouths. Until Stauer 78% OFF eled automatic movement 
came along, you needed JNSTANTLYf through the exhibition 
an inheritance to buy a • back. When we took the 
timepiece with class and When you use your watch to George Thomas 
refinem ent. Not any INSIDER OFFER CODE (the most renown ed 
more. The Stauer Magnificat II brings watchmaker and watch historian in 
the impeccable quality and engineer- America), he disassembled the 
ing once found only in the watch Magnificat II and estimated that this 
collections of the idle rich. The strik- fine timepiece would cost over $2,500. 
ing case, finished in luxurious gold, We all smiled and told him that the 
compliments an etched ivory-colored Stauer price was less than $90. He 
dial exquisitely. By using advanced was stunned. 
computer design and robotics, we Try the Magnificat II for 60 days and 
have been able to drastically reduce if you are not receiving compliments, 
the price on this precision movement. please return the watch for a full 
It took three years of development refund of the purchase price. The 
and $26 million in advanced precision-built movement carries a 2 
Swiss-built watch-making machin- year warranty against defect. If you 
ery to create the Magnificat H. Look trust your own good taste, the 
at the interior dials and azure-colored Magnificat II is built for you. 

Stauer Magnificat II Timepiece $399* 

Offer Code Price 8750 
+ S&P SAVE $311 50! 

You must use the insider offer code to get our special price. 

1-800-333-2 5 
Your Offer Code: MAG499-07 

Please use this code when you order to receive your discount. 

St"\ ·u"r® 14101 Southcross Drive W, Dept. MAG499-07 
A- "- Burnsville, Minnesota 55337 www.stauer.com Rating of A+ 

*Discount for customers who use the offer code versus the listed original Stauer.corn price. 

Smart Luxuries-Surpri s ing Pri ces '"' 

MAT H T UTDRDVD 

Havi'Bg1Math I!roblems? 
"" 

Earn A's with Ease 

Get Help Novv! 
Basic Math 

Pre-Algebra 

Algebra thru Calculus 

Differential Equations 

Physics Begin Learning 
in Minutes! Chemistry 

Math TutorDVD.com 
Proba bi I ity /Statistics 

Calculator Tutorials 

Vzew all courses online or order DVDs at: 

MathTutorDVD.com 



The EASY DR® Way 
to TRIM and MOW! 
The DR® TRIMMER MOWER Gives You SX the 
power and NONE of the backstrain of hand
held trimmers! 

The only trimmer 
GUARANTEED 
not to wrap! 

TRIMS & MOWS thick grass and 
weeds without bogging down- the 
only trimmer guaranteed not to 
wrap! 

ROLLS LIGHT AS A FEATHER on 
big, easy-rolling wheels! 

THICKEST, LONGEST-LASTING 
cutting cord (up to 225 mil) takes 
seconds to change. 

N EW TOW-BEH IND MODELS 
FOR TRACTORS, ATVS & 

~--~Rrrrl &1511 N G MOWE RS ! 

DRtrimmers.com 

Faster ••• Easier ••• 
Lovver-Priced! 
Mow fields, brush, 
even saplings with 
never-before ease. 

~ NEW WIDE CUT MODELS 
for faster mowing! 

(H NEW POWER STEERING 
for easier handling! 

(H NEW LOW PRICES 
reduced up to $500! 

DRfieldbrush.com 
' 

FREE 6 MONTH EAS 
SHIPPING TRIAL FINANCING 

Call for a FREE DVD and Catalog! 

SOME LIM ITATIONS APPLY. CALL OR GO ONLINE FOR DETAILS. 

Paddle wild rivers, remote ponds, secluded 
bays, scenic lakes ... even ocean sur£1 
Just pull it out of your closet, throw it in 
your trunk, and head to the water. You 
can even check it as luggage and head to 
paradise. Just 32lbs, it holds up to 650 lbs 
and is great to use solo or with friends. 

Special Sale- NOW $349* COMPLETE 

, ---~ - ----- .. 

Includes product specifications and factory-direct offers. 

~~~~ 800-731-0205 

• • • ~ ' ' ' \. 

SE370 Pro Package Includes: 
• 2 8' Paddles 

• 2 Deluxe Kayak Seats 
• 1 Foot Pump 

• 1 Nylon Carry Bag 

20 HP, 
PRO MAX-34 

*NY & WA residents add sales tax. 

WITH FREE GROUND SHIPPING 
~ Packs in 

a bag! 
I 

You'll get a newT-shirt every month 

To 48 Contiguous United States 
Call for Catalog 1-800-944-7496 M-F, 9-S EST 

Join us on 
lltseaEagleBoats 

tom the best bars never heard nfk 

19 N. Columbia St., Dept PS056B Port Jefferson, NY 11777 



The DR® STUMP GRINDER uses carbide
tipped cutting teeth (taking 360 " bites" 
per second) to reduce any stump 
t o a pile of woodchips. Grinds 
stumps below ground level so 
they are gone forever! 

QUICKLY ELIMINATE ANY STUMP 
without digging, burning, or chemicals. 

NEW, MORE POWERFUL and lower
priced models. 

LOWEST 
PRICE 
EVER! 

SELF-FEEDING models available. 
No more force-feeding! 

CHIP BIG BRANCHES up to 5.75" thick! 

COMMERCIAL STYLE high-discharging 
~ models direct wood chips right where 
~ you want them. 
~ 
~ MODELS that SHRED yard and garden 
~ waste as well as CHIP branches. 

PTO 
MODELS TOO! 

NOW TOWABLE with your riding 
mower or ATV. DRstumpgrinder .com 

.... 
0\ DRchipper.com 

FREE &MONTH 
Call for a FREE DVD and Catalog! 
Includes product specifications and factory-direct offers. 

FINANCING 
~~~~ 800-731-0205 SOME LIMITATIONS APPLY. CALL OR GO ONLINE FOR DETAILS. 

Using the WeedtRazer is simp e: 

, 

-

1. Give it a toss 
2. Let it sink 
3. Pull it in 

- Also Available -

Weed Raker 
The LONGEST, 
WIDEST, ALL-IN-ONE 
Lake Rake 

Visit our &:;;. __..... 

our A\gae pond 
and otner ' 

products. 

STAINLESS STEEL CONSTRUCTION is 
lightweight, durable, and portable (it folds for 
easy storage). 

PERFORATED LID and sidewalls maximize 
airflow and trap embers. 

1600° 
TEMPERATURES 
mean more 
thorough burning 
with less ash. 

* Always check local 
ordinances before burning. 

2 SIZES! 

No more UNSAFE and UNSIGHTLY ru barrel! 

Call for FREE Information Kit 
and Factory Direct Coupon! 

TOLL-FREE 

800-731-0205 
BurnCage.com 

fiMl !)"IPMt NIS 
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Don't let power outages leave you in 
the dark. A Generac home backup 
generator senses a power outage and 
turns on automatically. Generac is 
chosen by 7 out of 1 0 customers! 

NEVER lose essential power again-
• Heating and Cooling Systems 
• Sump Pumps and Well Pumps 
• Refrigerators and Freezers 
• Security Systems 
• Home Offices 

GENERAC~ 

GENERAC' 
••n•••• •••••• 

GENERAC SYSTEMS start at just $1 ,899.* 
Our complete information kit will give 
you full details on available systems and 
no-hassle installation. Your home power 
independence is just 
a phone call away! 

CALL for your FREE 
Generator Buyer's 
Guide and DVD! 

~~~~800-731-0378 
FreeGeneratorGuide.com 

*Price does not include installation . 

Clear Winter Stonn Debris, Summer Lawns 
and All Your Fall Leaves with Sitting-down Ease. 
The Cyclone Rake vacuums and mulches tons of grass, leaves, pine needles or any lawn 
debris while you drive. Hitches to nearly any riding mower or ZTR and holds up to 415 gallons 
or 44 bushels. It's powerful, easy to use and folds flat for storage. Great for year-round 
property care. 

GET OUR NEW 2016 FREE INFO KIT TODAY! 
CALL VISIT 

~ f(fJ &nfkaOOiiD 

Joseph (MI) "Fabulous product. I was shocked 
when I first got it and tried it. I had read on 
the internet, everything on your web site. 
You know, you hear all kinds of things about 
pheromones and don't know what to 
believe. But you guys were very well 
respected, you have gone through the 
double blind studies. You did the 
research! A long time ago, I learned, you 
get what you pay for. 

Well even so, I was shocked at how well 
1 OX works. You have a fabulous product. I 
am married and am with my wife only. 
Well within 5 days it was amazing. The 
affection level went up 20 fold. I am so 
grateful to you Dr. Cutler. Thank you so much 
for your research!" 

PROVEN EFFECTIVE IN 3 
DOUBLE-BLIND STUDIES 
Created by Winnifred Cutler, Ph.D. in biology 

from U. of Penn, post-doc at Stanford. 
Co-discovered human pheromones in 1986 
(Time 12/1/86; and Newsweek 1/12/87). 

Athena 1 OX is designed to enhance attrac
tiveness. Vial of 1/6 oz. added to 2 to 4 oz. of 
your cologne or aftershave lasts 4 to 6 
months, or use straight. Contains synthe
sized human attractant pheromones. 
Effective for 74% in 8 week published scientific 
study. Not guaranteed to work for all, since body 
chemistries differ, but will work for most. Cos
metics not aphrodisiacs. REJECT CHEAP IMITATIONS. 
Not in stores. Call (610) 827-2200- Order online 

or send to: Athena Institute, Dept PS, 
1211 Braefield Rd. Chester Springs, PA 19425 

FREE US SHIPPING ----------------------------Please send me vials of 1 OX for men @$99.50 
and/or vials of 10:13 for women @$98.50 

for a *total by: 0 money order 0 check 
0 VISa,MIC,Disc. - - -__ 

Exp O.JV Si::J-------
Name ____________________ _ 

Address. ____________ _ 
City/State ________ zip __ _ 
Phone: email ______ _ 

add 6% tax, Canada add US $10.00 



"ZVOX 
Perfected The 

Sound Bar." 
CNET 

For $169.99 your TV can sound as good 
as it looks. ZVOX SoundBase home theater 
systems slide under your TV- and need 
only one connecting cord. Simple! 

• AccuVoice® uses hearing aid 
technology for super-clear voices. 

• Built-in subwoofer for great bass. 

• Bluetooth wireless music streaming. 

• Free Shipping - 60-Day Home Trial. 
Models from $169.99-$499.99 

HARBOR FR IGHT 

See Our Full Page Ad 
on Page 100 
SUPER COUPON 

I 2&··, 16 DRAWER I 
1 ROLLER CABINET 11 
: US I 
1 Customer Rating 1 

I I'JI'JI'JI'J J"'l l 
I LOT 616091 
I 67831 shown I 

I •1 060 lb. I 

: capacity : 

I •14,600 I 
I . I cu. ln. 
I of storage I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I comp at $952.99 I 

: 11111111 11 11 !~003 ~ J ~II II II : 
LIMIT 3 - Good at our stores or HarborFreight.com or by calling 

l so0-423-2567. Cannot be used with other discount or coupon or prior I 
I 

purchases after 30 days from original purchase with original receipt Offer I 
good while suppl ies last. Non-transferable. Original coupon must be 

• presented. Valid through 8/19/16. Limit one coupon per customer per day. • -----------------600+ Stores Nationwide 
Harborfreight.com • 800-423-2567 

PAINT CHIP 
REPAIR KITS 

NO PAINT BLOBS • PERFECT MATCH 
LOOSE 

GRAVEL 

RATED # 1 BY THE 
WALL STREET 

JOURNAL 

-----
WhiteWalls® 
Magnetic Whiteboard Walls 

See it in , . 
action! ~ 

DO YOU HAVE A PRODUCT OR BUSINESS? 

Advertise in Popular Science Magazine's 
Showcase & Classified sections 

FOR MORE INFORMATION CONTACT: 

Chip Parham 212.779.5492 
Frank McCaffrey 212.779.5510 

• 
popSCI.COm 

Drinking Water 
Scams Exposed! 
Myths, Half-Truths, Deceptions & lies 

A SPHIAliiPORT FROM WAIERWISIINC. 

81 lACK A. 8AUIR 

.I 1009 Goll11p poll fmmd tllot 59<b t>f tlrr fJ<'Opl• 
poll~ SCiic/ tlt~y wtorc" hYNTitd .. c great drul .. ulxmt 
tltc polfl,tion ()j rhtir drinki11g lt~ttr. Gro•·hrg -.·uttr 
quality tonctrnf '"'tr tlr# fHUI dtcad~ Ita.¥ OMntd 

thejloodgaJofor driJt.kit~g l4'QI~r ~·cams . .. 

REVISED JULY 20lS $1S.OO 

Shocking truth revealed about: 
·well ·alkalized 
• bottled • energized 

• • filtered • reverse osmosis 
• mineral • distilled 

• • sprmg • and more ... 
Call or visit waterscamsexposed.com 

for FREE Report & Catalog! 

, I I 1 I • Ext 
I I 781 

Waterwise Inc 
PO Box 494000 Leesburg FL 34749 



DONT LET PHOTO TICKETS 
DRAIN YOUR WALLET 

License plate cover that prevents photo tickets! 
100% Effective r - - - - - - - - -
No-Ticket Guarantee 1 SPECIAL OFFER! 
Easy 30 Second Install 1Purchase your . :Coverl 
Works against all speed & 1today and use discount code 

d I. ht h t 1 1SCIS for a 5% discount. re 19 p o o cameras. 
1 

www.PhotoMaskCover.com 10rder now to take advantage of 

( 8 77) 99 2-968 8 :::::~~!time FREE shipping 

Put Up to 24 Drawers 
Under Your Beds 

G 
HE 

TEST 
THE 
Ll 
BEDROOM ADVENTURE GEAR 

liberator.com 

1-800-338-0531 

2SEATBIKE 
Drives like a car 
• Easy to Pedal 
• Multi-Speed 
• 1,2 & 4 Seaters 
• Optional Electric Motor 

·~RHOADES CAR ~ The 4-Nileel bike thot dri~es Ike • cor. 

Advertise in Popular Science Magazine's Showcase & Classified sections 

FOR MORE INFORMATION CONTACT: 

Chip Parham 

Frank McCaffrey 
• popSCI.COm 

212.779.5492 
212.779.5510 

~--------~RE----------~ 

All you need to know about the Bible for Salvation. 
http:// aboutsalvation.blogspot.com/ 

Free CD, About Salvation . 
P.O. Box 156 Wartburg, TN 37887-0156 

SOON THE GOVERNMENT 
w ill enforce the "MARK" OF THE BEAST as 

CHURCH and STATE unite! 
OFFER GOOD IN USA ONLY 

Need your mai ling address for FREE BOOKS /DVDS 
TBSM, Box 99, Lenoir City, TN 37771 

thebiblesaystruth@yahoo.com. 1-888-211-1715. 

ELECIRICAL SUP-P-LIES &IQUI_P-_f!1ENI 

CONDUCTIVE SILVER EPOXY, Piant, 
Pens, Conductive carbon paint and tapes. 

www.semsupplies.com 

.....__ _ _,GJlLD/.JE_WEL~._ _ ____. 

• 
K1'NEKT 

sold separately 

INTERACTIVE JEWELRY 

GEA R RING & 
GEA R NECKLACE 

~~, 
• !~>~~ 

_. ;to .._;_;-~~~ 
'~- . 

FREE SHIPPING & LIFETIME WARRANTY 

kinektdes ign.com I 888-600-8494 

GOT WARTS? 
Electronic Wart Remover 

1 00% successful home treament 
(800) 645-0234 

www.wartabater.com 

NAME BRAND HEARING AIDS 
60% SAVINGS 

• All Makes & Models • Free Catalog 
• Ranging from Analog to U1timate Digital 
• 45 Day Home Trial • 50 Yrs Experience 

LLOYD HEARING AID 
1-800-323-4212 www.lloydhearingaid.com 

.____OE INTEREST tO MEN~----

WHERE SINGLES MEET 
Browse Ads & Reply Free! 

1-888-634-2628 
Use FREE Code 3185, 18+ 

~~OND&LAKEMANAGEMENT ____ 

LAKE OR POND? Aeration is your 1st step toward improved 
water quality. Complete Systems $169 - $369. Waterfall? -
11 ,OOOgph Water Pump only 3.6 amps! 2yr warranty! Just 
$599.95 www.fishpondaerator.com 608-254-2735 ext. #3 

Pre-Assembled CasCade 5000 ~~e 
- Installs in Minutes! Floating POND FOUNTAIN! ~~~,,o~;~~c-.., 

r..,~ ~.-.., 
Aerator Oc-<J;,· ~ 

Now Avai lable Factory Direct! 'ty 

MSRP ($11 00) You Pay $698.95! 
Complete with light & t imer, 

100ft power cord, 1 yr warranty! 
1 hp unit (Also available in 3/4hp &1.25hp) 

Call7days/week! FAST UPS shipping right to your door! 
(608) 254-2735 www.fishpondaerator.com 
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