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How to UseThis Pamphlet
The secret o successfully sarning a merit
hadgeis for you to use both the pamgphlstand
the suggestons of your counselon

Your counselor canbe asimporiantioyouasa
coach is to an athiste. Use all of the resources
your counselor can make available to vou. This
may be the best chance you will have to leamn
about this particular subject Make ftcount

if you or vour counselor feels that any information
in this pamphletisincorrset, please let us know
Please state your source of information.

Merit badge pamphiets are reprinted annually
and requirements updated regularly. Your
suggestions for improvement are weicome.

Who Pays for This Pamphlet?

This merit badge pamphietis one in a series
of more than 100 covering all kinds of hobby and
career subjects. It is made available for you to buy
as a service of the national and local councils, Boy
Scouts of America. The costs of the development,
writing, and editing of the merit badge pamphlets are
paid for by the Boy Scouts of America in order to bring
you the best book at a reasonable price.

Send comments along with a brief statement about yourseif to
Pilots and Program Development, 8272

Boy Scouts of America » 1325 West Walnut Hill Lane « lrving, TX 75038

If you prefer, you may send your comments to merit.badge@Scouting.org.
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Note to the Counselor

While the scope of inventing projects is far too wide to cover
here, there are some general guidelines and concerns that a
merit badge counselor should keep in mind. Be mindful of
managing risk and using good judgment when undertaking
any invention project. Remember, an injury that doesn’t hap-
pen needs no treatment; an emergency that doesn’t ocour
requires no response.

Safety is the top priority, so Scouts who are working on
their inventions should follow safety precautions whenever
using tools, equipment, and other materials. In a workshop
setting, use the buddy system. Be sure Scouts know they
should always work under the supervision of a responsible
adult who is knowledgeable about the tools, equipment, and
materials they plan to use.

Working on inventions can take place in home work-
shops, in school shops, or even in community shops. When
working outside of the home, be sure to {amiliarize Scouts
with the safety requirements of the shop. Some shops require
a basic safety class or will have minimum age requirements io
use eguipment like a lathe or milling machine.

Here are some basic rules to follow:

+ Use the proper personal profective equipment, including
body, hand, ear {such as protective foam ear plugs},
and eve-face protection {such as safety glasses with side
shields), closed-toe shoes, and foot coverings.

® Use protective clothing whenever necessary to prevent expo-
sure to hands, eyes, and face, and to keep hazardous materials
from contaminating street clothes.

ISBN 978-0-8395-5833-0 { sustamany Certfied Sourcing |
©2016 Boy Scouts of America ! FORESIRY o sfigrogram.org

2019 Printing



Be trained on any equipment you plan to use before you
get started.

If fine particles in the air are anticipated—even in a well-
ventilated area—be sure to have the proper respiratory
equipment on hand for protection from dusi, exhaust,
and fumes.

Never tolerate horseplay when using tools.
Stay an arm’s length away from others using tools or equipment.
Know where the “off” switch is before turning on a power tool.

Clean up the area every time work is finished and return all
tools to their proper location.

Have a first-aid kit and fire extinguisher on hand.

Ask guestions; never assume or guess! S —

Wear close-fiting
clothing. Loocse
or baggy clothing
can easily

get caught

in machinery.

INVENTING 3
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INVENTING

Requirements

1. In your own words, define inventing. Then do the following:

L]

H

a.

b.

Explain to vour merit badge counselor the role of inven-
tors and their inventions in the economic development
of the United States.

List three inventions and state how they have
helped humankind.

Do ONE of the following:

a.

Identify and interview with a buddy {and with vour
parent’s permission and merit badge counselor’s
approval} an individual in vour community who has
invented a useful-item. Report what vou learned to
vour counselon

Read about three inventors. Select the one vou find most
interesting and tell vour counselor what vou learned.

. Do EACH of the following:

da.

d.

Define the term infellectual property. Explain which
government agencies oversee the protection of intellec-
tual property, the types of intellectual properiy that can
be protected, how such property is protected, and why
protection is necessary.

Explain the components of a patent and the different
types of patents available.

Examine your Scouting gear and find a patent number
on a camping item vou have used. With your parent’s
permission, use the internet to {ind ocut more about that
patent. Compare the finished item with the claims and
drawings in the patent. Report what you learned to
vour counselor.

Explain to your counselor the term patent infringement.

. Discuss with your counselor the types of inventions that
are appropriate to share with others, and explain why. Tell
your counselor about one unpatented invention and its
impact on society.



]

Choose a commercially available product that you have used on an overnight
camping trip with your troop. Make recommendations for improving the
product, and make a sketch that shows your recommendations. Discuss your
recommendations with your counselor.

Think of an item you would fike to invent that would solve 3 problem for your
family, troop, chartered organization, community, or a special-interest group. Then
do EACH of the Tollowing, while keeping 2 notebook 1o record vour progress.

2. Iz 1o potentis! ussss of your invention and determine thelr nesds, Then,
based on what vou have learned, wrile 2 sistement describing the Inven-
tian and how § would help solve 2 problemn. This siafement should include
3 detaiied skeich of the Invention

5. Ureate 3 model of the invention using d

cardboard, or any other seadily

zvaiiable material List the materizls necemsary io build a profniype of
the invention.

¢. Share the ides and the model with your counselor and potential users of
your invention. Record their feedback in your nofsbook,

Build a working prototype of the item you invented for requirement 6*. Test and
evaluate the invention. Among the aspecis to consider in your evaluation are cost,
usefulness, marketability, appearance, and function. Describe how your original
vision and expectations for your invention are similar or dissimilar to the
prototype vou bullt, Have your counselor evaluate and critigue vour profotyps,
*Before you hegin bullding the protolvpe, you must have your counselor’s

approval, based on the design and building plans vou have alsady shared,

Do ONE of the ollowing:

a. Participate with 2 cleb or team {robotics team, soience club, or englnesring
% that builds 3 useful #em Share your sxperience with your counssior

b, Visit 3 museum or exhibit dedicated 1o an Invenior or Invention, and geate 3

presentation of your visit to share with a group such as your 100D or patrol.
Discuss with your counselor the diverse skills, education, aining, and experience
i takes 1o be an inventor. Discuss how you can prepare yourself to be creative and
inventive to solve problems at home, in school, and in vour community. Discuss
three career fields that might utilize the skills of an inventor.




o

-

.

o

_ " s
- A e on
e
.

%




e
L
.
o
L .

\,\%,&
; N ,(A\ng\/»/\,
..
M - N.gg”,f"w%,\\, z;sw L o
e 1~~ .
- L
i

o ”’ '%“‘J’ e

-
e

S e
e
. 3\%\
Mw =111 3
v
o

L .
G
W\‘ S
i

RN
e %
L

=
o

o
o .
o '\‘\3'5» . r\w,

T
. W,f«,, o
Www ;;@,' e
b K i it ’,'m’”’.’ /r\ o ),\’/, i /m
e i : e @9@ N,@A\b%‘;{% éwv\\’\’\ ’
, o
T A

. m?f/x\ .

R




.'f\
dicns
o

;«

i)
0
0

';43;% 5




ing g fves 2 combination of experimenta-

E
e85, E creative thinking,
wvigiding
fien §$§§§§ Inventors are
mixed
ize sé:g;%zzé %z’ the g‘gm cmions about
%g %5:%;% ,égs} : niors §§§ the w. vay i%%% %;%%%;% H the world

and g?‘%?’%.z%& to §é§§;§%§ %gé are ?i“;‘s%‘éié or %‘E%% process of around them.
imventing. You have poohably heard of MoCormick, Ford, and

the Wright Brothers, but what about Leatherman, %séé Toietrich,

or %;?gg??% argenal They are 3l modern or conlemporarny

As vou work toward your Inventing merl bades vou

=y §§§§ i is never ioo exsly fo begin your own lourmney

§§¥§§§§§ Defined
To invent s to create something new that B useful or belp-

i, by means of your own investigation, experimeniation,

i

i
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The Segway - Personsi Tansporter was
invented by Deoan Kamen, the 5500000
winner in 2002 and

Lemeleon BT Prze
founder of FIRST Robotics.
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WHAT I3 INVENTING?

A few groundbreaking inventions, known

as seminal inventions, have created entirely
new industries or totally changed the nature of
an existing industry. For example, in 1942 the
common way to make a copy of a letter was to
place carbon paper between two sheets of plain
paper, reproducing on the bottom sheet whatever
was written or typed on the top sheet. To make
multiple copies, people used wet, smelly “spirit
duplicators”™ (“spirit” refers to the alcohol solvents
used in these machines], or they photographed
the letter and had prints made, or they used
expensive typesetting and a printing press. In that
vear, a physicist named Chester Carlson received
patent number 2,297,691 for a machine to make copies on ~ Flain-paper

. L . . photocopying isan
plain paper using static electricity and powder. Carlson’s example of a seminal
invention—which he named “xerography” {a term that or original invention.
means “dry writing”}—led to plain-paper coplers in every
office. Haloid, the company to which he licensed the patent,
changed iis name to Xerox®. Since then, all of the patents
issued for inventions in the field of plain-paper printing—
including the laser printer—are improvement paients upon
Carlson’s basic system.

invention vs. Innovation

Innovation is not the same as invention, although
sometimes the two terms are used interchangeably. In its basic
sense, invention is the creation of a product or the introduction
of a process for the first time. Innovation is improving on or
making a significant contribution to developing a product,
process, or service. Society benefits from an invention after
innovation proceeds to develop and introduce the new idea
into use. Inventing, engineering, and entrepreneurship are all
pari of innovation.

INVENTING 11
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HISTORY OF INVENTING

~ Thomas Edison was among
productive inventors in his

INVENTING 15



HISTORY OF INVENTING

inventions today,
just like 100 years
ago, help make
life healthier, more
comfortable, more
informed, more
engaging, and

more productive.

16 INVENTING

Scouts and Radio

The German physicist Heinrich Hertz made possible the
development of radio, television, and radar by proving that
electricity can be transmitted wirelessly in electromagnetic
waves. In 1887 he became the first to broadcast and receive
radio waves.

Hertz did not recognize the full importance of his experi-
ments. Others, however, better understood how to put his
discoveries to practical use. The Italian electrical engineer
Guglielmo Marconi is generally credited as the inventor of radio.
In 1896, Marconi transmitted radio signals for more than a mile,
and applied for his first British patent. By 1902, messages were
regularly radioed across the Atlantic Ocean, and by 1905 many
ships were using radio to communicate with shore stations.

In the early years of this new technology,
many Scouts built their own radios
and experimented with simple
receivers called crystal sets. The
name came from the receiver’s
most important component, a
crystal detector originally made
with a lump of mineral such as
galena, a form of lead ore. The
user could move a fine wire called
a “cat’s whisker” along the flat
surface of a galena crystal to find
a spot where the surface formed
a natural semiconductor. At that
point, the crystal set would start
receiving radio signals. Sold and
homemade by the millions, the inex-
pensive crystal radio played a major role in
introducing radio to the public.
During the 1920s, radio blossomed, bringing music,
news, and new ideas into American homes. Other technologies
also developed: Airplanes, movies, and refrigerators changed the



HISTORY OF INVENTING

ways Americans lived. The nation changed, and so did the
Boy Scouts of America, introducing merit badges to help
youth explore and master new technologies, and to help
them become “efficient leader[s] in the paths of
civilization and peace.”

While we don’t know the names of the 10 Scouts
who earned the first Invention merit badges, nor do we
know what they invented, we do know that they were
living in a technologically exciting time, Today is just as
exciting. We are not inventing airplanes just to fly in the air

or automobiles just to drive on roads, but rather we are invent- The Aviation merit
ing airplanes that can be both flown and driven. Inventors are badge, circa 1911
developing ways to target tumor cells with gold nanoparticles

to treat cancer, with fewer side effects. Cell phones are being used

to collect health care data so the quality of life can be improved in

developing countries like Kenya.

TheTransition roadable aircraft is a plane that can fold its wings
and be driven along the road like a car.

INVENTING 17






IMPACT OF INVENTING ON HUMANKIND

Impact of Inventing
on Humankind

The impact of inventing on humankind is inestimable. Not only
have inventions improved the quality of life for countless people
around the world, they have also changed the course of history
and the foundations of modern society. Technology has become
such a large part of our daily lives that we cannot imagine
surviving without the conveniences it has brought to us.
Imagine living without your cell phone. Texting would not exist,
and to make phone calls you would have to use a landline.

The changes our society has experienced in moving from an
agriculturally based market to a manufacturing-oriented economy
and now to a knowledge-centered econormic system have created
fertile ground for Scouts to devise ingenious solutions to a wide
range of problems to help humankind. There are countless
opportunities for new products and services that take advantage
of high-speed worldwide communications and transportation. We
live in an exciting time with a global environment for knowledge
sharing and distance learning, both of which foster opportunities
for working together to develop solutions.

Recounting all of
the inventions that have
impacted humankind
could fill a library. Let’s
look at three “historical”
inventors and their inven-
tions to see how they
changed our world.

INVENTING 19



IMPACT OF INVENTING ON HUMANKIND

Cyrus McCormick
invented the
mechanical reaper,
which resulted in

a revolutionary break-
through in agriculture.

Cyrus McCormick (1809-1884)

Cyrus McCormick is called the “father of modern agricuiture”
because he invented the first successful mechanical reaper in
1831 when he was 22 years old. With his reaper, McCormick
single-handedly increased the potential yield of farming at least
tenfold, with a minimum of effort by farmers. The reaper was
the beginning of a new mechanical harvesting industry that
made significant contributions to the prosperity of Americans.
Cyrus had a talent for agriculture and invention at an early
age. When he was 15, he invented a lightweight cradle for
carting harvested grain. The mechanical reaper was actually
a project on which his father, also an inventor, had given up.
Cyrus used his father’s incomplete model as a starting point.
He sketched plans for a machine that would automatically cut,
thresh, and bundle grain while being pulled through a field by
horses. Within six weeks—before the 1831 harvest was over—
he had built, field-tested, remodeled, and successfully demon-
strated to the public the world’s first mechanical reaper.
Farmers were initially uninterested in the mechanical
reaper, and for nine years there were virtually no sales, prob-
ably because farmers were reluctant to change what they knew.
Undaunted, McCormick spent 10 years making improvements
and was awarded his first patent in 1834. He also utilized novel
business practices, including lenient credit for purchases,
written performance guarantees {15 acres a day”}, readily
available replacement parts, and advertising to educate farming
communities about the
benefits of technology.
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TMPACT OF INVENTING ON HUMANKIND

Jack Kilby invented the integrated circuit at Texas Instruments in
1958, Composed of only a transistor and other components on
a slice of germanium, Kilby's invention, %s by % inches in size,
revolutionized the electronics industry and our lives.

Jack Kilby (1923-2005)

For one invention alone, Jack Kilby can be justly
considered one of the greatest electrical engi-
neers of all time. He invented the monolithic
integrated circuit, or microchip, which made
microprocessors possible, thereby allowing
high-speed computing and communications
systems to become efficient, convenient,
affordable, and used everywhere.

After earning a Bachelor of Science degree in
electrical engineering at the University of Illinois
in 1947 and a Master of Science degree in electri-
cal engineering at the University of Wisconsin in
1950, Kilby took a research position with Texas
Instruments Inc. in Dallas, Texas. Within one
year, Kilby had conceived and created a small,
self-contained, monolithic integrated circuit in
a single piece of semiconductor material about the size of a fin-
gernail. At the first professional presentation of his invention at
the Institute of Radio Engineers Show of 1959, Kilby’s colieagues
were both astonished and overjoyed—and a new generation of
computers and microelectronics was born.

22 INVENTING



Kilby wen! on fo develop the Brst industrial, commerial,
first pocket calculator (the Pocketronic) and the first computer For his invention
in which the integrated circuit was used. By the mid-1970s, the of the integrated
microchip formed the basis of modemn microelectronics. Without o

it, no personal computer, fax machine, cell phone, satellite tele- circuit, Kilby was
vision, or any other computer or mass communication system swarded the

wwreviild s
WO exist,

MNobelPrizein
Also cradiied with
e venton of
the therma privier
and the handheld
calouizior, Kby
had patentad
morsthen

60 inventions.

B 2375-848

The breadboard {construction base] for the first electronic hand-
held calculator fills 2 room.
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INVENTORS IN THE COMMUNITY

Inventors in the
Community

Inventions can help people

tive longer, be more

comfortable, and lead more

productive Hves. For these and

other reasons, its easy o see that

inventors are important members of the community.
Can vou locate an inventor in your community? Listed

below are a few suggestions to help vou.

+ Ask the reference Hbrarian at vour local library.
* Talk t0 an engineer of entrepreneur

+ Call a local manufacturing business.

* Use the internet {always with your parent’s permission first).

Researching Patents

One way 1o locate inventors living in your community is fo
research a potent. Inventors can legally protect their inventions,
just as McCormick, Ford, and Kilby did, by patenting them with
the 1.5, Patent and Trademark Office {USPTOL

NVENTING 25



INVENTORS IN THE COMMUNITY

e Patents give the inventor the “right to exclude others from

making, selling, or using” the invention. Anyone who tries t0
The Scouts BSA benefit financially from someone else’s patented invention,
handbook andthe  ©OF uses it without licensing it from the patent owner, can be
- found guilty of patent infringement, and may be required by
Digital Technology  1aw to pay the inventor a royalty, lost profits, and maybe even
merit badge punitive damages.

Through the U.S. Patent and Trademark Office, inventors
can obtain legal protection for a period of time in exchange for
tips on avoiding sharing their ideas with the public. In the United States, current
patent laws generally grant protection for 20 vears from the date
the patent is filed with the USPTO.

One important purpose of the patent system is to
help inventors fustify the effort and expense of making
something that is new and useful. Some inventions, Hke new
pharmaceutical drugs, can cost millions of dollars and take
vears io develop, so the prospect of getiing a patent that
excludes others from making and selling the drug offers an
incentive for companies to invest in the necessary research
and development.

Patents are explained in detail under “Intellectual
Property, Patents, and Trademarks,” later in this pamphiet.

FreePatentsOnline.com

This free search engine is fast and
easy. (Check out some of the cr
patents.) To search for
was granted to an invent
community, use 23‘3& Quig r
tab and fill in the name s‘f ¥%‘3§¥‘ city
and state. Be sure you have your
parent’s permission first.

pamphist include

internet dangers.

o
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INVENTORS IN THE COMMUNITY

Designing and building pinewood derby cars involves solving
many problems, but pinewood derby cars are not inventions
because they are not unique solutions.

From Problem-Solving to Inventing

Scouts solve problems all the time. If you sprain your ankle while
hiking, your Scout patrol can make a crutch for you by using a
tree branch. Three ropes, a few lashings, and wood supports
become a bridge to cross over a bog. Remember the pinewood
derby races from Cub Scouting? Building a pinewood derby car
was all about solving problems in order to be the fastest 5-ounce
car made from a block of pine with four nails for axles and plastic
wheels. While pinewood derby cars are solutions, they are not
inventions. Why? Because they are not unique solutions.

Invention is at one end of the problem-solving spectrum;
routine problem-solving is at the other end. As you move
toward invention, you are moving away from predictable and
specific solutions. By creatively thinking about a problem, you
can find a unique solution. Sometimes, this creative thinking
becomes breakthrough thinking (a Eureka! moment) when you
connect the problem you are trying to solve with something
from an unrelated area.

| CREATWE

AND UNGUE
. NyENTION

The spectrum of problem-solving
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INVENTORS IN THE COMMUNITY

By creatively
thinking about

a problem,
youcanfind a
unigue solution.
Sometimes, this
creative thinking
becomes break-
through thinking
when you connect
the problem
with something

totally unrelated.

28 INVENTING

From Bridges to Backpacks

John Fabel was an inventor whose creative thinking about a
problem led to a breakthrough. John was trained as a geographer
and designer. His work as an inventor involved environment,
community, and design. As a child, he continually asked

What if questions: What if I could make this work better?

What if [ built this?

Because of the way he looked at problems, he was able
to see a connection between the suspension bridges he saw in
New York City and the problem he was trying to solve. This
thought process led him to design a backpack that would dis-
tribute weight evenly so that after long hours of cross-country
skiing, the straps of his backpack wouldn’t bruise his shoul-
ders. That is breakthrough thinking, sometimes referred to as a
Eureka! moment.

The EcoTrek™ backpack that John Fabel invented does not
rely on shoulder straps to carry the load. It transfers much of the
weight to the hips. When wearing it, your hips act like a tower on
a suspension bridge, and the backpack is similar to the roadway.
Like cables on the bridge, the triangular flap between the back-
pack and the hip belt helps distribute the weight evenly. John
filed for a patent on his backpack design in 1995. It was granted
in 1997. Initially, he manufactured and sold his backpack directly
to customers, but eventually he licensed the design to Marmot, a
maker of backpacks, tents, sleeping bags, and outdoor clothing.
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TNVENTORS IN THE COMMUNITY

Who Says You Can’t Rappel...in Reverse?

Nate Ball had a passion for inventing long before he could define
the word. He recalls that at age 2, he dug up the family garden to
build, wreck, and rebuild mud dams and underground forts. In
the fourth grade, he created a bottle rocket launcher that shot
two-liter bottles of water 100 feet into the sky. This creation
was followed in sixth grade by a hovercraft powered by
a vacuum cleaner motor.
By the eighth grade, he was attempting to build
a Tesla coil in his parents’ garage, making capaci-
tors out of glass bottles and aluminum foil. “I saw
Tesla coils on the internet shooting lightning,”
said Ball. “It was the coolest thing I'd ever seen,
and I knew [ had to build one.” Amazingly,
Ball did not touch a machine tool until he was
in college. He credits limited resources during
his early years with forming his ability to think
unconventionally about problems and to come
up with efficient solutions.

In 2004, along with three other mechani-
cal engineering students at the Massachusetts
Institute of Technology, Ball founded Atlas Devices,

LLC. The goal of the company was to develop and
commercialize the ATLAS Powered Rope Ascender,
which uses a rope-handling mechanism, conceived by Ball.
Nate Ball using the  L1is portable device can raise more than 250 pounds at 10 feet
ATLAS Powered per second, giving rescuers, emergency personnel, and soldiers
Rope Ascender faster and more controllable climbing capabilities. The U.S.

Army awarded funding for this invention.

Ball is a coapplicant of six patents, two of which have been
granted. His awards and achievements include the SAIC Award in
the 2005 Soldier Design Competition, sponsored by the Institute
for Soldier Nanotechnologies at the Massachusetts Institute of
Technology, for his team’s ATLAS Powered Rope Ascender. He
also won the Luis De Florez Design and Innovation Award in 2005
for outstanding ingenuity and creativity from MIT’s Department
of Mechanical Engineering for an electric scooter. Nate Ball
received his undergraduate and graduate degrees in mechanical
engineering from MIT.
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Inspired by his mother, a music teacher, and his father, an
engineer, Ball enjoys sharing his passion for science and invention
with others. He has hosted the PBS series Design Squad, which
aspires to excite middle-school students about science and engi-
neering by combining elements of reality television with fun
and educational engineering challenges.

inventor Nate Ball demonstrates reverse rappelling over a pool
using the patented ATLAS Powered Hope Ascender. Nate was
awarded the $30,000 Lemelson-MIT Student Prize in 2007 for
his inventivensss.
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A Street-Legal Airplane

Carl Dietrich traces his earliest design innovations to his
childhood, building tree forts in his backyard and elaborate
spaceships from Fisher-Price” Construx building sets. He credits
his father's fascination with model planes as the inspiration
that Jed to his passion for aeronautics and aerospace. By the
fime Dietrich entered high school, his inventive drive had
produced remote-controlled airplanes and designs for a
hydrogen-powered aircrafl

DHetrich earned his undergraduate and graduate degress from
MIT including a Ph.D. in 2006 in aeronautics and astronautics.
His doctoral work led to an efficiency improvement design that
he patented for a desktop-size Penning Fusion Reactor, following
a research internship at Los Alamos National Laboratory in 2002.
Carl Dietrich credits this internship with sparking his initial curi-
osity about a distributed network of reactors that could potentially
replace the strained power grid of the United States.

In 1998, Dietrich cofounded the MIT Rocket Team. He holds
a patent for his Centrifugal Direct Injection Engine—a low-cost,
high-performance rocket propulsion engine. The CDIE operates
without a conventional turbo pump pressurization system, which
greatly reduces its complexity
and cost.

He also invented the
PickProd—a blast-safe demin-
ing pick for safer removal of
antipersonnel landmines in
environments with hard-packed
earth, like Afghanistan. He made
the decision not to patent his
invention, so it could be used
by anyone in need.

“The best way to think of an invention is fo think
of a need,” says inventor Carl Dietrich.

32 INVENTING



The Transition’s folding wings are the unigue Invention that malke # diffcrent from

afivingcar

06, Carl Dietrich and four MIT colleagues (and fellow
the Transition, 2 personal air vehicle {or PAV) concept. The
Transition completed its flight test program in June 2009. It will
make use of the nation’s thousands of underutilized public-
access airports by providing a practical transportation alternative
fo travelers whose destinations are 100 to 500 miles away. The
Transition vehicle can be driven on any type of surfaced road,
requires only a sport pilot's license 1o fly, and operates on pre-
ta fliying

Carl Districh has four patents pending sition,
uency 1) system for rapid acoess 1o locaf airports,
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Process for Obtaining 2 g Patent
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INTELLECTUAL PROPERTY, PATENTS, AND TRADEMARKS

Intellectual Property,
Patents, and Trademarks

It is important to be familiar with the laws of the United States that
protect the property of inventors. The contributions of inventors
result in a betier quality of life for others in our society, and those
inventors have the right to enjoy the financial benefits derived
from their hard work and persistence in solving problems that lead
to invention and innovation.

What s Intellectual Property?

“Intellectual property” is a legal term that includes pofents
{which protect inventions}, trademarks {which indicate a source
of goods or services), copyrights {which protect the works of
authors and artists}, and frade secrets {secret knowledge that is
used in business}. Because you cannot touch, feel, smeil,
or taste a patent, trademark, copyright,
or trade secret, these are often called
“intangible.” Nevertheless, such
intangible things have value in the
same way that physical property, such
as land, houses, or cars, has value.
Different government agencies
have the job of helping creative people
establish their rights to their intellectual
property. The US. Patent and Trademark
Office, as the name implies, grants
patents on inventions and registers
trademarks. Copyrighis can be registered
in the Copyright Office, a part of the
Library of Congress.
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What Is a Patent?

A patent protects an invention by giving the inventor the right
i stop other people from making, using, or selling the patented
invention. The word patenit means open, and that describes the
“deal”—in return for the patent, the inventor must be open
about what his or her invention is, so that society can benefit
from the inventor’s knowledge. The inventor gives up secrecy
and gets protection for a period of time. Everyone else gives up
the ability to make, use, or sell the invention during the patent
term {period of time}, but they will know about it and will be
able to use that knowledge, perhaps to make even better
inventions in the future.

1f someone else makes, uses, or sells the patented invention
during the term of the patent without permission, he or she has
infringed the patent. The owner of the patent can sue the infringer,
asking a cowrt 1o issue an {njunction ordering the infringer to stop
the infringement or asking the court to order the infringer to pay
money. A monstary award can be either actual damages (the
profits the patent owner might have made from selling the product
or the profits the infringer has made from the infringement] or
punitive damages {money that punishes the infringer).

There is no such thing as a “worldwide patent.” Each
country has its own patent system, and each country’s patents are
effective only in the country that issued the patent. A few regional
patents cover a number of countries, such as the European Patent
Convention for 27 European countries, ARIPO and OAPI in
Africa, and the Eurasian Patent in some former Soviet countries.
Inventors who want protection in more than one country will
need to obtain a patent in each country or get a regional patent
covering several countries.

As mentioned before, the part of the United States govern-
ment that is responsible for issuing patents to inventors is the
U.S. Patent and Trademark Office, a part of the Department
of Commerce. The inventor files a patent application with the
USPTO. The application describes the invention in detail complete
enough that a person could build the invention from the descrip-
tion. The application is reviewed by a patent examiner, who will
search earlier patents and patent applications 1o see whether any-
one had already invented the invention. If the examiner decides
the invention is new, the patent is issued. i remains “alive” fora
term of 20 vears from the date the application was filed, as long
as the inventor pays the USPTO maintenance fees four, eight, and
12 vears after the patent is issued.
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\ patent issued by the Unﬁed Siam [ ﬁmama i
in 1790 is shown here. Protecting a §3§§§3§§ %:%? %%iﬁgg
potash and peari ash for fertilizer, it was ‘examined by
Thomas Jefferson and signed by George Washington.

While that is the first U.S. patent, itisn’t “patent No. 17 Patents
were not numbered until 1836, when John Ruggles received patent
No. lon *‘?{3&%&%%%%3%& More than § million natenis have beenn
issued since §§§ -

§§§§§§§§§§ §§ a ?3%%;;1;

This patent, granted to inventor Nathan
Ball on Sept. 1, 2003, s US Patent
7581715 for the Powered Rope Ascender
and Portable Rope Pulling Device.
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The basic parts of U.S. patent 7,581,715 are:

POWERED ROPE | Technical title of the inventior
ASCENDERAND ' ' .
PORTABLE ROPE

PULLING DEVICE

Assignee Atlas Devices, LLC | The assigneeis the ewner af
| the patent. . ~

F | Drawings 11 drawing sheets
or figures

The 20 claims ~‘ ly what
beginincolumng, | the patent pmtec{s Ciasms are
line 52, and end in | like an outline, determining the
column 12, line 10. | "legal baundary” of the pat~

| ented invention.
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Trademarks - | ‘
Atrademark is somethm ; ; ) A ‘ ef a partsf;uiar pmdust .
or semca Trademarks o y ca ‘, ‘ i arks that eariy met-

gﬁa{antee the panty of the metai To , s anytl : "?.h‘at can distinguish_
one maker’s geeds or serv es f ho fac pet 'r caf,% be considereda;

A phrase or smganw
L;fe for pmmatsng the mteres

signature on ﬁ;ﬁi;’; f -
- A symbol or drawing (log

You may be familiar with trademarks from

your camping gear. For instance, the Coleman The trademark is visible
Company Inc. of Wichita, Kansas, owns this on this lantern sold by the
image for recreational sports equipment. Coleman Company.
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Requirements for Patentability

You can get a patent if {a} your invention is one of the types of
things the patent law says is
protectable—a machine or product,
ar %?g:sé & §§§m something

invention g%z‘z": the requiremenis

+ “Novel” means that no one has previously patented the
invention, described it in a publication, used it in public, or
sold it. All of these conditions also apply to your own actions

£,

more than one vear before you apply for 2 patent. In other
words, if you ever want patent protection, you have one year
from vyour first public ;ésé{%%?% to apply for 2 patent.

* “iseful” genersily means the invention would work to do
something—anyihing 3t 3fl As long 25 vou can explain %%f%gg
vour swvesnition does, ¥ is considered “useful ™ Vory fow potent

g§§§§§§§ 3% are %ﬁs:ifé §§ theg §§§§§_§ g% “not psefult—

wz?zg:%%g; 2'%% gene §§ uences with no %;“ T use, § v

think you have Invenisd S§§§§§'§§i as apparently impossible

as a perpetual motion machine, *%;3 ?z%%%% Gifics will expect

it

o

*« “Not obvious™ means the invention must not be an obvious
combination of things that are already known. This is often
hard to define—every invention seems obvious, after it has
been invented. The question is what the combination of
known things would have taught a hypothetical “person
ha ;§;§ ordinary skill in the ant™ before the invention w
created. That is, vour invention is deemed 1o be “ohvion

¥ 3 person with ‘Eé:%% in the art” would have the i:% el

ne ifé;} §f§§§§§§§§ §¥E§§§§; inventions i ?%‘*éé% é e

i %’

<~

Py
g =

i
E
=)

The technical

information
contzined in

2 patenioiten
cannotbe found
ampvhers sise,
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Not all inventions are patented. Some cannot be patented

because they are not patentable subject matter.

Unpatented Inventions

tentable, however, the

Twise pal

is othe

invention that

For an

the time patent number 3,079,728 was issued on March 5, 1963,

the craze had long since passed.

;%%
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Inventors As

' §§§§ ani tarians

inventors §§§§ choose not to patent
;§%§§{2&$§% can be of §§%§§ he irs

of ;é}g; g%} eotion
havi

e hoen ghiston

%5? S

Ivarions
sometimas make
thelr inventions
sysiabls withon
patenting them
becauss they
belisvethe
mventonwili Be
of more bensfit
Hmancistyand
peopledis
frosly svaliabls.




Nikola Tesla
Mikols Tesls U1B56-1045 v o Sechian nvenior and
a pionesr in sleciric power An experienced slectrics
engineer, Tesia immigrated to Be United States 1 1884
to work for Thomas Edison in New York City. He scon
ieh Fdison to set up his own Iaboratories and companiss
o develon electrical dovives inchuting his natanted
gitemating current (AT motor now used worldeide i
ihustry and household applisnces In 1282 Tesa desioned the
Hrstoracticalsvetem ol generatino and borsminino sitematina curent for
slertricnowsr Al besi o Dl idirecicurreri inbecome e form I which
sloctric power s deliverad o businesses and reaidencas tnrday
Tesiz slso condinled oxmerimeniswith radio waves and wirsless
communications, He patented the buste system of radio in 1838 and his
published schematic dlaprame deseribad ali the basieslemente of the
radio Bensmilier that wes inter used by Guolishno Mareond 1n 18838 Tesis
radiccontroiied dovice svsr exhibited o the b,
Teslas ondness forshowmanshineamad himarenutntion as s
¥ind of "mad sclentisy” At his Isborstory in Colorado Soringe, Tolorads,
he conducied spentacuiar highvoliaos experiments, produscing sriificial
Gghininpenh discharoec in e millioneof volls andarss sp 10 138 et long,
His many nendions nelurie
thaeiesis ool siransiormer used
o produce hune vollages ol hinh
fromienoy sitermating cusrent
Chouisrsinted inthe Ieslacodiare
SHH used in vadio arvl telavicion
tecstvers At lean FlS nateninwere
issusd foTesla in OB countries and
he developed many other inventions ¢
that were not oatented Inlarge §§§;
his inventions and discoveries form
thebasisformuch of the modlaes
waorld’s electrically powered lifestyle.

Nikofa Tesla sat calmly ﬁ%ggg'
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INVENTING CLOSER TO HOME

Inventing Closer to Home

Each time you go camping, you take camping gear to keep you
dry, help you prepare food, and find your way on hikes and
watercraft {rips. The products you rely on represent years of
research, development, refinement, and input from numerous
inventors. Many of these items are either patented or patent
pending—meaning a patent application has been filed with the
U.S. Patent and Trademark Office and is being processed. Below
are examples of a few common camping items and their U.S.

patent numbers. o .
Think inventively

ahout how to
make your
camping equip-
ment more useful.

What problems

do you have with

When you prepare for a camping trip, do you consider the your equipment?

environmental conditions where you will be spending the night?  Can you think of
What is the weather forecast? What do Scouts who have previ-
ously camped there recommend? Can you use gear made of
particular material without harming the plants and animals While this might
that live nearby? Can you purchase environmentally friendly
equipment to protect our planet?

The Scouting outdoor ethics are held in the highest problem-solving,
regard. This means that, whenever possible, you and other
Scouts should make every effort to minimize the environ-
mental impact of your actions and the gear you use. As you excellent way
make these considerations, you can think inventively to devise g start inventing.
solutions to your problems—not least of which are issues con-
cerning cutdoor gear.

any solutions?

be routine

itisan
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Mess i(it. As commonly used
camping products, mess kits are
_subjected to heavy use anda

variety of environmental conditions.

1 your mess kit %hpws signs of
‘rust or bend asﬁy, you might
suggest that th
canssder using different materials
‘ .When buying a
s impcrtant to coassder :

How would
you improve
a mess kit?
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-‘%‘%&%ﬂ%ﬁ%& %‘%g}g%%g the functionality

P £§§ £ 1k 3 e 5
Propane Lantem Llzad %éf §§§§§§ Different sizes Needs a switch 1o
entire camp arsa. neaded; could use 3 [turn on light.
ransport case. Needs to be adjust-
able for different
light intensity.
Needs to hang
more easily.
Flashiight Used when Choics of colors and | Needsto be
camping at night sizes would waterproof.
tonts, cabins, with LEDs.
or bathrooms.
Provide sxirs bstlery
pack and bulbs
with purchase,
Leatherman® ised 35 2 sorew- A selection of Additions! festures
Multi-Tool driver, can openar, | oolors for sasy would be fire starfer
and ssw. identification would | [lighter or magne-
be beneficial sham stck),
Agd graphics; Pon/ponail wenssld
cusinrnize with b usafud,
Rome. Fashightwith
tools would
e ussful
Hiking Shoes Differentoranhies . Mowe hools
an séégﬁg mavhe firenroot
camouflage. Cover with material
thatdaes not
shract by
' 3&%& %‘%&%{g};ﬁ 4in §§§§{§§
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Anemiypholoof Timlssthermanworking in
his garage shop. Tim was 2 Ls Scout and active
inthe Orderof the Armow BomTBoop &l in
Portiand, Orsgon.
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, %3%?%{33%%& Fesiin fie also siiows American inveantoss o
protect their gg%%%&g&% §§§§$§§ g%z% By §§§§§§§ e
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%%% gs%’i%%é %%3 of i%g §§M§ {%§§§§§§§§




INVENTING CLOSER TO HOME

Since a notebook is a permanent record of your ideas, some
thought should go into the form of your entries. Your notebook
binding ideally should be sewn and not spiral bound, prevent-
ing pages from being easily torn out. Inexpensive composition
books have sewn bindings, as do more expensive laboratory or
engineering notebooks, available at office supply stores. Since
drawings will be part of your record, grid paper is preferable to
lined paper.

Number and date each page of your notebook. Be sure
to list dates chronologically and do not skip pages. After you
have recorded your ideas and findings, add a suitable title to
each page. Supplement your entries with hand sketches. If you
add something printed to your notebook, tape it in securely.
Handwriting should be neat and legible. All entries should be
written with a pen, not a pencil. If you make a mistake, cross
it out with a single line and add a note about what the error
was. You cannot erase because you are using a pen. Don’t use
correction fluid.

It is important to have the bottom of each page
in your notebook witnessed, signed, and dated
by someone who understands what you are
describing. Your Inventing merit badge
counselor, science teacher, or perhaps an
engineer are appropriate witnesses of
your work. There are rules concerning
the notebook as a permanent record for
obtaining future intellectual property
rights. So, early in your inventing career,
get into the habit of keeping a notebook.

i is important to sign and date the bottom of
each page in your engineering notebook. Have
your ideas witnessed by your Inventing merit badge
counselor or someone who understands your work.
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The Inventing Process

There are so many possibilities for inventions that will solve
problems and improve human exisience. Bul if someone asks
vou to invent “right now,” your mind might very wellidraw a
blank. In the inventing process, gather information, think about
how to solve a problem, and narrow your focus. Here are a few
tips to help you get started.

What to Invent

Inventing is probably easier when it involves items you use fre-
quently, or activities you like to do or in which you have gained
expertise. For example, you might like to ride horses. Have vou
noticed a problem in connection with vour horseback riding
sxperience? What about playing video games? Brushing vour
teeth? Would vou like a better fire starter on campouts? Have
vou ever talked to vour grandfather about his pocketknife
options when he was a kid? Remember, Tim Leatherman’s idea
for the multi-tocl occurred when his Scout knife would not do
the trick to keep his old Fiat running.

THE INVENTING PROCESS

How much more useful is the Leatherman This is the Scout knife that the New
Super Tool compared to a knife that was York Knife Company made in 19711
available to Scouts in 19117

INVENTING
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As you ponder possible inventions,
use the activities you enjoy to think
of “spin-off” ideas. For example, if
you are a horseback rider, imagine
how the experience of riding a horse
could be improved. What about the
care of horses when they are not being
ridden? What about feeding, grooming,
or training horses? What could you invent
that might be useful in these spin-off areas?
Perhaps vour horse-care ideas might spin off
into pet care of other types of animals. I vou have
a pet, wouldn't it be helpful if you didn’t have to feed
and water your pet every day?! You could invent new ways of
caring for vour pet while you are away for the weekend.

Merit Badge Design

Hiustrator and artist Nick
Dragotta developed the
concept behind the
marit badge logo, w
%332%};&3 g Stone Age

long time ago, in 5000 B.C. by ancient %égss;}atsmians;
The wﬁeef may he the veryf rst technol agscaf m\fefmon

35%3 % €. s%:ssmi the ame ‘iii’i’%% as %:%zg éi}ﬁ’iﬁ?&ﬁ&‘é{&ﬁ
the horse.
The wheel rep s %3:3%? S{%giﬁi?éf'ig so basic g{%v
ve a profound effect on *{?&&
What will Scouts invent, and
what impact will th entions have on the hist
_of humankind? : ~




THE INVENTING PROCESS

Once you have listed your ideas, discuss them with your
parent, merit badge counselor, Scout patrol, and friends, and
select your three favorite ideas. Think about how you would
turn these ideas into inventions. Identify the ONE idea that
would be fun and feasible to work on.

INVESTIGATE

INPUT FROM CONCEPTUALIZE

TEST

INVENTING 59



THE INVENTING PROCESS

Scouts discussing ideas for water bottles and attachment devices at San Juan High
School in Blanding, Utah.

Investigate

Remember that you will not be the only user of your invention.
The most successful inventions affect tens, hundreds, or thou-
sands of people. Think about how many people use water
bottles: school children, athletes, campers, and hikers. Some
water bottles are disposable. Some are easy to hold. Still others
may be insulated.

What if the water bottle had been designed to be useful only
to the person who invented it? Its usefulness would be severely
limited. Your invention should be appealing and desired by a
broad range of people. Ask potential users of your idea what they
think would be important in your invention, and include more
ideas than just your own. The people you interview should know
something about the idea, be interested in it, and currently use
something similar. If you want to design a new water bottle for
hiking, talk to Scouts, hikers, backpackers, park service workers,
sporting goods store employees, and professionals who use water
bottles in their work. Ask questions like:
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¢ When do you use a water bottle?
e How often do you use a water bottle?
® What kind of water bottle do you use? Why?

¢ If you could change something about your water bottle, what
would it be?

e What kinds of negative experiences have you had when using
a water bottle?

Record the answers in your invention notebook.

Conceptualize

After you gather information from users, conceptualize your
ideas on paper, both in words and with sketches. Describe your
idea so that those assisting you could build a model from your
notes. Do not worry if you cannot draw as well as you would
like. You will improve with practice.

Continuing with the example of the water bottle idea, one
of the challenges backpackers face is trying to hold a water
bottle while pumping fresh water, standing in a running river.
Come up with performance criteria about what you want your
invention to do. This is the beginning of your invention state-
ment. An example of an early invention statement might read
like this:

I am inventing a clip that will slip around the neck
just under the lid of a water bottle and attach to
a belt, waistband, or backpack. It will attach
easily and firmly but can be removed
with minimal effort. The clip
will never fall off the bottle,
making it possible for
one person to easily

refill a water bottle

through a filter device
in a stream or river.

Water bottle clip in 2D CAD. Drawings in 2D
CAD are usually printed and show the image
as a 3-view drawing.
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As you begin work on your invention, you will develop

Water bottle specifications based on what you and other users want. Record
clip in 3D CAD. the specifications in your notebook. Add quantifiable terms to
Today, almost define your specifications. Use the invention statement to guide
all drawings your development work. Modify the statement as you move

are done in 3D
as models.

through the invention process, as needed.

Although you don’t have to be an artist, the drawing for

an invention represents a critical piece of its description. Once
you do your best sketch, have someone review it to determine
whether you have visually and clearly communicated

your invention.

Professional inventors use specific drawing tech-
niques to communicate exactly what they want to build.
These techniques follow critical guidelines regarding
where things are and how to build them. This work,
previously done by hand with pencil and drawing tools
on drafting tables, has been done since the early 1980s
in 2D (two dimensions) on the computer or through

powerful computer-aided design (CAD) software.

The old way to create a drawing was to simply draw
each view separately on a single page in Front, Top, and
Side views. If a change was needed, it was time-consuming to
redraw each view.

Today, when a 3D model
is created, it can be changed
in one drawing, the model,
and printed out in three
views. The new process is
called parametric modeling.
There is software available
to help you learn more about
parametric modeling and how to

use it. However, for this merit badge,
all you need is your notebook and a pencil. If you have never
been exposed to technical drawing, you may want to earn the
Drafting merit badge along with the Inventing merit badge.

A 3D model of
a robotic arm
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Utltrahigh Molecular Weight Palyethyi
{UHMW PE}

UHMW PE

Outside ckamét/ - 2.4"; thickness, 0. 125

Type 2024-152 aluminum alloy
Thickness, 0.107; width, 0.50"; length, 2.0"
To be stamped in shap shcwn on drawmg_

7 aiﬁmmum .
Diameter, 0.1257; length, 0.25"
3 rivets at top ring; 4 rivets at base

Test in the Field

The next step of the invention process is getting the best work-
ing model of your idea into the hands of potential users. Share
your invention statement and model with users. This is called
field-testing. Ask users for likes and dislikes about your model.
Write those comments in your notebook and analyze them to
see if you agree. Make a list of the things you would like to
change when you build your next model.

THE INVENTING PROCESS

Getting input
from users

is important.
However, if you
do not have
access o users
of your invention,
share your model
and invention
statement with
your Inventing
merit badge
counselor, and

ask for feedback.
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66

INVENTING

Meeting Personal Needs

Gihan Amarasiriwardena, an Eagle Scout from Troop 504, Great
Trails Council (now the Western Massachusetts Council), was
inspired to invent a piece of lawn care equipment that didn’t
exist. From fifth grade through high school, Gihan had a small
business taking care of lawns in his neighborhood. He saw that
he could save time and earn more money by doing two lawn
maintenance chores simultaneously—mowing and trimming.
With parts given to him by a local lawn mower repair shop,
Gihan added a trimmer assembly to a push mower.

Always interested in building tree forts or simply creating
things with Erector” construction sets, Gihan learned to work
with his hands so he could turn his ideas into reality. After
Scouting campouts, Gihan began to see the need for low-cost,
high-performance outdoor gear. Prior to a trip to the Philmont
Scout Ranch, he spent time with his patrol looking at materials
and designs for outdoor gear at outfitter stores. Eventually, Gihan
and two fellow Scouts were so dissatisfied with the performance
gear that was on the market that they set out to design their own.

An early prototype was a waterproof {leece vest. Through
trial and error, Gihan came up with a vest design that met his
needs. Materials selection for the vest’s inner layer took him from
plastic trash bags to DuPont™ Tyvek®, a lightweight waterproof
and breathable barrier, popular in the construction industry.

The inner layer is thermally laminated to two layers of Polartec®
fleece. Gihan would use scraps of Tyvek from construction sites or
shipping envelopes made of Tyvek when sewing his prototypes.
Remember, inventors are resourceful.

s

Gihan Amarasiriwardena’s vest being used out in the field




THE INVENTING PROCESS

Today, Gihan continues to invent. He has interned with a
sports engineering company to develop personalized racing shoes
using rapid prototyping techniques. He continues to develop
his own performance apparel and equipment line, Ascendure
Mountain Technologies, for climbers and backpackers. “An
engineer at heart, and with an appreciation for aesthetics, |
iove to develop new, innovative solutions that fuse technology
and design.” He attends MIT and is studying chemical/
biological engineering.

: Beve apmg a ciassic vest meant that Gman haaﬁ

f to sew at hxs hzgh schaa f‘ar sewmg, h {tecsk a ciass m
clothing snd textiles
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A prototype is

a functioning
model of a
design, concept,

or invention.

68 INVENTING

Feedback Is Key

It is important to get feedback on your idea while it is in
development. By showing the intended user or poten-
tial customer models of your invention at the beginning
of the design phase, their feedback will help you make
improvements that will allow you to meet the needs of
the user, Then, once you have a prototype, you will be
able to seek feedback from users.

Writing down user feedback in ycur notebook is:
important. You may want to revisit what they have to
5ay as you move ferward with tummg your idea into
an mventton,

Models to Rapid Prototyping

Eventually, you will end up with a prototype that is very close to
a finished invention. Inventors, engineers, and product design-
ers use rapid prototyping tc make the final design as quickly as
possible. Prototypes may be scaled down in size but they are
working models. This allows for a real-world check of the prod-
uct’s functionality before costly manufacturing.

Removing the smoke stack for a toy train from a 3D printer
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Building the Prototype

Taking an invention from an idea to a working prototype is a
challenging project and can be a lot of work. You may want to
consider putting together a team to jointly conceptualize, design,
and build an invention. A team is similar to a patrol in Scouts
BSA where many hands make light work.

Teenagers can form teams that focus on invention. A
Lemelson-MIT InvenTeam from San Juan High School in
Blanding, Utah, invented a power-assisted litter device for search
and rescue. A volunteer search and rescue team member intro-
duced the problem of backcountry rescues to a group of students
in a pre-engineering class at the high school. After working
together on a solution, the team defined its invention in this way:

PAL (Power-Assisted Litter) is a single-wheeled, motor-
ized, portable, power-assist device. It is attachable

to the majority of types and brands of current rescue
litters and is to be used by rescue teams in a variety
of terrains and rescue situations around the globe.

An electric motor and a gas engine will be available
for mine and backcountry rescues. PAL will reduce
rescuer fatigue by 30 percent and improve rescue speed
by 15 to 30 percent in both mine and backcountry
settings, and will reduce the number of people needed
by 50 percent for backcountry rescues.

BUILDING THE PROTOTYPE

Lemelson-MIT
invenTeams are
teams of students,
teachers, and
mentors who
work together to
identify real-world
problems and
then find inven-
five, technological
solutions to these
problems. Eight
members of the
InvenTeam from
San Juan

High School

are Scouts.
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BUILDING THE PROTOTYPE

An early concept

drawing of PAL

72

from October 2007
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The first thing the young inventors at San Juan High School
did was investigate the problem by participating in a mock
search and rescue expedition with members of their county’s
search and rescue team. They asked questions about the rescue
process and tested current technologies. They learned from
users the limitations and strengths of existing equipment.

Based on interviews with potential users—search and
rescue team members—they began to conceptualize and list
specifications, or basic things, that the PAL would have to do.
This included the speed required, steepness of the hill it could
climb, the weight of the person it could carry, how much it
should weigh, and how durable it would be. Many times, the
specifications changed, based on feedback from intended users.



The expedition was videotaped and viewed by {eam mem-
bers. Evervone iatked about thelr experiences and what they
was documentad, specifications were written, and sketches
were drawn. CAD models were designed.

In order to prove that the concept would work, a simple
model was made combining the best ideas
from the skeiches. Building began once
the model was created. A working proto-
type was built using thin-walled tubing
called conduit for a frame; the front wheel
was fashioned from an old tricycle; and a
12-volt battery was hocked to an electric
motor with a simple chain drive. Field
;5@%;%% wi éé users indicated necessary

Since building the initial protolyps,
{hee more have been designed, built, .
and Held tested. More than 38 searchand  p5p drawing of second PAL prototype )
rescuers have tesied oneor more of the

’%%g%‘ things have changed since the original model, including
the use of 2 smaller, Bghier wheel; heavier-duly motors; more
%:%%Eig}%i %%*%2%“; Bydraulic

drive. The slectronic cimaitry
sheingredesigned fogive B
variablespeed *§§§?§§§ anda
fture mine roscue version of PAL
is being considersd,

This 3D model of the second PAL prototype was
created using SolidWorks 3D CAD softwars.
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evening, and summer enrichment courses in uégéf:ﬁ 7, machine
technology, electronics, and robotics. Your merit E)adge counselor
can help you locate resources.

Students at Brillion High School in Brillion, Wisconsin,

are lucky enough to have a modern shop squipped o
the hilt. This 10,000-sguare-foot facility includes

2 larpe four-plex processing lab for wood,

metal, plastics, and composites. 2
sisteofthe-an design room with
computers, compulernumerical

_controlled machine tools, electro

its, robolics sguipment ands
Stemidentiectiroarea The

center allows shudenis to vtk
on larger, more complex acti
_ ties and on integrated projects
with other discinlines suchas
mathematics and sclenes




BUILDING THE PROTOTYPE

Safety With Tools

Scouts should always take appropriate safety precautions when
using tools. Use eye and ear protection; have a fire extinguisher
nearby; and do not work with tools without responsible adult
supervision. You may have tools at home or have someone
associated with your troop who can help you properly and
safely learn the use of power tools.

For more information about safety with tools and build-
ing materials, see the Composite Materials, Home Repairs, and
Woodwork merit badge pamphlets.
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BUILDING THE PROTOTYPE

Tools for Building

As an inventor, you may even-
tually want to have your own
tools. When purchasing tools,
buy the best quality you can
afford. Inexpensive screwdriv-
ers are often made with soft
metal edges that bend or
break under stress. Besides
being difficult to work with,
they can be unsafe. Tool
expert and professional engi-
neer William Gurstelle
suggests the following must-
have tools and equipment.

® Hacksaw (for cutting some-
thing harder than wood)

L]

Electric drill, cordless
or corded
e Handsaw (for

* Files and brushes (flat and .
cutting wood)

round files, wire brushes)

¢ Linear measuring gear
{tape measure, protractor,
combination square}

e Cutters (scissors, wire
cutter, utility knife)

¢ Mixing and volume-

. R e Socket and wrench set
measuring equipment

{English and metric sockets,
Allen wrenches)

¢ Pliers {standard, needle-
nose, locking)

e Hammers {claw hammer
and rubber mallet}

¢ Digital multimeter for
electronics projects

s
e
S

e Screwdrivers {assortment of

i
H

e e Phillips/cross-headed and
=y R g 2 N

=i SR, plain/flat-headed)

= S5
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HOWTOONS: The Possibilities Are Endless!
offers the “Anatomy of aTool Bucket.”
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Power Tools Beyond the Drill

When you have built a basic tool kit, you may decidetoadd a
workbench and a few more useful power tools.

General Supplies

T complete vour workshop, add 2 few geners! supplies o malke
your building easier. Remember that Keliner Griswold built his
Trazh to Treasure invention with very basic tools and hot glue

* Adhesives
* Twine and ties

%*és g}%;‘: wood §§§§§

,\mm n

* Sandpaper for metal and wood of various grit
* Markers {pencils and permanent markers) A soldering ron is a must for

‘While this is 3 compiste Bst of tools, vou can gst

started with § éé 2 fow tools of v %.g own na §s$§;§
iéé‘ be new, %?é *§§§%‘ and i%?is w,i‘%??é% 0 CarTY vour

tools, supplies, and safety gear
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COMMUNITY RESOURCES FOR INVENTORS

Community Resources
for Inventors

Inventing need not be a “lone” process. Because we are often
inspired by others, getting together with like-minded inventors
can prove both enjoyable and useful as you work toward your
inventing goals.

Inventing in Your Community

While you can experience the fun of inventing in your community
as an independent inventor like Kettner Griswold and his Trash to
Treasure invention, you might want to broaden your experience by
becoming a member of a team, dedicated to addressing real-world
problems with unique, technological solutions. There are many
organized after-school opportunities to allow you to combine your
knowledge of science, technology, engineering, and

math with the ability to build something useful—
a combination of inventive thinking and
inventive doing. Following are a few excel-
lent opportunities for young inventors.

FIRST

FIRST LEGO League® (FLL) is a
team-based competition for youths
ages 9 through 14. An annual
theme-based challenge, focusing on
a current technological or scientific
situation, requires teams to build
and program LEGO MINDSTORMS”
robots. A research project that
explores a real-world challenge is
required for competitions.
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Dean Kamen during the Lemelson-MIT
Prize ceremony
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COMMUNITY RESOURCES FOR INVENTORS

FIRST Tech Challenge (FTC) is for young people ages 14
through 18. Small teams of up to 10 youths design, build, and
program robots from reusable kits. Awards are given for the
robot competition, community outreach, design, and other
real-world accomplishments.

FIRST Robotics Competition {FRC] is for those ages 14 through
18. In a highly competitive, sports-like atmosphere, teams of 25 or
more build and program robots with time and resource limitations.

m insptrat;z}n and' R

Destination ImagiNation®

This creative problem-solving program is for participants from
elementary school through college. The Destination ImagiNation
(DI) program provides competitive team challenges and instant
challenges each academic year. Competitions are held at the
regional, state, and international levels.

National Engineering Design Chalienge

The National Engineering Design Challenge, sponsored by the
Junior Engineering Technology Society, is a cross-curricular
competition that asks students in grades 9 through 12 to create
a useful device to meet the annual challenge. The ultimate
goal is for students to discover engineering through real-world
applications that impact people and change lives.

eCYBERMISSION

eCYBERMISSION is a free, web-based science, math, and technol-
ogy competition for students in grades 6 through 9, who compete
for regional and national awards while working to solve problems
in their communities. The U.S. Army sponsors eCYBERMISSION
with awards for winners, regionally and nationally.
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COMMUNITY RESOURCES FOR INVENTORS

Lemelson-MIT InvenTeams

The Lemelson-MIT InvenTeam initiative is the premier national
grants initiative for inventive high school students. Teams of
students and mentors receive grants of up to $10,000 each to
ceﬁcepmahze design, and build technological solutions to
real-world problems. Projects are collaborative efforts,
driven by the students. InvenTeams research
%, intellectual property issues, design parts, build
models, and make modifications as they
develop prototypes of their inventions.
InvenTeams showcase their prototypes
each June at MIT.

Inventor and Life Scout Eric Peek
is a member of the Oak Ridge
High School InvenTeam. Here,
he works with a 6-inch PVC pipe
in a stream that supplies water
to a waterwheel, which in turn
powers a microscale hydroelectric
water treatment device. Eric is

a member of Troop 129, Great
Smoky Mountains Council, in
eastern Tennessee.

Museums Dedicated

to Inventions

Inventors live in all types of communities.
You can find them in urban, suburban, and
rural areas. One way to find inventors who have
been important to your community is through your
local historical society. There may be a museum nearby that
highlights technologies and inventors.

The 3M Museum is operated by the Lake County Historical
Society in Two Harbors, Minnesota. The small museum is
located in Two Harbors because the founders of 3M (Minnesota
Mining and Manufacturing Company) found a mineral there
in the early 1900s that they thought could be used for making
sandpaper. The museum highlights the importance of research
and development, product diversification, and growth of a
company through innovation.
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The Cyrus McCormick Farm is located at the Shenandoah
Valley Agricultural Research and Extension Center in rural Steeles
Tavern, Virginia. McCormick, the father of modern agriculiure,
invented the first successful mechanical reaper in 1831 when
he was in his early 20s. The reaper was the beginningof a
new industry of mechanical harvesting and made significant
contributions to American prosperity.

McCormick’s invention is on display at his ancestral home,
Walnut Grove Farm {now called Cyrus McCormick Farm),
in Steeles Tavern, Virginia.

Highlighting Invention at Mluseums

The Bakken Library and Museum in Minneapolis, Minnesota,
collects artifacts related to the history of electricity and
magnetism in medicine. Young inventors are supported through
its Inventors Club.

The Exploratorium in San Francisco is a hands-on science
center with a Tinkering Studio for the community.

The Franklin Institute Science Museum in Philadelphia,
Pennsylvania, focuses on science and technology learning.

The Henry Ford Museum in Dearborn, Michigan, offers
educational programs and exhibits based on the life of Henry Ford.

The Jerome and Dorothy Lemelson Center for the Study
of Invention and Innovation is located in the Smithsonian
Institution’s National Museum of American History in
Washington, D.C.

COMMUNITY RESQURCES FOR INVENTORS
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JROES FOR INVENTORS

From the Wright
 Flyer to the SR-71

The 1903 Wright Flyerand a
Lockheed SR-71 Blackbird
are both pariofthe
Smithsonian Institutions
collection of historically
significant airplanes. The
Wright Flyer was the first
powered airplane that made
a 12-second flight and trav-
_eled 120 feet. Sixty-one years
later, the Blackbird, 2 high-speed,
high-aititude reconnaissance airplane,
The 1903 Wright Fiyer made its first flight and continued in service
for more than 20 years.

When one of the last Blackbirds was retired to the Smithsonian
institution in 1990, it flew from Los Angeles, California, to Washington, D.C.,
at a record-setting speed by crossing the United States in 1 hour,

4 minutes, and 20 seconds

averaging 2,124 miles per hour.

From the Wright Flyerto the

Blackbird, air transportation

has been made possible by

skilled engineers, advances

in materials science, and
innumerable inventions.

The Lockheed SR-71 Blackbird
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COMMUNITY RESOURCES FOR INVENTORS

The MIT Museum in Cambridge,
Massachusetts, offers insights to the
foundations of science and technology.

The Museum of Science in Boston,
Massachusetis, focuses on the importance
of science for individuals and society.

The Museum of Science and
industry in Chicago, Hlinois, offers hands-
on interactive exhibiis including one on
inventing the future.

The New York Hall of Science in
Queens, New York, focuses on science and
technology with hands-on exhibits, events,
and programs.

The Oregon Museum of Science
and Industry in Portland, Oregon, focuses
on science and technology.

The Science Museum of Minnesota
in St. Paul has an Invention Plavhouse to
stimulate inventive thinking.

The Smithsonian National Air and
Space Museum in Washington, D.C.,
houses airplanes and spacecraft with
historical significance.

The Tech Museum in San Jose,
California, focuses on science and technology.

The Perot Museum of Nature and Science in Dallas,
Texas, offers hands-on, interactive ways to learn about science,
math, engineering, and natural history.
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Inventing As a Career

Earning your Eagle Scout rank takes years of preparation just as
being an accomplished athlete requires years of training. These
accomplishments do not happen by accident. Nor does becoming
an inventor happen by accident. Building your academic and
technical foundation will greatly help vou prepare for your jour-
ney of inventive thinking and doing.

Preparing to be inventive begins with the toys you play with
and the classes you take in school. Choosing classes that help
you become more aware of your world will benefit you as an
aspiring inventor. Math and science ave important for working on
your experimental and problem-solving skifls. English helps you
communicate vour ideas to others. Art classes help you develop
creativity and imagination.

invenfors are
isaders They
recognize prob-
lemsinthelr
wegrid and seek
solytions. They
bring togsther
resgurces—
people, materials,
maney—io build
appropriate

solutions.




Biclogistz can
be inverdors,

So can chomisis,
snginEsrs,

suin iechnicians,

in z%{é;%g 50 your 21
from the activitiess you %é;{g izz« curricuiar
stretch vou outside of your normal comi
real-dife §§3§§%§§’§3§%§gg

Consider joining a science club, math team, or robotics
program. Being part of a drama club will help you develop con-
fidence in presenting yourself and vour good ideas Thekey isto
find something you love and throw yourself into it. When Isaac
Newton was asked how he made so many great discoveries, he
said, "By thinking about it night and day.” Thinking about math,
science, and English will help you apply and integrate concepts
in unigue ways.

j=5



INVENTING AS A CAREER

Does a young person decide to become an inventor and then s
study to become one? Not usually. People develop inventive skills
over time while they are also becoming profoundly knowledge- “Opporiunity is
able about their area of work or interest. Biologists can be
inventors. So can chemists, engineers, auto mechanics, nurses,
and cross-country skiers, like John Fabel. All career fields can people because
benefit from inventive thinking, particularly when the objective is
to solve a real-world problem with a technological solution.

Inventions do not come easily. Thomas Edison, one of the in overalls
greatest inventors of all time, recognized the value of hard work.
In the end, great inventions happen because great inventors work
hard. Doing your best in school and your other activities may be like work.”
the best way to BE PREPARED to be inventive. — Thomas A.

Edison, inventor

missed by most

itis dressed

and looks
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Glossary

2D. Two dimensions.

2D CAD. Software used to create two-dimensional models.
3D, Three dimensions.

3D CAD. Software used to create three-dimensional models.

3D printing. Technology for creating physical models
{prototypes] by building up lavers of material.

3-view drawing. A 2D drawing that provides three views
of a model: Front, Top, and Right Side views.

algorithm. A predetermined set of instructions for solving
a specific problem in a limited number of steps.

breadboard. A reusable thin plastic board for prototyping
electronic circuits.

CAD. Computer-aided design.

computer-aided design. The use of computer software to
create 3D models.

copyright. The exclusive right to the publication, production,
or sale of the rights to a literary, dramatic, musical, or artistic
work, of to the use of a commercial print or label, granted by
iaw for a specified period of time to an author, composer, artist,
distributor, eic.

erystal set. A primitive type of radio receiver with a crystal
detector instead of an electron tube deteciorn.

design. To plan and carry out, especially by artistic arrangement
of in a3 skillful way.

design patent. Granted to the inventor of 2 new, original, and
ornamental design for an article of manufacture.

INVENTING
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division of labor. A sequential system of manufacture and
assembly whereby each worker focuses on a specific task,
which they repeat, instead of assembling the entire product.

engineering. The profession using science and technology to
meet the needs of people; some specialties in engineering are
civil, mechanical, electrical, chemical, aerospace, and biomedical.

entrepreneurship. The act of being an entrepreneur; an
entrepreneur is someone who turns an idea into a new
business venture.

eureka. Loosely translated as “1 have found {it}"; an exclamation
supposedly uttered by Archimedes when he discovered a way

o determine the purity of gold by applying the principle of
specific gravity.

intellectual property. Ideas and expressions of the human
mind considered unigue and original and to be worth money
in the markeiplace—and deserving of protection under the law.
These include patents, trademarks, and copyrights.

innovation. The complex process of introducing new ideas
into use and practice, primarily through entrepreneurship.

inventing. The process of coming up with and making—
through independent investigating, experimenting, and think-
ing—something that is useful and that was not previously
known or created.

invention. The product of the inventing process, which can
encompass many things, ranging from devices and machines
to chemical compounds and varieties of plants.

inventiveness. The form of creativity that results in an invention.

microchip. A semiconductor body in which an integrated
circuit is formed.

monolithic integrated circuit. An elecironic circuit containing
many interconnected amplifving devices and circuit elements
formed on a single body, or chip, of semiconductor material,

nanoparticles. Micro-miniature particles created by manipulating
atoms and molecules as if they were parts of a machine,



GLOSSARY

parametric modeling. A system of CAD in which the parame-
ters of a model are mathematically linked, enabling automated
changes to all parameters associated with a single change.

patent. The right to exclude others from producing, selling,
or realizing a profit from an invention or process for a specific
number of years.

patent infringement. When someone tries to benefit commer-
cially from a patented item or uses it without licensing it from
the patent owner.

plant patent. Granted to someone who invents or develops,
and asexually reproduces, any distinct or new variety of plant.

prototype. A working model of a design, concept, or invention.

rapid prototyping. Any technology that enables the production,
creation, or manufacture of a physical model quickly
and inexpensively,

routine problem-solving. Developing solutions to problems
that have specific and predictable results.

seminal inventions. Inventions of such sizable impact that they
change the way people live. The monolithic integrated circuit is
an example of a seminal invention.

trademark. A symbol, design, word, brand name, letter,
slogan, etc., that is used by a manufacturer or dealer to
distinguish a product or products from those of competitors.

unique. The one and only; single; sole; having no like or
equal; unparalleled; highly unusual; extraordinary; rare; etc.

utility patent. Granted to someone who invents or discovers
a new and useful process, machine, article of manufacture, or
composition of matter, or any new and useful improvement
thereof—the most common type of patent.
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Inventing Resources

Scouting Literature

Armerican Business, American Labor,
Architecture and Landscape Architecture,
Composite Materials, Digital Technology,
Drafting, Electronics, Engineering,
Entrepreneurship, Game Design, Home
Repairs, Metalwork, Model Design and

Building, Programming, Robotics, Textiles,

and Woodwork merit badge pamphlets

With ysur parant’s 1

Books

Anderson, Maxine. Amazing Leonardo
da Vinci Inventions You Can Build
Yourself. Nomad Press, 2006.

Boy Scouts of America. Boy Scouts
Handbook, The First Edition, 1911,
reprint. Dover Publications, 2005.

Brown, David E. Inventing Modern
America: From the Microwave to the
Mouse. MIT Press, 2002.

Brown, Travis. Popular Patents America’s
First Inventions From the Airplane to

the Zipper. The Scarecrow Press, 2000.

94 INVENTING

, badge pampmets and éthér;hek o ‘ .
Scouting matena!s and st p;ﬂaes

Carson, Mary Kay. The Wright Brothers
for Kids. Chicago Review Press, 2003.

Griffith, Saul, Nick Dragotta, and Joost
Bonsen. Howtoons: The Possibilities
are Endless. HarperCollins
Publishers, 2007.

Macaulay, David, and Neil Ardley. The
New Way Things Work. Houghton
Mifflin Company, 1998.

Robinson, James. Inventions.
Kingfisher, 2006.

Sobel, Dava, and William J. H.
Andrewes. The Illustrated Longitude.
Walker and Company, 1998.

Woodford, Chris, James Flint, Ben
Morgan, Clint Witchalls, and Luke
Collins. Cool Stuff and How It Works.
DK Publishing Inc., 2005.

Periodicals

Make
Website: http://makezine.com

Inventors Digest
Website: http://www.inventorsdigest.com

Organizations and Websites

CreativeFuture
Website: http://www.creativefuture.org

Design Squad
Website: http://pbskids.org/designsquad

FreePatentsOnline
Website: http://www.freepatentsonline.com
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