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Requirements

or an appliance? and, nnder sdul supsrvision and with the

approval of vour counseloy, Investigate how and why
works as ¥ doss. Find out what sort of engineering activities
were nesded fo create it Discuss with your counselor what
you learned and Bow you got the information.

2. Select an engineering achisvement that has had a major
impact on society. Using resources such as the internet
{with vour parenl’s permission), books, and magazines,
find out about the enginesrs who made this engineering
feat possible, the special obstacles they had 1o overcoms,
and how this achievement has §"§§£§“‘ the world today
ol your conmnsslon what vou leamed.

et

a. Discuss the work this engineer does and the toois the
enginesr uses.

b Disciiss with the engineér a current project and the
engineer’s particular role in it:

¢:-Find out how the engineer’s work is done and how
resulis are achieved:

o

d. Ask 10 see the yeporis that the engineer wiites concerming
the project

e, [Hsruss with vour coumnselor what vou fearned abow

enginsering from this visit




L

a: Use the systems engineering approach to make step-by-step
plans for your next campout: List alternative ideas for
*:igé’é items as §§§§§f§ schedul %:a aaﬁw sites, zfgas%%? §§§§§

il

motion. iz%%&?% ?&iﬁs 3&%% uses i’sasa mechanical

elements like levers and mclmed planes to demonstrate
motion. Describe an example where this mechanism is
used in a real product,

{8

d: Using nmtm‘alsw Do expen‘mems
o' show the differences’in
strength and heat conduc-




e.-Converting energy. Do an experiment to show how
mechanical, heat, chemical, solar, and/or electrical
energy may be converted from one or more types of
energy to another Explain your results. Describe to your
counselor what energy is and how enetgy is converted
and used in your surroundings.

f. Moving people. Find out the
different ways people in your
community get to work:
Make a study of traffic flow
{number of vehicles and
relative speed) in both heavy
and light traffic periods:
Discuss with your counselor
what might be improved to
make it easier for people in
your community to get where
they need to go.

g. Building an engineering
project. Enter a projectin a
science or engineering fair or similar competition.
{This requirement may be met by participation on an
engineering competition project team.) Discuss with
your counselor what your project demonstrates; the
kinds of questions visitors to the fair asked, and how
well you were able to answer their questions.

7. Explain what it means to be a registered Professional
Engineer (P.E.}. Name the types of engineering work for
which registration is most important.

8. Study the Engineer’s Code of Ethics. Explain how it is like
the Scout Oath and Scout Law:

9. Find out about three career opportunities in engineering.
Pick one and research the education; training, and
experience required for this profession. Discuss this with
your counselor, and explain: why this profession might
interest youw.
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Introduction

Engineers turn ideas into reality. For example, they will take the
plans drawn on paper for an exciting pew roller coaster—a
design with loops, drops, and corkscrews—and figure out how
to-build it so that it will be fast, safe to ride, and affordable 1o
build. Engineers devise all sorts of
things, ranging from a tiny, low-cost
battery for your cell phone to a
gigantic dam across the mighty
Yangtze River in China.

: §‘§§§§§§s¥s affects
of our lives—at home,

screen, or get scanned for dis-
ease with the latest imaging
‘equipment at the hospital.

Engineering touches so many
parts of our lives that it has been
divided into many different special-
ties. Civil engineers create the dams;
bridges, and roadways on which we rely every day. Mechanical
engineers develop machines and engines. Software engineers
create compiter programs. Biomedical engineers develop new
medical devices 1o help us live longer and healthier lives,
Aerospace engineers develop new aircraft and spacecraft.
Petroleum engineers help discover and exiract new sources

of oil. And that is just a short list of engineering specialties.

ENGINEERING g



Pyramids at Giza

Great Wall of China
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An-engineer will use both:science and technology to
meet needs. Famous inventors like Thomas Edison, Alexander
Graham Bell, Henry Ford, and Benjamin Franklin were not
called ‘engineers, but innovators like them have been turning
ideas into useful products for centuries. Franklin's experiments
with electricity are among his many accomplishments. Edison’s
first electric lightbulb dramatically changed American Hig. Bell's
telephone changed the way we communicate with one another.
Ford not only made an engineering contribution 1o the design
of early automobiles, but also transformed manufacturing by
introducing the assembiy line concept.

A Little History

Engineering has been around for a long time. Here are just a few
examples of the many amazing engineering feats of the past.

Great Pyramid of Giza.

In 2600 s.c.; the ancient
Egyptians began building the
Great Pyramid of Giza, 'which
was the tallest structore’in
the world for thousands of
years afferward. The project
took more than 20 vears o
compiete and required the
precise cutiing and placement
of more than 2 million blocks
of stone.

Great Wall of China. In the
third century B.c., the Chinese
started building the Great
Wall: It would not be com-
pleted for another 1,800
years. The wall siretches for
4,000 miles across northern
China, averaging 25 feet

high and 15 10 30 feét wide
at the base,



Taj Mahal. The Tai Maha was compleled
inAgra India, i égiis% 35 a monument (o
emperor Shah Jahan's wife Itis a com-
plex of numerous structures, including a
mausoleum, mosque, minarets, walls,
watchtowers, and gardens.

was g% %‘%} % SEEE gi

Taj Mahal

modern ‘gz{%gsé engin
to the knowiedge and twchn
and knowlsdge and technod
ing became even more impress

Modern Marvels

In 1994, the American Society of Civil Engineefs 'came up
with a list it called the *Seven Wonders of the Modern World,™
which amounted to the greatest civil engineering feats of the
20th century.

§§§§a %}3 %&é ”%%gg% OIS f ,paratisl
?ééi;%z% % 2 é 3 5;%%*% tonned

§§§§§§ g%;xigf 1o guy wires) buil
the tower isthe "Sky Pod. " the %ifé%ii% {ézxsﬂgg?g deck'in the
worid. From there, you can see up 5 miles away. The TN
Tower was built to withstand wind gusts of up to 250 mph.

=
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Goiden Gate Bridge

Begus

Golden Gate Bridge.
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Haipu Dam

Haipu Dam. This S-mile-wide dam, ¢ompleted in 1982, spans
the Parana River on the border of Brazil and Paraguay in South
America. The Haipu'is the world’s largeést hollow gravity dam:
A hollow gravity dam has empty chambers inside, making it
cheaper 1o build, but still has enough mass to hold back water
using its sheer weight. Until recently, the Htaipu was also the

I G

the Duteh havs
{or dikes seawalis,

Lifled more than 1 800 Deople, the nation underiog

Panama Canal. This 48-mile ship canal, completed in 1914,
conmects the Atlantic and: Pacific Oceans across the Isthmus of
Panamia in Central America. By linking the two oceans, the
Panaima Canal saves ships from having to travel thousands of
exira milss if going around South America. Engineers devised

a clever system of locks to raise ships fom sea level up 1o

i

sl
i

i

Panams Canal

13



S




What Does an
Engineer Do!?

Engineers work 1o solve problems. They may bulid roads

or gars, é&égg factoriss or compuler games, of shugdy baffic
problems orihe bestwiv o makeachaln Thev Snd wann o
miake Hife pasier safer and more produciive by putting new
Enwvwisdes and skills 1o work o By more sificientiy uaing
ss’?;é%%,}%g methocs angd prodesses.

Creating better methods and products i
imiporiant because, besides mesting people”

needs more successfully, innovation also 0 can
save mansy. Engineers are always looking fo
Ways to cul cosis and Improve
efficiency. That aflows comps’
nies to sofl their prodiets

é%%% §§§:§§ w ag

§§§ §§§§§§§ consumers’
Gves Forexample 2
typical desiiop rompuler
cosis 2 thind of the price
it gid 15 years ago.
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mrcuit board. The chgltal wcxrld we now iwe in iook off w:th
the invemion of the transistor. This ﬁnbemail‘si?ed switch

you think Is more common these days?



WHAT DOES AN ENGINEER DO?

Jack Kilby, Inventor of the
Integrated Circuit
Jack Ki by {?92&2005} an e!ectncai engmeer invented

connections bm% in=no soldering’ requ; ;
tion paved the way for the development of medem
computers and the infe)rmatlon Age of today

Computers have also revolutionized how
we communicate. In the 1960s, a network of
computers was born that evolved into the Internet.
Then, in 1990, a physicist named Tim Berners-Lee
created the World Wide Web. His main innovations were
the Uniform Resource Locator (URL), a form of address that
can be used on any webpage or other file on the internet,
and hypertext markup language (HTML)}, a form of
computer language that creates webpages and links them to
other webpages.

ENGINEERING 17



WHAT DOES AN ENGINEER DOY

Besides being

more fuel-efficient,

cars today are

much “cleaner”

—they release

fewer hazardous

emissions into the

air than those of

years past.

Engineering in Our Daily Lives

Let’s look at the automebile. Thanks to the use of lighter and
stronger materials and changes to engine designs, engineering
improvements have made cars more fuel-efficient. In the
1950s and 1960s, the average car got 8 to 10 miles per gallon.
Today’s automobiles go two or three times as far on the same
amount of fuel.

Another significant engineering contribution is in auto-
mobile safety. Antilock brakes use speed sensors and hydraulic
valves to slow each wheel independently to prevent skidding
when the driver applies the brakes. A global positioning system
(GPS) and cell-phone technology are combined in the OnStar
tracking service offered by General Motors. If a car is in an
accident, the system automatically signals service representa-
tives who can summon ambulance and police responders.
Improvements to car bumpers have reduced damage and
injury by absorbing shock at low speeds.

In the home, programmable electronic thermostats auto-
matically adjust heat and cold, saving hundreds of dollars in
energy costs. Ovens with computerized timers automatically
shut off the heating coils after the cooking time has elapsed.
Electronic smoke sensors, wired together into one system, alert
the whole family if a fire or smoke is detected. In some homes,
security services will call for emergency assistance. Through the
use of the internet and small cameras installed in the home,
people can check up on their homes or loved ones from thou-
sands of miles away.

18
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Making Work Easier
As important as engineering is in the
home, it is even more important in the
workplace. Advances in engineering
increase productivity, the amount of
product that results from a given
amount of energy or cost. Shaving just
a few pennies off the cost of making
product—through better design or
cheaper materials—could make the
difference between profit and loss.

in factories, engineers can design
systems and operating methods to
reduce waste. They can devise special-
ized software to control production
processes and manage inventory. They
can help plan the best use of salespeo-
ple in the field and can design layouts
for retail stores. They can even help set up storefronis on the
internet, figure out how much product to keep in inventory, and
decide how best to ship products.

Making Play More Fun

I you enjoy computer games, vou can thank the software
engineers for writing the code that makes those games
possible. Likewise, hardware engineers design ever
more advanced graphics chips and processors that
make compuler games appear sharper, more
colorful, and more realistic.

Engineering has also affected the sporis
world. Bicycle engineers have developed
better gear shifting for easier riding
up hills, and lighter and stronger materials
for bicycle frames and components. Tennis
has also benefited from engineering
improvements. Recent developments in
racquet designs are resulting in a faster and
more exciting game for tennis enthusiasts.




%iisgégsﬁigig sgesiae
Cell ;}%;{sszgs and mu
?ﬁﬁ?§§§§§¥ ‘Eﬁ i;sszéig th

sends that information to ! 33;*;3;&&& s;sasi::s;; wﬁ;&, ‘
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WHAT DOES AN ENGINEER DOY

YourTurn

Give some thought to the above examples of engineering feats.
Jot down a few of your own and see if you can suggest what
might be possible in the future. Think about Scouting and the
technological and engineering advancements that have affected
it. There are many examples, such as camping gear and
advances in first aid.

ENGINEERING 21
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THE DIFFERENT FIELDS

The Different Fields
of Engineering

Each field of engineering applies different sciences, formulas,
and techniques. Designing a bridge takes different knowledge
than creating a fire hot enough to refine iron ore. The way an
engineer figures out how to make large batches of chemicals is
quite different from how another engineer plans to manufacture
automobiles or computer chips.

The special scientific ideas and mathematical formulas needed
by each type of engineer can be collected and made available
to all the people doing that kind of work. These include infor-
mation such as

® Tables that show how materials behave when cooled,
heated, or melted

® Mathematical formulas that describe how
air, water, or electrons flow

» Computer programs to help engineers
understand how these things will happen

OF

b

En
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THE DIFFERINT FITLDS OF ENGINEERING

The First Engineering Specialties

Five early fields of engineering emerged to meet the growing
needs of society that were brought about by the industrial revo-
lution in the 1800s. These engineering fields were civil, mining
and metallurgical, mechanical, chemical, and electrical.

Civil engineering
specialties include
structural
engineering,
transportation
engineering,

environmental

engineering, Civil Engineering

hydraulic Civil engineers meet society's needs for infrastructure—things
like roads, railways, bridges, dams, water supply systems, and
) sewage systems. A critical part of designing these structures is
and surveying. making sure they will stay where they are put—that they will
not tilt, shift, or sink into the soil over time. Therefore, civil
engineers often apply knowledge of geology and physics in
their work.

The World’s Largest Dam

In 2008, the largest dam in the world
built to produce electricity was completed
in China. The Three Gorges Dam stretches
1.4 miles across the massiv angtze
River. At 807 feet tall and constructed of

engineering,

some 21 million cubic vards of concrete,

itis nearw five times as large as the

famous Hoover Dam on the Arizona-Nevada border. TheThree Gorges
Dam will create a 4§G-m;§e~k§ng reservoir up to 574 feet deep, eventually
pmducsng 18.2 gigawatis of power—about nine times as much as the
Hoover Dam. The dam is expected to protect 15 million peopie from peri-
odmf ooding of theYangtze River.

24 ENGINEERING



ke THE DIFFERENT FITLDS OF ENGINEERING

: n projects éuc:h as the Panama Cana! and
San Franciscas Golden Gate Bridge. .

Mining and Metallurgical Engineering

Mining and metallurgical engineers work to make mining and
refining metals more predictable, safer, and less expensive. They
do this by applying the principles of materials science—the study
of the properties and behavior of solids, liquids, and gases.

Metallurgical engineers have advanced the ore refining
processes by creating new mixtures (alloys) tailored to meet
specific needs. Examples are hard metals that can hold a sharp
edge, soft metals that can be stamped with
artistic patterns, noncorrosive and weather-
resistant metals, and metals that can
withstand very high or very low
temperatures. The metallurgist strives to
meet the project’s goals by delivering
alloys with just the right properties in such
areas as cost-effectiveness, weight,
durability, and strength.




Two U.S. presidents
they entered the White

had been a mini
mines in Colorado,

He started his owi

Mechanical Engineering

Mechanical engineers apply the principles of physics to design,
build, and maintain mechanical systems. That can mean any-
thing from designing a collapsible cardboard box for holding
doughnuts to constructing the most advanced jet engines.

Potential energy is harnessed at hydroelectric power plants,

where water drives a turbine and generator to create electricity.

26 ENGINEERING



THE DIFFERENT FIELDS OF ENGINFERING

Some mechanical engineers specialize in converting energy
into more useful forms. Boilers and generators convert heat to
electricity in coal-fired, gas-fired, and nuclear power plants. The
energy in falling water can be used to generate electricity. Heat
from the sun can be collected and used to heat water or even
generate electricity.
Many mechanical engineers specialize in moving heat to
where it is wanted and away from where it is not wanted. They
design boilers, gasoline engines, and gas turbines (jet engines)
that can operate for long periods without overheating, or fans
to cool the microprocessors in computers. ———
Other mechanical engineers take the converted energy and
devise machines to do useful things with it: Automobiles, lawn Mechanical
mowers, microengineered medical equipment, aircraft landing .
gears, and machines to mold plastic toys or fill soda bottles engineers
are all examples. These engineers learn how to use shafts and understand how
bearings, pulleys, gears, and mechanisms {collections of levers)
to make things move around or back and forth or in special
patterns, at specified speeds. on a part before it

hard you can push

will bend or break,
and how fo design
the shape of a
part so that the
lightest possible
part will support
the most

force possible.
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PHE DITFERENT FITLDS OF EMGINEERD

Chemical Engineering

Chemical engineers develop useful things based on the newest
advances in chemistry. In the process, they harness their knowl-
edge of chemicals, chemical reactions, and raw materials. When
chemists create a new medicine, plastic, fiber, fabric, or glue,
they normally make only a small amount in the laboratory.
Chemical engineers devise ways to adapt these small laboratory
experiments into full-scale productions in processing plants that
can efficiently make tons of the new substance every day.

Electrical Engineering

Electrical engineers discover how to harness electricity to do
more for people. They study and apply electronics and electro-
magnetism {the physics of electricity and magnetism).

Electrical engineering had its start during the latter part of
the 19th century. The original focus was on generating and dis-
tributing electricity widely, to replace steam and water as
sources of power and gas as a fuel for lighting. Along the way
came inventions like electrically powered trains, microwave
ovens, and other modern conveniences that have dramatically
changed our lives, as well as communication devices that have
brought people around the world closer together.

Electrical communications started with the telegraph before
the Civil War, followed by the telephone (1876} and the radio
(late 1800s}. Television was first demonstrated in
the United States in 1927. The tran-
sistor was invented in the late
1940s and showed up in portable

radios by the late 1950s. Some of the
earliest electronic computers were
developed during World War II. The
first modern digital computer, the

" ENIAC, was a giant machine that used
vacuum tubes. The integrated circuits
that make possible desktop computers
were invented in the late 1950s, followed
by the microprocessor and the first personal
" computers in the 1970s.

28 ENGINEERING



* Electrical ﬁi&i’:?‘éﬁﬁ‘f {motors and things run by motors}
* Communications (telephones, radio, TV, and data)}
* Computer sysiems, sometimes called §§§§?§§§§§§§§*‘§ systems

with huge amounis s}? electricity, olften at
extremely high voltages.

. Other electrical engineers work %%% low
_ amounts of power. They desi th mlcr
chips that go into ccmputers and portable
 electronic devices. They can see the details of
their work only under microscopes. Many
of these fieids re closely allied with other ;
branches %}%‘ isnce $§§ $§§§§$§§§§ For §:§§§§§§§f %%g %%%%%%a&




Today’s Many Fields of Engineering

As technologies have become more complex and the products
bacsed on {hem more complicated, more modern engineering
: have developed.

Agricultural Engineering. Agricultural
mgmeers desxgn farm and mnd pmcmnw

Bioengineering. Bioengineering combines
biology and engineering and also relies on the

winciph les of biomechanics—the ::%%és’f of the

&

A %XM«» ;
A horticulturist inspects the size
and guslity of hydroponically
grown strawherries.




THE DIFFERENT FIELDS OF ENGINEERING

that convert clay and nonmetallic minerals into ceramic prod-
ucts such as dishes, protective tiles for the space shuttle, and
solar panels. During production, ceramic products are heated
in very hot ovens, making them among the best materials for
parts that will be exposed to high heat—such as inside a jet
engine, or on the surface of a spaceship that must fly through
the atmosphere to return to Earth.

Computer Engineering. The amazing rate at which computers
have progressed is due in large part to computer engineers,
who continue to find ways to make memory storage devices
smaller, to fit more circuits on a microchip, and to move data
faster and faster through the circuits. Devices for holding
data and software programs, as well as media files such as
photographs and movies, have exploded in capacity while
their physical size has gotten smaller. The computer that
controlled the lunar lander when Apollo astronauts landed on
the moon in 1969 cost more than a million dollars. Today, the
cheapest home computer has far more power than the Apollo
computer-—and costs a fraction of the price.

ENGINEERING 31
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Environmental Engineering. Environmental engineers study
the quality of the air, water, and land and develop systems to
reduce pollution and help restore Earth to good health.
Increasingly complex computer programs now allow environ-
mental engineers to create computer models of the movement
of air and pollutants. This lets engineers pinpoint the worst
sources of pollution and how to improve air quality for the
entire area. Once environmental engineers identify which
polluting chemicals are coming out of the exhaust stack of

a particular factory, for instance, they can design special
equipment to clean up the exhaust and improve the air
quality around that factory.

Industrial Engineering. Industrial engineers are concerned
with how manufacturing plants are organized: what machinery
there is, how materials and the things being made flow through
the factory, and how people are organized to make the factory
as effective as it can be. They often are involved in managing
warehouse operations such as tracking inventory, routing con-
veyors, and overseeing materials handling. They use the branch
of mathematics called statistics to design efficient systems.

Manufacturing Engineering.
Mass-producing large quantities
of products requires special
knowledge of high-speed
machinery (including automated
machines and robots) to make
sure the parts and finished
products really are identical.
This is the task of manufactur-
ing engineers. They understand
how machine tools cut metal,
how tools wear out, and how
assembly robots can consis-
tently make good products day
after day.

Marine or Naval Engineering. Just as special skills are needed
to create vehicles that move through the air, designing ships
also requires unique knowledge and mathematical tools. Marine
or naval engineers design equipment for a structure that is con-
stantly moving, twisting, and being slammed by environmental
factors such as weather, salt water, current, and marine life.



THE DIFFERENT FIELDS OF ENGINEERING

Materials Engineering. Materials engineers work with all
kinds of materials, natural and synthetic, to create new materi-
als that meet specific needs for strength, flexibility, durability,
and resistance to corrosion. Composites are excellent examples
of what materials engineers are capable of creating. Composites
can be strong enough for use as I beams or flexible enough to
be formed into just about any shape, from airplane parts to
bicycle frames.

Nuclear Engineering. Nuclear engineers design systems that
operate in the presence of nuclear radiation, from power plants
to medical instruments to weapons. They specialize in applying
materials that are not weakened by radiation, and in making
the systems safe. Handling nuclear materials must be done
safely and surely, whether the materials are tiny “seeds” to

be implanted under the skin of a cancer patient, or new fuel
supplies for a power plant. One task of nuclear engineers is to
design containers that will safely shield the radiation under
normal use, and will not break open if they are involved in an
accident while they are being shipped.

ENGINEERING 33



THE DIFFERENT FIFLDS OF ENGINEERING

Ocean Engineering. Some engineers say it is harder to work in
the ocean than in outer space. Qceanic pressures are extremely
high, temperatures vary greatly, unusual materials are found,
and the wildlife ranges from Earth’s tiniest animals to the larg-
est known mammal. Ocean engineers design ways to harvest
food from the ocean or harness the energy in waves. Some
engineers are developing new methods and machines to make
it possible to work and live beneath the sea for long periods.

The giant oil-drilling and pumping platforms that
operate near America’s Gulf Coast and in the stormy
North Sea of northern Europe are complex and exciting
ocean engineering projects. Engineers must design
steady platforms that can withstand storms and occa-
sional collisions by ships.

Today, we rely on
petroleum for fuel
as well as many
nonfuel products,
such as asphalt
for roads, paint
thinners, candy
and chewing gum,

and skin creams.

Petroleum Engineering. Petroleum engineers are specialized
chemical engineers who develop efficient ways to extract
crude petroleum from the ground. Near the coast of Southern
California, oil-drilling rigs on the land actually branch out
under the sea to find oil deposits. It is difficult and complex

to drill more than a mile straight down into the earth. Can you
imagine the extra engineering problems of drilling sideways?

34 ENGINEERING



THE DIFFERENT FIELDS OF ENGINEERING

Software Engineering. Software engineers apply the findings
of computer science to design complex software systems and
products—from the systems that control airplanes in flight, to
the systems that watch over our money in banks, to exciting
new computer games. They learn or create different program-
ming languages to do different kinds of tasks. The fast-moving
graphics action of a computer game is quite different from
carrying out a detailed mathematical analysis. Creating
photographlike images, complete with shadows and reflections,
is different from searching a huge database for related items
of information.

Systems Engineering. Complex systems like an airplane or a
power plant require the expertise of many kinds of engineers.
Systems engineers figure out how all the many parts of a
complex system work together, so that a plane will fly safely
or a power plant will generate power steadily, safely, and
cleanly. Systems engineers often are the first engineers on a
new project. They translate the customer’s needs (like high-
quality surround sound for a home-theater system) into require-
ments and specifications that other engineers can follow as they
design the product. They then design tests to ensure that the
finished product actually does what it was designed to do.
Besides the fields described above, there are other, more
highly specialized fields of engineering. Engineers must be
able to work in teams because many problems or projects
are highly complex. Several specialties may be required to
complete the project, and no one engineer may have all the
necessary knowledge.
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singthe methods and touls of mathemancs to simu-
how a physical object will behave in response to

ng upon it. The goal of analysis is to understand
havior without the time and expense of building
sical models. Computer-aided engineering tools
ulation and analysis. .

engineer develops and carries out tests of a £
0 make sure it meets requirements for structural
bility, and performance under expected conditions.

ters, cars, airplanes, and even road
industry standards. From sports to
sportation to buildings, standards help ensure
between systems or products and aid in the

ion of new technology. .

Research. Research engineers con&uct research and seek out
new materials, methods, andtools for other engineers to use.

Together with research scientists,.they“explore advanced ideas
and opportunities. Innovative products such as microrobots
.help medical doctors in surgery, improved car aerodynamies
(streamlining) to reduce drag and increase fuel efficiency, and
ymputer microchips are direct results of research done b;
research engineers. :




Sales. The sales engineer is a liaison (or go-between) between
the company or organization that creates a product and the cus-
tomers who use it. The sales engineer must understand the cus-
tomer’s needs as well as how the product or process works and
why it will satisfy the customer’s requirements. An outgoing
personality and solid technical knowledge are important to be a
successful sales engineer.

Management. Successful engineers with strong communication
and leadership skills often become managers—project managers,
department managers, chief engineers, engineering vice presidents—
even presidents of companies and organizations. The role of the
engineering management staff is to supervise the work of engi-
neers assigned to them and ensure that projects are completed
successfully, on time, and within budget.

Consulting. A consulting engineer is an independent, self-
employed engineer who provides services to companies, organi-
zations (including the government), or individual clients on a
contract basis. A contract may be for one specific project or for
long-term services. Consulting engineers serve in all fields of
engineering, including management.

Teaching. An engineering professor is involved in teaching,
research, and service. Teaching includes classroom teaching,
supervising student research projects and papers, and developing
courses for colleges and universities.

ENGINEERING
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Al ENGINEER SOLVE TROBLEMSEY

List #tems vou might need, such as a computer for computer-
aided drafting, drafting tools, volimeter, measuring scale, or

hand tools. For example, let’s assume you have the following
items that vou may use for projects:

* A set of wrenches for nuts and bolis

* Two or three each of siraight-head and
Phillips-head screwdrivers

* A socket wrench set

* A hammer and handsaw for wood

* A hacksaw for metal or plastic

* A ruler and 2 measuring tape

* Pencils, plastic triangles and
templates, and a drafling compass
for making drawings and skeiches

= Elecirical multimeter {ammeter and volt-
meter} for electrical measurements

* A workbench with a vise for
holding pieces

+ Two C-clamps

* Various power hand tools, such as a drill motor
{with a few drill bits) and a sander

The tools listed above are the physical assets available 1o
vou for the manufacturing phase of your profect. This project
might be a freestanding patrol box for base camping. H the
base camp has electrical power available, you might add a
iight to the design project. You have the multimeter to check
the elecirical system.
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Next, make an outline of a milestone {or Ganti} chart. You
will use this 1o schedule the steps required for the project. Here
is a sample Gantt chart.

Example Gantt Chart: Patrol Box

i Time Sa%se«éﬁ%ew?;ﬁieﬁ days from start

Project Task

1]2]3]a]s]sl7|8|0|winjniBm®

Project statement

Planning

ideas

Draw best ideas

e

Analyze ideas

Select best idea

Draw idea with paris
shown assembied

I

Obtain materials

Make parts

Assemble design

Use the patrol hox
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Lastly, estimate the cost of each idea and the financial
resources available to vou for your project. Engineers must always
be aware of the cost of a project.

You have now established the beginning of a systems
engineering operation. You have listed vour operation’s resourcss
{computer, calculator, tools, finances), and you have a2 means of
keeping track of the progress of the scheduled steps of your proj-
ect. Your systems engineering operation can apply 1o any project
vou wish fo tackle and is limited only by vour available resources.

2. Describe the Project Requirements

Clearly describe the project with a project statement. Your project
description might be a statement of a relatively simple problem,
such as; “Find the time reguired 1o Al 3 100-galion water tank
with 2 constant flow rate of 10 gallons per minute into the tank,
and with zero water loss or leakage.” However, a problem might
be extremely complex mathematically, and still be solved with a2
clear, brief problem statement.



Rollerball game diagram \

On the other
hand, you may be asked
to “Design a challenging
game of skill that can be played
on a tabletop. The game should be
constructed of simple wood and other
materials that are readily available at any
hardware store, and should challenge the
player’s dexterity and understanding of the
laws of gravity and physics.” This is an example
of the design class of problem. The solution is a
project because a series of problems must be solved during
planning and construction.

You are asked to devise a design solution for this project,
which, in your judgment, best satisfies the design requirements.
This type of project solution is called an iterative (or trial-and-
error) solution and is typical of a design project, so you must
carefully list all of the positive and negative requirements for
the design. List the function (what it does), size, weight,
materials, and any other factors that may come into play,
such as the physical development of the person playing the
game. For example, would your game be appropriate
entertainment for a toddler?

HOow DOES AN ENGINEER SOLVE PROBLEMS?

For many projects,
you may be
required to
consider environ-
mental factors such
as noise, air, or
water poliution.
Social forces in
your community
might also be
factors, such as
the need for ramps
for citizens

with disabilities.
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3. Plan the Project’s Activities, With Time Schedules

Compare the resources required to accomplish your project with
your actual resources. You might need to look for more or dif-
ferent tools, or other pieces of equipment.

Let’s assume that your project is to design a wooden roller-
ball skill game. The sample list of tools given in No. 1 are
appropriate for many projects, such as designing a base camp
patrol box, and will do just fine in this situation, as well.

Be sure to take inventory of the materials you will need,
too. Because you are tackling a woodworking project, you also
will need wood and wood screws, and you might consider add-
ing a lacquer finish, paint, and paintbrushes to your list to put
the finishing touches on your game. Sheets of fine sandpaper
can be used to give your game a smooth finish. Felt pads for
the underside of the game will help protect furniture from being
damaged. And don’t forget the steel rollerball!

You could choose to make a wol “den skill game like this one, in which the
challenge is torolla stee! baﬁ alang a pair of rods, dropping it into a cup
with the highest point vaEue.The rods have a slight uphill slope, and the
player's objective is to manipulate the rods and ball to get the ball to roll
up the slope. As the ball rolls over the cup with the desired score, the
player spreads the rods quickly and the ball drops into the cup.

The trick to mastering the game is to spread the rods é’part slowly to

start the ball rolling, then work its momentum ’m roll the ba!l to the top for

the highest possible score.

44
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As indicated, you may purchase parts for your design proj-
ect. Engineers normally buy many of the parts for their projects
and perhaps need to make only a few of their own with the
manufacturing tools available to them. As you design your
project, you will decide which parts of your design o make
and which ones to buy.

For our rollerball example, we bought the following parts:
e Long screws

e Steel rollerball

e PVC pipe end caps

We made the following parts from purchased lengths
of plywood and wooden dowels cut to the proper length,
as specified on your design drawings:

* The base and sides of the game
* Two half-inch wooden dowels

When designing the rollerball game, many engineering problems will need to be
considered, like how far apart to place the cups and how high to place the rods.
You also might discover different building materials that work better than the
ones we used in this example.
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 Schedule your pro
deSGﬁbéYi)ﬁﬁ actual p

ttme scai

if yczu disml

Review your planning at least
weekly. Do not be discouraged
if your planning requires sev-
eral changes. This isa feature
of the systems engineering
approach. Assess your progress
and feed information about
necessary changes backinto
your planning system: You wil
iearn a great deal from this.and
you will do better on your next
project. Rernember that lsader-
ship training in Scouting con-
sistently stresses the impor
tance of planning.

4. Conduct Research—Get ldeas

if your problem is analytical, you can review books and profes-
sional engineering journals to find solutions to similar problems.
But if you have a design problem—a project—you must also look
at similar design solutions {whether you are designing circuit
boards, a sprint racer, or a dune buggy). Find out what other
people have done. For the rollerball project, you would visit
hobby or woodworking shops to see examples of other wood-
workers’ projects. The goal is to get the most ideas you can,
even if you don’t use them all.
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You can also get ideas by brainstorming. Sit alone for a
few minutes and try to clear your mind of outside distractions.
Then list all design ideas that come to mind for the next 15
minutes. Look for ways to combine ideas to produce new ones.
It doesn’t matter if these are all good ideas. You will evaluate
your ideas during the next step. Brainstorming with a couple of
friends is more fun and can lead to more (and more
creative) ideas. Write down all the ideas that
are suggested. The wildest idea may eventu-
ally lead you to the best solution.

5. Develop the Best Ideas for Alternative Solutions

Now that you have lots of ideas, it is time to take a critical look
at them, comparing one against the other. Decide which ideas
will work best, which are the easiest to make, and which cost
the least. Use your best judgment to narrow your ideas down
to three.
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6. Analyze the Best Ideas
Conduct a comparative analysis of your three best ideas.

o Sketch each idea, approximately to scale. The sketch should
show all of the parts for the design.

o Study the sketch to ensure that the design can be assembled.
¢ List all the parts you will need.

e Carefully compare the three designs for ability to function,
ease of assembly, ease of making the parts, and cost of
the parts.

WASTEGAS 4

0, SENSOR

DEGASSING GAS b : 4KWCO, LASER
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LASER DITHER MIRROR

CHAMBER T0P £ ZPOSITION

CHAMBER SEALIBEARING

PROCESS
SENSORS

0, SENSOR -
RE-SOLIDIFIEDT) INJECTION
: MOTIONT!

sweep || BASEPLATE ALLOY POOL

MOTION

A technical illustration shows how a design functions. This is
an example of how powder metallurgy transforms ground metal
powder into strong and lightweight metal parts.
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7 Select the Best idea

Your analysis of the three alternative ideas will lead 1o the
“best” idea. The best idea is the one that most closely matches
the project requirements of No. 2. Briefly describe in writing
why you selected this design as the best of the three alternatives.

8. Perform the Construction or Solution of the Project
Far a design project, make your parts using the resources you
identified when you established your systems engineering
operation. Sketch the parts on paper, with dimensions. Buy the
necessary materials, or use materials you already have on hand.
Assemble the design.

8, Check the Solution

Verify that your design {problem solution} works as described
in the project statement. Whether it is 2 wooden sidll game, 2
patrol box, or something else, try it out. See how vou like #i—
this is your creation.

As you have progressed through this process, you have
established vour systems engineering operation, made the
appropriate entries on your milestone chart, and conducted
a project. Congratulations! You have plaved the systems
engineer’s role of documenting every step of the project and
have made changes in planning, scheduling, and production,
as required.

ENGINEERING
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BASIC ENGINEERING CONCEPTS

Basic Engineering
Concepts

Understanding engineering takes some knowledge about the
importance of measurements and a grasp of other basic con-
cepts including velocity, acceleration, force (in action), power,
and energy.

Measurements

An engineer must understand four basic
types of measurements or quantities:
length, time, mass, and force. All physical
measurements can be related to these
quantities or to a computation using
them (called derived measurements).

Two commeon systems that measure
these basic quantities are the English
system and the metric system. In both
systems, human beings, rather than nature,
have determined the size of the basic units,
such as the foot (English system) or the meter
{metric system).

tlthhhhhl; il
(o

One inch on an English-system ruler
equals approximately 2.5 centimeters
or 25 millimeters on a metric ruler.

Hll llllllllf HH]HH HH}HH HH{HH mmm IIHIIIH HIIHHI IIII}HN

Metric scale

This scale is 10 centimeters long. It will take 10 of these scales to equal 1 meter. The
marks between the numbers are millimeters. Ten millimeters equal 1 centimeter.
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Length in Meters

1,000 meters = 1 kilometer — kilo means 1,000 units

10 decimeters = 1 meter— deci means 10 parts of a unit

100 centimeters = 1 meter— centi means 100 parts of a unit
1,000 millimeters = 1 meter— milli means 1,000 parts of a unit

Weight in Grams

1 cubic centimeter of water = 1 gram
1,000 cubic centimeters of water = 1 kilogram
1 cubic millimeter of water = 1 milligram

1 DECIMETER

Capacity in Liters

1 cubic decimeter of gas or liquid = 1 liter
1,000 cubic decimeters of gas or liquid = 1 kiloliter
1 cubic centimeter of gas or liquid = 1 milliliter

10 CENTIMETERS

1CM IF IT WERE FILLED WITH WATER T WOULD WEIGH 1 GRAM.

0

A CUBIC DECIMETER LIKE THIS WILL HOLD 1 LITER OF LIQUID OR GAS.
IF IT WERE FILLED WITH WATER IT WOULD WEIGH 1 KILOGRAM.

‘ ACUBIC CENTIMETER LIKE THIS WILL HOLD 1 MILLILITER,

N

m

Abbreviations

CM-—CENTIMETER G—GRAM Ki—KILOLITER L—LITER ML—MILLILITER
DM—DECIMETER KG—KILOGRAM KM—KILOMETER M—METER MM—MILLIMETER
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This chart lists the units each system uses for each quan-
tity. Research these systems of measurement on your own to
learn more about them and other measurement systems. The
units in boldface print are “basic” units that refer to a standard.
The other units are derived from the basic units.

SYSTEM
Measurement | English Metric
Length foot (ft) meter (m)
Time second (s) second (s)
Mass Slug {Ibf x s%/ft) kilogram (kg)
Force pound force (Ibf} | Newton (kg x m/s2)

Basic units

In the English system, the basic units (boldface) are length,
time, and force. Mass is derived from them. In the metric sys-
tem, the basic units are length, time, and mass, with force
being the derived unit.

In your daily life, you already use some of these quantities
and the systems used to measure them.

Length is a measurement of distance. We can describe
objects with three dimensions: width, height, and depth.

Time is simply a measurement of how long something
takes to happen.

Mass is a measurement of the resistance of an object to a
change in motion. In one sense, it is a measurement of how
much “stuff” something consists of. Whether you are on Earth,
floating in space, or standing on the moon, your mass is the
same. While you are “weightless” in space, you still have your
body and you are definitely not “massless.”

Foree is an action that can cause a mass to change its
motion. A mass {such as a car} will not change its velocity or
direction of motion (whether at rest or moving) unless a force
is acting on it. Forces will be discussed in more detail later.

ENGINEERING
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A measurement
may be accurate
and precise, but
out of tolerance.
Or, it may not tell
us what we need
to know and,
therefore, might
not be a valid

measurement.

54 ENGINEERING

Accuracy, Precision, Tolerance, and Validity

No measurement is perfect, and the exact or “true” measure-
ment of a quantity can never be known. But we do use stan-
dards to represent the “true” measurement. The terms accuracy,
precision, tolerance, and validity are often confused and used
interchangeably. However, in engineering, these terms have
exact meanings.

Accuracy is how good the measurement
is compared to the actual or true value of
the quantity being measured. Some devices
are very accurate and some are not. A tape
measure is much more accurate than an
odometer in a car for measuring distance.

A caliper is more accurate than a tape mea-
sure. A tape measure may be accurate to
0.001 meter, an odometer to 100 meters, and
a caliper to 0.00001 meter.

Precision indicates the consistency of
measurements. If four people each measure
the width of a playing field, and each measurement differs by
several inches, the measurements are more precise than if they
had differed by several feet.

Tolerance is a range of acceptable sizes. If a fence post is
to be made between 149 centimeters and 152 centimeters long,
then the tolerance on its length is 3 centimeters. Engineers use
tolerance to determine if parts will fit together after they are
made. When you buy a replacement part for a bike, it will fit if
it was made using the right tolerance.

Validity means that the measurement gives us the informa-
tion we need to know. Invalid measurements can result from
using the wrong measuring tool, measuring the wrong thing,
or using the right tool incorrectly. What else could make a
measurement invalid?

Other Basic Concepts

To do engineering, you need to know about a few more
basic concepts.

Velocity. Velocity is an object’s speed in a particular direction.
When you ride a bike in a straight line, we can measure your
velocity. If you speed up, slow down, or change direction, you
change velocity.



BASIC ENGINEERE

Acceleration. Acceleration is the rate of change in velocity.
Technically, it refers to both speeding up and slowing down.

To experience acceleration, trv this. Sit in a car and close your
eyes while someone drives. As the car begins to move faster
{accelerates), feel your body pushing against the seat. When the
car brakes {decelerates, a type of acceleration)}, feel vour body
trving fo move forward out of the seat. When thecar turns a
corner, feel vour body sliding toward the outside of the turn.
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Weight. Wedght is the gravitational force exerted on an object.
it differs from mass in that weight changes if gravity changes,
while mass remains the same. For example, 2 bowling ball that
weighs 12 pounds on Earth will weigh only 2 pounds on the
surface of the moon, where the gravity i3 one-sixth as sirong as
Earth's gravity. And vet, the mass of the ball remains the same
in both places.

Moment {orTorque}. A moment is a force operating at a
distance from a pivot point. When vou open a door, you are
exerting a moment about the door hinge, causing the door to
rotate about that point.

b

Work. Work is done by a force acting on a body, so that the
body moves in the direction of the force.

Power. Power i3 the time rate at which work is done. Pushing
vour bike slowly takes less power than pushing if fast. This ks
important, because much of engineering is aboul moving
things or keeping things from moving {like keeping the roof
from collapsing}.
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BASHC ENGINFERING CONCEPTS

Electrical Energy. Elecirons flowing through 3 wire can transfer
energy from one place to another. In homes, offices, and facto-
ries, it is converted into light (in Hghtbulbs), heat {(in toasters,
stoves, 8.}, and mechanical energy {in motors, power tools,
etc.}. Electron flow is easiest 1o see in a lightbulb. As electrons
flow through the Hlament of the bulb, the wire heats up and
gives off light,

Electromagnetic Energy. Electromagnetic fields can best be
demonstrated with a2 magnet. Hold 2 magnet close 1o a steel
surface. You can feel the force of the attraction even though
nothing is moving.

YISIBLE
LiGHT

HFRAREDHEAT ULTRAVIOLET

MICROWAVE <
¢
o

GAMMA
RADIATION

b

ERERGY BICREASES

WAVELENGTH INCREASES
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Chemical energy
includes the
energy stored

in batteries,

80 ENGINEERING

Electromagnetic radiation includes what we “see” as light.
it is pure energy that moves in waves at a range of frequencies
{the number of waves per second}. H the frequency is fast
enough, our eyes become sensitive to i, and weecall it hight.
if i is slower, we can still feel it as heat. I it is even slowes,
we call #f radio waves and use It to transmif music (o vowr
radio. ¥ the frequency is faster than what we see as light, #
moves into the categories of ultraviplet, X-rays, gamma rays,
and cosmic rays, which are measured along a continuous
spectrum. The energy is related 1o the frequency.

Chemical Energy. Matter is made of atoms and molecules
{combinations of atoms}. The atoms bind fogether in various
ways to form solids, liguids, and gases. That binding s a form
of stored energy. When these bonds are broken, energy may be
released or absorbed, depending on the material.

There are all kinds of examples of chemical energy arcund
us every dav. When gascline is joined with the oxygen in the aiy,
chemical energy is released in our automobile engine 1o make i
run. The chemical energy of wood buming in a fireplace
releases heat and keeps ws
warm. The chemical epergy in
dynamite is released fo clear
construction sites for new
huildings and roads.

Nuclear Energy. Individual
atoms are made up of elec-
trons surrounding a nucleus
of protons and neutrons. The
type of atom is determined by
the makeup of the nucleus,
which has a binding energy
keeping it together. Splitting
2 “heavv” atom (Hssion}
releases enonmous amounts
of energy—the energy source
for nuciear power plants and
nuclear bombs. Combining
two “light™ atoms {fusion} can produce even more eneigy.

T this dav, no one has been able to make 3 working power
plant based on fusion.
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Thermal Energy. Thermal energy is best demonstrated by an —
example. Put water in three bowls—hot water in thefirst howl
{not too hot for vour hand), warm water in the second’bowi, Remember the

and cold water in the third. Put one hand in the hot water and lightbulb? The
your other hand in the cold water. After a few minutes, put .
both hands in the warm water. Does the “cold” hand feel warm  flow of electrical
and the “hot” hand feel cool?

The flow of thermal energy from one place to another is
called heat. In this case, heat is being transferred between vour
hands and the water. Heat will flow from the hot hand to the {thermal). The
water, and from the water to the cold hand. Both hands and
the water will eventually reach the same temperature {thermal
equilibrium—the temperature is balanced). then converted to

energy causes the

wire to heatup

thermal energy is

electromagnetic
radiation {light}.
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Pulleys

Pulleys also use the leverage principle. In
this case, the lever is a circular disk and the
forces are applied using a rope or cable.
Pulleys may include one or more disks of .
varying diameters to produce the desired effect. Look for
examples in and around your home, such as a curtain draw,
an automobile fan belt, or a sewing machine.

Gears

Think of gears as pulleys with teeth. Gears
may be circular, cylindrical, flat, or other
shapes. All gears have teeth that can mesh
with other gears, and frequently with a
chain. You can view gears as a series of
interacting levers. Take a close look at a
bicycle. It will include two or more gears
connected by a chain that grabs the teeth to
transmit the force from one gear to the
other. Where else can you find gears? How
do they interact?
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Using Electricity

If you choose to do requirement 6b, you can get a taste of what
electrical engineering is like by learning how electricity is used
in your home. You will find out how much electricity your
family uses and how much it costs. This might also lead you
to consider how you might conserve electricity, to save money
and to help the world.
What things in your home are powered by electricity? List
at least 10 examples. To find out how much electricity each
uses, look for the nameplate on each. It will look some-
thing like the one shown here.

Volts refers to the required operating voltage. Cycles is
usually 60 hertz for North America. Phase is usually 1, for
“single phase,” but may be 3 for three-phase power appliances.
Amps is the operating current. Watts is the power consumption.
(Watts = voltage x amperes.) (For more about these terms,
see the Electricity merit badge pamphlet.)

Some appliances, such as refrigerators, air conditioners,
water heaters, or furnaces, may also have a label that tells you
how much electricity the appliance typically will use in a year.
It will usually be in kilowatt-hours (kwh). If the appliance in
the example used in the chart were always on for an entire
year, it would use 100 watts x 24 hours a day x 365 days
a year + 1,000 watts = 876 kwh/year.



LET'S DO ENGINEERING

For this study, the figure you are interested in is watts, the
measure of power consumption. Every day for a month, keep
a record of how long a particular appliance is used. Some of
your figures will have to be estimates to the nearest half-hour
or 15 minutes. Make your estimates as accurate as you can.

At the end of the month, you can make a record in a chart
like the one shown here. Perhaps you will find, in keeping your
record, that some of the appliances seem to use a lot of power.
Ask yourself why. Watch the appliance in use.

Kilowatt-hours
{Watts rating X Cost
hours + by 1,000)

Watts Hours used

Appliance rating per month

Toaster $

Iron

Refrigerator

Humidifier

Dehumidifier

Furnace

Air conditioneri{s}

Clothes dryer

Washing machine

Dishwasher

Television(s}

Lights

Living room

Bathroom(s}

Total $

ENGINEERING 67



:

ANEERING

What ways can your family conserve electricity? Some methods
might just call for breaking poor habits; others take a more
active approach {with your parent’s permission, of course}.

e Turn off the lights when no one is in the room.
» Turn off the TV when no one is watching it.
e Before you run the dishwasher, make sure it is full.

¢ Don’t linger in front of the refrigerator door when you are
looking for a snack.

e Use ceiling fans to help circulate the air. (Remember to
reverse the direction of the fan blades in wintertime.)

e Use a 7-watt nightlight in the bathroom at night instead of
a 60-watt regular bulb.

e Use compact fluorescent bulbs in lamps instead of regular
incandescent bulbs.

Think of more ways your family could conserve electricity.
Talk them over with your merit badge counselor. If you are inter-
ested in other electrical engineering problems, consider earning
the Electricity, Electronics, Energy, and Computers merit badges.

Contact your local pawer‘ﬁbmpany and ask how much
electricity you cou&d savei you raised the temperature
of your air conditioner by 1
degree in the summer, orif you
: iéwered the thermostat for your
ihém’&heaﬁﬂg system by 1 degree
durmg the winter. Find out how
much electricity is saved, on aver
-age, when homeowners switch to
~ a programmable thermostat,
which automatically adjusts the
_ temperature setting for different
- times of the day, such as when
~~fam‘tly members are not home or
are sle /pmg at night. Afterward,
share this information with your
parent. Discuss how these small changes can result in
big savings—both energy and money—for your family.
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3 hings o 2
wehave differently when put unde
load. There are several imporiant concepts: stress, strain,
stiffness, and strength. If you choose requirement 6d, you will
do experiments that demonstrate these ideas.
Stress is the load placed on the material by area. If the
area, the stress is small. If concen-
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{ultimate strength}. Engineers also consider the stress at which a
material deforms and stays deformed (yield strength). When you
blow up a halloon a litde, it will come back to its original shape.
i vou blow i up all the way and let the air out, it will “vield”
and not come back (o quite the same shape when you let the

paris of vour
body inferms

of strength and
stiffness. Also,
look at various
plants and trees.
How do they
use stifiness
and strength

o funclion?




Htrnun
b of wirkghis)

e rubber band using ancther paper clip and
Measum the fength of the rubber band. Aﬂé weights to the m;:a
in even amounts {for example, marbles, fishing weights, or pen-
nies). As you add each weight, measure the new length of the

rubber band. Take at least four measurements and plot them on
a graph. That will be the stress/strain curve. What factors, such
as the thickness of the rubber band, might skew vour results?

—

?%ie 5%6;}5 the curv e stiffness of f the material.

If the curve is shallow, the malerm is flexible {rubber band}.

if the slope is steep, it is stiff. For brittle materials such as glass,

the stiffness 1s the same for the entire curve. For materials such

as steel and aluminum, the curve is straight until the material
permanently bends.




Try bending pieces of different materials such as steel,
aluminum, wood, and plastic with your hand. How do you
think their stress/strain curves would look?

Now let’s take a look at structural strength {as opposed to
material strength). Take a sheet of paper and try to stand it on
its edge without bending it. The sheet won’t support its own
weight, let alone something else. Paper is not very strong or
stiff. Now roll the paper so it forms a tube and tape it together.
Stand the tube on its end and see how much weight {for exam-
ple, how many DVDs} it will support. Engineers combine the
material properties with structural shapes to make very efficient
structures. What types of shapes do vou see in skyscrapers and
machines? How about in nature?

LETS DO ENGINEERING

Examine some
items you have
around your home
such as fingernail
clippers, vise
grips, clocks, tape
measures, and so

on. Think about

how the different
materials are used

and why.
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Temperature can
affect a material’s
stiffness. Puta
rubber band in
the freezer for

30 minutes.

Does it hehave
the same as it

did at room

temperature?

In space, the
temperatures on
parts of a satellite
can change

100 degrees or
more over a

short time as the
satellite moves

in and out of

the sunlight.
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Heat and Materials. How materials behave with temperature is
extremely important. Different materials conduct heat differ-
ently. Changes in the temperature of a material can also change
its dimensions.

Experiment: Heat Transfer

Bring a pot of water to a boil. Drop a metal tablespoon,
a piece of wood, and a piece of plastic into the boiling
water. After a minute, use tongs to remove the pieces
from the water, one by one.Touch each one lightly with
your fingers, taking care not to burn yourseif.

What are your conclusions about the heat conduc-
tivity of metal, wood, and plastic? If you wanted to
insulate something, which material would be best?

If you wanted to transfer heat quickly, which material
would you choose? Discuss your conclusions with
your counselor.

Materials can also change dimension with temperature,
Most will contract {shrink) when cold and expand when hot.
Some do just the opposite, and some change very little.

Experiment: Changing Dimension
Glue a strip of aluminum foil 1o a piece of paper the
same size [a glue stick will work fine). Make sure the
combined strip is flat; put it in a freezer for 15 minutes,
What happens to the strip? Now carefully 1ake it out
and let it reach room temperature. What happens to the
strip? What is happening to the aluminum and paper
combination to cause the strip to change shape?

Sometimes you can hear a house creak at night when there
is a big change in temperature. Also, doors in your house may
close easier in one season than in another. The materials are
expanding and/or contracting because of temperature. Engineers
have to be very careful when connecting different materials.
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Electrical Properties. Just as materials respond differently

to heat and cold, so do they respond differently to electricity.
Materials that carry electricity are called conductors. Materials
that resist carrying electricity are called insulators. Copper, used
extensively in electrical circuits and wiring, is a good conduc-
tor. Rubber, used to encase the copper in electrical wiring, is a
good insulator. Can you think of another example of an insula-
tor and where it is used? What about a conductor and its use?

Optical Properties. Why do we use glass instead of plywood
for windowpanes in a house or for windows in an automobile?
The question is not as silly as it seems. The answer lies in the
optical properties of the material. Why do doctors and nurses
use lead-lined aprons when they take an X-ray, rather than
standing behind a plywood door? Because the optical properties
of a material must be matched with the type of radiation it will
encounter. Visible light, such as passes through a windowpane,
is only one type of radiation. X-rays are a completely different
type. You can’t see them, but they are there.

Radiation and Absorption. One of the most
fascinating properties of a material is its ability
to radiate or absorb energy in the form of
waves. The sun is the most prominent
radiator of energy. If you stand in the
sun, it feels a lot hotter than if you
stand in the shade because your
body absorbs the heat from the

sun’s radiation. Wearing white
clothing feels cooler than wearing
black clothing in the sun, because
the black material absorbs more

of the sun’s heat-energy waves

than the white material does.




RING

Similarly, using different types of waves, we turn on a TV
set with a remote control. The remote control radiates invisible
light waves that are picked up, or absorbed, by a device
in the TV set. If you point the remote control at
yourself, you don’t feel anything. If you look at it,
you don’t see anything coming out when you
push the button. Try using your remote control
on your neighbor’s or friend’s TV. It may not
work. That is because your TV and someone else’s
use slightly different waves.

Chemical Properties. When engineers study how a
material interacts with other materials and external
stimuli (stimulants), they are studying the material’s chemical
properties. Fire-resistant construction requires materials that
do not burn easily. The liquids and solids in batteries are
chosen because of their chemical properties. What kinds of
chemical properties would you want in your materials if you
were designing a match to light a fire?
Another important chemical property is resistance to
m——  cOr70sioT1. Materials can react with oxygen, water, salt, or just
about any substance. What is important is the rate of reaction
Think of some and how long the material must survive. A bridge over salt
water may be expected to last 100 years, but a resealable plastic
bag might be expected to last for only a year. How long would
encounter in you expect the steel body of an automobile to last in Miami,
Chicago, or Phoenix? Why might you expect any differences?

liquids that you

your daily ; . e )

o (Hint: Consider temperature, humidity, salt air, and the road
activities and salt used to melt snow.)
identify the Properties of Liquids. Liquids are sensitive to temperature

and have a freezing point and a boiling point. Water turns to ice
) ) (a solid) when the temperature goes
or low viscosity. below 32 degrees Fahrenheit and
becomes steam (a gas) when
e~ L1€ temperature goes above
212 degrees Fahrenheit. Liquids
can also evaporate (turn to gas),
just by sitting long enough. Another
important property of liquids is their
resistance to motion, which is called
viscosity. You can swim in water, but why
would it be difficult to swim in a pool of
honey? Because honey has a high viscosity.

ones with high
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Shapes

One common sclution for increasing strength and stiffness, while
reducing weight and cost, is designing with the simple triangle.
Take four boards of equal length and join them. Use one nail at
each corner to form a square, but keep the joints a little loose.
How stable is it? Does it want to collapse? Can you twist ii?

Now take out one of the boards and join the three remain-
ing boards. Is this structure stable? Does it collapse or twist as
easily? The square is not stable because there are an infinite
number of positions (solutions) a four-sided square can assume
between a square and the collapsed position. However, there is
only one solution fo any given three-sided shape {triangle}.

Go back to the four-sided square and add z fifth beard
from one of the corners io the opposite corner. Does this improve
the stability? Does it twist as easily? Why? Look at a bicycle
again. How is # framed to make i strong and stiff, but
lightweight? Can you find examples of tangles used in
other structures?

Another thing to consider is the cross section of a struc-
tural member. The most common shapes for structural mem-
bers include circles, sguares, rectangles, Us, and I's. The I beam
is often used because it is stiff in the direction that is needed
but is relatively lightweight and inexpensive—it makes efficient
use of materials. Take a look at a board with a rectangular cross
section, such as a two-by-four. Does it bend as easily in both
directions? Look at the boards used to support the roofof a
house. How are the boards oriented? What would happen if the
boards were turned 90 degrees?

LETS DO ENGINEERING

Take a lock at
natural things
such as fress,
plants, animals,
and hills. How are
they structured?
What loads must
they carry?

How do these
structures

“behave"?
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For added conve-
nience, check ouf
ready-made plans
that give step-
by-step instruc-
tions to build a
structurally sound
treehouse. Be
sure you have
your parents
nermission hefore
you attempt to

plan 2 trechouse.
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a spot that is not
along with the tre

up usually is abo
provide some d

to care for the tree

i}é?ﬁ'ségﬁ can also tell v
e the structure is in place
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For more details
about designing
and building a
treehouse retreat,
get your parent’s
permission to visi{
The Treshouse
Guide onthe
internet at hitp/
wwwithetree
houseguide.com.
This sits is just

one of many

helpful online

resources.
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Converting Energy

Many of the machines that make our lives comfortable depend
on the conversion of energy from one form to another. How
does a car move? Oil {chemical energy) is pumped {mechanical
energy} from the ground. It is then processed (by heat, chemi-
cal, mechanical, and electrical energy) into gasoline {chemical
energy). The car then converts the gasoline to mechanical and
heat energy by using mechanical, heat, and electric energy.

Examples of such energy conversions are all around. Your
body is an excellent example. You eat food (stored chemical
energy} and convert it to heat, plus other forms of chemical
energy stored in vour muscles. Your muscles convert chemical
energy io mechanical energy (o move vour legs to ride 3 bike
Your body also converis chemical energy o elecirical energy in
the neurons and synapses of vour brain when vou are thinking
about how 1o ride the bike. When vou sweat while riding, ther-
mal energy is releasing heat, allowing your body to cool.

A common example of energy conversion that vou could
research is how a car or flashlight battery converis chemical
energy into electrical energy. Check at your school or public
library for books on electricity. Look in the indexes under
“battery.” {If vou use the internet, be sure you have your
parent’s permission first.} Study the explanations and be
prepared to tell your merit badge counselor what happens
when a car battery is used or a flashlight is turned on.

SWITCH

A flashlight converts chemical energy from its batteries into electrical energy.



on the face of the Earth. But solar
energy has one serious disadvan-
tage: You can’t turn it on or off.
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transportation systems. Thease systems include roadways,
railways, bus lines, trucking companies, airlines, pipelines,
and waterways.

Making a Traffic Study

number of cars in ﬁwe yeam or more. ‘mur merit
badge counselor may be able to :auggest
where to make your %;35%{ stu
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If you find that population and number of vehicles are
expected to increase over the next five years, be prepared to
suggest ways to handle the heavier traffic. Talk with your coun-
selor. Your solution will depend on the particular location. You
might recommend widening or straightening the road. Or, the
answer might be to build a thoroughfare or tunnel, install a
traffic light or turn lane, make the street one-way, or implement
some other idea for improving the traffic flow. Some communi-
ties have installed roundabouts, which are common in Europe.
Research the pros and cons of roundabouts.

Share your data and your proposed solutions with
your counselor.

Creating a Science Fair Project

Science fairs and engineering-team competitions are sponsored
by a variety of organizations. Many schools, colleges, universi-
ties, and professional engineering societies sponsor engineering
fairs and competitions every year.

How to Pick a Project or Competition

There are many ways to pick a
project or competition and also
meet requirement 6g. Remember
that the project or competition
that you choose should be related
to examining an engineering
question, rather than gathering
pure scientific research. For ideas,
just look at the world around
you or at recent news events.
Consider how scientific principles
may have influenced them. Look
at your personal interests (sports,
bicycling, or skateboarding, for
example). How might they be
improved upon or studied?

For another example: How can the effects of low rainfall be
minimized? Think of ways to prevent or reduce the effects of a
drought. What water conservation efforts work in your commu-
nity, and how can they be improved? Asking some of these
questions, and performing experiments to find possible
answers, can form the basis of a good science fair project.
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Remember that
another way to
meet the
requirement is to
become a member
of an engineering-
project team.
Project teams
enter local
competitions,

and often the
winners can

go to national

competitions.

84 ENGINEERING

As you consider the different types of subjects and projects
that interest you, begin to research and assemble information in
your area of interest. Your research tools should include the
World Wide Web, libraries, and related industries.

Ask your science teacher and merit badge counselor for
guidance. Planning, developing, organizing, and building your
entry into a project that will meet the particular requirements
of a fair or competition can be complicated. Some competitions
may require both a scientific investigation and a demonstration
concerning the subject you have chosen (such as designing the
most structurally sound miniature-bridge design using specified
materials, and then building the miniature bridge).

The Joy of Engineering

For any given engineering problem, there are many solutions.
It would be great if we could always find the “best” solution.

Engineers, however, must work within limitations imposed on
them by available materials, supplies, money, and tools. They
must be sensitive to environmental concerns, politics, and the

culture of their company and the community. There is tremen-
dous satisfaction in solving a problem when faced with such

challenging constraints.

Learning From Our Mistakes

It has been said that engineering advances one failure at a time.
With every failure comes the chance to learn how to improve
design and technique. The engineer seeks the proper balance
of quality of construction and acceptable cost, while not com-
promising function or safety. A constant danger is becoming
overconfident, believing that failure can’t happen. Here are
some examples of famous engineering mistakes that also led

to engineering improvements.

The Titanic. The RMS Titanic was the largest passenger ship in
the world when it sank on its maiden voyage from England to
the United States in 1912. Shipbuilders had dubbed the ship
“unsinkable.” The ship was built with 16 compartments and
could stay afloat even if up to four of them were flooded.

A fatal design flaw, however, was that the compartments were
not sealed at the top. When the ship brushed a giant iceberg,
water rushed into forward compartments, spilling over the top
of the bulkheads into adjacent compartments, sinking the ship
and costing 1,523 people their lives.
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Tacoma Narrows Bridge.
This two-lane, mile-long
bridge over Washington
state’s Puget Sound col-
lapsed four months after it
opened in 1940. The cause?
A 42 mph wind that caused
the bridge deck to buckle
and twist and finally break
apart and fall into the water.
During design of the bridge,
to reduce costs, engineers
had decided to stiffen the
roadway with 8-foot girders
instead of the original plan
to use 25-foot supports. The
bridge’s collapse, which
caused no loss of life, has been used as a lesson in civil and
structural engineering classes ever since.

Tacoma Narrows Bridge collapse

Space Shuttle Challenger. The space shuttle Challenger
broke apart 73 seconds after launch on January 28, 1986,
killing all seven crew members onboard. The cause of the
disaster was the failure of a seal, or O-shaped ring, at the
joint of two parts of a solid rocket booster. Because of cold
temperatures at launch, the ring was stiff rather than flexible,
allowing hot gases and flames to blow out of the seal, destroy-
ing the shuttle’s external fuel tank and causing the breakup of
the spacecraft.

Hubble Space Telescope. The Hubble Space Telescope (HST)
was launched into Earth’s orbit in 1990. Situated far above
Earth’s soupy atmosphere, the HST was expected to deliver
much clearer images than any telescope located on the ground.
But as soon as astronomers looked at the first Hubble images,
they knew something was drastically wrong. The pictures of
deep space were blurry. The problem: The huge main mirror
that the HST used to gather light from deep space had been
ground to the wrong measurements. The result was blurry pic-
tures. To correct the problem, NASA sent a repair team into
orbit to fit the HST with corrective lenses that worked like
eyeglasses to sharpen the focus. Since then, the Hubble has
returned thousands of images of deep space that were never
before possible.
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Other Things to Ask Yourself

You have read that engineers create new things {o meel needs
and sclve problems. Do vou enjov doing the kinds of things
engineers do? Ask yourself these questions.

* Do I try to figure out how things like toys, appliances, and
machines at home work? Do I take them apart (with my
parent’s permission!) to see how they work? Can I put them
back together without help?

* Do | like to try o fix household items that break, even
though I may need heip?

* Do | build or make things like roads and castles at the beach?

* Do 1 build things from model kits, sometimes customizing
them by modifving the basic model and adding extra details?

* Do I use computer programs to solve special problems that
interest me, OF 1o create simple games?

Engineers use the principles of mathematics and science to do
their work. Ask voursslf:

* Do I do well in math in schoolf Do I enjov 12

¢ Do [ like science in school, especially the experiments?
* Do I do optional extra assignments the teachers give?
* Do I seek ways to use the ideas I learn in science?

*+ Have I ever entered a school science fair?

If you answered “yes” to some of these questions,
then you may want to consider engineering as a career.

Are You Creative?

Creativity is the ability to bring new ideas or objects into being.
It involves playving with imagination and possibilities, and
seeing possible connections. Creativity is an ability that is

vital {o engineers, whether they design products, figure out
how 1o analyze complicated paris, develop tests that determine
how well things work, research new kinds of plastics, or

figure out how 1o keep classes interesting for students. So if
vou like fo question, explore, invent, discover, create, and

help people solve problems and find new ways of doing things,
then engineering may be for you.

ENGINEERING
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Preparing for an Engineering Career

if you think you might like to become an engineer, then here
are some things to start thinking about and doing now that will
help you along the path to an engineering career.

Engineering College Entrance Requirements
Engineering colleges have enirance requiremenis—courses you
must have taken in high school in order to be admitted to study
engineering. Clearly, you will need math and science. It is best
to take all the “college prep” math and science courses your
high school offers. Don’t neglect English, either. Engineers must
be able to clearly describe their work to others, from their
bosses to the people who will build the things they design. You
will also need o know what special tests they want you to take
during high school, such as the Scholastic Aptitude Test {SATL

Every coliege and university publishes a catalog that
describes the school’s admission requirements and
lists il its programs of study. Review the sections
for the engineering fields {majors) that interest you.
These will mention any specisl requirements or
suggested courses.
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THE PROFESSIONAL ENGINEER

The Engmeer s Code of Ethms has three'fund Y
principles that guide the work of the engmeermg
profession. Engineers uphold and advance ‘che mtegr;
_honor, and dsgmty of thmr professmn by

f'! Using ‘thexr knowiedge and sk;i for the enhancer
of human weifare ' '
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the publi ;c, thair am;;lcyers, and their chents'

3 Etﬁvmg tcx "m:rea&e the eompet&nce and, pregtsg
of the engmee{mg prcfession

Professional Registration

Qualified engineers may become licensed to practice engineer-
ing in their state. It isn’t always necessary to get a Professional
Engineering (PE) license to be hired as an engineer, but it may
be required to perform certain governmental work and to
review and approve designs. Some firms require engineers to
be licensed before they can move up to engineering manage-
ment positions.

Requirements vary from state to state, but for most
engineers, obtaining a license is a four-step process. The
applicant must:

1. Earn a four-year engineering degree in a program
approved by the state engineering licensure board.

2. Complete four years of qualifying engineering
work experience.

3. Pass the Fundamentals of Engineering
exam. (Also called the Engineer-in-
Training exam, this test can usually be
taken by students in the final years of an
undergraduate engineering curriculum,
or any time after graduation.)

4. Pass the Principles and Practice of
Engineering {PE} exam. The PE exam
is hard, and it is not unusual for an
applicant to fail it the first time (failed
examinations may be retaken). The PE
license must be renewed periodically.

ENGINEERING 93



ENGINEERING RESOURCES

Engineering Resources

Scouting Literature

Architecture, Automotive Maintenance,
Chemistry, Composite Materials, Digital
Technology, Drafting, Electricity, Electronics,
Energy, Inventing, Model Design and
Building, Nuclear Science, Programming,
Robotics, Space Exploration, Surveying,
and Welding merit badge pamphlets

With your parent’s permission, visit the Boy
Scouts of America’s official retail website,
www.scoutshop.org, for a complete listing of
all merit badge pamphiets and other helpful
Scouting materials and supplies.

Books

Anderson, Margaret Jean. Isaac Newton:
The Greatest Scientist of All Time.
Enslow, 2001.

Baine, Celeste. Is There an Engineer
Inside You? A Comprehensive
Guide to Career Decisions in
Engineering, 3rd ed. Professional
Publications, 2004.

Berlow, Lawrence H. Reference Guide
to Famous Engineering Landmarks
of the World: Bridges, Tunnels,
Dams, Roads, and Other Structures.
Oryx, 1998.

Brown, Henry T. 507 Mechanical
Movements: Mechanisms and
Devices. Dover Publications, 2005.

Dupre, Judith. Bridges: A History of the
World’s Most Famous and Important
Sparns. Black Dog & Leventhal, 1997.

. Skyscrapers: A History of the
World’s Most Extraordinary
Buildings. Black Dog &

Leventhal, 2013.

Freedman, Russell. The Wright Brothers:
How They Invented the Airplane.
Holiday House, 1994.
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Garner, Geraldine O. Careers in
Engineering, 2nd ed. McGraw-
Hill, 2002.

Green, Constance McLaughlin.
Eli Whitney and the Birth of
American Technology. Addison
Wesley Longman, 1997.

Hickam Jr., Homer H. Rocket Boys
(October Sky). Delacorte, 1998.

Kent, Steven. The Ultimate History
of Video Games: From Pong to
Pokemon. Prima Lifestyles, 2001.

Kuprenas, John, and Matthew Frederick.
101 Things I Learned in Engineering
School. Grand Central Publishing, 2013.

Middleton, William. Landmarks on the
Iron Road: Two Centuries of North
American Railroad Engineering
(Railroads Past and Present). Indiana
University Press, 1999.

Molotch, Harvey. Where Stuff Comes
From: How Toasters, Toilets, Cars,
Computers, and Many Other
Things Come to Be as They Are.
Routledge, 2005

Pletsch, William. Integrated Circuits:
Making the Miracle Chip. Pletsch &
Associates, 2000.

Reid, T.R. The Chip. Random
House, 2001.

Roberts, Dustyn. Making Things
Move: DIY Mechanisms for
Inventors, Hobbyists, and Artists.
McGraw-Hill, 2010.

Organizations and Websites

American Indian Science and
Engineering Society

2305 Renard SE, Suite 200
Albuquerque, NM 87106
Telephone: 505-765-1052
Website: http://aises.org
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American Institute of
Chemical Engineers

120 Wall St., 23rd floor

New York, NY 10005-4020
Toll-free telephone: 800-242-4363
Website: http://www.aiche.org

American Society of Civil Engineers
1801 Alexander Bell Drive

Reston, VA 20191-4400

Toli-free telephone: 800-548-2723
Website: http://www.asce.org

ASME International {American
Society of Mechanical Engineers}
2 Park Ave.

New York, NY 10016-5990

Toll-free telephone: 800-843-2763
Website: http://www.asme.org

Institute of Electrical and
Electronics Engineers

3 Park Ave., 17th Floor

New York, NY 10016-5997
Telephone: 212-419-7900
Website: http://www.ieee.org

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, CA 91109

Telephone: 818-354-4321

Website: http://www.jpl.nasa.gov

Kennedy Space Center

Toll-free Telephone: 866-737-5235
Website:
https://www.kennedyspacecenter.com

National Action Council for
Minorities in Engineering

440 Hamilton Ave., Suite 302
White Plains, NY 10601-1813
Telephone: 914-539-4010
Website: http://www.nacme.org

National Aeronautics and
Space Administration

NASA Headquarters
Washington, DC 20546-0001
Telephone: 202-358-0001
Website: http://www.nasa.gov

National Society of Black Engineers
205 Daingerfield Road

Alexandria, VA 22314

Telephone: 703-549-2207

Website: http://www.nsbe.org

National Society of Professional
Engineers

1420 King St.

Alexandria, VA 22314-2794
Toll-free Telephone: 888-285-6773
Website: http://www.nspe.org

Smithsonian National Air and
Space Museum

Sixth and Independence Avenue, SW
Washington, DC 20560

Telephone: 202-633-2214

Website: http://www.nasm.si.edu

Society of Hispanic
Professional Engineers
Telephone: 323-725-3970
Website: http://www.shpe.org

Society of Manufacturing Engineers
1 SME Drive

P.O. Box 930

Dearborn, MI 48128

Toll-free telephone: 800-733-4763
Website: hitp://sme.org

Society of Petroleum Engineers
Toll-free telephone: 800-456-6863
Website: http://www.spe.org

Technology Student Association
Toll-free telephone: 888-860-9010
Website: http://www.tsaweb.org

Acknowledgments

The Boy Scouts of America is grateful
to Scott S. Stuckey for updating this
edition of the Engineering merit badge
pamphlet. Mr. Stuckey is managing
editor at National Geographic Traveler
magazine and is the former editor
of Boys’ Life magazine.

Thanks also to the Convergence
Education Foundation, whose members
provided assistance with revising the

ENGINEERING 95



ENGINEERING RESOURCES

Engineering merit badge requirements.
The Foundation strives to expose young
students to the wonders of science, math-
ematics, and engineering to pique their
interest in a possible career for the future.

The Boy Scouts of America is grate-
ful to the men and women serving on
the National Merit Badge Subcommittee
for the improvements made in updating
this pamphlet.

Photo and lllustration Credits

Boston Scientific Corporation, courtesy—
cover {pacemaker} and page 37

Library of Congress, Prints and Photographs
Division, courtesy—page 85

NASA, courtesy—page 38

Rehabilitation Institute of Chicago,
courtesy—page 31 (both)

Segway Inc.; www.segway.com,
courtesy—page 27

Shutterstock.com, courtesy—cover (smart-
phone, ®Es sarawuth; bridge, ©joyfull;
plumb bob, ®Gary Woodard; bike helmet,
©JAKKRIT SAELAQ; space shuttle;
©hareluya}; pages 2 (beerlogoff),
4 (coffee maker, ®Julia Ivantsova;
toaster, ©SeDmi), 5 (®0dua Images),
6 (®Dmitry Kalinovsky), 8 (®Xavier
Pironet), 9 (®momente), 10 (pyramid,
©Waj; Great Wall of China, ®aphoto-
story); 11 (Taj Mahal, ©saiko3p; CN
Tower, ®Songquan Deng); 12 (Empire
State Building, ®pisaphotography;
Golden Gate Bridge, ©Pal Teravagimov),
13 (Itaipu Dam, ®Matyas Rehak;
Panama Canal, ®Matt Ragen),
14 {®alterfalter}, 15 (antique car,
©Delpixel; electric cars, ®Sopotnicki);
16 (vintage phone, ®Ayse Pemra Yuce),
17 {group using laptop, ®VGstockstudio;
search button, Evan Lorne; circuit board,
©apiguide), 19 (store scanner,
®TAGSTOCK]; biker, ®gosphotodesign),
21 (Ollyy), 22 (SFotograFFF), 23
(®Goodluz), 24 (highway, ®Wayne0216},
25 (Brooklyn bridge, ©f11photo; screws,

96 ENGINEERING

©Marek Walica), 26 (White House,
@David Reilly; Hoover Dam, Mel Manser
Photography), 28 (®Misunseo), 29
(microscope, ®science photo); 30 (space
shuttle, ®NikoNomad), 32 (®Bogdan
VASILESCU), 33 {®Artem Furman),

34 {®meawnarnacat), 36 (®Pressmaster),
39 {®PathDoc), 41 (socket wrench,
©Sean Pavone; triangle, ®oksana2010;
clamp, ©VrisPhuket), 50 (®Aleksandar
Mijatovic}, 54 (®Angelina Babii),

56 {®Dawn Harmer), 57 (boulder,

©pPaul Matthew Photography; cart racer,
©Tatiana Belova; baseball game,
©Eugene Onischenko), 58 (®gualtiero
boffi}, 59 (lightbulb, ®Viadimir Arndt),
60 (®valdis torms}, 61 (®A. and L. Kruk},
63 (engine, ®Goran Bogicevic; bike
wheel, ©cheyennezj; train wheels,
©Nikitin Victor), 64 (®Ingvar Bjork),

65 (gears, ®Pete Spiro), 73 (ethernet
plugs, ®asharkyu; cable wires, ®gualtiero
boffi; sky, ®Pakhnyushchy), 74 (remote,
@gielmichal; ioney drip, ©Slawomir
Zelasko), 76 (®Ch.L}, 82 (train station,
©PhotoFixPics; street corner, ®Michael
Shake), 86 {®Gorodenkoff}, 87
{®Monkey Business Images), 90
{®Goodluz), 92 (®lculig), and 93
(®alphaspirit)

The Treehouse Workshop,

www.treehouseworkshop.com,
courtesy—page 78

USDA Agricultural Research Service/Ken

Hammond, courtesy—page 30 (bottorn)

www.wikipedia.org, courtesy—pages 24

(bottom), 29 {top), and 57 (top)

All other photos and illustrations not men-

tioned above are the property of or are
protected by the Boy Scouts of America.

John McDearmon—pages 40 (all), 43,

48, 59 (illustration), 71 {all}), and
80-81 (illustrations)

Brian Payne—page 55
Randy Piland—page 46



MERIT BADGE LIBRARY

Though intended ‘as an aid to youth in Scouts BSA, and qualified Venturers and Sea
Scouts in meeting: merit badge requirements, these pamphlets are of general interest
and are made available by many schools and public libraries. The latest revision
date of each pamphlet might not correspond with the copyright date shown below,
because this list is corrected only once a year, in January. Any number of merit badge
pamphlets. may be revised throughout the year; others are simply reprinted until a
revision becomes necessary.

If a Scout has already started working on a merit badge when a new edition for that
pamphlet is introduced, they may continue to-use the same merit badge pamphlet to
earn the badge and fulfill the requirements therein. In other words, the Scout need not
start over again with the new pamphlet and possibly revised requirements.

Merit Badge Pamphiet . Year | Merit Badge Pamphiet Year | Merit Badge Pamphiet ~ Year
Armerican Business 2013] Family Life 2016 { ‘Plant Science 2018
American Cultures 2013} Farm Mechanics 2017} Plumbing 2012
Arnerican Heritage 2013 Fingerprinting 2014 | Pottery 2008
American Labor 2018] Fire Safety 2016 | Programming 2013
Animal Science 2014} First Aid 2015 | Public Health 2017
Arimation 2015} Fish-and Wildlife Public Speaking 2013
Archaeology 2017 Management 2014 | Pulp and Paper 2013
Archery 2015 § Fishing 2013 1 Radio 2017
Architecture and Fly-Fishing 2014} Railroading 2015

Landscape Architecture 2014 | Forestry 2015 { Reading 2013
Art 2013} Game Design 2013 {1 Reptile and
Astronomy 2016 { Gardening 2013 Amphibian Study 2018
Athletics 2016 § Genealogy. 2013} Rifle Shooting 2012
Autornotive Mairitenance 2017 '} Geocaching 2016 | Robotics 2016
Aviation 2014 | Geology 20161 Rowing 2014
Backpacking 2016 | Golf 2012} Safety 2016
Basketry 20171 Graphic Arts 2013} Salesmanship 2013
Bird: Study 2017} Hiking 2016 {1 Scholarship 2014
Bugling (see Music) Home Repairs 2012} Scouting Heritage 2017
Camping 2018 | Horsemanship 2013 -} Scuba Diving 2008
Canoeing 2014 { indian Lore 20081 Sculpture 2014
Chemistry 2018} Insect Study 2018 | Search and Rescue 2018
Chess 2016 | Inventing 20161 Shotgun Shooting 2013
Citizenship iry the Journalism 2017 1 Signs; Signals, and Codes 2015

Community 2015 { Kayaking 2016 | Skating 2015
Citizeniship in the Nation 2014 | Landscape Architecture Smali-Boat Sailing 2016
Citizenship in the World - 2015 {see Architecture} Snow Sports 2017
Climbing 20114 Law 2011} Soil and Water
Coin Collecting 20171 Leéatherwork 2017 Conservation 2016
Collections 2013} Lifesaving 2017 ] Space Exploration 2016
Communication 2013} Mammal Study 2014 { Sports 2012
Composite Materials 2012} Medicine 2012 | Stamp Collecting 2018
Cooking 2014} Metalwork 2012°} Surveying 2004
Crime Prevention 20712 § Mining in Society 2014 § Sustainability 2013
Cycling 2017} Model Design and Building 2010 ] ‘Swimming 2014
Dentistry 2016 | Motorboating 2015} Textile 2014
Digital Technology 2014 | Moviemaking 2013 | Theater 2014
Disabilities Awareness 2016} Music and Bugling 2013 | Traffic Safety 2016
Dog Care 2018 ] Nature 20141 Truck Transportation 2013
Drafting 2013 1 Nuclear Science 2017 § Veterinary Medicine 2015
Electricity 2013} Oceanography 2012} Water Sports 2015
Electronics 2014 '} Orienteering 2016} Weather 2013
Energency Preparedness 2015 | ‘Painting 20161 Welding 2016
Energy 2014 | Personal Fithess 2016 | Whitewater 2005
Engineering 2016 | Personal Management 2015 § Wilderness Survival 2012
Entrepreneurship 2013} Pets 2013} Wood Carving 2016
Environmental Science . 2015 | Photography 2016 | Woodwork 2011
Exploration 2016 1 Pioneering 2017
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