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HOW TO USE THIS PAMPHLET y

Ihe secret 10 successiully earming a menit badge is for you 10 use both
the pamphiet and the suggestions of your counselor

Your counselor can be as important 10 you as a coach is 10 an athlete
Use all of 1he resources your counselor can make available 10 you

s may be the best chanoe you will have to learn about this particular
subject. Make it count,

1f you or your counselor feels that any nformation in this pamphlet is
Incorrect, please let us know. Flease state your source of Information

Merit badge pamphbets are reprinted annually and requirements
updated regularty. Your saggestions for improvement are welcome

Send comments along, with a brief statement about yourself to Youth
Development, $209 » Boy Scouls of America ® 1325 West Walout Hill
Lane * P.O. Box 152079 © lrving, TX 75015-2079

WHO PAYS FOR THIS PAMPHLET? %

This merit badge pamphiet ks one in a sevies of more San 100 covering
all kinds of hobby and career subjects. It is made available for you

10 buy as a service of the national and local councils, Boy Scouts of
America, The costs of the development, writing, and oditing of the
merit badge pamphiets are paid for by the Boy Soouts of America in
order 10 bring you the best book at a reasonable price

®¥® | BOY SCOUTS OF AMERICA
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5. Do ONE of the following:

A Use the systems engineering approach 10 make step-by-step
plans for your next campout. List aternative ideas for
such tetns as program schedule, campesites, transportation,
and costs. Tell why you made the choices you did and
what improvements were made

b. Make an ongnal design for a piece of patrol exueipenent
Use the systerms engineering approach to help you decide
how it should work and look. Draw plans for it. Show
the plans to your counselor, explain why you designed it
the way you did, and explain how you would make it.

6. Do TWO of the following:

a. Transforming motion. Usitg common materials or a con-
struction set, make a simple model that will demonstrate
motion. Explain bow the model wses basic mechanical
elements like levers and inclined planes to demonstrate
motion. Describe an example where this mechantsm is
used in a real product.

b, Using elecericery. Make a list of 10 dectrical appliances

tricity each uzes in one month. Learn how to find out
the amount and cost of electricity used in your home
during periods of light and heavy use. List five ways
10 conserve electricity.

. Understanding clectronivs. Using an electronic device
such as a mobile telephone or portable digital media
player. find out how sound travels from one location
1o another. Explain how the device was designed for
ease of use, function, and durabilicy,

d. Usiig materials. Do experiments
10 show the differences in
strength and heat conduc-
tivity in wood, metal, and
plastic, Discuss with your
coninselor what you
have learned

in your home. Find out approximately how much elec-

e. Converting energy. Do an experiment 10 show how
meochanical, heat, chemical, solar, and/or electrical
energy may be converted from one or more types of
energy 10 another. Explain your results. Describe to your
counselor what energy Is and how energy s converted
and wued in your surroundings

f. Moving peopie. Find out the
diffevent ways people in your
community gt 1o work
Make a study of traffic flow
[number of vehicles and
relative speed) in both heavy
and lghvt 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.

science of engineering fair or similar competition
(This requirement may be met by participation on an
enginecring competition project team. | Discuss with
your counselor what your project demonstrates, the
kinds of questions visitors to the {air asked, and how
weil you were able to snswer their guestions.

. Explain what it means 10 be a registered Professional

Engineer (PE.). Name the types of engineering work for
which registration 15 most important

Study the Engineer’s Code of Ethics. Explain bow #t is ke
the Scout Oath and Scout Law

. Find out about three carver opportunities it enginesring.

Pick one and research the education, training, and
experience required for this profession. Discuss this with
your counselor, and explaln why this peofession might
interest you.






Introduction

Engineers turn ideas into reality. For example. they will take the

phans drawn on paper for an exsiting new oller Coasler—a
desizn with Joops, drops, and corkscrews—amd Bgee out how

0 buldld Bt so that it will be fast, sale 1o ride, and affoniable §

suihd Engoinewrs devise all sonts ¢

. e froem 2 timy, bowe-cosd
h'l'l " a

¢ mughty

The work of engineers affects
every part of our lives —at home,
2t school, and at work. We have
enginears 1o thank when we use
=l s at the sh ing madl,
watch TV on the latest flat-panel
screen, or get scanned for dis
ease with the latest imaging
equipment at the hospital.

EneeTing louches O muKyy

parts of our frves that 2 has beey
divided inte many different special
bes. Civil engioeers creae the dams
bradees, and madways on which we rely every day. Mechancal
engneers dovoiop machines and engines. Software engineers
wae

computer programs. Biommeiical engineers develop new

medical devices 10 help us live longer and heaithier Bves
Asvospace engineers develop new sncrall and spacecraft
Peooicum engineers belp dincover amd xiIat New sOuUNTes

f ol And that is st 2 short Bst of engtineering speciaities




Gerest Wall of Chene
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An emgneer will use both soence and technology 0
meet oeeds. Famous imventors e Thomas Edmon, Alesander
Graham Bell, Henry Ford, and Benjamsin Frankiis were sot
cailed enginee s, but ionovators e them have been turming

first edecrric lightbuld dramatically changnd American life. Bell's
icbephone changed the way we communicite with one another
Ford mot ondy made an engineening comiribution 0 the design
of earty astomobiles, but also tznsformed munudactanng by
mtroducing the assemdly bne coacept

A Little History

Engineering has boen anund for 2 long time. Heve ase just 3 few
exampies of the many smarning engineenng feats of the past

Great Pyramid of Giza.

In 2600 a.c., the ancent
Egyptians built the Crext
Pyramid of Giza, which

was the talles: structure
the world for thousands of
yoars afserward. The progect
took more than 20 yeurs
build and required the precise

Great Wall of China. In the
thind century a.c  the Chinese
starsedd buikding the Creat
Wall. & would mot be com-
pleted for another 1 500
years. The wall stoetches for
1,500 muiles across northern
China, sveraging 25 feet

high and 15 10 30 feet wide
a the base

Taj Mahal. The Tai Mahal was completed
in Agra, ixfia, in 1654 2 2 monument o
emperor Shab lahan's wile, It s 2 com-
plex of numerous structures, inchading 2
MMUSORUT. MOspIC, Mminarrts, walls,
watchiowers. and gardens

The Royal Road. I the 1000x, the Inca
Indians of South America completedd the
Rowal Road, 2 mapor roadway up 10 52 feet
wide that ran from what s now Santiago,
Chile, 10 Quito, Ecuador. Until the Lee
1500s, it was the work!'s ongest road
Pasts of it cossed the Amdes Mountains
2 dhevations of dmost 12,000 leet

The buihders of these anchnt wonders  Taj Mahal
uscod many of the same principles that
modern sracrural copneers apply. though they were limnted
10 the knowledge and technology of their duy. As time passed.
and knowledgs and technoiogy advanced, marvels of engineer-
iR Decame even move ENPeessive.

Modem Marvels

In 1954, the Amevican Society of Civil Engineers came up
with 2 st it called the “Seven Wonders of the Modern Wiorkd, "
which amounted to the greatest Gvil engineering feats of the
2eh cemtury.

Channel Tunnel. This remarkable 31-mie long tunoed tuns
umder the English Channed, between Englond and France
For much of its length, the tunned Bes 130 Seet befow the
ocean flooe. Insiead of expiosves, engineers used bugy
tunnet boring machines that cut through mck and rersoved
debris. The Channel Tunnel consists of theee finked, poaliel
tunnels—one for each disection of tavel, and 3 servioe tunned
that nns in between

Canada's National Towee. The ON Tower, standfing | 815 feet
above the city of Toronto, Ontanio, is the workd™s tallest ee
standing (wsing no gay wires) bulkding  Some 1465 feet up
the tower i= the “Sky Pod,” the highest observation deck in the
workd. From there, you can see up 10 75 miles sway. The ON
Tower was built 10 withstand wind gusts of up w0 250 mph
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Empere State Busiing
Empire State Building ¢ 57w bukdog

more thar

the woxd

have
100 flooes was this N2-story skyscraper compivied in
New Yook City i 1931, For 41 years, & was the tallest

on Eanth. The spire atop the 1 A472-fo0t Structhure was
3 3

desgoed |

shyscrapes

ity
be 2 moonng mast for 3

Goiden Gate Brdge

Golden Gate Bridge. A beautiiud | 7-mide-long brdge n
Calilornia, completed in 1937, spans the “Colden G
which serves 2 the

srat

v 0 San Francisco Ry &
fic Ocran. The suspendad-deck brdge
CDOCIION

F so3 tall wowers and
cables 10 support the road swrtace Delow, whi
arvies six Lanes of taih
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What Does an
Engineer Do?

¢ problems. T

Engineering can be defined 35 the application of
practical experience 10 solve problems. The result
s the design. creation, and operation of useful
oroducts, structures, machines, systoms,
and processes.

N T




for more atoat
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ard Computers
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Engi : Tod
Engneenng breskthroughs don't happen caly on 2 gaml wabe
Maay novations occur on a finy scabe—n 2 st tude or on 3
circwtt boand. The digital workd we sow flive in look off with
the invertion of the transistoc This fingernal saaed swisch
and ampidher replaced the bulky glass vacuum tubes used In
earty radios ared tebevistons. Suddendy these products coukd be
senaller and less cxpensive andd could be powesed on batteries
Over 1ume. Tansaston wese further mimaturisend from
hunsdreds o sow milbons of tiny tansstors placed on 2
single mtcyrated cirout. The moeprater arcut made possable
such products as the pocket calculstor and digital wostwatch
Later, eagineer: despgned! the first macroprocessor. Paiting all
the circuits needed for 2 computer’s central processing it
[its “beain”) onto 4 single chip. This ncovation muade possible
the personal computer. ceflular tolephoce, and advanced
rasadle technoiogy

Jack Kilby, Inventor of the
In Circuit

Jack Kilby (1923-2005), an slectrical engineer. invented
the integrated circult in 1958 while working for Texas
Instroments. Before then, electronc devices such os
compatins were Made from indridual ransstons wired
together o foun cifouits Kiby had the ides of manu-
factuning multiple electronc components together on
the same piece of samiconductor material, with ail the
connections budt in —no soldenng required. His inven-
oo paved the way for the development of moderm
:mmduh'ov”_"_u\mdm

the: wel
Comguters have 3iso revolutionized how

we commuticate (n the 19%60s, 3 actwork of %
mputers was born that evolved into the Internet 5

Then, in 1990, 2 physicist sumed Tim Berners Lee

pated the Workd Wide Webh. His man iImnovations were

he Uniform Resousce Locator (URL). 2 form of address that
2 be used on any Web page or other file on the Inteymet

o hypentext markup Lingoage (HTML), 2 form of computer
waage that creates Wed pages and links themn 0 othey

b pages




Beutes beng
rore ‘vt oBowe
s oday e
mach “cheaner”
Py resise
Twer Sarvdous
amssars o T

»r Dhae Dose ¥

Engineering in Our Daily Lives
Let's look 2t the autommobile. Thanks 10 the use of Rghter and
strongyrr materials and changes to enpne deapms, eoginewring

improvernents have made cars more el officeent. in the

1950s and 1960, the average car g 8 0 10 miles per gallon
Roday's aptommobiies g0 Two Or theve tmes 25 Sir on the same
seraonandt of P

Anothey significant cogneerng Contributan o in Juto
mobile safety Antilock brakes use spead sosors and hydraulic
valves 1o siow cach wheed independencly 10 prevene skickding
when tiw

CPS) and coli-phooe techaology e combined in the OnSia
wacking service offeved by Ceperal Motors. If 2 car s in a0

accsdent. the system ausoenatically sgnals seTvioe representa

et appiies the brabkes. A global positioning syiem

Making Work Easier

AS UMPOTIINE 2 engmneeTing 5 a e

house, it s even more Enportant in S
workploce Advances i engmceying
incrvase peohiactivity, the amount of
ot that resalts bom 2 gven
soount of eoeegy or cost. Shaving jast

3 few pennies off the cost of making 2

product —{brougth better desagn ov
eaper materals —could make the
Sifference between profit and loss

In fLactones, en@nce s can desagn
yorms and operating mwthads to
rduce waste. They can devise speoial
wd software to control producton

oves who can summon ambulsnce and police responders 3
VI3 past 4 s T rEses manaty srvenlory ey
pe improvemnenss 10 i bumpors have meduond damage and - i
an help plan the best use of slespeo
ey by absorbing shock at low speeds P pha . e
—_— n the fiedd and can design Lyouts

n the home, programmabde secron thermostats a0
matically adiust heat and cobd, saving hundreds of dollars
energy costs. Ovens with computeraed tamers Jutomancaily
shut off the heating ¢

™

¢ retail stores. They can even helfp st up storefonts on the
wernet, fgore out bow moch product to kevp in rventory,

md decide how best to ship products

Making Play More Fun

YOu CTROY Computer sanws. you can thank the

ds after the cooking time has elapsed
Electronie smoke sensors, wired 109ether into one sysdem., Jert
the whole Gmiy if 2 fire or smobe is detected. I some homes,
security services will cail for emengrecy 2ssistance. Through the
wse of the Internet and small camwesas installed in the home,
people can check up on their bomes or loved ones om thoe
sands of mukes Jway

fiware eogineers for writing the code

2 makes those gumes possibie

ASrwTe, Mariware engineeTs
esiEn over move advancad

aphics chips and processors that

Hybrid Cars: What Was Old Is New Again e
Back in 1905, an American enginser namad H. Piper filed the first patent

application for & gas-electric hybrid car. Piper's hybrid, and others ke it.

never caught on—that is, until the mid-1980s. Suddenly, worries about off
shortages and air pollusion made hybrids attrsctive again. Modem hytrids
get far befter gas milsage than conventional cars. They use bafteries 1o
st0re electric power, and SOMEtiMes gat by on the cectric mOtor slone. stvanges satestols for bicycle Srames 2nd
What's mors, they cleverly cagture the car's kinetc anergy (the energy of | e B St ool
wm:nmu:-nmmmmmm i‘ scauet designs are resuking in 3 fater and
snergy goes batteries storod.

T oeritng gamet lor tenines emthusaands

oY TR

Engneermg has abso affecied
he sports world Bicycle engnesess
we developed better pear shifting
x casier ricling up hills, and lghter




WHAT DOES AN ENGINTER DOF

v T
x
"

Give some thought to the above examples of engineenng feats.
jot down 2 few of your own amd see I you can sugtest what
might be possible in the future. Think sbout Scouting and the
rechoological and engneering advancemenss that have affected
£ Theve are many examples, such 2s camping gear and
wivances in first aid




The Different Fields
of Engineering




The First Engineering Specialties

Frve carly fickds of engineeing ennerged 10 meet the growing
weds of society that wese deuught about by the ind
lution i the 1800y These engineering Bedds were ©

strial revo

THOng

and metalhorgical. mechaoxal, chemical, and efecinical

John Roebling (1806-1869) developed a machine
g reery Civil Engi o create thin, flexible wire ropes that were twisted
together to produce lengths up 10 30,000 feet. These
fke roads. rallways, bradpes, dumys, water supply systems, and ropes were used to build New York City’s Brookiyn
semagy systems. A crtical pat of designing these sructures s W“'”mmumwwm
and maveyng. makong sure they will say wherr thoy are put — that they wil San Francisco’s Golden Gate Bridge
oot tk, shilt, or sink oo Be sod over e Thevefore, Civil

— O ETs e sty e g of geolopy and piveos @ Mining and Metallurgical Engineering

hewr work

W< Ol engneers meet sociew 3 peads for mitastractune—hings

Vining ax! metaihagical engineers work 1o make muneg sl

- efining metals more predfictable, safer, and jess agpensve. They
m m m mm -4 o this by appiying the primciples of materials science—the
.“”m“h-“ oudy of the properties and behavior of solids, Tquids, and gases
u.mm‘* Metallurgical engineers have advanced the ore refining
in Chinz. The Three Gorges Darm stretchas
River. At 807 feet tafl and constructesd of - —
some 21 milbon cubic yards of concrets. }_E.J‘&\ A
it s nearly Sive timas as large as the -
famous Hoover Dam on the Arizona Nevads bordes The Three Gorges
Dam will create 8 410-mile-long reservor up e 574 feet deep. eventually
producing 18.2 gigawatts of power —sbout nine times as much as the
Hoover Dam_The dam is expected o prosect 15 milkion people from
odic flooding of the Yangtre Fiver.

processes by covating pew mixtures (alloys) wallored to meet
woific needs. Exampies ave haed metals that can hold 2 sharp

edge. soft metals that can be stamped with artisti

patterns, noncorrosive and weather-resistant metals

and mectals that can withatand very hugh or very iow

emperatures. The metsiundst sirives 10 meet
v progect’s goals by delivenng alioys with
ust the right properties in such

wTas 3 ron effevtrveness . wesght
turainbty. ad savngth

24 [




Some mechanical en@nerm specialize B CONVETTEING CTETEY
o move usefud forms. Boskers and graeraton coavert heat 0
cleciricity in coul-fired. gas-fieed. arad nuchear power plants. The
coongy 0 Llling water can be wsed 10 generate clectricity. Heat
from the sun can be collected and used 20 Dt water or even
groerate checicly
Many mechanicl engneess speaalize m moving beat ©
wheee it s wanted and away from where it s not wanterd. They
Sesign boden, gasoline enpnes. and gas turbines (et eognes)
that can operate kx long penods without overbeating. or fans
10 cool the MKTOPEOCESSOS I COmPpUiers  —
Othey mechanical enginewss take the conmverted energy and
devise muchenes 10 do wseful things with £ Aatomobibes, Lrwn Mechame 3
nowers, macroengeervd medwal equipment. aecraft Leshing

Two U S presidonts were anginesrs before
they entered the White Mouse. Herbert
Hoower (1874-1964), the 315t president,
had been 3 maming engineer and managed
mines in Colorado, Australia, and China.
He startad his own engineering frm in
1908, In 1977 an enginesr was slected 35
our nation's 39h president Jumsry Carter
(1924~ ) studied nuclear physics at the US.
Naval Academy in Annapolis, Maryland.
Later, whie serving in the Navy's nuciear

. g gours. and maachines 10 mold plastic toys or il soda bosties engresrs
mhm.“ we all exampies. These engineers learn how to use shafts and srwber stand POow
fucleas enginee:. watings, pulleys, prars, and mechanisms (collections of levers
10 make things mowe around or back and forth or im specal bard you can push
patterns, 2t specified speeds on # part before @
Mechanical Engineering ol St ax heneh:
Mechanical engineers appéy the principles of piryscs 1o design, MM Marvel
buid. and maintain mechanical systems. That can mean any ard how to desgn
thing from desgning 4 collapsible canfbaurd hos for hoiding The Segway™ Personal Transporter (PT], 3 battery-pow- o deunils
doughnuss 10 comsracting the most advarcerd et engines ered, two-whesled “human transporter” s @ marvel of
angineering. What is amazing about the Segway PT is parnt 10 that the
that it reacts 10 the rider’s movements, adjusting the gttrs sosunie
speed of its wheels 10 maintain bafance at all times. The
rider leans forwsrd 10 move the Segway PT ahead and 7o T weoert
backward 1o move in reverse This abifity to seif-balance the most
is accomplished by » combination of computers, force pesaiie




LD OF ENGINTIRING

Chemical Engineering

hemcal engineers deveiop sseful things based on the newest
advances in chemistry. In the process, they hamess thesr know)
odge of chemmicals, cheosical reactions, and taw materials. When
chemnists create 2 oew medicine, plastic, Sber, fabric, or ghoe,
they cormally make only 2 smail amount in the Liborasocy
Ohemical engineers devise ways 0 adapt these il bboratory
oxperiments into fall scale productions in processing plants that
can officiently make tom of the new substance every day.

Electrical Engineering
Eextrical engineers discover how 0 hamess dleciriaty 1o do
more for people They wnady and apply edectronics and electro
magnetism (he physics of electraly aod magnetism)
Bevtrcal engineening
had 2 szan during the
latter part of the 1%
T — century. The onginal
focus was on genetating
and distributing clectricity
widely, to replace seam
and water as sources of
power and gas as 2 foel
for lghting Along the
way Came imventions ke
electrically powesed trans,
microwave ovens, and other
modern cotrvensences [hat have
dramasically changed our lives, s well
communication devices that have brought prople arcund the
world closer togrther
Becirical communications started with the telegraph before
the Civil Waz, followed by the telepbone (1576) and the adio
(late 1800s) . Television was first demonstrased in the United
States in 1907 The panststor was invented in the Gte 19405
and showed up in portable radion by the Lite 19508 Some of
the exfiest slectronic cnputers werr developed! during Woeld
War 1L The first modern digital computer, the ENIAC, was 2
ghant machine that wsed vacoum tubes. The integrated cirouits
that make possible deskiop computers were invented in the L
19508, followed by the microprocessor and the first personal
computers in the 1970

Inventing a Better Lightbulb
Bafieve it or not. 8 new marvel of enginees
ing may replace the lightbulb. ln 2008,
engmneering professor Shujl Nakamura was
awarded the Millennium Technology Prize
in part for inventing 2 type of solid state
bghting that gives off hght without genorat-
ing heat. His ight.emitting diodes use 2
fraction of the energy needed to brighten
the filament inside Thomas Edison’s incan-
descent lightbuld.

The speciaities of modern clecrical engineering mchade:

* Power groevation and distnbuton

o Electrical machinery (mwotoes send things run by motoes)
o Comsmunications (defepbooes, rxdlo, TV, and &ita)

o Computer systems. somenmes called mimanon systems
o Control systerms (like those thas gusbe robots)

* Elecoonic devioes (integratedd cirouils, MCTOPrOOCSSOrs |

Power Extremes

Some electrical engineers specialize in
power: generating slectricity, moving it
across great distances 10 where it is needed.
and delivering it to end users. They work
with huge amounts of alectricity, often at
extremely hagh voltages.

Other electrical enginesrs work with low
amounts of power. Thay design the micro-
chips that go into computers and portable
shectronic devices They can see the dotasis of
their work only under microscopes. Many
of these ficlds are closely allied with other
branches of science and engineering. For example, the turbines used to
mmmmwmwmwd
integrated circuits depends on Matenials scentists and engineers.




Today's Many Fields of Engineering

As technoiopes Bave bvvorme morz comples and the prosducts
based oo them more complicated, more modern enoeeTiog
specialties huve Sevcioped

Aesrospace Engineering Acvim oo enmnoets
we specualkzed mechanical eginerrs that
stundy the way sirplanes amd rockets intevact
with the 2t 10 0y, develop lghtwoeht strx
tures for srplames and space vehicios: an
design the high powered engines needed 10
proped sirplanes and hift space velucles chear
of Exrth’s ity & tmosphere Aevospace
M speciaiing n serodynamecs desgn
specully shaped wings, tals. and srplane
bodies 10 move throurd the X1 with the Jeast

possabie resisiance

Agricuftural Engineering. A\oculiural
eagneers desgn Lrm and food-processing
equipeers and develop systans for angation
drainage. and waste disposal. Some experinent
with new wavs 1o grow Tops more cfficeatly

ke hydroponics gowing plants withoot soil)

Architectural Engineering. Arclutetural
cogineers work with architects on the sysiems
that make buildicgs functional. such as
edevators and cscalaors. heating and cooiing
svstemas, and ventlation and xr-condinoniog
systerns. They also work with eanth sclentists
to understand when, how, and at wha
strength nateral forces—sach as wind. ran
and earthquakes— will affect Dunkdings
Bicengineering. Hocngnoering combines
vologty and sagineening and 3is0 refies on the
principies of biomsechanics —the sauady of the
mechamcs (or workings) of Eving organesms.
Bicengmneers work with medical docrors ©
devign suwrgcal mstruments. artificasl organs
Tisr boart valves and bearts, implants ©
eplace weaheme! bones, and prosthetios like
auficial legs 0 belp people who have been
bt in acoxdents

World’s First Bionic Man

m'umammmuu&mm-u
sccident involving an electric power ine. After recovering from his
injuries, Mr. Suflivan was salectad 10 receive 2 new type of artificial arm.
This "bionic™ arm is an impeovement over sarfier artificial limbs because
the wearer can control it with his thoughts (2 neural control) rather than
by flexing cerntain muscies (a mechanical control). Now, when he thinks
“close hand for example. impulses from his thest signal motors in his
antificial imb, and his new hand closes.

Ceramic Engineering. Ceramic engineers work with processes
hx couven: clay and nomsmetalic minerals mnio coramic peod
scts such as dishes, protective tiles lor the space shutthe, and

solar panels. During production, ceramic products e heased
n very hot ovens, moking them among the best materials for
ans that will be exposed 10 high heat—such a5 inside 2 ot
it or oo the surface of 2 spaceshep that must iy through
e aumosphete 10 return to Earth

Computer Engineering. 1he amanng rate af which compubers

bave progressed = due in Lirge pET 10 COMPUIET cagineess,

who continue to find ways 10 make memory storage devices
nafler, 20 fit more circuits on 3 microckip, and 10 move data
aster amd astey theough the crousts. Devices for hokling

fata and software programs, as well a5 modia Sles sch as
otographs and movies, have exploded n capacity while

ety physical size has gotten smaller. The computer that
yotrolled 1he lunir Linder when Apolio astronasts Lainded on
W moon 0 1969 cost move than 2 million dotlars. Today, the
weapest home computer has far more power than the Apolio
xnputer—and costs 2 fraction of the poce

n



Environmental Engineering. .o oomeial engoewss study
the guality of the ake. water. ang 2 amd develop sysiems o
reduce pollution amxd help nsioee Earth 0 good heaith
lncreassngly compiex compuier Jengtams sow Jlow environ
mental engneeTs 1 Ceate CoFur mobels of the movement
of air and pollutants. This jets expmeers pnpoint the wort
sources of polhetion aod b &2 Enprove air quality for the
entite area Ooce envuonee v cngineess adentify which
polluting chemmicals are comiong out of the exhaust stack of

2 particular Gaxctory, for msanoe. they can design special
egapeent 10 clean up the exbam and improve the xis
quality around that Lactory

Industrial Engineering. Iri'u 11 exguneers o conoemed
with how munuiactunng plasts ore organtzed. wiat machioery
there i, how muterials and the “hings being made flow through
the factory, anx! how people e crganized 10 make the Gotory
as effective as it can be. They olizn 2ev involved In managing
warehouse operanons sack 3¢ Tacking mventony, muting con-
veyors, and overseewng marera's undiing. They woe the branch
of mathematcs called satwhcs = design effioent sysiems.

N anutactunng Engineenng.
M producing Lnge quantibes
of products reguires special
apowiedge of hagh speed
eachinery (inckading sutomated
wachioes and robots) 10 make
cxe the parts and finahed
Jwodects ceally are klentical
Thes is the task of manufactus-
g engneers. They onderstand
»ow machine toolks cut metal,
o twooks woar out, and how
wssemwbly robots can consés-
worly mabke good products day
aer day.

Marine or Naval Engineerng. v a5 sproisl shills e newded
0 create vehikcies that move uough the ar. designing ships
also requires unague knowiedgs wud mathematical tools. Marine
or naval eagincers dewgn oquiprw st ko 2 structure that s coo
stantly moving, twisting, Jod arog siammed by envisommental
factors such as weather salt warar, curment, and marine e

THIR INRWERANT LD

Materials Engineering Materiaks engineers work wid ol
inds of materials, natural and synthetic, 10 create new materd
als that meet specific needs for stremgeh, Sewbility, darability,
anxd resistance %0 commoskon. Composites are exceilent examples
of what materials evggineers are capable of avating Composites
can be strong enough for use 23 | beams or flexible enough w0
be formed into just about any shape, from srplane pants o
bacycle frames

Nudiear Engineering. Nuckeur engneers design svsiems that
pezate in the presence of nuciesr radiation, fom power plants
o medical mstruments 10 weapons. They specialice in applyng
muatetials that are not weakenad by radiation. and in making
e systems safe Handling noclear muteniabs most be done
sadely and surely, whether the materials Jre tiny “seeds”™ 0
be umplareed under the skin of 2 cancer patient, or new fsed
poles lor 2 power plant. Oue task of ouclear engineers & ©
esign contaimers that will safely shield the radiation under
normal use, and will ot break open if they are levoived I an
soosdent while they aoe bring shippod

W ING

INLERING
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Ocean Engineering. Some cngineens say 1t 1 hander to work
the ocran thas i outer space. Ouram pressiares are cxtremnely

hagh. temmperatuses vary geatly, unusual materials are fow
and the wildlite rangses from Farth s tmeest snamals 10 the Lip

rul

est bnown mamenal Ooean engineers dosign ways 10 hurvess
m the oonan or harmess the energy I waves Some

ood
emmneens are developing new methods aold nachines 10 make
2 possible to work and live bencath 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 enginesring projects. Engineers must design
stsady platforms that can withstand storms and occs-
sional colsions by ships.

Petrok Engineering. Petrvleum engineers are specialized
chemical engmee s who develop efficent wars 1o extrac

cruade petroleun from the groumd Near the coast of Southern
California. olf-drilling rigs on the Lind actually branch out
under the sea %0 find ol deposies. &t & dilficult axd complex

1o drill morr than 2 mide stzaight down into the earth. Can you
imagine the oxra enginrering protiems of dnlling sideways?!

Software Engineering. Software engnoers apply the fndiogs
{ computer soenoe 10 design complex software systerms !
peoducts—fom the systieoms that control arplanes in flaght. to

be systewns that waich over ouwr money in banks, o exoting
new computer games. They leam or ovate dillevent progyam
ming Lkngsages w0 do different kinds of tasks. The Last-moving
aphics action of 3 computer guve s quite dfferert from
carrying oar 2 detaded mathermatical analysis. Creating
ooy aphilhe iImages, complese with shudows and reflechons
s different from searching 2 buge dtabase for related items
niormation
Systems Engineering. Compiex systems Lke an arplane or 2
power plant reyjuire the expertise of many kinds of engineers
Systemns engineers figure out how all the many parts of a
omplex systern work logether, so that 3 plame will fiy safely
v 2 powes plant will groerate power steadily. safely. and
canly. Systemas engineers often are the (st engineers on 2
pew project. They transiate the customes™s needs (ke high-
guality surround sounsd for 2 home-theater sysiem) into reguire
ments and specifications that other engineers can follow a5 they
Sesign the product. They then design tests to ensure that the
fimished produxt actually does what # was desined 0 do
Besides the fields described above, there are other, moce
vighly speciaiined fields of engineering. Engincers munst be
shie 1 work i teams because manry problems or projects
e highly compies. Several speciaities muy be tequined o
omplete (he probect, and 5o one engineer may have a8 the
vorssary ko iedge




— THE DAIERINT FHILDS OF ENGINEERING

Sales. The sales engineer is 2 laison (or g between) betwoen
the company or organization that creates 3 product and the cus-
tomen who use it The sales engincer must understand the cus-
tomer's nevds as well 25 how the product or pocess works and
why it will satiafy the custome©’s reguirersents. As oulging
personality and solid technical knowindge are imporunt 1o be a
successful sales cggimeer

Management. Soccessiul engimeers with song COMTRINKS

are completed successfully. on time. and within budget.
Consulting. A consulting engineer s an independent. self-
employed engineer who provides seTvices 10 comgsanies, ongant-
zations (inchading the government). or individual clients on 2
contract basis. A contract may be for one specific project or for
long-term services. Consulting engineers serve in all felds of
engmeering. inchading ranagement
Teaching. An engineering profewsor is involved m teaching,
research, and service. Teaching inchades classroom teaching.
ing courses for collegrs and universities.

A Steadying Experience
Engineers often combine their training in
one discipiine with experience in other
fisids. One example is Wilson Greatbatch,
who invented the heart pacemakar. Trained

accidentally instafied a resistor with the
wrong resistance and it began 10 give off 2
steady slectrical puise. From this came the
first implantable cardiac pacemaker, which has
helped millions of people 10 ive.
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How Does an Engineer
Solve Problems?

proch

Systems Engineering Approach to
Problem Solving
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HOw DOES AN ENCINELR SOUVE PROBLEMSS - . — — HOW DOES AN ENGINIIE SOLVE FROSLEMS?

Note how these wmpile drawngs for propects

shetch on page 43 .- e Safety note: Usa only power toolks you
are thoroughly famikiar with and only
under the direct supervision of 8 respon-
sible adult who knows how to properly
and safely operate those tooks. The adult
must abways be present and sware of your task while

YOu are operating @ power tool.

List iterns you might need, such 23 2 computey for computer

aided drafting draftimg tooks, voltmeter, measuring scale, of

hamd tols. For cxample, let’s assume you have the ollowing

bems that you may use for projects:

® A set of woenches for nuts and bolts

o Two or three coch of straight bead and
Phillips-2ead scrowdrivers

® A socket weench set

o A hammer and handsaw for wood

* A hacksaw for metal or plastic

o Various power hand sools, such 2
2 drill motor (with a few drill bits)
and 2 saodes

The toois Nsted above are the physical assets available 10
you for the mamdacturing phase of your project. This project
*Nlh’nﬁ‘pﬂﬂlhﬂhbﬂml&u
mh&nﬂmaﬁﬂ.ywmﬁlﬂamb
ﬁwmhhﬁMbMﬁm
cal system



HOW DOSES AN ENGINEER SOLVE PROSLIMS ) =—— —

HOW DOES AN ENGINEER SOUVE PROBLEMS Y

Next, make an outhoe of 3 milestone (or Gantt) chart. You
will use this 10 schedude the steps requined for the profect. Here
s 2 sample Cantt chart,

Exampie Gantt Chart: Patrol Box
Time Schedule — Project from start ‘
Project Task 11234 S |6|7 (|9 |vinninjn
Project statement —
Planning ‘ For mary prowcts.
ideas . ': you may be
Draw best idess H roquired 1o
e R —
Otetain materials _— i On the other
Mske parts ‘ hand, you muay be asked Socwal forces n
- 0 “Design 2 challenging your comynunty
! game of skill that can be played
Use the patrol box -— oa 3 tabletop. The game should be gt a50 b2
constructed of simple wood and other factors, such as
Lastly, estimnate the cost of each idew and the fnancial muaterials that are readily avaslable at any Siamite
b.-dczm:dn:u:. : - ﬂ-u’sh-:;ydidm:;r for citicens
4
You have now estabdished the begnning of 3 systems Laws of gravity and physics.” This is an cumple with disabiities
enpneening operative. You have listed your operation’s resources of the design class of problem. The solution = 2 _
fcomputer. calculston. tools, fimances), and you have 2 means of project because 3 sevies of problems must be solved during

m-ztd&mdhmmdmﬁ
ect Your systems engneering operation cin apply W amy prowc
your wish 10 tackle and & Emised only by your available resoutres.

2 Describe the Project Requirements

Ciearly describe the prosecs with 3 project statement. Your project
dexcrpoon mght be 2 stutement of 3 relatively smple problem.
siach a5 “Find the thre seypuined 1o 5l 2 100 gallon: water tank
with & comstant flow rate of 0 gallors per mamate inmo e ok
and with zevo wamer loss or keakage * Fowever, 2 peoblem might
be extremely comples. muthermatically, and still be solved with 2
e, tovef probéenm stgenwent

planning and construction.

You ae asked o devise 2 design solution for this project,
which, in your judgnent, best satisSes the design reguirements.
This type of project solution s called an itevunive (or trial-and-
ermor) solution and & typical of a design project, so you must
carefuily list ail of the positive and negative requairerments for
the design List the function (what it does), siae, weight,
materials and any other factors that may come into play,
such as the phwysical development of the person playing the
game For campie, would your game be Jppropriate
ensertainment for 2 toddler?
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3. Plan the Project’s Activities, With Time Schedules
Compare the resources reguired o accomplsh your prosect with
your actual resources. You might newd 10 ook for more or dif
Sevent tools, or other pleves of eguipment

Let's aevume that your project is 10 design 4 wooden miller
Dall skill game. The sampie st of tools ghven in No. | are
appropriate for mamy progects, sech 23 dessgning 2 base camp
patel box, and will 4o just fine in this situation, as well

Be sure 10 take ioverory of the materials you will need,
00, Because you are tackling 3 woodworking peosect, you also
will meedd wood and wood screws, and you might consider add-
ing 2 boguer Simish. paint, and paintbrashes 0 your list o put
the fmishing touches on your game Sheets of fine sundpaper
can be used 1o give your game 2 smooth fnlsh Felt pads for
the umniersale of the game will help protect furniture from beng
damaged And don 1 forget the steed rollerball’

HOW DOES AN ENGINTER SOLYT FROM EMmS?

As ixlicated, you muay purchase parts for your design peos
ec1. Engincers normsally buy many of the parts for thelr peojects
and perhaps need to make only a fow of their own with the
marnstacturing tools available to them. As you desgn your
project, you will decide which parts of your design 10 make
and which ones 10 buy

For our rollerball cxample. we bought the ollowing parts
* Long screws

* Seeel rollerball

* PVC pape ond cape o @

We made the following parts from purchased lengths
of piywood and wooden dowels cut 10 the proper length,

235 specified on your design drawings
® The base and sides of the game
o Two half inch wooden dowels

» &

1

When desgrung the rodiarhall gante Mamy engmeenng problems will need to be
considered, Fhe how far apart 1o place the cups and how high to place the rods.
You a0 meght discover different budfing mateciady that work betler than the
Onms we wsad In thes example

ovosasans 45




Schodule your progect steps on your milestcre chart and leave room 0
descride your actual progress as you accomclish the project steps. If you
harve overestimated the complexty of a paticulsr phase of your project,
you will probabtily find that it takes less hime 10 accomplish than you have
schoduled As an example, you may have scheduled three weeks for
making design drawings or sketches. If it takas anly four days, your actusi
progress will show 3 faster accompiishmens of your peoiect than your
schoduled progress. This is why you should sfow flexibility in your pian-
ning. ¥ you take more time then you had planed, adjust the dates on the
time scale. if you discover additional tasks (o0 staps) 10 be done, leave
room on your milestone chart t0 add these aw steps.

Saview your planning at least
waskdy. Do not be discouraged
il yout planning requires sev-
ol changes This is 3 feature

of the systoms engineering
acpeoach. Assess your

4 Conduct Research — Get ideas

i your problem = analytcal | you can review books and prodes-
sional enginewring joumais to fad sobutions 1 smilar problems.
Bug & you have 2 design prodiem— 2 prosec —you most aiso ook
2 ummkar desane sodutions (wbother you are Sesigurgg coout
boards, 2 sprint racer. or 2 dune buggy). Find out what othes
people have done. For the roflerball poosect, you wouk! visk
hobby or woodwaorking shog s 0 see examples of other wood
workers” progecs. The goul & 1o gt the most Ko you can,
oven if you dont e them al

You can akso gt ideas by Dramstorming. St dooe for 3 lew
winutes and 5v 10 chear your mind of outside dstractions. Then
= all design ideas that come 0 mind for the next S mMpates
ook for ways 10 combine ideas 10 produce new ones. It doesa’t
watter f these are all good Moas You will evaluate your ideas
faing the nest step Bratnstonning with 2 couple of friends »

pore fun 208 can ead 0 more Land more creative

deas Write down all the wdeas that are sug
arsted The wildess ea may cventually

kad you 1 the best solution

5 Develop the Best ideas for Alternative Solutions

Now that you hawe lots of kdeas, it is time 1o take 2 critical ook
Yern, COMPAring one agsns the other Decide which ideas

il work best. which are the casiest 10 make. and which cost

the beast Use your best judgment 10 narrow your ideas
down 10 thoee



