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Requirements 
1. 

 

Seleci a rnanuiactured ilern in vour horne 	h es a tov 
or an :-: .iance and-- ----- - ---- --. ::: supeiision and with the 

vo.: :oun 	I.igak ...... 

cate 	Jiscuss wih voi.: ::.. .:-elor what 
von k .......s.d how von got the :.:rma: 

2 Seleci an ::neer.1 achievement ihat has had a maier 
impact on : :ietv. 	ng resources such es the :.:: 
with Vorn a:ent ::rmision. b- k 	n  ei 	 s 

und out ahorn the 	:.2: 2.................. -. 	.:s 
feat  

- d how rhs a iien .: ..:uencei the world toda 
il vour counseior what v:.. :. :. aed. 

3. Exnlain the vork ei si vpes ei enineers. Pick two ei the 
siy .:.:d ex: 	.n how ii.: .:work h. ... 

4. Visit whh an e :. :.neer v.-ho n.. be vour counselor or 
pa:c:. 

lT :s::ss the werk this e:c:ieer does and the toois the 
eng:::cr uses. 

h. Discuss with '!c 	c'rent prolear and the 

	

enginee(s F 2. 	-- •- 2. .2 . 

c. Find cm ha........ngineer .. erk is done and how 
resulis are 

d....... to 	. :he reports that the engi:: 	writes concerning 
tne proec (. 

e. 	:vs with vour counselor what 	Iearned about 
77.ng irorn this visit. 
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Do OVE of üe llowicg. 

a. Usz 2i7t svs:;s eigmeeing ap:oach t' maze sie-bv-s:ep 
pas for :o: rext c npoi:. Lst 	--deas for 
sui. =s as progra71 .:Iedie, ca 	ies, r2ati, 
ari ccss. 111 whv veu mae :.2 c:: vou dd anc 
wat im:over1ems ve:e ina: 

. \1ake s7 xigr.2I :.: s :n ior a pece o  
.e ssems eg;r.•2::::c 	roach :o 

ho,  n shoid.vork an- c- :c :i 	pars 'or il. 	ew 
e p!ans ie vo couseIc .-. ::.par 1':hv 1oL desgced 

wav Ivu d:.. and expl:. -. how vou woId nuke :. 

. Do TVO of zie :c'lkwing: 

:-:-: 

 

Using cc: 	.7:ras o: a 
:1 	! wiil d 

mcuon. E:pIa.n 2Ow Lhe mo,e :ses ras:c :aca 
ee:neros ke ievers 0 n ine. c1a2e5 :c 

Desc±c .n e:•... 	c;ve:c :.:s 
ei a a rm !  

Maie a I;st cf 0 ec.rca ::: 	=: 
vo: horn€ F:2d 	aprroxima:e': hc 

uciv ead 	s m . 2 rno=zi.. Lmirn, how zo 
he a7 u and cost of eIcrc::v 2:sed a, :or m ame 
dr,g peiods of light and hea.. =se jei 
o ccnse;e e:ectrciiv. 

''7d:g e.cc7. ..cs. Usng an eecncnc c 
such zis 2 :..:- .. :eptone or pcnahe d;giral r:c ja 
cLave:. na c: hc';v scuni araves ftom one locanon 
:o anaahe!. Exnian i.ow ahe evce was dulmd for 

s. Doexperirnents 
sliow t..e 	fererces 

• 	
wo:d:.aLand 

p1asjc 	anss wnh .otr 
:aunseti wha.cL 

ve earne. 
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e. (Ton uc'rriug energy. Do an experiment to show how 
mechanical, heat, chemical, solar, aiid/or eiectricai 
energy may be converted from one or more types of 
energy to another. Exrilain your resuits. Des.:ribe to your 
counselor what energy is anci how energy is converted 
and used in your surroundings. 

Moving people. Find out the 
different ways people in your 
comrnunity get to work. 
Make a study of traf fic flow 
(number of vehicies and 
relative s eedJ in both heavy 
and iight traftic periods. 
Discuss with your counselor 
what might be impmved to 
make it easier for people in 
your community to get where 
they need to go. 

g. Building an engineering 
projecl. Enter a project in a 
science or engineering fair or similar competition. 
(This requirement may be met by participation on an 
engineering competition project team.) Discuss \vith 
your counselor what your proiect demonstrates, „he 
kinds of questions visitors to the fair asked, and how 
weil you were able to answer their questions. 

7. Explain what it means to be a registered Professional 
Engineer (RE.). Name the types of engineering work for 
vhit:h registration is most impartant. 

8. Study the Engineer's Code of Ethics. Explaln how lt 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 you. 

ENGINEERING 
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Introduction 
Engineers turn ideas into realit':. Par example, thev will take the 
p1a 	rawn on pa' for an excitiL'. 	roller coa1r—a 
des:: with loons. :ps. and corks::;:s--and figu: 3ut how 
to 1:.:.J lt so tha 	safe to ride, and alable to 
huild. Engineer 	. 	sorts of 
thin-S 1  ranging 	lo cost 
battervforvou 	::toa 	•• . 

gigantic dam aros the mi 
Vangtze River in China. 	 .. 

The work of engineers affects 
every part of our lives—at home, 
at schooi, and at work. We have 
engineers to thank when we use 
escaiators at the shopping malt, 
watchTV on the latest fiat-panel 
screen, or get scanned tor dis-
ease with the latest imaging 
equipment at the hospital. 

Ei 	:ic :.:uch 	o many 
parts o 	- hat 1 	5 been 
divided into many different special- 	1 
ties. Civil e::ieer c:eat hc dams. 
bridges " :$adwys on vh.h we rely everv dav. Mechanical 

c.c1op machine ::id engines. Softv. - a', 12 engiie'rs 
cre. 	:: 	:-r pr::c: 	. f::eical engineers develop new 

tc. neip us 	a:c hcalthier lives. 
r.:-ers develc ::. a.:::.t 	spacecratt. 

Petroleum:neers help c.scver and extract new sources 
of oil. And that is just a short list of engineering specialties. 

1 
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Great Pyramid of Giza. 

.......... d!ngthe 
Great Pvrc:  ..chich 
was the tcc 	..:::. 

: .n 
the 	vorlc 	:c - 	-. s of 
years attc ,  ect 
took more than 2 : :- to 
:ompcic cci recTc::cc. 

rec isc.c.::::ig  aI.: c.c:cment 
cf more t: .. ..... 2 tr:..cc ‚ocks 
of stone. 

4 

PyrrTnds at Giz 

ri 	..ginee 	'c 	cc c'c t'cogy 
meet nt5. Far:.s 	.:c 	.::sc:, Aie.'cder 
Graham Beil, Henry Ford, :. tcci n Franidin were not 

	

'ngineer. 	.. 	:. 	.cc:.: 	c.:: Tiave .cc: - 
.uo 

vith elcc:: -.citv are  
first electric i..:: 	:ccaticailv 	:-:-c::c 	ife. 	s 
telecne c:.c:c:: c wav ve conc::cInaLe vin •..: anonier. 
Fort ::at or: :c:c cc engineering ::itrihution to :hc design 
of ecv automohiles, but also transforrned manufaeturing hy 
introclucing the assembly line concept. 

A Little History 
Engineering has heen around for a long tirne. Here are lust a few 
exa:ccies of the mac:c: 	cccctneering feats of 

Great Wall of China. In the 
th'c centurv cc the Chinese 
s:aced huildicc he Gcct 

lt would not be corn-
pc:c: c 	ccc: 
ycc..s. 	 ..s for 
4.1: cc::  :crossnorthern 
C .. ...........:ahcc 25 ee t 
h._. 	:5 	5 et wide 

base. 
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Taj Mahal. The  Tai \1ahal was ccmpieted 

\gra. in:. in 154 as a rnnumem to 
emuc :r Shah Jahans wie. lt is a coni- 

pkx o: aun•.- - ,is strjciures. including a 

rnauscleum ::sque. minarets. waDs. 

vhtvers. dfl€ gari€ .s 

The Royal Road. 1:. 	. 	 the mcd 

Indias....:hAmerica..:.dthe 

Rov! Rca. 	;nai 	aiwi. ij 

	

52 feee 

wic 	::at ran from .;I. al is now Sannago. 

- 7--44 

 we, 
it was tae w 	 roat > 

Parts of lt crossed t 	.:.:: 	ountains 

at eiev:: 	 . 	OO feet. 

The huimde:s :f these ancic: .voncers Taj Maha 
vsed manv of t 	 wincip.s :hat 

r.:dern strcLu: 	 apIv. though 	were Imted 

he kn:..............:.±........:gv of thc. .iav.As:ime 

.1 knowieage 	iec :toogv aivancei. marvels of e.z:teer 

heame even marc impressive. 

Modem Maniels 
In 1994. the Amencan Societv of C:.. i.:neers came up 

with a list lt caHed the even \Voners of 	\t. .. 

wh1i aniounted ra te -re-2t-- - t 	engin ::ag f€ 	of a-.

ntur;. 

Channel Tunnel This rem:rble 3lmiIe-Iong tunnel runs 

unler l.: 	 France. 

	

its Iengt;. the tun"! 	;. feet iaw the 

. . 	. lnstead of expiosi s., 	neer usc huge 

tunnei 	 .: 	 ..........: 	- 	oved 

........................nne csists o .......... 	parailol 

	

................::- s: -. direction of trav, 	:.:a service tunnel 

at rLms in hett een 

Canada's NationalTower. The CN Towen sta . ......s 1.S15 feet 

)ve the city of Toromo. Ontario, is the wo-ld s ullest free-

-..dh.using noguvwres niidim. Seine 1 .4(5 feet UV 

....: :sthc 	SkvP .... 	 ohs ....... .....r:kintlie 

.:rid From these. vou can sec ... 	F5 mlies . v. The C 

over was buutt te wnhstand wiic gusts of up u, 250 mrn 

	

CNTower 	. 

'--.- 



1 
JI_Il 	 . 

Empire State 

Empire S:ate Building. The : .:•....................... . 

Eari 

Gok e Gate B da  

Golden Gate Bridge 	 . ..... 
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Itaipu Darn. his 3miie-wae dam. ::mp1eea in 1982. s:ans 
he Parana :er on the horder of E:Lii and Paraguay .:i outh 

The llaipu is :.. worlds Iarg: 1.::. :w gravir.; :larn. 
AU- 	v 	d.:.:. . 	;;; :: :an.:; .::ide. mak:. lt 
ch:: 	b...Id. 	s:.......::: .r 	::.:*: 	rl bac 	ater 
uzzi weighL 	•- ......1:. 	.: ;s also tue 

.........: ..:: .... 	da.. .r 	th 

Nethertands Delta Works. For : :ituries. the Dutch have 
:eep the sca 	av wtrii levees or dikes 	awa11s. 
pumps 

	

	bv windmills. Bin large ;r:ts of the 
fall below sea level. Wh•::. a jiz-,st - :Z flood in 1953 

:-::ple. ahe nah::  

of miles of dikes a]r:..: ::.: seas:: 	:::d riverhanks 	:uiIt 
darm and s::.::. 	rge barriers. 

Panama Canal. This 4- -- :.:s:..: :::.31, comr.:: .:: 1914, 
cor. .:rs tin' .tiantic a.nü iactic 1)ceans across : 	isthmus of 
Par::::a in 	:nrai America. Bv linking the twc : :eans. the 
Panama Canal 	zAips i:::n ha .n'i to travc-1 :::ousands of 
extra miles if gaing around South \merica i:.gtneers devisei 
a derer system of lorks te raise shim fror-- 	levei im to 
tin' 1::. ei of inland .............1:-es. I.:.: crossing thc 
boats are iowered hack to sea level in another -sei of locks Panama Cana 

13 





What Does an 
Engineer Do? 
Eners work o 'e to'Fems. They rnav hti!d 	ds 
or ::. design :::::lputer garnes. or s::::::c 
problems or the best wav 10 make a chair. Thev fir. .'avs to 
make life easier sa::..... more produ:t - e hy putung new 
knowlede and ski. .;.rk or bv rnu fficientIv using 
:-ah1n: J rneihods and proce 

Engineering can be defined as the application of 
science, mathematics, technical knowledge, and 
practical experience to solve problems.The resul: 
is the design, creation, and operation of usefut 
products, structures, machines, systems, 
and processes. 

.-. 

CreatiR?,  

an 

••••••••••••••.- 

competition 
and i::.:: •.•... 	.:::-:s 	 . 
live,-- 	exampie, 

comp iiier - 	 . 

rice 
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Engineering Today 
Engneerg hreakh:oigh ion' hppe 	iv 	a gra::i sca:e. 
Marv irn:va:o:s cz:.ar 	a 	riv 	ae—r, 1 	SI 

Fr - 	 abot 
. :ui 	t :: 	he dgzaI vr!i ;ve  

: -c'- cs and Ine 	 c,  the ra:3s :r Th 	ngema-ze 	:ich 
and aer reLced :he h;v gas viu 	:hsured 

see eIrIv :: 	:d 	eevsi::.:. Sudenv ±ee pri.s 	c! 
E'ecvtcs :.:1Ie: ard le 	 . 	 :oJ h 	:.:xe:t 	n 

ard 	o'putes 
Over tne. 	 ;ee 	rther :a:r:zed 	r: 

jrejZ ZO row 	;l:is 	j: 	 p 2 3ceU op, 	a 
r - rbadge sngie 	sg::.:.;-ch. Th 	:.:r1teJ drzt riak 	:s;hIe 

:h 	r.:duc:sas the p ~2ckei 	and 	:gu 	xatch. 
paph.es, 

Lae:en.beers Jeond *........ - 	 :r -prccesscr. ;ng a 
he crcuits iieeded fr a Co] 	c e,  :r2 	-rocesn 	:h 

misse echno -:. 

Engineering innovations have advanced technology with 
r - n g-qk speed. For example, which telephone do 

thinkismore commontliesedays? 
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Jack Kilby, Inventor of the 
Integrated Circuit 
Jack Kilby (1923-2005), an eleetrical engineer, invented 

the integrated circuit in 1958 while working forTexas 

Instruments. Before then, electronic devices such as 

Computers vvere made from individual transistors wired 

together to form circiits. Kilby had the idea of manu-

facturing muItpe electronic components together on 

the same piece of serniconductor material, with all the 

conr,ections built in—no soldering required. His nven 

tion paved the way for the development of modern 
Computers ind the Information A.2o 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 
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iar*ij1ilIflbTIP71W1E'T 
Lets look at the automobile. Thanks to the use of lighter and 
stronger materials and changes to eregine designs, engineering 

Besdes being improvements have made cars more fuel-efficient. In the 

more fuel-efficient 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 

cars today are amount of fuel. 

much "cleaner" Another significant engineering contribution is in auto- 
mobile safety. Antilock brakes use speed sensors and hydraulic 

—they release valves to slow each wheel independently to prevent skidding 

fewer hazardous when the driver applies the brakes. A global positioning system 
- (GPS) and cell-phone technology are combined in the OnStar 

emesseons nito the tracking service offered by General Motors. If a car is in an 
air than those of accident, the system automatically signals service representa- 

tives who can summen ambulance and police responders. 
years past. Improvements to car bumpers have reduced damage and 

injury by absorbing shock at bw speeds. 
In the Imme, programmable electronic thermostats auto- 

matically adjust heat and cold, saving hundreds of dollars in 
energy costs. Ovens with computerized timers automatically 
shut oft the heating coils after the cooking time has elapsed. 
Electronic smoke sensors, wired together into one system, alert 
the whole family if a fire er 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. 

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

apptication for a gas-electric hybrid car. Piper's hybrid, and others like it, 

never caught on—that is, until the mid-1990s. Suddenly, worries about oH 

shortages and air poflution made hybrids attractive again. Modern hybrids 

get far better gas mileage than conventional cars.They use batteries to 

store electric power, and sometimes get by on the electric motor alone. 

What's more, they cleverly capture the car's kinetic energy (the energy of 

motion) through regenerative braking. Every time you apply the brakes, 

energy goes to the batteries to be stored. 

18 	ENGINEERING 



Making Work Easier 
As importai -i as engineering is in ehe 
herne, it is even more imporeane in t: 
workpLare. Advances in engineering 
inrrease preductivitv, the arneune ei 
produrt that resuits frem a given 
arnount of energy,  er rest. Shaving ii 
a few pennies cii ehe rose of making. 
preduct—ehreugh better design er 
cheaper rnaterials—roukl make ehe 
difference beeween prefit and loss. 

In factories, engineers can design 
systems and eperating methods to 
reduce waste. Thev ran devise speci: 
ized software to cenerel production 
processes and manage inventory. Th« 
ran help plan ehe best use of salesp€ - 
ple in the held and ran design ]ayouts 
fer retail stores. They ran even heip set up storefronts en the 
internet, figure out hew rnLzch product Co keep in inventorv, and 
decide how bes: :c ship predures. 

f\1king Pty More Fun 
:au eniev con::r garnes, yen ran ehank ehe softva - 

engineers for writing the rede that makes these garnes 	' 
possible. Likewise. hardware engineers design ever 
mere advanced graphirs rhips and precessors thae 	 .. - 

rnake computer garnes appear sharper. mere 
colorful, and more realistic. 

Engineering has also afferted the speres 
world. Birvcle engineers have developed 
better gear shitung tor eisier ndrng 
up hills, in d Iighter and strenger materials 	T 
fer hicvcie frarnes and cornponents. Tennis 
has also henefited from engineering 
improvements. Rerent developrnents in 
rarquet designs are resuiting in a faster and 
rnere exciting garne for tennis enthusiasts. 



Understanding Electricity 
Consumer electronics products like cell phones and 
portable music players have become so popular that 
they are the basis of multibillion-dollar industries. 

These products demonstrate advariced electronics 

engineering, fitting sophisticated technology into 

. very small packages. 
The typical cell phone consists of a circuit 

\ board containing the electronic brains of the 

\ device, keyboard, antenna, liquid crystal display, 
\ speaker, microphone, and battery, all of which 

fits inside a sturdy plastic case no bigger than 

‚ the palm of your hand. Portable music play- 

ers are somewhat simpler but still sophisti- 

‚ 	 cated.They typically contain a circuit 

board, compact hard drive orflash mem-

ory chip for storing music files, liquid 

crystal display screen, a scroll wheel or 

buttons for operating the software that 
runs the device, and earphones or ear buds 

that contain speakers. 
Cell phones and music players both use computer 

technology to handle the transmission of sound. Sound 
is made up of vibrations, which travel through the air 

by passing from one molecule to the next. These vibra-

tions are called waves—if you could see them they 
would look like the waves at the beach.The height, or 
amplitude, of the wave determines the volume, or how 

loud the sound is. How dose the waves are together 

determines the frequency, or pitch—how high or bw 

the sound is to your ear. 
The voice of a caller enters your cell phone as a 

digital signal transmitted through the air over radio 
waves. When the call reaches your phone, the data is 
sent through a digital-to-analog converter chip, which 
rebuilds the shape of your friend's voice wave and 

sends that information to the earpiece speaker, which 
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vibrates the air, recreating your friend's voice. When 

you speak into your cell phone microphone, the oppo-

site happens: An analog-to-digital chip converts your 

voice into a digital signal that can be transmftted back 

over the airwaves to your friend, 

Portable music players also make use of digital-to-

analog conversionThey store digital music files on a 

tiny hard drive or flash memory chip. Often, the files 

are in a highly compressed format to save storage 

space. When you select a file to listen to, a Computer 

chip in the device decompresses the digital file and 

converts it into analog signals that play through the 

tiny speakers in your ear buds or in larger 

amplified speakers that vihrate the air. 

Sound files can be stored in a variety of 

digital formats. A popular sound formal is 

MP3.This formal highly compresses sound 

data with only a slight loss in quality. 

Other formats include AIFF, AU, WAV, 

AAC, and WMA. Same of these have 

high compression but even herter 

quality than the older MP3 format 

and are commonly 

used to seil music 

files over the internet. 

YourTum 
Give some thought to the above examples of engineering feats. 
Jot down a few of your own and see if you can suggest what 
rnight 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. 

/ 1 
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ein 
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 	 F 

• Computer programs to heip engineers 	. 	 . 	AeD 
understand how these things will happen 

/ 
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The First Engineering Specialties 
Five early fieIds of engineering emerged to meet the growing 
needs of society that were brought about by the industrial revo- 
lution in the 1800s. These engineering fieids were dvii, mining 
and metallurgical, mechanical, chemicai, and electricai. 

kwAmme 

Civil engineering 

specialties inciode 

structural  

engineering, - 

- 	 ..'.-:. 	
lell 

transportaton - - 	 - 

engineering, 

envwonmental - 

engineering, Civil Engineering 
hydraulic Civil engineers meet society's needs for infrastructure—things 

engineering, like roads, raiiways, bridges, dams, water suppiy systems, and 
- sewage systems. A critical part of designing these structures is 

and surveyrng. making sure they will stay where they are put—that they will 
not till, shift, or sink into the soii over time. Therefore, civii 
engineers offen appiy knowledge of geology and physics in 
their werk. 

The World's Largest Dam 
In 2006, the largest dam in the world 
bu,lt to produce electricity was completed 
in China.TheThree Gorges Dam stretches 
1.4 miles across the massiveYangtze 
River. At 607 feet tall and constructed of 
some 21 million cubic yards of concrete,  
it is nearly five times as large as the 
famous Hoover Dam on theArizona-Nevada border.TheThree Gorges 
Dam will create a 410-mile-long reservoir up to 574 feet deep, eventually 
producing 18.2 gigawatts of power—about nine times as much as the 
Hoover Dam.The dam is expected to protect 15 million people from peri-

odic flooding of theYangtze River. 
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John Roebhng t1806-1869 deveoped a machine to 
create thin, flexible wire ropes that were twisted 
together to produce lengths up to 30,000 feet. These 
ropes were used to build NewYork Citys Brooklyn 
Bridge and in projects such as the Panama Canal and 
San Franciscos 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 applving 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 pattems, noncorrosive and weather- 
resistant metals, and metals that can 
withstand very high or very bw 
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. 



Presidential Engineers 
Two U.S. presidents were engineers before 
they entered the White House. Herbert 

Hoover (1874-1964), the 31st president, 
had been a mining engirieer and managed 

mines in Colorado, Australia, and China. 

He started his owa engineering firm in 

1908. In 1976, an engineer was elected as 

our nation's 39th president. Jimmy Carter 

(1924—) studied nuclear physics at the U.S. 
Naval Academy in Armapolis, Maryland. 

Later, while serving in the Navy's nuclear 
submarine program, he became a qualified 

nuclear engirieer. 

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. 

- 

UM- 

Potential energy is hamessed at hydroelectric power plants, 
where water drives a turbine and generator to create electricity. 

26 	ENGINEERING 



Some mechanical engineers specialize in converting energy 
into more useful forms. Boilers and generators convert heat to 
electncity in coaIfired, 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, Iawn 
mowers, microengineered medical equipment, aircraft landing 
gears, and machines to mold plastic toys or fihl soda bottles 
are all examples. These engineers learn how to use shafts and 
bearings, pulleys, gears, and mechanisms (collections of levers) 
to make things move around or back and forth or in special 
patterns, at specified speeds. 

1Wo-Wheeled Marvel 
The Segway®  Personal Transporter (PT), a battery-pow-
ered, two-wheeled human transporter:' is a marvel of 
engineering. What is amazing about the Segway PT is 
that lt reacts to the rider's movements, adjusting the 
speed of its wheels to maintain balance at all times.The 
rider leans forward to move the Segway PT ahead and 
backward to move in reverse.This ability to self-balance 
is accomplished by a combination of computers, 
motors, and gyroscopes. 

*l 
iJ .. t 
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Mechanical 

engmeers 

understand how 

hard you can push 

on a part before it 

will bend or break, 

and how to design 

the shape of a 

part so that the 

lightest possible 

part will Support 

the most 

force possible. 
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Chemical Engineering 
Chemical engineers develop useful things based on the newest 
advances in chemistry. In the process, they harness their knowl-
ecige of chemicals, cheniical 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 fullscale 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 electrm 
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 weil 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 
'.5. 

" 	earliest electronic computers were 
developed during World War II. The 

first modern digital computer, the 
1. 'lAC, 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. 
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Inventing a Better Lightbuib 
Believe it or not, a new marvel of engirie--

ing may replace the Iightbulb. In 2006, 

engineering professor Shuji Nakamura v. 

awarded the MillenniumTechnology Prize 

in part for inventing a type of solid state 

Iighting that gives off light without gene 

ing heat. His lightemitting diodes use a 

fraction of the energy - -- -3ded to brighte 

the filament insideTh..,.;as Edison's inc 

descent Iightbulb. 
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Power Extremes 
Some electrical engineers specialize in 	 - 

power: generating electricity, moving it 

across great distances to where it is needed 

and delivering it to end users.They work 

with huge amounts of electricity, often at 

extremely high voltages. 

Other electrical engineers work with 10w 

amourits of power They design the micro- 

chips that go into Computers and portable 	 - 

electronic devices.They can see the details of - ;J 	- - 
their work only under microscopes. Many 

 
of these fields are closely allied with other 

branches of science and engineering. For example, the turbines used to 

generate electricity are designed by mechanical engineers.The design of 

integrated circuits depends on materials scientists and engineers. 
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World's First Bionic Man 
Jesse Sullivan of Dayton,Tennessee, lost both of his arms in a terrible 

accident involving an electric povver line. After recovering from his 

injuries, Mr. Sullivan was selected to receive a new type of artificial arm. 

This "bionic" arm is an improvement over earfier artificial limbs because 

the wearer can control lt with his thoughts (a neural control) rather than 

by flexing certain muscles la mechanical control). Now, when he thinks 

"dose hand," for example, Impulses from his chest signal motors in his 

artificial hmb, and his new hand cioses. 

VK 

ev 

!r*.i 
Ceramic Engineering. Ceramic engineers work with processes 
that convert clay and nonmetallic minerals into ceramic prod-
ucts such as dishes, protective tiles for the space shuttie, and 
solar panels. During production, ceramic products are heated 
in very bot 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 fiy 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 
smailer, 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 weil as media files such as 
photographs and movies, have exploded in capacity while 
their physical size has gotten smalier. 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. 
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Environmental Engineering. Environmental engineers study 
the quality of the air, water, and land and develop systems to 
reduce pollution and heip restore Earth to good health. 
Increasingly cornplex 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 irnprove 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 lt can be. They often are involved in managing 
warehouse Operations such as tracking inventory, routing cnn-
veyors, and overseeing materials handling. They use the brauch 
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 cnn-
stantly moving, twisting, and being slarnmed by environmental 
factors such as weather, satt water, current, and marine life. 
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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 1 beams or flexible enough to 
be formed into just about any shape, from airplane parts to 
bicycle frames. 

A Comeback for Nuclear Power? 
Nuclear power reactors 
generate electricity to run 
our homes, factories, and 
businesses. Interest in build-
ing new nuclear plants has 
grown with the rising cost of 
oil and natural gas and public 
concerns about air pollution 
caused hy coa-burning power 
plants. Nuclear engineers are 
working to develop a new 
generation of reactors that 
would run at higher tempera-
tures, drawing more power 
frorn the same arnount of 
fuel—and also creating less 
radioactive waste. 

Nuctear 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. 
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Ocean Engineering. Some engineers say lt is harder to work in 
the ocean than in outer space. Oceanic 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 für long periods. 

The giant oh-drilling and pumping platforms that 
operate near America's GuIf 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 tor fuel 

as weil asmany 

nonfuel products, 

.. 	 ..‚. 

.„ 

such asasphalt .- 

für roads, paint - 	 .. 
. . 

thinners, candy 

and chewug gum 
. . 

and skin creams. i. ..:. 

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, nil-drilling rigs on tlie land actually branch out 
under the sea to find oil deposits. lt 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? 
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Computer Tools 
Many engineers today use computer tools to heip them with their work. 
These computer-aided programs allow engineers to draw their design 
and theo simulate how the design will work in many situations. CAD 
)computeoaided design) and CAE (cornputer-aided engineering) programs 
also allow engineers to make quick design changes without having to 
actually build the equipment. 

Software Engineering. Software engineers apply the findings 
of computer science to design cornplex software systems and 
products—frorn the systems that control airplanes in fhght, to 
the systems that watch over nur money in banks, to exciting 
new Computer garnes. 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. Cornplex 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 cornplex. Several specialties may be required to 
complete the project, and 00 one engineer may have all the 
necessary knowledge. 
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The Engineer's Work 
l3esides speci 	ii pui ular riekI, different entineers have 
different re 	ies 

Design. 1 be design enineer us 11w nnd estiii ideas to 
sol\ e neuv problem or tu solv e in old problem in o new way. 
These engineei s find solutions tliat u ork accnidiog tu the 
pluiects equireuenIs, stay,  wohin ide budget 0q  oe easy 
‚od afe tu use. i'he solutions must du doabk In g  Isting, 
practical to maintoin u up r, and environmentally safe. 

Analysis. The anal ticI engineer is mainly rupnrmble for cre-
ating mathematical models of physical problems. Analysis is the 
process of uing the methods and tools of mailicniarics to simu-
late (mini( ,  how a physical object will behave in eponse to 
the forcus ocH upon it. The goal of analysis is to widerstand 
the obect's bitavior without the timc md expense of building 
and lesung pin sical models. Computt oided engineering tools 
are u. 1 tor simulation and analysis. 

Testing. rhe test engineer develops and carries out tests of a 
iew prodtict,to make sure II meets requirements for st uctural 

integrity, reh ability, arid nerformance under expected cond itions. 
Also perf in quality chcks an u\isting products. 

lndustry Standards. .ppt\ lt st nimP hchps engineers to 
design comipatibIt sole. hualth\, uonie, amd high-quality 

uducts. Smondjds inthuroce hic design 01 mnany everyday 
toodm is. Pnune cunpiters, cars, airplanuo and even road 
signs all au 	d upun industry standards. From sports to 
food, tui n mai poi tation to buildings, standards heip ensure 
compmubuhitv b tween sustems or products and aid in the 
adoptmon of uew technologv. 

Research. Research engineers cundiici research and seek out 
new materials, methods, anil lonis tor other engineers to use. 
Together with research scientists, they explore advanced ideas 
and opportunities. Innovative prod ucts such as microrobots to 
heip medical doctors in surgery, iinproved car aerodynamic 
(streamlining) to reduce drag and increase fuel efficieicy, and 
Computer microchips are direct results of research done by 
esearch engineers. 
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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 weil 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, seif-
employed engineer who provides services to companies, organi-
zations (including the governrnent), 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. 

A Steadying Experience 
Engineers often combine their training in 
one discipline with experience in other 
fields. One example isWilson Greatbatch, 
who invented the heart pacemaker.Trained j ( 

as an electrical engineer, Greatbatch 
worked in the areas of medicine, agricul- 
ture, and chemistry. He was building an 

scillator to record heart sounds when he . 

accidentally installed a resistor with the 4 
wrong resistance and lt began to give off a 
steady electrical pulse. From this came the 
first implantable cardiac pacemaker, which 
has helped millions of people to live. 
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How Does an Engineer 
Sole Problems? 

nrern er i mg an a rnper chaenging garne. As 
sove the 	 har vra things mus be 

and each ofh 	.i:.:gs invei 	ri :robiern. We 
orenai.1 he rnair  

Systems Enineeing Appw to 
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Eng in eering Operation 
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V
Safety note: Use only power tools you 
are thoroughly familiar with and only 
under the direct supervision of a respon-
sible adult who knows how to properly 
and safely operate those tools.The adult 

must always be present and aware of your task while 
you are operating 3 power tool. 

List items vou rnight need, such as a oupuii ive Lortipüivi- 
aiderl drafting, drafting tools, voltsetei measuring scale, or 
band tods. For example, 1ets assume you have ehe foliowing Jj items thar you mav use for proiects: 

• A set of wrenches for nuts and bolts 

• Twa or three each of straighthead and 
Phil1ipshead screwdrivers 

• A socket wrench set 	 4 r • A hammer and handsaw for wood 

• A hacksaw tor metal or plasti 

• A ruler and a measunng tape 

• Pencils, plastic thangles and 
templates, and a drafting cornpass 
tor niakmg drawings and sketches 

• Electrical multimeter (ammeter and vol:- 	- 	 A 

meter) for elecirical measurements 	 / 

• A workbench with a cisc 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 to 
vou for the manufacturing phase of your project. This proiect 
mighe be a freestanding patrol box for base camping. if ehe 
base camp has electrical power available, yeu might add a 
light 10 the design proiect. You have the muitimeter to deck 
ehe electrical system. 



Next, maRc an outline of a miiestone (or Ganttj chare, ou 
will use this to schedule the steps required for the proiect.  Here 
is a sample Garne chart. 

Example Gantt Chart: Patrol Box 

Time Schedute—Project days from start 

ProjectTask 1 2 3 4 5 6 	1 7 8 9 10 11 12 13 14 

Project statement - 

Planning -4-  - 
- 

- 

Ideas 

Draw best ideas 

Analyze ideas 

Select best idea - - - - - 

Draw idea with parts 
shown assembled - - - - - 

Obtain materials - - - - 

Make parts - - - - 

Assemble design - - - 

Use the patrol box - 

Lastiv, estimate the rost of each idea and the financial 
resources availahle to vou for your praiect. Engineers mmi always 
be aware of ehe rost of a proiect. 

You have now esiablished the beginning of a svstr 
engineering operation. You have hsted vour operations:::ces 
(computer. caiculator, tools, finances). and vou have a eans of 
keeping track of the progress of the scheduled steps of vour proj 
cci. Your systems engineering operation ran apply to anv proiect 
you wish 10 tackle and is hmited oniv bv your availahle resources. 

2. Describe the Project Requirements 
Ciearlv desciibe the project with a proect statement. Your pro ject 
description might be a statement of a reiativelv simple problem, 
such as: "Find the urne required 10 fill a lOOgailon vater tank 
with a constant flow rate of 10 gallons per minute into the tank, 
and with zero vater loss er leakage." However, a problem might 
be extremely compiex mathematically, and still be solved with a 
clear, brief problem staternent. 
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For many projects, 

you may be 

\\ K) \ requiredto 
\ 

considerenviron- 
0 

\ mentalfactorssuch 
Rollerball garne diagram 	\ 

\ 	(_ 
as noise, air, or 

water polIuton. 
On the other 

hand, you may be asked 	\ Social forces in 
to "Design a challenging 	 \ your community 
garne of skill that can be played 
on a tabletop. The garne should be might also be 

constructed of simple wood and other 	 - factors, such as 
materials that are readily available at any 
hardware store, and should challenge the the need tor ramps 

player's dexterity and understanding of the for citizens 
laws of gravity and physics." This is an example 

with dsabilities. of the design dass 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 tor this project, 
which, in your judgrnent, best satisfies the design requirernents. 
This type of project solution is called an iterative (or trial-and- 
error) solution and is typical of a design project, so you rnust 
carefully list all of the positive and negative requirernents for 
the design. List the function (what it does), size, weight, 
materials, and any other factors that rnay come into play, 
such as the physical developrnent of the person playing the 
garne. For exarnple, would your garne be appropriate 
entertainrnent for a toddler? 
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3. Plan the Project's Activities, With Time Schedules 
Compare the resources required to accornplish your project with 
your actuai resources. You rnight need to look for more or dif-
ferent tools, or other pieces of equiprnent. 

Let's assurne that your project is to design a wooden roller -
ball skill garne. 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 weil. 

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 garne. Sheets of fine sandpaper 
can be used to give your garne a smooth finish. Felt pads for 
the underside of the garne will help protect furniture from being 
darnaged. And don't forget the steel rollerball 

You could choose to make a wooden skiH garne like this one, in which the 
challenge is to roll a steel ball along a pair of rods, dropping lt into a cup 
with the highest point value.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 siope. 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 garne is to spread the rods apart slowly to 
start the ball rolling, then work its mornenturn to roll the ball to the top for 
the highest possible score. 



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

For our rollerball example, we bought the following parts: 

• Long screws 

• Steel rollerball 

• PVC pipe end caps 

in 
9 

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

• The base and sides of the garne 

• Two half-inch wooden dowels 

When designing the roflerball garne, many engineering prob'ems will need to be 
considered, like how far apart to place the cups and how high to place the rods. 
You also rnight discover different building rnatenals that work better than the 
ones we used in this exarnple. 
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Schedule your project steps on your milestone chart and leave room to 
describe your actual progress as you accomplish the project steps. If you 
have overestimated the complexity of a particular phase of your project, 
you will probably find that it takes less time to accomplish than you have 
scheduled. As an example, you may have scheduled three weeks for 
making design drawings or sketches. If it takes only four days, your actual 
progress will show a faster accomplishment of your project than your 
scheduted progress.This is why you should allow flexibility in your plan-
ning. If you take more time than you had planned, adjust the dates on the 

time scale. If you discover additional tasks (or steps) to be done, leave 
room on your milestone chart to add these new steps. 

Review your planning at least 

Neekly. Do not be discouraged 

N. 1f your planning requires sev- 
P eral changes.This is a feature 

of the systems engineering 
approach. Assess your progress 
and feed Information about 

necessary changes back into 
your planning system.You will 
learn a great deal from this and 
you will do better on your next 
project. Remember that leader- 

ship training in Scouting con- 
sistently stresses the impor- 
tance of planning. 

4. Conduct Research—Get Ideas 
If your problem is analytical, you can review books and profes-
sional engirieering 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 mmd of outside distractions. 
Theo list all design ideas that come to mmd for the next 15 
minutes. Look for ways to combine ideas to produce new ones. 
lt doesnt 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 sol::ion. 	 - 

' 
r. 

Ä 

5. Develop the Best tdeas 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. 

ENGINEERING 	47 



6. Analyze the Best Ideas 
Conduct a comparative analysis of your three best ideas. 

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

• Study the sketch to ensure that the design can be assembled. 

• List all the parts you will need. 

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

	

WAGTE GAS 	4 	HOFPEIt 

O2 SENSOR 

	

DEGASSING GAS 	W 

YRAILS 

XRAILS 

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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Z Seleet ehe Best ldea 
YOUF analysis of the three alternative ideas will lead to ehe 
best' idea. The best idea is ehe one that most cioseiv matches 

the pro ject requiremenes of No. 3riefly descrihe in writing 
why von selected this design 	es of the three altematives. 

8. Perfomi ehe Construction or Sotution of ehe Project 
For a design proect, make vour parts using the resources you 
identified when vou estahlished your systems engineering 
operation. Sketch the parts on paper, with dimensions. Buy the 
necessarv materials, or risc materials you alreadv have on hand. 
£..c_.L 1 , • 

9. Check the Solution 
Verify that your design (problem solution) works as described 
in the projece staternent. Whelher lt is a wooden skill garne, a 
patrol box, or something else, try lt out. See how you like it-
this is your creation. 

As you have progressed through this process, you have 
estabhshed vour systems engineering operation, made ehe 
appropriate entries on vour milestone chart, and conducted 
a proiect. Congratulations! You have played the systems 
engineer's rote of documeneing every step of ehe project and 
have rnade changes in pianning, scheduling, and production, 
as required. 
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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 measurernents). 

Two common 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). 

111111111 
cm 	j 3L 

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

Metric scale 

cm 	11 	2 	31 	4 	51 	61 	7
1 lI liii I IlI lii II 	III I 1 IIl III II 	lIlI I 1 	11111 l r 

	81 	10 

This scale is 10 centimeters long. lt 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—ki/o 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— mi/li means 1,000 parts ofa unit 

1ifflIftbmü 
1 cubic centimeter of water = 1 gram 

1,000 cubic centimeters of water = 1 kilogram 

1 cubic millimeter of water = 1 milligram 

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 

ACUSICCENTIMETERLIKETHI5 WILL HOLP 1 MILLILITER. 

1CM 	 IF RWERE FILLED WITH WATERITWOULP WEIGH 1 GRAM. 

III II 	liii II 	 1111111 	
) 

ACUIC PECIMETERUKETHIS WILL HOW 1 LITER OF UQUIP OK GAS. 
IFIT WERE FILLEP WITH WATER ITWOUW WEIGH 1 KILOGRAM. 

Abbreviations 

CM—CENTIMETER 	G—GRAM 	 KL—KILOLITER 	1—LITER 	ML—MILLILITER 

OM—DECIMETER 	KG—KILOGKAM 	KM—KILOMETER 	M—METER 	MM—MILLIMETER 
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This chart Iists 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 Eng!ish Metric 

Length foot (ft) meter (m) 

Time second (5) second (s) 

Mass Slug (lbf x s2ift) kilogram (kg) 

Force pound force (tbf) Newton (kg x mis2 ) 

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, lt 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." 

Force 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. 
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Accuracy, Precision, Tolerance, and Validity 
Na measurement is perfect, and the exact ar 'true" measure-
ment of a quantity can never be known. Bat we da use stan-
dards to represent the "true" measurement. The terms accuracy, 
precisian, talerance, and validity are aften canfused and used 
interchangeably. Hawever, in engineering, these terms have 
exact meanings. 

Accuracy is haw gaad the measurement 
- is campared to the actual ar true value of 

the quantity being measured. Same devices 
are vely accurate and same are nat. A tape 
mpa'nrp is rnnrh rnnre accurate Ihm .n 

- 	 adameter in a car far measuring distance. 
A caliper is marc accurate than a tape mea- 
sure. A tape measure may be accurate to 

4 	 0.001 meter, an adameter to 100 meters, and 
a caliper ta 0.00001 meter. 

Precisian indicates the cansistency of 
measurernents. If faur peaple each measure 

the width of a playing field, and each measurement differs by 
several inches, the measurements are mare precise than if they 

A measurement bad differed by several feet. 
may be accurate Talerance is a range of acceptable sizes. lf a fence post is 

to be made between 149 centimeters and 152 centimeters lang, 
and precse, but tlen the talerance an its length is 3 centimeters. Engineers use 
out of tolerance. talerance to determine if parts will fit tagether after they are 

Or,itmay not tefl made. When yau buy a replacement part far a bike, it will fit if 
it was made using the right talerance. 

us what wo need Validity means that the measurement gives us the infarma- 

to know Eflld tian we need to knaw. Invalid measurements can result fram 
using the wrang measuring taal, measuring the wrang thing, 

therefore, might ar using the right taal incarrectly. What else cauld make a 

not be a valid measurement invalid? 

measurement. Other Basic Concepts  
To da engineering, yau need to knaw abaut a few marc 
basic cancepts. 

Velocity. Velacity is an abject's speed in a particular directian. 
When yau ride a bike in a straight line, we can measure yaur 
velacity. If yau speed up, slaw down, ar change directian, yau 
change velacity. 
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Acceleration. Arreleration is the rate of change in vekioty. 
Terhnirallv, it refers to both speeding up and siowrng clown. 
To experienre arreleration, try this. Sit in a rar and risse your 
eses whiie somesne drwes As the rar begins es marc faster 
(acreiertes), feel your bodv pushing against the seat. When the 
rar brakes ciecelerates, a type of arreleration), feel your body 
trving to marc forward aol cl the seat. \Vhen the rar turns a 

	

-_' 	itheoutsidcret' 1. 

Acceleration, Force, and Mass 
eua tiat farce ran muss 

mass Ca mhangu s monan anm 	
j 

tnac acceleration is s channe 
mctcn 	a'n ..e ran re'ate aH 	 1 
three C3.CeOt5. 

Rde a oe anm smooth, 	'n '. 
mmc' amn rann es a sdesrak 

vau 	\ur rear Ce 	 5 

aLJSnCS .mginsC ehe grau na 
mmh same 'arme, \'vnen yo,> 
starr nut, rau etc changng e 
vearmt\ a' uncekranna' vuur 
tef rad the bkn 'the mass 	 'ra 
ftar zm'c ca same soeed Ycu 	 ‚' 
«'-n na" nacm vnha'r an" 
adononn franc Bat yOU 

eventua', deceerate d a i 	 .. ' 

: 
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Weight. tVegtu ts the gravitational farce exerted an an abiece, 
frarn mass in that weeght changes if gravitv changes, 

- ss remains Ehe same. For example, a bawhng ball that 
weighs 12 paunds an Earth will vegh anly 2 paunds an Ehe 
surface of Ehe maan, where the graritv 15 anesixth as strang as 
Earths gravitv. And set, the mass of the ball remains the same 
n. :iaces. 

Moment (orTorque). A moment is a farce aperatmg at a 
.e frarn a pwot paane. When vau apen a doar, van are 
ag 3 moment abaut ehe daar hinge, causmg Ehe daar Ca 

out that paint. 

Vo'k. lthrk 15 Liane bv a larce actmg an a baus, so that Ehe 
I.a,,: maves in the direct.... of the farce. 

Power. Power is the time rate at whech wark is dane. Pushirig 
vaur hike siawlv takes less pawer than pushing jE fast. This is 
Important. hecause much of engineerrng is ahaut maving 
things ar keeping things frem maving like keeping the r3af 
fram caliapsingl. 
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Newton's 
Three Laws 
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Energy 
Enr:! 	i:c;v:r 

Knetic Energy. 	 SOM 

heeae n n:ving. D:ep a a 
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Potential Energy. Pceen:i en:e 
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Electricat Energy. 	'ans flowing through a '«ire ran transfer 
energy fr: 	: another. In homes, offices, and facto- 
des, it is ron:c: 	:::: ight (in Iightbuibs), heat (in toasters, 
stove 	:c.), and 	:t:iicaI energv (in motors, power tools, 
etc.). ctron flo.: s rasiest to see in a Iightbulh. As electrons 
fIov through the filament of die huih, the ‚«ire heats up ancl 
gves hght. 

Electromagrrntic Energy. Elertromagnetic fields ran best be 
dein(- :s:: .1 wnh a magnet. Hold a magnet dose to a steel 
surfa.:s ran feel die force of die atrraction een thougb 
nothi:: :s moving. 

VI5ILE 
HT 

1NFAED HEA' 	 ULTgAVIOLET 

MtCROWAVE 	 / 	y_Y 

DID/ 

 

'EE'1GTH 1NCEA5E5 	 EE.3YlNCFtEA9E9 
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Electromagnetic radiation includes what we see as Iight. 
lt is pure energy that moves in waves at a range of frequencies 
(the number of waves per second). Ii the frequency is fast 
enough, our eves becorne sensitive to it, and we call lt hghi. 
litt is siower, we can still feel lt as heat. If lt is even siower, 
we call II radio waves and use lt to transmit music 10 vor 
radio. Ii the frequencv is faster than what we see as light, it 
moves into die categorees of ultraviolet, X-rays, gamma rays, 
and cosmic ravs, which are measured along a contiriuous 
spectrum. The energv is related 10 the frequencv. 

Chemical Energy. Matter is made of atoms and molecules 
(cornbinations of atoms). The atoms bind together in various 
ways to form solids, liquids, and gases. That binding is a form 
of stored energ. When these bonds are broken, energy may be 
released er absorbed, dependmg on the matenal. 

There are all kinds of examples of chemical energy around 
us everv das-. When gasohne is joined with the axygen in the air, 
chemical energv is released in our automobile engine to make lt 
run. The chemical energv of wood burning in a fireplace 

releases heat and keeps us 
warm. The chemical energv in 
dynamite is reieased to clear 
construction sites for new 
buildings and roads. 

Nuclear Energy. lndtviclual 
atoms are made up of elec 

)ns surrounding a nucleus 
ü protons and neutrons. The 
type of atom is determined bv 
die makeup of the nucleus, 
vhich has a htndmg energv 

keeping lt togeeher. Splitting 
a "lieavv atom fission) 
releases enormous amai 
of energy—the energ.' : ..rce 
for nuclear power 	7. 

nuclear bombs. Combining 
[wo "light" atoms (ruslon) can produce everi more energv. 
To this dav, im one has heen ahle [0 make a working power 
plant based on fusion. 

Chemical energy 

mrludes the 

energy stored 

" batteres 



Thermal Energy. Thermal energy is best demonstrateo ov an 
example. Put vater in three bowls—hot water in ehe first bowl 
(not too bot for your hand), warm water in the second bowl, 
and rold water in ehe third. Put one band in Ehe hot water and 
your other hand in ehe cold water. After a few minutes, put 
both hands in the warm water. Does ehe "cold" hand feel warm 
and the "hot" hand feel cool? 

The flow of therntal energv from one piace Co another is 
called heer. In this rase, heat is being trarisferred between your 
hands and Ehe water. Heat will flow from the hol hand to the 
water, and front Ehe vater to Ehe cold hand. Both hands and 
the water will eventuaflv rech ehe ene ternpete!re heml 
equilihriu—» tempera::  

Energy Conversion 

Remember e 

lightbulb? Te 

flow of elertrical 

energy raums the 

;.iretoheaeup 

(thermal). The 

thermal energy is 

theo conve.'tedto 

eIecmr'sgmtic 

radiatic 

Engineers make use of energy by converting it—from 
stored to transitional, from one transitional state.to 
ariother, or from one ciassification to another. 

Some air conditioners 
make use of latent heat. 
Warm air is forced 

through a stream of water 
or through wet filter pads, 
causing some ofthe water - 
to evaporate (changing 
the state of the- water, or 
latent heat transfer). The 
evaporation process takes 
energy froni the air, cool- 	 4 
Ing the air.This type of air 
conditioner is called an 
evaporative cooler. 

Other increasingly 
popular methodsof 
energyconversion use 
solar energy. The heatot 
thesun can be used to heat a fluid, andthatheated 
fluid can be usedto drive a turbine. Solärenergycan 
also beusedtocreate electricity directly, in solär cells. 
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Let's Do Engineering 
in his chaper vou will find ideas fo-, wavs to uIllhi require 
mern 6. wiiether von are inreresied in transforming motion. 
using eiecrrici:v. using Eraterials. converting energv or moviig 
ec'pie. There is aiso information abau; competing in a science 

Transformng Motkn 
uarmechanica1 engineers. are often 

in ;mngs niat move to ma;e ute ar work easier 
That inckdes all forms of rransportatioti bicvcies. cars, 
trains, n!anes. e;c. machinerv, ;oois. sareilires, rom-
puters, and manv other ;hmgs. 

Thare are ;wo forms oi movemen:. :raight-1ine 
and cnr:ei. Makin' one thino mo;s v moving some-
thing cisc is caiied ;nri 	urt The curred 
motion of hicvcie wheeis ging around iIro;ating trans-
forms die motion of the hicvcie to straigbz-line iinear 
no:ion. Engine iston; nioving back artd forth in a 
saight-iine 	rion matc a crankshaft go arou:n ' 
cur;ed motion 

Two basic wavstc'' 	 - 
incincd piane and the ll 
iL but these are simple 
dav. Even machkies tha; 
mosiv use variations on 
zwo s=pie ideas 
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Examine a few common devices that 

use linkages—an umbrella, folding 
table legs, a bicycle gear shift. How 
many links are there? How do the link-

ages provide the appropri8te motiori? 
How is the motion restricted? 

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 dra\v, 
an automobile fan belt, or a sewing machine. 

Gears 

Think of gears as pulleys with teeth. Gears 
may be circular, cylindrical, fiat, or other 
shapes. All gears have teeth that can mesh 
with other gears, and frequentiy with a 
cham. You can view gears as a series of 
interacting levers. Take a dose look at a 
bicycle. lt 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? 

If you choose to do requirement 6a, discuss with 

your counselor a mechanical problem yen can solve 

using the principles of transforming motion. Here is 
an example problem: Using materials you find around 

home or at a local store, build a dovice that will trans-

port a 10 kilogram (minimum) object up o slope at 
least 2 meters long and 1 meter high, and then stop. lt 

should not use any human power during the operation. 

Describe to your counselor how you decidecf on your 

solution, how it might be improved, and at least one 

other way lt might be done. 
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Using Eiectricity 
lf 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 heip 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. lt will look sorne 
thing like the one shown here. 

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

Some appliances, such as refrigerators, air conditioners, 
water heaters, or furnaces, may also have a label that teils you 
how much electricity the apphance typically will use in a year. 
lt will usually be in kilowatt-hours (kwh). lf the appliance in 
the example used in the chart were aiways 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. 
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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 acdurate 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. 

Appliance Watts 
rating 

Hours used 
per month 

Kilowatt-hours
(Watts rating x 

hours 	byl,000) 
Cost 

Toaster $  

ron 

Refrigerator 

Humidifier 

Dehumidifier 

Furnace 

Air conditioner(s) 

Clothes dryer 

Washing machine 

Dishwasher 

Television(s) 

Lights 

Living room 

Bathroom(s) 

Total $ 

Cost per month equals the total kilowatt-hours times the cost per 
kflowatt-hour. .Ask your parent to let you look at your home's latest 
electric hill to find the cost per kilowatt-hour. Or, you can find this out 
by calling your local electric utility cornpany. 
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What ways can your family conserve electricity? Some rnethods 
might just call for breaking poor habits; others take a more 
active approach (with your parent's permission, of course). 

• Turn off the lights when no one is in the roorn. 

• Turn off the TV when no one is watching it. 

• Before you run the dishwasher, make sure it is full. 

• Don't linger in front of the refrigerator cloor when you are 
looking for a snack. 

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

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

• Use compact fluorescent buibs in lamps instead of regular 
incandescent buibs. 

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 tocal power company and ask how much 
electricity you could save if you raised the temperature 

of your air conditioner by 1 
degree in the summer, or if you 
Iowered the thermostat for your 
home-heating System by 1 degree 
during 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 
famiy members are not home or 
are &eeping 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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Using r1teriaIs 
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In the book The New Science of Strong Materials, 
author J. E. Gordon puts lt this way: "A biscuit is St 

but weak. steel is stiff and strong, nylon is flexible 

strong, raspberry jelly is flexible and wealC 

Descde difeent 

parts of yor 

hody ir tenrs 

of strengtt and 

stffness. 

oo at var OLS 

O!ats and trees 

Ho, -g-  de tt'e-

use stitfness 

and strergth 

to functioq? 
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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 toll the paper so it forms a tube and tape lt 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 you see in skyscrapers and 
machnes? How about in nature? 

Reaching for the Skies 
The firsi steel-framed huhding caHed a skyscraper was 
clesigned byWiHiam Le Baron Jenney (1832-1907). BuHt 
in Chicago in the Iate 1800s, the Home Insurance 
Buiding was initiahy nine stories high. By 1910, New 
York hab its first 50-story building, and by the 1930s, 
the Empire State Buiiding clairned an unprecedented 
102 stories. What makes skyscrapers so amazing is how 
engineers must design their structures to withstand the 
elements, like gravity and wind. 

Examine some 

items you have 

around your home 

such as tingernail 

clippers, vise 

grips, docks, tape 

measures, and so 

on. Think about 

howthe different 

materials are used 

and why. 
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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. 

Temperature can Experiment: Heat Transfer 
affect a material's 

Bring a pot of water to a boil. Drop a metal tablespoon, 
stiffness, Put a a piece of wood, and a piece of plastic into the boiting 
rubber band in water. After a minute, use tongs to remove the pieces 

the freezer for from the water, one by one.Touch each one lightly with 
your fingers, taking care not to burn yourself. 

38 minutes. What are your conclusions about the heat conduc- 

Does lt behave tivity of metal, wood, and plastic? if you wanted to 

the same as it insulate something, which material wouid be best? 
if you wanted to transfer heat quickiy, which material 

did at room wouid you choose? Discuss your conclusions with 

temperature? your counselor. 

Materials can also change dimension with temperature. 
Most will contract (shrink) when cold and expand when hot. 

In spare, the Some do just the opposite, and some change very little. 

temperatures 011 Experiment: Changing Dimension 
parts of a satellite  

Giue a strip of aluminum foil to a piece of paper the 
ran change same size (a glue stick will work fine). Make sure the 
100 degrees or combined strip is fiat; put it in a freezer for 15 minutes. 

What happens to the strip? Now carefully take it out moreovera 
and let lt reach room temperature. What happens to the 

short time asthe strip?What is happening to the aluminum and paper 
satellite moves combination to cause the strip to change shape? 

in and out of 

th0 sun ig 	
. 

h 
Sometimes you can hear a house creak at night when there 

is a big change in temperature. Also, doors in your house may 
dose 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. 

72 	ENGINEERING 



IET5 [ 

Electrical Propertes. 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 insiilators. 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 
ciothing 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. 



Similarly, using different types of waves, we turn on a TV 
set with a remote control. The remote control radiates invisible 

Iight waves that are picked up, or absorbed, by a device 
in the TV set. If you point the remote control at 

vnurself, you don't feel anything. lf you look at it, 
vou clon't see anything coming out when you 
push the button. Try using your remote control 

on your neighbor's or friend's TV. lt may not 
work. That is because your TV and someone else's 
use slightly different waves. 

Chemical Propei-ties When engineers study how a 
material interacts with other materials and external 

stimuli (stimulants), they are studying the material's chernical 
properties. Fire-resistant construction requires materials that 

do not burn easily. The liquids and so]ids in batteries are 
chosen because of their chemicczl 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 resistarice to 
corrosion. Materials can react with oxygen, vater, 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 

Iiquids that you 	
vater 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, 

your daily 	Chicago, or Phoenix? Why might you expect any clifferences? 
(Hint: Consider temperature, humidity, salt air, and the road 

actvtes and 	salt used to melt snow.) 

idenoty the 	Properties of Liquids. Liquids are sensitive to temperature 

ones with high 	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 	 ) 
the temperature goes above 
212 degrees Fahrenheit. Liquids 	 r 
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, bot why 
would it be difficult to swim in a Pool of 
honey? Because honey has a high viscosity. 

74 	ENGINEERING 



Ciassifications of Laterials 
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Stnictures 
he 
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Review the example demonstrating paper's structural 

strength from page 71. Using materials such as straws, 
as*r  rt re 	o toothpicks, string, glue, etc., build a bridge across a 
rasr osas 1meter span. Add weights (pennies, paper clips) to 

the middle and observe the deflections (in this case, 

the curvature) the weights cause. How could you 
0 os fl'e a strengthen the bridge? How might you make it simpler 
'as tne 

 

	

eart 	or lighter and keep the same strength? How is the 

ojaes, 

	

	 bad of the added weight transmitted by the 

different parts to the ends?Which are in tension? 

	

up 	
Which are in compression? 

do 

An enc i lleer 
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Shapes 
One common solurion for increasing strength and seiffness, while 
reducing weight and cost, is designing with the simple triangle. 
Take four boards of equai Iength and Join them. Use one nail at 
each comer to form a square, but keep ehe joints a little lonse. 
How stable is it? Does ii want Co collapse? Can you twist it? 

Now take mit one of ehe boards and joln the three remain 
ing boards. Is this structure stable? Does lt collapse or twist as 
easilv? 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 
oniv one solueion to any given threesided shape (triangle. 

Co back to the four-sided square and add a fifeh board 
from one of ehe corners to the opposite corner. Does this improve 
ehe stahilitv? Does lt twist as easilv Why? Look ae a bicvcle 
again. How is lt framed Co make lt strong and stiff, bot 
lightweight? Can you find examples of eriangles used in 
01 

''hcr thng 'i 	is the cross section of a struc- 
tu 	:ieu:br. T.. 	::mon shapes for structural m€i- 
bem include circies, sci:i:i. ectangles, L's, and Is. The 1 beam 
is often used because lt is stiff in ehe direction that is needed 
buh is relatively ligheweight and inexpensive—it makes efficient 
use of materials. Take a look at a board with a reciangular cross 
section, such as a two-by-four. Does ii bend as easilv in both 
directions? Look at ehe boards used Co support the roof of a 
house. How are the boards oriented? What would happen if ehe 
boards were turned 90 degrees? 

Take a look at 

natural things 

such astrees, 

plants, anirr.as, 

and hills. 

tl'aystructved? 

;oads taust 

ney carry? 

H.ca these 

beh 	? 
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Out on a Limb 
If having a hideout of your own sounds appealing, a 
treehouse can fit that bill perfectly. Before you get 

started, you should know that building a treehouse 

takes a lot more than a hammer and a few nails. 

Yep, constructing a structurally sound treehouse 

is tricky business. 

For added conve 

nience, check out 

readymade plans 

that gve step 

by-step instruc 

hans to build a 

structurally sound 

treehouse Be 

sure you have 

your parent's 

permission before 

you attemptto 

plan a treehouse. 

NotAfiTrees Am Created Equal.You wW need to find 

out whethr the tree you have in mmd can endure the 

stress and alterations that may be in stare. A certified 

arborist, or tree expert, can examine the trees health 

and condition from the roots to the tip-tops. The inspec-

tion will reveal whether the tree can support the weight 

of the house you want to build. 

lt's All About theTree. The tree's structure will help 

determine the height and size of the treehouse. Find 

a spot that is not so high that your structure will twist 

along with the tree's movement in the wind-10 feet 

up usually is about right.The arborist may be able to 

provide some direction here and can also teil you how 

to care for the tree once the structure is in place. 
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Many of the machines that make our lives comfortable depend 
on the conversion of energv from one form to another. How 
does a car move? 011 (chemical energy) is pumped (mechanical 
energy) from the ground. lt is theo processed (bv heat, chemi-
cat, mechanical, and electrical energv) into gasoline (chemical 
energv. The car then coriverts the gasoline to mechanical and 
heat energv bv using mechanical, heat, and electric energv. 

Examples of such energy conversions are all around. Your 
body is an exceilent example. You eat food (stored chemical 
energv) and convert lt to heat, plus other forms of chemical 
energv stored in vour inuscles. Vour muscies convert cheniical 
energv 10 mechanical energy to move rour legs to ride a b?ke. 
Vour body also converts chemical energv to electrical energv in 
the neurons and synapses of vour brain when vou are thinking 
about how tu ride the bike. When vou sveat while reding, ther-
mal energv is releasing heat, allowing vour body to cool. 

A common example of energv conversion that you could 
research is bow a car or flashlight batter converts chemical 
energv into elecirical energy. Check at vour schooi or public 
hbrarv for books on electricitv. Look in the indexes under 
"battery. (lf von use the internet, be sure von have vour 
parent's perrnission first.) Studv the expianations and be 
prepared to teil vour merit badge counseior vhat happens 
when a car hatterv is used or a flashlight is turned on. 

SWITCH 

/ 	 - -------- .. _\ 
-.-- 

A flashlight converts cbemical energy from its battenes ines eleetrical energy. 
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Solar Energy 
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Experiment: Solar Energy 
Try this experiment on a sunny day. 

Step 1—AH a cake pan or pie tin 
with water. 

Step 2—Measure the waters temperature. 

Step 3—Piace the pan in the sun. 
Step 4—Measure the water temperature 
every two hours for six hours. 

Step 5—Measure the water temperat 
at sundown and again at sunup the 
next moming. 

Step 6—Repeat step 4 on a doudy day. 

What do your findings teil you about the 

vaiue and potential of solar energy? Wh 
does a house heated by solar energy neea 
another energy source for continuous heatir 
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If you find that population and number of vehicles are 
expected to increase over the next live 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. 

1 IL[3 aDI !11I 
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 	 - ' S 
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 cffccts of bw rainfall be 
minirnized? 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 lind possible 
answers, can form the basis of a good science fair project. 



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 inciude 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 

Rememberthat concerning the subject you have chosen (such as designing the 

another way to most structurally sound miniature-bridge design using specified 
materials, and then building the miniature bridge). 

meet the 

requirement is to The Joy of Engineering 
become a member For any given engineering problem, there are many solutions. 

of an ongineering- lt would be great if we could always find the 'best" solution. 
Engineers, however, most work within limitations imposed on 

projectteam, them by available materials, supplies, money, and tools. They 

Projectteams most be sensitive to environmental concerns, politics, and the 
culture of their company and the community. There is trernen- 

enter local dous satisfaction in solving a problem when faced with such 
campetitions, challenging constraints. 

and often the Learning From Our Mistakes 
winners can lt has been said that engineering advances one failure at a time. 

go 	a to national 
With every failure comes the chance to learn how to improve 
design and technique. The engineer seeks the proper balance 

competitions. 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 rnonths after it 
opened in 1940. The cause? 
A 42 mph wind that caused 
the bridge deck to buckle  
and twist and finaily break 
apart and fall into the water. 
During design of the bridge, 
to reduce costs, engineers - 
bad decided to stiffen the 
roadway with 8-foot girders 
instead of the original plan 
to use 25-foot supports. The 	Tacoma Narrows Bridge collapse 

bridge's collapse, which 
caused no loss of life, has been used as a lesson in civil and 
structural engineering ciasses ever since. 

Space Shuttle Chatlenger. The space shuttle Challenger 
broke apart 73 seconds after Iaunch 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 bot 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 bad been 
ground to the wrong measurements. The result was bluriy 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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Engineering as a Career 
Lets 	:1.:. 	 je. These staenie:s::.•:; 
heip von 	. . ...::. .:i.: . :- w become an engineer. 
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• Engineers are c::-::.:s. :.. ::obiems, and make decisions 
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Many engineers (design engineers, de8rn up °ew 
things for people to use, and then fiure out how tc 
make thern. 

ENGINWNG 87 



Do you like technology? One compelling reason to 

becorne an engineer is that they get to use the newest 

gadgets, most current computers, and most up-to-date 

software programs. As new technology emerges, inter-

esting new engineering projeets appear—everything 

from designing robotic spy planes to unraveling the 

mysteries of genetics to cure disease. 
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OtherThings to AskYourslf 
You bave read that engr:ers create new ehings to mcci needs 
and solve problems. Dc ciu enjov dcing the kinds of things 
engineers dc? Ask yourself these questions. 

• Dc 1 try to figure out how things like toys, appilances, and 
machines at horne work? Dc 1 take them apart with my 
parent's permission!) 10 see how they wcrk? Can 1 put ehem 
back tcgether without help? 

• Dc 1 like to liv to fix hcusehcid items that break, even 
ehcugh 1 may need heip? 

• Dc 1 build or make things like roads and castles at the beach? 

• Dc 1 build things from mode! Ichs, sometimes custcmizing 
them by modifving the basic model and adding extra details? 

• Dc 1 use computer programs to solve special problems that 
interest mc, or 10 create simple garnes? 

Engineers use the principles of rnathernatics and science Co dc 
their work. AsIc vourself: 

• Dc 1 dc weil in mach in schccl? Dc 1 enjcy it? 

• Dc 1 like science in schccl, especially ehe experiments? 

• Dc 1 dc optional extra assignmenes the teachers give? 

• Dc 1 seek ways to use the ideas 1 lee:: n science? 

• Have 1 ever entered a schocl scie;;re fair 

If vou answered 'ves" 10 some of these ciuesticns, 
ehen you may,  want Cc consider engineering as a career. 

AreYou Creative? 
reativity is ehe ability Cc bring new ideas or cbjects intc belog, 

lt involves plaving wiCh imagination and possibilities, and 
seeing possible ccnnections. Creativitv is an ability 11mal 15 

vital to engineers, whether thev design prcducts, figure out 
hcw 10 analyze complicated parts, develop tests that determine 
how weil things work, research new,  kinds of plastics, or 
figure out how cc keep ciasses interesting for students. So if 
you like 10 question, expiore, invent, disrover, create, and 
help pecple scive problems and find new ways of doing things, 
then engineering mav be fcr you. 
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Preprhg for an Engineering Career 
If vou tnlnK von might like to become 	 then here 
are sonie things to start thinking about ................now that will 
heip you along the path to an 

Engineering College Entrance Requirements 

Engineering colleges have entrav:e 
must have taken in high schooi in :vJ to stud 
engineering. Clearlv, von will need ma:h:: 	t is best 
10 take all die -college prep" rnath and 	:.::ss your 
high schooi offers. Dont negiect English. ev;:;. ;::;::ers rnust 
be ahle to clearlv describe their work to others. ......... :lieir 
hosses to die people who will huild die things ;i. design. Von 
will also need to know vhat special tests thev want von to take 
during high school, such as die Scholastic Aptitude Test SATJ. 

Every college and university publishes a catalog that 

describes the school's admission requirements and 

ists all its programs of study. Review the sections 

for the engineering fields (majors) that interest you. 

These will mention any special requirements or 

suggested courses. 

Nil 
0 
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ae :o 	 1trt 	ii 	a:hco. 
mav wat c)Jr h 	of 

rts; 	 rte 'me exne. 

• Architeetural engineenng: art. d:aft;tg 

Bioengineering: a-arcei 	ot' aard :hettirr 

ChemicaT engineering: ai'.ac 

• Civil engineering: art. dir 	Z, 

Computer eng 	ring: aJ 3rce.i crntitert. 
ee:rc 

• EIectricI engineeing: adarceI 	rte:, 

• Materials engineeing: aane ce::irtrt rteta 

• Mechanical enginee g: ar. au:or';esh ,22.drafring. 

• Software engineering: a&;anced rnplier 

ØNRG 91 



The Professional 
Engineer 
Engneerng cuafs a a pr eson because require 

pedaHzed k:vkdg and often k'ng and 	nsv2 academk 

vrepara!n EgS ire aIs) o 	ona heaue thev 
:nake heir 	 jvv tht cnn rrn w C le techmca 
and e;hica tadn 	son. 

Ethics 
E  ~ !hc5z are 	nporzam parr. ei 	Jmeenng rmeSOL 
epedaIiv 	ience and rechneiogv cmie re eveive randiv. 
An enginee ethcaiiandarda are nniiar c these expezed ei 
cnher pres:nnais in he weeabiihec1 area ei 	hci:;e. 
bes. and aw, 

Engineers have the T 	hihtv te ac ethica in he 
reearch and pr 	ehmIle 11--77 ei heir esiden as veh as 
in dealing wiin 	neopme direniv aifeczed hv heir vorin 
Their vork iz 	ie,end ni in 	and zhe d:enrs thev 
repreen:. arni 	iv siieuin 	uh in harrn 0 nennie er 
inc en'renmer 

A Sceur 	mrs ieine Sc en 0-2,3, and inc 
Law aireadv hz nne ;inersranding ei ethcs and pracng 
them in hi ev: 	iiie. These are inc sarrc 	ipies :har 
guide inc reers ei engineers and einer nrinnais. 

horcab 
reoi 	 ope 	wods 

principIes 	—$ 

hb rig ors. etdiics 9 	 i:iy .mcip 

va ue 	

code 

imoraI 



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 lt is not unusual for an 
apphcant 10 fail lt the first time (failed - 

examinations may be retaken). The PE 
license must be renewed periodically. 

The Engineer's Code of Ethics has three fundamental 
principles that guide the work of the engineering 
profession. Engineers uphold and advance the integrity, 
honor, and digaity of their profession by 

1. Using their knowledge and skill for the enhancement 
of human welfare 

2. Being honest and impartial, and faithfully serving 
the public, their employers, and their clients 

3. Striving to increase the competence and prestige 
ofthe engineering profession 

Professional Registration 
Qualified engineers may become licensed to practice engineer-
Ing in their state. lt 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 boarci. 

2. Complete four years of qualifying engineering 
work experience. 
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Scouting Literature 

Architecture, Automotive Maintenance, 
Chemistry, Composite Materials, Digital 
ls'chnology, Drafting, Electricity, Electronics, 
Energy, Irwenting, Model Design and 
Building, Nuclear Science, Programrning, 
Robotics, Space Exploration, Surveying, 
and Welding merit badge pamphlets 

Wth your parent's perrnssion, visit the Boy 

Scouts of Arnerica's ofPcaI retail website, 

www.scoutshop.org , for a complete listing of 

all mert brciqe pamphlets and other heipful 

Scoutirrg materials and suppties. 

Books 
Anderson, Margaret Jean, Isaac Newton: 

The Greatest Scientist of All Tirne. 
Enslow, 2001. 

Baine, Celeste. Is There an Engineer 
Inside You? A C'omprehertsive 
Guide to Career Decisions in 
Engineering, 3rd cd. Professional 
Publications, 2004. 

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

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

Dupre, Judith. Bildges: A History of the 
World's Most Famous and lrnportant 
Spans. Black Dog & Leventhal, 1997, 

Skyscrapers: A History of tke 
World's Most Extraordinaiy 
Buildings. Black Dog & 
Leventhal, 2013. 

Freedman, Russell. The Wright Brothers: 
How Tliey Invented the Airpiane. 
Holiday House, 1994. 

Garner, Geraldine 0. Careers in 
Engineering, 2nd cd. 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 Garnes: From Pong to 
Pokemon. Prima Lifestyles, 2001. 

Kuprenas, John, and Matthew Frederick, 
101 Things 1 Leamed in Engineering 
School. Grand Central Publishing, 2013. 

Middleton, Williarn. Landrnarks an the 
Iran Road: 7lvo Centuries of North 
American Railroad Engineering 
(Railroads Past and Present). Indiana 
University Press, 1999. 

Molotch, Harvey. Where Stuff Cornes 
Froni: 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 tor 
Inuentors, Hobhyists, and Artists. 
McGraw-Hill, 2010. 

Organizations ancl 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.aicheorg  

American Society of Clvii Engineers 
1801 Alexander Beil Drive 
Reslon, VA 20191-4400 
Toll-free telephone: 800-548-2723 
Website: http://wwwasce.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., 1 7th Floor 
New York, NY 10016-5997 
Telephone: 212-419-7900 
Website: http://wwwieee.org  
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 
Telephone: 818-354-4321 
Website: http://www.jpLnasa.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 Klug 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 I-Iispanic 
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: http://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  
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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 echools nnd pub!ic libraries. The latest revision 

date of each parnphIet might not correspond with the copyright date shown beiow, 

because thk fist 
:g 
 corrected only once a year, in ianuary. Any numher of merit badge 

pamphlen may be revised throughout the year others are simpiv reprinted until a 

revi becornes nccessaty.  

Ir a Scout has aiready sto ed working on a merit badge when a new edition tor that 

pamphkt s introduced, they mey continve to use the same merit badge pamphlet to 
earn the hsdge and fulfill the requiremonts therein. In other words, the Scout need not 

start over again with the new pamphlet and possibly revised requirements. 

Merit Badge Pamphlet 
Amecan Business 
Are-ican Cultijres 
Amerccc Heritage 
Anrican Labor 

na! Science 
on 

Archaeoiogy 
Archerj 

itecture and 
ndscape Architecture 

Art 
Ast, n 	y 
Athien, 
Automotive Maintenance 
A'ialon 
i3ackpacking 
Baaketry 
I3ird Stucty 
Buahngisee Music) 
Camping 
Canoe:nc; 
Cniemistry 
Chess 
Citizenship in the 

Comir:unity 
Citizenship in the Nation 
Citizenship in the World 
Ctirnbing 
Con Gotocting 
CoUoctions 
CorniiluriiCation 
Comcosite Materials 
Cooking 
Crrnn Provention 
Cychng 
Dentistry 
Digital Technology 
Disabili1es Awareness 
Dog Care 
Dratting 
Eicctnicitv 
E!ectror's 
Emen 	y Preparedness 
Enorni 
Engineering 
Entraprerreurshrp 
Er'vironmental Science 
Exploration 

Merit Badge Pamphlet 
Farnily Life 
Farm Meciranics 
Fingrirprinling 
Fre Safetv 
First Aid 
Fk4r r'nd Wildlife 

lagenlent 
Fig 
F!y- Fishing 
FC>rnstry 
Garne Design 
Garciening 
Gerealogy 
Geocaching 
Geoiogy 
Gut 
Graphic Arts 
Hiking 
Horns Repairs 
Horsemarrship 
lnciianr Lore 
lrrsect Study 
lflverlti'io 
Journaiism 
Kavaking 
Lanctscape Architecture 

(See Architecture) 
La'.v 

satherwork 
ifesavrng 

Marnrr - cdy 
Iviedini 
Metaiwuis 
tining in Society 
lodel Design and Building 
lotorboating 
tovjernrakrrg 

Music arid Buglirig 
Natura 
lucloar Science 
ceaniography 

Orenteering 
Pairrting 
Personal Fitness 
iersonal Management 
Pets 
Pholography 
Pioneerinig 

Vear Merit Badge Pamphlet Vear 
2016 Plant Science 2018 
2017 Ptumbing 2012 
2014 Pottery 2008 
2016 Progranming 2013 
2015 Pubtc Hea!th 2017 

Public Speaking 2013 
2014 Puip and Paper 2013 
2013 Radio 2017 
2014 Railroading 2015 
2015 Readiriq 2013 
2013 plus and 
2013 Amplribian Study 2018 
2013 Pille Shooting 2012 
2016 R000tws 2016 
2016 Pnwirrg 2014 
2012 fety 2016 
2013 udesmanahip 2013 
2016 Schc6arship 2014 
2012 Scoutirno Hertage 2017 
2013 Suilba 0 	r 2009 
2008 0(0101- 2014 
2018 Sesrch cnn Rescue 2018 
2016 Shotgun Shooting 2013 
2017 Sgris. S 	c, and Codes 2015 
2016 Skabrrq 2015 

SrrlaiOBosi ...ailing 2016 
Snow Sports 2017 

2011 So:l sud /vater 
2017 tonservalon 2016 
2017 Space Exploration 2016 
2014 Sp 2012 
2012 Sta 	4ollecting 2013 
21 Survev!nrg 2004 
2 Siri(ainability 2013 
221u Suimming 2014 
2015 1 	hIe 2014 
2013 witer 2014 
2013 TrafficSafey 2016 
2014 Truck Transportation 2013 
2017 erinary Medicine 2015 
2012 2er Sports 2015 
2016 Weather 2013 
2016 Vielding 2016 
21116 Whitowater 2005 
2015 Wilderness Sirvival 2012 
2013 Wood Crvirrg 2016 
20 1 6 Woodwork 2011 
20 1 7 

Year 
2013 
2013 
2013 
2018 
2014 
2015 
2017 
2015 

2014 
2013 
2016 
2016 
2017 
2014 
2016 
2017 
2017 

2018 
2014 
2018 
2016 

2015 
2014 
2015 
2011 

201 
2013 
2 00 1 2 
2011 
2012 

201 U,  
201 
2016 
2016 
2012 
201: 
2014 
2015 
2014 
20 1 6 

2015 
2016 
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