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How to UseThis Pamphlet 
or 	The secretto successfully earnrng a merit 

badge is for you to use both the pamphlet and 4 the suggestions of your counselor. 

Your counselor can be as important to you as a 

fl, 	
coach isto an athlete. Use all ofthe resources 

4 	your counselor can make available to you. This L.d 
may be the best chance you will have to learn 
about this particular subject Make lt count . 	4 

lf you or your counselor feels that any information 
in this pamphlet is incorrect, please let us know. 

Please state your source ofinformation. 

Merit badge pamphlets are reprinted annually 	.1 
• 	 and requirements updated regularly. Vour 

suggestions for improvement are welcome 

Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a series 

• 	 of more than 100 covering all kinds of hobby and 
career subjects, lt is made available for you to buy 

•[ 	as a service of the national and local councils, Boy 
Scouts of America. The costs of the development, 	

4 
writing, and editing of the meritbadge pamphlets are 

paid for by the Boy Scouts of America in order to bring 
you the best book at a reasonable price. 

Send comments along with a brief statement about yourself to * Pilots and Program Deveopment, S272 
r 	Boy Scouts of America • 1325 West Wnt HII Lane• Irving, TX 75038 

lfyou prefer, you may send your comments tu rnerit.badge@Scouting.org . 

j '• 	

.•. 
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Requirements 
1. Downer e thm >uni kcow how to resncnd to eiectricai 

..rgende bv ........:he 

Show how to re :... a peron :ouc! :.: a live vire in 
the home 

n. Show how t: ::.±.?r  ir: ...i w a peon ;vho is 
nnconscious 	Jecir.:. shok. 

:x how to trea z an eia.::ica! !vm. 

d. I.1;Iain vha ro do in an eiecrsrn 

te Expiain what to do in the even oi an eleciricai ire. 

Cornplete an e!ectrica herne saiev inseecton o.f vour 
herne, usng the checkIis ound inarnphle or one 
approved bv vour es.: -  .:r Discss xhat von ‚ind sith 
our counselor 

3. Make a .:41ie t •.5:. 1: su:e a: 	.se 	zo . ......nn 
n and re::s.I:::. 

4. Expain the 	heveen :: 	sarrem and 
aiternadng curreoL 

1 Maks a sirnnie drawing to s:.: :. ho -..v a banerv and an 
eiec::u beil werk, 

. Explain whv a fuse hiows o: .s sircuk h 	. ..ips. Teil 
te dnd a hio'vp nse ei :ned rir ......:ivaker in vour 
e Show how ic s.:eiv reser rhe ::: ...: breake: 

Expialn vhat overloadbg an eiectnc circuh means. Teil 
wha von have dene zo rnake sure :..... s:ne circuis are 



a floor plan wirinz diagram of the iights. 	::ches. 
for a room i:. :ur home. Sl..: which fuse er 

circuit breaker 	:cts each one. 

9. Dc the 	:wing: 

a. Read an electric meter and, using vour familv's eleciric 
hilL determine the energv cost from the meter readings. 

b. Discuss with vour cc :ie1or flve wavs i: .. hich vour 
iamilv can censerve 

10. Expialn the foliowing e:icai ::s:ns: volt. 	:pere. watt. 
ehm. resistance. potentI 	:lifferc::e, rectifi:. :heostat, 

and shori ci::. 

11. Do anv T\VO of the foflewing: 

a. Connect a buzzer, bell, er hght 	t a banerv. Have a 
kev er s. . zh in the line. 

b.Make and run a simple eiectric motor not from a hit). 

c, Build a ::ie rheostat. Shc: 	: 

d. Build a .:.i,ie-poie, doubieihro'.; 	:rIi. Show that 

e. Hoc 1-: model eleciric train layout to a hous circuis, 
Teil ....... is werks. 
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Cor,tents 

\'ht Is [1ecr ictv? 	 • 

o Eiecric]tv 

Cominon Elootoni] IEnr 	 24 

Curront in MotE , 

w Eionco1 Eniergencor 

Eiern cEv 	so urcc 	 .4 
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What Is Electricity? 
Electricity is a powerful and fascinating force of nature. As 
early as 600 B.C., ohservers of the pliysical world suspected 

The word that electricity existcd bot did not Live a name for it. In fact, 

electncity comes 
real progress in unraveling the mystery of electricity has come 
only within the last 250 vears. Imponant discoveries by scien- 

from electron, tists such as Benjamin Franklin, who proved that lightning is a 

the Greek word tremendouslv powerful electrical spark, have given us a more 
complete picture of what electricity is and how we can harness 

für amber. its power. 
To begin to understand electricity as an awesome force, 

one must start with the basics. Electricity is a rapid transfer of 
charged particies called electrons, which create levels of energy 
depending upon how they transfer. 

Atoms 
All things are made of tiny particles called atoms. You are made 
of atoms, and so are your friends, your clothes, the food you 
eat, and the air you breathe. Atoms are so small that lt takes 
millions of them to form the periori at the end of this senterice. 

Everv atom is made up of even tinier particies catled pro-
tons, neutrons, and electrons. Protons are positively charged, 
and neutrons are neutral—thev have no cilarge. Together, 
protons and neutrons form the nucleus, or core, of an atom. 
Electrons, wiiich are negati'..elv charged, speed around the 
nucleus, orbiring it in iayes called sticHs. 

The positive charge of the protons in the nucleus equals the 
total negative charge of the electrons in orbit. This makes the 
atom neutral, or balanced. Protons and electrons have a natural 
attraction to each other, which heips to keep the atom stable. 
Much as the gravitational force of the sun holds planets in their 
orbits, electrical forces hold electrons around the nucleus. 

ELECTRICITY 



To picture the structure 
of an atom, think about 
the arrangement of our 
solar system. Just as 
planets orbit the sun, 
electrons move around 
the nucleus of an atom. 

lt is lmpon]nt lo understand hie aoin s st ucime heam,e 
the electrical chargehc ek'cnon is the basic unit of dectricitv. 
The position anti movement of positively and negatively charged 
particies cause the electric andniagnetic effects you will be 
working on to earn your Electricity nerit badge. 

Outermost shell 
Ions and Balance 	 / 
The bond that holds electrons in orhit 	

/ is weakest in the atom's outermost 	 ‚ 
shells. A frec-moving electron can 	/ 
bump into and knock electrons out 
of in atom's outermost shell. These 	 1 
onse ek'ctwns, in turn, cin bump 	\‚ 
into still olher atoms and disiodge 
more electrons. Moving together, these 
freed electrons form electric current. 	HYDROGEN AtOM 	 O)C'&cN ATOM 

Eleci rum are easily dislodged 
froni, or rubbed off of, an aiom because they are lightweight 
anti, in the outerrnost shelis, accessihk'. (Protons are heavy and 
do not roh off esiiy.) Imagine clectrcais is grains of dust spin 
ning swiftly arounci a ceutral core of iron. You can see why 1 11,2 

lightweight, negatively charged electrons are constantly rubbing 
uc or being lifted by nearby atoms and ions. 

Whun an atom loses one or more of its eiectrons, the atom hecomes 
positvely charged, or out of balance. If an atom gains fremmoving 
electrons, lt becomes negatively charged, and also out of balance. 
Outof-halance atoms are called ions. 

ELECTRICITY 
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Forms of Electricity 
.c you ever aiched with wonder as lighinng lit up the 

fli 1i1t sky during a thwiderstorm? Have vou ever combed your 
hair on a cold clay and heard lt crackie? Have you ever pulled 
a clingy sock away froni your T-shirt as lt was removed from a 
warm dryer? All these phenomena are examples of electricity. 

Static Electricity 
Try this experiment. Shuffle across a thick carpet on a dry day 
and then lightly touch a doorknob. You will jump. You might 
even see a spirk. 1'he cr:ckling noises and sparks indicate the 
presence of static electricity. 

Thales of Miletus (625-547 B.C.), an ancient Greck 
philosopher, knew rubbing amber, or fossilized tree 

resin, with a piece of wool or fur would make a smafl, 

lightweight object like a feather fly up and ding to it, 
Rubbing makes the amber electrically negative and 

able to exert force over a distance, like a magnet. As 

the charge is lost, the amber loses its attraction ancl 

the feather floats back down. 
WhileThales did not completely understand the 

force that attracted a feather to rubbed amber, he 
recorcied some of the first observations of magnetisrn 

and electricity. 	
/ 

Static elecuicity is dcc -id 	Tinsferred hy rubhing objects 
together. lt can be stored 011 [hu s,Jface of materials like rubber, 
glass, cloth, and amber. The electrical charge buiids up until lt 
discharges, or jwnps. The sparks and crackling noises are static 
electricity in molion. 
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When you conib your hair and produce static electricitv, 
loose electrons are rubbing oft the hair atoms and clinging to 
the atoms of the comb. iosng electrons leaves the ha < -!:,)ms 
positveiychargcci, gaining extra eleetrons nakes the comb rieg-
ativelv charoed. Because dfferent (unlike) charges attract each 
other, your hair tries to stick to the comb. 

Unlike charges attract; like charges repel, similar to 
the way unlike poles of magnets attract while the 
like poles repel.Try this experiment: Rub two inflated 
balloons against your sweater and tie them to a stick 
with the rubbed sides facing each other. Because 
both balloons have the same charge they will Swing 
away from, or repel, orie another. 

Ruhbiniz, or frh:tion, does not creat e sta 	electrkitv: it 
merely separates negative and posinvecharges and transiers 
them onto different bodies, or onto differertt earts of the 
same bocly. 

A static charge is an accumulated electrical charge 
on an object. lt is capable of producing a spark that 
can cause an explosion. For example, when fihling 
the gas tank of a car or boat, you must keep the pump 
nozzle in constant contact with the fill pipe to prevent 
a static charge (a spark) from igniting gas fumes. 

When objects out of electrical balance approach each 
other, a spark may jump from one to the other, which is what 
hapnned vhen you shuffled arross the carOet and touchecl the 
doorknob. Electrons jumped from an object overcharged with 
electrons to an object short of electrons. 

10 	ELECTRICITY 



Ughtning 

cau electridtv. As positive and negz.:.:: 
become se.:..:: inring a 	 build 

ifferent parts nuanv. the mm: ±e 
:::ween regon . 	 . dscharning 

The disch: Z ghw—a mightr s: :•.:m 01 

strike 
c 	but anoher 

Electrostatic Generators 

irostati ::ierato:s, crealed in EngI?: hv Francis Hauksbee 
sgnficanr amo..;.:s of eiectrical charge. 

........................i th 	..... :tion creaied fro:. :athe:::: 
lasslinder to .:::uce an CiCCtC3. 

.............ra s'eeJ tO 3 	•aI comh. The &s 
:xeIed rc::. :he cornb to an anach 

and then ;wo a Lev ... ... : 	for storace. 

Beil FrankIins Rite 
tflin9 jump from cloud 10 

md from cloud to ground, American statesman 

scientist Benjamin Franklin (1706-1790) determiriu 

that an electrical charge was like a fluid seeping 

through an object, and that lt could jump to another 

object, making a sparkTo prove his point, he tied 

a metal key to a kite and fiew it in a sky threatening 

a thunderstorm.The electrical charge from lightning 

leapt to the key and produced a spark of &ectricity. 

Frankliri was lucky to survive the risky experi- 

ment, but he proved that Iightning is a 

form of electricity. After his experi- 

ment, he invented the lightning 

rod, an iron rod that would 

safely conduct lightning from 

the top of a building to 

the around. 

Sen Franklin's 
original lightning 
rod, above; 

odern-day 
tning 

rod, below 

Et.ECTffiO1Y 	1 



Magnetism 
:h thtv 	.e dferen, 

actuallv i 	ü 	-ane rce. A 
prduceT magnetism To pu; h anc;her wa;. whenver e1ecrcw 

ve, 	produed. Andwheever a r.:::tc orc 
: 	rouce. 

Wiltm C 
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Electromagnetism 

Italian Alessandro Volta (1745-1827) thought electricity came 
only from contact between two metals; he called it metallic 
electricity. He was not absolutelv corrcct, either. But Volta did 
invent the earliest electric cell, which became known as the vol-
taic pile. lt usecl two different metals, separated by moist chemi-
cals, to produce a continuous transfer of elecrica1 charge. When 
the charge transfcrred along wires, the chemicals separated out 
rnOrt eiectrci1 charge. h pihng up lots of cells, Volta crcated 
the first hattery, with every set of cells producing slightly more 
than 1 volt of electricity. 

Volt, the modern urot o electrc potential, 

is the strerigth or electric pressure of the 
transferring charge.Today's high-voRage 
power lines operate at 500,000 volts or 

more while a modern house circuit 

operates at 110 or 220 volts. ! 

With Volta's invention of the battery in 1800, scientists 
finally bad a source of steady electric current that could be 
transfcrrt:'d. 1\\rentv  vears later, Copenhagc'n researcher Hans 
Christian Ocrsted (1777-1S51) iinked ek'ctncity and magnctism, 
observing that a metal wire carrying electrical current affected 
a rnagoetic comu'ass needle. lntcacl of '. ollowim ,  Earth's north-
south magnetic fhld, the needic aligned itsuit witit the electri-
fied \vire: magnetic field. Oersted 's discovery that the electric 
current had produced magnet i 	becanie kno n as electromag- 
netisrn. This new scientific fiek would becorne tite springboard 
tor leveloprnent ot ihr' electric motor and the eicotrornagnet. 

Making Connections 

lnspired by Oersted's discovery, Andr-Marie Ampre (1775-
1836), a Frenchman, set out to expialn the connection between 
electricity and iiagnetism. Ampres work led to a rnuch fuller 
understanding of the rclationship hetween cicctricitv and mane-
tisn, which eventualiv led to iiixportant applications such as the 
telegraph and electiomagnet. 
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Ne found that when electricity passed through a metal 
wire onto a card containing iron fihings, and the card was 

tipped 1 irtly the filin 	ned up in i cirtulir panern 
‚? 

 
around the  magnetic field ueated by the ele 	ed 

". 	wire When the electric current was tut L off.th 
fihngs again relaxed into their rindom irnngement 

: 	i on the ciid 
%: 	••..••. 	 - 

THE AMPERE 
Wjth further experimentation, Ampre discovered 

that Iwo parallel electric currcnts running in ihe same 
direction jLtract each other, and that pa.'.1Iel currenis run-

fing in opposite directions repel each ether. The modern unit of 
current, the ampere, was named in his honor. 

Eectromagnets 
In 1825, William Sturgeon (1783-1850) wound a coil of wire 
arowda n iron rod and buih one of the first electronagnets. 
lt di(fereLl (rom a permanent magnet as its magnetisin could 
be s'.vitLh:j on CmiI nil in',  nlec.tricai clIrrent. 

.1 
. 	... . 

Demonstrations of electricity's properties were of great scientific 
interest in the 18th and early 19th centunes. 

Stephert Gray (1666-1736), a British scientist, figured out that any 

object that touches an electrified object will itseff become electrified. 
This process—transferring a charge from orte substance to another---
is known as electrical conduction. 
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V Important Safety Notes 
In your experiments, always use 

batteries as the power source. Do NOT 
use electricity from household circuits; 

it is dangerous and can cause serious injury. The only 

exception is tor requirement ile, hookirig a model elec-

tric train layout to a household circuit. Never work on 

household circuits without first turning off the circuit 
breaker or removing the fuse, and always work on 

electricity with the heip of an electrician or an otherwise 

qualified adult. 

Wires.To prepare insulated wires for experiments, 
you must carefully strip some of the plastic coating 
(insulation) from each end to expose the metal. Use 

an electrician's wire stripper, or gently cut the plastc 
with a pocketknife, lt you use stranded wire rather 

than solid-core, twist the strands tightly clockwise. 

Connections. Join wires and batteries together witl' 

electrician's tape, metal paper clips, alligator clips, 

or mating crimp connectors. Make sure metal parts 
touch tightly or your experiments will not work. 
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Make a Simple Electromagnet 
This experiment shows that a wire carrying a current is 
surrounded by an invisible magnetic field, or force, and it 
illustrates how closely electricity and magnetism are related. 

Step 1 —Wrap a length 
ci i;isdated p]astic-
coated) wire about 
20 rimes around a 
carlboard tube. 

Step 2—Connect the 
wire to a 45-volt or 
6-volt batteiy and 
to a switch. 

Step 3—Slide a small 
cocnass into the middle 
of the cardboard tube. 

Step 4—Swivel the 
paper clip ag.iinst and 
a•vay from thc humb-
tack to switch the elec-
tric circuit on and off. 

Watch vhat happens to the compass needle as you open 
and dose the circuit. When you dose the circuit, the electric 
current produces magnetism in the ccii of wire. The rnaguetism 
all around the wire makes the compass needle swing. When 
the circuit is broken (you open the paper-clips rio!) no 
nagetism is produced so the n'edle again points Inorth. 

Magnet Earth 
DiJ you know that you live on what is essentially a huge 
nugnet? Earth, like an magnet, has magnetic north ad south 
des. What we call Oie rnagnetic north poie is locateci near 

l-taiiurst Island, north of Hudson Ray in Canada—more than a 
mnd miles south of the geographic North Pole. \Vhat we 

cLJmnn)nly call the magnetic south pole is near the Adiie Coast 
of Anarctica, about 1,600 miles fron the geographic South Pole. 

16 	ELECTRICITY 



Natural and Artificial Magnets 
Mac -, 	iron ore is tound in cL:ment parts of Earth. This 
magnetite, or lodestone, is one example of a natural magnet. 
In :re 	Mi: 	:.s .srs learned that •.:an 0 s':ter 
pient:.in was : ...:: 	an chunk of n:t:e. the ami 
would become tem:ra!arilv mamcized. lt nace of hard steel 

	

:ted on lodestone, the stea 	 iagnetized tor a 

Maqnets are etner permanent or temporare 

Permanent magnets am made of he rd stee and retrdn 
tner roanneto nffecr Co! - cn U 	m 

	

a 	q rne, Teporary rnag 
nets are made of soft oon er a sofI grade of stleel and 
raten theo rneanetftm ony vhen they are n contacr 
afth another magnet or am oeng enerazed by an 
eactrc current 

Magnetic Attraction and Repulsion 
One end oft 	rn' ca 	scndt nole: the other rad, its north 
pole. If vou da - 	 .as:ring, one end miii alwavs 
point north. Vou can use a T:cgdrg magnet to demonstrate the 
lav; rd an:'actie: radrc ,..»nt. Bring the nardr 	another 

nord; pa dt of a marnet  
hare::g magne: cdli Spin a:-:'mnd n:.dt :s south pole meets the 
north pole of the nmeaet in vour hand. Like poles repel each 
other. Unlike poles auract. 

Because of 

changes in Earth's 

magnetic field, the 

magnetic poles 

are not specific 

locations but 

general areas. 

Studies over a 

period of many 

years showthat 

the magnetic 

poles change 

location with time. 

Try this experiment: Stick a magnetized 
needlo through a small cork, then float 

\ 	 it in a saucer of water. Hold another 

	

\ 	magnet over the floating needle and 

	

\ 	notice how you can control it, through 
— 	‚1 	attraction and repulsion, by tuming the 

[ 	
/ 	

magnet in your hand. 

€ 
) 
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Whenyoucut 

oft the electric 

current from an 

electromagnet, 

t is ne longer 

macezed.An 

electromagnet 

with a metal 
Iron filings scat-tered on an index card or stift paper and 
held over a horseshoe magnet will arrange themselves 

core is what like this.The lines are called lines of magnetic force. 

operates door- The Magnetic Field 
bells, buzzers, CO In the floating needle experiment, vou foun 	.hatsccned like 

player speakers, :::ible circic of po.vc-: around the needle. To a::.;ailv see 
::c.gnetic fic. wedcc a horseshoe magnet betwc::: c::e 

and telegraph with the :1es fa::::c upward. Balance a card ....: . 	 ece 

instruments. of stiff 	c;r orn.) ot 	 ::ings 
on the ca::. Ge::; tap 	- c card o 	p•: 	 :;cs will 

arranoe ::cmse'.c 	in ccular form 	wiu; 	ci ines 

runh::c 	;cm pole to pole. 

Iron filings can be purchased at a hobby store. 

Be careful not to breathe or swallow any of them. 

Make an Electromagnet 
\:.: :u are re:': to make an electromagnet, a magnet 
acti:cd h\ 	:',fcr of elec:::tv. 

Step 1 —Coil a length of insulated 

wire a: 	 arou: a 

large r::c. 	::. Thc inore 

turns c 	 :.e bolt or 

( 	:.c 	tronger the magnet. 

re n 	ce 
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Step 2—Connect the wire ends to the terminals of 
a 4.-:lt or 6-volt batterv. The electric current 
proJe a n:.cnetic field, as  
exrriinent wh the co'.ss 	 : d - 

:e. The bolt or nail,  
become an electromagnet. 

Test vour electrom. 	- . 	ng lt to pick up 
me.fc pa: 	cs or ::.:s. 	. 	.':: the 	e 
ends :)nnec::: 	.. 	[he l:::. 	: 	::•:•:ect 
batte. See if the holt or nail will still p 	up paper 
clips or pins. 

Make aTelegraph Set 

To see how an electromagnet can he used to operate Materials Needed 
an 	clegraphs. 	.ake this tele- - Two large naits 

the 	ructions 	:urn it rnto - 
.ctric buzzer. Hammer 

Wood block 
INSTRUCTIONS I. 	lnsulated w' e 
Step 1— Nah) the two large nails into the block 6-volt batter - 
of wood. 

Switch (wire 
Step 2—Connect a long piece 	.vire 10 one paper clip) 
terminal of the 6-volt hatten. Thin strip o 
Step 3—Startin 	at the top of one 	aap the unp 	'ed tn 

wire arouod !he'  r'ail, keio the c,.. 	case together. or al 	iflU 

Co 	::a:id al-. 	:aad u:::. the nah) is Small na 
completely wrapped. 

Telegraph Set 
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Step 4—Bring the wire across to the ­her nail. Workhig 
fron 	e hottom u 	rap 1 	 :nanv turns jl. s 
tirst nail. 

Step 5—Cc.::e.: 	:ee end c 	:a onc :c::;..:cthe 
switch. To 	 ouit,:::'.: 	asconc 	r o.re 
het'eei 	::::-.::: 	e:;:iinal ::' 	:::n'  a: 	s,vitch. 

Step 6—Bend a strip of metal into a Z-s:a:.: ..sc tbe smail 
nail to attaci ::ie r:: 	strip to the bioc. 	.;:od, with the free 

ove: ::e :'o v:::-.vrap::: nails. This piece of 

	

:c:eive: 	teleg:;:h se:. 

Step 7—Close the .::ch. What does the telegraph receive: 
Ii nothing happens, adiust the s::ce hetveen the arm of 

the met:: Z::J the twc :::ils. If nesarv, bring the metal arm 
slightly 	;s 	;o the 

Step 8—Onen anti dose !he swinh several times. Can von 
:essag: :n vor.: :elegr:;: set? Experir::::: vith 

tapp: 	out short rnessages. 

Make a Buzzer 

'':xt, turn vour telegraph into a huzzer. 

INSTRUCTIONS 
Step 1-0j- -1.:: the s\Vitc: . .... T : :: e sure il stavs o::. or 
::onnect :1.:  batte . . ..liv the \viring to tange 
the telegrap: :::to a 

Step 2—Use a hammer and a s:v:.l nail to make a tinv hole in 
free end of the J:'.I::: ......s::;ort 1::: 

it aiv: 
:ve wood stn:' p:::c c:•::.c 

the next step.) 

Step 3—Cr: 	.re between the terrn::,: ei the 6::t hatten 
and the firs: ::. 	e careful to cut the wire near the nah. 

Step 4—Str: 	:lastic coating from thc 	cnds : hc 
:•:.. fanne:: :.: 'ire from the hatterv :.: 	cs mal. 

arm. 

Step 5—Curve the ::.: end of the v;:c s::king out 
the 	: he nail unui it lig:v toucnes tue free end of thc 
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Step 6—Ciose the switch. Does the buzzer buzz? If not, check 
the connection of the wire to the hole in the metal arm. Adjust 
the frec end of the wire stiddng out from the top of the nail. lt 
is critical that this wire Iightly touch the metal arm. 

Step 7—Open and dose the switch several times. 1-bw does 
electric current make the huzzer huzz? Think about what is 
happening to the circuit—when the circuit is broken, the 
current stops traveling and the electromagnet loses ils power. 

The Speed of Electricity 
How fast does electricity travel? Electrons in an eleetrical current do not 

travel fast as they lump from one atom to another, pushing other 

electrons in front of thom. But the electrical energy they create 

traves at neariy the speed of light, 

Materials Needed 

Telegraph set 
from above 
experiment 

Hammer 

Small nail 

VVire cutters 

tuzzer 
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Current Electricity 
Current eleccricity is eiectricity in motion—the current that runs 
through a wire and rings a bell or lights a Iight. What nakes 
the current move? How fast does lt travel? In what direction 
does lt go? 

Potential Difference 
Every object charged with electricity has a certain potential or 

The word circuit electromotive forcL'. \'Vhen Iwo obiects with different potentials 

refers to the path are connected with a wire, electrons move frorn where there 
are manv In where there are few. This is how thc transfer 

an electric current of eiectrons takes phicc. This potential dit . ferencu hct'een 

travels, from the electroinotive forces causes Ihe electrons to travel along the 
wire attempting to equalize the two potentials until the circuit 

source of the 15 ope. 

power, such as a 
3U battery,through 	 UL 

some device using 

electrici, such 	 5ATTLVY 	 LATY 

as a Iightbulb, and 	r'cniivr 	1 1 	NE•'•.VL 	 F 
back to the source. 

lt the circuit is 	A simple circuit 	 An incomplete circuit 

opened, or there 

is no path back 
Electric Batteries 

to the power 

source, electrons 	
A potential difference exists in electric batteries. 
In a dry-type battery, like those used in flashlights, 

will nottransfer. 	the battery's outer edge, or "can7 is usually made of 
zinc, which is negatively charged. A carbon rod in 
the middle of the battery is positively charged. If you 
connect the zinc to the carbon with wiring attached to 
the battery terminals and a device such as a lamp that 
will use the transfer of current, then the electrons in 
the zinc will move through the wire and lightbulb 
into the carbon rod, thus converting chemical 
energy into electrical energy. 
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Dry Battenes 
Volta's electric battery created 
a current of electrons using metal 
strips to connect a row of cups 
containing lye in vater. One end 
of each metal strip was silver, 
the olher end was zinc. lt was 
a crude battery, hut it worked. 

Modern dry cells-- cnmmonly 
called dry batteries—actually have 
a meist paste, often Inangarlese 
dioxicle, mside. Sizes AAA, AA, 
C, and D batteries, the sizes 
used in CD plavers, flashlights, 
and other smali devices, are 
1.5-voll haueries. 

Designed for on-and-off use, 
dry hatteries wear down quickly 

T'NAL 
517.:. ANT 

EXPANSION S FAG E 

PASTE 

POROVS PPER 

CARL)SOAR[) 

ZINC 

CARP'ON 

lt they an.' usect Continunusly. 
Some specially designed hatteries  
can be rechaiged in passing 	A dry cell is designed for on-and-off use. 
an electnc i'iirreni hrough the 
cells. Not iJI 	haueries can be recharged, though. A fire or 
explosion could occur if you attempt to recharge the wrong 
type of battery. 

WetBatteries 
Wet-storage cells, such as a car batterv, should not 
be used too bug without being recharged. If a r.lr 
radio or headbights are bett on all night, you ma 
the hattery dead the next morning. The voltag 
the water suppiy in unsealcd vet batteries sho. 
checked regularly and the arca around the termina 
kept clean. Most modern car batteries are sealed and 
require no maintenance, but true wet hatteries can indeed 
dry out. Top theni oft to the fill line with cl istilbed \vater. 

A new type of sealed battery is the gelled electrolyte or - gel 
cell" battc'ry, which provides a lot of current for its size, is easy 
to recharge, and is rebativeiv inexpensive. Gel cells are found 
most often in emergc'ncv lighting systems in scliools and stores. 
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Common 
Electrical Terms 
To work with electricity, you need to know some common 
terms for using and measuring it. Several important terms 
are clefined beow, 

altemating current. Cu FrL nt that reguhtrlv reverses direction, 
traveling first in one dircction anti then in the opposite dircction. 
Power conipanieS generate alterniting current tu make it easier 
to transmit electricity over long distances. Abbreviated AC. 

ammeter. An instrument for measuring current in amperes. 

ampere. A unit measuring the strengtli of an electtical current, 
hased on the number ut 'kctrons transferring past i given 
point per second. Man' ei»nents of a wiring system ire rated in 
amperes for the greatest amount of current they can safely carry. 
i'hearnpeie, abbreviated amp, is named for French physicist 
Andr&Marie Ampre. 

circuit. A loop-shaped path through which 
eleciric cument trivels from the source Hirough 
some devic: iiitig electricity, such as a Iight-
buib, anti btck tu the source. 

circuit breaker. A safety switch instafled in 
a circuit to break the transfer of electricity 
when the current exceeds a set amount. 
Circuit hreakers can be reset once "tripped." 
.€'t' also tuse. 

conductor. A substance or device through 
which electricity passes. Most meta)s are 
good conductors nf elr'ctricity—that is, thev 
iu]ov electricii)i io travel througii theni v ith 
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little resistance. Gold and silver are the best conductors of 
electricity but are wo expensive for general use. Copper, which 
is re1ai\'ei\' chea. ,  nd chuiful, is used nost often, especially 
in trauslIlIssion lincs thu. .any electriciy from power piantS to 
homes, schools, and busin ossos. Devices that run on elcctricity 
have copper or alurninum wiring. Alurninum is not as good a 
conductor as copper, bot because ii is cheaper and lighter, II is 
also frequentiy used. 

current. The transfer of electricity in one direction. 

cycle. One coniplete reversal of alternating current; a forward 
current and hackward current. Ordinarv household current 
experiences 60 cycles per second (60 hertz). 

direct current. An electric current of constant direction-
that is, the transfer of eiectrons gos only in orte directnn. 
Abbreviated DC. 

fuse. A safety device installed in a circuit to prevent an over-
bad. Designed to meh or "blow" when current exceeds a set 
anlount, it opens the circuit and stops the transfer of electricity. 
Fuses cannot be reused once bftrvn. See eisc, circuit brcaker. 

galvanometer. A device that detects and 
deternines the strength of electrical currents. 

ground. To connect any part of an electrical 
wiring system 10 the grotind or to another 
conducting body, such as a metab vater pipe 
or a rnetal rod driven into the earth. 

grounding wire. Conductor that grounds a 
metal component hut does not carry current 
during normal operation. 

hertz. A unit of frequency equal to one cycle 
per second. Abhreviated Hz. 

hot wire. Ungrounded conductor carrying 
electrical current. Usually identified by black 
or red insulation. 

insulation. Covering of nonconducting material 
used on wires. 

insulator. A material that does not conduct electricity, such as 
rubber or plastic. 
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kilowatt. Unit of electrical power 
r equal to 1,000 \vatts. Abhreviated kW 

kilowatt-hour. Unit of energy used 
for metering and selling eiectT city. 
One kilowatt-hour equal 	000 
watts used for one hour 	an 
equivalent, such as 500 watts used 
for two hoursj. Abbreviateu kWh. 

lad. The part of an electrical 
crcuit that uses the eicctric power. 

•iighting circuit, the bad is 
ine iightbulb. 

• 4 	 neutral wire. Grounded conduc- 
tt'at cornpletes a (urcuit by orovid!ng a returtt path tu he 

source. Always identified by white or gray insulation. 

ohm. A unht of measurenient for electrical resistance to a 
cuncin. lt is named for Gernan phvscisi Gcorg Simon Ohm 
1 787-1854), wltuse Ohm's iaw states „hat tltc pressure of 

one volt will cause a current of one ampere to finw through a 
resistance of one ohm (Voltage = Cunent x Resistance). This 
sim0.e fomniula shovs the relationsi''" hc't'.vc'c'n volts, amperes, 
and reistance in anv ciectric circuiL 	'Orcvu'ted Q. 

1 

..:\ 

Too 	n 	. plugged no th nutlet. 

outlet. An electrical device where 
the switch can easily be connected 
to a fixture or equipmnent that 
uses c'lcctulctty. 

overboad. Condition in which 
n electrical circuit carries more 

:urrent than it can safely handle. 

receptacle. The dm'vice iltat you 
eiectric cords tuto, sonietimes 

:atied an outlet. 

resistance. The opposition against 
the free transfer of electrons in a 
conductor. Measured in ohms. 

resistor. A device designed to 
restrict the transfer of current in 
(or introduce resistance into) an 
ebectric circuit. 
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rheostat. A resistor buflt so that the current travelirig through 
the circuit can be a.:sted at will. Volurne controls and dimmer 
switches are examj 

short circuit.:\ 	 1o\v-res:TJc ::.uit that a:.vs 
ele::ons to foL3; si:.:r. unintt 	ack to the 
po.ve: source rather th: 	 path that goes 

ug throh the bad. Occurs when bare wires touch each other; 
often resuits from vorn insulation. 

source. Point of supplv. s'ach as a generator or battery. 

switch. Dece 	trser of &ecrcv. When the 
swh is o:. 	:.;; 	d cu:c: ....ay tr:e through 
it. When the sv: 	ff, the circuit is open and electricity 
cannot transfer. 

volt ..'. 	potc-;,:.,31 differe:•:.:: 	::it of measurement of 
eiet::a p:ssure 	rce. Abbe:i:.; Y 

voltage. Pressure at which a circuit operates, expressed in 
vo::s. 	age is like the pressure in a vater pipe. For example, 
120 volts have twice the pushing force of 60 volts. 

voItmeter.An::.... .ient for 
measuring the ..':-:.-: 	cc in 

ical .I 3Lue)et\ttT 	\0 

watt. uit that mt..re 	ueL- 
tric 	at the 
lt 	 Lii. el 

01 pover cc ah UflC voll c ' 1 	/ 
..... 

" 	1 
es ‚ire rated in 	. 	:-- r- „:-ding  . 	.. 
to the 	:er thev con'ime. 
Ahhrevaed 1V - 
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Current in Motion 
Electricity is like an army division. Sitting still, it accornplishes 
notiung. To get vork done, the division most start mnving. 
Electricity marching alotig a wire is a aivaiOe servant. Wo can 
generate ii, send it over wires for great distances, and control it. 

Altemating and Direct Current 
Thote iro t'.o kinds of OiCctrlC cm ent—diroc'! 	um 	[)C Power line 
and uu'mnm[itg C m;'r'nI (AC). Direct current 	s ilk2 	te-\vay 
street—the electrons go in only one direetion. Turn on a flash- voltages are 
light and chrect current travels. Car batteries also produce extremely 
direct currcnt. 

In .iiternating current, the transfer of elecirons starts from dangerous. lt you 

zero and builds to a peak in the positive direction, then subsides see a downed 
back dowo 	zero. Then the transfer of electroits rocerses, builcl- 
ing to a ncgiiwe 	eak and subsiding back to zero. in 	his \vay, power line, do not 

electrons aitert0c!y travel in positive and negative (iirections, approach or 
contlnuouCu 	otn-'atttnz until the circuit is openr'd. 

touch it. Contact Large.cmwn power p!ants coninionly produce 
alternating cutrent 	use in homes and factories. Most house- local authorities 
hold and inclustrial power circuits in the United States have and the local 
alternating currents 	a frccuencv of 60 cvcies per second, 
or 60 /o' 	[i). lhi 	niean 	tut' 	he CIH mtt 	bw n,ites bock power company 
and forth, making a round-trip, or cvcle, 60 times per second. To immediatey. 
moke 60 mund-trips, the current chonges directiott 120 	inc. 
Powor systems in 	ome other counu es operate ci a 
other than 60 Hz. Some aphiances depend on the frequen(. -.v of 
the alternatig cltrrent and will not work properly in countries 
with different frequency electricitv. 

Using Altemating Current 
Po ,  ver cornpiic 	trefer altenating ciii -rent hecause it is readilv 
produced b) - hyc generators, 	nri lt is Cdsy 10 step its !)Olt0,gc" 

up or down. Bv 	ussing it through simple transformers, üpcators 
can easily raise or lower the voltage of alternating current. 
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If misharidled, the electrical current in your house can be 

dangerous. Do not tamper with power lines.The result 

could be a fuse blowout, tripped circuit breaker, fire, 

serious injury, or even death. 

When stepped up to a higher voltage, a!ternating cunent 
is easy to transport over long \vires. When lt iirivcs at its 
destination, it is stepped down 10 moderate ViZ 	Alternating 
currL'Ilt eadily operates lights. motors, and e 	rR:a1 amliances. 

Ceneators in nest elecuc power Li,in oerae 11 3,800 
voRs or higher. Voltage is passed thr(„ , ugh transforniers that step 
UJ) the voltage te 34,300 volts or higher. Tralsnjssnn vcRages 
tvpicaflv are 115,000, 138.000, anti 230,000 veits called high 
voltage or LIV), and 345.000, 500,000, ani 703,000 volts (ca!led 
extra high voltage or EI -1V). 

Transformers 

Transformers You can raise or lower ahernating current voltages by using a 
transfornier. As you ralse the voltage, you lower the current in a 

do not affect circuit. As vou lowei the vohage, vou raise the current. 

the power; they A t insorner consists of a round er square iron core. 
Insulated wire wound around one side of the core is called the 

merely raise or erimav coil. Wire is also wound around the other side, hut \vith 
lower the voltage adifkuent nurnber of turus. This is cdied the secondary ccii. 

The more turns in the secondary coil, the greater the voltage. 
and current. Current is put through tht' priniarycil, which induct's 

another current in the secun'Jiry coll. if dc secon darv colt has 
rnore turns than iRe primary coil, the voltage is steuued up. If 
the secondary coil has fewer turns than the primarv coil, the 
voltage is stepped down. 

Here's a definition of voltage ciasses provided by the 

American National Standards Institute. 

bw voftage. A dass of nominal System voltages less 

than 1,000volts 

Medium voltage. A dass of nominal System voltages 

equal to or greater than 1,000 volts and less than 

100,000 volts 

High voltage. A dass of nominal system voltages 

from 100,000 volts to 230,000 volts 
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A transformer basically 
consists of an iron core 
and two pieces of wire 
wound around lt. To 
double the voltage, 
put twice es many 
windings on one side 
as on the otherTo cut 
voltage in half, reverse 
die connestions. 

GOINGIN 	COMINGOUT 
	

GOING IN 	COMING OUT 
120V0LT3 240 VOLTS 

	
240 VOLTS 	120 V0LTS 

2AMPS 	1AMP 
	

1AMP 	2AMPS 
240 WATTS 240 WATTS 

	
240 WATTS 	240 WATTS 

Using Direct Current 
While most current produced by large generators is alternat-
ing cunent, direct current can be produced for specia! needs. 
Alternating current can be changed tu direct current by putting 
it through a rectifier. You probably have noticed that many 
small app]i.nces and eiecironic devices have little black boxes 
that plug irno wall Sockels. The black boxes contain voltage 
tra nsformers and, usualiv, rectifiers for changing house current 
(AC) to direct current (DC). 

Cars use direct cwrunt, as do radios und televkion sets. 
Radios and TVs have diodes that act as rectifiers tu change 
the alternating current in your house to the direct current 
they require. Other uses for direct current include flashlights, 
electroplating, charging batteries, und separating aluminum 
from ute. 

Check Your Appliances 
Before connecting new appliances or motors, 

read the metal plate, known as the name plate,  

that shows what kind of current to use. Some 
motors and appliances may be wired for direet 

current ortake a voltage higher or lower than 
the one available. Motors wired for one kind of current can be ruined by 
connecting them to a different type of current. However, some small 
motors are wired for both direct and alternating current and are so marked. 
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Insulators, Conductors, and Grounds 
You know that conductors are materials that allow electricitv 
10 trael easilv through them. Ie'uators are substances 	ike 
giass, porcelain, plastic, and rubber that have high rc'r'ztance 

Lightning rods are and do not ccirry ordinary current. \u Live seen rubhcr or 
plastic insulauen 011 wires auached in t 	ciionic 	icvccs and 

grounded. Can householcl apphances. Porcci,in and poivm er insulators are 

you explain why? used 011 higi-tension wires to keep the current from getting out 
of line or runriing into the grouId. 

To eoeind an eleclrical system means to provide an 
elecbrical path 10 the ea ii. Greunding assures that all metal 
n1rts o 	a circuit that yoi 	teuch st,iv at zero voLige 
'.tLuse they are connecteu diiecui' to tLc cau!i. Incdr, the 

netal frame is the ground. Wires connected to ii are considered 
rtrounued. The outer paris of the spark liP5 an 	niuded 10 
inc cegille. One no!e of 	c,-u-  hatterv is growideu 	ihe frame. 
1 ligh-tension xvii c 	ilave cia hora te pro ii od 	tenis 10 cww 
lightning strikes them, which oft-, i 

lt is crucial te reajize that cccii jein 	cii iravot in con- 
ductors other than 	vires. lt can travei through trip conducting 
body—including a human body like 	own. Make sure 
eiccLJ:uv does not use you as a conductor on its 'vay to the 
g!OL:0. \Vaicr is a good conductor ot 2h2ctricitv. sf ,  never turn 
on a iii.ht, a radio, er an ateiiiutce such as a 	ein 	er win je 
standing in vater—not even on a damp floor. 

NEVER work on any live electrical 
"'  circuit, fixture, or appliance. 

The shock could kill you. 

Electric Motors 
Generators and motors are devices that dernonstrate the chang-
ing of e1ic!i.y hetween mechanical and eiectrical. Generators, 
ike portabic gasoTtne generators, take n !eitictl motion tud 
raitsietit eecii Ca CflCiit, while mOL cunvert electeral 

input to mechanical nlotion like turning a fan. 

How an Electnc Motor Works 
A simple electric motor is little more than a spinning magnet. 
From your earlier work with magnets, you will remember that 
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a movable magnet, such as a magnet on a string, swings around 
because its north pole is repelled and its south pole is attracted 
by the north pole of a noorby fixed magnet. lt will stop turnhtg 
vhen its south pole is nearest the iorth pole of the ftxed magnet. 

No\v, suppose that ii.ist as the somit pole of the movable 
magnet nears the north pole of the fixed magnet, we could 
somehnw reverse its magnetic poles. Then il would keep moving 
for annther half turn. 1) ve could change its poles every half 
turn, the moving magnet would spin around and around. 

We cannot reverse the magnets polos, but we can achieve 
the same rcsults. in place of a rnovabe bar magnet, we can use 
a cr01 of wire \vrap(ed arnund a core—an electromagnet--that 
spins. Like a Ll nagcti. lt has north and south poles, hut its 
poles can hc 1'iOflt:V ciionged bv rcversfng the current in the 
wr. E:\ - evti ;n tb OtFcutt s omn'cd artd closed (once evei)f 
half turn), the current reverses its direction. This is done auto 
maticallv as the coil of wire spins around. 

FIELDS, ARMATURES, AND COMMUTATORS 
Substitute another electromagnet for the flxed bar magnet, 
shaped to fit around tite Hning coll, and you have a dmie 
direct-current motor. i]O od eiectromagnet is called the fluid. 
The spinning electromagnet s called the armature. The arrange 
ment for opening and closing the circuit is the commutator. 

Make a Motor 
You can build a motor by following the steps below. 

Materials Needed Hammer anti na)) E)ectrical tape 

Screwdnver Piece of cork (3 to Battery (C, 6V, 

Wood hase 
4 Inches ong) or 9V 

(about 12by Two pieces of thIn Rubber band 

4 - hvi;2 	nches) i nsuiated copper 
Four to six smal) 

Four smal( screws wire (hell wire) 
stick magnets 

Two meta) L hrace 
Sturdy ,  thirt Wre stnpper 

ets (about 1 1/2hy 
~ivooden or t0astc 

1 1/2by1!2 loches) cowe (about 10 
nches eng) 
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JNSTRUCTIONS 
Step 1—With a screwdriver, 
attach the L brackets to the wood 
base. Be sure the hrackets are 
spaced far apart enongh to allow 
room for the dowe! 10 fit through 
the two holes at the top, and for 
he cork-do\vel asembIy 10 spin - 

	

	
freely. Ahout 1 inch of the dowe! 
should reach past each support. 

Step 2—Lise the hammer and 
nail ta pllnch a hole in Ue cork 

• crc swiSe, as shown. Bo sure the 
hole is large enough for the 

.J wre 10 pass through. 
cork in place, the clowel 

nj be c!ear of the wood h.ise 
and be ahle 10 turn freely in its 
support. 

Step 3—Cut a niece of the 
insulated wire aheut 00 inches 
long, and wrap it around the cork 
about 15 tu 20 hOhes. Do not cover 
the holes in the cork or cut the 
vire—use one cofl!illuous k'ngth 

of wire. (The more wraps there 
‚ire, the "stronger" the motor will be.) 1..eave scver.! inches tor 
e1cls on each encl of the vil -e, and pass bou on.is through the 
hole in the cork. 

Step 4—lising the wire stripper, remove about a half-inch of 
insulation frorn both ends of 'he vire. Insert the dowel in the 
cotk. Tape the leads of the wire tu opposite sides of the dowel, 
as shown. Do not let the stripped ends buch each other or 
cover thern with tape. 
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Step 5 

1'::: 	eve 	cr 

es 

e:han±T 

vr 	e3: 	 w:e ei:ze 

a:c 	L!e sre:vs, 
ze es agam: :e 	c 

±3: ±e cii 

wi± :he bare v::e 

±e ±'xe. 

Step 6—P:: 	:iie rasnes azz  

showm zke te ±e :e±s 

Gve ±e 	ve 

Temo:c:s: 	ir 

iiI3V fl€ 	: 	 niicve t 	ii3 

SA 

ack 	 :he 

are USr'Q 3 6V 
33ttery CClnect tne 

res to tre terrfl1as 

a shc, nere. Tne 

e3me coflCep aop.es 

ora 5V oavter. but :cu 

reed to use a rober 

bend to secue the we 

to tbe battery for e 

good oonnecdon 
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PhE.ostat 

lt is important to remember three rules about resistance: 

• A thin wire offers more resistance than a thick one. 

Just as it is harder to force water through a small 

pipe than through a big pipe, it is more difficult for 

electricity to travel through a small wire than a 

larger one. 

• A long wire offers more resistance than a short one, 

just as a long pipe siows the flow of water. 

• Electricity tends to seek the path of least resistance. 

Make a Rheostat 

Materials Needed 11 Full length of pencil bad 

Flashlight battery from a mechanical pencil 

1 Flashlight buib Thin copper wire 

Transparent tape 

encil lead makes a good rheostat because 

electc1;. Thegre: 

'ariable res,:r 



1 

4 
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INSTRUCTIONS 

Step 1—Attach the wire to the top of 
the battery. 

Step 2—Twist the other end of 
the wire around the metal side of 
the lightbulb. 

Step 3—Holding the lightbulh by its 
gkiss cnn, touch the metal bottoir " 
thc hub to the lead ciosr 10 the 
as shown. The buib will burn bri, 

Step 4—Gradually slide the huib do 
the length of the lead. The bulb 
slowly grow dnnrner as lt is nloved 
away frorn the battey. 



Fuses and Circuit Breakers 
Electric current comes into your home 
on overhead or underground wires. 

Keep extra 	From your electrical meter, heavy, 

fuses handy. 	
. 

well-insulated wires run to a main dis- 
tribuon center or breaker box, where 
the main disconnect switch is located. If necessary, you can use 
that switch to shut off ai c-lcctric current in vour hooe. 

The fuse box or circuh !'reaker panel is ypicallv ocated 
in a utility room, in an ('lecol rOoni, in a rnechanicHoom, 
or near the main power feed to the building. Fuses IM   cir-
cuit breakers act as guards: They preveni current tL .rc too 
strong from traveling into your homes nranch cocu-
transfer of electricity becomes greater than a fuse is designed 
to handle, the metal element inside the fuse melts and the fuse 

Dos 

• Employ professional, licensed electricians 

for major electrical work. 

• Promptly replace worn cords and defective plugs. 

Open the main disconnect before replacing fuses. 

Keep electrical cords where people will not trip over them. 

Don'ts 

• Don't plug in too many appllances or devices into one outlet or 

one circuit.The overload may blow a fuse, trip a circuit breaker, 

o  start a fire. 

• Don't pull out cords by the wire.Take firm hold of the plug instead. 

• Never touch electrical devices while in the tub or while touching 

faucets, water pipes, or radiators. 

• Don't let Christmas tree lights touch the needles of the tree. 

• Never leave Christmas tree lights burning if you are not home. 

• Never work on any live electrical circuit, fixture, or appliance. 

• Don't replace a blown fuse with one that has a higher ampere rating. 

• Never stand on a damp floor when replacing fuses or handling 

electrical devices. 

• Don't operate fans or heaters where small children can reach them, 

and don't leave these appliances running unattended. 

38 	ELECTRICITY 



biows, or burns out. A circuit breaker 
automatic: opens and 'trips" 
the circuit. 

Everv time vou switch on another 
light or aj''.nce, more current tr:cs 
through that branch circuh. The wire 
is heavv 'c"gh to carry :'eres 
tor 	.:e. lt there ar 	.j manv 
amperes, the wires mav get bot and 

fe unless a fusc •r circuit 
:' :otects the 

11 	 carrv up 
to 15 .i:c-s. 	:ic. 	.ou 	 . 
trv 10 cs.:.:: 	25 	 hat 
line, ic 	hlows, the lights go out, and you know vou have 
overloaded tue circuit. First. correc: :he problem so you will 
not or:oad the ccc. cr. f vou iave too 	cppliances 
pluggc: :to one cc:c: cc ..cuit. unplug 'oasters, 
coffeemakers, irons, and heaters can use a lot of current. They 
frequently are the cuiprits. 

Short Circuits 
One common cause for a hlown fuse or tr c:c. rcuit breaker 
is a d cc, ccc fraved co:. 	 oif and the bare 
wires 	--::'::::. A flash c: 	 1 of burning 
insula' . ............ ccc a shori circc;. In a short cirduit, electrons 
cc: 	a shoner, 	:tended path back :: :hc powc: ource 
rcc;;c;;'ccn the Ion-ei :' ':h that goes thro'. 	appccc.:e 
or other cc': cc using 	ctv. Since the current suddenlv 
encounte: 	.;c: resh.:c:ce, more current transfers, and that 
biows f. 	c:::ips th circu 'reaker. 

	

breccs usc 	i homes are the push-push 
type; others have a handle that must be pcc ed to the oft 
positic: ccfc:cc : c: 	. cm hc 	cc the on ::sition. 
Follov::':c :i' 	.:'c 	:.'ur h:--:- ,. 0 crcuit brec.lccr panel 
10 prc: ..:. 	• - 	vce vou hc:e. 

Fuse Boxes 
Fuse hoxes have not been used in home or business construc-
tion tor man' vears. 1c '.'ever, you might encounter a fuse 
box in an o!&:.- uilding. In a tuse box, tl:cc'c .. P be c. cral 
fuses. Before ccc replace one, open the mc . .... •::iconnec: tor 

When a fuse 

blows or a circuit 

breaker opens a 

line because of 

excessive current, 

you must first 

correctthe cause 

of the problem. 

Then replace the 

tuse or reset the 

crcuit breaker. 
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safeiv. The blown fuse probahiv will look black or show a gap. 
burned one and repiace it. If vou cant 

	

z eac...c. TT:... f..s 	inarked 
:c-:es lt w::.: ......... 	 . :. c. ..sc a fuse of 

:aerage than the one 	. 	.:..—it could 

Damp floors can be a shock hazard. lt a room in your 
home has a ciamp floor, power should be disconnected 
and the problem fixed before returning electric power 
to the room. 

Series and Parallel Circuits 
In a series c...t, electric current tra;c.s along a sinele o.th. 
going th:::c: :-ach cr..... ;ponent or device. lf :-: con...: is 

	

n a serh::-.vired 	 :ias tree bulb 
.. the ciicuit is OjOKCO and electric 

In 	 cuit, each component or 
:he powe s:urce 

own :na in circ:. Eve; 
one bum' -  : 1 a 	:::...it burns out or is 

e o1c:: 	.:ue to wc: 
:h has t-  

in a hoi:sc  el 
circ:s. If vou switch off one d ;::e, the 
others still work. 

Switches 
A single-pole, single-throw switch is commonlv used to turn 
on electric lic;::s and many other devices. lt 	is one of the 
easies: 	 ;::s-: •:an make für 

a round-hea:. scw. A metal v:.s:.: .: 	 :ed end of the 
:h is suggested. 

Electric Beil 
Für part of 	 5 , : au will need to drav a simple 
elect 	bell 1:: sbow .......: 	 .vorks. Look at the drawing of the 
elect.:: Eell c:: :e fc. 	Page. 
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Stairways often 
have ights that 
can be controlled 
by switches at ___________ 
both the top and 
bottom of the stalrs.  
This requlres 
a single-pole, 
douhle4hrow-- 
or three-way---- -0" 
switch In 
each positt 0 fl 

Single-pole, Single-pole, 
doube-throw switch stng?e-throw switch 

First, foiiow the path the current takes. When you push the 
button. the current goes through terminal A to the electromag-
net [ Frum thee it goes to a muving contact, C, then tu contact 
post D, and out terminal E. 

How does the curreni cause the bell to ring? As you push 
the but.ton, the electromagnet F attracts a small piece of iron 
(the armature), B. Aitached to the armature are contact C and 
a hmrn'r, H. The hammer hits the gong. As the armature is 
puiled tu the magnet, lt polis the contact away from post 1) and 
the curreu siops ----the circuit is broken. Thus, the electromagnet 
loses its power and the spring G snaps the armature and contact 
C back to post D. As contact C touches the post, the current 
starts transferring again and the entire process is repeatcd. This 
will hippen several hundred times per minute, creating the 
sound of a ringing bell or vibrating gong. 

_ A 	 E 

ttLJTTON 	 7 	‚- 

An electnc vibrating beil. A and  

E are terminals. Bis the iron 	 0 

armature, Cthe moving contact, 	 H 
0 the contact post, Fthe 	 GONG OR 
eleetromagnet, G the retum 	 LSELL 
spring, and H the hammer. 

N 

EIECTRICITY 	41 



Connect a ModeiTrain to a House Circuit 
If you choose requirernent ile, you must show how to safely 
hook up a model electric train layout 10 a house circuit. You 
should know sevora! thfns abont vour c!ecti - ical power supply 
before you plug in the vlcctric tr1in triisfojmer or alt np to 
operate your electric train. 

Never connecl your train direclly to in electncil uutkt 
Always use an elcciric train transformer, which changos 
higher voltage eleciric power (usnaily 115 10 120 volts) found in 
your home 10 the bw voltage required for operating toy trains 
(from 8 10 18 volts). 

The transfornier cord is plugged into any convenient wall 
outlet. Low voltage is then obtained from the binding posts on 
tun or in back of the transfornier. 

Ce 

/ 
L 

- 	 -- 

Rernemher that householcl lines in different countries might 
not be alike. Make certain that the voltage and frequency 
(cycbes) of your ebectric power supply correspond 10 the rating 
of Ihn 1ansformer. If you have any douht. ask the local 
electric company. 

Do not plug vour iransformer into ilireci current (DC) as 
it will burn out intmediately and may cause a fire hazard. 
Most regions of the United States and Canada have alternating 
current (AC). DC in household current is rare. 

42 	ELECTRICtTY 



Electrical Safety lnspection 

V For requirement 2, you will 

need to complete an electri- 

cal safety inspection of your 

home. Here are some items you can check 
in your horns today to ensure electrical 

safety. These tips corne from the Electrical 

Safety Foundation International and can be 

found online at http://www.esfi.org . 

Make an electrical safety checklist and 
walk through each room of your house, 

checking on each aspect of electrical safety. 

You can go over your list with your coun-
selor later and diseuss what you found. 

LM 
Outlets. Check for outlets that have loose-fitting plugs, which can 

overheat and Iead to fire. Have an adult replace any missing or broken 

wall plates. Make sure there are safety covers over unused outlets that 

are accessible to children. 

Cords. Make sure cords are in good condition and not frayed or erackeh. 

Make sure they are ptaced out of traffic areas where people can trip 
over thern or small chlldren can reach them. Cords should never be 

nailed or stapled to the wall, baseboard, or another object. Do not pace 
cords under carpets or rugs or put furniture on top of them. 

Extension Cords. Check to see that cords are not overloaded. Extension 

cords should be used on a temporary basis; they are not intended es 

permanent household wiring. Make sure extension cords have safety 
closures to heip prevent srnall children 
frorn electrical burns on their rnouths and 
other injuries. 

Plugs. Make sure your plugs fit your out- ‚ 

lets. Never remove the ground pin (the 
third prorig) or try to rnake a three-prong 

plug fit into a two-conductor outlet.This 

could lead to an electrical fire. Never fa 
a plug into an outlet if it does not fit. Plugs . 

should fit securely into outlets. Avoid over- 

loading outlets with too many appllances. 
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Ground Fault Circuit Intemipters (GFCIs). GFCIs can 

heip prevent electrocution.They should be used in any 

area where water and electricity may come into con- 

tact. When a GFCI senses currerit leakage, it assumes 

a ground fault has occurred. lt then interrupts power 

fast enough to reduce the chance of serious injury from 

electrical shock. Test GFCIs frequently according to the 
Underwriters manufacturer's instructions and after major electrical 

Laboratories storms to make sure they work properly. 

Inc. (UL) is an Lightbulbs. Check the wattage of all lightbulbs in light 

fixtures to make sure they are the correct wattage 
independent, not- 

for the rating of the fixture and any interconnecting 
for-profit product wires. Replace bulbs that have a higher wattage than 

safety testing recommended. If you do not know the correct size, 

check with the manufacturer of the device. Make 
and certification 

sure bulbs are screwed in securely; loose bulbs 
organization. can overheat. 

A UL label or Circuit Breakers/Fuses. Circuit breakers and fuses 

stamp (above) should have the correct size current rating for the 

ci rcu lt wiring and intended purpose. If you do not 
meansthatthe 

know the correct rating, have an electrtcian identify 
product meets and label the rating to be used. Always replace a fuse 

nationaily with one of the same rating. Make sure everyone in 

your family knows where the main breaker is located 
recognized safety 

and how to shut off power to your entire house in 
standards. Look case of emergency. 

for this label Plug-In Appliances. Check to make 	 - 

when purchasing sure plug-in appliances such as 

any electrical 
hair dryers are not left plugged 	¶ 

in where they can come into 
products. contact with water. If a plug-in 

appliance falls into water, NEVER reach in to pull 

lt out, even if lt is turned off. First, turn ott the 

power source at the fuse box or breaker panel, 

and then unplug the appliance. If you have an 

appliance that has gotten wet, do not use lt until lt 

has been checked by a qualified repair person. 
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Appliances. If any apptiance repeatedly biows a fuse or trips a circut 
breaker, or if it has given you an electric shock, unplug it and havc 

repaired or replaced. 

Entertainment/Computer Equipment. Check to see that the equicmen 
is in gouu condition and working properly. Look for cracks Dr damap,e H 

wiring, plugs, and connectors. Always use a surge protector bearng thc 
seal of a nationally recognized certification agency to proteot your eec 
tronic devices from unexpected bursts of vottage th ccuft otherense 

cause damage. 

Outdoor Safety. Electric tawn mowers and electric power tGGIG shcud 

not be used in rain, on wet grass, or in wet conditions. lnspect power 
tools and electric lawn mowers before each use for frayed puwer Cords 
broken plugs, and cracked or broken housings. If a tool is damaged, stop 
using lt immediately. Repair or replace lt. Always use ar xtensicn Cord 
marked for outdoor use and rated for the power needs ci your toos 
Unplug all portable powertools when not in use.When usng edders, 

stay away from overhead wires and power lines. Making coreteot wth 

power lines can cause serious injury or death. 

Lightning. During electricat storms, do not use apphances such as hair 
dryers, toasters, radios, or telephones, except in an emergency. Do not 
take a bath or shower. Keep batteries on hand for flashlights in case of 
power outages. Use surge protectors on electronic devices, appilances, 
telephones, faxes, and modems.The best protection is to unplug electrd 
cal equipment during an electrical storm. 

Space Heaters. Space heaters are meant to supply suppumental neat. 
Keep space heaters at least 3 feet away from combustibL materials sucd 
as bedding, clothing, draperies, furniture, or rugs. Do not use them in 
rooms where children are unsupervlsed.Turn 0ff and unptug space heaters 
when they are not in use. Do not use space heaters with extension cords. 
Plug the heater directly into an outlet of a relatively unburdened circuit. 

Halogen Floor Lamps. Halogen floor lamps operate at much higher tern-
peratures than standard incandescent lightbulbs. Never place a halogen 
floor lamp where lt can come into contact with drapes, ciothing, or 
other combustible materials. Be sure to turn the lamp off when you 
leave the room and never use these types of lamps in children's roonis 
or playrooms. Consider cooler fluorescent floor lamps. 
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Electncal Floor Plan of a Room 
For reql  rement 8, vou '!! ee o draw a sim'!e f!'r r'n 
of a roo:: :i vour honse 	:‚ switches, 	-- i 

iied 

First, make a drawing that shows 
ehe :-.:ines 	:t room in your 
Then use ehe electrical 	:g symbols 
Co draw, 	he  
anti to s::..:  
anti electrical outlets ar 

Nex.sk a parc: 	tz.:::.iian 
to the n-, m.: ,  breaker 	x 	:;n of: :. 

:lies power to the room 
::e chosen. 	irn on the lights in 

e iocin hefore ue 	d 	fhps cf thc' heaker. If t'cTe 
is more than one cir•:: 	' - :aker 	•.:::s to the :.-.:m, 
note which breaker supphes power to w lets, lights, anti 

vhile ehe po.vc ......-ff. 
drawin. i :)ox anti high- 

circuith: 	:s.:ppiv :.:.:. -- o ehe room. Briefiv 
s,)lies 	i':::'.ver 1 :trious ek-;ca1 

.:::.u m. 	.so v. 	...: - oo tho s.t 	fse or 
chho room c:.'c-:ates........... :.:c:: 	:he 

fuse size at tue hreaker box. 
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Electrical Wiring Symbols 

0 Ceiling nutlet 	 Single-pole switch 

Floor outlet 	 Double-pole switch 

Twowire chle or raceway 	 Three-way sw(tch 

____ Three-wire cable or raceway 	 Galvanometer 

____ Four-wire cable or raceway 
	_Avt\/V Resistor 

1 07 Push button 

111111/ Buzzer 

Chime (also E 

Motor 

Junction box 

Ground connection 

Single-pole, 
single-throw svvitch 

F One-cell battery 

-J 1111111- Multicell battery 

Ammeter 

BuIb 

BuIb in bulb holder 

(j 	Voltmeter 
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How to Read an Electric Meter 
A wati-hour is a unit of energv. Electric cornpanies charge 

their custorners on the basis of kilnu'ati-•/i.oirs (kt.Vh) useil. Kilo 
is the Greek word for one thousand. Thus, a kilowatt-hour is 
1,000 watt-hours. One kiiowatt-hour equais 1,000 watts used 
for one hour (or any equivalent, such as 500 watts used for two 
hours). The electric meter at your house measures kilowatt- 
hours; an electric bill shows the cost of the number of kilowatt- 
hours used in a given period of time. 

As part of requirement 9, you must learn how to read 
an electric meter. Locate the electric meter at your home or 

A wattis a unit apartment. lt will he either the digital display type or a 

of power that tra(l tional dial meter. 
If you have a dial meter, lt is not hard to learn how to 

measures read lt. Reading the dials from left to right, simply write down 
electrical power the figuic ihat the hands or pointers have just passcd. When a 

pointer is between two nunihers, you alwavs vrite down the 
flowing through sinaller number. If the pointer is exactly on a number, write 
a circuit. lt was down that nurnber. 

narned for James 

Watt (1736-1819), 

a Scottish 

inventorwho 

perfectedthe 

steam engine. 

- 

PITfl 
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Reading a Meter 
Beginrnn0 witti the ttband dia n de lstration 

that foHovve notice tnat the ast fgure nassed by 

the phner Is t Co the nt dhai, the poloter hes 

passed 11 Some of tOn diis med onkwsa oth€rs 

maJ counterccco»se The polnter an ths dial goes 

countemclockase. The thrd dli has passcd 5. Co th 

fonrth diat the pontor is heteen 9 and 0. Consider 9 

n this oase to he smaher theo 0 because the 0 is reahv 
10 Also, sau ah'avs vohte down the numbem de 

phnur ras just bassed not tne number lt is movnq 

toward.The fna Ocinter is e\actV an 2The meter 

re ading is 17992 

To tod ocr horn oanv kiiorsatbhours you used 

at ycur house i n ans month, subtrdct last months 

readng, a.hich can ha faund an your last eiectrc biO 

frorn this moth s meadin, For example 

Da 	 ABCDE 

Prpsent readng 	 1 7 5 9 2 

Last moaths reading 	16 6 02 

KiowahMours used 	 9 9 0 

To Ogure auf vour eleczc cor;sumption during cmiv 

period of ome, simpiy snhtract de reading taken at 

the beginnng Of the parod team de reading takn 

at the end of tte pericid 

When a pointer on 

any of the meter 

dials is between 

two figures, 

always note the 

smafler number. 

If you an not 

sure a pointer has 

passed a figure, 

see if the pointer 

tothe righthas 

passed zero. 
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Determining the Cost of Electricity 
To figure out how much your e::y bill will be, you must 
lnow how much your electric cornpanv charges per kilowatt-

r. You ca find 	..... ': !kingat vour familvs ctric 
the 	does :::: 	::ce per kilowatt-hour, ::u 

can get a dose estimate by i:,.:. 	:he amount of the bill hy 
the kilowatt-hours used. 

For example, an e!ecric hill of fl2432 1 17ided 
1,110 kWh works out t 	 .................... cents) 
per kilc.i..tt-hour. 	.: 	 c::.: 	:arges ii cents 
per !; 	-our, ihe Üni 	 . 	 .... earlier meter- 
rea::: 	.:.:...le) would bc 	 i3.90. 

'. .. 

1 ,  

‚.'. 

/ 

lt  

\te that the dials give readings in multiples of 10. The dial 
to the 	single digit. :e 

‚.al in ........cs, then thousanüs, 
and the 

As vou 	eariier, the hands on the dials of a meter turn 
c:wise or c: : - :clockwise. Tc :s*-........ ::e dial 

must m.i-: c:niplete revo::, s, --ach 
zero, before the pointer on the :x: dia ':11 move one sace, 
and so on. 
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Conserve Energy, Re ci u ce, U s e 
Ciier Lcw vcmr faclv cuid censerve energv andreduce 
veur eecrric hill. rhen ahare v3ur rhugivswirh veur ceunseler. 
The five kevs tc ged energv management are 

L Kmrv reur eleciric utihtv rares. 

. Kncw hcw rrrich energv veu are using 

5. Knc;v ;vhere cu a:e using the errergv. 

-L Kncw when veu are usins the energv. 

3. 

 

Im, plement srmpe energ -nrana. 	zecflnues. 

Here are serne :ceas. 

Tum off lights and electronic equipment after use. Set 
,he dir cendirioner at 7S degrees during summe- months and 
:he urnace ar 65 degrees in Winter. ff veu are tee cold er tee 
varm. aver veur ckthing 

 
up er down accerWnziv. Turn cii the 

hea: and erre;r dews en davs when the rernpe:a:ure is ever 
65 degrees. Ort cccl sururrter Java. rum cii the alt cor.dhioner. 

Clean or replace heating and air-conditioning filters 
at least once a month. F;rers -rnoee whh dust and alt 
CnuiL ma - ::rr ri ng and hea:hrg veur herne 

less eiicien:. 

Install low-voltago outside lights. lnstaliing '-vclr lights en 
te extener ci 	wii sare veu menev. 

Do fuJi loads of laund ry. 'e carr conserve watet and eiecuochv 
and tewer veur e:ectric cesta bv wash:ng onv iud Icada ci laundrv. 
Grill foocl outside. Caing an eutdcer grii in gecd wearher tvid 
minimrze use ei the elec;ric eten and stovetop. 
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Electrical outlets and wires pose the greatest danger to young 
children. Preschoolers love to insert hairpins, paper clips, and 
any number of other conductive objects into electrical sockets. 
Toddiers often expiore electrical outlets and wires by mouthing 
them. Since water is an excellent conductor of electricity, there 
is a danger of severe facial burns. 

When not in use, electrical outlets should have protec-
tive guards plugged into them or be hidden and hard to reach 
behind furniture. 

Electric Shock 
Electric shock is caused by electric current passing through a 
human body. The victim's breathing may stop and the person's 
body may appear stiff. The electric contact must be broken as 
quickly as possible. 

If sorneone is in contact with a live circuit, do not touch 
the person. You can become "stuck" tu the person and part of 
the electrical field. If the service panel is nearby, quickly shut 
off the house current by throwing the main disconnect switch. 
If it is a long way tu the service panel, or you du not know 
where the main disconnect switch is, use a nonconducting 
object such as a wooden chair, wooden broom handle, rug, or 
rubber doormat tu separate the person from the live wire. Never 
use a metal or wet object. 

V 
Under no circumstances should you ever 
touch a victim or an electric wire with 
your bare hands whule the person is still 
in contact with the electrical source. 
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Keep in mmd that both water 

and metals can conduct 

electricity. If you are trying to 

rescue a person touching a live 

wire, stand on something dry 

and nonconducting like a rubber 

mat or wooden stool. 

If you can't separate the victim frorn the wire using 
something like a broom handle, make sure you are standing an 
a perfectly dry surface and use a dry towel, sheet, sweater, or 
other heavy cloth to encircle the wire where it is not wet 
or bare. Pull the wire frorn the victim. Never directly touch 
the wire or the victim. Don't touch grounded objects like 
pipes under a sink. 

If you can't rernove the wire, your final alternative is to 
use a cloth to pull the victim from the wire. Without touching 
the person, carefully loop a sweater or other piece of clothing 
around the victim, and grasping the ends of the clothing, pull 
the person away. You might have to pull some distance before 
breaking contact with the wire. Da not touch the victim directly 
until the victim and the wire are separated. 

If the person is not breathing after the rescue, start artificial 
respiration irnmediately. Call 911 for medical assistance. 

High-Voltage Power Lines 

V
Rescuing a person in contact with a live 

power line outdoors is extremely dan-

gerous and should not be attempted by 

a Scout. Call 911 immediately and let 

the fire department and police handle 

that type of emergency. Also, do not get within 20 feet 

of someone who is being electrocuted by high-voltage 

electrical current until the power is turned off and a 

utility or safety worker declares the area safe. 
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Treating Bums 
Unless there is irnrnediate danger, do not rnove a victim of 
electrical inlury. Do not apply Ice, butter, oinunents, medication, 
bandages, or cotton dressings to electrical burns. Do not touch 
burns, break blisters, or rernove hurned ciothing. Electric shnck 
causes burns inside the body, SO imrnediately seek medical 
attention for the victim. 

Once you and the victim are securely away frorn the 
electrical source, check the person's wrist and jugular vein 
in the neck for a pulse. If the victim is not breathing, start 
artiiiciaI respiration right away. 
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Life-Threatening Emergencies 
The correct first aid given quickly can save a life. A person who 
has stopped breathing must receive rescue breathing within 
three to five rninures or bran damage will occur. Pcope who 
niay ncvci lifesavu[g first ahl llclude victiins of hghtn!og strikes. 
After calling for help, asses the situation to deckle riiat von 
should do and in which order. 

Find out if the person is conscious.Tap the person on the shoulder to 

see if there is a response. Ask, "Are you OK?" If there is no response, the 

person is unconscious. Call or send for medical heip. 

An easy way to recall the order of treatment in a 
life-threatening nvrg.....cv is A-B-C-D: Airway, Breathing, 
Circulation, and Defibriilation. 

A is for airvvay. The airway is the passage that allows air enter -
ing the mouth or nose to reach Hie lungs. Always protect the 
airwav of any accident victirn. lt ihe person begins to vornit, 
turn the victim noto the side so that the vomit comes out of the 
rnouth and is not aspiraed (inhaled) into the lungs. 

If a victirn is nnconscious, carefully place the person on 
their back, protecting the he  ad 
and neck if you must roll the 
person over. Then, open the 
airwav by pressing (ornitIng) on 
the forehead vlith ov han1 and 
hifting the chin vith he vi ocr to 
till back the hcad. Tihs clion will 
keec ute tottgne from Olocking 
the person's airway. 

p.. for breathing. After 
op€ine, [11v vjcrints airwoy, chcck to see if the person can 
hreatitcuuorniady. Phice your checK in front of the victim's 
rnouth (about 1 to 2 inches away). Look, hisucnt and feel tor 
movelnent and breauhiv; signals of circulation, or "signs of 
hife )(or no more titan o) seconds. lt uhe nerson is breathing 
effecuvelv, you will ft'vi and 	at thv airuko.v on you cueck and 
see and feel the chest rising and fahhing at regular intervahs. If 

11' not.'tti'uo.gni' ttvo r'scue breat/us, tlk'fl 
/Dgul. 	 ar; cufctu.pt'ou;I 	!L'SOSLiiC!tU.l'l. 

If opening the 

airway restores 

breathing, place 

the victim in a 

recovery position. 

Continue to moni-

torthe person's 

breathing until 

heip arrives. 

Always use a 

breathing barrier 

when performing 

rescue breathing 
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Once vou have opened the airva ‚ check for 

nothr:afl'ing. givetwo 
leZ 

Step 1 — Place a CPR breathing harrier over the 
tin 	rn. 	Th 	pratect bath ot vou iran' 

Step2_t.IveT:: rescuel:t:hs. 	\hi.s .... .....:ain- '. 	.. 

\ the headtik. iAnch he ;stis. z;ez. 	nouth 
er the victims mom:.:d Now Inta lt ta fill the 

Person 	iu::; 	For an infam. saal vour moutl. :. er " 	-' 	--- 

th the moutn and nase. then breathe gemiv. 
i:h breath should last abont 1 second, Watch to 
see 0 i:.s .eest :.srlv r,ses. Remove voi: moutn  

and then give ...... 
	 . her 	:ue breath. 1 

Step 3 — For a child or an infant, 1rr zwo 
ihs. :he.k fer a m!se t: 	mare than . 

lOss:: 	 i1ir.: 	: 	.::.:.beg.... . 

ani re 	tot "31eailills 	u 	uie 	erv 	int ilu ~e-- 

aslon 	:s thereisap::lsehutnobreathing. Foran 
adWi 	:::sr twa res:...: hreaths, :in C/ immi- ‚‚ 

ai€: 	the victrn does not : same b:eathing 

C is for circuation. Signals ei cir:ulanon meai that the heart 
.......

. 	
amt circulating .:.: :t through ft : : :. :: 	Normal ff the vicrn 
:.::emen: are signals o 	.::e and that thera is 

.............5: ::se ot young coid s: 	uncer ige 	. and revives, put 

iilse for ne rnor€ .:an Ic se:onds cart also the person in a 
be :. 	 farmed. 	:tc 	ära ic sc,s rur :a 	eri is i'eär: 

• • 	 . recovery pos- 

Accidenrs er medi .' 	 uons that cause a eerson to stop ton and treatfor 

breathing can also sie: 	- es.. 	If ehe hee: 	:.::1 pumping shock. Monitor 
anddr.......... .s, hloed i/:::.  

reaths:g. 	.......... 	or:na1 sc-un: 	.............. the Person to 

:liverei twa resci.e .: 	 is and the victin' 	.: .. .....: 	egin make sure 
vou shc ..... . 	 :form car/ ....uImonar 	:esuscization, 

er CPR. imi1nei::eiv. 	 . breathing does 

not stop again. 



	

Adut 	 ChIW (one or two hands} 	labni (WO of 

271 .. 	ca:eu n:e: f:rn a certited 

Wh e1hetech 	rece: 	 rcice CPR at Scouz 	r. Te 
Aiz$.: ed Crs 	:erican Hea:t AsmWen WUT 

rquesforCPR 	c1ss-s, toc. ör S 	.ers cn .1.;:und ;:anng 10 

are dfferentfor 	 . . 

adwts, ch drei. 	D is for defibtillation. The heart ..........•..  
ard nfantsflie 	±e:s th: sjav cor.u..: and: 	:...... bood. 

Durng ea 
cyceof3Ochesr 	

rt aiiack. those musce 'ers so 	vcri: ioseiher 
. 

esri aisck can ead to vhat s known as cs:c 
comoressions 	. .....c• 	...s af cs:: 	:: rest : 2:. 	 eec.... 

	

bto 	
hm. ::s[ com:is!v kown as vem:ics: ratc'r. 

foc..  
un sens an ecs 

rescie breaths 	: :ck :hrcugh he 1: :. ro snomen a:; s:op 3 12 eecrica1 ac.k 

aop -- . oavey 	itv. This s'a:.s gives :e heast ensn:s.: iiine u24 	to :e:::san 
 e-cte heaneat sv.hri . A persion hose hears sas s:oe 

one. To rece . 	 t:eated wih this sr'eda dein, N ce 

aid proper CPR 	1Va5e. Ideai . his sho.: . .....::: :iiE;: 	.e:a 	jtes 
o * 	icti: colLa: 

tra P fl. CO1tL 	 \last ambu :sc. sesr:ss. s e esgesc: care 	ies are 

your Amencan 	equpped with defibraiors or :: -: .vtri 	sedics :: rsonneL 
sause tefih11a: ....aus t'e use]   

Red Cross chapter c:es io s;e perso: s hie, a new ;'e oi dehiLaso: cateti an 
orthe Ame(can n'a:csi :c' AE 1w 'een deveopec1. Man.,. 

rrst 	 z7. 51 s.s::: 	-. ice:s :nd nrefighers carrs and 
Heart Assocaton. 	 . 

are ra:ne .. .....c 
See the resources 	An AEF ...........: .. :erized Ii can cl. eck a 'erson's hesn 

secton in the 	All :5: and : 	: : rhvtisn iha: : suires a shc'c. 
a.ss acnise :1 rescuer when  

back tor more 	AEDs 	accurare and eas; sc u-e. With OniV a iew 

:orato9. 

	

	.7. - rs oi traininc. von can earn how to orerate an .AED acv 
etecnvev. 
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Recovery position for 
a person who does 
not have a suspectecl 
spnaI injury 

You mey need to 

turn a person v. r 

has been in a 

rerovery position 

or 30 minutes 

er longerto the 

opposite side 

to stimulate 

cirrulation. 

However, do not 

move a Person 

with susperted 

spinal injury 

unless it is 

absolutely 

necessary. 

Recovery position 
a person who mo 
have a spinal i 

Many public places such es airports and shopping maus now have installed 

AEDs in clearly marked, designated areas much the same way that fire 

extinguishers are made readily available for access in an emergency. 

Recovery Position 
Place a victim who is unconscious but who is breathing 	 Iti a 
recovery position. Extend the person's lower arm in iine vth their body: 

support the head and neck as you grasp the victims hip and shouider, and 

roll the victim toward you so thatthe person islying on the sde,This wH 

preventthe person from choking on saliva, blood (from a bitten tongue:. 

or vomit, and will help keep the airway open. Continue to r onitor the 

person's breathing until medical help arrives, 
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Bathroom Injuries 
In the case of an electrical injury in the bathroom, be especiallv 
careful. lt is best es throw the main disconnect swiech and call 
911. There are manv grounded obiects a :a:hroom. The floor 
is ften wet, and it rnight hP diffinilt to g;-'t :hc .'ictim awav froni 

:Ie sm 	es 	: 	bathroos 

Electrical Fire 
Electrical fires are different from other fires. Because vater 
conduces eiectricitv. vou should never throw,  water on an 
eiectrical fire. Here is what Southern California Edison 
suggeses vou da in the event of electricai [ire. 

• Never use waeer an an electrical fire. 

• Turn oft the main power es the house. 

• lt ehe lire cannot be safely put out, leave ehe hause 
immediateiv and take evervone with vou. 

• Cail 911 [rom ehe nearest phone once von and vour 
family are safely away from your home. 
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Electncat Stom 
Yne draw ef an onen ;vüdemess ncwerful. but sc are lighmrng 
srrike :ha are pcss5e during an e.ecrca1 storm. If caught in 
rhe ourdoe:s and :here is no safe heker nearhv. avoid open 
field5: the top f hiils, ridges, and mumain: bodie oi waier; 
and ihe Ase of AL .soia:ed rree and (Wer iaB ob Ans such 
as üagpo ln. II vou are in a forea. stav near a lower stand oi 
trees. Avcid wet tems. such as ropes. and metai obiecis, such 
as fer,ces and poles. Be aware :hai - -"ts e: wprete'n 
from hghrning. 
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Scouting Lit ture 

With your parent's permission, visit 

the Boy Scouts of America's official 

retail website, www.scoutshoporg, 

for a complete listing of all merit 

badge pamphiets and other heipful 
Scouting materials and supplies. 
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Wood, Robert W. Electricity und 
Magnetism FUNdamentals: FUNtastic 
Science Activities for Kids. Chelsea 
House, 1998. 

-. Pkysics for Kids: 49 Easy 
Experiments With Electricity und 
Magnetism. TAB Books, 1990. 

Organizations and Websites 

Boston Museum of Science 
Telephone: 617-723-2500 
Theater of Electricity website: 
http://www.mos.org/live-presentations/  
Iightning 

Energy Information Administration 
1000 Independence Ave. 5W 
Washington, DC 20585 
Website: http://www.eia.gov  

Energy Kids Page 
Website: http://www.eia.gov/kids  

Home Energy Saver 
Website: http://hes.lbl.gov  

HowStuffWorkscom 
c/o Convex Group Inc. 
One Capital City Plaza 
3350 Peachtree Road NE, Suite 1500 
Atlanta, GA 30326-1425 
Website: http://www.howstuffworks.com  

Institute of Electrical and 
Electronics Engineers 
445 Hoes Lane 
Piscataway, NJ 08854-4141 
Telephone: 732-981-0060 
Website: http://www.ieee.org  

National Energy Education 
Development Project 
8408 Kao Circle 
Manassas, VA 20110 
Telephone: 703-257-1117 
Website: http://www.need.org  

North American Electric 
Reliability Corporation 
1325 G St. NW, Suite 600 
Washington, DC 20005-3801 
Telephone: 202-400-3000 
Website: http://www.nerc.com  

Safe Electricity.org  
Electric Universe 
Website: http://eec.electricuniverse.com  

U.S. Department of Energy 
1000 Independence Ave. SW 
Washington, DC 20585 
Telephone: 202-586-5000 
Website: http://eriergy.gov  
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I!ii :111 	aXel III;] ;V'4 
Though intended as an aid to youth in Scouts BSA, and qualified Venturers and Sea 
Scouts in meeting merit badge requirementa, these pamphlets are of general interest 
and are made available by many schools and Public libraries, The latest revision 
date of each pamphlet might not correspond with the copyright date shown below, 
because this list is corrected only once a year, in January. Any number of merit badge 
pamphlets may be revised throughout the year; others are simply reprinted until a 
revision becomes necessary. 

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

Mont Badge Pamphlet Year 
American Business 
	

2013 
American cultures 
	

2013 
American Heritage 
	

2013 
American Labor 
	

2018 
Animal Science 
	

2014 
Animation 
	

2015 
Archaeology 
	

2017 
Archery 
	

2015 
Architecture and 

Landscape Architecture 2014 
Art 
	

2013 
Aatronomy 
	

2016 
Athletics 
	

2016 
Automotive Maintenance 2017 
Aviation 
	

2014 
Backpacking 
	

2016 
Baaketry 
	

2017 
Bird Study 
	

2017 
Bugling (See Music) 
Camping 
	

2018 
Canoeing 
	

2014 
Chemistry 
	

2018 
Chess 
	

2016 
Citizenship in the 

Community 
	

2015 
Citizenehip in the Nation 2014 
Citizenship in the World 2015 
Climbing 
	

2011 
Coin Collecting 
	

2017 
Collections 
	

2013 
Comrnunication 
	

2013 
Composite Materials 

	
2012 

Cooking 
	

2014 
Crime Prevention 
	

2012 
Cycling 
	

2017 
Dentistry 
	

2016 
Digital Technology 
	

2014 
Dieabilitiee Awareneaa 

	
2016 

Dog Care 
	

2016 
Drafting 
	

2013 
Electricity 
	

2013 
Electronics 
	

2014 
Emergency Preparedness 2015 
Energy 
	

2014 
Engineering 
	

2016 
Entrepreneurahip 
	

2013 
Environmental Science 

	
2015 

Exploration 
	

2016 

Merit Badgo Pamphlet 
Family Life 
Farm Mechanics 
Fingerprinting 
Fire Safety 
First Aid 
Fish and Wildlife 

Management 
Fishing 
Fly-Fishing 
Forestry 
Game Design 
Gardening 
Genealogy 
Geocaching 
Geology 
Golf 
Graphic Arts 
Hiking 
Home Repaira 
Horsemanship 
Indien Lore 
lnsect Study 
lnventing 
Journalism 
Kayaking 
Landscape Architecture 

(see Architecture) 
Lew 
Leatherwork 
Lifesaving 
Mammal Study 
Medicine 
Metalwork 
Mining in Society 
Model Design and Building 
Motorboating 
Moviemaking 
Music and Bugling 
Nature 
Nuclear Science 
Oceanography 
Orienteering 
Painting 
Personal Fitness 
Personal Management 
Pets 
Photography 
Pioneering 

Vear Ment Badge Pamphlet Year 
2016 Plant Science 2018 
2017 Plumbing 2012 
2014 Pottery 2008 
2016 Programming 2013 
2015 Public Health 2017 

Public Speaking 2013 
2014 PuIp and Paper 2013 
2013 Radio 2017 
2014 Railroading 2015 
2015 Reading 2013 
2013 Reptile and 
2013 Amphibian Study 2018 
2013 Rifle Shooting 2012 
2016 Robotics 2016 
2016 Rowing 2014 
2012 Safety 2016 
2013 Salesmanship 2013 
2016 Scholarship 2014 
2012 Scouting Heritage 2017 
2013 Scuba Diving 200 
2008 Sculpture 2014 
2018 Search and Rescue 2018 
2018 ShotgunShooting 2013 
2017 Signs, Signals, and Codes 2015 
2016 Skating 2015 

Small-Boat Sailing 2016 
Snow Sports 2017 

2011 Soll and Water 
2017 Conservetion 2016 
2017 Space Exploration 2016 
2014 Sports 2012 
2012 Stamp Collecting 2013 
2012 Surveying 2004 
2014 Sustainability 2013 
2010 Swimming 2014 
2015 Textile 2014 
2013 Theater 2014 
2013 Traffic Safety 2016 
2014 Truck Transportation 2013 
2017 Veterinary Medicine 2015 
2012 Water Sports 2015 
2016 Weather 2013 
2016 Welding 2016 
2016 Whitewater 2005 
2015 Wilderness Survival 2012 
2013 Wood Carving 2016 
2016 Woodwork 2011 
2017 

BOY SCOUTS OF AMERICA • SUPPLY GROUP 
NATIONAL DISTRIBUTION CENTER To place an order, 

2109 Westinghouse Boulevard call customer service 
P0. Box 7143 toll-free 800-323-0736 

Charlotte, NC 28241-7143 or go to 
www.scoutshop.org  
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