o
.

. o
zs ’
L




How to Use This Pamphlet
The secretto successfully earning a merit
badge is for you to use both the pamphlet and
the suggestions of your counselor.

Your counselor can be asimportanttovouasa
coach is to an athlete. Use all of the resources
your counselor can make available to you. This
may be the best chance you will have tolearn
about this particular subject. Make it count.

if you oryour counselor feels that any information
in this pamphletis incorrect, please let us know.
Please state your source of information.

Merit badge pamphlets are reprinted annually
and requirements updated regularly. Your
suggestions for improvement are welcome,

Who Pays for This Pamphlet?

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

Send comments along with a brief statement about yourselfto
Pilots and Program Development, $272
Boy Scouts of America » 1325 West Walnut Hill Lane » lrving, TX 75038
Ifyou prefer, you may send your comments to merit badge@Scouting.org.
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Requirements

1. Demonstrate’ that you know how to respond to electrical
emergencies by doing the following:

a:-Show how 0 rescue a person touching a live wire in
the home.

b Show how 1o render first:aid to'a person who is
unconscious from electrical shock.

¢.-Show how o treat an electrical bu

d. Explain what to do in an electrical storm.
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%%;é foor plan wiring dlagram of ;%
%%;ié?s i{g & rooin i your %%ggs,

4. Read an slectric meter and, vsing your family’s electic
hill, determine the energy cost from the meler readings.
- Discuss with your counselor five ways i which vour
family can conserve energy.

Explain the following electrical terms: volt, ampere, watt,
ohim, resistance,; potential difference; rectifier; theostat,
conductor; ground, circuit, and short cirauit:

Do any. TWO of the following:

a. Connect a buzzer, bell, or light with a battery. Have a
key or switch in the line.

b Make and nun 2 simple electric motor {not from a K.

¢, Build 3 simple theostat. Show that it works

§‘ § s#id 2 single-pole. double-throw swich. Show that
fworks.

e %&}i{ E gg:{éé %?%‘%i’%’% train lavount too2 house Chiculn
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WHAT IS BLECTR

The word
electricity comes
from electron,
the Greek word

for amber.

6 ELECTRICITY

Ty ?

What Is Electricity?

Electricity is a powerful and faseinating force of nature: As
early as 600.B.C., observers of the physical world suspected
that electricity existed but did not have a name for it. I fact,
real progress in unraveling the mystery of electricity has come
only within the last 250 years. Important discoveties by scien-
tists stich as Benjamin Franklin, who proved that lightning is a
tremendously powerful electrical spark, have given us a more
complete picture of what electricity is and how we can harness
its power.

To begin to understand electricity as an awesome force,
one must start with the basics: Electricity is a rapid transfer of
charged particles 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 it takes
millions of them to form the period at the end of this sentence,

Every atom-is. made up of even tinier particles called pro-
tons, neutrons, and electrons. Protons are positively charged,
and neutrons are neutral-—they have no charge. Together,
protons and neutrons form the nucleus, or core, of an atom:
Electrons, which are negatively charged, speed around the
nucleus, orbiting it in layers-called shells.

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 natwal
_ attraction to each other, which helps-to keep the atom stable.

Much as the gravitational force of the stm holds planets in their
orbits, electrical forces hold electrons around the nucleus.
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NEUTRON

PROTON
ELECTRON

It is important to understand the atom’s structure because
the electrical charge of the electron is the basic unit of electricity.
The position and movement of positively and negatively charged
particles cause the electric and magnetic effects you will be
working ori to earn your Electricity merit badge.

Qutermost shell
lons and Balance

The bond that holds electrons in orbit

is weakest in the atom’s outermost

shells. A free-moving electron can L)

bump into and knock electrons-out ‘ ar TR

of anatom’s outermost shell. These j e Lo ,

loose elections; in turn, can bump { o L L

into still other atoms and dislodge \{g’”y

more electrons, Moving together, these )

freed electrons form electric current. HYDROGEN ATOM OXYGEN ATUM
Electrons are easily dislodged

from, or rubbed off of, an atom because they are lightweight

and; in the outermost shells, accessible. (Protons are heavy and

do not rub off easily.) Imagine electrons as grains of dust spin-

ning swiftly around a central core of iron. You can see why the

lightweight, negatively charged electrons are constantly rubbing

off or being lifted by nearby atoms and ions.

ELECTRICITY 7
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FORMS OF ELECTRICITY

Forms of Electricity

Have you ever watched with wonder as lightning lit up the
night sky during a thunderstorm? Have you ever combed your
hair on'a cold day-and heard it crackle? Have vou ever pulled
a clingy sock away from your T:shirt as it 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 doorknoeb. You will-jump. You might
even see a spark. The crackling noises and sparks indicate the
presence of static electricity.

. ’;and e!ectrsmty

Static electricity is eieetnc;{y transferred by* mbbmg Gb}é(:t%
together. It can be stored on the surface of materials like rubber,
glass, cloth, and amber. The electrical charge builds up until it
discharges; or jumps. The sparks and crackling noises are static
electricity in motion.

ELECTRICITY g
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ELECTRICETY

When you comb your hdir and produce static electricity,
loose electrons are rubbing off the hair atoms and clinging to
the atoms of the comb. Losing electrons leaves the hair atoms
positively charged; gaining extra electrons makes the comb neg-
atively charged. Because different {unlike} charges attract each
other, your hair tries to stick to the comb.

Unlike charges attract 1ke charges repel, similar o
 the way unlike poles of magaets attract while the
like | poles repe Try this xper:men‘é Rub two snﬂated
balloons agamst your ¢ wester and tie them to a sttck
with the rubbed sides facmg each other. Beszause .
"bcth baﬂsens have the same c%xafge they will swmg
away fmm, or répsi ene anether

Rubbing, or friction; does not-create static electricity; it
merely separates negative and positive charges and transfers
themn onto different bodies, or onto different parts of the
same body.

A static charge is an ascumufated e¥e¢trscal charge
on an ob;ect i iS capab e of producing a spark tﬁat
_can cause an gx;siosmn, For exampie, when filling
the gas tank of a car or boat, you must keep the pump
. nczz}e in const ontact with the fill pipe to prevant
- a,statxc; ;;harge {as ,ark} om fgmtmg gas fumes

‘When objects out of electrical balance approach each
other, a spark may jump:from one to the other, which is what
happened when you shuffled across the carpet and touched the
dootrknob. Electrons jumped from an object overcharged with
electrons to an object short of electrons.



Lightning

Lightniing is caused by static electricity. As positive and negative
charges become separated during a thunderstorm, they build
tip in different parts of the clouds: Eventually; they jump the
gap between regions of opposite charge, discharging their
buildup. The discharge is lightning—a mighty stream: of
electrons leaping through the sky. Some lightning bolis strike
the ground, but most jump from one patt of a cloud to another.

Electrostatic Generators

Electrostatic generators, created in England by Francs Haukshes
éizss%—% 713%, generated significant amounis of elecical charge

One such machine used the fricnon cigated from leather press

g ona %f%%é?%% §§§$§ {‘{%%g%‘z‘ i §§%§§§:§ an elecinical i%é%&

charge then fravelsd %{%"%‘% é?;f %}g;% oan §§§%§§ §§§§ Bal,

a5 then nto 2 Levden lar for siorage

loud to §§§§§§ é{gggggg siatesms
scientist Beniamin Franklin {1706-1790) determinad
that an electrical charge was like a fluid seeping
through an object, and that it could jump to another
‘object, making a spark. To prove his point, he tied
I a mietal key to 2 kite and flew it in a sky threatening
& thunderstorm. The electrical charge from lightning
ieapt to the key and produced 2 spark of glectricity.
Frankiin was hucky 1o survive the risky sxperi-
ment, but he proved that lighining sz
form of slociricily, Afler his sxperi-
meant, he invented the ighining
rod, an ron rod that would
safely conduet lighining from
thsopof s huliding 1o
he ground.
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FORMS OF ELECTRICITY

Electromagnetism

Italian Alessandro Volta (1745=1827) thought electricity came
only from contact between two. metals; he called it metallic
electricity. He was not absolutely correct, either. But Volta did
invent the earliest electric cell; which became known as the vol-
taic pile. It used two different metals, separated by moist chemi-
cals, to produce a continuous transfer of electrical charge. When
the charge transferred along wires, the chemicals separated out
more electrical charge. By piling up lots of cells, Volta created
the first battery, with every set of cells producing slightly more
than 1 volt of electricity.

~ power lines
-~ morewhilea madem house circuit
_ operates at 110 or 220 volts.

With Velta’s invention of the battery in 1800, scientists
finally had a source of steady electric current that could be
transferred: Twenty vears later, Copenhagen researcher Hans
Christian Oersted (17771851} linked electricity and magnetism,
observing that a metal wire carrying electrical current affected
a magnetic compass needle. Instead of following Earth’s north-
south magnetic field, the needle aligned itself with the electri-
fied wire’s magnetic field: Oersted’s discovery that the electric
current had produced magnetism became known as electromag-
netism. This new scientific field would become the springboard
for development of the electric motor and the electromagnet.

Making Connections

Inspired by Qersted’s discovery, André-Marie Ampére {1775~
1836}, a Frenchman, set'out to explain the connection between
electricity and magnetism: Ampere’s work led to-a much fuller
understanding of the relationship between electricity and magne-
tism, which eventually led to important applications such as the
telegraph and electromagnet.

ELECTRICITY 13
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He found that when electricity passed through a metal
wire onto a card containing iron filings, and the card was

tapped lightly, the filings lined up in a circular pattern
o around the magnetic field created by the electrified
% O\ wire. When the electric current was turned off, the
% ’&\ g‘“ filings again relaxed into their random arrangerent
§ on-the card.

<2 #  THE AMPERE
With further experimentation, Ampére discovered
that two parallel electric currents running in the same
direction attract'each other, and that parallel currents run-
ning in opposite directions repel each-other. The modern unit of
current, the ampere, was named-in his honot.

Electromagnets

In 1825, William Sturgeon (1783-1850) wound a coil of wire
around an-iron rod and built one of the first electromagnets.
It differed from a permanent magnet as its magnetism could
be switched on and: off by electrical current.

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

_ This process—transferri
is known as electrical condu

14 ELECTRICITY
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FORMSOF ELRECTRICITY

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
of insulated {plastic-
coated) wire about

20 times around a
cardboard tube;

PLASTIC-COATED WIRE

Step 2—Connect the
wire to-a 4.5-volt or
6-volt battery and
tora switch:

Step 3--Slide a-small
compass into the middle
of the cardboard tube.

Step 4—Swivel the
paper clip against and
away from the thumb-
tack to switch the elec-
tric circuit on-and off.

Watch what happens to the compass needle as you open
and close the circult.: When you close the circuit, the electric
current produces magnetism in the coil of wire. The magnetism
all around the wire makes the compass needle swing. When
the circuit is broken {you open the paper-clip switch}; no
magnetism is produced so the needle again pointsnorth.

Magnet Earth

Did you know that you live on what is essentially a huge
magnet? Earth, like any magnet, has magnetic riorth and south
poles. What we call the magnetic north pole is located near
Bathurst Island, north of Hudson Bay in Canada-—more than a
thousand miles south of the geographic North Pole. What we
commonly call the magnetic south pole is near the Adélie Coast
of Antarctica, about 1,600 miles from the geographic South Pole.

16 ELECTRICITY



Natural and Artificial Magnets

Magnetic iron ore is found in different parts of Earth. This
magnetite, or lodestone, is one example of a natural magnet.
In the early Middle Ages, sailors learned that when a slender
piece of iron was rubbed on a chunk of magnetite, the iron
would become temporarily magnetized. If a piece of hard steel
is rubbed on lodestone, the steel will remain magnetized for a
long time, becoming a permanent artificial magnet.

Magnetic Attraction and Repulsion

One end of a magnet is its south pole; the other end, s north
pole. Hf you hang a magnet on a string, one end will always
point north. You ¢an use a hanging magnet to demonstrate the
law of attraction and repulsion. Bring the north pole of another
magnet toward the north pole of 2 magnet on a string: The
hanging magnet will spin around until its south pole meets the
north pole of the magnet in your hand. Like poles repel each
other. Unlike poles attract.

magnet in your hand.

FORMS OF ELECTRICITY

Because of
changes in Earths
magnetic field, the
magnetic poles
are not specific
locations but
general areas.
Studies overa
period of many
years show that
the magnstic
polss change

igcation with time.

Try this experiment: Stick a magnetized
needle 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
attraction and repulsion, by tuming the

ELECTRICITY 17



Whenyoucut
off the electric
current from an
electromagnet,
it is no longer

magnetized. An

slectromagnet :

with 2 metal iron filings scattered on an §§§s§ card or stiff paper and
held over a horseshoe magnet will arvange themselves
core is what {ike this. The lines are called lines of magnetic force.

operates door- The Magnetic Field

bells, buzzers, CD In the floating needle experiment, you found what seemed like
an invisible circle of power around the needle. To actually see

player speakers; 5 otk
this magnetic field, wedge 3 horseshoe magnet between some
and telegraph books, with the poles facing upward. Balance a card or a pigce
instruments. of stifl paper on top of the magnet, and sprinkle iron filings
onthe card. Gently tap the card or paper and the filings will
arrange themselves in circular forms with a pattern of lines

running from pole to pole.

lron\\fitings can be purchased at a hobby store.
Be careful not to breathe or swallow any of them.

Make an Electromagnet
Now you are ready to make an electromagnet, a magnet
activated by the transfer of electricity.

Step 1—Coil 2 length of insulated
wire at least 20 turns around 2
iarge metal bolt or nail. The more
furns of wire ground the holtor

- nail, the stronger the magnet
Use electrician’s tape a5 needed
1o hold the coils of wire in place.

18 ELECTRICITY



PORMS OF BLECTRICITY

Step Z—Connect the wire ends to the terminals of
44, 5-volt or 6-volt battery. The electric current will
produce a magnetic field; as vou know from your
experiment with the compass and the cardboard
tube. The bolt or nail, now called the core, will
become an electromagnet.

Test vour electromagnet by using it to pick up
metallic paper clips or pins. Try it first with the wire
ends connected 1o the battery, then disconnect the
battery. See if the bolt or nail will still pick up paper
clips or pins.

Make a Telegraph Set
To see how an electromagnet ¢an be used to operate
devices such as huzzers and telegraphs, make this tele-
graph set. Then follow the instructions o turn it mito
an-electric buzzern

INSTRUCTIONS

Step 1—Nail the two large nails into the block
of wood.

Step 2—Connect a long plece of wire'to one
terminal of the 6-voli battery.

Step 3—Starting at the top of one nail, wrap the
wire around the nail, keeping the coils close together.
Coil the wire around and around until the nail is
completely wrapped.

WOOD BLOCK

Telegraph set
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Step 4-—Bring the wire across to the other nail. Working
from the bottom up, wrap the wire as many tuins ason the
first nail.

Step 5—Connect the free end of the wire to one terminal of the
switch. To complete the circuit, connect a second, shorter wire
between the remaining terminal of the battery and the switch.

Step 6—Bend a strip of metal into a Z-shape. Use the small
nail to attach the metal strip to the block of wood, with the free
end of the strip over the two wireswrapped nails. This piece of
metal is the receiver of the telegraph set.

Step 7 —Close the switch. What does the telegraph receiver
do? {If nothing happens, adjust the space between the arm of
the metal Z and the two nails. I necessary, bring the metal arm
stightly closer 1o the nails)}

Step 8—Cpen and close the switch several times. Can vou
signal a message on vour telegraph set? Experiment with
tapping out short messages.

Make a Buzzer
Next, turn your telegraph into a buzzer

INSTRUCTIONS

SBtep 1—Open the switch and make sure it stays open {or
disconnect the battery} as vou modify the wiring to change
the telegraph into a buzzer

Step 2-—Use a hammer and a 'small nail to make a tiny hole'in
the free end of the metal arm. (To support the metal arm as'you
hammer, slide a strip of wood between it and the tops of the
large nails. Remove the protective wood strip before going to
the next step.}

Step 3—Cut the wire between the terminal of the 6-volt battery
and the first nail. Be careful to cut the wire near the nail;

Step 4—Strip the plastic coating from the cut ends of the
wire. Connect the wire from the battery 1o the small hole'in'the
metal arm.

Step 5~Curve the free end of the wire sticking out from

the top of the nail until it lightly touches the free end of the
metal arm.
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Step 6—Close the switch. Does the buzzer buzz? If not, check
the connection of the wire to-the hole in the metal arm. Adjust
the free end of the wire sticking out from the top of the nail. It
is critical that this wire lightly touch the metal arm.

Step 7—0pen and close the switch several times: How does
electric currént make the buzzer buzz? Think about what'is
happening to-the circuit—when the circuit is broken, the
current stops traveling and the electromagnet loses its power.

FREEEND -
OFWIRE METAL ARM

SMALL NAIL

CONNECTING
WIRE

GVOLT
BATTERY

ELECTRICITY 21
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The word circuit
referstothe path
an electric current
travels, from the
source of the
power, suchasa
battery, through
some device using
electricity, such
as alightbulb, and
back to the source.
If the circuitis
opened, or there
is no path back

10 the power
source, electrons

will nottransfer.

22 ELECTRICITY.
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Current Electricity

Current electricity is electricity in motion—=the current that runs
through a wire and rings a bell or lights a light. What makes
the current move? How fast does it travel? In.what direction
does it go?

Potential Difference

Every object charged with electricity has a certain potential or
electromotive force. When two objects with different potentials
are connected with a wire, electrons move from where there
are many to where there are few. This is how the transfer

of electrons takes place. This potential difference between
electromotive forces causes the electrons to travel along the
wire attempting to equalize the two potentials until the circuit
is opened.

BULB f\\ BULB
BATTERY BATTERY
| |\ I'E
POSITIVE "1 NEGATIVE |

TERMINAL TERMINAL

A simple circuit An incomplete circuit

Electric Batteries

A potential difference exists in electric batteries.

In a dry-type battery, like those used in flashlights,
the battery’'s outer edge, or “can,’ is usually made of
zmclr which is negatively charged. A carbon rod in

‘the mzéd e of the battery is positively charged. fyau ,
1 e zinc to the carbon with wiring attached to
erminals and a device such as a lamp that

_into th‘ carbon rod, thus converting ahemscai
energy mto electrical energy.



FPORMS OF BELECTRICITY

Dry Batteries S TERMINALS

Volta’s electric battery created L sEALANT
a c_urrem of electrons: using metal e PANGION BPACE
strips to connect a row of cups
containing lye in water. One end
of each metal strip was silver,
the other end was zinc. It was
a crude battery, but it worked. PAGTE
Modern dry cells—commonly
called dry batteries—actually have
a moist paste, often manganese
dioxide, inside. Sizes AAA, AA, = CARDBOARD
C, and:D batteries, the sizes
used in CD players; flashlights,

POROUS FAPER.

; e ZING
and other small devices; are
1.5-volt-batteries. ‘*\\
i B8 R — -
Designed for on-and-off use, L i

dry batteries wear down duickly
if they are used continuously.
Some specially designed batteries
can be recharged by passing

an electric current through the
cells. Not all dry batteries can be recharged, though: A fire or
explosion could occur if you attempt to recharge the wrong
type of battery.

A dry cell is designed for on-and-off use.

Wet Batteries

Wetsstorage cells; such as a car battery, should not
be used too long without being recharged. If a car
radio or headlights are left on all night, you may find
the battery dead the next morning. The voltage and
the water supply in unsealed wet batteries should be
checked regularly and the area around the terminals
kept clean. Most modern car batteries are sealed and
require no maintenance, but true wet batteries can indeed
dry out. Top them off to the fill line with distilled water.
Anew type of sealed battery is the gelled electrolyte or “gel
cell” battery, which provides a lot of current for its size, is easy
to recharge, and is relatively inexpensive. Gel cells are found
most often in emergency lighting systems in schools and stores.

ELECTRICITY 23



INCELECTRICALTLERMS

Common
Electrical Terms

To work with electricity, you need to know some common
terms for using-and measuring it. Several important terms
are defined below:

alternating current. Current that regularly reverses direction;
traveling first in-one direction and then in the opposite direction.
Power companies generate alternating current to-make'it easier
to-transmit electricity over long distances. Abbreviated:AC.

ammeter. An instrument for measuring current in amperes:

ampere. A unit measuring the strength of an electrical current,
based on the number of electrons transferring past a'given

point per second. Many elements of a wiring system are rated in
amperes for the greatest amount of current they can safely carry.
The ampere, abbreviated amp, is named for French. physicist
André-Marie Ampere.

circuit. A loop-shaped: path through which
electric current travels from the source through
some device using electricity, such as a light-
bulb, and back to the source.

circuit breaker. A safety switch installed in
a circuit to break the transfer of électricity
when the current exceeds a set amouiit.
Circuit breakers can be reset once “iripped.
See also fuse.

#

conductor. A substance or device through
which electricity passes. Most metals are
good conductors of electricity—that is, they
allow electricity to travel through them with

24 ELECTRICITY



COMMON ELECTRICAL TERMS

little resistance. Gold and silver are the best conductors of
electricity but are too expensive for general use. Copper, which
is relatively cheap and plentiful; is used most often; especially
in transmission lines that carry electricity from power plants to
homes, schools, and businesses. Devices that run on electricity
have copper or aluminum wiring. Aluminum is not as good a
conductor as copper, but because it is-cheaper and lighter, it is
also frequently used.

current. The transfer of electricity in one direction.

cycle. One complete reversal of alternating current; a forward
current and backward current. Ordinary household current
experiences 60 cycles per second (60 hertz).

direct current. An electric current of constant direction—
that is, the transfer of electrons goes only in one direction.
Abbreviated DC.

fuse. A safety device installed in a circuif to préevent an over-
load: Designed to melt or “blow” when current exceeds a set
amount, it opens the ¢ircuit-and stops the transfer of electricity.
Fuses cannot be reused once blown: See also circuit breaker.

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

ground. To connect any part of an electrical
wiring system to the ground or to another
conducting body, such as a metal water pipe
or a metal rod driven into the earth.

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

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

ELECTRICITY 25



kilowatt. Unit of electrical power
equal to 1,000 watts. Abbreviated kW,

kilowatt-hour. Unit of energy used
for metering and selling electricity.
One kilowatt-hour equals 1,000
watts used for one hour {orany
equivalent, such as 500 watts used
for two hours). Abbreviated kWh:

load. The part of an electrical
circuit that uses the electric power.
In-a lighting circuit; the load is

the dightbulb.

neutral wire. Grounded conduc-
tor that eompiete@ & circuit by providing a return path to the
source. Always identified by white or gray insulation.

ohm. A unit of measurement for electrical resistance 1o a
current. It is named for German physicist Georg Simon Chm
(1787-1854), whose Ohm's law states that the pressure of

one volt will cause a current of one ampereto flow through a
resistance of one ohm' (Voltage = ‘Current x: Resistance). This
simple formula shows the relationship between volts, amperes;
and resistance. in any electric circuit. Abbreviated Q.

outlet. An electrical device where
the switch can easily be connected
to-a fixture or equipment that
uses electricity.

overload. Condition in which
an electrical circuit carries more
current than it can safely handle.

receptacle. The device that you
plug electric'cords into, sometimes
called an outlet.

resistance. The opposition against
the free transfer of electrons: ina
conductor. Measured in ohimns.

Too many cords are plugged into this outlet. . registor A device designed to
restrict the transfer of current in
{or introdiice resistance into)-an

electric circuit.
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COMMONELECTRICAL TERMA

rheostat. A resistor built so that the current traveling through
the circuit can be adjusted at will. Volume controls and dimmer
switches are examples.

short circuit. A completed, low-resistance circuit that allows
electrons 1o follow a shorter, unintended path back to the
power source rather than follow the longer path that goes
through the load. Occurs when bare wires touch each other;
often results from worn insulation.

source. Point of stpply, such as a generalor or battery.

switch. Device 1o break the transfer of slectricity. When the
switch is on, the circuit 18 closed and current may travel through
it, When the swiich is off, the circuit is open and electricity
cannot transier.

volt. A unit of potential difference, or a unit of measurement of
electrical pressure or {orce. Abbreviated V.

voltage. Pressure at which a circuit operates, expressed. in
volts. Voltage is like the pressure in a water pipe. For example,
120 volts have twice the pushing force of 60 volits:

voltmeter. An instrument for
measuring the différence in
slectric potential {elecirical
pressure} between two points,

watt, Unif that measures elec-
trical power at the point where
it is used in a circuit, Ope watt
of power equals one volt of
pressure times one anipere of
current. Many electrical devic-
es are rated in watts according
to the power they consume.
Abbreviated W,
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Current in Motion

Electricity is like an army division: Sitting still; it accomplishes
nothing. To get work done, the division must start moving.

Electricity marching along a wire is a valuable servant. We can
generate it, send it over wires for great distances, and control it.

Alternating and Direct Current

There are two kinds of electric current—direct current (DC)
and alternating current (AC). Direct current is like a one-way
street—the electrons go in‘only one direction. Turn on a flash-
light and direct current travels. Car batteries also ‘produce
direct current.

In alternating current, the transfer of electrons starts from
zero and builds to a peak in'the positive direction, then subsides
back down to zero. Then the transfer of elecirons reverses, build-
ing 1o a negative peak and subsiding back to zero. I  this way,
electrons alternately travel in positive anid negative directions,
continuously repeating until the circuit is opened.

Large generators in power plants commonly produce
alternating current for use in homes and factories. Most house-
hold and industrial power circuits in the United States have
alternating currents with a frequency of 60 cyeles per second;
or 60 hertz {(Hz). This means that the current alternates back
and forth, making a reund-trip, or cycle; 60 times per second. To
make 60 round-trips, the current changes direction 120 times;
Power systems in some other countries operate on a frequency
other than 60 Hz. Some appliances depend on the frequency of
the alternating current-and will not-work properly in countries
with different frequency electricity.

Using Alternating Current

Power companies prefer alternating current because it is'readily
produced by large generators, and it i3 easy to step its voltage
up or down. By passing it through simple transformers, operators
can easily raise or lower the voltage of alternating ¢urrent.

CURRENT IN MOTION

Power line
voltages are
extremely
dangerous. lf you
seea downed
power line, do not
approachor
touch it. Contact
local authorities
and the local
power company

immediately.
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If mishandied, 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, alternating cutrent
is easy to transport over long wires. When it arrives at its
destination, it is'stepped down to moderate voltages. Alternating
curtent readily operates lights, motors, and electrical appliances:

Generators in most electric power plants operate at'13,800
volts or higher. Voltage is passed through transformers-that step
up the voltage to 34,500 volts or higher. Transmission voltages
typically are 115,000, 138,000, and 230,000 volts {called high
voltage or HV), and 345,000, 500,000, and 765,000 volts {called
extra high voltage or EHV}):

Transformers
Transformers You can raise or Jower alternating current voltages by usinga
transformer. As you raise the voltage, you lower the current in a
do not affect circuit. As you lower the voliage, you raise the current.
the power; they A transformer consists of 'a round or square iron core.

Insulated wire wound around one side of the core is called the

primary coil. Wire is also wound around the other side, but with

fower the voltage ~~ a'different number of turns. This is called the secondary coil.

The more turns in the secondary coil, the greater the voltage.

Current is put through the primary coil, which induces

another current in the secondary coili If the secondary coil has

——————_ - mnote turns than the primary coil; the voltage is'stepped up. If
the secondary coil has fewer turns than the primary coil, the
voltage is stepped down.

merely raise or

and current.

Here's a definition of voltage classes provided by fhe
American National Standards Institute.

Low voltage. A class of nominal system voitages less
than 1,000 volts

Medium veitagei A class of nominal system voitages
equal to or greater than 1,000 volts and less than
100,000 volts

High voltage. A ¢l ass of nominal system vsitages:
from 100,000 volis to 230,000 volts
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A transiarmer hameaiiy
_consists of an iron

COMING OUT  GONGIN

GONGIH , ,
l2ovolts . 24pvolts 24{3%{&.’?& ,
2AMPS . dAMP 1ANE

ZAOWATIS 240WATTS  240WATTS

Using Direct Current
‘While most current produced by large generators is alternat-
ing current, direct current can be produced for special needs.
Alternating current can be changed to direct current by puiting
it through: a rectifier. You probably have noticed that many
small appliances and electronic devices-have little black boxes
that plug into-wall sockets: The black boxes contain voltage
transformers and, usually, rectifiers for changing house current
{AC) to direct current {DC).

Cars use direct current; as do radios and television sets.
Radios and TVs have diodes that act as rectifiers to change
the alternating current in your house 1o the direct current
they require. Other uses for direct current include flashlights;
electroplating, charging batteries, and separating aluminum
from ore:
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Lightning rods are
grounded. Can

you-explain why?
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Insulators, Conductors, and Grounds

You know that conductors are materials that allow electricity-
to travel easily through them. Insilators are substarnices like
glass, porcelain, plastic, and rubber that have high resistance
and do not carry ordinary current. You have seen rubber or
plastic insulation on wires attached to-electronic devices and
household appliances. Porcelain-and polymer insulators are
used on high-tension wires 1o keep the current from getting out
of line or running into the:ground.

To ground an electrical system means to provide an
electrical path to the earth. Grounding assures that all metal
parts of a circuit that you might touch stay at zero voltage
because they-are ¢connected directly to the earth. In a car, the
metal frame is the ground. Wires connected to it are considered
grounded. The outer parts of tlre spark plugs are grounded to
the engine.. One pole.of & car battery is grounded to the frame.
High-tension wires have elaborate grounding systems’in case
lightning strikes-them; which often happens.

1t'is crucial to realize that electricity will travel in con-
ductors other than wires. It can travel through any conducting
body—including a human body like your own. Make sure
electricity does niot use your as a conductor on its. way to the
ground. Water is a'good conductor of electricity, so never turn
on a light; a'radio, or an appliance such as a hair dryer while
standing in water-—not even on a damp floor.

- !‘QEVER W§rk on any live electrical
_gircuit, fixture, or appliance.

The shock could kill you.

Electric Motors

Generators and motors are devices that demonstrate the chang-
ing of energy between mechanical and electrical: Generators,
like portable gasoline generators, take mechanical motion and
transfer it to electrical ‘energy, while motors convert electrical
input to mechanical motion like turning a fan.

How an Electric Motor Works

Asimple 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 niorth pole is repelled and its south pole is attracted
by the north pole of a nearby fixed magnet. It will stop turning
when its south pole is nearest the north pole of the fixed magnet:

Now, suppose that just as the south pole of the movable
magnet nears the north pole of the fixed magnet, we could
somehow reverse its magnetic poles. Then it-would keep moving
for another half turn. If we could change its poles every half
turn, the moving magnet would spin around and around.

We cannot reverse the magnet’s poles, but we can achieve
the same results. In place of a movable bar magnet, we can use
a coil of wire wrapped around a core—an electromagnet—that
spins. Like a bar magnet, it has north and south poles; but its
poles can be instantly changed by reversing the currentin the
wire. Every time the circuit is opened and closed {once every
half turn), the current reverses its direction. This is done auto-
matically as the coil of wire spins around:

FIELDS, ARMATURES, AND COMMUTATORS

Substitute another electromagnet for the fixed bar magnet,
shaped to fit around the'spinning coil, and you have a simple
direct-current motor, The fixed electromagnet is called the field:
The spinning electromagnet is 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.
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INSTRUCTIONS

Step 1—With a screwdriver,
attach the L brackets to the wood
base. Be sure the brackets are
spaced far apart enough to allow
room for the dowel to fit through
the two holes at.the top, and for
the cork-dowel assembly to spin
freely: About 1-inch of the dowel
should reach past éach support.

Step 2—Use the hammer and
nail to punch a hole in the cork
crosswise; as shown. Be sure the
hole is large enough for the
dowel and wire to pass through.
With the cork in place, the dowel
must be clear of the wood base
and be able toturn freely in its
support.

Step 3—Cut a piece of the
insulated wire about 60 inches
long, and wrap it around the cork
about 15 to 20 times. Do not cover
the holes in the cork or cut-the
wire—use one continuous length
of wire. (The more wraps there
are, the “stronger” the motor will be.} -Leave several inches for
leads on each end of the wire, and pass both ends through the
hole in the cork.

Step 4—Using the wire stripper, remove about a half-inch of
insulation from both -ends of the wire. Insert the dowel in the
cork. Tape the leads of the wire to opposite sides of the dowel,
as shown. Do not let the stripped ends touch each other or
cover them with tape.
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Rh&xt&& are u&»ed as voiume cnmmis in radms and televmmn
sets. They are also used in dimmer switches (o control the inten-
sity of lighting in a room. You have probably seen a dimmer
switch used in a theater or auditorium to brighten or dim the
lights gradually. A rheostat might also be used to slow down or
spead up a model electric train.

Materials Needed 1 Full length of pencil lead
[l Flashlight battery from a mechanical pencil
CJ Fiashlight bulb Tl Thin copper wire

3 Transparent tape
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INSTRUCTIONS

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

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

Step 3—Holding the lightbulb by its
glass end, touch the metal bottom of
the bulb to the lead close to the battery
as shown: The bulb will burn brightly.

Step 4—Gradually slide the bulb down
the length of the lead. The bulb will
slowly grow dimmer as it is moved
away from the battery.
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rm— . E]ectric current .comes into your home

Keep extra From your eléctrical meter, heavy,

fuses handy.

Fuses and Circuit Breakers

on overhead or underground wires.

well-insulated wires run to-a main dis-
tribution center or breaker box, where
the main disconnect switch is-located: If necessary, you can use

—_that switch to shut off all electric current-in your house.

The fuse box or circuit breaker panel is typically located
in a utility room, in an electric room, in a mechanical room,
or near the main power feed to the building. Fuses and cir-
cuit breakers act as guards: They prevent currents that are too
strong from traveling into your home’s branch circuits. If-the
transfer-of electricity becomes greater than a fuse is designed
to-handle, the metal element inside the fuse melts and the fuse

~ Dos

for major electrical work.
" Promptly replace worn cords and defective plugs.

- /}{}en t plug in too many appliances or dewces into one outletor

38

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

or 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 mt Chnstmas tree hghts tour:h 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 biowri 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.

ELECTRICITY



blows; or burns out. A circuit breaker
automatically opens and “trips”
the circuit.

Every time you switch on another
light or appliance, more current travels
through that branch circuit. The wire
is heavy enough o carry amperes
for normal use. ¥ there are too many
amperes, the wires may get ot and
start a fire unless a fuse or circuit
breaker protecis the line.

H a fuse is designed to canry up
to 15 amperes, for example, and you
trv o consume 25 amperes from that
line, the fuse blows, the lights go out, and you know you have
overloaded the circuit. First, correct the problem so you will
not overload the circuit again. If you have too many-appliances
plugged into one outlet or one circuit, unplug them. Toasters,
coffeernakers, irons, and heaters can use a lot of current. They
frequently are the culprifs.

Short Circuils

(ne common cause for a blown fuse or tripped circuit breaker
is.a defective or frayed cord. Insulation wears off and the bare
wires short-circuit. A flash of light and a smell of burning
instilation indicate 3 shori dircuil. Ina short circult, elections
can foliow a shorter, uninignded path back to the power source
yather than the longer path that goes through the appliance

or other device using electricity. Since the current suddenly
encounters lower resistance, more current transfers; and that
blows a fuse or trips the circuit breaker.

Somie circuit breakers used in homes are the push-push
type; others have a handle that must be pushed to the off
position before the breaker can be reset to the on position.
Follow the instructions on vour home’s circuit breaker panel
to properly reset whateéver type vou have.

Fuse Boxes

Fuse boxes have not heen used in home or business construc-
tion for many vears. However, you might encounter a fuse
box in an older building. In a fuse box, there will be several
fuses. Before vou replace ong, open the main disconnect for

CURRENT IN MOTION

Whenafuse
hlows or a circuit
bresker opensa
line because of
excessive current;
you must first
correct the cause
of the problem.
Thenreplacethe
fuse prresetthe

circgit breaker
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safety. The blown fuse probably will look black or show a gap.
Unscrew the burned one and replace it. If you can’t tell which
fuse is'blown, check each one. Each fuse is marked to show
how many amperes it will carry. Never use a fuse of higher
amperage than the one you take out—it could start a fire.

Series and Parallel Circuits

In a-series circuit, eleciric current travels along 2 single path,
going through each component or device. If one component is
removed or fails {as when a series-wired Christmas tree bulb
burns out), the circuit is broken and electric
current stops:

In a parallel circuit, each component or
device is connected to the power source on
its own branch of the main circuit. Even if
one bulb in a parallel circuit burmns outor is
removed, the pther bulbs continue o work
because each has its own complete circuit
The wiring in 2 house s arranged on parallel
circuits. H you switch off one device, the
others stilt work.

Switches

A single-pole, single-throw switch is commonly used to turn
on electric lights and many other devices. It also is one of the
easiest electrical items vou can make for a home experiment.
It is simply a strip of metal that swings, making contact with
a round-headed screw. A metal washer at the fixed end of the
switch is suggested.

Electric Bell

For part of requirement 5, you will need to draw a simple
electric bell to show how it works. Look at the drawing of the
eleciric bell on the following page.
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—'0/8:——0/0*

Single-pole, Single-pole,
double-throw switch single-throw switch

First, follow the path the current takes. When you push the
button, the current goes through terminal A to the electromag-
net F. From there it goes to a moving contact, C, then to contact
post D, and out terminal E.

How-does the current cause the bell to ring? As you push
the button, the electromagnet F attracts a small piece of iron
(the armature), B. Attached to the armature are contact C and
a hammer; H. The hammer hits the gong. As the armature is
pulled to the magnet, it pulls the contact away from post D-and
the current stops~—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 repeated. This
will happen several hundred times per minute, creating the
sound of a ringing bell or vibrating gong.

BUTTON

An electric vibrating bell. 4 and
E are terminals. B is the iron

armature, € the moving contact, .
D the contact post, Fthe GONGOR
electromagnet; G the retumn BELL

spring, and H the hammer.
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Connect a Model Train to a House Circuit

If you choose requirement 1le, you must shiow how to safely
hook ‘up a-model electric train layout to a house circuit. You
should know several things about your electrical power supply
before you plug in the electric train transformer or attempt to
operate your electric train.

Never connect-your train directly to an electrical outlet.
Always use an-electric train transformer, which changes the
higher voltage electric power (usually 115 to 120 volts) found in
your -home: to the low voltage required for operating toy trains
(from 8 to 18 volts).

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

Remember that household lines in different countries might
not be alike. Make certain that the voltage and frequency
{cycles) of your electric power supply correspond to the rating
of the transformer. If you have any doubt; ask the local
electric company.

Do not plug your transformer into direct current (DC) as
it will burn out immediately and may cause‘a fire hazard.
Most regions of the United States and ‘Canada have alternating
current (AC). DC in household current is rare.
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Up

Underwriters

Laboratories
fnc. (UL} isan

independent, not-

for-profit product

safety testing

and certification

organization.
AUl labelor
stamp {above)

meansthatthe

product meets

nationally

recognized safety

standards. Look

for this label

when purchasing

any electrical

produets.
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, Qmund;?aa& Circuit fh’terrup{ers (GFCls). GFCls can

help prevent electrocution. They should be used in any
area where water and electricity may come into con-
tact. When a GFCI senses current leakage, it assumes

a ground fault has occurred. It then intefrupts power
fast enough to 'reduce the chance of serious injury from
electrical shock. Test GFCls frequently according 1o the
manufacturer’s instructions and after major electrical
storms to make sure they work properly, '

Lightbulbs. Check the wattage of ail lightbulbs in light
fixtures to make sure they are the correct wattage
for the rating of the fixture and any interconnecting
wires. Replace bulbs that have a higher wattage than
recommended. If you do not know the correct size,
check with the manufacturer of the device. Make
sure bulbs are screwed in securely; loose bulbs

can overheat.

Circuit Breakers/Fuses. Circuit breakers and fuses
should have the correct size current rating for the
circuit wiring and intended purpose. If you do not
know the correct rating, have an electrician identify
and label the rating to be used. Always replace a fuse
with one of the same rating. Make sure everyone in
your family knows where the main breaker is located
and how to shut off power to your entire house in
case of emergency.

Plug-In Appliances. Check to make

sure plug-in appliances such as

hair dryers are not left plugged

in where they can come into

contact with water. i a plug-in

appliance falls into water, NEVER reach in t6 pull
it out, even if it is turned off. First, turn off the
power source at the fuse box or breaker pansl,
and then unplug the appliance. If you have an
appliance that has gotten wet, do not use it until it
has been checked by a gualified repair person.
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Electrical Floor Plan of a Room

For requirement 8, you will need to draw a simple floor plan
of a room in vour house with lights, switches, and electrical
outlets penciled in:

First, make a drawing that shows
the putlines of 3 room in your house,
Then use the electrival wiring symbols
to draw iny the overhead and wall lights
and to show where eleciric swiiches
and electrical cutlets are located.

Next, ask a parent or guardian to go
to the main breaker box and turn off the
circuit that supplies power to the room
vou-have chosen. Turn on the lights in
the room before the adult flips off the circuit breaker. If there
15 more than one circuit breaker that corresponds to the room,
note which breaker supplies power to what outlets, lights, and
switches by checking them while the power is off.

o the side of vour room drawing, make a box and high-
tight the circint breakers that supply power to the room. Briefly
niote which breaker supplies power 10 the various electrical
devices in the room. You may also want 1o note the size fuse or
fuses with which the room operates. Ask a parent to check the
fuse size at the breaker box.
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How to Read an Electric Meter

A watt-hour is a unit of energy. Electric companies charge
their customers on the basis of kilowatt-hours (kWh) used. Kilo
is the Greek word for one thousand. Thus; a kilowatt-hour is
1,000 watt-hours. One kilowatt-hour equals 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.

e 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. It will be either the digital display type or a

traditional dial meter.

of power that - S
If you have a dial meter, it is not hard to'learn how to

measures read it. Reading the dials from left to right, simply write down
electrical power the figure that the hands or pointers have just passed. When a

. pointer is between two numbers; you always write down the
flowing through smaller number. If the pointer is exactly on a number, wiite
acircuit; It was down that number.

named forJames
Watt (1736-1819),
a Scottish
inventor who
perfected the
steam engine.
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When 3 pointer on
any of the meter
dials is between
two figurss,
always note the
smaller number.
#you are not
sure a pointer has
passed a figure,
see if the pointer
to the right has
passed zero.
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Determining the Cost of Electricity

To figure out how much your electricity bill will'be, vou must
know how much your electric company charges per kilowatt:
hour. You can find this out by looking at your family’s electric
bills. If the bill does not show a price per kilowatt-hour, you
can get'a close estimate by dividing the amount of the bill by
the kilowatt-hours used.

For example, an electric bill of $124.32 divided by
1,110 kWh works out to $0:112 (slightly more than 11 cents}
per kilowatt-hour. If your electric company charges 11 cents
per kilowatt-hour, the bill for 990 KWh {in the earlier meter-
reading example} would be 990 x 0.11 = $108.90.

Note that the dials give readings in multiples of 10. The dial
farthest to the right shows kilowatt-hours in single digits, the
next dial in tens, the next dial in hundreds, then thousands,
and the lefimost dial'in ten thousands

As'you saw earlier, the hands on the dials of a mster turn
either clockwise or counterciockwise. The pointer on the dial
to the right must make a complete revolution, that is, reach
ze1o, before the pointer on the next dial will move one space,
and so on
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Responding to
Electrical Emergencies

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.
Toddlers often explore 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 someone is in contact with a live circuit, do not touch
the person. You can become “stuck” to 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.
1f it is a long way to the service panel, or you do not know
where the main disconnect switch is, use a nonconducting
object such as a wooden chair, wooden broom handle, rug, or
rubber doormat to separate the person from the live wire. Never
use a metal or wet object.

ELECTRICITY

RESPONDING TO ELECTRICAL EMERGENCIES
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Keep in mind that both water
and metals can conduct
electricity. If vou 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 from the wire using
something like a broom handle, make sure you are standing on
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 from the victim. Never directly touch
the wire or the victim. Don’t touch grounded objects like
pipes under a sink.

If you can’t remove 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. Do 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 immediately. Call 911 for medical assistance.

High-Voltage Power Lines

Rescuing a person in contact with a live
power line outdoors is extremely dan-
gerous and shouid 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-voliage
electrical current until the poweris turned off and a
utility or safety worker declares the area safe.
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Treating Bumns

Unless there is immediate danger, do not move a victim of
electrical injury; Do not apply ice, butter, ointments, medication,
bandages, or cotton dressings to electrical burns. Do not touch
burns, break blisters, or remove burned clothing. Electric shock
causes burns inside the body, so immediately seek medical
attention for the victim.

Once you and the victim are securely away from the
electrical source; check the person’s wrist and jugular vein
in the neck for a pulse. If the victim is not breathing, start
artificial respiration right away.
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RESTONDING

Find out if the person is conscious. Tap the pefscm on the shoulder ta*?f?

TOUELECT

RICAL EMERGENCIES

Life-Threatening Emergencies

The correct first aid given quickly can save a life. A person who
has stopped breathing must receive resctue breathing within
three to five minutes or brain damage will occur. People who
may need lifesaving first-aid include victims of lightning strikes:
After calling for help, assess the situation to decide what you
should do-and'in which order.

segifthereisa response. Ask, “Are you OK?” Hf there is no res;sonse, the
person is unconscious. Call or send for mad;cat help

If opening the
airway restores
breathing, place
the victimina
recovery position.
Continue to moni=
torthe person's
breathing until

helparrives.

Always use a
breathing barrier
when performing

rescue breathing.
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An easy way to recall the order of treatment in a
life-threatening emergency is A-B-C-D: Airway, Breathing,
Circulation, and Defibrillation.

A is for airway. The airway is the passage that allows air enter-
ing the mouth or nose to reach the lungs. Always protect the
airway. of any accident victim. If the person begins to vomit,
turn the victim onto the side so that the vomit comes out of the
mouth and is not aspirated {inhaled) into the lungs.

if a victim is-unconscious, carefully place the person on
their back, protecting the head
and - neck if you must roll the
person over. Then, open the
airway by pressing (or tilting) on
the forehead with one hand and
lifting the chin with the other to
tilt back the head. This action will &
keep the tongue from blocking
the person’s airway.

B is for breathing. After
opening the victim’s airway, check to see if the person can
breathe normally. Place your cheek in front of the victim’s
mouth (about 110 2 inches away). Look, listen, and feel for
movement and breathing (signals of circulation, or “signs of
life”) for no more than 10 seconds. If the person is breathing
effectively, you will feel and hear the airflow on your cheek and
see and feel the chest rising and falling at regular intervals: If
there is no breathing or movement; give two rescue breaths; then
begin cardiopulmonary - resuscitation.



Once you have opened the airway, check for
mavement and breathing for no more than 10 sec-
onds. H the person still is not breathing, give two
rescue breaths.

Step 1—Place a CPR breathing barrier over the
victiny's pouth: That may protéct both. of your from
orally wansimitted diseases.

Step 2—Cive two rescue breaths. While
ing the head-tilt, pinch the nostils,

dintain-

&

both the mouth and nose, then breathe g

znd then give ancthey resoue breath,

Step 3--Fora child oran infant, 2fer o
rescus eeaths, check for & puise for no more than
103 seconds. 1 thers 1= st no breathing, begin
rescue breathing {1 breath shout every 3 seconds)
35 long as there is 2 puise but no beeathing Foran
adult, after two rescue breaths, begin CPR mmedi
ately if the victim does not resume bieathing.

C'is for circulation. Signals of circulation mean that the heart
is still beating and circulating blood through the body. Normal
breathing and movement are signals’of life and that there'is

& heartbeat. In the case of young children (under age 12} and
infants, feeling for a pulse for no . more than 10 seconds canalso

begin CPR immediately
Accidenis or medical condiiions that canse a person o siop
hreathing, moving, or making normal sounds,  you have

.

=

ks

i the victim

revives, put
thepersoning
recovery pos-
fonand Teatfor
shock Monitor
thenersants
mks sie
breathing doss
ngf siop sgam.
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Whilshe s
nigques iy OFR
arg differant for
adults, children;
and infants; the
cycle of 30 chest
compressions
folowed by o
rescus brasihs
applies to every-
ahe Toreceive full
and moper LPR
Faining, coniact
your American
Red Cross chapter
or the American
Heart Associstion.
Scethe resources
backformore

mormation

D is for defibrillation. The heart is made up of many muscle
fibers that usually contract and relax in unison to pump blood;
During a heart attack, those rauscle fibers do not work mgether_
A heart attack 'can lead to what is known as “cardiac arrest.”
Another causs of cardiac &ﬁ&é s an abnormal elecirical heant

M

ifals, ;.;%%i; s?zgﬁfgg {s&% 'é{iig% are

utes) o saved pemon 3 hfe, a new typeof deﬁbnllamr caﬂed an

attomated external defibrillator {AED) has been developed. Many
first responders such as police officers and firefighters cany and

are trained Inthe uss of »i;i%«

f can check 3 person's heart

that requires Sshock Hean
ock is §§’5§§x

o %g%;g%% aniA § safely




RESPOMNDING TO ELECTRICAL EMERGENCIES

Many public places such as airports and s%%&gﬁp%‘ag méﬂs now have %;%si{aife{i
AEDs in clearly marked, designated areas much the same way that fis re
extinguishers are made readily available for access in an emergancv.

Recovery position for

a person who does You may need to
not have a suspected turn a person who
spinal injury

has beenina
recovery position
for 30 minutes

or longerto the

opposite side
o stimulate
Recovery position for N (
& person who may circulation.

have a spinal injury

However, do not
move a person
with suspected
spinal injury
unlessitis
absolutely

necessary.
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OMDING TO EL FRICAL B

Bathroom Injuries

In the case of an electrical injury in the bathroom, be especially
careful. It is best to throw the main disconnect switch and call

911. There are many grounded objects in a bathroom. The floor
is often wet, and it might be difficult to get the victim away from
the wire in the small, enclosed space of a typical bathroom.

If the fire can be safely put out, tell an adult to use a proper chemical fire extinguisher

Electrical Fire

Electrical fires are different from other fires. Because water
conducts electricity, vou should never throw water on an
electrical fire. Here is what Southern California Edison
suggests you do in the event of electrical fire.

e Never use water on an electrical fire.
* Turn off the main power to the house.

= if the fire cannot be safely put out, leave the house
immediately and take everyone with vou.

+ (all 911 from the nearest phone once you and your
family are safely away from vour home.
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storm. %’ gs%%%g §§
safe shelter nearby, avoid open
fields; thetops of h *isf‘ ridges, and mountains; bodies of water;
and the bases of tall, isolated trees and other tall objects, such
as flagpoles. H you are in a forest, stay near a lower stand of
trees. Avoid wet items, such as ropes, and meta! objects, such
as ﬁé{%@ é§§§ poles. Be aware that tents offer no protection

is no

The best thing fo do when a storm approaches is 1o seek shelter
in a safe building or vehicle. A safe building is one that is fully
enclosed with 2 roof, walls, and floor and has plisnbing or wiring.
A safe vehicle is one that is fully enclosed with 2 metal fop.




Wiah vour parents %&%&g %%ﬁ%’%:
the §§§ i&gﬁ;& {%ms g%%éi;%%
.scoutsho ‘é}%‘%
fors is%;gg%g%s %s%;g {é 3%% gggi

Company, i%?é% B .
pany Morrison, Ralph. Elecrricity: A Self-

Bartholomew, Alan. Electric Gadgets and Teaching Guide. John Wiley, 2003.

) (:.Izzmas. Kids Can liress, 1998 o Parker, Steve. Electricity and Magnetism.
Billings, Charlene W. Superconductivity: Gareth Stevens Publishing, 2007
From Biswwry to Breakthrough.

Cobblehill Books; Dutton, 1991. 5: Electricify. DK
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ELECTRICITY RESOURCES

Wood, Robert W, Electricity and
Magnietism FUNdamentals: FUNtastic
Science Activities for Kids. Chelsea
House, 1998.

-, Physics for Kids: 49 Easy
Experiments With Electricity and
Magnetisrm. TAB Books, 1990.

Organizations and Websites

Boston Museum of Science
Telephone: 617-723-2500

Theater of Electricity website:
http://www.mos.org/live-presentations/
lightning

Energy Information Administration
1000 Independence Ave. SW
Washington, DC 20585

Website: http://www.eia.gov

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

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

HowStuffWorks.com

¢/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://energy.gov
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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 pamphilets are of general interest
and are made available by many schoois 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 pamphiet to
earn the badge and fulfill the requirements therein. In other words, the Scout need not
start over again with the new pamphlet and possibly revised requirements.

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

Landscape Architecture 2014 | Forestry 2015 | Reading 2013
Art 2013 | Game Design 2013 | Reptile and
Astronomy 2016 | Gardening 2013 Amphibian Study 2018
Athletics 2016 | Genealogy 2018 } Rifle Shooting 2012
Automotive Maintenance 2017 | Geocaching 2016 | Robotics 2018
Aviation 2014 | Geology 2016 | Rowing 2014
Backpacking 2016 } Golf 2012 | Safety 2016
Basketry 2017 | Graphic Arts 2013 } Salesmanship 2013
Bird Study 2017 | Hiking 2016 | Scholarship 2014
Bugling {see Music) Home Repairs 2012 | Scouting Heritage 2017
Camping 2018 | Horsemanship 2013 | Scuba Diving 2009
Canoeing 2014 | Indian Lore 2008 | Sculpture 2014
Chemistry 2018 | Insect Study 2018 | Search and Rescue 2018
Chess 2016 | Inventing 2016 | Shotgun Shooting 2013
Citizenship in the Journalism 2017 | Signs, Signals, and Codes 2015

Community 2015 | Kayaking 2016 | Skating 2015
Citizenship in the Nation 2014 | Landscape Architecture Small-Boat Sailing 20186
Citizenship in the World 2015 {see Architecture) Snow Sports 2017
Climbing 2011 | Law 2011 | Soil and Water
Coin Collecting 2017 | Leatherwork 2017 Conservation 2016
Collections 2013 | Lifesaving 2017 | Space Exploration 2016
Communication 2013 § Mammal Study 2014 | Sports 2012
Composite Materials 2012 | Medicine 2012 | Stamp Collecting 2013
Cooking 2014 | Metalwork 2012 | Surveying 2004
Crime Prevention 2012 | Mining in Society 2014 | Sustainability 2013
Cycling 2017 | Model Design and Building 2010 | Swimming 2014
Dentistry 2016 | Motorboating 2015 | Textile 2014
Digital Technology 2014 } Moviemaking 2013 | Theater 2014
Disabilities Awareness 2016 | Music and Bugling 2013 | Traffic Safety 2016
Dog Care 2016 | Nature 2014 | Truck Transportation 2013
Drafting 2013 | Nuclear Science 2017 | Veterinary Medicine 2015
Electricity 2013 | Oceanography 2012 | Water Sports 2015
Electronics 2014 | Orienteering 2016 | Weather 2013
Emergency Preparedness 2015 | Painting 2016 | Welding 2018
Energy 2014 | Personal Fitness 2016 | Whitewater 2005
Engineering 2016 | Personal Management 2015 | Wilderness Survival 2012
Entrepreneurship 2013 | Pets 2013 | Wood Carving 2016
Environmental Science 2015 | Photography 2016 | Woodwork 2011
Exploration 2016 | Pioneering 2017
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