
What You Will Learn 

• Describe how charged objects 
interact by using the law of electric 
charges. 

• Describe three ways in which an 
object can become charged. 

• Compare conductors with insulators. 

• Give two examples of static electricity 
and electric discharge. 

Vocabulary 
law of electric charges 
electric force 
electric field 
electrical conductor 
electrical insulator 
static electricity 
electric discharge 

Reading Organizer As you read 
this section, create an outline of the 
section. Use the headings from the 
section in your outline. 

Electric Charge and 
Static Electricity 
Have you ever reached out to open a door and receiv 
shock from the doorknob? Why did that happen? ed a 

On dry days, you might get a shock when you open a door 
put on a sweater, or touch another person. These shocks c , 
from static electricity To understand static electricity you OllJe 

• I n~ 
to learn about atoms and charge. 

Electric Charge 
All matter is made up of very small particles called at01115 
Atoms are made of even smaller particles called protons, neu: 
trons, and electrons, which are shown in Figure 1. How do 
these particles differ? For one thing, protons and electrons are 
charged particles, and neutrons are not. 

!"' j;@ntid•#i,ffll What are the two types of charged particles in 
atoms? (See the Appendix for answers to Reading Checks.) 

Charges Exert Forces 
Charge is a physical property. An object can have a positive 
charge, a negative charge, or no charge. Charge is best under
stood by learning how charged objects interact. Charged objects 
exert a force-a push or a pull-on other charged objects. The 
law of electric charges states that like charges repel, or push away, 
and opposite charges attract. Figure 2 illustrates this law. 

Figure 1 Protons 
and neutrons make 
up the center of 
the atom, the 
nucleus. Electrons 
are found outside 
the nucleus. 

~ Electron 

___ Proton 

Nucleusl__~ 
1 Neutron 

I 

• 

474 Chapter 17 Introduction to Electricity 



~ The Law of Electric Charges 
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• Objects that have the • 
same charge repel each 
ot~er. Each object exerts 
ab ?rce on the other 
oh Ject._ These forces push 
t e 0 bJects apart. 
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• Objects that have opposite 
charges are attracted to each 
other. Each object exerts a 
force on the other object. These 
forces pull the objects together. 

The Force Between Protons and Eledrons 

Protons are positively charged. Electrons are negatively charged. 
Because protons and electrons have opposite charges, they are 
attracted to each other. Without this attraction, electrons could 

not be held in atoms. 

The Eledric Force and the Eledric Field 
The force between charged objects is an electric force. The size 
of the electric force depends on two things. The first thing is 
~he amount of charge on each object. The greater the charge 
151 the greater the electric force is. The other thing that deter
mines the size of the electric force is the distance between the 
charges. The closer together the charges are, the greater 

th
e 

electric force is. 
Charged things are affected by electric force because charged 

tings have an electric field around them. An electric. field is 
_he region arou d h d obJ'ect in which an electric force 
is n a c arge d b ' t ·n the 

exerted on another charged object. A charge 
O 

1ec 
1 

~lectric field of another charged object is attracted or repelled 

Y the electric force acting on it. 

law of electric charges the law 
that states that like charges repel 
and opposite charges attract 

electric force the force of attrac
tion or repulsion on a charged 
particle that is due to an electric field 

electric field the space around 
a charged object in which another 
charged object experiences an 
electric force 
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CONNECTION TO • . . 
Erivironrriental Science 
l"I Jiil:tit Painting Cars 
SKILL Research how 

charge and electric force are 
used by car makers to paint 
cars. Then, in your science 
journal, write a one-page 
report describing the process 
and explaining how the use 
of charge to paint cars helps 
protect the environment. 

Charge It! of protons and electrons. Bee 
al numbers ause 

Atoms have equ ti·ve charges cancel each other •r e and nega out 
an atom's posi iv h ge so how can anything macte ' 

d t have a c ar · ' 1 h of atoms o no b. ct becomes positive y c arged Wh 
h rged? An o 1e . en atoms be c a · b. t becomes negatively charged Wh 

it loses electrons. A~ ~- 1;~ can become charged by frictioen 
it gains electron~- 1~ as shown in Figure l . n, 
conduction, and induction, . 

,...-,i..-.':31'!"•11 Wh t are three ways of chargmg an object? pr 4:t@@Pl:r·W:11! a 

Fridion 
Charging by friction happens when electrons are "wiped" from 
one object onto another. If you use a cloth to rub a plastic 
ruler, electrons move from the cloth to the ruler. The ruler gains 
electrons and becomes negatively charged. At the same time, 
the cloth loses electrons and becomes positively charged. 

Condudion 
Charging by conduction happens when electrons move from 
one object to another by direct contact. Suppose you touch 
an uncharged piece of metal with a positively charged glass 
rod. Electrons from the metal will move to the glass rod. The 
metal loses electrons and becomes positively charged. 

Figure J Three Ways to Charge an Object , 

Friction 

The friction of rubbing a 
balloon on your hair causes 
electrons to move from 
your hair to the balloon. 
Your hair and the balloon 
become oppositely charged 
and attract each other. 

Conduction 

~he~ a negatively charged 
P astrc ruler touches an 
uncharged metal rod 
the electrons in the ;uler 
travel to the rod Th 
rod becomes ne~ati!et 
charged by conduction'. 
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A negatively charged balloon 
makes a small section of a 
metal beam have a positive 
charge through induction. 
Electrons in the metal are 
repelled by and move away 
from the balloon. 



~ductioll . 
I arging by inductwn happens ':hen charges in an uncharged 
Cll I object are rearranged without direct contact with a 
01eta ed object. Suppose you hold a metal ob1·ect near a 
11ar8 d b' c ·t·vely charge o 1ect. The electrons in the metal are 
os1 ' d 

P cted to an move toward the positively charged ob1·ect. 
attra ( . d ) pis rnovement causes or m uces an area of negative charge 
1 he surface of the metal. 
on t 

Servation of Charge 
COIi 
When you charge something by any method, no charges are 

ated or destroyed. The numbers of electrons and protons stay ere . 
1 the same. Electrons simp Y move from one atom to another, 

which makes areas that have different charges. Because charges 
are not created or destroyed, charge is said to be conserved. 

oetecting Charge 
You can use a device called an electroscope to see if something 
is charged. An electroscope is a glass flask that has a metal 
rod in its rubber stopper. Two metal leaves are attached to the 
bottom of the rod. When the electroscope is not charged, the 
leaves hang straight down. When the electroscope is charged, 
the leaves repel each other, or spread apart. 

Figure 4 shows a negatively charged ruler touching the 
rod of an electroscope. Electrons move from the ruler to the 
electroscope. The leaves become negatively charged and repel 
each other. If something that is positively charged touches 
the neutral rod, electrons move off the electroscope. Then, 
the leaves become positively charged and repel each other. An 
electroscope can show that an object is charged. However, it 
cannot show whether the charge is positive or negative. 

Reading Check What can you do with an electroscope? 

Figure 4 When on electro
scope is charged, the metal 
leaves hove the some charge 
and repel each other. 

4. Lay the two foil strips on top of one another, 
and hang them on the hook by gently pushing 
the hook through them. 

5. Lay the card over the top of a glass jar. 

6. Bring various charged objects near the top of 
the paper-clip hook, and observe what happens. 
Explain your observations. 
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Figure 5 These jumper cables 
are made of metal, which carries 
electric charges, and plastic, 
which keeps the charges away 
from your hands. 

electrical conductor a material 
in which charges can move freely 

electrical insulator a material in 
which charges cannot move freely 

static electricity electric charge 
at rest; generally produced by fric
tion or induction 

Insulators 

Moving Charges 
k t Figure s. Have you ever not· Loo a iceq 

lectrical cords are often 
111 that e . 7 D'ff aue metal and plastic. 1 erent 
111 from 1 t . ate. 

. 1 are used because e ec nc char ms . ~ 
through some materials 1n move ,,,ore 

·iy than they move through othe eas1 . rs. 
Most materials are either conductors or 
insulators based on how easily charges 
move in them. 

condudors 

An electrical conductor is a material in 
which charges can move easily. Most 
metals are good conductors because 
some of their electrons are free to move. 
Conductors are used to make wires. For 
example, a lamp cord has metal Wire 
and metal prongs. Copper, aluminum, 
and mercury are good conductors. 

An electrical insulator is a material in which charges cannot 
move easily. Insulators do not conduct charges very well 
because their electrons cannot flow freely. The electrons are 
tightly held in the atoms of the insulator. The insulating 
material in a lamp cord stops charges from leaving the wire 
and protects you from electric shock. Plastic, rubber, glass, 
wood, and air are good insulators. 

Static Electricity 

After you take your clothes out of the dryer, they sometimes are 
stuck together. They stick together because of static electricity. 
Static electricity is the electric charge at rest on an object. 

When something is static, it is not moving. The charge of 
stat~c electricity do not move away from the object that they 
are 1~. ~o, the object keeps its charge. Your clothes are charged 
by fnction as they rub against each other inside a dryer. As the 
cl~thes tumble, negative charges are lost by some clothes and 
bmld up on other clothes. When the dryer stops the tramier 
~f _charges als~ stops. And because clothing is an insulator, the 
mltup electnc charges stay on each piece of clothing. The 

resu t of this buildup of charges is static cling. 
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. c Discharge 

£,.ctn hat build up as static electticity on an object even
cnarges :. the object. The loss of static electricity as charges 
to•llY ~:f an object is called electric discharge. Somethnes, 
.,ave_ discharge happens slowly. For example, clothes stuck 
,1ee1nc by static electricity Will eventually separate on their 
toge

th

er r time, their electlic charges move to water molecules 
ove Wfl· 0 

air. . . 

;n 

th

:ietimes, electric discharge happens quickly. It may hap. 
S~ith a flash of hght, a shock, or a crackling noise. For 

pen 
I 

when you wear rubber-soled shoes and walk on carpet, 
aamp :• charges build up on You, body. When you reach out 
negattv etal doorknob, the negative charges on your body can 
for a m the doorknob. The electric discharge happens quickly, 
. mp to 

JU u feel a small shock_ 

,

nd 

yo of the most dramauc examples of electric discharge 
. li~;~ing. How does lightning form through a buildup of 
15 

. lectricity? F1111.., & show, the answer. 
static e 

Reading Check 
What is electric discharge? 

O During a thunderstorm'. Water drop
lets, ice, and air move rnsrde t~e 
storm cloud. As a result, negative 
charges build up, often at the 
bottom of the cloud. Positive 
charges often build up at the top. 

electric discha~ge the release of 
electricity stored rn a source 

G Different parts of clouds 
have different charges. In 
fact, most lightning happens 
within and between clouds. 



Benjamin Franklin In 
addition to being a states
man, Benjamin Franklin was 
a scientist. Research Franklin's 
discovery that lightning is a 
form of electricity. Make a 
poster describing the proce
dures that he used, the terms 
that he coined, and the inven
tions related to electricity that 
he designed. ~ ,, _..~,r•V;t~~ 

~~~~ 

Figure 7 Lightning strikes the 
lightning rod rather than the 
building, because the lightning rod 
is the tallest point on the building. 

Lightning Dangers 
Lightning usually strikes the highest point in a cha rged 
because that point provides the shortest path for the ar\:a 
to reach the ground. Anything that sticks up or ou;~arg\:s 
area can provide a path for lightning. Trees anct Pe in an 

b · t k b 1· h 0 Ple · open areas are at risk of emg s rue Y 1g tning. For 111 

reason it is particularly dangerous to be at the beach this , . or 0 golf course during a lightning storm. Even standing u n a 
Th h Oder 

tree during a storm is dangerous. e c arges from lightn· a 
striking a tree can jump to your body. 1ng 

fl"" j;iJ,t,ii,f,•iUJi,J Why is it dangerous to be outside in an open 
area during a storm? 

Lightning Rods 
A lightning rod is a pointed rod connected to the ground b 
a wire. Lightning rods are often mounted so that they Y 

b ·1d· h · F" are the tallest point on a m mg, as s own m 1gure 7. Objects 
such as a lightning rod, that are joined to Earth by a cond ' uc. 
tor, such as a wire, are grounded . Any object that is grounded 
provides a path for electric charges to move to Earth. Because 
Earth is so large, it can give up or absorb charges without bein 
damaged. When lightning strikes a lightning rod, the electri~ 
charges are carried safely to Earth through the rod's wire. By 
directing the charge to Earth, the rods prevent lightning from 
damaging buildings. 
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