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BEFORE, you learned

• Static charges are built up 
by the separation of electrons
from protons

• Materials affect how static
charges are built

• Energy is the ability to 
cause change

NOW, you will learn

• How charges move

• How charges store energy

• How differences in materials
affect the movement of charges

KEY CONCEPT

Charges can move from
one place to another.

EXPLORE Static Discharge

How can you observe electrical energy?

PROCEDURE

Rub the balloon against the wool cloth 

several times to give the balloon a static

charge.

Slowly bring the balloon toward the middle

part of the fluorescent bulb until a spark

jumps between them.

WHAT DO YOU THINK?
• What happened in the fluorescent bulb when 

the spark jumped?

• How might you explain this observation?

2

1

Static charges have potential energy.

You have read how a static charge is built up in an object such as a

balloon. Once it is built up, the charge can stay where it is indefinitely.

However, the charge can also move to a new location. The movement

of a static charge out of an object is known as static discharge. When 

a charge moves, it transfers energy that can be used to do work.

What causes a charge to move is the same thing that builds up a

charge in the first place—that is, the force of attraction or repulsion

between charged particles. For example, suppose an object with a nega-

tive charge touches an object with a positive charge. The attraction of

the unbalanced electrons in the first object to the unbalanced protons in

the second object can cause the electrons to move to the second object.

check your reading What can cause a charge to move?

18 Unit: Electricity and MagnetismE

MATERIALS
• inflated balloon

• wool cloth

• fluorescent
light bulb

reminder

Energy can be either kinetic
(energy of motion) or
potential (stored energy).
Energy is measured in joules.
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Electric Potential Energy

Potential energy is stored energy an object may have because of its

position. Water in a tower has gravitational potential energy because it is

high above the ground. The kinetic energy—energy of motion—used

to lift the water to the top of the tower is stored as potential energy. If

you open a pipe below the tower, the water moves downward and its

potential energy is converted back into kinetic energy.

Similarly, electric potential energy is the energy a charged particle

has due to its position in an electric field. Because like charges repel,

for example, it takes energy to push a charged particle closer to

another particle with a like charge. That energy is stored as the

electric potential energy of the first particle. When the particle

is free to move again, it quickly moves away, and its electric

potential energy is converted back into kinetic energy.

When water moves downward out of a tower and

some of its potential energy is converted into kinetic

energy, its potential energy decreases. Similarly, when a

charged particle moves away from a particle with a like

charge, its electric potential energy decreases. The water

and the particle both move from a state of higher 

potential energy to one of lower potential energy.

Electric Potential

To push a charged particle closer to another particle 

with the same charge takes a certain amount of energy.

To push two particles into the same position near that

particle takes twice as much energy, and the two particles

together have twice as much electric potential energy as

the single particle. Although the amount of potential

energy is higher, the amount of energy per unit charge 

at that position stays the same. is the

amount of electric potential energy per unit charge at a

certain position in an electric field.

Electric potential is measured in units called volts, and

voltage is another term for electric potential. A potential

of one is equal to one joule of energy per coulomb

of charge.

Just as water will not flow between two towers 

of the same height, a charge will not move between 

two positions with the same electric potential.

For a charge to move, there must be a difference in

potential between the two positions.

volt

Electric potential

Like water in a tower, a
static charge has potential
energy. Just as gravity
moves water down the
supply pipe attached
under the tank, the elec-
tric potential energy of a
charge moves the charge
along an electrical pathway.

Chapter 1: Electricity  19 E
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Charge Movement

When water moves from a higher to a lower position, some of its

potential energy is used to move it. Along the way, some of its potential

energy can be used to do other work, such as turning a water wheel.

Similarly, when a charge moves, some of its electric potential energy is

used in moving the charge and some of it can be used to do other work.

For example, moving an electric charge through a material can cause

the material to heat up, as in a burner on an electric stove.

You can see how a moving charge transfers energy when you get a

shock from static electricity. As you walk across a rug, a charge builds

up on your body. Once the charge is built up, it cannot move until you

come in contact with something else. When you reach out to touch a

doorknob, the charge has a path to follow. The electric potential energy

of the charge moves the charge from you to the doorknob.

Why do you get a shock? Recall that the force of attraction or

repulsion between charged particles is stronger when they are close

together. As your hand gets closer to the doorknob, the electric potential

of the static charge increases. At a certain point, the difference in electric

potential between you and the doorknob is great enough to move the

charge through the air to the doorknob. As the charge moves, some of its

potential energy is changed into the heat, light, and sound of a spark.

check your reading What two factors determine whether a static charge will move?

Lightning

The shock you get from a doorknob is a small-scale version of light-

ning. Lightning is a high-energy static discharge. This static electricity

is caused by storm clouds. Lightning comes from the electric potential

of millions of volts, which releases large amounts of energy in the

form of light, heat, and sound. As you read about how lightning

forms, follow the steps in the illustration on page 21.

Charge Separation Particles of moisture inside a cloud collide

with the air and with each other, causing the particles to become

electrically charged. Wind and gravity separate charges, carrying

the heavier, negatively charged particles to the bottom of the cloud

and the lighter, positively charged particles to the top of the cloud.

Charge Buildup Through induction, the negatively charged 

particles at the bottom of the cloud repel electrons in the ground,

causing the surface of the ground to build up a positive charge.

Static Discharge When the electric potential, or voltage, created

by the difference in charges is large enough, the negative charge

moves from the cloud to the ground. The energy released by the

discharge produces the flash of lightning and the sound of thunder.

3

2

1

20 Unit: Electricity and MagnetismE

RESOURCE CENTER

CLASSZONE.COM

Find out more about
lightning and lightning
safety.
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Lightning is a type of static discharge. Storm clouds may develop very
large charges, each with an electric potential of millions of volts.

How Lightning Forms

How is lightning like the shock you can get from 
a doorknob? How is it different?

Chapter 1: Electricity  21 E

The charge jumps through 
the air to the ground. Energy
released by the discharge 
causes thunder and lightning.

Static Discharge3

Charge Buildup2

The negatively charged bottom
part of the cloud induces a 
positive charge in the surface 
of the ground.

Charge Separation1

Collisions between
particles in storm
clouds separate
charges. Negatively
charged particles
collect at the 
bottom of the cloud.
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What materials conduct electricity?

PROCEDURE

Use tape to connect the battery, wires, and bulb holder as shown in the 

photograph. Make sure that the wires connected to the battery stay in full

contact with the metal parts on either end. Test the bulb and the battery by

touching the free ends of wire together. The bulb should light up.

Test each object in turn by touching it simultaneously with both free ends 

of wire. Make sure the ends of wire do not touch each other.

WHAT DO YOU THINK?

• Which objects allowed the light bulb to light up 

when the wires touched them? Which did not?

• How can you explain the difference between the 

two groups of objects?

CHALLENGE Do any of the materials you tested 

seem to conduct a charge better than other conductors? 

How could you use the setup you have to compare 

the degree of conducting ability of materials?

2

1

Conductors and InsulatorsConductors and Insulators

Materials affect charge movement.

After you walk across a carpet, a charge on your skin has no place to

go until you touch or come very close to something. That is because

an electric charge cannot move easily through air. However, a charge

can move easily through the metal of a doorknob.

Conductors and Insulators

A material that allows an electric charge to pass through it easily is

called a Metals such as iron, steel, copper, and aluminum

are good conductors. Most wire used to carry a charge is made of

copper, which conducts very well.

A material that does not easily allow a charge to pass through it is

called an Plastic and rubber are good insulators. Many types

of electric wire are covered with plastic, which insulates well. The plastic

allows a charge to be conducted from one end of the wire to the other,

but not through the sides of the wire. Insulators are also important in

electrical safety, because they keep charges away from the body.

check your reading What is the difference between a conductor and an insulator?

insulator.

conductor.

22 Unit: Electricity and Magnetism

COMBINATION NOTES
Make notes on the differ-
ent ways materials can
affect charge movement.
Use sketches to help
explain the concepts.

SKILL FOCUS
Interpreting data

MATERIALS 
• D cell (battery)
• 3 pieces of low-

voltage wire
• duct tape
• flashlight bulb
• bulb holder
• objects of differ-

ent materials

TIME
20 minutes
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Resistance

Think about the difference between walking through air and walking

through waist-deep water. The water resists your movement more

than the air, so you have to work harder to walk. If you walked waist-

deep in mud, you would have to work even harder.

Materials resist the movement of a charge in different amounts.

Electrical is the property of a material that determines how

easily a charge can move through it. Electrical resistance is measured in

units called The symbol for ohms is the Greek letter omega (V).

Most materials have some resistance. A good conductor such as

copper, though, has low resistance. A good insulator, such as plastic 

or wood, has high resistance.

Resistance depends on the amount

and shape of the material as well as on

the type of material itself. A wire that is

thin has more resistance than a wire

that is thick. Think of how you have to

work harder to drink through a narrow

straw than a wide one. A wire that is

long has more resistance than a wire

that is short. Again, think of how much

harder it is to drink through a long

straw than a short one.

check your reading What three factors affect how
much resistance an object has?

ohms.

resistance

Electrons can move freely
in a material with low
resistance, such as the
copper wire in these
power lines. Electrons 
cannot move freely in a
material with high resis-
tance, such as the ceramic
insulator this worker is
putting in place or his
safety gloves.

Chapter 1: Electricity  23

Like a thick drink in a
straw, an electric charge
moves more easily
through a short, wide
pathway than a long, 
narrow one.
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By taking advantage of resistance, we can use an electric charge to do

work. When a moving charge overcomes resistance, some of the charge’s

electrical energy changes into other forms of energy, such as light and

heat. For example, the filament of a light bulb is often made of tung-

sten, a material with high resistance. When electricity moves through

the tungsten, the filament gives off light, which is useful. However, the

bulb also gives off heat. Because light bulbs are not usually used to

produce heat, we think of the heat they produce as wasted energy.

A material with low resistance is one that a charge can flow

through with little loss of energy. Materials move electricity more 

efficiently when they have low resistances. Such materials waste less

energy, so more is available to do work at the other end. That is why

copper is used for electrical wiring. Even copper has some resistance,

however, and using it wastes some energy.

Superconductors

Scientists have known for many years that some materials have 

practically no resistance at extremely low temperatures. Such materials

are called superconductors, because they conduct even better than

good conductors like copper. Superconductors have many uses. They

can be used in power lines to increase efficiency and conserve energy,

and in high-speed trains to reduce friction. Engineers are also testing

superconducting materials for use in computers and other electronic

devices. Superconductors would make computers work faster and

might also be used to make better motors and generators.

Because superconductors must be kept extremely cold, they have

not always been practical. Scientists are solving this problem by 

developing superconductors that will work at higher temperatures.

check your reading How much resistance does a superconducting material have?

24 Unit: Electricity and MagnetismE

A three-way light bulb
has two filaments, 
each with a different 
level of resistance. The
one with higher resistance
produces brighter light.
Both together give the
brightest setting.

higher resistance filament

lower resistance 
filament
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Grounding

If a charge can pass through two different mate-

rials, it will pass through the one with the lower

resistance. This is the principle behind an

important electrical safety procedure—ground-

ing. means providing a harmless,

low-resistance path—a ground—for electricity to

follow. In many cases, this path actually leads

into the ground, that is, into the Earth.

Grounding is used to protect buildings 

from damage by lightning. Most buildings have

some type of lightning rod, which is made 

from a material that is a good conductor. The

rod is placed high up, so that it is closer to the

lightning charge. The rod is connected to a 

conductor cable, and the cable is attached to a

copper pole, which is driven into the ground.

Because of the rod’s low resistance, lightning

will strike the rod before it will strike the roof,

where it might have caused a fire. Lightning hits

the rod and passes harmlessly through the cable

into the ground.

Grounding provides a path for electric 

current to travel into the ground, which can

absorb the charge and make it harmless.

The charge soon spreads out so that its voltage 

in any particular spot is low.

check your reading What is a ground cable?

Grounding

Chapter 1: Electricity  25

KEY CONCEPTS

1. Explain what happens when

you get a static electric shock

as you touch a doorknob.

2. What is electric potential?

3. What three factors affect how

much electrical resistance an

object has?

4. How can a lightning rod pro-

tect a building from fire?

CRITICAL THINKING

5. Infer Object A has a positive

charge. After Object A touches

Object B, A still has a positive

charge and the same amount

of charge. What can you infer

about the charge of B?

6. Analyze Why do lightning

rods work better if they are

placed high up, closer to the

lightning charge?

CHALLENGE

7. Apply Could the same 

material be used as both a

conductor and an insulator?

Explain your answer.

Lightning strikes
the lightning rod,
because the rod is
the path of least
resistance.

1

The rod conducts
the charge to a
conductor cable,
which has low
resistance.

2

The ground wire
conducts the
charge into the
ground, where it
spreads out and
becomes harmless.

3
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