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Visit to find project ideas and resources.
Projects include:
• History Research tsunamis, their energy, and other characteristics. Graph and

compare height, distance, and lives lost from past waves.
• Technology Discover how steel drums are made. Construct your own drum

and experiment with sounds and patterns of vibrations.
• Model Create an original light show with colored lights and stick puppets

expressing your new knowledge of light, mirrors, and lenses.
Laser Eye Surgery provides an opportunity to be an informed
consumer of the advantages and disadvantages of laser eye surgery.

blue.msscience.com/unit_project

Radar systems—such as the one in this modern air
traffic control room—use radio waves to detect

objects. In the 1940s, the radio waves used for radar
were generated by a device called a magnetron. One
day, an engineer working on a radar project was
standing near a magnetron when he noticed that the
candy bar in his pocket had melted. Intrigued, the
engineer got some unpopped popcorn and placed it next
to the magnetron. Sure enough, the kernels began to
pop. The engineer realized that the magnetron’s short
radio waves, called microwaves, caused the molecules in
the food to move more quickly, increasing the food’s
temperature. Soon, magnetrons were being used in the
first microwave ovens. Today, microwave ovens are used
to pop popcorn—and heat many other kinds of food—
in kitchens all over the world.

(inset)L. Fritz/H. Armstrong Roberts, (bkgd)Matthew Borkoski/Stock Boston/PictureQuest
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Electricity
Electrical energy can be 
converted into other forms
of energy when electric
charges flow in a circuit.

SECTION 1
Electric Charge
Main Idea Electric charges
are positive or negative and
exert forces on each other.

SECTION 2
Electric Current
Main Idea A battery 
produces an electric field in
a closed circuit that causes
electric charges to flow.

SECTION 3
Electric Circuits
Main Idea Electrical energy
can be transferred to
devices connected in an
electric circuit.

A Blast of Energy
This flash of lightning is an electric spark that releases an enormous
amount of electrical energy in an instant. However, in homes and
other buildings, electrical energy is released in a controlled way by
the flow of electric currents.

Write a paragraph describing a lightning flash you have seen.
Include information about the weather conditions at the time.
Science Journal
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Electricity Make the following
Foldable to help you understand
the terms electric charge, electric
current, and electric circuit.

Fold the top of a vertical piece of
paper down and the bottom up to
divide the paper into thirds.

Turn the paper horizontally;
unfold and label the three columns
as shown.

Read and Write Before you read the chapter,
write a definition of electric charge, electric cur-
rent, and electric circuit in the appropriate col-
umn. As you read the chapter, correct your
definition and add additional information about
each term.

STEP 2

STEP 1

1. Inflate a rubber balloon.

2. Place small bits of paper on your desktop
and bring the balloon close to the bits of
paper. Record your observations.

3. Charge the balloon by holding it by the
knot and rubbing it on your hair or a piece
of wool.

4. Bring the balloon close to the bits of
paper. Record your observations.

5. Charge two balloons using the procedure
in step 3. Hold each balloon by its knot
and bring the balloons close to each other.
Record your observations.

6. Think Critically Compare and contrast
the force exerted on the bits of paper by
the charged balloon and the force exerted
by the two charged balloons on each other.

Observing Electric Forces
No computers? No CD players? No video
games? Can you imagine life without electric-
ity? Electricity also provides energy that heats
and cools homes and produces light. The
electrical energy that you use every day is
produced by the forces that electric charges
exert on each other. 

Start-Up Activities

635635

Electric
Current

Electric
Circuit

Electric
Charge

Preview this chapter’s content
and activities at 
blue.msscience.com

V.C.L./Getty Images 
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636 A CHAPTER 22 Electricity

Apply It! Before you read, skim
the questions in the Chapter Review. Choose
three questions and predict the answers.

Learn It! A prediction is an educated guess based on what
you already know. One way to predict while reading is to guess what you
believe the author will tell you next. As you are reading, each new topic
should make sense because it is related to the previous paragraph or passage.

Practice It! Read the excerpt below from Section 1.
Based on what you have read, make predictions about what you will 
read in the rest of the lesson. After you read Section 1, go back to your 
predictions to see if they were correct.

The electric force between two charged
objects depends on the distance between them
and the on each object. The
electric force between two charged objects gets
stronger . 

are attracted
to each other more strongly if they are closer
together.

—from page 639

A positive and a negative charge
as the charges get closer together

amount of charge

Predict how the
electric force
depends on the
amount of charge.

Predict how the
electric force
would change as
charged objects
get farther apart.

Can you predict
how the electric
force between
two electrons
changes as the
electrons get 
closer together?
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Before You Read Statement After You Read
A or D A or D

1 Atoms become ions by gaining or losing electrons.

2 It is safe to take shelter under a tree during a
lightning storm.

3 Electric current can follow only one path in a
parallel circuit.

4 Electrons flow in straight lines through conducting
wires.

5 Batteries produce electrical energy through
nuclear reactions.

6 The force between electric charges always 
is attractive.

7 Electrical energy can be transformed into other
forms of energy.

8 If the voltage in a circuit doesn’t change, the
current increases if the resistance decreases.

9 Electric charges must be touching to exert
forces on each other.

Print out a worksheet
of this page at  
blue.msscience.com

Use this to focus on the main ideas as you read the chapter.

Before you read the chapter, respond to the statements 

below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

After you read the chapter, look back to this page to see if you’ve

changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

As you read, check the 

predictions you made to see 

if they were correct.

http://www.glencoe.com


636 CHAPTER 22 Electricity

Electricity
You can’t see, smell, or taste electricity, so it might seem mys-

terious. However, electricity is not so hard to understand when
you start by thinking small—very small. All solids, liquids, and
gases are made of tiny particles called atoms. Atoms, as shown in
Figure 1, are made of even smaller particles called protons, neu-
trons, and electrons. Protons and neutrons are held together
tightly in the nucleus at the center of an atom, but electrons
swarm around the nucleus in all directions. Protons and elec-
trons have electric charge, but neutrons have no electric charge.

Positive and Negative Charge There are two types of
electric charge—positive and negative. Protons have a positive
charge, and electrons have a negative charge. The amount of
negative charge on an electron is exactly equal to the amount of
positive charge on a proton. Because atoms have equal numbers
of protons and electrons, the amount of positive charge on all
the protons in the nucleus of an atom is balanced by the nega-
tive charge on all the electrons moving around the nucleus.
Therefore, atoms are electrically neutral, which means they have
no overall electric charge.

An atom becomes negatively charged when it gains
extra electrons. If an atom loses electrons it becomes positively
charged. A positively or negatively charged atom is called an
ion (I ahn).

■ Describe how objects can
become electrically charged.

■ Explain how an electric charge
affects other electric charges.

■ Distinguish between electric
conductors and insulators.

■ Describe how electric discharges
such as lightning occur.

All electric phenomena result from
the forces electric charges exert on
each other.

Review Vocabulary
force: the push or pull one object
exerts on another

New Vocabulary

• ion • insulator

• static charge • conductor

• electric force • electric 

• electric field discharge

Electric Charge

Figure 1 An atom is made
of positively charged protons
(orange), negatively charged elec-
trons (red), and neutrons (blue)
with no electric charge.
Identify where the protons and
neutrons are located in an atom.
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Electrons Move in Solids Electrons can move from atom
to atom and from object to object. Rubbing is one way that elec-
trons can be transferred. If you have ever taken clinging clothes
from a clothes dryer, you have seen what happens when elec-
trons are transferred from one object to another.

Suppose you rub a balloon on your hair. The atoms in your
hair hold their electrons more loosely than the atoms on the bal-
loon hold theirs. As a result, electrons are transferred from the
atoms in your hair to the atoms on the surface of the balloon, as
shown in Figure 2. Because your hair loses electrons, it becomes
positively charged. The balloon gains electrons and becomes
negatively charged. Your hair and the balloon become attracted
to one another and make your hair stand on end. This imbal-
ance of electric charge on an object is called a static charge. In
solids, static charge is due to the transfer of electrons between
objects. Protons cannot be removed easily from the nucleus of
an atom and usually do not move from one object to another.

How does an object become electrically charged?

Ions Move in Solutions Sometimes, the movement of
charge can be caused by the movement of ions instead of the
movement of electrons. Table salt—sodium chloride—is made of
sodium ions and chloride ions that are fixed in place and cannot
move through the solid. However, when salt is dissolved in water,
the sodium and chloride ions break apart and spread out evenly
in the water, forming a solution, as shown in Figure 3. Now the
positive and negative ions are free to move. Solutions containing
ions play an important role in enabling different parts of your
body to communicate with each other. Figure 4 shows how a
nerve cell uses ions to transmit signals. These signals moving
throughout your body enable you to sense, move, and even think.

Figure 2 Rubbing can move
electrons from one object to
another. Hair holds electrons more
loosely than the balloon holds
them. As a result, electrons are
moved from the hair to the balloon
when the two make contact.
Infer which object has become
positively charged and which has
become negatively charged.

Figure 3 When table salt (NaCl)
dissolves in water, the sodium ions
and chloride ions break apart.
These ions now are able to carry
electric energy.

SECTION 1 Electric Charge 637

Sodium ions (Na +)

Chloride ions (Cl –)

Salt crystals
(NaCl)

Water

(t)Richard Hutchings, (b)KS Studios




Figure 4
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T
he control and coordination of all your bodily functions
involves signals traveling from one part of your body to
another through nerve cells. Nerve cells use ions to
transmit signals from one nerve cell to another.

When the impulse reaches the end of the nerve
cell, a neurotransmitter is released that causes the
next nerve cell to move sodium ions back inside the
cell membrane. In this way, the signal is passed from
cell to cell.

D

When a nerve cell 
is not transmitting a signal,
it moves positively charged
sodium ions (Na�) outside
the membrane of the nerve
cell. As a result, the outside
of the cell membrane
becomes positively charged
and the inside becomes neg-
atively charged.

A

A chemical called a neurotransmitter
is released by another nerve cell and
starts the impulse moving along the cell.
At one end of the cell, the neurotransmit-
ter causes sodium ions to move back
inside the cell membrane.

B

As sodium ions pass through the cell mem-
brane, the inside of the membrane becomes
positively charged. This triggers sodium ions
next to this area to move back inside the mem-
brane, and an electric impulse begins to move
down the nerve cell.

C
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VISUALIZING NERVE IMPULSES

Figure 4
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Electric Forces
The electrons in an atom swarm around the nucleus. What

keeps these electrons close to the nucleus? The positively
charged protons in the nucleus exert an attractive electric force
on the negatively charged electrons. All charged objects exert an
electric force on each other. The electric force between two
charges can be attractive or repulsive, as shown in Figure 5.
Objects with the same type of charge repel one another and
objects with opposite charges attract one another. This rule is
often stated as “like charges repel, and unlike charges attract.”

The electric force between two charged objects depends on
the distance between them and the amount of charge on each
object. The electric force between two electric charges gets
stronger as the charges get closer together. A positive and a neg-
ative charge are attracted to each other more strongly if they are
closer together. Two like charges are pushed away more strongly
from each other the closer they are. The electric force between
two objects that are charged, such as two balloons that have been
rubbed on wool, increases if the amount of charge on at least
one of the objects increases.

How does the electric force between two charged
objects depend on the distance between them?

Electric Fields You might have noticed examples of how
charged objects don’t have to be touching to exert an electric force
on each other. For instance, two charged balloons push each other
apart even though they are not touching. How are charged objects
able to exert forces on each other without touching?

Electric charges exert a force on each other at a distance
through an electric field that exists around every electric
charge. Figure 6 shows the electric field around a positive and a
negative charge. An electric field gets stronger as you get closer
to a charge, just as the electric force between two charges
becomes greater as the charges get closer together.

Figure 5 A positive charge and
a negative charge attract each
other. Two positive charges repel
each other, as do two negative
charges.

Unlike charges attract.
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Like charges repel. Like charges repel.
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Figure 6 The lines with arrow-
heads represent the electric field
around charges. The direction of
each arrow is the direction a posi-
tive charge would move if it were
placed in the field.

The electric field arrows point
away from a positive charge.

The electric field arrows point
toward a negative charge.
Explain why the electric field
arrows around a negative charge
are in the opposite direction of the
arrows around a positive charge.

SECTION 1 Electric Charge 639




Charges placed on an insulator repel
each other but cannot move easily on
the surface of the insulator. As a result,
the charges remain in one place. 
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Insulators and Conductors
Rubbing a balloon on your hair transfers electrons from

your hair to the balloon. However, only the part of the balloon
that was rubbed on your hair becomes charged, because elec-
trons cannot move easily through rubber. As a result, the elec-
trons that were rubbed onto the balloon tend to stay in one
place, as shown in Figure 7. A material in which electrons can-
not move easily from place to place is called an insulator.
Examples of insulators are plastic, wood, glass, and rubber.

Materials that are conductors contain electrons that can
move more easily in the material. The electric wire in Figure 7 is
made from a conductor coated with an insulator such as plastic.
Electrons move easily in the conductor but do not move easily
through the plastic insulation. This prevents electrons from
moving through the insulation and causing an electric shock if
someone touches the wire.

Metals as Conductors The best conductors are metals such
as copper, gold, and aluminum. In a metal atom, a few electrons
are not attracted as strongly to the nucleus as the other elec-
trons, and are loosely bound to the atom. When metal atoms
form a solid, the metal atoms can move only short distances.
However, the electrons that are loosely bound to the atoms can
move easily in the solid piece of metal. In an insulator, the elec-
trons are bound tightly in the atoms that make up the insulator
and therefore cannot move easily.

Figure 7 Electric charges move
more easily through conductors
than through insulators.

��
���� ����
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The three wires in this electric cable
are made of copper, which is a con-
ductor. The wires are covered with
plastic insulation that keeps the cop-
per wires from touching each other.

Topic: Superconductors
Visit for Web
links to information about
materials that are superconductors.

Activity Make a table listing
five materials that can become
superconductors and the critical
temperature for each material.

blue.msscience.com

Royalty Free/CORBIS 
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Induced Charge 
Has this ever happened to you? You walk across a carpet and

as you reach for a metal doorknob, you feel an electric shock.
Maybe you even see a spark jump between your fingertip and
the doorknob. To find out what happened, look at Figure 8.

As you walk, electrons are rubbed off the rug by your shoes.
The electrons then spread over the surface of your skin. As you
bring your hand close to the doorknob, the electric field around
the excess electrons on your hand repels the electrons in the
doorknob. Because the doorknob is a good conductor, its elec-
trons move easily away from your hand. The part of the door-
knob closest to your hand then becomes positively charged. This
separation of positive and negative charges due to an electric
field is called an induced charge.

If the electric field between your hand and the knob is strong
enough, charge can be pulled from your hand to the doorknob, as
shown in Figure 8. This rapid movement of excess charge from
one place to another is an electric discharge. Lightning is an exam-
ple of an electric discharge. In a storm cloud, air currents some-
times cause the bottom of the cloud to become negatively charged.
This negative charge induces a positive charge in the ground below
the cloud. A cloud-to-ground lightning stroke occurs when electric
charge moves between the cloud and the ground.

SECTION 1 Electric Charge 641
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The attractive electric force
between the electrons on your
hand and the induced positive
charge on the doorknob might be
strong enough to pull electrons
from your hand to the doorknob.
You might see this as a spark and
feel a mild electric shock.

As you bring your hand close to the
metal doorknob, electrons on the
doorknob move as far away from
your hand as possible. The part of
the doorknob closest to your hand
is left with a positive charge. 

As you walk across the floor, you rub
electrons from the carpet onto the
bottom of your shoes. These electrons
then spread out over your skin,
including your hands.

Figure 8 A spark that jumps
between your fingers and a metal
doorknob starts at your feet.
Identify another example of an
electric discharge.
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Self Check
1. Explain why when objects become charged it is elec-

trons that are transferred from one object to another
rather than protons.

2. Compare and contrast the movement of electric charge
in a solution with the transfer of electric charge
between solid objects.

3. Explain why metals are good conductors.

4. Compare and contrast the electric field around a nega-
tive charge and the electric field around a positive
charge.

5. Explain why an electric discharge occurs.

6. Think Critically A cat becomes negatively charged
when it is brushed. How does the electric charge on the
brush compare to the charge on the cat?

Summary
Electric Charges

• There are two types of electric charge—posi-
tive charge and negative charge.

• The amount of negative charge on an electron
is equal to the amount of positive charge on a
proton.

• Objects that are electrically neutral become neg-
atively charged when they gain electrons and
positively charged when they lose electrons.

Electric Forces

• Like charges repel and unlike charges attract.

• The force between two charged objects
increases as they get closer together.

• A charged object is surrounded by an electric
field that exerts a force on other charged
objects.

Insulators and Conductors

• Electrons cannot move easily in an insulator
but can move easily in a conductor.

7. Analyze You slide out of a car seat and as you touch
the metal car door, a spark jumps between your hand 
and the door. Describe how the spark was formed.

Grounding
Lightning is an electric discharge that

can cause damage and injury because a
lightning bolt releases an extremely large
amount of electric energy. Even electric dis-
charges that release small amounts of energy
can damage delicate circuitry in devices such
as computers. One way to avoid the damage
caused by electric discharges is to make the
excess charges flow harmlessly into Earth’s
surface. Earth can be a conductor, and
because it is so large, it can absorb an enor-
mous quantity of excess charge.

The process of providing a pathway to
drain excess charge into Earth is called
grounding. The pathway is usually a con-
ductor such as a wire or a pipe. You might

have noticed lightning rods at the top of buildings and towers,
as shown in Figure 9. These rods are made of metal and are con-
nected to metal cables that conduct electric charge into the
ground if the rod is struck by lightning.

Figure 9 A lightning rod can
protect a building from being
damaged by a lightning strike.

blue.msscience.com/self_check_quiz
J. Tinning/Photo Researchers 
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Flow of Charge
An electric discharge, such as a lightning bolt, can release a

huge amount of energy in an instant. However, electric lights,
refrigerators, TVs, and stereos need a steady source of electrical
energy that can be controlled. This source of electrical energy
comes from an electric current, which is the flow of electric
charge. In solids, the flowing charges are electrons. In liquids,
the flowing charges are ions, which can be positively or nega-
tively charged. Electric current is measured in units of amperes
(A). A model for electric current is flowing water. Water flows
downhill because a gravitational force acts on it. Similarly, elec-
trons flow because an electric force acts on them.

A Model for a Simple Circuit How does a flow of water
provide energy? If the water is separated from Earth by using a
pump, the higher water now has gravitational potential energy,
as shown in Figure 10. As the water falls and does work on the
waterwheel, the water loses potential energy and the waterwheel
gains kinetic energy. For the water to flow continuously, it must
flow through a closed loop. Electric charges will flow continu-
ously only through a closed conducting loop called a circuit.

Electric Current 

■ Relate voltage to the electrical
energy carried by an electric
current.

■ Describe a battery and how it
produces an electric current.

■ Explain electrical resistance.

Electric current provides a steady
source of electrical energy that
powers the electric appliances you
use every day.

Review Vocabulary
gravitational potential energy:
the energy stored in an object
due to its position above Earth’s
surface

New Vocabulary

• electric current • voltage

• circuit • resistance

Figure 10 The gravitational
potential energy of water is
increased when a pump raises
the water above Earth.Height

Pump

Higher-energy water

Lower-energy water
Earth
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Electric Circuits The simplest electric circuit contains a
source of electrical energy, such as a battery, and an electric con-
ductor, such as a wire, connected to the battery. For the simple
circuit shown in Figure 11, a closed path is formed by wires con-
nected to a lightbulb and to a battery. Electric current flows in
the circuit as long as none of the wires, including the glowing fil-
ament wire in the lightbulb, is disconnected or broken.

Voltage In a water circuit, a pump increases the gravitational
potential energy of the water by raising the water from a lower
level to a higher level. In an electric circuit, a battery increases
the electrical potential energy of electrons. This electrical poten-
tial energy can be transformed into other forms of energy. The
voltage of a battery is a measure of how much electrical poten-
tial energy each electron can gain. As voltage increases, more
electrical potential energy is available to be transformed into
other forms of energy. Voltage is measured in volts (V).

How a Current Flows You may think that when an electric
current flows in a circuit, electrons travel completely around the
circuit. Actually, individual electrons move slowly in an electric
circuit. When the ends of a wire are connected to a battery, the
battery produces an electric field in the wire. The electric field
forces electrons to move toward the positive battery terminal. As
an electron moves, it collides with other electric charges in the
wire and is deflected in a different direction. After each collision,
the electron again starts moving toward the positive terminal. A
single electron may undergo more than ten trillion collisions
each second. As a result, it may take several minutes for an elec-
tron in the wire to travel one centimeter.

Figure 11 As long as there is a
closed path for electrons to follow,
electrons can flow in a circuit. They
move away from the negative bat-
tery terminal and toward the posi-
tive terminal.

Battery Wire

e–
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e–
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Investigating the
Electric Force
Procedure
1. Pour a layer of salt on a

plate.
2. Sparingly sprinkle grains of

pepper on top of the salt.
Do not use too much
pepper.

3. Rub a rubber or plastic
comb on an article of wool
clothing.

4. Slowly drag the comb
through the salt and
observe.

Analysis
1. How did the salt and pep-

per react to the comb?
2. Explain why the pepper

reacted differently 
than the salt.
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Batteries A battery supplies energy to an electric circuit.
When the positive and negative terminals in a battery are con-
nected in a circuit, the electric potential energy of the electrons
in the circuit is increased. As these electrons move toward the
positive battery terminal, this electric potential energy is trans-
formed into other forms of energy, just as gravitational poten-
tial energy is converted into kinetic energy as water falls.

A battery supplies energy to an electric circuit by converting
chemical energy to electric potential energy. For the alkaline
battery shown in Figure 12, the two terminals are separated by
a moist paste. Chemical reactions in the moist paste cause elec-
trons to be transferred to the negative terminal from the atoms
in the positive terminal. As a result, the negative terminal
becomes negatively charged and the positive terminal becomes
positively charged. This produces the electric field in the circuit
that causes electrons to move away from the negative terminal
and toward the positive terminal.

Battery Life Batteries don’t supply energy forever. Maybe you
know someone whose car wouldn’t start after the lights had
been left on overnight. Why do batteries run down? Batteries
contain only a limited amount of the chemicals that react to
produce chemical energy. These reactions go on as the battery is
used and the chemicals are changed into other compounds.
Once the original chemicals are used up, the chemical reactions
stop and the battery is “dead.”

Figure 12 When this alkaline
battery is connected in an electric
circuit, chemical reactions occur in
the moist paste of the battery that
move electrons from the positive
terminal to the negative terminal.

Negative terminal

Moist paste

Positive terminal

Alkaline Batteries Several
chemicals are used to make
an alkaline battery. Zinc is
a source of electrons at the
negative terminal, and
manganese dioxide com-
bines with electrons at the
positive terminal. The
moist paste contains potas-
sium hydroxide that helps
transport electrons from
the positive terminal to the
negative terminal. Research
dry-cell batteries and lead-
acid batteries. Make a table
listing the chemicals used
in these batteries and their
purpose.

Gary Rhijnsburger/Masterfile 
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Resistance
Electrons can move much more easily through conductors

than through insulators, but even conductors interfere some-
what with the flow of electrons. The measure of how difficult it
is for electrons to flow through a material is called resistance.
The unit of resistance is the ohm (Ω). Insulators generally have
much higher resistance than conductors.

As electrons flow through a circuit, they collide with the
atoms and other electric charges in the materials that make up
the circuit. Look at Figure 13. These collisions cause some of the
electrons’ electrical energy to be converted into thermal
energy—heat—and sometimes into light. The amount of elec-
trical energy that is converted into heat and light depends on the
resistance of the materials in the circuit.

Buildings Use Copper Wires The amount of electrical
energy that is converted into thermal energy increases as the
resistance of the wire increases. Copper has low resistance and is
one of the best electric conductors. Because copper is a good
conductor, less heat is produced as electric current flows in cop-
per wires, compared to wires made of other materials. As a
result, copper wire is used in household wiring because the
wires usually don’t become hot enough to cause fires.

Resistance of Wires The electric resistance of a wire also
depends on the length and thickness of the wire, as well as the
material it is made from. When water flows through a hose, the
water flow decreases as the hose becomes narrower or longer, as
shown in Figure 14 on the next page. The electric resistance of
a wire increases as the wire becomes longer or as it becomes
narrower.

Figure 13 As electrons flow
through a wire, they travel in a
zigzag path as they collide with
atoms and other electrons. In these
collisions, electrical energy is con-
verted into other forms of energy. 
Identify the other forms of energy
that electrical energy is converted
into.

��

The Ohm The unit for
electrical resistance was
named in honor of the
German physicist Georg
Simon Ohm (1787–1854).
Ohm is credited for dis-
covering the relationship
between current flow,
voltage, and resistance.
Research and find out
more about Georg Ohm.
Write a brief biography of
him to share with the
class.




Self Check
1. Compare and contrast an electric discharge with an

electric current.

2. Describe how a battery causes electrons to move in a
circuit.

3. Describe how the electric resistance of a wire changes
as the wire becomes longer. How does the resistance
change as the wire becomes thicker?

4. Explain why the electric wires in houses are usually
made of copper.

5. Think Critically In an electric circuit, where do the elec-
trons come from that flow in the circuit?

Flow of Charge

• Electric current is the flow of electric charges.

• Electric charges will flow continuously only
through a closed conducting loop, called a
circuit.

• The voltage in a circuit is a measure of the
electrical potential energy of the electrons in
the circuit.

• A battery supplies energy to an electric circuit
by increasing the electric potential energy of
electrons in the circuit.

Resistance

• Electric resistance is the measure of how diffi-
cult it is for electrons to flow through a material.

• Electric resistance is due to collisions between
flowing electrons and the atoms in a material.

• Electric resistance in a circuit converts electri-
cal energy into thermal energy and light.

6. Infer Find the voltage of various batteries such as a
watch battery, a camera battery, a flashlight battery,
and an automobile battery. Infer whether the voltage 
produced by a battery is related to its size.
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A narrow hose 
has more
resistance than 
a wide hose.

A long hose has
more resistance
than a short hose.

Lightbulb Filaments In a lightbulb, the filament is made of
wire so narrow that it has a high resistance. When electric current
flows in the filament, it becomes hot enough to emit light. The
filament is made of tungsten metal, which has a much higher
melting point than most other metals. This keeps the filament
from melting at the high temperatures needed to produce light.

Figure 14 The resistance of a
hose to the flow of water depends
on the diameter and length of the
hose used.
Compare and contrast water
flowing in a hose and electric cur-
rent flowing in a wire.

blue.msscience.com/self_check_quiz
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Controlling the Current
When you connect a conductor, such as a wire or a lightbulb,

between the positive and negative terminals of a battery, elec-
trons flow in the circuit. The amount of current is determined
by the voltage supplied by the battery and the resistance of the
conductor. To help understand this relationship, imagine a
bucket with a hose at the bottom, as shown in Figure 15. If the
bucket is raised, water will flow out of the hose faster than
before. Increasing the height will increase the current.

Voltage and Resistance Think back to the pump and
waterwheel in Figure 10. Recall that the raised water has energy
that is lost when the water falls. Increasing the height from
which the water falls increases the energy of the water.
Increasing the height of the water is similar to increasing the
voltage of the battery. Just as the water current increases when
the height of the water increases, the electric current in a circuit
increases as voltage increases.

If the diameter of the tube in Figure 15 is decreased, resist-
ance is greater and the flow of the water decreases. In the same
way, as the resistance in an electric circuit increases, the current
in the circuit decreases.

■ Explain how voltage, current,
and resistance are related in an
electric circuit.

■ Investigate the difference
between series and parallel
circuits.

■ Determine the electric power
used in a circuit.

■ Describe how to avoid danger-
ous electric shock.

Electric circuits control the flow of
electric current in all electrical
devices.

Review Vocabulary
power: the rate at which energy
is transferred; power equals the
amount of energy transferred
divided by the time over which
the transfer occurs

New Vocabulary

• Ohm’s law

• series circuit

• parallel circuit

• electric power

Electric Circuits

Figure 15 Raising the bucket
higher increases the potential
energy of the water in the bucket.
This causes the water to flow out
of the hose faster.
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Ohm’s Law A nineteenth-century German physicist, Georg
Simon Ohm, carried out experiments that measured how
changing the voltage in a circuit affected the current. He found
a simple relationship among voltage, current, and resistance in a
circuit that is now known as Ohm’s law. In equation form,
Ohm’s law often is written as follows.

According to Ohm’s law, when the voltage in a circuit
increases the current increases, just as water flows faster from a
bucket that is raised higher. However, if the voltage in the circuit
doesn’t change, then the current in the circuit decreases when
the resistance is increased.

Ohm’s Law

Voltage (in volts)�current (in amperes)�resistance (in ohms)
V � IR
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Solving a Simple Equation

1. An electric iron plugged into a wall socket has a resistance of 24 Ω. If the current in the
iron is 5.0 A, what is the voltage provided by the wall socket?

2. What is the current in a flashlight bulb with a resistance of 30 Ω if the voltage provided
by the flashlight batteries is 3.0 V?

3. What is the resistance of a lightbulb connected to a 110-V wall outlet if the current in the
lightbulb is 1.0 A?

VOLTAGE FROM A WALL OUTLET A lightbulb is plugged into a wall outlet. If the lightbulb
has a resistance of 220 Ω and the current in the lightbulb is 0.5 A, what is the voltage
provided by the outlet?

Solution
This is what you know:

This is what you need to find:

This is the procedure you
need to use:

Check your answer:

● current: I � 0.5 A

● resistance: R � 220 Ω

voltage: V

Substitute the known values for current and resist-
ance into Ohm’s law to calculate the voltage:
V � IR � (0.5 A) (220 Ω) � 110 V

Divide your answer by the resistance 220 Ω.
The result should be the given current 0.5 A.

For more practice, visit 
blue.msscience.com/
math_practice
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Series and Parallel Circuits 
Circuits control the movement of electric current by provid-

ing paths for electrons to follow. For current to flow, the circuit
must provide an unbroken path for current to follow. Have you
ever been putting up holiday lights and had a string that would
not light because a single bulb was missing or had burned out
and you couldn’t figure out which one it was? Maybe you’ve
noticed that some strings of lights don’t go out no matter how
many bulbs burn out or are removed. These two strings of hol-
iday lights are examples of the two kinds of basic circuits—
series and parallel.

Wired in a Line A series circuit is a circuit that has only one
path for the electric current to follow, as shown in Figure 16. If
this path is broken, then the current no longer will flow and all
the devices in the circuit stop working. If the entire string of
lights went out when only one bulb burned out, then the lights
in the string were wired as a series circuit. When the bulb
burned out, the filament in the bulb broke and the current path
through the entire string was broken.

How many different paths can electric current
follow in a series circuit?

In a series circuit, electrical devices are connected along the
same current path. As a result, the current is the same through
every device. However, each new device that is added to the cir-
cuit decreases the current throughout the circuit. This is because
each device has electrical resistance, and in a series circuit, the
total resistance to the flow of electrons increases as each addi-
tional device is added to the circuit. By Ohm’s law, if the voltage
doesn’t change, the current decreases as the resistance increases.

Figure 16 This circuit is an
example of a series circuit. A series
circuit has only one path for elec-
tric current to follow. 
Predict what will happen to the
current in this circuit if any of the
connecting wires are removed.

Identifying Simple
Circuits
Procedure 
1. The filament in a lightbulb

is a piece of wire. For the
bulb to light, an electric
current must flow through
the filament in a complete
circuit. Examine the base
of a flashlight bulb care-
fully. Where are the ends
of the filament connected
to the base?

2. Connect one piece of wire,
a battery, and a flashlight
bulb to make the bulb
light. (There are four possi-
ble ways to do this.)

Analysis
Draw and label a diagram
showing the path that is
followed by the electrons
in your circuit. Explain your
diagram.

Doug Martin 




Branched Wiring What if you
wanted to watch TV and had to
turn on all the lights, a hair dryer,
and every other electrical appliance
in the house to do so? That’s what it
would be like if all the electrical
appliances in your house were con-
nected in a series circuit.

Instead, houses, schools, and
other buildings are wired using par-
allel circuits. A parallel circuit is a
circuit that has more than one path
for the electric current to follow, as
shown in Figure 17. The current branches so that electrons flow
through each of the paths. If one path is broken, electrons con-
tinue to flow through the other paths. Adding or removing addi-
tional devices in one branch does not break the current path in
the other branches, so the devices on those branches continue to
work normally.

In a parallel circuit, the resistance in each branch can be dif-
ferent, depending on the devices in the branch. The lower the
resistance is in a branch, the more current flows in the branch. So
the current in each branch of a parallel circuit can be different.

Protecting Electric 
Circuits

In a parallel circuit, the current that
flows out of the battery or electric out-
let increases as more devices are added
to the circuit. As the current through
the circuit increases, the wires heat up.

To keep the wire from becoming
hot enough to cause a fire, the circuits
in houses and other buildings have
fuses or circuit breakers like those
shown in Figure 18 that limit the
amount of current in the wiring.
When the current becomes larger than
15 A or 20 A, a piece of metal in the
fuse melts or a switch in the circuit
breaker opens, stopping the current.
The cause of the overload can then be
removed, and the circuit can be used
again by replacing the fuse or resetting
the circuit breaker.

Figure 17 This circuit is an
example of a parallel circuit. A par-
allel circuit has more than one path
for electric current to follow. 
Predict what will happen to the
current in the circuit if either of the
wires connecting the two lightbulbs
is removed.

SECTION 3 Electric Circuits 651

A fuse contains a piece of wire
that melts and breaks when the
current flowing through the fuse
becomes too large.

In some buildings, each
circuit is connected to a
fuse. The fuses are usu-
ally located in a fuse box. Wire

Figure 18 You might
have fuses in your home that
prevent electric wires from
overheating.

Fuse

(t)Doug Martin, (b)Geoff Butler
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Electric Power
When you use an appliance such as a toaster or a hair dryer,

electrical energy is converted into other forms of energy. The rate
at which electrical energy is converted into other forms of energy
is electric power. In an electric appliance or in any electric cir-
cuit, the electric power that is used can be calculated from the
electric power equation.

The electric power is equal to the voltage provided to the
appliance times the current that flows into the appliance. In the
electric power equation, the SI unit of power is the watt. Table 1
lists the electric power used by some common appliances.

Electric Power Equation

Power (in watts) � current (in amperes) � voltage (in volts)
P � IV

Table 1  Power Used
 by Common
 Appliances

Appliance Power (W)

Computer 350

Color TV 200

Stereo 250

Refrigerator 450

Microwave 700–1,500

Hair dryer 1,000

Solving a Simple Equation

ELECTRIC POWER USED BY A LIGHTBULB A lightbulb is plugged into a 110-V wall outlet.
How much electric power does the lightbulb use if the current in the bulb is 0.55 A?

Solution
This is what you know:

This is what you need to find:

This is the procedure you need
to use:

Check your answer:

● voltage: V � 110 V

● current: I � 0.55 A

power: P

To calculate electric power, substitute the known
values for voltage and current into the equation
for electric power:
P � IV � (0.55 A) (110 V) � 60 W

Divide your answer by the current 0.55 A.
The result should be the given voltage 110 V.

1. The batteries in a portable CD player provide 6.0 V. If the current in the CD player is
0.5 A, how much power does the CD player use?

2. What is the current in a toaster if the toaster uses 1,100 W of power when plugged into a
110-V wall outlet?

3. An electric clothes dryer uses 4,400 W of electric power. If the current in the dryer is
20.0 A, what is the voltage?

For more practice, visit
blue.msscience.com/
math_practice
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Cost of Electric Energy Power is the rate at which
energy is used, or the amount of energy that is used per
second. When you use a hair dryer, the amount of elec-
trical energy that is used depends on the power of the
hair dryer and the amount of time you use it. If you
used it for 5 min yesterday and 10 min today, you used
twice as much energy today as yesterday.

Using electrical energy costs money. Electric com-
panies generate electrical energy and sell it in units of
kilowatt-hours to homes, schools, and businesses. One
kilowatt-hour, kWh, is an amount of electrical energy
equal to using 1 kW of power continuously for 1 h.
This would be the amount of energy needed to light
ten 100-W lightbulbs for 1 h, or one 100-W lightbulb
for 10 h.

What does kWh stand for and what does it
measure?

An electric company usually charges its customers for the
number of kilowatt-hours they use every month. The number of
kilowatt-hours used in a building such as a house or a school is
measured by an electric meter, which usually is attached to the
outside of the building, as shown in Figure 19.

Electrical Safety
Have you ever had a mild electric shock?
You probably felt only a mild tingling sen-

sation, but electricity can have much more dangerous effects. In
1997, electric shocks killed an estimated 490 people in the
United States. Table 2 lists a few safety tips to help prevent elec-
trical accidents.

Figure 19 Electric meters
measure the amount of electrical
energy used in kilowatt-hours.
Identify the electric meter
attached to your house.
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Topic: Cost of Electrical
Energy
Visit for Web
links to information about the cost
of electrical energy in various parts
of the world.

Activity Make a bar graph
showing the cost of electrical
energy for several countries on 
different continents.

blue.msscience.comTable 2  Preventing Electric Shock

Never use appliances with frayed or damaged electric cords.

Unplug appliances before working on them, such as when prying
toast out of a jammed toaster.

Avoid all water when using plugged-in appliances.

Never touch power lines with anything, including kite string
and ladders.

Always respect warning signs and labels.

Bonnie Freer/Photo Researchers 
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Self Check
1. Compare the current in two lightbulbs wired in a series

circuit.

2. Describe how the current in a circuit changes if the
resistance increases and the voltage remains constant.

3. Explain why buildings are wired using parallel circuits
rather than series circuits.

4. Identify what determines the damage caused to the
human body by an electric shock.

5. Think Critically What determines whether a 100-W
lightbulb costs more to use than a 1,200-W hair dryer
costs to use?

Summary
Electric Circuits

• In an electric circuit, voltage, resistance, and
current are related. According to Ohm’s law,
this relationship can be written as V � IR.

• A series circuit has only one path for electric
current to follow.

• A parallel circuit has more than one path for
current to follow.

Electric Power and Energy

• The electric power used by an appliance is the
rate at which the appliance converts electrical
energy to other forms of energy.

• The electric power used by an appliance can
be calculated using the equation P � IV.

• The electrical energy used by an appliance
depends on the power of the appliance and
the length of time it is used. Electrical energy
usually is measured in kWh.

6. Calculate Energy A typical household uses 1,000 kWh
of electrical energy every month. If a power company
supplies electrical energy to 1,000 households, how
much electrical energy must it supply every year? 

Electric Shock You experience an electric shock when an
electric current enters your body. In some ways your body is like
a piece of insulated wire. The fluids inside your body are good
conductors of current. The electrical resistance of dry skin is
much higher. Skin insulates the body like the plastic insulation
around a copper wire. Your skin helps keep electric current from
entering your body.

A current can enter your body when you accidentally become
part of an electric circuit. Whether you receive a deadly shock
depends on the amount of current that flows into your body. The
current that flows through the wires connected to a 60-W light-
bulb is about 0.5 A. This amount of current entering your body
could be deadly. Even a current as small as 0.001 A can be painful.

Lightning Safety On average, more people are killed every
year by lightning in the United States than by hurricanes or tor-
nadoes. Most lightning deaths and injuries occur outdoors. If
you are outside and can see lightning or hear thunder, take shel-
ter indoors immediately. If you cannot go indoors, you should
take these precautions: avoid high places and open fields; stay
away from tall objects such as trees, flag poles, or light towers;
and avoid objects that conduct current such as bodies of water,
metal fences, picnic shelters, and metal bleachers.

Current’s Effects The
scale below shows how the
effect of electric current on
the human body depends
on the amount of current
that flows into the body.

Tingle

Pain
threshold

Inability
to let go

Difficulty 
breathing

Heart
failure

0.0005 A

0.001 A

0.01 A

0.025 A

0.05 A

0.10 A

0.25 A

0.50 A

1.00 A

Tingle

Pain
threshold

Inability
to let go

Difficulty 
breathing

Heart
failure

blue.msscience.com/self_check_quiz
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The brightness of a lightbulb increases as the
current in the bulb increases. In this lab you’ll use
the brightness of a lightbulb to compare the
amount of current that flows in parallel circuits.

Real-World Question
How does connecting devices in parallel affect
the electric current in a circuit?

Goal
■ Observe how the current in a parallel circuit

changes as more devices are added.

Materials
1.5-V lightbulbs (4) battery holders (2)
1.5-V batteries (2) minibulb sockets (4)
10-cm-long pieces of 

insulated wire (8)

Safety Precautions

Procedure
1. Connect one lightbulb to the battery in a

complete circuit. After you’ve made the bulb
light, disconnect the bulb from the battery to
keep the battery from running down. This
circuit will be the brightness tester.

2. Make a parallel circuit by connecting two
bulbs as shown in the diagram. Reconnect
the bulb in the brightness tester and com-
pare its brightness with the brightness of the
two bulbs in the parallel circuit. Record your
observations.

3. Add another bulb to the parallel circuit as
shown in the figure. How does the bright-
ness of the bulbs change?

4. Disconnect one bulb in the parallel circuit.
Record your observations.

Conclude and Apply
1. Describe how the brightness of each bulb

depends on the number of bulbs in the
circuit.

2. Infer how the current in each bulb depends
on the number of bulbs in the circuit.

Current in a
Parallel Circuit

LAB 655

Compare your conclusions with those of
other students in your class. For more help, 
refer to the Science Skill Handbook.

Matt Meadows 



Real-World Question
The flow of electrons in an electric circuit is something like the flow
of water in a tube connected to a water tank. By raising or lowering
the height of the tank, you can increase or decrease the potential
energy of the water. How does the flow of water in a tube depend
on the diameter of the tube and the height the water falls?

Procedure
1. Design a data table in which to record your data. It should be sim-

ilar to the table below.

2. Connect the tubing to the bottom of the funnel and place the fun-
nel in the ring of the ring stand.

3. Measure the inside diameter of the rubber tubing. Record your
data.

4. Place a 500-mL beaker at the bottom of the ring stand
and lower the ring so the open end of the tubing is in
the beaker.

5. Use the meterstick to measure the height from the top
of the funnel to the bottom of the ring stand.

Goal
■ Model the flow of cur-

rent in a simple circuit.

Materials
plastic funnel
rubber or plastic tubing

of different diameters
(1 m each)

meterstick
ring stand with ring
stopwatch
*clock displaying seconds
hose clamp
*binder clip
500-mL beakers (2)
*Alternate materials

Safety Precautions

A Model for V!ltage
and Current

Flow Rate Data

 Trial Height (cm) Diameter (mm) Time (s) Flow Rate (mL/s)

 1

 2

 3

 4
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6. Working with a classmate, pour water into
the funnel fast enough to keep the funnel full
but not overflowing. Measure and record the
time needed for 100 mL of water to flow into
the beaker. Use the hose clamp to start and
stop the flow of water.

7. Connect tubing with a different diameter to
the funnel and repeat steps 2 through 6.

8. Reconnect the original piece of tubing and
repeat steps 4 through 6 for several lower
positions of the funnel, lowering the height
by 10 cm each time.

Analyze Your Data
1. Calculate the rate of flow for each trial by

dividing 100 mL by the time measured for
100 mL of water to flow into the beaker.

2. Make a graph that shows how the rate of flow depends on the funnel height.

Conclude and Apply
1. Infer from your graph how the rate of flow depends on the height of the funnel.

2. Explain how the rate of flow depends on the diameter of the tubing. Is this
what you expected to happen?

3. Identify which of the variables you changed in your trials that corresponds to the
voltage in a circuit.

4. Identify which of the variables you changed in your trials that corresponds to the
resistance in a circuit.

5. Infer from your results how the current in a circuit would depend on the voltage.

6. Infer from your results how the current in a circuit would depend on the resistance
in the circuit.

Share your graph with other students in 
your class. Did other students draw the
same conclusions as you? For more help,
refer to the Science Skill Handbook.

LAB 657
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When lightning strikes a tree, the intense
heat of the lightning bolt can set the
tree on fire. The fire then can spread to

other trees in the forest. Though lightning is
responsible for only about ten percent of forest
fires, it causes about one-half of all fire damage.
For example, in 2000, fires set by lightning raged
in 12 states at the same time, burning a total area
roughly the size of the state of Massachusetts. 

Fires sparked by lightning often start in
remote, difficult-to-reach areas, such as national
parks and range lands. Burning undetected for
days, these fires can spread out of control. In
addition to threatening lives, the fires can
destroy millions of dollars worth of homes and
property. Smoke from forest fires also can have
harmful effects on people, especially for those
with preexisting conditions, such as asthma.

People aren’t the only victims of forest fires.
The fires kill animals as well. Those who survive

the blaze often perish because their habitats have
been destroyed. Monster blazes spew carbon diox-
ide and other gases into the atmosphere. Some of
these gases may contribute to the greenhouse
effect that warms the planet. Moreover, fires cause
soil erosion and loss of water reserves.

But fires caused by lightning also have some
positive effects. In old, dense forests, trees often
become diseased and insect-ridden. By removing
these unhealthy trees, fires allow healthy trees
greater access to water and nutrients. Fires also
clear away a forest’s dead trees, underbrush, and
needles, providing space for new vegetation.
Nutrients are returned to the ground as dead
organic matter decays, but it can take a century
for dead logs to rot completely. A fire enables
nutrients to be returned to soil much more
quickly. Also, the removal of these highly com-
bustible materials prevents more widespread
fires from occurring. 

Research Find out more about the job of putting out forest fires.
What training is needed? What gear do firefighters wear? Why would
people risk their lives to save a forest? Use the media center at your
school to learn more about forest firefighters and their careers.

For more information, visit
blue.msscience.com/time

SCIENCEANDSociety
SCIENCE
ISSUES

THAT AFFECT
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Plant life returns after 
a forest fire in Yellowstone

National Park.

Fires started by lightning may not be all badFires started by lightning may not be all bad

(bkgd.)Tom & Pat Leeson/Photo Researchers, (inset)William Munoz/Photo Researchers
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Copy and complete the following concept map about electricity.

Electric Charge

1. The two types of electric charge are positive
and negative. Like charges repel and unlike
charges attract.

2. An object becomes negatively charged if
it gains electrons and positively charged if it
loses electrons.

3. Electrically charged objects have an electric
field surrounding them and exert electric
forces on one another.

4. Electrons can move easily in conductors,
but not so easily in insulators.

Electric Current

1. Electric current is the flow of charges—
usually either electrons or ions.

2. The energy carried by the current in a

circuit increases as the voltage in the
circuit increases.

3. In a battery, chemical reactions provide the
energy that causes electrons to flow in a
circuit.

4. As electrons flow in a circuit, some of their
electrical energy is lost due to resistance in
the circuit.

Electric Circuits

1. In an electric circuit, the voltage, current,
and resistance are related by Ohm’s law.

2. The two basic kinds of electric circuits are
parallel circuits and series circuits.

3. The rate at which electric devices use
electrical energy is the electric power used
by the device.

CHAPTER STUDY GUIDE 659blue.msscience.com/interactive_tutor

Electricity

Electric charge Electric current

types of
electric charge

opposite
charges

like
charges

current in a circuit
depends on

exerts force that
causes charges

to move

current in a circuit
depends on
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Answer the following questions using complete
sentences.

1. What is the term for the flow of electric
charge?

2. What is the relationship among voltage,
current, and resistance in a circuit?

3. In what type of material do electrons move
easily?

4. What is the name for the unbroken path
that current follows?

5. What is an excess of electric charge on an
object? 

6. What is an atom that has gained or lost
electrons called?

7. Which type of circuit has more than one
path for electrons to follow?

8. What is the rapid movement of excess
charge known as?

Choose the word or phrase that best answers the
question.

9. Which of the following describes an object
that is positively charged?
A) has more neutrons than protons
B) has more protons than electrons
C) has more electrons than protons
D) has more electrons than neutrons

10. Which of the following is true about the
electric field around an electric charge?
A) It exerts a force on other charges.
B) It increases the resistance of the charge.
C) It increases farther from the charge.
D) It produces protons.

11. What is the force between two electrons? 
A) frictional C) attractive
B) neutral D) repulsive

12. What property of a wire increases when it
is made thinner?
A) resistance
B) voltage
C) current
D) static charge

13. What property does Earth have that
enables grounding to drain static charges?
A) It has a high static charge.
B) It has a high resistance.
C) It is a large conductor.
D) It is like a battery.

Use the graph below to answer question 14.

14. How does the resistance change if the
power decreases from 2,500 W to 500 W?
A) It increases four times.
B) It decreases four times.
C) It doubles.
D) It doesn’t change.

660 CHAPTER REVIEW

circuit p. 643
conductor p. 640
electric current p. 643
electric discharge p. 641
electric field p. 639
electric force p. 639
electric power p. 652
insulator p. 640

ion p. 636
Ohm’s law p. 649
parallel circuit p. 651
resistance p. 646
series circuit p. 650
static charge p. 637
voltage p. 644
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15. Determine A metal wire is made thinner.
How would you change the length of the
wire to keep the electric resistance of the
wire from changing?

The tables below show how the voltage and current

vary in a portable radio and a portable CD player. Use

these tables to answer questions 16 through 19.

16. Make a graph with current plotted on the
horizontal axis and voltage plotted on
the vertical axis. Plot the data in the
above tables for both devices on your
graph.

17. Identify from your graph which line is more
horizontal—the line for the portable radio
or the line for the portable CD player.

18. Calculate the electric resistance using Ohm’s
law for each value of the current and volt-
age in the tables above. What is the resist-
ance of each device?

19. Determine For which device is the line plot-
ted on your graph more horizontal—the
device with higher or lower resistance?

20. Explain why a balloon that has a static elec-
tric charge will stick to a wall.

21. Describe how you can tell whether the type
of charge on two charged objects is the
same or different.

22. Infer Measurements show that Earth is sur-
rounded by a weak electric field. If the direc-
tion of this field points toward Earth, what is
the type of charge on Earth’s surface?

23. Design a board game about a series or parallel
circuit. The rules of the game could be
based on opening or closing the circuit,
adding more devices to the circuit, blow-
ing fuses or circuit breakers, replacing
fuses, or resetting circuit breakers.

Performance Activities

Portable
Radio

Voltage Current
 (V) (A)

 2.0 1.0

 4.0 2.0

 6.0 3.0

Portable 
CD Player

Voltage Current
 (V) (A)

 2.0 0.5

 4.0 1.0

 6.0 1.5
24. Calculate Resistance A toaster is plugged into

a 110-V outlet. What is the resistance of the
toaster if the current in the toaster is 10 A?

25. Calculate Current A hair dryer uses 1,000 W
when it is plugged into a 110-V outlet. What is
the current in the hair dryer?

26. Calculate Voltage A lightbulb with a resistance
of 30 Ω is connected to a battery. If the current
in the lightbulb is 0.10 A, what is the voltage of
the battery?

Use the table below to answer question 27.

27. Calculate Cost The table above shows the power
used by several appliances when they are turned
off. Calculate the cost of the electrical energy used
by each appliance in a month if the cost of electri-
cal energy is $0.08/kWh, and each appliance is in
standby mode for 600 h each month.

Average Standby Power Used

Applianc wer (W)

Compute 7.0

VCR 6.0

TV 5.0

blue.msscience.com/chapter_review
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

1. What happens when two materials are
charged by rubbing against each other?
A. both lose electrons
B. both gain electrons
C. one loses electrons
D. no movement of electrons

Use the table below to answer questions 2–4. 

2. Which appliance will use the most energy if
it is run for 15 minutes?
A. microwave C. stereo
B. computer D. color TV

3. What is the current in the hair dryer if it is
plugged into a 110-V outlet?
A. 110 A C. 9 A
B. 130,000 A D. 1,100 A

4. Suppose using 1,000 W for 1 h costs $0.10.
How much would it cost to run the color
TV for 8 hours?
A. $1.00 C. $1.60
B. $10.00 D. $0.16

5. How does the current in a circuit change if
the voltage is doubled and the resistance
remains unchanged?
A. no change C. doubles
B. triples D. reduced by half

6. Which statement does NOT describe how
electric changes affect each other?
A. positive and negative charges attract 
B. positive and negative charges repel 
C. two positive charges repel
D. two negative charges repel 

Use the illustration below to answer questions 7 and 8.

7. What is the device on the chimney called?
A. circuit breaker C. fuse
B. lightning rod D. circuit

8. What is the device designed to do?
A. stop electricity from flowing
B. repel an electric charge
C. turn the chimney into an insulator
D. to provide grounding for the house

9. Which of the following is a material
through which charge cannot move easily?
A. conductor C. wire
B. circuit D. insulator

10. What property of a wire increases when it
is made longer?
A. charge C. voltage
B. resistance D. current

11. Which of the following materials are good
insulators?
A. copper and gold
B. wood and glass
C. gold and aluminum
D. plastic and copper
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Power Ratings of Some Appliances

Appliance Power (W)

Computer 350

Color TV 200

Stereo 250

Toaster 1,100

Microwave 900

Hair dryer 1,000
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Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

Use the illustration below to answer questions 12 and 13.

12. In this circuit, if one lightbulb is unscrewed,
what happens to the current in the other
lightbulb? Explain.

13. In this circuit, is the resistance and the
current in each branch of the circuit
always the same? Explain.

14. A 1,100-W toaster may be used for five
minutes each day. A 400-W refrigerator
runs all the time. Which appliance uses
more electrical energy? Explain.

15. How much current does a 75-W bulb
require in a 100-V circuit?

16. A series circuit containing mini-lightbulbs
is opened and some of the lightbulbs are
removed. What happens when the circuit
is closed?

17. Suppose you plug an electric heater into
the wall outlet. As soon as you turn it on,
all the lights in the room go out. Explain
what must have happened.

18. Explain why copper wires used in appliances
or electric circuits are covered with plastic or
rubber.

Record your answers on a sheet of paper.

19. Why is it dangerous to use a fuse that is
rated 30 A in a circuit calling for a 15-A
fuse?

Use the illustration below to answer question 20.

20. Compare the water pump in the water cir-
cuit above with the battery in an electric
circuit.

21. Explain what causes the lightning that is
associated with a thunderstorm.

22. Explain why two charged balloons push
each other apart even if they are not
touching.

23. Explain what can happen when you rub
your feet on a carpet and then touch a
metal doorknob.

24. Why does the fact that tungsten wire has a
high melting point make it useful in the
filaments of lightbulbs? 

Recall Experiences Recall any hands-on experience as you
read the question. Base your answer on the information given
on the test.

Question 23 Recall from your personal experience the jolt you
feel when you touch a doorknob after walking across a carpet.

Height

Higher-energy 
water

Pump

Lower-energy water

blue.msscience.com/standardized_test
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