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T
his spark generator uses 
voltages of millions of volts 
to produce these electric 

discharges that resemble lightning.
Other electric discharges, like those
that occur when you walk across a 
carpeted floor, are not as visible.
In your home, electric currents flow
through wires, and also power lights,
televisions, and other appliances.
In this chapter, you will learn about
electric charges and the forces they
exert on each other. You also will
learn how electric charges moving 
in a circuit can do useful work.

What do you think?
Science Journal Look at the picture
below with a classmate. Discuss what
this might be. Here’s a hint: Think
power—lots of power. Write your
answer or best guess in your
Science Journal.
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No computers?  No CD players?  No video games?
Can you imagine life without electricity?  You

depend on it every day, and not just to make life more
fun. Electricity heats and cools homes and provides
light. It provides energy that can be used to do

work. This energy comes from the forces that electric charges exert
on each other. What is the nature of these electric forces?

Investigate electric forces
1. Inflate a rubber balloon.

2. Put some small bits of paper on your desktop and 
bring the balloon close to the bits of paper. Observe
what happens.

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

4. Bring the balloon close to the bits of paper and 
observe what happens.

5. Charge two balloons using the procedure in step 3 and bring them close
to each other, holding them by their knots.

6. Repeat step 3, then touch the balloon with your hand. Now what 
happens when you bring the balloon close to the bits of paper?

Observe
Record your observations of electric forces in your Science Journal.

EXPLORE
ACTIVITY

Making a Vocabulary Study Fold Make the following Foldable 
to help you better understand the terms charge, current, and 
circuit.

1. Stack two sheets of paper in front of you so the short side
of both sheets is at the top.

2. Slide the top sheet up so that about 4 cm of the bottom
sheet show.

3. Fold both sheets top to bottom to form four tabs and sta-
ple along the fold.

4. Label the tabs Electricity, Charge, Current, and  Circuit.

5. Before you read the chapter, write your definition of charge, current, and circuit under the tabs.
As you read the chapter, correct your definition and write more information about each.

FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills

Electricity

Charge
Current
Circuit
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Electric Charge
S E C T I O N

■ Describe how objects can become
electrically charged.

■ Explain how electric charges affect
other electric charges.

■ Distinguish between insulators
and conductors.

■ Describe how electric discharges
such as lightning occur.

Vocabulary
ion insulator
static charge conductor
electric force electric discharge
electric field

All electrical phenomena result from
the behavior of electric charges.
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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 electrons
possess electric charge, but neutrons have no electric charge.

Positive and Negative Charge Two types of electric
charge exist—positive and negative. Protons carry a positive
charge, and electrons carry 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 exactly balanced by the
negative charge on all the electrons moving around the nucleus.
Therefore, atoms are electrically neutral, which means they have
no overall electric charge.

Some atoms can become negatively charged if they gain
extra electrons. Other atoms can easily lose electrons thereby
becoming positively charged. A positively or negatively charged
atom is called an ion (I ahn).

Figure 1 
An atom is made of positively charged
protons (orange), negatively charged
electrons (red), and neutrons (blue)
with no electric charge. Where are the
protons and neutrons located in an atom?



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 ever have taken clinging clothes
from a clothes dryer, you have seen what happens when electrons
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 neg-
atively charged. Your hair and the balloon become attracted to
one another and make your hair stand on end. This imbalance 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, a flow of charge can be
caused by the movement of ions instead of the movement of elec-
trons. 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 com-
municate 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.
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Figure 2
Rubbing can move electrons
from one object to another.
Because hair holds electrons
more loosely than the balloon
holds them, electrons are pulled
off the hair when the two make
contact. Which object has
become positively charged and
which has become negatively
charged?
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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.
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Figure  4

VISUALIZING NERVE IMPULSES

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 released by another nerve
cell called a neurotransmitter starts the
impulse moving along the cell. At one 
end of the cell,  the neurotransmitter 
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.
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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 electric charges gets
stronger as the distance between them decreases. A posi-
tive and a negative 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 on two objects that are
charged, such as two balloons that have been rubbed on
wool, also increases if the amount of charge on the
objects increases.

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. Also, bits of paper and a charged balloon don’t
have to be touching for the balloon to attract the paper.
How are charged objects able to exert forces on each
other without toughing?

Electric charges exert a force on each other at a dis-
tance 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.
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Unlike charges attract.
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Figure 5
A positive charge and a nega-
tive charge attract each other.
Two positive charges repel each
other, as do two negative
charges.

Figure 6
The lines with arrowheads repre-
sent the electric field around
charges. The direction of each
arrow is the direction a positive
charge would move if it were
placed in the field.
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The electric field arrows point away
from a positive charge.

The electric field arrows point toward a
negative charge. Why are these arrows in the
opposite direction of the arrows around the
positive charge?



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 stay in one place, as
shown in Figure 7A. A material in which electrons cannot 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 through the material. Look at Figure 7B.
Excess electrons on the surface of a conductor spread out over
the entire surface.

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

An electric wire is made from a conductor coated with an
insulator such as plastic. Electrons move easily through the cop-
per 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.

12 ◆ N CHAPTER 1 Electricity

Research Visit the 
Glencoe Science Web site at
science.glencoe.com
for news on recent break-
throughs in superconductor
research. Communicate to
your class what you learn.
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Figure 7
Electric charges move more easily
through conductors than through
insulators.

Charges placed on a con-
ductor repel each other but can
move easily on the conductor’s
surface. Thus, they spread out
as far apart as possible.

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.

http://science.glencoe.com
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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 repel the electrons in the
doorknob. Because the doorknob is a good conductor, its elec-
trons move easily. The part of the doorknob closest to your
hand then becomes positively charged. This separation of posi-
tive and negative charges due to an electric field is called an
induced charge.

If the electric field in the space between your hand and the
knob is strong enough, charge can be pulled across that space, as
shown in Figure 8C. This rapid movement of excess charge from
one place to another is an electric discharge. Lightning is also
an electric discharge. In a storm cloud, air currents cause the
bottom of the cloud to become negatively charged. This nega-
tive charge induces a positive charge in the ground below the
cloud. Lightning occurs when electric charge moves between the
cloud and the ground.
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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 posi-
tive 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.

Lightning can occur in ways other
than from a cloud to the ground.
To find out more about lightning,
see the Lightning Field Guide
at the back of the book.



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 connected to metal cables that conduct electric
charge into the ground if the rod is struck by lightning.

How can tall structures be protected against
lightning strikes?

14 ◆ N CHAPTER 1 Electricity

Section Assessment

1. What is the difference between an object
that is negatively charged and one that is
positively charged?

2. Two electrically charged objects repel each
other. What can you say about the type of
charge on each object?

3. Contrast insulators and conductors. List
three materials that are good insulators
and three that are good conductors.

4. Why does an electric discharge occur?

5. Think Critically Excess charge placed on
the surface of a conductor tends to spread
over the entire surface, but excess charge
placed on an insulator tends to stay where
it was placed originally. Explain.

6. Recognizing Cause and Effect Clothes that
are dried on a clothesline outdoors don’t stick to
each other when they are taken out of the laun-
dry basket. Clothes that are dried in a clothes
dryer do tend to stick to each other. What is the
reason for this difference?  For more help, refer
to the Science Skill Handbook.

7. Communicating You are sitting in a car. You
slide out of the car seat, and as you start to touch
the metal car door, a spark jumps from your hand
to the door. In your Science Journal, describe
how the spark was formed. Use at least four
vocabulary words in your explanation. For more
help, refer to the Science Skill Handbook.

Figure 9
A lightning rod can protect a
building from being damaged by
a lightning strike. Should a light-
ning rod be an insulator or a con-
ductor?
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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 electric
energy that can be controlled. This source of electric 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.

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

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

■ Explain electrical resistance.

Vocabulary
electric current voltage
circuit resistance

The electric appliances you use rely
on electric current.

Electric Current 
S E C T I O N

Figure 10
The potential energy of water is
increased when a pump raises
the water above Earth. The
greater the height is, the more
energy the water has. How can
this energy be used?

Height

Pump

Higher-energy water

Lower-energy water
Earth



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 fila-
ment 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 electric potential energy of electrons. This electric potential
energy can be transformed into other forms of energy. The volt-
age of a battery is a measure of how much electric potential
energy each electron can gain. As voltage increases, more electric
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 through a
wire in an electric circuit. When the ends of the wire are con-
nected to a battery, electrons in the wire begin 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 dif-
ferent 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 electron in the wire to
travel one centimeter.
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Figure 11
As long as there is a closed path
for electrons to follow, electrons
flow in a circuit from the 
negative battery terminal to the
positive terminal.

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 pepper

react to the comb?
2. Explain why the pepper

reacted differently than 
the salt.

Battery Wire

e–

e–

e–

e–
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Negative terminal

Moist paste

Positive terminal

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 potential
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 causes electrons in the circuit to be
pushed away from the negative terminal and to be attracted to
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.”

SECTION 2 Electric Current N ◆ 17

Many chemicals are used
to make an alkaline bat-
tery. Zinc is a source of
electrons and positive
ions, manganese dioxide 
is used to collect the elec-
trons at the positive termi-
nal, and water is used to
carry ions through the 
battery. Visit the Glencoe
Science Web site at 
science.glencoe.com
for information about the
chemistry of batteries.

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

http://science.glencoe.com


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 (�). 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’
electric energy to be converted into thermal energy—heat—and
sometimes into light. The amount of electric energy that is con-
verted into heat and light depends on the resistance of the mate-
rials in the circuit.

Wires and Filaments The amount of electric energy that is
converted into thermal energy increases as the resistance of the
wire increases. Copper, which is one of the best electric conduc-
tors, has low resistance. Copper is used in household wiring
because little electric energy is lost as electrons flow through
copper wires. As a result, not much heat is produced. Because
copper wires don’t heat up much, the wires don’t become hot
enough to melt through their insulation, which makes fires less
likely to occur. On the other hand, tungsten wire has a higher
resistance. As electrons flow through tungsten wire, it becomes
extremely hot—so hot, in fact, that it glows with a bright light.
The high temperature makes tungsten a poor choice for house-
hold wiring, but the light it gives off makes it an excellent choice
for the filaments of lightbulbs.

Is having resistance in electrical wires ever 
beneficial?
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Figure 13
As electrons flow through a wire,
they travel in a zigzag path as
they collide with atoms and
other electrons. These collisions
cause the electrons to lose some
electric energy. Where does this
electric energy go?

��



Slowing the Flow The electric resistance of a wire also
depends on the length and thickness of the wire. Imagine water
flowing through a hose, as shown in Figure 14. As the hose
becomes more narrow or longer, the water flow decreases. In a
similar way, the length and diameter of a wire affects electron
flow. The electric resistance increases as the wire becomes longer
or as it becomes narrower.
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Section Assessment

1. How does increasing the voltage in a circuit
affect the energy of the electrons flowing
in the circuit?

2. How does a battery cause electrons to
move in an electric circuit?

3. For the same length, which has more
resistance—a garden hose or a fire hose?
Which has more resistance—a thin wire or
a thick wire?

4. Why is copper often used in household
wiring?

5. Think Critically Some electrical devices
require two batteries, usually placed end to
end. How does the voltage of the combina-
tion compare with the voltage of a single
battery?  Try it.

6. Drawing Conclusions Observe the size of
various batteries, such as a watch battery, a
camera battery, a flashlight battery, and an
automobile battery. Conclude whether the
voltage produced by a battery is related to its
physical size. For more help, refer to the 
Science Skill Handbook.

7. Communicating The terms circuit, current,
and  resistance are often used in everyday lan-
guage. In your Science Journal, record several
different ways of using the words circuit, cur-
rent, and  resistance. Compare and contrast the
everyday use of the words with their scientific
definitions. For more help, refer to the 
Science Skill Handbook.

Figure 14
For water and electrons, the
diameter and length of the 
conductor influence resistance.

A narrow hose increases the
resistance. A long hose also
increases the resistance.
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Electric Circuits
S E C T I O N

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 con-
ductor. 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. Increas-
ing 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. Increas-
ing 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 dangerous
electric shock.

Vocabulary
Ohm’s law parallel circuit
series circuit electric power

Electric circuits enable the flow of
electric current to be controlled in all
electrical devices.

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.



Math Skills Activity

Example Problem
In homes, the standard electric outlet provides 110 V. What is the

current through a lightbulb with a resistance of 220 Ω? 

Solution

This is what you know: voltage: V � 110 V
resistance: R � 220 Ω

This is what you need to find: current: I

This is the equation you need to use: I � V/R

Substitute the known values: I � (110 V)/(220 Ω)
� 0.5 A

Check your answer by multiplying it by the resistance of 220 Ω.
Do you calculate the given voltage of 110 V?

Calculating the Current in a Lightbulb

For more help, refer to the Math Skill Handbook.

Practice Problems

1. What is the resistance of a lightbulb
connected to a 110-V outlet that
requires a current of 0.2 A?

2. Which draws more current at the same

voltage, a lightbulb with higher resist-
ance or a lightbulb with lower resist-
ance? Use a mathematical example to
answer this question.

Ohm’s Law A nineteenth-century German physicist, Georg
Simon Ohm, carried out experiments that measured how
changing the voltage and resistance in a circuit affected the cur-
rent. The relationship he found among voltage, current and
resistance is now known as Ohm’s law. In equation form, Ohm’s
law is written as follows.

current �

I (A) �

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, when the resistance is
increased, the current in the circuit decreases.

V (V)
�
R (�)

voltage
��
resistance
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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 holi-
day 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, as the resist-
ance increases, the current decreases.
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Figure 16 
This circuit is an example of a
series circuit. A series circuit has
only one path for electric current
to follow. What happens 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 carefully.
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 possible
ways to do this.)

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



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
additional 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.
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Figure 17 
This circuit is an example of a
parallel circuit. A parallel circuit
has more than one path for elec-
tric current to follow. What hap-
pens to the current in the circuit if
either of the wires connecting the
two lightbulbs is removed?

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

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

In some build-
ings, each circuit is
connected to a fuse.
The fuses are usually
located in a fuse box.

Wire



Electric Power
Electric energy is used in many ways to do useful

jobs. Toasters and electric ovens convert electric energy
to heat, stereos convert electric energy to sound, and a
fan blade rotates as electric energy is converted to mech-
anical energy. The rate at which an appliance converts
electric energy to another form of energy is the electric
power used by the appliance.

Calculating Power The rate at which energy is used
in the circuit is related to the amount of energy carried
by the electrons, which increases as the voltage increases.
The power that is used also is related to the rate at which
electrons flow into the circuit. As a result, the power
that is used in a circuit can be determined by multiply-
ing the current by the voltage.

Power � current � voltage

P (W) � I (A) � V (V)

Table 1 lists the power required by several common appli-
ances. The unit of power is the watt, W.
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Table 1 Power Ratings of 
Common Appliances

Appliance Power (W)

Computer 150

Color TV 140

Stereo 60

Refrigerator 350

Toaster 1,100

Microwave 800

Hair dryer 1,200

Math Skills Activity

Example Problem
How much power does a lightbulb use if the current is 0.55 A and the voltage is 110 V?

Solution

This is what you know: voltage: V � 110 V
current: I � 0.55 A

This is what you need to find: power: P

This is the equation you need to use: P � I � V

Substitute the known values: P � 0.55 A � 110 V
� 60 W

Check your answer by dividing it by the current of 0.55 A. Did you calculate the given 
voltage of 110 V?

Calculating the Electric Power Used by a Lightbulb

For more help, refer to the Math Skill Handbook.

Practice Problem

How much current does a 25-W bulb require in a 110-V circuit?



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 electric 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 electric energy costs money. Electric compa-
nies generate electric energy and sell it in units of
kilowatt-hours to homes, schools, and businesses. One
kilowatt-hour, kWh, is an amount of electric 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 sensation, 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 electrical accidents.
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Table 2  Situations to Avoid

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.

Data Update Visit the 
Glencoe Science Web site at
science.glencoe.com to
find the cost of electric
energy in various parts of the
world. Communicate to your
class what you learn.

Figure 19 
Electric meters measure the
amount of electric energy used in
kilowatt-hours. Find the electric
meter that records the electric
energy used in your house.

http://science.glencoe.com


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 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, you
should take shelter in a large, enclosed building if possible. A
metal vehicle such as a car, bus, or van can provide protection if
you avoid contact with metal surfaces.

You should avoid high places and open fields, and stay away
from isolated high objects such as trees, flagpoles, or light tow-
ers. Avoid picnic shelters, baseball dugouts, bleachers, metal
fences, and bodies of water. If you are caught outdoors, get in
the lightning-safety position—squat low to the ground on the
balls of your feet with your hands on your knees.
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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.

Section Assessment

1. As the resistance in a simple circuit
increases, what happens to the current?

2. What are the differences between a series 
circuit and a parallel circuit?

3. You have the stereo on while you’re work-
ing on the computer. Which appliance is
using more power?

4. How is your body like a piece of insulated
wire?

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

6. Making and Using Tables Suppose using
1,000 W for 1 h costs $0.08. Calculate the cost of
using each of the appliances in Table 1 for 24 h.
Present your results in a table. For more help,
refer to the Science Skill Handbook.

7. Using Proportions A typical household uses
1,000 kWh of electrical energy every month. If a
power company supplies electrical energy to
10,000 households, how much electrical energy
must it supply every year?  For more help, refer
to the Math Skill Handbook.

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



ACTIVITY N ◆ 27

Current in a Parallel Circuit

2. Make a parallel circuit by connecting two
bulbs as shown in the diagram. Reconnect
the bulb in the brightness tester and compare
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 brightness
of the bulbs change?  

4. Disconnect one bulb in the parallel circuit.
What happens to the brightness of the
remaining bulbs?

Conclude and Apply
1. Compared to the brightness tester, is the 

current in the parallel circuit more or less?

2. How does adding additional devices affect
the current in a parallel circuit?

3. Are the electric circuits in your house wired 
in series or parallel?  How do you know?

In this activity, you will investigate how the cur-
rent in a circuit changes when two or more

lightbulbs are connected in parallel. Because the
brightness of a lightbulb increases or decreases as
more or less current flows through it, the bright-
ness of the bulbs in the circuits can be used to
determine which circuit has more current.

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)

What You’ll Investigate 
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.

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.

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



A Model for Voltage and Current

28 ◆ N CHAPTER 1 Electricity

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

Goal
■ Model the flow of current in a sim-

ple circuit.

Safety Precautions

The flow of electrons in an electric circuit is something like the flow of water in a
hose 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. In this activity you will
model the flow of current in a circuit by investigating how the flow of water in a tube
depends on the diameter of the tube and the height the water falls.

What You’ll Investigate
How is the flow of water through a tube affected by changing the height of a 
container of water and the diameter of the tube? 

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

1

2

3

4

Flow Rate Data

40 0.5 4 25

40 0.25 15 6.7

30 0.5 5 20

20 0.5 6 17



Procedure

Conclude and Apply

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

8. Reconnect the original piece of tub-
ing and repeat steps 4 through 6 for
several lower positions of the fun-
nel, lowering the height by 10 cm
each time.

9. Calculate the rate of flow for each
trial by dividing 100 mL by the
measured time.

1. Design a data table in which to
record your data. It should be similar
to the table on the previous page.

2. Connect the tubing to the bottom of
the funnel and place the funnel 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 bot-
tom 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.

6. Working with a classmate, pour
water into the funnel fast enough 
to keep the funnel full but not over-
flowing. 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.

4. Based on your results, how would
the current in a circuit depend 
on the voltage?  How would the
current depend on the resistance?

1. Make a graph that shows how the
rate of flow depends on the funnel
height. How does the rate of flow
depend on the height of the funnel?

2. How does the rate of flow depend
on the diameter of the tubing?  Is
this what you expected to happen?
Explain.

3. Which of the variables that you
changed in your trials corresponds
to the voltage in a circuit?  The
resistance? 
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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.
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THAT AFFECT
YOU!

Smokey the Bear is partly correct—most

forest fires are started by people either

deliberately or accidentally. However,

some fires are caused by nature. Though light-

ning 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 nearly 20,000 km2 of land. That is

roughly equal in area to the state of

Massachusetts. Fires sparked by lightning

often strike in remote, difficult-to-reach areas,

such as national parks and range lands.
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Burning undetected for

days, these fires can

spread out of control

and are hard to 

extinguish.

Sometimes, fire-

fighters must jump

into the heart of

these blazing areas 

to put the fires out. In

addition to threatening

lives, the fires can destroy

millions of dollars worth of homes

and property. Air pollution caused by 

smoke from forest fires also can have 

harmful effects on people. When wood 

products and fossil fuels are burned, 

they release particulate matter into the

atmosphere. This can damage the 

human respiratory system, 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 also cause damage to the environment.

They spew carbon dioxide and other gases

into the atmosphere. Some of these gases

may contribute to the greenhouse effect that

warms the planet. In addition, fires give off

carbon monoxide, which can cause ozone to

form. In the lower atmosphere, ozone can 

damage vegetation, kill trees, and irritate

lung tissue. Moreover, massive forest fires

harm the logging industry, cause soil erosion

in the ruined land, and are responsible for the

loss of water reserves that normally 

collect in a healthy forest.

But fires caused by

lightning also have

some positive effects.

In old, thick 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

clean away a forest’s dead

trees, underbrush, and needles.

This not only clears out space for new vege-

tation, it provides new food for them, as well.

Dead organic matter returns its nutrients to

the ground as it decays, but it can take a 

century for dead logs to rot completely.

A fire completes the decay process almost

instantly, allowing nutrients to be recycled a

lot faster. The removal of these combustible

materials prevents more widespread fires

from occurring. It also lets new grasses and

trees grow on the burned ground. The new

types of vegetation attract new types of 

animals. This, in turn, creates a healthier 

and more diverse forest.

CONNECTIONS 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 to learn
more about forest firefighters and their careers. Report to the class.

For more information, visit
science.glencoe.com

Plant life returns after 
a forest fire in Yellowstone

National Park.

Fires ignited
by lightning
might not be
all bad

Fires ignited
by lightning
might not be
all bad

http://science.glencoe.com


4. As electrons flow in a cir-
cuit, some of their elec-
trical energy is lost due to
resistance in the circuit.
In a simple circuit, why do
electrons stop flowing if
the circuit is broken?

Section 3 Electric Circuits
1. In an electric circuit, the voltage, current,

and resistance are related by Ohm’s law,
expressed as I � V�R.

2. The two basic kinds of electric circuits are
parallel circuits and series circuits. A series
circuit has only one path for the current to
follow, but a parallel circuit has more than
one path.

3. The rate at which electric devices use elec-
trical energy is the electric power used by
the device. Electric companies charge cus-
tomers for using electrical energy in units of
kilowatt-hours.

4. The amount of current flowing
through the body determines how
much damage occurs. The current
from wall outlets can be danger-
ous. Hair dryers often come with a
reset button. What is the purpose of
the button, and how might the
reset mechanism work?

Section 1 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. Why isn’t the
building shown below harmed when light-
ning strikes it?

Section 2 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.

Study GuideChapter 11

Using the information on
your Foldable, under the
Electricity tab, explain the

differences between the two types of charges
and between the two types of circuits.

After You Read
FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills
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Vocabulary Words
a. circuit
b. conductor
c. electric current
d. electric discharge
e. electric field
f. electric force
g. electric power
h. insulator

i. ion
j. Ohm’s law
k. parallel circuit
l. resistance
m. series circuit
n. static charge
o. voltage

Using Vocabulary
Answer the following questions using com-

plete sentences.

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

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

3. In which material do electrons move easily?

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

5. What is the term for an excess of electric
charge in one place?

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

7. Which circuits have more than one path for
electrons to follow?

8. What is the rate at which electrical energy is
converted to other forms of energy?

Study GuideChapter 11

Whether or not you’ve taken a particular type of
test or practiced for an exam many times, it’s a
good idea to start by reading the instructions
provided at the beginning of each section. It only
takes a moment.

Study Tip

Correctly order the following concept map, which illustrates how 
electric current moves through a simple circuit.

Negative electrons 
recombine with positive 

ions.

Opposite charges 
attract, forcing electrons to

move in the circuit.

Electrons are released 
at the negative battery 

terminal.

Chemical reactions 
separate electrons 

from atoms.

Positive ions produced
are at the positive 
battery terminal.

2 4

1 3

5



AssessmentChapter 11

Choose the word or phrase that best answers
the question.

1. 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

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

3. How much power does the average hair
dryer use?
A) 20 W C) 750 W
B) 75 W D) 1,200 W

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

5. What property does Earth have that causes
grounding to drain static charges?
A) It is a planet.
B) It has a high resistance.
C) It is a conductor.
D) It is like a battery.

6. Why is a severe electric shock dangerous?
A) It can stop the heart from beating.
B) It can cause burns.
C) It can interfere with breathing.
D) All of the above are true.

7. Because an air conditioner uses more elec-
tric power than a lightbulb in a given
amount of time, what also must be true?
A) It must have a higher resistance.
B) It must use more energy every 

second.
C) It must have its own batteries.
D) It must be wired in series.

8. What unit of electrical energy is sold by
electric companies?
A) ampere C) volt
B) ohm D) kilowatt-hour

9. What surrounds electric charges that causes
them to affect each other even though they
are not touching?
A) an induced charge C) a conductor
B) a static discharge D) an electric field

10. As more devices are added to a series cir-
cuit, what happens to the current?
A) decreases C) stays the same
B) increases D) stops

11. Why do materials have electrical resistance?

12. Explain why a balloon that has a static
charge will stick to a wall.

13. If you connect
two batteries in
parallel, will the
lightbulb glow
brighter than if
just one battery is
used? Explain,
using water as an
analogy.

14. If you have two charged objects, how can
you tell whether the type of charge on them
is the same or different?

15. Explain why the outside cases of electric
appliances usually are made of plastic.

16. Classifying Look at several objects around
your home. Classify these objects as insula-
tors or conductors.
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17. Making and Using Graphs The following
data show the current and voltage in a cir-
cuit containing a portable CD player and in
a circuit containing a portable radio.
a. Make a graph with the horizontal axis as

current and the vertical axis as voltage.
Plot the data for both appliances.

b. Which line is more horizontal—the plot
of the radio data or the CD player data?

c. Use Ohm’s law to determine the electrical
resistance of each device.

d. For which device is the line more hori-
zontal—the device with the higher or
lower resistance?

18. Collecting Data Determine the total cost of
keeping all the lights turned on in your liv-
ing room for 24 h if the cost of electricity is
$0.08 per kilowatt-hour.

19. Design a Board Game 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 fuses, and/or
resetting a circuit breaker.

A student is interested in setting up
and comparing four different circuits. The
table below lists her results.

Study the chart above and answer the
following questions.

1. The voltage across a resistor in a paral-
lel circuit equals the battery voltage. In
a series circuit, the voltage across a
resistor is less than the battery voltage.
In which circuit is the voltage across an
individual resistor the greatest?
A) Circuit A
B) Circuit B
C) Circuit C
D) Circuit D

2. A certain electric motor requires at
least 5 volts to run. According to the
table, the battery in which circuit could
NOT be used to run the motor?
F) Circuit A
G) Circuit B
H) Circuit C
J) Circuit D

Test Practice

Circuit Battery
Voltage

Number
of

Resistors

Circuit
Type

Type of Electric Circuit

A

B

C

D

2

3

4

5

Series

Parallel

Series

Parallel

6 V

12 V

4 V

8 V

AssessmentChapter 11

Go to the Glencoe Science Web site at 
science.glencoe.com or use the 
Glencoe Science CD-ROM for additional
chapter assessment.

TECHNOLOGY

Voltage Current
(V) (A)

2.0 1.0

4.0 2.0

6.0 3.0

Portable Radio

Voltage Current
(V) (A)

2.0 0.5

4.0 1.0

6.0 1.5

Portable CD Player
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