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Electricity and Magnetism
Introduction to Chapter 6

Electricity is everywhere around us. We use electricity to turn on lights, cool
our homes, and run our TVs, radios, and portable phones. There is electricity
in lightning and in our bodies. Even though electricity is everywhere, we
can’t easily see what it is or how it works. In this chapter, you will learn the
basic ideas of electricity. You will learn about electric circuits and electric
charge, the property of matter responsible for electricity. 

Investigations for Chapter 6

Can you make a bulb light? In this Investigation, you will build and analyze
a circuit with a bulb, battery, wires, and switch. You will also learn to draw
and understand diagrams of electric circuits using standard electrical
symbols.

In this Investigation, you will create two kinds of static electricity and see
what happens when the two charges come together. During the Investigation,
you will also demonstrate that there only two kinds of charge.

6.1 What Is a Circuit? What is an electric circuit?

6.2 Charge What is moving through a circuit?
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Chapter 6: Electricity and Electric Circuits
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Learning Goals

In this chapter, you will:

Build simple circuits.

Trace circuit paths.

Interpret the electric symbols for battery, bulb, wire, and switch.

Draw a circuit diagram of a real circuit.

Explain why electrical symbols and circuit diagrams are useful.

Explain how a switch works.

Identify open and closed circuits.

Charge pieces of tape and observe their interactions with an electroscope.

Identify electric charge as the property of matter responsible for electricity.

List the two forms of electric charge.

Describe the forces electric charges exert on each other.

Describe how lightning forms.

Vocabulary

circuit diagram electric circuits electroscope positive charge
closed circuit electrical symbols natural world static electricity
coulomb electrically charged negative charge versorium
electric charge electrically neutral open circuit



Chapter 6
6.1 What Is a Circuit?
There are lots of electrical devices and wires around us. What is inside those light bulbs, stereos,
toasters, and other electrical devices? All these devices contain electric circuits. In this section, you will
figure out how to build circuits with a bulb, batteries, wires, and a switch, and learn how to draw circuit
diagrams using electrical symbols.

Electricity
101 a Circuit?

Figure 6.1: A water wheel uses a 
current of water to turn a wheel and 
do useful work.

Figure 6.2: Electricity uses an 
electric current to power light bulbs 
and electric motors.
6.1 What Is

Why learn about
electricity?

We use electricity every day. Our homes, stores, and workplaces all use many
electrical appliances and devices such as electric ovens, TVs, stereos, toasters,
motors that turn fans, air conditioners, heaters, light bulbs, etc. In fact, the use of
electricity has become so routine that many of us don’t stop to think about what
happens when we switch on a light or turn on a motor. If we do stop to look, we
find that most of what is “happening” is not visible. What exactly is electricity?
How does it work? 

What is
electricity?

Electricity usually means the flow of something called electric current in wires,
motors, light bulbs, and other devices. Think about making a water wheel turn.
Water flows over the wheel and as it falls, it gives up energy and the wheel turns.
We build ponds, canals, and pipes to carry water from one place to another where
we want to use it.

Electric current Electric current is like water, except it flows through solid metal so we can’t
usually see it. Just like water, electric current can carry energy over great
distances. Look around you and you can probably see wires carrying electric
current into houses and buildings. 

�Electricity can
be powerful and

dangerous

Electric current can be very powerful. An electric saw can cut wood 30 times
faster that a hand saw (figure 6.2). An electric motor the size of a basketball can
do as much work as five big horses or 15 strong men. Electric current can also be
dangerous. Touching a live electric wire can give you a very serious injury. The
safe use and understanding of electricity is what this unit is about.
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gure 6.3: We use pipes to carry 
 flow of water where we need it.

gure 6.4: We use electric circuits 
th wires to carry the flow of 
ctricity where we need it.
cuits also exist
in the natural

world

Circuits are not confined to appliances, wires, and devices built by people.
People’s first experience with electricity was in the natural world. Some examples
of circuits are: 

• The wiring that lights your house is an electric circuit.
• The nerves in your body create electric circuits.
• Lightning, clouds, and the planet Earth form an electric circuit.
• The car battery, ignition switch, and starter form an electric circuit.

lectric circuits
are like water

pipes

Electric circuits are similar to pipes and hoses for water (figure 6.3). You can think
of wires as pipes for electricity. The big difference is that you can’t get the
electricity to leave the wire. If you cut a water pipe, the water comes out. If you
cut a wire, the electricity immediately stops flowing. Electric current cannot flow
except in complete circuits.

Switches turn
uits on and off

Because a complete path through wire is need for electricity to work, a switch
works by breaking or completing the circuit path. When a switch is on, the circuit
path is complete. When a switch is off, the circuit path is broken (figure 6.4). Fi

wi
ele
ctric circuits

at is an electric
circuit?

To start to understand electricity, let’s look inside a simple electrical appliance,
like an electric blender. Inside are lots of wires and other electrical parts. The
wires, switches, and motors are connected in electric circuits. An electric circuit is
something that provides a path through which electricity travels. 

Fi
the



Chapter 6
Circuit diagrams and electrical symbols

Circuit diagrams Circuits are made up of wires and electrical parts, such as batteries, light bulbs,
motors, or switches. When people build and design circuits to accomplish a task,
they use a special kind of drawing called a circuit diagram. In a circuit diagram we
use symbols to represent parts of the circuit. These electrical symbols are quicker
to draw and can be read by anyone familiar with electricity. 

A circuit diagram
uses electrical

A circuit diagram is a shorthand method of describing a real circuit. By using a
diagram with standard symbols you don’t have to draw a battery and bulb
103 a Circuit?

Figure 6.5: Commonly used 
electric parts and their symbols
6.1 What Is

symbols realistically every time you need to write down a circuit you have made. Figure
6.5 shows some common things you find in a circuit and their electrical symbols.

The graphic below shows a photograph of a simple circuit and two circuit
diagrams. Each circuit diagram represents the simple circuit. See if you can match
the symbols in the circuit diagrams with each part of the simple circuit.

Resistors and
what they
represent

In many circuit diagrams any electrical device is shown as a resistor. A resistor is
an electrical component that uses energy. In a few sections, you will see that when
analyzing how a circuit works, we often treat things like light bulbs as if they were
resistors. 
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Our nervous system is a
network of electric
circuits including the
brain, spinal cord, and
many nerves. Motor
nerves branch out from
the spinal cord and send
electrical messages to
muscles, telling them to
contract so that you can
move. If a motor nerve is

pen circuit is created. The
 the brain can no longer

cle, so the muscle no longer

rgeon can sew the two ends
nerve back together, scar
hat blocks the circuit. If a
s a small nerve (a motor
thumb, for example), they
ovement after a period of

nerves create alternate paths
 However, injury to a large
ves, like the spinal cord, is
hat is why spinal cord
use paralysis.
race circuits to
test them

A common problem found in circuits is that an unintentional break
occurs. When building circuits it is a good idea to trace your finger
around the wires to tell if the circuit is open or closed. If there are any
breaks, the circuit is open. If there is a complete loop then the circuit
is closed.

Short circuits A short circuit is not the same as either open or closed circuits. A
short circuit is usually an accidental extra path for current to flow.
Short circuits are covered in more detail in a later section when we
talk about parallel and series circuits.

message from
reach the mus
works.

Although a su
of a broken 
tissue forms t
person injure
nerve in the 
may regain m
time as other 
for the signal.
bundle of ner
irreparable. T
injuries can ca
en and closed circuits

Circuits are
controlled by

switches

You have just learned that we use switches to turn electricity on and
off. Turning the switch off creates a break in the wire. The break
stops the flow of current because electricity travels through the metal
wire but can’t normally travel through air.

pen and closed
circuits

A circuit with a switch turned to the off position or a circuit with any
break in it is called an open circuit. Electricity can’t travel through an
open circuit. When the switch is turned to the on position, there are
no longer any breaks anywhere in the wire and the light goes on. This
is called a closed circuit. Electricity can travel easily through a closed
circuit.

 � Spinal co

injured, an o
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ry of the terms positive and 
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The terms positive and
negative to describe
the opposite kinds of
charge were first used
by Benjamin Franklin
(1706-1790). He and
other scientists were
seeking to describe

observations about electricity. In
nch scientist Charles DuFay had
� Histo
negative 

their new 
1733, Fre

6.2 Charge
You have built circuits and made light bulbs glow. Now we will find out exactly what is
moving through those wires. In this section, you will learn about electric charge and
build a simple electroscope to observe the electrical forces exerted by electric charges on
each other. 

Electricity

Use of electricity
is relatively new

The understanding and use of electricity is relatively recent history.
Michael Faraday discovered the principles of the electric motor in
1830. The electric light was invented by Thomas Edison in 1879.
Two lifetimes later we now see light bulbs and motors everywhere. 

Faraday and Edison were only two of the many people who
105.2 Charge

a book describing how like
pel and unlike charges attract. He
that two fluids caused electricity:
(positive) fluid and resinous
 fluid. 

 century, Franklin invented his
y that argued that electricity is a
he presence of a single fluid in
amounts. Franklin claimed that
e was too much fluid in an object,
exhibit positive charge behavior,
re were not enough, the object
hibit negative charge behavior.
scientists no longer believe that
 is caused by different kinds of
 words positive and negative are
 to describe the two types of
6

published 
charges re
theorized 
vitreous 
(negative)

Later that
own theor
result of t
different 
when ther
it would 
and if the
would ex
Although 
electricity
fluids, the
still used
charge.

observed, investigated, and thought about electricity. Today’s
technology results from an accumulation of knowledge about
electricity over a long period of time.

First experiments
in electricity

To understand electricity,
people first studied events
like lightning and the sparks
that can occur when certain
materials are rubbed
together. We observe the
same effect when we rub
our feet on a carpet and then

feel a shock or see a spark when we touch a metal doorknob.
Something in ordinary materials “electrifies” our body. What is it?

Electric charge The source of the shock and the sparks is electric charge. Electric
charge, like mass, is a fundamental property of matter. An
important difference between mass and charge is that charge comes
in two kinds, called positive charge and negative charge. 
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 charged.

gure 6.7: You will study 
emical reactions like the one shown 
ove later in this book. Electrical 
ces are the cause of many 
perties of matter and all reactions. 
and they repel each other, making your hair appear fuller.

Like charges
attract, unlike
charges repel

These scenarios show us how charges affect each other. A positive and a negative
charge will pull each other closer. Two positive charges will push each other away.
The same is true of two negative charges. The rule for the force between two
charges is: Unlike charges attract each other and like charges repel each other.

lectrical forces These forces between positive and negative charges are called electrical forces or
electrostatic forces. If you increase the amount of one kind of charge on an object,
it exerts a greater electrical force. This kind of force is very strong! Suppose you
could separate the positive and negative charges in a bowling ball. The force
between the separated charges would be 10 times the weight of the entire Earth! 

Most matter is
neutral

It is very difficult to separate the positive and negative charges in a bowling ball or
in anything else. Most matter has the exact same amount of positive and negative
charges. Total charge is zero, since the positives cancel the negatives. An object
with zero charge is electrically neutral.  The electrical events we observe are the
result of the separation of relatively small amounts of charge.

Fi
wi
ne
los
be

Fi
ch
ab
for
pro
ctric charge

tatic electricity When we acquire a static charge from walking across a carpet, our bodies gain a
tiny amount of excess negative charge. In general, if materials or objects carry
excess positive or negative charge we say they are electrically charged. When
charge builds up on an object or material it is sometimes referred to as static
electricity. 

 explanation of
static cling

What happens when there is a buildup of excess charge? We observe that clothes
fresh out of a dryer stick together. This is because all the tumbling and rubbing
makes some clothes positive and others negative. Do you notice what happens
when you brush your hair on a dry day? Each hair gets the same kind of charge

.
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The coulomb and the atom

 Electric charge is
measured in

coulombs

The unit of electric charge is the coulomb (C). The
name is chosen in honor of Charles-Augustin de
Coulomb (1736-1806), a French physicist who
succeeded in making the first accurate measurements of
the forces between charges in 1783. 

The charge of
protons and

electrons

Since Coulomb’s time,
people have discovered
that different parts of the
atom carry electric
charge. The protons in the
nucleus are positive and
the electrons in the outer
part of the atom are
negative.

Electrical forces in Electrons in atoms stay close to the protons because
107.2 Charge
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coulomb of positive charge a meter away from the same
amount of negative charge, the electrical force between
them would be 9,000,000,000 (9 billion) newtons!
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We can detect charged objects by using an electroscope. The
electroscope has two very light leaves that hang down. The leaves
attract or repel each other depending on the charge nearby. By
watching the leaves you can tell what kinds of electric charges are
near, and roughly how strong they are. A more complex electroscope
can measure the exact amount of charge present on an object.

� History o

In sixteenth-
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William Gilbe
in magnetism
might help his
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cause them to
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1 it used in measuring the amount of charge

2 pushes and pulls that electric charges exert 
ch other

3 erty of matter responsible for electrical 
ts; it has two forms, positive and negative

4 strument that can detect, and sometimes 
ure the amount of, electric charges

5 bject that has equal amounts of positive 
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ildup of charge on an object or material
hapter 6 Review

ocabulary Review

atch the following terms with the correct definition. There is one extra definition in the list that will not

oncept review

. How are electrical circuits and systems of carrying water (such
as the pipes that bring water to your house) alike? List at least
two ways 

. List three examples of circuits from the reading.

. Describe how a switch turns a circuit on and off.

. Why do people use electrical symbols and circuit diagrams to
describe a circuit?

. What happens to the electrical connection of a nerve in the
human body if the nerve is cut? Does the nerve ever fully heal?

6. List the kinds of electric cha
atom.

7. Objects can be charged or ne
mean.

8. State the rules of attractio
charges.

9. If you brush your hair for a lo
Explain what is happening in

10. Use your own words to descr
11. What is the name of the earli

Set One Set Two
. electrical circuits a. A shorthand method of drawing an electrical 

part
1. electric charge a. A un

. open circuit b. A device that turns a circuit on and off by 
causing a break in a circuit

2. static electricity b. The 
on ea

. closed circuit c. A circuit with no breaks in it 3. electrical force c. Prop
even

. circuit diagram d. Structures that provide paths through which 
electricity travels

4. electroscope d. An in
meas

. electrical symbol e. A shorthand method of drawing the physical 
arrangement of a circuit

5. coulomb e. An o
and n

f. A circuit with one or more breaks in it f. A bu
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material. If you rub a balloon
ve charge is transferred from
g the balloon close to a wall.
e balloon repels the negative
s move to another part of the
 the balloon is now positively
the wall? Why or why not? 

�A

1.

2.

3.

ck together when they come
terial seem to stick together?
blems

 Circle each diagram that shows a closed circuit that will light
the bulb.

If any of the diagrams are not closed circuits, explain what you
would do to close the circuit. You may, if you wish, draw your
own picture to support your answer.
Build a circuit that has a battery, three wires, a bulb, and a
switch. Draw a circuit diagram of this circuit.

4. In the electric charge Investigatio
tape. If you simply took two piec
them on the electroscope, you wo
put two pieces of tape together an
the two pieces of tape now attra
happened to the two pieces of tap
occur. 

5. A lightning rod is a safety devic
lightning. Charges tend to concen
lightning rod. Explain why the l
lightning to itself. 

6. In general, excess negative charge
or be transferred from material to 
on your hair on a dry day, negati
your hair to the balloon. You brin
The excess negative charge on th
charges in the wall and the charge
wall. The surface of the wall near
charged. Will the balloon stick to 

pplying your knowledge

�Write a paragraph describing on what a typical day at home
or school would be like if we had no electricity.

�Examine the labels or instructions that come with home
appliances and see if you can find examples of circuit
diagrams. What parts of the diagrams do you recognize?

�Research Benjamin Franklin’s experiments in electricity.
Draw and label a picture showing one of his experiments. 

4. Static cling causes clothes to sti
out of the dryer. What kinds of ma
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