
SECTION

2

Name Class Date

KEY IDEAS

CHAPTER 17

As you read this section, keep these questions in mind:

• What is a closed circuit?

• How can devices be connected in a circuit?

• What happens to energy in a circuit?

• What can happen if too much power flows through
a circuit?

What Are Circuits?
Have you ever plugged a string of light bulbs into an

electrical outlet? The outlet provides a voltage to the cir-
cuit. The voltage makes electrons move through the wire
and bulbs from one side of the outlet to the other. The
electric charges in the string of bulbs have a complete
path to follow. In other words, electrons can move in a
loop through the system. A system in which electrons can
move in a closed loop is called an electric circuit.

There are two main kinds of electric circuits: closed
circuits and open circuits. The string of lights in the
figure below is an example of a closed circuit. A closed

circuit is a circuit in which current can flow along a com-
plete path due to a voltage.

If the path is interrupted or there is no voltage, then no
charge can flow through the circuit. Therefore, the circuit
becomes an open circuit.

If a bulb is connected to a battery, the inside of the
battery is part of the circuit. Current can flow through the
battery. The source of the voltage is always part of the
conducting path of a closed circuit.

READING TOOLBOX

Describe Relationships
After you read this section,
create a chart showing how
current, resistance, and volt-
age affect power in a circuit.

1. Define What is a closed
circuit?
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This string of bulbs and the
outlet it is connected to is an
example of a closed circuit.
Electrons flow in a loop
from one side of the outlet,
through the bulbs, to the
other side of the outlet.
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USING SWITCHES IN A CIRCUIT
In many cases, we need to be able to change a closed

circuit into an open circuit and back again. For example,
we do not need to leave the lights on in an empty room.
To change a circuit from open to closed, we use a switch.
A switch is a device in a circuit that allows the circuit to
be changed from open to closed and back again. The
figure below shows a circuit that contains a switch.

Many switches work by breaking the path that
electrons flow through in a circuit. For example, a switch
may have metal bars on it that can touch part of the wire.
When the switch is open, the metal bars do not touch
the wire. Electrons cannot flow through the circuit if the
bars are not touching the wire. Then, the circuit is open.
When the bars touch the wire, electrons can flow, and
the circuit is closed.

How Can You Draw a Circuit?
It is easy to describe a simple circuit in words. For

example, you could say “The light bulb is connected to
the battery with wires.” However, more complicated
circuits can be difficult to describe in words. Instead
of using words to describe circuits, scientists often use
drawings called schematic diagrams. In a schematic
diagram, each part of a circuit is represented by a differ-
ent symbol.

WIRES AND CONDUCTORS 
In a schematic diagram, wires and other simple

conductors are represented by straight lines and right
angles, as shown below.

2. Describe How can you 
tell that the switch in the 
image is closed?

READING CHECK

3. Explain Why do scientists 
use schematic diagrams?
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Straight lines and right 
angles represent wires 
in a schematic diagram.

When the switch is closed, 
the circuit is also closed. 
Electrons can flow, and the 
bulb lights up.
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RESISTORS
Remember that different materials have different resis-

tances. Resistors are devices that are used in circuits to 
control the amount of current flowing through the circuit. 
Each resistor has a specific resistance. For example, a 
resistor may be a 10  resistor. In schematic diagrams, 
resistors are shown as bent lines. 

LIGHT BULBS
Remember that resistance is what makes light bulbs 

glow. Light bulbs are a special kind of resistor. Therefore, 
a light bulb is shown as a resistor with a circle around it.

BATTERIES
Every circuit must have a source of voltage. In many 

circuits, this source is a battery. Batteries are represented 
by two lines.

SWITCHES
Switches can be represented by two different symbols. 

One symbol represents an open switch. The other repre-
sents a closed switch.

READING CHECK

4. Define What is a resistor?

5. Describe What does the 
symbol in the center of the 
circle represent?

6. Identify On the figure, 
circle the line that represents 
the positive terminal of the 
battery.

Multiple bends in a wire 
represents a resistor.

A resistor with a circle 
around it represents a 
light bulb.

Two lines with different 
heights represent a 
battery. The longer line 
represents the positive 
terminal of the battery.

+
–

Different symbols 
represent open and 
closed switches.

Open

Closed



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Interactive Reader 390 Electricity

SECTION 3

Name Class Date

Circuits continued

What Are Two Ways of Connecting the 
Components of a Circuit?

Most circuits that we use every day contain more than 
one component, or part. For example, a circuit may con-
tain a battery, a light bulb, and a switch. There are two 
main ways of connecting these elements in a circuit: in 
parallel or in series. The type of connection in a circuit 
affects how much voltage each component receives.

SERIES CIRCUITS
In a series circuit, the voltage of the battery is 

divided between the different components in the circuit. 
The current must flow through all of the components in 
order to complete the circuit. All of the current flows 
along the same path. Therefore, the current in each com-
ponent of a series circuit is the same. 

Even though the current is the same, the resistance 
in each device is different. That means that the voltage 
across each device in a series circuit may be different. 
You can see a series circuit in the figure below.

If one device along the path of the series circuit is 
removed, it will cause a break in the circuit. The circuit 
is no longer a closed circuit, so the devices will not work. 
For example, if one of the light bulbs in the figure above 
were removed, the current could not follow a complete 
path. Therefore, the circuit would be open, and the 
remaining light bulb would not work. 

Many different things can stop the current in a series 
circuit. An open switch, a burned-out light bulb, or a cut 
wire may prevent the whole series circuit from working.

7. Infer The voltage source 
for a series circuit is a 9 V 
battery. Does each compo-
nent of the circuit have a 
higher or a lower voltage 
than the battery? Explain 
your answer.

8. Identify What is the same 
in all components of a series 
circuit?

In a series circuit, all of the current flows along the same 
path. It must flow through each device in the circuit.
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PARALLEL CIRCUITS
In a parallel circuit, the voltage across each part 

of the circuit is the same. However, the current in each 
device can differ. The current can follow several different 
paths through the circuit. This is different than in a series 
circuit. The figure below shows an example of a parallel 
circuit.

In a parallel circuit, one or more of the devices can be 
removed and there will still be current in the circuit. For 
example, if you were to remove one of the light bulbs in 
the circuit above, the other light bulb would still light. 
Electrons would flow from the battery through the other 
light bulb.

How Is the Power of a Circuit Determined?
Many appliances and devices that you use every day 

use electrical energy. This energy may come from a bat-
tery or from a power plant miles away. The amount of 
work the device can do depends on how much power it 
uses. For example, a 1,200 W microwave oven can heat 
food faster than an 800 W microwave oven. (Remember 
that the watt, W, is the SI unit of power.)

As a charge moves in a circuit, the charge loses 
energy. Some energy turns into useful work. However, 
remember that no machine is 100% efficient. The same 
is true for electronic devices. As current moves through 
a circuit, some of the energy is lost to the surroundings 
as heat. The rate at which electrical energy is turned into 
other forms of energy is called electric power.

Remember that power is the rate at which work is 
done. This is also true for electric power. Electric power 
is the rate at which electrical work is done.

9. Identify Circle the symbol 
in the schematic diagram 
that represents the battery.

10. Apply Concepts Which 
type of light bulb uses more 
power, a 100 W light bulb or 
a 50 W light bulb?

In a parallel circuit, the current can flow through different 
paths. The voltage in each device is the same.
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DETERMINING ELECTRIC POWER
You can calculate electric power by multiplying the 

current, I, by the voltage difference, V, in a circuit. The 
equation below shows this relationship. 

power = current voltage

P = IV
Let’s look at an example of how to use the power 

equation. A television uses 320 W of power. How much 
current does the television use when it is plugged into a 
120 V outlet?

Step 1: List the given 
and unknown values.

Given:
voltage,
V = 120 V

power, 
P = 320 W

Unknown:
current, I

Step 2: Write the 
equation and rearrange 
to solve for the correct 
variable.

P = IV

I =   P__
V  

Step 3: Insert the 
known values and solve 
for the unknown value.

I =   320 W______
120 V  

I = 2.67 A

So, the television uses 2.67 A of current.

POWER LOST IN A RESISTOR 
You can combine the electric power equation with 

Ohm’s law. This allows you to calculate the power that is 
lost when current flows through a resistor. For example, 
if voltage difference is constant, you can use the equation 
below to calculate power loss: 

P = I2R

Remember that one watt (W) is equal to one joule per 
second (1 J/s). From the power equation, you can see 
that one watt is also equal to one volt times one ampere 
(1 V•A). 

POWER AND ENERGY
If you have ever seen an electricity bill, you may 

have noticed that the electric company charges by the 
kilowatt-hour (kW•h). Kilowatt-hours are units of energy. 
One kilowatt-hour is equal to 3.6 × 106 J.

11. Describe What happens 
to power as the current in a 
circuit increases?

SkillsMath
12. Calculate A hairdryer is 
plugged into a 120 V outlet. 
The current in the hair dryer 
is 9.1 A. How much power is 
the hair dryer using? Show 
your work.

READING CHECK

13. Identify Give two units 
that are the same as one 
watt.
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How Do Fuses And Circuit Breakers Work?
If you plug many devices into an electrical outlet, the 

total resistance of the circuit decreases. This can increase 
the current in the circuit. If the electrical wires carry 
more current than is safe, the circuit is overloaded. An 
overloaded circuit can cause fires. 

If the insulation around an electrical wire is worn, two 
wires may touch. This creates another path for current to 
travel, which is a short circuit. A short circuit can also 
cause fires. Fuses and circuit breakers, seen in the figure 
below, lower the danger in short and overloaded circuits.

A fuse is a ribbon of wire with a low melting point. 
When the current in a circuit reaches a certain tempera-
ture, the fuse melts, or blows. This opens the circuit and 
the current stops For example, a 20 A fuse will melt if the 
current in the circuit is more than 20 A. A blown fuse is a 
sign that a short circuit or a circuit overload is present.

Once a fuse has blown, it must be replaced before the 
circuit will function. The image below shows examples of 
a normal fuse and a blown fuse.

Many homes have circuit breakers instead of fuses. A 
circuit breaker acts like a switch. It opens when there 
is a current overload. If you fix the circuit so there is no 
overload, you can reset the switch in the circuit breaker. 
Then, the circuit will work again.

A ground fault circuit interrupter (GFCI) is a spe-
cial kind of electrical outlet. It acts like a small circuit 
breaker. GFCI outlets may be found where water is used 
near electricity, such as in bathrooms and kitchens.

READING CHECK

14. Define What is an 
overloaded circuit?

15. Apply Concepts Can a 
fuse prevent an overloaded 
circuit if it is connected in 
parallel with the devices 
in the circuit? Explain your 
answer.

When the current in a fuse gets too high, the metal in 
the fuse melts. This opens the circuit and can prevent 
overloads and short circuits.

Blown fuse Normal fuse
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circuit breaker a switch that opens a circuit  
automatically when the current exceeds a 
certain value

electric circuit a set of electrical components 
connected such that they provide one or more 
complete paths for the movement of charges 

electric power the rate at which electrical  
energy is converted into other forms of energy

fuse an electrical device that contains a metal 
strip that melts when current in the circuit 
becomes too great

parallel circuit a circuit in which the parts are 
joined in branches such that the potential  
difference across each part is the same

schematic diagram a graphical representation 
of a circuit that uses lines to represent  
wires and different symbols to represent  
components

series circuit a circuit in which the parts are 
joined one after another such that the current 
in each part is the same

 1. compare	 What	is	the	difference	between	an	open	circuit	and	a	closed	circuit?

 2. apply concepts	 Label	each	component	in	the	circuit	shown	in	the	schematic		
diagram	below.

 3. identify	 Are	the	components	in	the	circuit	above	connected	in	series	or	in		
parallel?

 4. Describe	 Will	the	light	bulb	in	the	circuit	above	light	up?	Explain	your	answer.

 5. compare	 How	is	a	circuit	breaker	different	from	a	fuse?	How	are	they	similar?

Section 3 Review
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