fabric samples

glass jar with
metal lid

Also needed:
assorted items
to be
electrically
charged

40 minutes

Have you noticed how a brush and your hair become less electri-
cally charged on humid days when there is a lot of moisture in
the air? That is because water molecules in the air carry away the
electric charge instead of letting it build up on surfaces, such as
your hair. You can use an electroscope to detect the presence of
an electric charge. In this activity, you will follow a procedure to
construct your own electroscope, electrically charge it, and
observe the ways it discharges.

Learn it

In order to construct and use a scien-
tific device, you need to understand
the properties of the materials to be
used. Also, you need to know how
and in what order to use the materi-
als. To build a reliable device, you
need to follow a procedure,

Try it

%%% Read and complete a lab safety
form.

§~§§ Use a hammer and nail to poke a
small hole in a jar lid.

{2 Unfold a paper clip, and bend it
into an L shape,

2> Push the long end of the paper %;%% Bring charged and uncharged

clip L up through the hole in the objects near the paper clip, but
lid. Bend the paper clip above the do not touch it. Record your
_lid so it hangs through the lid observations.

without falling out.

& Smooth the aluminum foil with g@g@%y it
your finger. Cut offastrip4cm by €7

. Explain the importance of

T cm. Fold the strip in half, and following a procedure.
?ﬁ:g{;t from the paper clip below %} Classify the components of your
’ electroscope as conductors or
%ﬁ% Screw the lid on the jar. insulators.
%ﬁ@ Touch uncharged and charged %*;;% > Key Concept Contrast
objects to the paper clip. Record the behavior of the foil to the
your observations of the hanging ways the foil is charged.

foil strip in your Science Journal.
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Key Concepts §
ESSENTIAL QUESTIONS

& How are electric current and
electric charge related?

@ What are the parts of a
simple electric circuit?

® How do the two types of
electric circuits differ?

Vocabulary

electric current p. 495
electric circuit p. 497
generator p. 498
electric resistance p. 499
voltage p. 501

People used to plan their days, and lives, around the
rising and setting of the Sun. Then, Thomas Edison
invented the lightbulb. Suddenly, convenient, cheap
electric power made life easier and better. How has
electricity improved your life?




What are two ways to light two lightbulbs?
There are two ways to connect a battery and two lightbulbs so both
bulbs light. Each way uses an electric conductor to create a path
from the battery to each lightbulb and back to the battery.

Read and complete a lab safety form.

} Examine the first diagram. Using twe lightbulbs in bases, one
battery in a holder, and several wires, construct the setup so
both bulbs light.

& Remove one bulb from its base. Observe the behavior of the
other bulb. Record your observations in your Science Journal.
Examine the second diagram, and construct the setup. Both
bulbs should be lit.

& Unscrew one bulb from its base. Again, observe the behavior of
the other bulb. Record your observations.

Think About This

1. Sketch each setup, and draw the path that connects the light-
bulbs and the battery.

2. Describe how the brightness of the lightbulbs in each setup
differs. Why do you think there is this difference?

Electric Current—

You read in Lesson 1 that electrons have the property of
negative electric charge. Recall that negatively charged
electrons are the tiny particles that move around the nuclei of
atoms. Also, recall that many of the electrons of an electric
conductor, such as a metal wire, easily move from atom to
atom. When free electrons move in the same direction, an
electric current is produced. An electric current is the
movement of electrically charged particles, such as electrons.

Like all moving objects, moving electrons have kinetic
energy. As electrons move from atom to atom, their kinetic
energy transforms to other useful energy forms, such as light
and thermal energy. Moving electrons, or an electric current, is
one of the most common forms of energy. In this lesson, you
will read about what causes electrons to move. You also will
read about how their movement is controlled to make an
electric current useful.

Key Concept Check How are electric current and electric
charge related?

Science Use v Common Uss -
chiarge
Science Use a definite
quantity of electricity

Common Use the price
demanded for something

.................

Lesson 2
EXPLORE

495




Review YOCABULARY -~

fight
electromagnetic radiation
you can see

Figure 6 With direct
current, electric charges
continually flow from the
negative side of the source
to the positive side. The
flow of electric charges of
an alternating current
changes direction many
times per second.

Animation

Direct current

Two Types of Electric Current

An electric current, or the movement of electrons, carries
energy near the speed of fight. However, the negatively charged
electrons themselves move more slowly.

Imagine a tube filled with marbles. Extra marbles pushed
into one end of the tube cause other marbles to pop out the
other end. The first marbles do not instantly move the length
of the tube. Similarly, as electrons move into one end of a wire,
other electrons leave the other end of the wire almost instantly.
Fach electron does not suddenly move the length of the wire.

Direct Current In the example above, marbles added
continually to one end of the tube produce a steady stream of
marbles flowing out the other end of the tube. Figure 6 shows
that, in a similar way, electrons continually added to one end
of a wire create a constant one-way flow of electrons. This is
known as direct current. Some energy Sources, including
batteries, produce only direct current. Many portable devices,
such as flashlights, operate using direct current.

Alternating Current If marbles are repeatedly added to one end
of the tube and then to the other end, the marbles in the tube
would move back and forth, never moving far from their original
positions. An electric current that also continually reverses direc-
tion is known as an alternating current. Large generators in power
plants supply homes and businesses with alternating current.

7| Alternating current

Chapter 15
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ath for Electric Current

Electric circuits transform the energy of an electric current
to useful forms of energy. An electric circuit is a closed, or
complete, path in which an electric current flows. Electric circuits
are all around you.

A Useful Circuit

Electric circuits are designed to transform electric energy to
specific forms. For example, the electric circuits in a microwave
oven transform electric energy to the radiant energy that cooks
your food. Figure 7 illustrates an electric circuit designed to
transform the electric energy of a battery to the light energy
emitted by a lightbulb. As shown, the circuit is complete, or
closed, and the lightbulb is lit. If the circuit is broken, or open,
at any point, the electric current stops and the lightbulb does
not light.

A Simple Circuit

Some electric circuits, such as those found in computers, are
very complicated and have hundreds of parts. However, many
common and useful circuits include only a few components.
Simple circuits are found in flashlights, doorbells, and many
kitchen appliances. All simple circuits contain: 1) a source of
electric energy, such as a battery, 2) an electric device, such as
a lightbulb, and 3) an electric conductor, such as wire. In
addition to these basic components of all circuits, a switch is
often included in a circuit. How do these basic components
interact to make a useful electric current?

» Key Concept Check What are the parts of a simple electric
circuit?

Figure 71

Source of electric energy

Electric conductor

/

%‘“ Electric device

A practical electric circuit may have only a few components.

Create a horizontal
three-tab book. Hlus-
trate and label a simple
electric circuit as
shown. Use it to explain
the components of a
circuit.

Worp OriGi -+ :

.

from Latin circuire, means “to
go around”

sl B

uuuuuuuuuuuuuuu

Animation
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Sources of Electric Energy There are many uses of electric
energy. Most uses require specific types of sources of electric
energy. For example, a flashlight requires a small, portable

Figure 8 Many electric . source. Cities need sources that produce large amounts of
energy sourcesarebeing i qjactric energy that are nonpolluting. Figure 8 includes some of
developed and improved. . . .
. the technologies now being developed and improved to help
Visual Check Whyare : meet the world’s growing demand for electric energy.

fuel cells possibly a good
source of electric energy?

Batteries often are used when an electric energy source needs to be
small and portable. A battery is simply a can of chemicals. Chemical
reactions within a battery move electrons from one end of the
battery (the positive terminal) to the other end (the negative
terminal). Outside the battery, the electrons flow through a closed
circuit from the negative terminal back to the positive terminal. As the
chemical reactions continue, electrons keep moving through the
battery and circuit.

‘sage
BRI TRy

Generators are machines that transform mechanical
energy to electric energy. Many power plants use fossil
fuels or nuclear energy to power large generators.
These fuels provide thermal energy to boil water into
steam. The steam flows through and rotates a turbine
that, in turn, rotates a generator. These types of
turbine-powered generators provide most of the
electric energy used in the United States. Other
generators use wind or moving water for power. You
will read more about generators in the next lesson.

solar cells change sunlight into electric energy. Often cells are
connected into solar panels to increase energy output. Simple
solar cells power many small devices, such as calculators.
Complicated systems have enabled humans to explore the
solar system and beyond.

Fuel cells, like batteries, produce electric energy by a chemical
reaction. But, unlike batteries, fuel cells need a constant flow of fuel,
such as hydrogen gas. An advantage of using fuel cells as a source of
electric energy is that they produce no pollution. Fuel cells have
generated electric energy on space flights. Now, scientists and
engineers are developing ways to use fuel cells in people’s

everyday lives.
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Electric devices transform energy. An
electric device is a part of a circuit designed to
transform electric energy to a useful form of
energy. For example, a lightbulb is designed
to transform electric energy to light.
Transformation of electric energy occurs
wherever there is electric resistance in a
circuit. Electric resistance is a measure of how
difficult it is for an electric current to flow in a
material. Electric devices with greater electric
resistance transform greater amounts of elec-
tric energy. What causes a transformation of
electric energy?

Think of an electric lightbulb. As electrons
move in the high-resistance wire filament of
the lightbulb, they collide with atoms of the
filament. The atoms absorb some of the
electrons’ kinetic energy, then release the
energy as light.

Electric Conductors and Electric Circuits An
electric conductor, such as a wire, is used to
complete the circuit by connecting the energy
source to the electric device. Copper and
aluminum make good wires for electric
circuits because they are excellent conductors.
A good conductor has little electric resistance.

Recall that an electric current easily flows
through an electric conductor. However,
even the best conductors, such as copper
wire, resist an electric current a little. All
conductors, including a device’s power cord,
have some electric resistance. Small amounts
of electric energy in a circuit’s conductors
always transform to wasted thermal energy.

Reading Check Why are wires in an electric
circuit often made of copper?

How can you determine whether o material

is o conducior?

Conductors allow electrons to travel freely through them, while insulators prevent electrons from
moving through them. Can you design a device that will determine whether a material is a

conductor?
Read and complete a lab safety form.

€ Using a battery, two wires, and a bulb in a screw
base, construct a circuit that lights the bulb.

Develop a plan to alter your circuit to test whether an
item is a conductor. Record your ideas in your Science
Journal.

Use your device to test wood and aluminum foil.
Record your observations.

Select two other items. Predict and then test them.
Record your observations.

Analyze and Conclude
1. Compare the materials which you found to be conductors.

2. Classify all the materials found in your device.

& Key Concept Explain how your device works.
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Closed circuit

& Figure 94 In a series circuit, all
components are connected in a single loop.

Figure 108> In a parallel circuit, opening one
branch does not affect devices in the other
branches. ¥

Both branches closed

Chapter 15
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Series and Parallel Circuits

An electric circuit can have more than
one device. For example, a string of holiday
lights is a circuit that has many lightbulbs,
or devices. Recall the circuits you built in the
Launch Lab at the beginning of this lesson.
With some holiday lights, if you remove one
of the bulbs from its socket, all of the light-
bulbs go out!

Now, think of the electric lights in the
rooms of your home. These lights are devices
connected in an electric circuit, too. However,
if you remove the lightbulb from the lamp
in your room, what happens to the light in
the kitchen? Nothing. It remains lit.

How can you explain this difference in
the two circuits? The answer is that there are
two types of electric circuits.

Series Circuit In the example at the top of
this page, the string of holiday lights is a
series circuit. A series circuit is an electric
circuit that has only one path through which
an electric current can flow. In other words,
all of the devices in a series circuit are
connected end to end. As shown at the top
of Figure 9, the same electric current flows
through all the lightbulbs in the string.
Breaking, or opening, a series circuit causes
the electric current to stop flowing through
the entire circuit.

Parallel Circuit A different type of circuit
connects the devices in your home. Houses
do not use series circuits. Instead, they use
parallel circuits. A parallel circuit is an
electric circuit where each device connects
to the electric source with a separate path, or
branch. The bottom of Figure 10 shows two
lightbulbs connected to a battery as a
parallel circuit. If any one of the branches is
opened, the other lightbulbs still have a
complete path in which current flows.

> Key Concept Check How do the two
types of electric circuits differ?



Voltage and Electric Energy

You may know the term voltage. For
example, your home has 120-V outlets. To
understand what this means, you must first
know how to count electrons. But, there are
so many electrons in a circuit! It is
impossible to count them individually.
Therefore, just as we quickly count eggs by
the dozen, we count electrons by the
coulomb (KEW lahm). One coulomb of
electrons is a huge quantity—approximately
6,000,000,000,000,000,000 electrons!

Voltage of an Entire Circuit

Recall that all parts of an electric circuit
have electric resistance. Therefore, energy is
required to move electrons through a circuit.
The voltage of an electric circuit is the amount
of energy used to move one coulomb of electrons
through the circuit.

Think of two identical lightbulbs. One is
powered by a 3-V battery. The other is
powered by a 6-V battery. The 6-V lightbulb
is lit brighter than 3-V lightbulb. But why?

The definition of voltage tells you that
the 6-V battery uses twice as much energy
than the 3-V battery as it moves electrons
through a circuit. Thus, the 6-V circuit trans-
forms twice the electric energy to light.

Voltage of Part of a Circuit

You also can measure the voltage of part
of a circuit. The voltage measured across a
part of a circuit tells you how much energy
is used by moving electrons through that
part of the circuit. Figure 11 shows the volt-
ages across a lightbulb and a wire in the
same circuit. The higher voltage across the
lightbulb tells you that the lightbulb trans-
forms more electric energy than the wire.

The sum of the voltages across all the
parts of an electric circuit equals the voltage
of the energy source. This means that all the
parts of an electric circuit transform all the
energy produced by the energy source.

Wonn QRICIN - - o o e :
v re :
from Alessandro Volta, (1745-1827), Ttalian
physicist

......................................

Figure 11 Portions of an electric circuit with
higher voltage readings transform more of the
battery’s energy.

Lt

Lower voltage across wire

7 Visual Check Which part of the circuit is
transforming most of the battery’s energy into
some other form?
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Using Fractions
Imagine a 9-V battery

and two lightbulbs in a
series circuit. The voltage
across one lightbulb is 6 V.
The second lightbulb reads
3 V. What part of the circuit’s
total energy is used by each
lightbulb?

Divide the voltage reading
across one of the lightbulbs
by the voltage across the
entire circuit (across the
battery).

6V _2
First bulb: oV = 3

3V _ 1
Second bulb: V=3
If you add the fractions
together, they equal one.

For example: % + —]3— =1
This is because the sum of
the energies used by each

device in a circuit equals the
total energy in the circuit.

Practice

A 12-V battery powers a
series circuit that contains
two lightbulbs. The voltage
across one of the lightbulbs
is 8 V. What fractional part of
the circuit’s total energy is
transformed in the second
lightbulb?

= Math Practice

e Personal Tutor

N
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A Practical Electric Circuit

Recall that a simple circuit can function with only a few
basic parts—a lightbulb can be lit with just a battery and a cou-
ple of wires. However, most useful circuits include additional
components to make them more useful and safer. Figure 12
illustrates and describes some electric components of a hair dryer
you might not be familiar with.

Figure 12 Useful electric circuits are simple circuits
with a couple extra parts.

A Useful Device

The heating element is the device
that transforms electric energy

to the thermal —
energy that
‘| dries your
hair.

A Safety Cutoff

The temperature sensitive cutoff

is a switch that automatically

turns off the device if the device
becomes

*, dangerously
hot.

| A Useful Device
An electric motor is the
device that transforms
| electric energy to the

| mechanical energy of

| the fan that blows air

| overyour .~

| hair. /

‘| Energy Source
The wall outletis the
source of electric energy
for many electric devices
found in the home.

| A Switch
Aswitchallows ™
you to conveniently —
start and stop an electric devace

@{ Visual Check What is the function of a safety cutoff?



Online Duiz

Yirtual Lab

Use Vocabular

Distinguish between electric resistance and
voltage.

N
‘a A series circuit is one
/' of two types of elec-
tric circuit.

% Make up a sentence using the terms electric
circuit and electric current.

.,

Understand Kev Concents |

= Summarize how the two types of electric
circuits differ.

Voltage is related to / List the basic parts of a simple circuit.

the amount of elec-
tric energy trans-
formed in a circuit.

An electric current is the movement of

A. atoms. C. neutral particles.
B. charged particles. D. neutrons.

interpret Graphics

Determine In the circuit below, which
switch will turn off only lights 2 and 3?

A switch makes a
simple circuit useful,

Ly
&

i
4

2
® Lightbulb = ®
—— Switch B

- i
—  Wire A C

Use your lesson Foldables to review the lesson.
Save your Foldables for the project at the end
of the chapter.

Compare and Contrast Copy and fill in
the graphic organizer below. Compare and
contrast the two types of electric current.

AC bDC

Critical Thinking

You first read the statements below at the
beginning of the chapter.

Contrast How might the circuits of a 6-V
tlashlight and a 1.5-V flashlight differ?

3. Abattery in an electric circuit produces an Explain your reasoning

electric current.

&, Every magnet has one magnetic pole,

Math Practice ——
A string of ten holiday lights connected as
a series circuit is plugged into to a 120-V
outlet. All the lightbulbs are identical and

are lit. What is the voltage across each
bulb?

Did you change your mind about whether you
agree or disagree with the statements? Rewrite
any false statements to make them true,
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Electric Energy for the Future

he North American power grid is a system
of interconnected electric transmission
wires that reaches across the continent. This
network of transmission wires includes
smaller, regional grids in the eastern United
States, the western United States, and Texas.
The grid is the electric super highway that
delivers electric energy to all our communities.

The grid, shown as red lines on the map, is
aging quickly. Many transmission wires are t00
small to carry all the electric energy people
demand. Parts of the grid often are overloaded.
As electric current becomes too great in one part of the
grid, that part shuts down to prevent damage to
generators and transmission wires. The electric current
then shifts to other transmission wires that become
overloaded, too. This type of cascading overload can
cause power failures and blackouts over large areas of the
country. One solution to our electric distribution problem
is to build a smart grid, shown as green lines on the map.

Computers at distribution centers throughout the
grid would constantly analyze electric energy needs
across the country. The system could route electric
power from where it is produced, anywhere in the
country, to where it is needed.

Also, consumers would have smart meters at their
homes. Each smart meter would be connected to a
personal computer to allow homeowners to see how
much energy each of their household’s electrical
devices uses. They quickly could see where they
unwisely use electric energy. People could adjust their
use of electric energy to save money and decrease
their demands on the grid.




