
Section

3 Batteries

Objectives
After this lesson, students will be able to
N.2.3.1

 

Describe what the first battery was 
made of.

 

N.2.3.2

 

Explain how an electrochemical 
cell works.

Target Reading Skill

 

Building Vocabulary

 

Explain that 
knowing the definitions of key-concept 
words helps students understand what 
they read.

 

Answers

 

Sample definitions:

 

chemical energy

 

the energy that chemical 
compounds store within the compounds; 

 

chemical reaction

 

a process in which 
substances change into other substances 
with different properties than the original 
substances; 

 

electrochemical cell

 

an 
electrical device that changes chemical 
energy into electrical energy; 

 

electrode

 

a 
metal in an electrochemical cell that is 
covered with electrolyte; 

 

electrolyte

 

a 
substance in an electrochemical cell through 
which current flows; 

 

terminal

 

the electrode 
part that sticks up above the electrolyte; 

 

battery

 

electrochemical cells in 
combination; 

 

wet cell

 

an electrochemical 
cell that has liquid as its electrolyte; 

 

dry cell

 

 
an electrochemical cell that has paste as its 
electrolyte

Preteach

 

Build Background 
Knowledge

 

Experience With Batteries

 

Ask: 

 

What’s inside a battery that you use in 
your portable CD player? 

 

(Sample answer: 
Some kind of chemical) 

 

Both a car battery 
and the batteries used in a flashlight are 
called batteries—what are the differences 
between them? 

 

(Sample answer: The car 
battery is much larger.) 

 

How do batteries 
provide the energy for devices? 

 

(Sample 
answer: Somehow, electrical energy is stored 
inside the battery.)

 

 Explain that in this 
section students will learn what is inside 
batteries and how they provide electrical 
energy.
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Skills Focus

 

Observing

 

Materials

 

penny, vinegar, scissors, paper 
towel, aluminum foil, salt, mixing cup, 
stirring rod, voltmeter

 

Time

 

15 minutes

 

Tips

 

Make sure students mix the salt 
thoroughly with the water. The paper 
towel squares should be thoroughly 
soaked.
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Expected Outcome

 

The voltmeter will 
show a reading of about 3 volts when 
connected to the circuit.

 

Think It Over

 

Sample answer: The 
voltmeter needle moved. The device is a 
type of battery, an energy source for an 
electric circuit.

Integrating Chemistry

3 Batteries

Can You Make Electricity Using a Penny?
1. Clean a penny with 

vinegar. Wash your 
hands.

2. Cut a 2-cm × 2-cm 
square from a paper 
towel and a similar 
square from 
aluminum foil.

3. Stir salt into a glass 
of warm water until the salt begins to sink to the bottom. 
Then soak the paper square in the salt water.

4. Put the penny on your desktop. Place the wet paper square 
on top of it. Then place the piece of aluminum foil on top of 
the paper.

5. Set a voltmeter to read DC volts. Touch the red lead to the 
penny and the black lead to the foil. Observe the reading on 
the voltmeter.

Think It Over
Observing  What happened to the voltmeter? What type of 
device did you construct?

Reading Preview
Key Concepts
• What was the first battery 

made of?

• How does an electrochemical 
cell work?

Key Terms
• chemical energy
• chemical reaction   
• electrochemical cell   
• electrode   • electrolyte   
• terminal   • battery
• wet cell   • dry cell

Target Reading Skill
Building Vocabulary  After 
you read the section, reread the 
paragraphs that contain definitions 
of Key Terms. Use the information 
you have learned to write a 
definition of each Key Term in 
your own words.

When you finally step into camp, barely enough light is left to
see the trees in front of you. But you must still set up your tent.
You need more light. There are no generators or electric lines
nearby. Where can you find enough electrical energy to pro-
duce some light? Fortunately, your headlamp contains a bat-
tery that provides electrical energy to its bulb. In this section,
you’ll find out how a battery produces electrical energy.

Using a headlamp for light  

 � 

 � 

 



   

Differentiated Instruction

Instruct

 

The First Battery

 

Teach Key Concepts

 

Alessandro Volta

 

Focus

 

Tell students that the first battery was 
developed in the late 1700s, at about the 
same time as the American Revolution was 
occurring.

 

Teach

 

Ask: 

 

Who developed the first 
battery? 

 

(Alessandro Volta) 

 

What was Volta’s 
hypothesis about Galvani’s observations? 

 

(A chemical reaction occurred between two 
metals and the salty fluids in 
the frog’s leg muscle.) 

 

What materials did 
Volta’s battery consist of? 

 

(Layers of zinc, 
paper soaked in saltwater, and silver)

 

Apply

 

Ask: 

 

What was the major difference 
between Galvani’s hypothesis and Volta’s 
hypothesis? 

 

(Galvani believed that the frog 
itself produced the electrical effect he observed. 
Volta believed that chemical reaction took 
place between the metals and the frog.)

 

 

 

learning modality: verbal

 

Independent Practice
Teaching Resources

 

•

 

Guided Reading and Study Worksheet: 

 

Batteries

 

 

 

Student Edition on Audio CD

L2
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Less Proficient Readers

 

Communicating

 

Have students use 
sketches, photographs, and short captions 
to create a visual display about uses of 
batteries. Tell students to draw ideas from 
the text and illustrations in the chapter. 

 

learning modality: visual
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Special Needs

 

Observing Batteries

 

For students who 
are visually impaired, provide an 
assortment of batteries of various sizes and 
shapes for them to handle. As students feel 
the batteries, point out the terminals and 
discuss what the electrolyte is in each 
kind of battery.

 

learning modality: 
kinesthetic

L2

Monitor Progress L2

 

Oral Presentation

 

Call on students to 
describe the parts of Alessandro Volta’s 
battery and explain how that battery 
produced an electric current.

 

Answers

 

Figure 13

 

Zinc, paper soaked in saltwater, 
and silver

 

A process in which 
substances change into new 
sustances with different 
properties.

The First Battery
Energy can be transformed from one form into another.
For example, batteries transform chemical energy into
electrical energy. Chemical energy is energy stored in
chemical compounds.

Luigi Galvani  The research that led to the develop-
ment of the battery came about by accident. In the
1780s, an Italian physician named Luigi Galvani was
studying the anatomy, or body structure, of a frog. He
was using a brass hook to hold a leg muscle in place. As
he touched one end of the hook to an iron railing, he
noticed that the frog’s leg twitched. Galvani hypothe-
sized that there was some kind of “animal electricity”
present only in living tissue. This hypothesis was later
proven to be incorrect. However, Galvani’s observations
and hypothesis led to further research.

Alessandro Volta  An Italian scientist named
Alessandro Volta developed a different hypothesis to
account for Galvani’s observations. Volta argued that
the electrical effect Galvani observed was actually a
result of a chemical reaction. A chemical reaction is a
process in which substances change into new substances
with different properties. In this case, Volta hypothe-
sized that a chemical reaction occurred between the two
different metals (the iron railing and the brass hook)
and the salty fluids in the frog’s leg muscle.

To confirm his hypothesis, Volta placed a piece of
paper that had been soaked in salt water in between a
piece of zinc and a piece of silver. Volta found that if he
connected wires to the silver and zinc, current was pro-
duced. Then he repeated the layers: zinc, paper, silver,
zinc, and so on. When he added more layers, a greater
current was produced. If you did the Discover activity,
you did something similar to what Volta did.

Volta built the first electric battery by layering zinc,
paper soaked in salt water, and silver. In 1800, he made
his discovery public. Although his battery was much
weaker than those made today, it produced a current for
a relatively long period of time. Volta’s battery was the
basis of more powerful modern batteries.

What is a chemical reaction?

Silver

Zinc

Paper soaked
in salt water

FIGURE 13
The First Battery  
Alessandro Volta demonstrates the first 
battery.  Interpreting Diagrams  What 
materials made up Volta’s battery?
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Electrochemical Cells

 

Teach Key Concepts

 

Chemical Energy Into Electrical Energy

 

Focus

 

Tell students that an electrochemical 
cell transforms chemical energy into 
electrical energy.

 

Teach

 

Ask: 

 

What is an electrode? 

 

(A metal 
in an electrochemical cell that is immersed in 
an electrolyte) 

 

What is an electrolyte? 

 

(A 
substance that conducts electric current) 

 

What 
does the chemical reaction between the 
electrolyte and the electrodes cause in the 
electrodes? 

 

(The chemical reaction causes one 
electrode to become negatively charged and the 
other electrode to become positively charged.) 

 

What are the two kinds of electrochemical 
cells? 

 

(Wet cell and dry cell)

 

Apply

 

Ask: 

 

Is the battery you use to 
provide energy in a flashlight a wet cell or a 
dry cell? 

 

(Dry cell) 

 

What is the electrolyte in 
that kind of electrochemical cell? 

 

(Paste)

 

 

 

learning modality: verbal

Teaching Resources

 

•

 

Transparency N19

 

Build an Electrochemical Cell

 

Materials

 

lemon, copper bar, zinc bar, 
connecting wires, galvanometer

 

Time

 

15 minutes

 

Focus

 

Tell students that they will use the 
given materials to design and build an 
electrochemical cell.

 

Teach

 

Divide the class into small groups, 
and challenge each group to design and 
build an electrochemical cell using a lemon. 
Ask: 

 

What part of the cell might the lemon 
be? 

 

(The electrolyte)

 

 Have groups determine 
how to use the other materials to build their 
cells.

 

Apply

 

The cells each group builds may vary. 
A typical electrochemical cell would use the 
copper bar and the zinc bar as electrodes and 
the lemon as the electrolyte. Have students 
test their cells with the galvanometer. 

 

learning modality: logical/mathematical

L2

L2

Electrochemical Cells
In Volta’s setup, each pair of zinc and silver layers sepa-
rated by paper soaked in salt water acted as an electro-
chemical cell. An electrochemical cell is a device that
converts chemical energy into electrical energy. An elec-
trochemical cell consists of two different metals called
electrodes, which are immersed in a substance called
an electrolyte. An electrolyte is a substance that con-
ducts electric current. Volta used silver and zinc as elec-
trodes and salt water as his electrolyte.

A Simple Cell  In the cell in Figure 14, the electro-
lyte is dilute sulfuric acid. Dilute means that the sul-
furic acid has been mixed with water. One of the
electrodes in this cell is made of copper and the other
is made of zinc. The part of an electrode above the
surface of the electrolyte is called a terminal. The ter-
minals are used to connect the cell to a circuit.

Chemical reactions occur between the electro-
lyte and the electrodes in an electrochemical cell.
These reactions cause one electrode to become neg-
atively charged and the other electrode to become
positively charged. Because the electrodes have oppo-
site charges, there is a voltage between them. Recall that
voltage causes charges to flow. If the terminals are con-
nected by a wire, charge will flow from one terminal to
the other. In other words, the electrochemical cell pro-
duces an electric current in the wire. Charges flow back
through the electrolyte to make a complete circuit.

Batteries  Several electrochemical cells can be
stacked together to form a battery. A battery is a
combination of two or more electrochemical cells in a
series. Today, single cells are often referred to as “bat-
teries.” So the “batteries” you use in your flashlight
are technically cells rather than batteries.

In a battery, two or more electrochemical cells are
connected in series. This means the positive terminal
of one cell is connected to the negative terminal of the
next. The voltage of the battery is the sum of the volt-
ages of the cells. You connect two cells in this way
inside a flashlight. The total voltage of a battery is
found by adding the voltages of the individual cells. 

What is a battery?

FIGURE 14
An Electrochemical Cell  
An electrochemical cell can make a 
complete circuit.  Sequencing  Start 
with the negative terminal and 
trace the path of the current from 
the terminal and back to it.

Terminal Terminal

Copper
electrode

Dilute
sulfuric acid

Current

Zinc 
electrode
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Teaching Resources

 

•

 

Transparency N20

Monitor Progress L2

 

Answers

 

Figure 14

 

Electrons flow from zinc into the 
wire, through the wire, and then from the 
wire into the copper. Charges flow through 
the dilute sulfuric acid back to zinc.

 

A battery is a combination of 
two or more electrochemical 
cell in a series.

Assess

 

Reviewing Key Concepts

 

1.

 

 

 

a. 

 

Volta’s battery consisted of three 
repeated layers: a piece of zinc, a piece of 
paper soaked in saltwater, and a piece of silver. 
A wire connected the top and bottom metal 
layers.  

 

b. 

 

There was a current.  

 

c. 

 

Chemical 
reactions caused some metal layers to become 
negatively charged and other metal layers to 
become positively charged.  

 

d. 

 

Volta showed 
how chemical energy could be transformed 
into electrical energy.

 

2.

 

 

 

a. 

 

An electrochemical cell consists of two 
different metals called electrodes, which 
are immersed in a substance called an 
electrolyte, and two terminals.  

 

b. 

 

One 
electrode reacts with the electrolyte and 
becomes negatively charged. The other 
electrode reacts with the electrolyte and 
becomes positively charged. A voltage 
between the electrodes causes charges to 
flow. If the terminals are connected by a 
wire, charges will flow from one terminal to 
the other.   

 

c. 

 

No. If both had the same 
charge, no voltage would exist between the 
two terminals. If no voltage exists, no 
current is produced.

 

Reteach

 

Use Figure 14 to reteach concepts related to 
batteries, including how an electrochemical 
cell transforms chemical energy into 
electrical energy.

 

Performance Assessment

 

Writing

 

Have students write a paragraph 
that lists the parts of an electrochemical cell 
and describes the function of each part.

Teaching Resources

 

•

 

Section Summary: 

 

Batteries

 

•

 

Review and Reinforce: 

 

Batteries

 

•

 

Enrich: 

 

Batteries

L1

L2

 

Reviving Old Cells

 

        After the 
batteries warm in the sunlight, they will 
light the bulb brightly, though the bulb 
may quickly dim again. Chemical 
reactions occur faster at higher 
temperatures, and so the warm D-cells 
produce more current, quickly depleting 
the energy of the cells as the chemical 
reactions occur.

L1

Section 3 Assessment

Target Reading Skill Building Vocabulary  Use your 
definitions to help answer the questions.

Reviewing Key Concepts
1. a. Describing  Describe the parts of Volta’s battery and 

how they were arranged.
b. Explaining  What happened when Volta connected the 

parts of his cells in a circuit?
c. Relating Cause and Effect  What caused the event in 

Question b to happen?
d. Explaining  Explain how Volta used Galvani’s 

observations to develop a relationship between 
chemical energy and electrical energy.

2. a. Listing  What are the parts of an electrochemical cell?
b. Summarizing  Summarize how the parts of a cell 

interact to produce a current.
c. Predicting  Would a current be produced if both 

terminals had the same charge? Explain your answer.

3

Wet Cells  There are two kinds of electrochemical cells: wet
cells and dry cells. An electrochemical cell in which the electro-
lyte is a liquid is a wet cell. Volta’s battery consisted of wet cells
because the electrolyte was salt water. The 12-volt automobile
battery in Figure 15 consists of six wet cells. In this case, the
electrolyte is sulfuric acid.

Dry Cells  Flashlights and many other devices use dry cells. A
dry cell is an electrochemical cell in which the electrolyte is a
paste. Figure 15 shows the parts of a dry cell.

Reviving Old Cells Test a flashlight 
with two old D-cells and observe 
its brightness. Then ask a family 
member to remove the D-cells and 
place them in direct sunlight to 
warm up. After an hour or more, 
use the cells to test the flashlight. 
Compare the brightness of the 
bulb in the two tests. Explain what 
your observations indicate about 
the chemical reactions in the 
battery.

Dry Cell

Positive 
terminal

Negative terminal

Carbon
electrode

Zinc electrode

Electrolyte
paste

Positive
 terminal

Wet Cell Negative 
terminal

Sulfuric acid

FIGURE 15
Wet and Dry Cells  
The wet electrolyte in the car 
battery on the left is sulfuric 
acid. The diagram on the right 
shows the parts of a typical dry 
cell. The electrolyte is not really 
dry — it is a paste.  
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Build a Flashlight

 

Prepare for Inquiry

 

Key Concept

 

In order for bulbs to light, they must be part 
of a complete current. The bulb must be 
connected so that the current travels through 
the filament.

 

Skills Objectives

 

After this lab, students will be able to:

 

•

 

make model flashlights that include a 
complete electric circuit

 

•

 

predict the arrangement of circuit 
components that will function as the best 
flashlight circuit

 

•

 

design a better switch

 

Prep Time

 

15 minutes

 

Class Time

 

40 minutes

 

Advance Planning

 

Have students collect and bring in cardboard 
tubes from paper towels and/or bathroom 
tissue. Have several different types of 
commercial flashlights available for students 
to examine.

 

Alternative Materials

 

Provide aluminum foil baking cups instead 
of having students make their own reflectors.

 

Safety

 

Remind students to be careful when using 
scissors. Make sure they wear safety goggles 
throughout the lab. Caution students to 
handle the glass light bulbs gently, as broken 
bulbs can produce serious cuts. Review the 
safety guidelines in Appendix A.

Teaching Resources

 

•

 

Lab Worksheet: 

 

Build a Flashlight

 

Guide Inquiry

 

Introduce the Procedure

 

Have students examine the photo of 
the students working on the flashlight. 
Make sure students can identify all the 
components needed to construct a 
complete circuit.
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Troubleshooting the Experiment
•

 

If the bulb does not light, check to see that 
connections are making firm contact. Test 
the bulb to be certain it is not burned out. 
Test the battery to make sure it can light 
the bulb.

 

•

 

Students may find it easier to construct the 
flashlight if they cut the tube open 
lengthwise on the side opposite the two 
wire holes. This will help them see the 

relative positioning of the various 
components. This may also help in fitting 
the battery in the tube.

 

Expected Outcome

 

Students should make a flashlight that 
includes a complete electric circuit.

Build a Flashlight

Problem
How can you use a battery to build a working 
flashlight?

Skills Focus
making models, observing, inferring

Materials
• one cardboard tube
• one D-cell
• flashlight bulb
• aluminum foil
• paper cup
• duct tape
• scissors
• 2 lengths of wire, about 10 cm each, with the 

insulation stripped off about 2 cm at each end
• 1 length of wire, 15–20 cm, with the insulation 

stripped off each end

Procedure
1. Check that the D-cell fits inside the card-

board tube. Make two holes in the side of 
the tube about 2–3 cm apart. The holes 
should be near the middle of the tube.

2. Use duct tape to connect a 10-cm wire to 
each terminal of the battery. Touch the other 
ends of the wires to a flashlight bulb in order 
to find where to connect them. (Hint: Most 
bulbs have a bottom contact and a side con-
tact. If there is no obvious side contact, try 
touching the metal on the side of the base.)

3. Line a paper cup with aluminum foil. Use a 
pencil to poke a hole in the bottom of the 
paper cup. The hole should be slightly 
smaller than the bulb, but large enough to 
allow the base of the bulb through.

4. Insert the base of the light bulb through the 
hole. Be sure the bulb fits securely.

5. Pass the long wire through one of the holes 
in the tube. Tape it to the inside of the tube, 
leaving about 2 cm outside the tube. The 
other end should reach the end of the tube. 

6. Place the battery in the tube. Pass the wire 
attached to the bottom of the battery 
through the other hole in the tube. (Make 
sure the two wires outside the tube can 
touch.)

7. Make a sling from duct tape to hold the bat-
tery inside the tube.

8. Attach the wires from the end of the tube to 
the contact points on the bulb.

9. Tape the cup on top of the tube, keeping all 
connections tight.

10. Touch the two free ends of the wires 
together to see if the bulb lights. If it 
doesn’t, check to be sure all connections are 
taped together securely.
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Analyze and Conclude

 

1.

 

The aluminum foil is the reflector for this 
flashlight. It reflects some of the light 
forward for better illumination.

 

2.

 

No. The orientation of the battery affects 
only he direction of the current. The bulb 
will light if current is flowing in either 
direction.

 

3.

 

The circuit must include the bulb 
filament, so the bulb must be connected at 
both contact points.

 

4.

 

To make a brighter bulb, add more 
batteries or use a different type of bulb. To 
make the flashlight stronger, use a plastic or 
metal case, or wrap something around the 
cardboard for more strength.

 

5. In the commercial flashlight, there is a 
permanent switch that is easy to operate; the 
case is plastic or metal; the bulb can be easily 
removed and replaced. Commercial 
flashlights must be durable and reliable, and 
operate in a variety of situations.
6. Students’ advertisements will vary. The 
advertisements should include a description 
of how the flashlight works, and special 
features of the flashlight.

Extend Inquiry
Design an Experiment Ask students to 
describe situations in which people rely on 
flashlights (Sample: Camping trips, power 
outages, emergencies) Show them a variety of 
flashlights (disposable, common hand-held, 
camping lantern). Ask students to compare 
and contrast the flashlights by observing 
them closely and carefully. Encourage 
students to determine which flashlights 
would be best for each situation. Students 
should use what they learn in this discussion 
to design a flashlight for a specific purpose.

Analyze and Conclude
1. Inferring  What is the purpose of lining the 

cup with aluminum foil?

2. Drawing Conclusions  Does it matter which 
way the battery is placed in the tube? 
Explain.

3. Making Models  Why does the bulb have to 
be connected at two points in order for it to 
light?

4. Drawing Conclusions  How could you make 
your flashlight brighter? How could you 
make it more rugged?

5. Observing  Compare your flashlight to a 
manufactured one. Explain the differences.

6. Communicating  Write an advertisement for 
your flashlight. In your ad, list the features of 
your flashlight and explain why a consumer 
should buy it.

Design an Experiment
People use different types of flashlights for dif-
ferent purposes. Some are narrow and flexible 
while others are wide and sturdy. Compare sev-
eral different flashlights. Describe the flashlights. 
Note the type and number of batteries required, 
the type of switch used, and any other features 
that you observe. Suggest useful applications for 
each flashlight. Then design a new flashlight 
based on a need that you observe. 


