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Introduction

Most people in the world use electricity every day. Electricity
supplies power our phones and computers, and they light up
our homes at night. But what exactly is electricity! How does it
work with magnetism to supply power to our world?

Electricity and magnetism are a part of physics, which deals
with matter and energy. By doing the experimentsin this book,
you will find that electricity and magnetism are closely linked.
Together they provide the energy we use every day. Without
electricity and magnetism, our lives would be very different.

Asyou carry out the activities in this book, you may need a
partner to help you. ltwould be bestifyou work with someone
who enjoys experimenting as much as you do. In that way,
you will both enjoy what you are doing, If any safety issues
or dangers are involved in doing an experiment, they will
be indicated. In some cases, to avoid danger, you will be
asked to work withan adult. Please do se. We do not want
you to take any chances that could lead to aninjury.

Like any good scientist, you will find it useful to record your
ideas, notes, data, and anything you can conclude from your
investigations in a notebook. By doing so, you can keep track
of the information you gather and the conclusions you reach.
It will allow you to refer back to thingsyou have done and help
youin doing other projects in the future.

Entering a Science Fair

Some of the investigationsin this book contain ideasyou might
use at a science fair. However, judges at science fairs do not
reward projects or experiments that are simply copied from a
book. For example, a diagram of the magnetic field around a
bar magnet would not impress most judges. Finding a unique



way to measure the magnetic force at different distances from
amagnetic pole would be more likely to attract their attention.

Science fair judges tend to reward creative thought and
imagination. It is difficult to be creative or imaginative unless
you are really interested in your project. Choose an investiga-
tion that appeals to you. Before you jump into a project, you
should consider your own talents and the costof the materials
you will need.

If you decide to use an experiment or idea found in this
book for a science fair, find ways to modify or extend it This
should not be difficult because you will discover that as you
carry out investigations, new ideas come to mind. ldeas will
come to you that could make excellent science fair projects,
particularly because the ideas are your own and are interesting
to you.

Ifyou decide to enter a science fair and have never done so,
you should read some of the books listed in the Further Reading
section. These books deal specifically with science fairs. They
provide plenty of helpful hints and useful information that
will help you to avoid the pitfalls that sometimes plague first-
time entrants. You will learn how to prepare appealing reports
that include charts and graphs, how to set up and display your
work, how to present your project, and how to relate to judges
and visitors.

Safety is essential when you do experiments. Your eyes
require particular protection. They can be damaged by chem-
icals or flying fragments. The likelihood of an injury is very
small because most of the projects included in this bock are
perfectly safe. However, read the following safety rules before
you start any project.



10.

Do any experiments or projects, whether from this book
or of your own design, under the supervision of a
science teacher or other knowledgeahle adult.

Read all instructions carefully before doing a project. If
you have questions, check with your supervisor before
going any further.

. Maintain a serious attitude while conducting experi-

ments. Fooling around can be dangerous to you and
to others.

. Always wear safety goggles when doing experiments

that could cause particles to enter your eyes.
Do not eat or drink while experimenting.
Have a first aid kit nearby while you are experimenting.

Never let water droplets come in contact with a hot

light bulb.

. Never experiment with household electricity. Instead,

use batteries.

. Use only alcohol-based thermometers. Older thermom-

eters may contain mercury, which is a dangerous
substance.

Always wear shoes, not sandals, while experimenting.

Your notebook, as any scientist will tell you, is a valuable

possession. It should contain ideas you may have as you

experiment, sketches you draw, calculations you make, and

hypotheses you may suggest It should include the data you

record, such as voltages, currents, resistors, weights, and so on.

It should also contain the results of your experiments, calcula-

tions, graphs you draw, and any conclusions you may be able

to reach based onyour results.



Following the Scientific Method

Scientists look at the world and try to understand how things
work. They make careful observations and conduct research.
Different areas of science use different approaches Depending
on the problem, one method is likely to be better than
another. Designing a new medicine for heart disease studying
the spread of an invasive plant such as purple loosestrife,
and finding evidence of water on Mars all require different
methods.

Despite the differences, all scientists use a similar general
approach in doing experiments. This is called the scientific
method. In most experiments, some or allof the following steps
are used: observing a problem, formulating a question, making
a hypothesis (an answer to the question], making a prediction
(an if-then statement], designing and conducting an experi-
ment, analyzing results, drawing conclusions, and accepting or
rejecting the hypothesis. Scientists then share their findings by
writing articles that are published.

You might wonder how to start an experiment. When
you ohserve something, you may become curious and ask
a question. Your question, which could arise from an earlier
experiment or from reading, may be answered by a well-
designed investigation. Once you have a question, you can
make a hypothesis. Your hypothesisis a possible answer to the
question. Once you have a hypothesis, it is time to design an
experiment to test a consequence of your hypothesis.

In most cases, you should do a controlled experiment. This
means having two groups that are treated the same except for
the one factor being tested. That factor is called a variable.
For example, suppose your question is "Do green plants need
light!" Your hypothesis might be that they do need light To
test the hypothesis, you would use two groups of green plants.
One group is called the control group; the other is called the
experimental group. The two groups should be treated the



same except for one factor. Both should be planted in the same
amount and type of soil, given the same amount of water,
kept at the same temperature, and so forth. The control group
would be placed in the dark. The experimental group would be
put in the light. Light is the variable. It is the only difference
between the two groups.

During the experiment, you would collect data. For
examnple, you might measure the plants growth in centimeters,
count the number of living and dead leaves, and note the color
and condition of the leaves By comparing the data collected
from the control and experimental groups over a few weeks,
you would draw conclusions. Healthier growth and survival
rates of plants grown in light would allow you to conclude that
green plants need light.

Two other terms are often used in scientific experiments—
dependent and independent variables. One dependent
variable in this example is healthy growth, which depends on
light being present. Light is the independent variable. It does
not depend on anything.

After the data are collected, they are analyzed to seeif they
support or reject the hypothesis. The results of one experiment
often lead you to a related question. Or they may send you off
in a different direction. Whatever the results, something canbe
learned from every experiment.
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Chapter 1

The Science of Electricity

It may be hard to imagine a time without electricity. When did
people first learn about it and how was it discovered? [Knowledge
about electricity probably began with Thales of Miletus (640-546
BCE). Thales was an early Greek philosopher. He discovered that
a piece of amber (a hard, colorful fossil resin) would attract many
small objects after being rubbed with a cloth.

William Gilbert (1544-1603) was an English scientist. He was
probably the first to investigate electricity by doing experiments.
He did not simply develop theories to explain observations. He
did experiments to test theories.

The experiments in this chapter must be done in dry air.
Dry air (low humidity) is most cormmon in the winter. Cold air is
quite dry.

In dry air, you can do experiments similar to those done by
Gilbert. Electricity is the study of charged particles. Static elec-
tricity is the study of charges that are not moving. Let's get started
with the first experimentl



11 Static Electricity

THINGS YOU WILL NEED:

puffed rice cereal or a plastic ruler
small piece of a foam cloth

packing peanut drinking straw

tape lump of clay
plastic comb

thin aluminum foil

Be sure to conduct this experiment in dry air.

1. Hang a piece of puffed rice cereal or a small piece of a foam
packing peanut from a long thread. Rub a plastic comb on
your clothing. Bring it near the puffed rice or foam (Figure
la). What happens’

After a short time, the cereal or foam is repelled by (moves
away from) the comb. Why do you think that happens?

2 Gilbertbuilta versorium, which means “turn around” in Latin.
You can build your own versorium. Use a ruler to find the
exact center of a drinking straw. Push the sharp end of a
push pin through the exact center of the straw. Use a thicker
pinoratack to widen the hole.

3. Set the base of the push pinin alump of clay (Figure 1b). Put
the straw on the push pin. Be sure the holeis wide enough so
the straw can turn freely. Gilbert used his versorium to see
which things would attract the versorium when rubbed with
a cloth. You can do the same.

4 Rub acomb with a cloth. Bring it near one end of the verso-
rium. Does the versorium move? Does a glass object, such as
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— thread

puffed cereal

dri nkmg straw

i push pin

clay

aluminum foil ——
plastic ruler

Figure 1. Experiments with electricity in dry air. a) Charge a comb by rubbing it
with a cloth, Hold it near a piece of puffed cereal or a packing peanut. b) Make a
versorium and use it fo test for static charge. c) What happens when charges collect

on a piece of aluminum foil?
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The Science of Electricity

a test tube, rubbed with silk attract the versorium? How about a
large iron nail rubbed with a cloth? What happensif you hold the
versorium near a TV screen? What does the result tell you?

5. Hang a small piece of aluminum foil from a thread (Figure 1c).
Rub aplastic ruler briskly with a cloth. Bring the ruler near the
aluminum. What happens? What do you predict will happen after
a short time? Were you right?

Gilbert tried to explain the attractions you have seen. He said that an
invisible electric fluid exists in some kinds of matter. Rubbing removes
some of the fluid Asthe fluid “flows™ back, it carries other bits of matter
with it But why would objects repel one another? Gilbert had no answer.

13
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12 More Static Electricity

THINGS YOU WILL NEED:

2 plastic rulers glass test tube or

thread glass rod
woolen cloth silk cloth

Benjamin Franklin (1706-1790), one of the United States founding
fathers, was also an accornplished scientist. He was best known for
flying a kite in a thunderstorm to show that lightning is similar to
static electricity. He was also very lucky. Several who tried to repeat
his experiment were killed by the lightning,

Like Gilbert, Franklin believed that electricity was an invisible
fluid. However, he did explain why objects might repel as well as
attract. He knew that objects can become electrically charged by
rubbing. He hung a glass rod from a thread. He rubbed the rod with
a wool cloth. He said the wool gained a lot of electric fluid from the
glass The glass then had less electric fluid. Objects with lots of elec-
tric fluid, he said, were positively charged. Objects with little electric
fluid were negatively charged.

He brought the wool near the glass rod. They attracted (moved
toward) one another. The wool had gained a lot of electric fluid. The
glasshad lost electric fluid. From experiments like this, he concluded
that objects with an opposite charge attract Other experiments
showed him that objects with the same charge repel (push away)
one another.

1. Suspend a plasticruler from a thread. Rub the ruler briskly
with a woolen cloth. According to Franklin, the cloth may
have taken electric fluid from the ruler. Ifit did, what
will happen when you bring the woolen cloth near the
suspended ruler! Try it. Was Franklin right?



The Science of Electricity

2. What will happen if we bring objects with like charges near one
another! Rub a second plastic ruler with the same woolen cloth.
Rub the suspended ruler again with the woolen cloth. Both rulers
are charged in the same way. What do you predict will happen
when you bring the second ruler close to the first one? Try it/
Were you right!

There was no way Franklin could know whether an object was posi-
tively charged (had lots of electric fluid) or negatively charged (had little
electric fluid) He decided to call the charge on a glass rod rubbed with
silk “positive” charge. A rubber rod rubbed with fur attracted a glass rod
rubbed with silk. Therefore, he defined "negative” charge as the charge
found on a rubber rod rubbed with fur. His definition of positive (+) and
negative (=) charge isstill used today.

3. Is the charge on the suspended ruler you rubbed with a woolen
cloth positive or negative? To find out, rub a glass test tube or a
glass rod with a silk cloth. Remember the charge on glass rubbed
with silk is positive.

Bring the glassnear a suspended plastic ruler you have rubbed
with wool. What happens? Does the ruler have a positive or a
negative charge! How can you tell?

4. Remove two strips of clear plastic tape, each about 15 cm (6 in)
long, from a roll. Fold a short length at each end of both strips to
make a tab you can grasp. Hold the two strips near one another.
|s there a force between them? If so, isit an attractive or a
repelling force?

Place the sticky side of one strip on the non-sticky side of the other.
Hold the strips by their tabs and pull them apart. What happens
when you slowly bring the two stripsnear one another! How do
the charges on the two strips compare! |s the charge the same or
different! How can you tell? Determine whether the charge on each
strip is positive or negative.

15
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J. =/ 1+  RepeatExperiment1. using

N 2) =i ) different materials and different

g;_,} cloths. For example, try charging
? pR a..\f" various plastic and wooden

objects, balloons, and other
things with paper towels, rayon, and nylon as
well as woolen and silk cloths. Bring each charged
object near the charged suspended ruler. What
do you find? How many kinds of charge are
revealed by this experiment?

Do an experiment to see how the force between
two charged objects is related to the distance
between them.

Sprinkle some salt crystals on a dark sheet of
paper. Charge a balloon by rubbing it with a cloth.
Hold the balloon over the crystals. Slowly lower
the balloon toward the crystals. What happens?
Can you explain what you observe?



1.3 Charge and Attraction

THINGS YOU WILL NEED:
paper bubble wand

plastic ruler bubble-making
woolen cloth or solution
paper towel faucet and sink

In Experiment 1.1 the puffed cereal was attracted to the comb, but
you had not charged the cereal Why was it attracted? Let's see if
other things can be attracted,

1. Tear a sheet of paperinto tiny pieces. Charge a plastic ruler
by rubbing it with a woolen cloth or a paper towel Bring
the charged ruler close to the pieces of paper. Is the paper
attracted to the ruler/

2. Blow some bubbles using a bubble wand and some bubble-

making solution. Bring a charged plastic ruler near the falling
bubbles. What happens?

3 Charge the ruler again. Hold the ruler near a very thin stream
of water flowing from a faucet. What happens to the stream
of water?

Apparently any of these uncharged items are attracted to a
charged object. To explain these results we assume that matter is
filled with electric charges. An object with a p ositive charge has more
positive charges than negative charges. An object with a negative
charge has more negative charges than positive charges. The elec-
trical attractions you saw are explained by what is called induction.

Suppose the ruler was negatively charged. When you brought
it near the paper, the negative charges in the paper were repelled
by the negative charges on the ruler. The positive charges in the

17
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paper were attracted to the ruler. As a result, the positive charges were
closer to the negatively charged ruler than were the negative charges.
Electrical forces decrease with distance. Therefore, the positive parts
of the paper were more strongly attracted than the negative parts were
repelled. A similar thing happened when you brought the charged ruler
near the bubbles

The stream of water was attracted to the ruler for a somewhat
different reason. One side of a water molecule has a slight negative
charge. The other side has a slight positive charge. Such molecules are
said to be polar. If the ruler carried a negative charge, the positive sides
of the water molecules were attracted to the ruler. The attractive force
between the ruler and the molecules made the stream move toward the
ruler. Of course, the negative sides of the molecules were repelled by
the ruler. But the molecules turned so that the positive ends were closer
to the ruler than were the negative ends. Therefore, the attractive force
was greater than the repelling force. Asa result, the water moved toward
the ruler,

4 Show that either a positively or negatively charged object will
attract a water stream.



1.4 Electric Charge Detection

THINGS YOU WILL NEED:

wide-mouth jar or aluminum foil
drinking glass thin aluminum foil

cardboard plastic ruler

pencil woolen cloth or paper
scissors towel

paper clip

Electroscopes can detect electric charge They can also tell whether

an object is charged positively (+) or negatively (-] You can build a
simple electroscope.

15

Put the open side of a wide-mouth jar or drinking glass on

a sheet of cardboard. Use a pencil to outline the mouth of
the jar or glass on the cardboard. Askanadult to cut out the
cardboard circle.

Unfold a paper clip into an "L shape (Figure 2a). Use the

long end of the paper clip to make a hole in the center of the
cardboard circle.

Crumple a 30-cm (12-in] square of aluminum foil into a ball.
Stick it on thelong end of the paper clip, as shown.

. Use scissorsto cut astrip8 cmx 0.5cm (3 inx 0.25in) from

a piece of thin aluminum foil. Fold the strip in half. Hang it
on the "L" asshown in Figure 2a The two sides of the strip
are the electroscope's “leaves”

. Put the cardboard circle on top of the jar or glass. Tapeitin

place The electroscope is ready for use.

. Rub aplastic ruler with a wool cloth or a paper towel. Slowly

bring the ruler near the aluminum ball without touching it.

19
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—— ballof aluminum foil
cardboard cover

0

glass or jar —

paperclip

aluminum foil
leaves

I R

charged ruler

B

Figure 2. a) You can make an electroscope. b) Ground an electroscope with a charged
ruler nearby.

20
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The Science of Electricity

What happens to the electroscope’s leaves! Can you explain what
happened! How does the charge on the leaves compare with the
charge on the plastic ruler?

. Charge the ruler again. Hold itin one hand away from the
electroscope. Place a finger of your other hand on the aluminum
ball at the top of the electroscope. (See Figure 2b) This grounds
the electroscope. It allows charges to flow through your body to
the earth (ground) Bring the charged ruler near (but not touching)
the top of the electroscope, then remove your finger from the
ball Next, move the ruler away from the ball What happens to
the leaves! Use what you know aboutinduction to explain what
you observed.

. Very slowly bring the ruler toward the aluminum ball again. What
happens to the leaves! What does this tell you about the charge
on the leaves’ Are the charges on the ruler the same or opposite
those on the leaves! How do you know!?

Build a variety of electroscopes.
Explain how they are alike and
how they differ.

Use static electricity to make paper cutouts dance
and a paper wheel or a Ping-Pong ball roll along

a table. Or make a paper strip electroscope, an
electric swing, and other static electric toys.

21
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Chapter 2

The Science of Magnetism

Believe it or not, there are some rocks that are naturally magnetic
One example is lodestone According to legend, magnets are
named for an ancient Greek shephard called Magnes. Magnes
noticed that particles of lodestone stuck to his iron crook.
Lodestone (magnetite) a compound of iron and oxygen, is
magnetic. It attracts iron and some other metals Since ancient
times, small pieces of lodestone were used as comp ass needles to
help sailors navigate.

Thales of Miletus was the first to investipate which rocks
were attracted to lodestone. Then Petrus Peregrinus, in the thir-
teenth century, described what he had learned about magnets.
He explained their polarity and how to identify north and south
poles. William Gilbert, whom you metin Chapter 1, was the first
to do extensive experiments with magnets. He wrote a book titled
De Magnete (Concerning Magnets) You can do experiments
similar to his,



2.1 Magnetic North

THINGS YOU WILL NEED:

thread magnetic compass
tape square or circular
bar magnets, or square  ceramic magnets

or circular ceramic with holesin
magnets their centers

toothpick soda straw
marking pen and tape

1. Use a compass to find magnetic north in the area where you
are experimenting.

2. Using thread and tape, hang a bar magnet or a square
or circular ceramic magnet. Wait for the magnet to stop
turning. Its north pole (or one flat side, if square or round)
will point or be turned in a northerly direction. Ifitis not,
there are other magnetic materials nearby. Move the magnet
to a point far from any metals.

3. If the magnetis not marked, mark an "N" on the end or side
that is northernmost. Mark an “S” on the other end or side.

4. Repeat the experiment with a second magnet. If not marked,

mark it as you did the first magnet.
Theendsorsides of the magnets thatyouhave marked N or

S are called poles. The pole marked N is the magnet's north-
seeking pole. The pole marked Sisits south-seeking pole.

5. Bring the north-seeking pole of one magnet near the north-
seeking pole of the second magnet. What happens?

6. Bring the north-seeking pole of one magnet near the south-
seeking pole of the second magnet. What happens?

23




EXPERIMENTS WITH ELECTRICITY AND MAGNETISM

7. Bring the south-seeking pole of one magnet near the south-seeking
pole of the second magnet. What do you think will happen? Try it
Were you right?

What canyou conclude about the force between like poles of
magnets’ |sitan attractive or a repelling force? How about the force
between opposite poles?

8 Slowly bring the north-seeking pole of a magnet near the
north-seeking pole of a compass needle. What do you think will
happen? Try it! Were you right?

Whatdoyou think willhappenifyouslowly bring the south-seeking
pole of a magnet near the north-seeking pole of a comp ass needle

9. Obtain several square or circular ceramic magnets with holesin

their centers. See if you can make these magnets “float” above
one another on a soda straw.
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The Science of Magnetism
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3/, 1 «)  Make amagnet from a nail. Stroke

1 7) =12 the entire length of the nail with
%rf»;,_,f ¢ abarmagnet. Apply all strokes in

? pr ﬂ.-\“’ _ the same direction with the same

pole of the magnet. After about
thirty strokes, test the nail to see if
it behaves like a magnet.

Investigate ways to remove the magnetic
properties of the magnet you made.

Make a simple compass like ones used by ancient
sailors. Make a sewing needle into a magnet.
Remove the bottom from a foam cup. Put the
foam bottom in a bowl of water. Place the needle
on the foam. Can you identify the magnet's
north-seeking pole?

Make a variety of magnetic compasses from
ordinary materials you can find in your home
or school.

25
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b9 2.2 Magnets and Matter

THINGS YOU WILL NEED:

three file cards another magnet, coins, paper,
flat square orround  nails, copper wire, iron wire,
ceramic magnet aluminum foil, plastic and glass
large steel washer objects, chalk, brass objects,
thick cardboard rubber bands or erasers,

wooden pencils, paper clips,
and other common objects

thread
bar magnet

scissors

tape

marking pen

a friend

magnetic compass

Gilbert's experiments led him to divide matter into three types:
magnets, magnetic matter, and nonmagnetic matter. A true magnet
both attracts and repels another magnet. Magnetic matter can be
magnetized, but is not a magnet itself |t will be attracted to either
pole of a magnet Once the attracting magnet is removed, the
matter will not behave like a magnet Finally, nonmagnetic matteris
neither attracted nor repelled by a magnet.

1. Prepare some mystery cards. Place three file cards side by
side. On one, place a flat square or round ceramic magnet.
On the second, place a large steel washer. On the third, place
a square piece of thick cardboard about the same size as the
magnet.

2. Fold each card in half. Tape the edges together so the objects
inside cannot be seen. Label the cards A, B, and C.



The Science of Magnetism

. Ask afriend to test each card by bringing it near each poleofa
magnetic compass. Can your friend decide which card contains

a magnet?

. Have your friend cover the labels with tape while you are not
watching. Canvyouidentify whatisin each card? What is different
about the way the compass responds to the washer and the
magnet?

. Gather a variety of cbjects and a magnet You mightinclude
another magnet, coins paper, nails, copper wire, iron wire,
aluminum foil, plastic and glass objects, chalk, brass, rubber
bands or erasers, wooden pencils, paper clips, and other common
objects.

. Use tape and thread to suspend a magnet. Then bring the objects
near the magnet.

Divide the objectsinto three groups: (1) things thatattractonepole
of the magnet and repel the other pole; (2) things that attract both
poles of the magnet; (3) things that have no effect on either pole of
the magnet.

What kinds of objects are in each group? Do all metals attract the
magnet?! If an object attracts the magnet, does that necessarily mean
the objectis amagnet/

. Classify the materials you tested into things that are magnets,
magnetic matter, and nonmagnetic matter.

27
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28

Will a magnet attract magnetic

matter if there is other matter

between them? You might try

putting paper, glass, plastic,
wood, water, and aluminum foil between them.
How about the steel in a tin can lid?

How does distance affect the force between a
magnetic pole and the object it attracts?

Put a magnetic compass in an aluminum pan,
then in a steel or iron pan. Why doesn’t the
compass work in one of these pans?



2.3 Earth's Magnetism

THINGS YOU WILL NEED:

cardboard map of the western
bar magnet or a stack hemisphere showing

of ceramic magnets North and South
magnetic compass America and the North
and South poles

William Gilbert was the first to suggest that Earth behaves like a
giant magnet He used a magnetite sphere to make a model of
Earth. By moving a compass over the sphere, he showed that the
compass behaved just as it does on Earth's surface. You can make a
similar model

1. Cut a circle about 15 cm (6 in) in diameter from a sheet of

cardboard. The cardboard can represent a cross-section of
Earth. (See Figure 3.)

2. Place abar magnet or a stack of ceramic magnets along the
model's diameter, as shown. Notice that the magnet's poles
are notin line with Earth's North and South poles.

3. Move a magnetic compass along the model’s surface. Move it
from its geographic South Pole to its geographic North Pole.
What happens to the compass needle asyou move it/

4. Use your model, a map, and a compass to answer the
following questions. Suppose you took a compass to the
Boothia Peninsula, north of Hudson Bay in northern Canada.
Boothia is about 1,200 miles from Earth's geographic North
Pole There, at about 76 degrees latitude, 100 degrees west
longitude, you would find Earth's south-seeking magnetic
pole. Why isit a south-seeking magnetic pole? In what
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North Pole (geographic)
A

Boothia Feninsulla ==

> cardboard model of Earth

compass

Dumont d'Urville

h 4
South Pole (geographic)

Figure3. A model of our magnetic Earth,

direction would a compass needle pointif you were directly
above Earth's south-seeking magnetic pole? In what direction
would a compass needle pointif you were over Earth's north-
seeking pole? That pole isin Antarctica near Dumont d Urville,
about 1,200 miles from Earth's geographic South Pole. It is at
67 degrees latitude and 140 degrees east longitude. (See the
"Answers' section at the back of thebook.)

Earth's magnetic and geographic poles are in different places. There-
fore, compass needles seldom point toward geographic north. Within
a degree, the North Staris directly above Earth's North Pole. At night, a
compass needle is not likely to point in the direction of the North Star.
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For example, a compass near Boston, Massachusetts, will point about
15 degrees west of geographic north. A compass near San Diego, Cali-
fornia, will point about 15 degrees east of north. There are places where
a compass needle does really point north. Such a region lies along the
Georgia-South Carolina border.

The angular difference between geographic north and magnetic
north is called the magnetic declination. However, Earth's magnetism is
constantly changing Therefore mapsshowing magnetic declination have
to be revised frequently.
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2.4 Building a Magnet

THINGS YOU WILL NEED:

an adult nonmagnetized
amagnet bar or strip of steel

hacksaw blade several feet long

magnetic compass magnetic compass
masking tape small test tube with
cork

marking pen

gloves iron filings

William Gilbert made magnets and compass needles by stroking
strips of iron with lodestone (magnetite). You, too, can make
amagnet,

IE

Use a magnet to stroke a hacksaw blade. Stroke the blade
about thirty times. Always stroke in the same direction using
the same pole of the magnet, as shown in Figure 4a.

. Bring a compass needle near each end of the hacksaw blade.

Which end is the north-seeking pole? Which end is the
south-seeking pole?

. Use tape and a marking pen to label the poles of the magnet

you made.

. Askanadult to put on heavy gloves and break the hacksaw

blade in half (Figure 4b) Do you now have two magnets?

- To find out, bring a compass needle near each end of both

halves of the hacksaw blade. Do both halves of the hacksaw
blade now each have their own north- and south-seeking
poles/

Like you, Gilbert discovered that breaking a magnet in half

results in two new poles at the broken ends.
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hacksaw blade
; _
* __ N

? T

)— hammer

Figure 4. a) You can make a magnet from a strip of steel, b) If you break a magnet
in half, will there be poles at the broken ends? ¢) Make a magnet out of a steel bar.

CORRIGHT S0l Robert Casrdner
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By experimenting, Gilbert discovered that he could change an iron

barinto a magnetby hitting it. You can duplicate his experiment.

6.

Find a bar or strip of steel several feet long that has not been
magnetized. To make sure itisnot already a magnet, hold each
end near a compass needle. Ifitis already magnetized, one end
will attract the north-seeking pole of the compass. It will repel
the south-seeking pole. If it is a magnet, try dropping it on a hard
surface a few times. This should erase its magnetism. If not, look
for another bar or strip. Then test it again.

Hold the bar along a north-south line parallel to the direction of
a compass needle. Then turn it downward so it dips about 70
degrees (Figure 4c¢). Hit it several times with a hammer.

8 Test again with a compass to seeif the bar has becorme a magnet

i

Fill a small test tube with iron filings. Put a cork in the tube.
Stroke the test tube with one pole of a magnet. Carefully pick up
the test tube in a horizontal pesition. Hold it close to a magnetic
compass. Has the tube of filings become a magnet?

Investigate why hammering can
change an iron bar into a magnet.
Then demonstrate other ways to
magnetize iron objects.

Shake the test tube of iron filings you used in this
experiment Have you “unmade” (demagnetized)
the magnet? Investigate ways to demagnetize
magnets.



2.5 Dipping Magnet

THINGS YOU WILL NEED:

tape two glasses

round toothpick strong magnet
hacksaw blade magnetic compass

Gilbert noticed that a magnetic compass would not only point north,
but also dip. A compass needle also dipped on his model In fact, it
dipped straight down when it was above the model's south-seeking
pole The dipping compass was further evidence that Earth behaves
like a giant magnet.

To show that a magnet dips, you must first have a balanced,
nonmagnetized strip of metal.

1. Tape a round toothpick to the center of a nonmagnetized
hacksaw blade. Place the ends of the toothpick on two
identical glasses, as shown in Figure 5a.

2 Iftheblade isnotbalanced (level), add a small piece of clay
to the side that is uppermost Move the clay along the blade
until it balances.

3. Remove the blade. Place it toothpick-side down as shown in
Figure 5b. Stroke it about thirty times with a strong magnet
to make the blade into a magnet.

4 Use a compass to determine which end of the blade is the
north-seeking pole. Replace the toothpick on the glasses.

Be sure the north-seeking end of the blade is northern-

most. Notice that the north-seeking end of the blade now

dips down.

The farther north a compass needle moves the more it
dips. Near central Florida, it dips about 60 degrees Near central
Michigan, it dips about 75 degrees. In Boothia Peninsula, Canada, it
dips 90 degrees. How would it turn near Earth's north-seeking pole
in Antarctica? (See the "Answers' section at the back of the book.)
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0 hacksaw blade round toothpick

tape

identical
glasses clay
(if needed)

magnet

0\\&
/ \'

Figure 5. a) Balance a hacksaw blade on two glasses. Use a foothpick as a fulerum, Add a
piece of clay if necessary fo make it balance. b) Magnetize the blade by stroking it with a
sfrong magnet. Then put it back on the two glasses,
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2.6 Mapping Magnetic Fields

THINGS YOU WILL NEED:

bar magnet iron filings (borrow from school,
wooden table or or make by filing steel nails
floor or cutting steel wool into very

sheet of white short lengths)

cardboard about 30  ©one or more magnetic
cm (12 in) square ora  COMPasses

sheet of white paper ~ paper

taped tocardboard  pencil

Michael Faraday (1791-1867) was a great English scientist. He intro-
duced the idea that there are fields of force around magnets and
electric charges. We cannot see these fields, but Faraday discovered
a way to map them. You can map a magnetic field in the same way
Faraday did.

1. Place abar magnet on a wooden table or floor. Place a sheet
of white cardboard on the magnet.

2. Sprinkleiron filings on the cardboard. Tap the cardboard
gently with your finger. You will see a pattern emerge.
Faraday was a visual thinker with no mathematical training.
To him, the pattern of filings revealed magnetic lines of force
Together the lines of magnetic force make the magnetic field
around the magnet visible The filings "feel” the magnetic
force and line up in the direction of the force at each point. The
magnetic force is greatest where the lines are close together,

3. You can also map the field around a bar magnet with a
compass or compasses. Place the magnet on a sheet of
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paper. Put the compass or compasses at various places around
the magnet. Draw a little arrow justin front of the north-seeking
pole of the needle. Thisis the direction of the field. Draw a

dash just behind the south-seeking end of the compass needle.
After you do this a number of times, you will see the magnetic
field pattern emerge. Figure 6 shows a field revealed by many
small compasses around a bar magnet. Isit similar to the one
you drew?

Figure 6. The pattern of magnetic lines of force around a bar magnet can be mapped
by many magnetic compasses,

COPARIGHT Sl Robwrt Gasrdner
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k /i1 ~ Map the field between like and unlike
1r) =~/  poles of two bar magnets.
& N \é’.‘ Fi_gure out away to make a three- _
" PRO dimensional pattern of the magnetic

field around a bar magnet.

Which part of a bar magnet is stronger, the poles or
the middle? Do an experiment to find out.

Use waxed paper and iron filings to make permanent
records of magnetic field patterns.

Determine the magnetic field pattern of a horseshoe
magnet and of a square or disk-shaped magnet.

Will the tiny particles in an iron-enriched cereal
respond to a magnet?

Place the north poles of two bar magnets about 10
am (4 in) apart. Place a small compass between the
poles. Find a point where the compass needle does
not turn toward either pole but is at a right angle to
an imaginary line connecting the poles. Why does
such a point between repelling poles exist? Is there a
similar point for poles that attract?

Investigate how some animals use Earth’s magnetic
field to navigate.



40

Chapter 3

Batteries, Circuits,
and More

Have you ever rubbed an inflated balloon on your shirt and
then stuck it against a wall or your hair? Or perhaps you have
noticed sparks between the blankets and the sheets of your
bed. If so, you have witnessed static electricity in action. During
the eighteenth century, scientists found ways to generate large
amounts of static electricity. Luigi Galvani (1737-1798), professor
of anatomy at the University of Bologna in Italy, had a static
charge-generating machine in his laboratory. He noticed that
the muscles of dissected frogs twitched when struck by a spark
of charge. The frogs' muscles would also twitch when touched by
two different metals. Galvani believed the electricity came from
the muscle. He called it animal electricity.

Alessandro Volta (1745-1827), an Italian physicist, had a
different idea He believed the electricity was caused by touching
the moist flesh with two different metals. His idea led to the
invention of the world's first battery.

A buildup of static charge can cause a sudden discharge —
up-close a spark or, in nature, lightning. Volta's battery provided
a steady flow of charge along a wire. Charge flowing along a wire
iscalled an electric current. You can make a battery similar to one
Volta made. Itiscalled a voltaic pile.

You can measure its voltage (energy per charge) with a
voltmeter. The electric current it generates can be measured with
an ammeter. An ammeter measures electric current (number of
charges per second) in units called amperes (A). Microamperes
(uA) are millionths of an ampere; milliamperes (mA] are
thousandths of an ampere.



3.1 Build Electric Cells

THINGS YOU WILL NEED:

six pennies and six voltmeter®

dimes microammeter”®

paper tDWEI % Arbor Scientific (see

scissors Appendix) sells an

T inexpensive combination
lemon juice ammeter and voltmeter

two insulated wires with that will measure currents
! / in four stages, from O pAto
alligator dipends to 5 A, and voltage from O mV

make connections to50 V.

1. You can make an electric cell Begin by cutting a strip of
paper towel slightly wider than a penny. Cut a square from
one end of the strip. Place the square on a penny. Add a
drop of lemon juice to the square. Put a dime on top of the
wet paper square.

2. Place the penny-paper-dime “sandwich” on an alligator
clip connected to a wire leading to one pole of a voltmeter
(Figure 7a) Press the dime firmly with the alligator clip of
a wire connected to the other pole of the voltmeter. If the
voltmeter gives a positive reading, the connections are
correct. |f the meter moves to the left (to a negative reading),
reverse the connections. The voltmeter's poles are labeled
plus (+) and minus (-). Is the dime or the penny connected to
the positive pole of the voltmeter? The coin connected to the
positive pole of the voltmeter is the positive electrode of the
battery. What is the voltage across the electric cell?

3. Connect the electric cell to an ammeter that can read current
in microamperes. What current is generated by the cell?
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0

paper towel and
lemon juice

J_ dime

penny  alligator clip

paper towel strip

dime

penny

Figure 7. a) An electric cell can be made from a penny, a dime, and a piece of paper
towel soaked with lemon juice. b) A series of cells make up a battery, or voltaic pile.
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4. Make a battery (voltaic pile) from a series of six penny-dime elec-
tric cells. Cut a strip from a paper towel It should be 2.5 em (1in)
wide and 30 cm (12 in) long. Wet the paper strip with lemon juice.
Weave it between a stack of pennies and dimes, as shown in
Figure 7b. Notice that pennies and dimes alternate. Starting with
a penny on the bottom, there should be a dime at the top.

5 Whatis the voltage of the battery you have made! How much
electric current can it generate’

Batteries and Electric Cells

An electric cell consists of two electrodes and an electrolyte. The
electrodes are usually two different metals. The electric cell you made in
Experiment 3.1had a penny as one electrode The other electrode was a
dime. Between the electrodes there is an electrolyte. The electrolyte is
usually a wet or moist material It will allow a charge to move through it.
You used lemon juice as an electrolyte.

It is tedious to build a voltaic pile every time you need an electric
current. |t is more convenient to use D-cells as a source of voltage and
current. ([D-cells are often called batteries. Actually, a battery is two or
more electric cellsjoined together ]

A carbon rod at the center of a D-cell serves asits positive electrode.
The carbon rod sits in an electrolyte of powdered carbon mixed with
manganese dioxide ammonium chloride, and water The entire cell
is enclosed in a zinc can. The zinc serves as the negative electrode By
connecting D-cells end to end you can make abattery.
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3.2 Batteries and Electric Cells

THINGS YOU WILL NEED:

anadult aluminum pie pan
four D-cells wide rubber band

cardboard mailing connecting wires (2)
tube with a diameter  voltmeter that

approximately the measures 0-6 volts
same diameter asthe  ormore

D-cells (about 3.2 cm,  pen or pencil
or1.25in)

shears

notebook

graph paper
ruler

A battery is a combination of several electric cells. You can make a
6-volt battery using four D-cells.

1. Place four D-cells next to a cardboard mailing tube that
has approximately the same inside diameter as the D-cells
(about 3.2cm, or1.25in). See Figure 8a.

2. Askanadult to cut the mailing tube about 1 cm (0.5 in)
shorter than the total length of the four D-cells. Ask the
adult to also cut aslot 2cm (0.75 in) wide along the entire
length of the tube (Figure 8b)

3. Use shears to cut five pieces of thick aluminum from the
thickest part of an aluminum pie pan, which will probably be
the rim. The pieces (tabs) should be about4 emx 2 em (1.5
inx 0.75in). Place them between the cells and at each end
of the battery (Figure &c). The tabs should stick up above
the D-cells so they can be connected to wires. Put a wide




Batteries, Circuits, and More

g ! |

aluminum tabs

Figure 8. a) Place four D-cells head to tail (4 to —). Cut a cardboard mailing tube
slightly shorter than the four cells. b) Cut a slot along the length of the tube. ¢) Place
the tabs between the cells and at each end of the battery. Hold the cells together
with a wide rubber band. d) Measure the voltage across one, two, three, and all four
D-eells. e) Two D-cells are connected in parallel.

CORRIGHT S0l Robert Casrdner
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rubber band around the entire battery. It will hold the cells firmly
against the tabs that serve as connecting points.

4. Connectone, then two, then three, and finally all four D-cells of
the battery to a voltrneter that can read at least 6 volts (Figure
8d). Record the voltage for each connection. What is the voltage
across one D-cell? Across two D-cells! Across three? Across the
entire battery’

5 Plot agraph of voltage versus number of cells Plotvoltage on the
vertical axis and number of D-cells on the horizontal axis. What
canyou conclude from the graph?

Save your 4D-cell battery for other experiments,

Ask an adult to saw a D-cell in
half lengthwise. Can you find the
positive and negative electrodes?
How are the electrodes
separated? Will the D-cell still
workwhen aut in half?

Connect two or three D-cells in parallel (side by
side), as shown in Figure 8e. What do you think
is the voltage across these cells? Why would
anyone want to connect cells in parallel?




3.3 Electric Circuits

THINGS YOU WILL NEED:
D-cell

bare wire about 12 cm (5 in) long
or an unfolded paper clip

flashlight bulb

An electric circuit is a path along which electric charges may travel
from one electrode of a battery to the other. If you connect one
electrode to the other with a wire, that would be a circuit. However,
such a circuit is called a short circuit. [t would make the battery very
hot. The battery would soon stop working. In this experiment you
will build an electric circuit The circuit will consist of a D-cell, a wire,
and a flashlight bulb.
1. See if you can make the bulb glow using one bare wire (or a
paper clip) and a D-cell.

2 Once you succeed, examine Figure 9. Predict which circuits
in Figure 9 will light the bulb. Then test your predictions.
Do not leave any circuits connected for long because some
are short circuits. Which ones are short circuits? (See the
"Mnswers' section at the back of the book )

Try This for Fun!

Build a quiz board using a bulb, D-cell, and wires. Write questions
on the left side and answers on the right. For example the question
could be "What is 2 x 27" The answers: 2, 4, 6, 8 The person being
quizzed tries to connect a wire leading from the question to the
correct answer. When the connection to the right answer is made,

the bulb lights.
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Figure 9. In which arrangements will the bulb light? In which arrangements will it
not light? Which arrangements are short circuits?
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3.4 More Electric Circuits

THINGS YOU WILL NEED:

battery built in pen or pencil
Experiment 3.2 notebook
6.3-volt screw-type bulb  ammeter that

bulb holder measures 0-1
insulated wires with amperes or more
connecting clips graph paper
voltmeter that measures

0-6 volts or more

Scientists use shorthand when they draw circuits. Figures 10a-f
show the symbols used to represent parts of electrical circuits. In
many experiments that follow, this shorthand will be used to show
you the circuits you will need to build.

1. Build the circuit shown in Figure 10g Use the battery you
builtin Experiment 3.2, a bulb, abulb holder, and insulated
wires with connecting clips.

2. Connect a voltmeter across the bulb as shown in Figure
10h. The voltmeter is said to be in parallel with the bulb.
The positive pole of the meter should connect to the side
of the bulb that is connected to the battery's positive
electrode. The negative pole of the meter should connect
to the side of the bulb thatis connected to the battery’s
negative electrode.

3. Whatis the voltmeter reading (voltage] across the bulb when
the battery consists of four D-cells! When it consists of
three D-cells! Of two D-cells! Of one D-cell?
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@ —*I p—— electric cell: the longest line represents the + pole

0 — H HH + battery:cells in a series

@ —@_ bulb: sawtosthed line represents filament

0 —A\\——— electrical resistor
o ———————— wire represented by straight line

—+— solid black circel respresents joined wire

N wires that cross but not joined

o @ voltmeter

G

Figure10. Electrical shorthand makes it easier fo draw circuits,
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. Add an ammeter to the circuit as shown in Figure 10i. The
ammeter isin series with the bulb. 1T you are using a meter that
isa combination ammeter and voltmeter, you will have to move
the meter. If you are using separate meters, you can leave the
voltmeter in place.

- What is the currentin the circuit (ammeter reading) when the
battery consists of four D-cells! When the battery consists of
three D-cells! Of two D-cells? Of one D-cell?

. Plot a graph of voltage versus current. Plot voltage, in volts, on
the vertical axis. Plot current, in amperes, on the horizontal axis.
Does doubling the voltage double the electric current?

. Move the ammeter to the other side of the bulb. It will then be
between the bulb and the positive pole of the battery. Is the elec-
tric current the same asit was before? What does this tell you?

. Add a second bulb to the circuit, as shown in Figure 10j. Connect
to one, two, three, and then four D-cells. For each connection,
look at the bulbs brightness. How does their brightness compare
to the brightness when there was only one bulb? How do the
currents compare?

. Unscrew either bulb. What happens to the other bulb? Why does
it happen?

o1
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Devise a switch so that you can
turn a circuit on or off without

7). % having to connect or disconnect
@ prod the battery.

Build a flashlight with a switch you can use to turn
it on or off.

Design and build your own bulb holder and
battery holder.

Build a simple drcuit with a gap that can be used
to measure the steadiness of a person’s hand.




3.5 Parallel and Series Circuits

THINGS YOU WILL NEED:

two 6.3-volt screw- pen or pencil
type flashlight bulbs notebook
two bulb holders ammeter that
4D-cell battery measures O0-1

insulated wires with ampere or more
connecting clips

voltmeter that
measures 0-6 volts
or more

As you saw in the previous experiment, the electric current was the
same on both sides of the bulb. No charge is used up as it flows
around a circuit. As many charges come into the battery onone side
asgo outon the other

1. Set up the circuit shown in Figure 1ai. The two bulbs are in
series. You can vary the voltage by connecting the circuit
to one, two, three, or four D-cells. The ammeter isin series
with the bulbs. Therefore, the current through the bulbs and
ammeter is the same. The voltmeter is connected across
both bulbs Record the voltage in volts, and the current
in amperes, when one, two, three, and four D-cells are
connected to the circuit.

2. Connect the voltmeter so that it measures the voltage across
just one bulb (Figure 1aii). Do this for one, two, three, and
four D-cellsin series. How do these voltages compare with
the voltages across both bulbs?
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3. Predict the voltages across the other bulb for one, two, three, and
four D-cells in series. Then use the voltmeter to measure them.
Were you right?

4. Predict the currents for one, two, three, or four D-cells in series if
you move the ammeter to the other side of the bulbs. Then move
the ammeter and measure the currents. Were you right?

5 Arrange the bulbs and meters as shown in Figure 11bi. The bulbs
arranged side-by-side like this are said to form a parallel circuit.
Measure and record the voltages and currents when the circuit is
connected to one, two, three, and four D-cells in series.

Figure 11.a) A series circuif has two bulbs in series. b) A parallel cireuit has two
bulbs side by side.
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6. Change the circuit as shown in Figure 11bii. The ammeter now
measures the current through only one bulb. Record the currents
when the circuit is connected to one, two, three, and four D-cells.
How does the current through one bulb compare with the current

that flowed through both bulbs?

7. Predict the current that will flow through the other bulb when the
circuitis connected to one, two, three, and four D-cells. Then
move the ammeter and measure the currents. Were you right?

Increase the number of bulbs in
series until the bulbs no longer
glow. Does this mean thereis no
aurrent in the circuit? How can
you find out?

Build a series circuit using three bulbs that have
different voltage ratings. Will the voltage aaoss
each bulb be the same? Will the sum of the
voltages across each one equal the voltage across
all three?
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3.6 Fruit Cell

THINGS YOU WILL NEED:

lemons copper nail

aluminum or connecting wires
galvanized nail microammeter

You can make an electric cell from a lemon. The inside of the lermon
will serve as the electrolyte. An aluminum or galvanized nail can be
used as a negative electrode A copper nail will serve as a positive
electrode.

1. Squeeze a lemon with your hands to soften it. Stick an
aluminum nail or galvanized nail into the lemon. Stick a copper
nail into the lemon a short distance from the other nail

2. Use a wire to connect the aluminum or galvanized nail to the
negative pole of a microammeter. Use a second wire to connect
the copper nail to the positive pole of the meter. How much
current, in microamperes (pA), is generated by the lemon? Can
you increase the current by squeezing the lemon? By moving
the electrodes?

3. Do you think you can light a flashlight bulb using a lemon cell?
Try it. Were you right?

_.Illl o

Can other fruits and vegetables,
such as oranges, apples, olives,
pickles, and potatoes, be used

as electric cells? If so, which
ones generate the largest
electric currents?
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3.7 Light-Emitting Diodes

THINGS YOU WILL NEED:

2.1-volt light-emitting ~ wide rubber band
diode (LED), purchased  insulated wires

atan electronicsstore  with clips
two D-cells

A diodeis an electronic device that allows electric current to flow in
only onedirection.

1.

2

Examine a light-emitting diode (LED) Notice that one wire
lead is a bit longer than the other

Place two D-cells in series. Hold them together with a wide

rubber band.

. Use aninsulated wire to connect the short lead of the dicde

to the negative pole of the battery. Touch the long lead to
the positive pole of the battery. What happens?

. Reverse the leads. Connect the diode's short lead to the

battery's positive pole. Touch the long lead to the negative
pole of the battery. What happens this time?
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3.8 Circuits and Electrical Resistance

THINGS YOU WILL NEED:

al10-ohmand a ammeter (O-1amp)
15-ohm resistor (bought  voltmeter (0-6 volts)
at an electronics store) pen or pencil

medicine cup or vial notebook
water graph paper

4D-cell battery built calculator (optional)
in Experiment 3.2

wires with connectors

Circuit elements such as lightbulbs, electric motors, and resistors
“resist” the electric current. They reduce the current flowing through
the circuit. Resistors are widely used in electrical appliances to
control current and voltage.

1. Place a 10-ohm electrical resistor underwater in a medicine
cup or avial (We will get to the meaning of ahm shartly )
The water will keep the resistor from getting hot. Be sure the
resistor stays underwater (Figure 12).

2. Connect the resistor to one D-cell. Use an ammeter and a
voltmeter to measure the current through the resistor and
the voltage across the resistor. Record your measurements.

No. of D-cells U;Eg}e [:r::-:r::g U?Lt:l%ﬁ:r::‘t
1 1.5 0.15 10.0
2 3.0 0.31 9.7
3 4.6 0.45 10.2
4 59 0.60 9.8
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Figure 12. A resistor is placed underwater. Measure the current through the
resistor, and the voltage across the resistor, for one, two, three, and four D-cells.
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3. Repeat the experiment using two, then three, and finally four
D-cells. Record current and voltage each time. Use a chart like
the one on page 58. It contains the author's results from the
same experiment.

4 Use the data you have collected to plot a graph. Plot voltagein
volts versus current in amperes. Use a ruler to draw a straight line
through the points.

5. Divide the voltage readings by the corresponding current readings.
The author's calculations are shown in the last column of the
table. How do they compare with yours?

Color of Number it Your resistor stripes were brown-

stripe represents | black- black. Thefirsttwo stripes
represent 1 and O, or 10. The third

black 0 stripe tells the number of zeros
that follow the first two numbers.
Inyour case, black tells you there

brown 1 are no zeros after 10. Therefore

red 7 your resistor is a 10 -ohm resistor.
If your resistor’s stripes were

orange 3 green-violet-red, it would mean it
was a5,70 0-ohm resistor. W hat

yellow 4 would you call a resistor with
red-gray-green stripes?

green 5

blue 6

violet 7

gray 8

white 9

60



Batteries, Circuits, and More

6. Examine the resistor closely. Resistors have colored stripes. The
colored stripes are a code thatis used to identify the resistor.
Each color represents a number. The codeis shown in the chart
on page 60 The first three stripes give the number value of the
resistance. A fourth stripe (gold or silver), which you canignore,
indicates how carefully the resistor was made.

Aresistor ‘resists the currentthatthe battery tries to push through
a circuit. The larger the resistance, the smaller the current. Resistance
ismeasured in ohms. One ohmis equal to one volt divided by one
ampere, or one volt per ampere. Ten ohmsis equal to ten volts per
ampere, and so on. Do your graph and calculations agree with the
stripes on your resistor?

7. Replace the 10-ohm resistor with a 15-chm resistor (brown-green-
black) Repeat the experiment using the 15-ohm resistor with
only the voltmeter connected, taking the ammeter out of the
circuit. Try to predict what the ammeter reading will be when you
repeat the experiment with the ammeter connected. How closely
did your predictions agree with the ammeter readings’

Ohm's Discoveries

Georg Simon Ohm (1787-1854]) was a German physicist. He investigated
the flow of electric current through wires. Ohm discovered a number
of things: (1) Current decreases as the length of the wire increases; (2)
Current increases as the diameter of the wire increases; (3) Current
flows more easily through some metals than through others; (4) Current
decreases as the temperature of the wireincreases.

Ohm is best known for a scientific law he discovered. According to
Ohm's law, theresistance (R) of a circuit element is the ratio of the voltage
(V) across the element to the current (1) flowing through it:

resistance = voltage/current, or R=V/I.

The unit for resistance is named for Ohm. By definition, 1ohm= 1volt

per ampere.
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Examine your data from Experiment 3.4. What was the bulb's resis-
tance when it was connected to one D-cell? To two D-cells! To three
D-cells? To four D-cells?

Why do you think the resistance increased as you increased the size
of the battery? (See the "Answers" section at the back of the book. ]



3.9 Meters and Electrical Resistance

THINGS YOU WILL NEED:

4D-cell battery voltmeter, 0-6 volts
6.3-volt screw-type ~ Or more

bulb pen or pencil
bulb holder notebook

insulated wireswith ~ ammeter, O-1
connecting clips ampere or more

Why do you think an ammeter is placed in series with circuit
elements! Why do you think a voltmeter is placed in parallel with
circuit elements?! To find out, let's measure the resistance of these
meters.

1. Set up the circuit you builtin Experiment 3.4 (Figure 10g).
Connect the bulb to the 4-cell battery.

2. Put an ammeter in series with the bulb. Put a veltmeter in
parallel with the ammeter. What is the current through the
ammeter! What is the voltage across the ammeter? What is
the resistance of the ammeter in ohms?

3. Putboth avoltmeter and an ammeter in series with the bulb.
What is the current through the ammeter, the voltmeter, and
the bulb? What is the voltage across the voltmeter? What is
the resistance of the voltmeter in ohms/

What would happenif you put a voltmeter in series with a
circuit element! What would happen if you put an ammeter in
parallel with a circuit element?
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3.10 Dimmer Switches

THINGS YOU WILL NEED:

pencil lead from a bulb holder
mechanical pencil or paper clip
wooden pencil and battery

anadult

insulated wires with clips
2D-cell battery

2.3-volt flashlight bulb

ammeter
voltmeter

graph paper
pen or pencil

You may have used a dimmer switch (also called a rheostat) It
allows you to control the brightress of alightbulb by turning a knob.
This experiment will showyou how arheostat works

1. Obtain a pencil lead (graphite) used in mechanical pencils.

2. Place a 2.3-volt flashlight bulb in a bulb holder. Use aninsu-
lated wire with clips to connect one side of the bulb holder
to one pole of a 2D-cell battery. Use a second insulated wire
to connect the other side of the bulb holder to one end of
the pencil lead (Figure 13a).

3. Use a third wire to connect the other pole of the battery to
an opened paper clip. Use the paper clip to firmly touch the
pencil lead at different places along itslength. How does
the length of the pencil lead in the circuit affect the
brightness of the bulb? How dim can you make the bulb?

4. Use a battery, an ammeter, and a voltmeter to find out
how the resistance of the pencil lead isrelated to its length
(Figure 13b) Plot a graph of resistance, in ohms, versus
length of the pencil lead in centimeters What does the
graph tell you?
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3.11 Short Circuit

THINGS YOU WILL NEED:

an adult insulated wires with
safety goggles clips

sink thatis dry 6-volt lantern

thin iron wire (such  battery

as a strand of picture
hanging wire)

Do this experiment inadry sink under close adult supervision.
Wear safety goggles, as a smallflame may form.

In Experiment 3.3 you learned that connecting one pole of a battery
to the other with a wire creates a short drcuit. In this experiment
you will create a short circuit on purpose.
1. Obtain a thin piece of iron wire about4 cm (1.5 in] long.
2. Use aninsulated wire with a clip to connect one end of the
iron wire to one pole of a 6-volt lantern cell.
3. Use a second wire to connect the other end of the iron wire to
the other pole of the battery. Watch closely. What happens?

Fromwhatyou sawin this experiment, why canshort circuits
be dangerous?

Fuses are used to open a circuit thatis carrying too much
current. How did the iron wire act like a fuse?

66




k9 3.12 Electric Plating

THINGS YOU WILL NEED:

anadult drinking glass
measuring teaspoon distilled or soft water
2 old teaspoons insulated wires with clips

blue copper sulfate crystals ~ ammeter, 0-5A
(CuSO, * 5H,0) (obtained 6-volt lantern battery
from a science teacher ora  voltmeter, 0-6 V
store that sells swimming pen or pencil

pool supplies) notebook

Many objects are covered with a thin layer of metal The process
used to do thisis called plating. Jewelry is often gold plated. A thin
layer of gold is spread over a less expensive metal.

In this experiment, you will plate an old spoon with copper. To
do this you will need an electric current and a solution containing
copper ions. Copper ions are copper atoms that carry a charge of
+2 (Cu™)

1. Puton plastic gloves and safety goggles, and do this
experiment under adult supervision [{eep copper sulfate
away from your mouth, hands, and eyes.

2. Add 2 or 3 teaspoons of blue copper sulfate crystals to half a
glass of water. Stir to dissolve the crystals.

3. Place two old spoons on opposite sides of the glass. They will
serve as electrodes. The positive electrode will be connected
to the positive pole of the battery. Connect the other
electrode to the negative pole of the battery.

4 Use insulated wires with clips to build a series circuit. The
circuit will consist of the copper plating cell, an ammeter,
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and a 6-volt lantern battery (Figure 14). Add a voltmeterin
parallel with the copper plating cell.

Whatis the current through the copper plating cell? What is the
voltage across the copper plating cell? What is the resistance of
the copper plating cell? Does the resistance change as the process
continues!

5 Wait a few minutes. You will see a thin orange layer of copper
start to collect on one of the spoons. On which spoon is the
copper collecting? Is the copper-coated spoon connected to the
positive or the negative pole of the battery? Why do you think
copper collects on one spoon and not the other!

__copper sulfate solution

__old spoons

Figure 14. A copper plating experiment
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Repeat Experiment 3.12 using

a copper object as the positive
electrode. What happens to the
weight of the copper electrode?
What happens to the weight of
the negative electrode?

Investigate and, under adult supervision, carry
out techniques for plating nickel, zinc, silver, and
chromium.
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Chapter 4

Magnetism
and
Electricity

Magnets and electricity make a powerful team when they are
combined. They are the power behind motors and many other
everyday objects.

For many years, scientists felt there must be a connection
between electricity and magnetism. There were positive and
negative electric charges. Like charges repelled, unlike charges
attracted. Magnets had north- and south-seeking poles. Like
poles repelled, unlike poles attracted.

Despite these similarities, magnets and electric charges
seemed to have no effect on one another. Then, in 1819, Danish
physicist Hans Christian @rsted (1777-1851) discovered the
connection. You can make the same discovery that @rsted did
nearly 200 years ago. This discovery led to Ampére's rule

COPRIGHT Sl Robert Casrdner



4.1 Ampére's Rule

THINGS YOU WILL NEED:

one or more magnetic cardboard box
compasses a partner
long insulated wire with  two insulated wires

connecting clips with clips
4D-cell battery

long, straight piece of

heavy copper wire

1. Put a magnetic compass on a nonmetallic surface such as a
wooden table.

2. Lay a long, straightinsulated wire that has connecting clips at
each end on the compass. Be sure that the wireis parallel to
the compass needle (Figure 15a).

3. Connect one end of the wire to one electrode of a 2D-cell
battery. Briefly touch the other end of the wire to the other
electrode. What happens to the compass needle

4. Place the wire under the compass and repeat the experiment.
What happens? What is the same? What is different?

5. Reverse the wire'sconnections to the battery. What happens’
What does this tell you about the connection between an
electric current and magnetism?

A week after @rsted’s discovery was published, André-Marie
Armpére (1775-1836), a French physicist, devised a rule This rule
enabled anyone to predict the direction of the magnetic field around
an electric current. An experiment will show you how Ampére
arrived athis rule.

"
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compass <l direction

cardboard compass of field

hmj O C-J-J (G

S1C, l

direction
of current

Figure 15. a) What happens fo a compass needle near an electric current?
b) Mapping the magnetic field around an electric current. ¢} Ampére's
right-hand rule is shown here.
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6. Push a long, straight piece of heavy copper wire through one side
of a cardboard box. (See Figure 15b) If you have several magnetic
compasses, place them around the wire as shown. (You could use
iron filings rather than compasses.)If you only have one compass,
ask a partner to slowly move the compass around the wire. Watch
the compass asyou do the next step.

7. Using insulated wires with clips, briefly connect the ends of the
long wire to a 4D-cell battery as shown. The connections form a
short circuit so it should not be connected for more thana fow
seconds. As you can see, the magnetic field lines make a circular
pattern around the electric current.

8 The direction of the field lines can be predicted by Ampéres
“right-hand rule” Pointyour right thumb in the direction positive
charge would flow through the wire (+ to =). Your fingers curlin
the direction of the magnetic field (S to N} around the wire. (See
Figure 15¢) It shows the direction in which north-seeking poles
would point. Do your results agree with this rule?

Flow of Positive Charge

The direction of an electric current is defined as the direction that
positive charge would flow from a positive electrode to a negative
electrode This definition came from Benjamin Franklin. He thought of
electricity as a fluid. It seemed reasonable that lots of fluid, which he
called positive would flow to less fluid, which he called negative. Today,
we know that it is the negative charges (electrons) that actually move
through wires.
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o2® 4.2 A Galvanometer to Measure Current

THINGS YOU WILL NEED:

magnetic compass with cardboard

atransparent baseanda  No. 24 enamel-coated wire
scale marked in degrees sandpaper

(alternatively, make a insulated wires with clips
small protractor of your |

own that can beplaced ¢ 5 |y ¢lachlight bulb

under a compass) O g %
scissors wo 100-ohm resistors

Ampeére realized that the effect of an electric current on a compass
needle could be used to measure current. A small protractor could
be placed under the compass needle. A large turn of the needle
would indicate a large current. A lesser turn would indicate a smaller
current. You can build a galvanometer to see how this works,

1. Find a compass that has a transparent base and a scale
marked in degrees. If you cannot find such a compass, draw
a small protractor of your own on a small piece of paper.
The protractor should be slightly larger than the compass.
You can useit to measure the number of degrees that the
needle moves.

2. Cutan "H" shape from a piece of cardboard. The compass
should fit within the H, as shown in Figure 16a.

3. Cuta piece of No. 24 enamel-coated wire approximately 2
meters (6.5 ft) long. Use a small piece of sandpaper to remove
about 3cm (1in) of enamel from each end of the wire.

4. Wind the wire around the compass, as shown in Figure 16b.
Leave about 5 cm (2 in) at each end of the wire so you can
make connections to other circuit elements.
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0 protractor @

galvanometer

Ol
o

6.3-volt bulb

D)

. R ©zaluannmt.,, _
f/‘ ‘ @ﬂmms

\. ' Deell  §3volt bulb

Figure 16. a) Make a platform for your galvanometer. b) Wrap wire around the
compass parallel with the needle. c) Connect the galvanometer to a D-cell in series
with a bulb, d) Add a 100-ohm resistor to the ecireuit.
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5. Be sure the compassis turned so its needle points to O (zero)
on the scale. Use two insulated wires with clips to connect the
galvanometer to one D-cell. You have a short circuit, so you will
see the needle turn to 90 degrees (maximum deflection). Do not
leave this circuit connected for more than a few seconds.

6. Place a 6.3-volt flashlight bulb in the circuit and connect it to
the D-cell (Figure 16¢). How much is the needle deflected when
connected to the D-cell?

7. Add a 100-ohm (brown-black-brown) resistor to the series circuit
(Figure 16d). How much is the needle deflected when connected
to the D-cell’ How much is the needle deflected if you add
another 100-ohm resistor in series?

Ammeters and voltmeters are more complex than the simple
galvanometer you made. As you have seen, avoltmeter has a
large resistor within it An ammeter has practically no resistance.
A spring restricts its motion.

Save your galvanometer for other experiments.



4.3 Magnetic Forces

THINGS YOU WILL NEED:

thin aluminum foil table or countertop
scissors long, flexible,

ruler insulated wires
tape with clips
wooden dowel 6-volt lantern battery

Ampeére realized that parallel electric currents should exert forces
on each other. The currents would produce magnetic fields, which
would either push the wires together or apart. The direction of the
force would depend on whether the currents were in the same or
opposite directions. To see that this is true, you can do an experi-
ment similar to Ampére’s,

1. Cut a piece of thin aluminum foil about 75 ¢m (30 in) long
and 1.2 cm (0.5 in) wide.

2 Tape a wooden dowel about 15 em (6 in) long to the edge of
a table or countertop. (See Figure 17a) Tape the two ends of
the aluminum foil to opposite sides of the dowel, as shown.
Be sure the foil is not twisted as it hangs from the dowel. Be
sure, too, that the sides of the foil are close together.

3. Clip a long, flexible, insulated wire to one end of the foil.
Connect this wire to one pole of the 6-volt lantern battery.

4. Clip a similar wire to the other end of the foil. Notice that the
current in the two sides of the loop willbe in opposite direc-
tions. Be sure the foil is not moving. Watch the foil closely
asyou briefly touch the other end of this second wire to
the other pole of the battery. Do the sides of the foil move
closer together or farther apart?

17
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briefly touch end to
pole of battery

A

tape

aluminum
foil

Figure 17. a) If currents flow in opposite directions, will parallel wires come together
or move apart? b) If currents flow in the same direction, will parallel wires come
together or move aparf?
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5. Now make the current in both sides of the loop flow in the same
direction. Join the two top ends of the foil by clipping a long,
flexible, insulated wire to them. Clip the other end of this wire to
one pole of the battery.

6. Clip another similar wire to the loop at the lower part of the foil
(Figure 17b].

7. Be sure the foil is not moving and that the two sides of the foil
are close together. Watch closely asyou briefly touch the second
wire to the other pole of the battery. Do the two sides of the foil
move closer together or farther apart?
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4 4 Electric Currents and Magnets

THINGS YOU WILL NEED:

anadult magnetic compass
about 15 meters two insulated wires
(50 ft) of insulated with clips

copper wire No. 24 enamel-coated

empty cardboard copper wire
cylinder from aroll sandpaper
of toilet paper two D-cells

wire stripper or knife wide rubber bands
6-volt lantern battery

Think about Ampére’s right-hand rule. A long coil of wire carrying an
electric current should have a magnetic field similar to abar magnet.
You can do an experiment to seeif thisis true.

1. Obtain about 15 meters (50 ft) of insulated copper wire.
Wind the wire around an empty cardboard cylinder frem a
roll of toilet paper. The length of the coil should be longer
than the diameter.

2. Askanadult to use a wire stripper or a knife to remove about
3cm (1in) ofinsulation from each end of the coil.

3. Use two insulated wires with clips to connect the ends of the
coil to opposite poles of a 6-volt lantern battery. Do not
leave the coil connected for more than afew seconds!

4. Move a compass slowly from one end of the coil to the other.
Watch the compass needle asyou do this. Is the magnetic
field similar to the field around a bar magnet?

5. Think about the direction of the currentin the coil [+ to =).
Using the right-hand rule, what should be the direction of
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the magnetic field inside the coil? Outside the coil? Does the field
you predicted agree with what the compass needle tells you?

. Cut an & meter (26 ft) length of enamel coated wire in half. M ake
each halfinto a coil by wrapping the wire around a D-cell. Leave
about 30 cm (1 ft) at each end of each wire uncoiled. Remove the
coils from the D-cells. Use small pieces of tape to hold the wire
coilsin place.

. Use sandpaper to remove the enamel from about 3 cm (1in) of
each end of the four straight (uncoiled) wires. These straight wires
will be used to make connections to D-cells.

. Attach the two leads from each coil to opposite poles of separate
D-cells. Wide rubber bands can be used to hold the wires firmly
against the D-cell poles. Do not leave the coils connected to the
D-cells for very long or you will wear out the D-cells.

. Predict what will happen if you bring the faces of these two coils
close together while they are connected to D-cells. Can you make
the coils attract one another? Can you make themrepel one
another?
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4.5 The Power of Electromagnets

THINGS YOU WILL NEED:

paper clips insulated wires

large nail with clips
enameled copper wire two D-cells
sandpaper

In 1825, English physicist William Sturgeon (1783-1850) was the first
to make a practical device from a magnet formed by a coil of wire.
He varnished a soft iron rod. This insulated the iron from the bare
copper wire he wrapped around it The soft iron core dramatically
increased the strength of the magnetic coil, which induced magne-
tism in the iron. Sturgeon was able to lift nine pounds of iron with
his electromagnet, which weighed only a pound.

Four years later, Joseph Henry (1797-1878), a teacher at Albany
Academy in New York, made a much more powerful electromagnet.
Henry used insulated wire. By so doing, he was able to wind many
layers of wire around theiron core. Why was Sturgeon unable to make
layers of coils? (See the "Answers" section at the back of the book )

In 1831, Henry supervised the construction of an electromagnet
at Yale University. Itlifted a ton ofiron. This accomplishment earned
him a position as a professor at Princeton University.

You can easily make an electromagnet.

1. Try to lift a paper clip by touching it with a large
unmagnetized nail.

2. Enclose part of the nail in a wire coil by winding a hundred
turns of enameled copper wire around the nail. Alway s wrap
in the same direction. Leave about 30 cm (1 ft) of wire at
each end of the coil.
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. Use sandpaper to remove about 3 cm (1in] of the enamel from
each end of the wire.

. Using insulated wires with clips, connect the ends of the coil to
opposite poles of a D-cell. Do not leave the wires connected for
very long or you will wear out the D-cell.

. How many end-to-end paper clips can you lift with your electro-
magnet? What happens when you disconnect the coil from the
D-cell?

. Remove fifty of the hundred turns of wire you used to make the
coil. How many paper clips can your electromagnet lift now? How
does the number of turns in the coil affect the strength of your
electromagnet?

. Connect the electromagnet to a 2D-cell battery. How many paper
clips can your electromagnet lift now? How does the number of
D-cells connected to the electromagnet affect its strength?

. Prepare another electromagnet. Wrap half the coils clockwise
and the other half counterclockwise. What is the strength of this
electromagnet! Canyou explain why?

Do an experiment to find
out if the size of the iron

core affects the strength

of an electromagnet.

Try cores other than iron, such as pencil leads,
aluminum, copper, lead, glass, plastic, and so on.
Do any of them improve the electromagnetic
strength of the wire coil?
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b 4.6 |s It a Conductor?

THINGS YOU WILL NEED:

things to test: metal items insulated wires
(coins, nails, paper clips), with clips
plasticitems, wooden paper clips
items, paper, wax, chalk, plastic medicine

liquids (water, salt water, cup or vial
sugar water, vinegar,
household ammonia, oil)
6.3-volt bulb

4D-cell battery

galvanometer you built
in Experiment 4.2

Some things [conductors) conduct an electric current. Some things
(nonconductors or insulators) do not. You can find out which things
are conductors and which are nonconductors.

1. Set up the circuit shown in Figure 18a. Test the solid items
you have collected, in turn, with one, two, three and four
D-cells. If the bulb lights, you can be sureyou have a
conductor. Make a list of conductors and nonconductors.

2. To test liquids, slip paper clips over opposite sides of a plastic
medicine cup or vial. (See Figure 18b) Half of each paper clip
should be inside the cup orvial. Pour a liquid to be tested
into the cup or vial. The liquid should cover as much of the
paper clip inside the vial as possible. Connect the paper clip
electrodes to the bulb as you did with the solid iterns. Which
liquids seem to be conductors? Which are nonconductors?

In some of the liquids you tested, you may have seen small
bubbles around the electrodes. Thissuggests electric currents
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liquid being tested
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Figure 18. a) A circuit to test solids for conduetivity. b) A device for testing liquids
for conductivity. ¢) A way fo separate poor conductors from nonconductors.
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86

too small to light the bulb. You can retest questionable items with a
more sensitive indicator.

3. Replace the bulb with your galvanometer (Figure 18¢).

4. Retest items that you think may be poor conductorsbut not
nonconductors. Are there nonconductors that you will now
classify as poor conductors?

|I rh—.
. Ir -.l" e -_'-.

Find out which parts of a
flashlight bulb are conductors
and which are nonconductors.
Do the same for a D-cell. How
do your results help explain what

you found in Experiment 3.3?

Askan adult to help you take a bulb apart. Can
you see the connections that must be made to
make the bulb conduct electric current?




47 Magnetism and Temperature

THINGS YOU WILL NEED:

an adult two insulated wires

thin iron wire (such with alligator clips
as a strand of picture- thread

hanging wire) small square or
duct tape round magnet

two popsicle sticks support for magnet
ruler pendulum

clay

The French chemist Pierre Curie (1859-1906) studied magnetism.
He discovered that magnetic materials, such as iron, cobalt and
nickel, lose their magnetism at specific temperatures. The tempera-
ture at which magnetic material loses its magnetism is called the
Curie point, in his honor. Pierre and his wife, Marie Curie (1867-
1934), also did extensive research with radioactive materials. Marie
received two Nobel prizes, in physics and chemistry, for her work.

To see that magnetic materials lose their magnetism at a
high temperature, you can do an experiment. Do it under adult
supervision because you willbe producing very high temperatures.

1. Cut a piece of thin iron wire about 8 cm (3 in] long.

2. Support the wire by using small pieces of duct tape to attach
it to two upright popsicle sticks. Let about 1.3 ¢m (0.5 in] of
wire extend beyond each stick. Lumps of clay can be used
to keep the sticks upright, as shown in Figure 19. Attach the
alligator clips of two insulated wires to the ends of the iron
wire, as shown.
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3. Hang a small magnet from a thread. The upper end of the thread
can be taped to a beam, a counter or table top, an overhead
light's string switch, or some similar support. The magnet should
be free to swing like a pendulum.

4 Pull the magnet to one side and touch it to the center of the iron
wire, as shown. It should stick to the wire, but it should not touch
either alligator clip outside the popsicle sticks.

5. Connect the other ends of the insulated wires to the poles of the
lantern battery as shown in Figure 19. Theiron wire will get very
hot. As soon as the magnet swings away from the wire, discon-
nect the battery.

What happened to the magnetic property of theiron wire? Why do
you thinkithappened?

magne ~— thread

iron wireJ

duct tape

popsicle
sﬂ?:ks

Figure 19. What happens at the Curie point?
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Chapter 5

Electric Motors

Together, electricity and magnetism can be used to build a
motor. When was the first motor built and who built it/ Michael
Faraday was a self-taught English physicist and chemist. He
built the world's first electric motor and generator. Faraday
was one of ten children born to a working-class family. His
father was a blacksmith. In those days, education was not
available to working-class people. Instead, Faraday went to
work for a bookbinder. This was a fortunate decision because it
enabled young Michael to read a great many books. Luckily for
civilization, his boss encouraged Faraday to attend scientific
lectures as well.

Following a lecture by the great English chemist Humphry
Davy (1778-1829), Faraday was very excited. He sent Davy a
copy of the notes he had taken, along with drawings. Davy was
impressed. He hired Faraday as his assistant. Faraday accepted
the position even though it meant a decrease in salary. From that
point on, until his retirement, Faraday spent most of hislife in the
laboratory. His discoveries led to the worldwide use of electrical
energy. He retired several years before his death because of
failing memory. His memory losses were probably caused by
exposure to mercury vaporsin his laboratory.
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5.1 Electric Motor Principle

THINGS YOU WILL NEED:

six square or round ceramic ~ sandpaper
magnets, or a strong tape
horseshoe magnet cardboard

wire cutter two insulated wires
about 60 cm (2 ft) of with clips

flexible 20-gauge magnet  p_cql|

wire (enamel-coated

copper wire)

In Chapter 4, you learned of @rsted's discovery —the connection
between electricity and magnetism. A year later, Faraday made
the world's first electric motor. His motor consisted of magnets
and wires rotating in cups of mercury. Since mercury is poisonous,
you should not duplicate Faraday's experiment. However, you can
observe the basic principle behind all electric motors.

1. Obtain six square or round ceramic magnets. |oin them
together so their opposite poles attract. Separate them in
the middle so thereis anorth pole on oneside of the gap
and a south pole on the other side.

2 Tape themto a sheetof cardboard so that the gap isabout 1.3
cm (0.5 in) wide (Figure 20a). (If you have a strong horseshoe
magnet, see Figure 20b )

3. Cut a piece of flexible magnet wire (enamel coated copper
wire] about 60 cm (2 ft) long. Remove about 3 cm (1in] of
insulation (enamel) from each end of the wire.

4. Tape the partsof the wire near their ends to the cardboard, as
shown. Be sure the straight portion of the wire lies between
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flexible magnet
wire

horseshoe
magnet

Figure 20. a) Demonstrating the motor principle using ceramic magnets,
b) Demonstrating the motor principle using a horseshoe magnet, ¢) The right-
hand rule: EC = electric current; MF = magnetic field; F = force on current
in the wire.

CORRIGHT S0l Robert Casrdner
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the centers of the magnets' poles; it should be off the surface
and about half the height of the magnets. Attach the clips of two
insulated wires to the ends of the flexible magnet wire. Attach
the other end of one of those wires to one pole of a D-cell.

- Watch the wire between the magnets as you touch the end of

the second insulated wire to the other pole of the D-cell What
happens/

- Turn the D-cell around to reverse the currentin the wire. Repeat

the experiment. What happens this time?

. You can predict the direction in which the wire will be pushed. You

will have to use another right-hand rule. (See Figure 20c ) Turn
your thumb so it is perpendicular to your index finger, butin the
same plane as your palm. Now pointyour thumb in the direction
of the electric current in the wire (the direction the positive
charge would move). Point your fingersin the direction of the
magnetic field (N pole to S pole). Your palm, asyou would use it
to push something, will give the direction in which the wire will
be pushed.

Electric motors work on the basis of thissimple principle. A coil of
wire carries a current perpendicular to the field created by magnets
inside the motor. The magnetic force on the coil causesit to turn. In
the next experiment, you will build a simple electric motor.



5.2 Build a DC Motor

THINGS YOU WILL NEED:

foam cup thin enameled

two large steel copper wire
paper clips sandpaper

tape insulated wires

disc or rectangular with clips
ceramic magnets 4D-cell battery

Turn a foam cup upside down.

. Obtain two large steel paper clips. Unfold one end of each
(Figure 21). Tape them to opposite sides of the foam cup.

. Put two disc or square ceramic magnets on top of the cup.
Put a third magnetinside the cup directly under the others.

- Wind about 30 cm (1ft) of enameled copper wire around
your first two fingers. Leave about 5 cm (2 in] of wire at each
end of the coil you have made.

. Wrap these ends around opposite sides of the coil several
times. This will help keep the wiresin place. Use two small
pieces of tape to hold the coil together.

. Straighten the ends that stick out from opposite sides of the
coil. Use sandpaper to remove the enamel from these ends.

. Put the sandpapered ends of the coil into the loops formed
by the paper clips. Gently turn the coil. It should come very
close to the top of the magnet

- Use wires with clips to connect the poles of a 4-D-cell
battery to the paper clips. Give the coil a gentle flip and
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coil  tape

bare end of wire

|

—— unfolded paper clip

3 magnets
(1inside cup)

foam cup

-~

Figure 21. You ean build a simple DC motor.
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watch it spin. Do not leave the battery connected for more than a
few seconds.

Will the motor work with fewer D-cells! With fewer magnets/ Will
increasing the length of wire used in the coil have any effect? Will an
additional magnethave any effect on the motor?

Direct-current (DC) motors (those

that connect to a battery) require

a commutator to work properly.

Your motor had no commutator.
Find out how a commutator works. Then explain
why your motor works without one.

Build a DC motor that includes a commutator.

Use a small electric motor and electric cells to
build a toy electric car.

Use a small electric motor and three D-cells to
build a three-speed fan.
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5.3 Electromagnetic Induction

THINGS YOU WILL NEED:

enameled wire galvanometer
large nail you made in
sandpaper Experiment 4.2

insulated wires plastic tube or

with clips bottle about
2 inchesin
diameter

microammeter
6-volt lantern battery

bar magnet ok

Faraday knew that moving charges produce a magnetic field.

He knew, too, that a current in a coil acts like a bar magnet. He

reasoned it should be possible to produce an electric current using

magnets. He tried placing large magnets near coils of wire, but

no currents were induced. Then, on December 25, 1831, he made

a discovery. [Actually, Joseph Henry made the discovery before

Faraday, but Henry did not publish his results until after Faraday

did.) You can make the same discovery by doing an experiment

similar to Faraday's.

1. Wind a hundred turns of enameled wire around one half of
alarge nail. Always wrap in the same direction. Leave about
30 cm (1 ft) of wire at each end of the coil. Use sandpaper to
remove about 3 cm (1in) of the insulating enamel from each
end of the wire.

2. Wind a similar coil around the other half of the nail
Sandpaper its ends as well.

3. Using wires with clips, connect the ends of one coil to the
poles of a microammeter.
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4. Use a wire with clips to connect one end of the other coil to one
poleof alantern battery. Connect another wire with clips to the
other end of that coil. Watch the meter as you touch the other
end of this wire to the other pole of the battery. What happens
to the meter! What happens when you disconnect the battery?
You have observed what Faraday saw almost 200 years ago.

Faraday was also famous for his public lectures and demonstrations.
He did a simple demonstration for his audience. It showed that an
electric current isgenerated only when a magnetic field through a
coil is changing You can do the same demonstration.

5 Move a bar magnet about 30 cm (1 ft) from the galvanometer you
made in Experiment 4.2 You will see the compass needle move.
Move the magnet farther from the galvanometer until its move-
ment has no effect on the compass needle.

6. At that distance, use enamel coated wire to make a coil Wrap
fifty windings around a plastic tube or bottle thatis about 5 cm
(2in)in diameter. Sandpaper the ends of the coil. Remove the
coil. Tape the coiled wire together. Use a lump of clay to keep the
coil upright.

7. Use longinsulated wires with clips to connect the galvanometer to
the coil

& Move a bar magnetinto the coil. What happens to the galva-
nometer! Pull the magnet out of the coil. What happens to the
galvanometer! What happens when the magnet is not moving?

How does the rate at whichyou move the magnet affect the current
thatisinduced?

How do you think Faraday explained thisdemonstration to his
audience! How would you explain it/
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5.4 Generating Electricity with
a Motor

THINGS YOU WILL NEED:

an adult milli- or
toy electric motor microammeter
(obtained from ahobby  bicycle

shop, toy store, gloves
or science supply 1.2-volt flashlight

company) bulb
two insulated wires bulb holder
with clips

You now know how an electric motor works. Electric charges are
pushed perpendicular to a magnetic field when they move. The
push causes a coil to turn. The coll is connected to a shaft When
the coil turns, so does the shaft The turning shaft can do work.

Suppose you or some other force turns the shaft This will cause
the coil to turn in a magnetic field. The strength of the magnetic
field through the coil will change. The change will induce a current
in the coil. If you turn the shaft of the motor, it should becorme an
electric generator.

1. The two small metal leads from a toy electric motor are
connected to the motor's coil. Use two insulated wires with
clips to connect those two leads to the poles of a milli- or
microammeter.

2. Turn the motor s shaft with your fingers. Is an electric current
generated? What happens if you turn the shaft faster? Can
you explain why it happens?
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3. Turn a bicycle upside down. Give the front wheel a spin. Askan
adult wearing a glove to hold the motor's shaft against the side of
the spinning tire. Can a reasonably steady current be generated
as the wheel spins’?

4. Connect the motor's leads to a 1.2-volt flashlight bulb in a bulb
holder. Again, askanadult wearing a glove to hold the motor's
shaft against the side of a spinning bike tire. Can enough current
be generated to light the bulb?

Power Plants

For safety reasons, the experiments in this book use electric cells or
batteries as the source of electric current and voltage. However, most
electricity is generated the way your toy motor produced it In electric
power plants, huge wire coils inside giant magnets are turned by large
machines called turbines. The turbines are made to spin by flowing water
or by steam.

These powerplants generate an alternating current (AC). The batteries
you used produce a direct current (DC). Alternating currents, found in
the electricity in your home, switch direction sixty times per second (60
hertz). The voltage across home appliances (such as refrigerators) light
bulbs, radios, and so on must also alternate at 60 Hz. The voltage varies
from O to 170 volts. The average voltage is approximately 120 volts. This
is twenty times the highest voltage you used in your experiments.

Considerable engineering and thought went into the development
of the generators that produce electricity. However, the basic principle
on which they operate was discovered by Michael Faraday. Similarly,
the electric motors found in so many places operate on the principle
discovered by Faraday.
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Figure out a way to use water
power to generate a steady
electric current from your

toy motor. This is the way
electridty is generated in a
hydroelectric power station.




5.5 Electric Bills and Wattage

THINGS YOU WILL NEED:

electric meter electric bill

pen or pencil wattage ratings of
notebook appliances
calculator (optional)

At the point where electric power lines enter your home, there is
a meter. There may be a meter like the one in Figure 22 To read
the meter shown in Figure 22, start from the left The meter reads
61,820. Your power company reads your meter each month to
determine your family's electric bill. The meter measures electric
energy in kilowatt-hours (kWh). Power supplies might charge ten
cents for each kilowatt-hour of electrical energy. To see how they
determine their monthly charge, read one of their monthly bills.

1. Find out when the power company reads your family’s
electric meter. Make and record your own readings at about
the same time.

2. Calculate the number of kilowatt-hours the power company
supplied your home for that month. Does your calculation
agree closely with theirs?

3. The wattage rating of most electrical appliances can be found
somewhere on the appliance. A kilowatt (kW )is 1,000 watts
(1kW =1,000 W). A toaster might have a wattage rating of
750 W, which is 0.75 kW If the toaster is operated for one
hour, the energy requiredis 0. 75 kW x 1h=0.75 kWh.

4. Find the wattage ratings for a number of appliancesin
your home.

5. Calculate the energy in kilowatt hours to operate each
appliance for one hour,
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Figure 21. This is an example of an electric meter used by
electric companies.

6. Estimate the number of hours each appliance is used during

a year. Then estimate the cost to operate each appliance for
one year.

A Few Last Thoughts

When George Washington was president, generating electricity
other than with batteries was unknown. How did people live without
electricity! How did they light their homes! Cool and preserve their
food? Wash their clothes! Obtain their news? Carry out the many other
activities for which we use electricity?



Answers to Questions

Experiment 2.3

The north-seeking pole of a compass or magnet is attracted to
Earth's magnetic pole in Boothia Bay; therefore, that magnetic
pole must be a south-seeking pole.

In Boothia Bay, Canada the compass needle would point
straight down above Earth's south-seeking pole.

In Antarctica the compass needle would point straight up
above Earth's north-seeking pole.

Experiment 2,5

It would turn upward at Earth's north-seeking pole in Antarctica.
The compass needle’s north-seeking pole would be pointing
straight up. You might say it has a negative dip of 90 degrees.

Experiment 3.3

The bulbs will lightin circuits b, ¢ and h. Circuits a, d, and e are
short circuits. Bulbs in dircuits f and g are connected to only one
pole of the D-cell.

Ohm's Discoveries

The resistance of a wire increases with temperature As the
voltage increased, more current flowed through the bulb's fila-
ment. It became brighter and warmer. As the filarment became
hotter, itsresistance increased.

Experiment 4.5

Sturgeon used bare wire If hehad tried to wrap a second layer, he
would have created a short circuit.
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Science Supply Companies

Arbor Scientific

PO Box 2750

Ann Arbor, Ml 48106-2750
(BOO) 367-6695
arborsci.com

CarolinaBiological Supply Co.

PO Box 6010
Burlington, NC 27215-3398
(B00) 334-5551

carolina.com

Connecticut Valley Biological
Supply Co., Inc

82 Valley Road

PO Box 326

Southampton, MA 01073

(800) 628-7748

ctvalleybio.com

Educational Innovations, Inc.
5Francis|. Clarke Circle
Bethel, CT 06801

(203) 748-3224
teachersource.com

Fisher Science Education
300 Industry Drive
Pittsburgh, PA 15275

(B00) 955-1177
fishersci.com

Frey Scientific
80 Northwest Boulevard
Mashua, NH 03061-3000

(800) 225-3739
freyscientific.com

Masco
901|anesville Avenue
Fort Atkinson, Wl 53538

(800) 558-9595
enasco.com/science

Scientifics Direct
537 Main Street
Tonawanda, NY 14150

(B00) 818-4955
scientificsonline.com

Ward's Science

5100 West Henrietta Road
PO Box 92912

Rochester, NY 14692-3012
(800) 962-2660

wardsci.com



Glossary

ammeter Aninstrument (meter) used to measure electric current.

ampere A unitof electric current. Oneampere s a flow of charge
equal to one coulomb per second or 6.25 billion billion electrons per
second.

battery Anumberof electric cells joined in series orin parallel.

current electricity The science of electric charges that
are moving.

D-cell An electric cell that has a carbon rod (the positive
electrode] and an electrolyte of powdered carbon mixed with
manganese dioxide, ammonium chloride, and water. The entire cell
is enclosed in a zinc can that serves as the negative electrode.

electric cell Sometimesincorrectly called a battery, it consists
of two electrodes made of different metals placed in an electrolyte,
When connected to a circuit, chemical reactions in the cell create a
voltage that can cause charges fo flow thiough the circuit.

electric current Aflow of electric charge.

electrical resistance Theratio of the voltage across an element in an
electric circuit to the current flowing through it

electricity Thescience of electrically charged objects.
electroscope Adevice usedto detect electric charge.

fuse A circuit element with little resistance that will meltif a large
current flows through it

galvanometer Aninstrument that can detect and measure an
electric current,

magnet An object thatattracts iron and certain other materials.
It can both attract and repel another magnet.

magnetic compass Asmall magnet that is free to turn. It can be
used to find directions or to map a magnetic field.
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magnetic matter Matter that can be magnetized so that it is
attracted to a magnet, butis not itself a magnet. It is attracted to either
pole of a magnet. Once the attracting magnet is removed, the matter
does not behave likea true magnet.

negative charge Thechargeonarubberrod rubbed with fur.

nonmagnetic matter Matter thatis neither attracted nor repelled by
a magnet.

ohm A unitof electrical resistance. One ohm equals one volt
per ampere.

parallel circuit A dicuit consisting of two or more circuit elements,
such as light bulbs, connected side-by-side so that an electric current
divides as it passes through the circuit.

positive charge The charge on aglass rod rubbed with silk.

resistor A circuit element that is used to reduce electric current
because it resists the flow of electric charges.

rheostat A circuit element that allows you to vary the circuit's
resistance.

series circuit A circuit consisting of two or more circuit elements,
such as light bulbs, connected one after the other.

short circuit A circuitin which a battery’s positive pole is cnnected
directly to its negative pole with no circuit elements other than the
connecting wire. Such a circuit becomes very hot

static electricity Thesdenceof electric charges that are not moving,

volt A unit used to measure the energy carried by a coulomb of electric
charge. One volt is equal to one joule of energy per coulomb of charge.

voltmeter An instrument (meter) used to measure voltage.
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Websites

Exploratorium Teacher Institute

exploratorium.edu/snacks/subject/electricity-and-
magnetism

Select from a wide choice of activities focused on electricity
and magnetism.

Ohio State University: Wonders of Our World
wow.osu.edu/experiments/electricity/eleclisthtml
Check out the games, quizzes, and experiments related to electricity.

US Energy Information Administration

eia.gov/kids

Learn aboutenergy sources, including electricity, and ways
to save energy.
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