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Opposites Attract

lectricity powers your television and helps your iPod play

your favourite songs. This power actually comes from atoms.
Inside atoms are tiny particles. Electrical energy comes from tiny
particles called electrons. They zip around inside the atoms that
make up every object and living thing—including youl

Sometimes, electrons jump from one atom to another. As electrons move
between two objects, they cause those objects to build up an electrical charge
That is called static electricity.

If you've ever had one of your socks stick to a sweatshirt when they came out
of the dryer, you've seen static electricity While your clothes tumbled around
in the dryer, electrons moved between the sock and the sweatshirt. That caused
one of them to build a positive charge. It caused the other to gain a negative
charge. Objects with opposite charges are attracted to each other.

Have you ever felt a shock when you touched a doorknob after walking across
a carpet? That's static electricity, too! The shock was caused by electrons
jumping from you to the doorknob.




Meet William Gilbert

William Gilbert (1544-1603) was the first person to

use the term electric. Gilbert was trained as a doctor

He even served as the physician to Queen Elizabeth |
of England: Yet Gilbert also did many experiments on
the properties of static electricity and magnetism In
1600, he published a book called Be Magnete, which
means "On the Magnet” in Latin. The book described
everything that was known about electricity arid
magnetism at that time: William was the first person to
explain how a magnetic compass works. He discovered
that Earth 1s like a giant magnet. The magnetic forces of
Earth move the needle of the compass,




Create Static Electricity
You Will Need:

2 balloons Something made of wool fabric, Fake feather, from a craft store,

such as a sock or sweater or a bit of torn paper tissue

Blow up two balloons.
Tie them closed.

Rub the wool against one of the balloons.
This causes electrons to move from the

wool to the balloon. The balloon will

have a negative charge,
y ff’)%

and the wool will have
a positive charge.

Slowly move the wool Rub the wool against the balloon
toward the balloon. The again. Place the balloon next to
two surfaces have opposite the feather or tissue, Observe

charges, so the wool should what happens.
stick to the balloon.

Place the balloon on a table. Then
@ rub the second balloon with the
wool. Move the balloon toward the
balloon on the table. Observe what
happens. If two objects have the
same charge, they will push each
other away. Do the balloons have the
same charge or an opposite charge?




WHO WOULD HAVE THOUGHT?

People were experimenting with electricity
well over two thousand years ago.
Scientists in Ancient Greece rubbed fur
and cloth against amber. That is a fluid
from trees that has become a hard fossil.
The ancient scientists discovered that the
rubbed amber attracts objects such as
feathers, though they didn't know why. Yet
this attractive force is the result of static
electricity. The word electricity comes from
the Greek word for amber, elektron,
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Lightning Strike!

enjamin Franklin became interested in electricity after seeing a

Leyden jar in action. This special glass jar stores static electricity.
When you touch it with a metal wire, a spark jumps in the jar. Franklin
thought that spark looked a lot like lightning, He wondered: Is lightning
caused by electricity? He designed an experiment to find out.

If he could tell you the story . . .




Meet Benjamin Franklin

‘Benjamin Franklin (1706-1790) was born into a big family in
Boston, Massachusetts. Throughout his life, Franklin made
many new scientific discoveries and inventions. Many of
these inventions had to do with his daily life, When he was
ten years old, he made the world's first swim fins. He made
round wooden paddlasmathemppedm his hands and
Mﬂwhalpeihmshawoﬂforhmﬂimﬂahymm
faster and farther than ever before.

As Franklin gat older, his eyesight started to go bad. He
needed glasses to see objects up close and different glasses
to see things in the distance. Tired of always having to :
people see clearly objects that are both near and far away.

Franklin's experiment proved that lightning was static
electricity. Yet what he did was actually very dangerous.
The next two scientists who tried the experiment were
struck by very strong electrical charges and died.



Create a Little Lightning

You Will Need: i
—ANNNno, Thumbtack
. ﬂ"tf'}'ﬂ 0g DQ% | "
Styrofoam™ plate Piece of Aluminium Pencil with Wiool sock or
plastic wrap pie pan an eraser wool cloth

Mote: This experiment will create a small spark, but it is harmless.
It will be equal to the shock you might get from walking on carpet

™, Push a thumbtack through
the centre of the bottom
an aluminium pie plate.
The point of the tack
should stick out of the
top of the pan.

« . Place the

| plate upside
down on a
table.

with the wool

Pick up the pie
| pan, using the
pencil as a handle.
Place the pan on

the plate, being

™, Push the eraser side I
) of a pencil onto the
~ tip of the thumbtack. ¢ ,._ ’

Rub the plate

for about a
minute.

Darken the room. Slowly move

J your finger toward the pan. Do

you see a spark move
from the pan to your
finger?

careful not to If not, rub

touch either the pan with

one with the wool and

your fingers, try again.
*

™, Take it further! Try rubbing the
J plate with different materials,

~ such as a piece of plastic wrap

or a nylon stocking. Which one
produces the longest spark?

10



WHO WOULD HAVE THOUGHT?

Franklin went on to invent the lightning rod. That

is a metal rod placed on top of a building. Electricity
travels through metal easily. When lightning strikes

near a building with a lightning rod, the electricity

travels through the rod. That way it does not travel .
through the building. e

Before lightning rods existed, many houses and
buildings burned down when they were struck by
lightning. The Empire State Building in New York
City receives about one hundred lightning strikes.
a year. Luckily, the lightning bolts are-draws to
lightning rod on top of the building. j
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Go with the Flow

For many years, scientists experimented with static electricity. They

learned to create sparks of electricity. The first sparks they worked
with did not last long. They wanted to find a way to create sparks that

lasted longer, so that the sparks might be used to power things.

In 1800, Alessandro Volta (1745-1827) created the electric battery. It was the first
item that could produce a flow of electricity that did not stop. His invention was
called a voltaic pile.

Volta's battery was a stack of three types of small disks. He used zinc disks,
copper disks, and disks made of a material like cardboard. The third type was
soaked in a vinegar or salt soluticn. Volta connected a wire to the top and bottom
of the pile. Electrons flowed from the copper disks to the zinc disks through the salt
solution. That created an electric current—a flow of electrons.

In addition to the voltaic pile, Volta invented an electrophorous, an invention
used to store an electric charge and deliver it to another object. Volta did a lot of
wonderful things with electricity. The unit of electric force was named in his honour
in 1881. A volt is a measure of the strength of a flowing charge.




Meet Luigi Galvani

Luigi Galvani (1737-1798) gave Volta the
idea for the battery. Galvani, a doctor, was
dissecting a dead frog to study its body
suddenly the frog jumped! He had touched
twio different parts of the frog's body

with two different metals. That caused the
Irog’s tissues to make a sharp movement.
salvani thought he had discovered electricity
in animals. When Volta heard the story,
however, he thought it must have saomething
Lo do with the metals Galvani was using,
Veita started experimenting with different
metals to come up with his battery.

: TO CONCLUSIONS!




Make a Battery
You Will Need:

Glass 1 teaspoon | teaspoon
of water of salt of vinegar

Pour water into a
small glass until
it is half full. Add

a teaspoon of salt
and a teaspoon
of vinegar to the
water, Mix well,

# .  Soak the paper
( 3 towel squares
in the salt and

vinegar mixture,

™, Wet the tips of your
two index fingers.
Then hold the pile
of coins or strips
between your fingers.
You should feel a little
shock or tingle on your
fingers. What you are
feeling is a small—and
safe—current of
electricity.

14

Paper towels

i 5 pennies and

5 dimes or 5 zinc
Scissors and 5 copper strips

Voltmeter, from
a hardware store
(optional)

Cut nine 3-em by 3-cm pieces
of paper towel.

Place a dime/copper

strip on a table. Cover

it with a wet towel, Put
a penny/zinc strip on
that towel. Cover it with
another towel, Repeat
until the last penny/zinc
strip is on top.

Lo =]

If you have one, use a voltmeter to
@ measure the electric current created by
your battery. Touch the red (positive)
wire from the voltmeter to the penny/
zine strip. Touch the black (negative)
\ wire to the dime/copper strip.
%  What is the voltage?




WHO WOULD HAVE THOUGHT?

The batteries we use today are based

on Volta's battery from 1800. They are
used to power everything from tiny music
players to the International Space
Station. Solar panels on the space station
convert the Sun’s energy into electricity.
That electricity is stored in batteries. The
electricity is available for delivery even
when the station is in darkness.



Magnets and Motors

lke many scientists during his time, Michael Faraday was interested
L in magnetism and electricity. He thought a lot about how they are
connected. It was said that he carried a small rod of iron and a bit of wire
in his pocket. Whenever he had a chance, he would experiment with them.

Eventually, he made an important discovery. He proved that when an electrical current
flows, it creates a magnetic field. Magnets that work this way are called electromagnets.

Faraday invented the electric motor in 1821. He made the dynamo in 1831, A
dynamo turns movement into electricity. The energy of movement is sometimes called
mechanical energy. A motor does the opposite of what a dynamo does. [t turns
electricity into mechanical energy. A motor makes movement.







MAKE YOUR OWN ELECTROMAGNET

You Will Need:
[-cell battery Metal nail Metal paper clips Few metres of

with no coating insulated wire

Note: Have an adult scrape the insulation off the ends of the copper wire.

“, Wrap the wire tightly around a ; Attach one end
1 | nail ten times. | of the wire to =
2 : each of the two

terminals on
the battery.

“», Take the wire off the battery. Then
4 loop the wire twenty times around the

4, Touch the end of the
{ 3 nail to a paper clip.
See how many clips =" nail, in the same direction as before.

are picked up by the Rehook it to the battery. Try again
magnetised nail. to pick up clips. The strength of the
magnetic field should increase.
= T = e e
If your electromagnet doesn’t work,
try the following:
| Check the wire connections to your battery. Note: You can also use a D cell battery if you tape

% Make miore loops arcund the nail. the wire to the battery's top with electrical tape,

3 Try picking up smaller objects.

4 Try a ditferent metal nail

18



WHO WOULD HAVE THOUGHT?

Faraday’s simple electric motor did not do much. Yet his invention led
other people to use electricity to do other things. His dynamo idea is
still being used. Dynamos are at work inside power plants. They provide
electricity to homes and businesses.

19



That’s Bright!

homas Edison knew that one of the greatest things that electricity could
provide was electric light. Edison experimented to create a safe electric
light bulb. He tried to make one that would last a long time.

He worked with three thousand different materials before 1879, when he found one that
lasted for forty hours, His light bulb had a filament that heats up when an electric current
runs through it. The filament becomes so hot that it begins to glow. How would he then
power the bulbs in everyone’s homes?

Edison opened the Pearl Street Central Power Station in New York City in 1882. His
power station provided a flow of electricity. He made his power station produce a current
in which electrons flowed in one direction. This was an important step in creating the
systems that provide electricity to the public today.




Meet Thomas Edison

Thomas Edison (1847-1931) was born in Ohio. As a
young boy, he enjoyed reading and deing experiments in
his basement, He struggled in school. however, perhaps
because he was hard of hearing. Thomas went to schoal
for only three months. After that, his mother home
schooled him

Thomas started working as a paperboy at the age of
twelve, He was hard-woerking and eontinued to do
expenments every chanee he got. He even went back
1o his laboratary to work on his wedding day. All of
that hard work paid off Thomag created moare than g
thousand inventions during-his lifetime.

I'VE GOT
NEWS FOR YOU!




Create an Electric Current
You Will Need:

A g
& V.
1 metre-long pieces 4 pennies or 4 |arge paper Voltmeter, from a
4 lemons of copper wire 4 zinc strips clips hardware store

Roll each of the lemons on a table. - Carefully use scissors to make two
That will loosen the juices inside. 2 slits in each lemon skin. The slits

should be about 3 cm apart.

Stick a penny/zinc
strip in one of the
slits on each lemon.
Stick a paper clip in

Wrap one end of a piece of copper

the other opening wire around the penny/zinc strip in
on each piece of one lemon. Attach the other end of
fruit. the copper wire to the paper clipina

second lemon. Repeat this step until
all four lemons are connected.

' How many lemons would take to
create a current that could light
up a 1.5 volt light bulb?

o
CFESEEE
Use the voltmeter to measure the
electric current flowing along the

lemons. Voltage is a measure of the
force of an electric current.

22



WHO WOULD HAVE THOUGHT?

A number of machines we rely on today exist
because of Thomas Edison’s inventions and
improvernents. Edison invented the phonograph
in 1879. It was the first machine that could record
and play sound. In 1879, he made improvements
to the telephone. He also created a kinetoscope.
That was the first machine that could produce a
moving image. That invention led to the machines
that play your favourite movies in theatres.




Power to the People

n the beginning, all power stations were like Edison’s. The current
flowed in one direction. That was the way electricity was delivered
to homes and buildings. Then Nikola Tesla (1856—-1943) invented a
generator that created a different kind of electricity.

Tesla’s 1887 generator turned around the flow of electrons many times a second.
It was called alternating current (AC) electricity. In many ways, AC cutdid
the older kind of electricity. It could travel long distances with much more power
Today, homes and other buildings are powered by AC electricity.

Imagine if Tesla could tell his story today . . .




Meet James Watt
James Watt (1736-1819) was a
Scottish engineer. Inside every power
plant is a generator that turns one kind
of energy into electrical power It was
Watt's work that helped lead the way
for this. He improved the steam engine
in 1765. That eventually changed the
way we produce electricity, Watt's
steam engine used the pressure from
steam to make electricity.

Mot all of Tesla’s ideas worked out—or at least they
haven't yet. For example, he imagined that one day
we might be able to pull electricity from lightning.



Does Electricity Flow through
Every Material?
You Will Need: E ;

2 strips of aluminium foil,
30 ¢cm long by 3 cm wide

— o=
—_
Testing materials: For example,
1.5-volt light bulb penny or zine strip, paper clip, piece
D-cell hattery 3 clothespins {from a flashlight} of wool, pencil, piece of fruit, leaf

Wrap the end of the other foil strip
} around the bottom of a flashlight

* bulb. Clamp a clothespin over the
foil to keep it in place.

Tape the end of one of the aluminium foil
strips to the bottom end of the battery.

Hold on to the clothespin, Place the bottom 7, Test different materials to see
| of the light bulb against the top end of the if electricity flows through
" battery. Connect the free ends of the foil

*  them well. Use clothespins

together. Use a clothespin to hold them to attach the free ends of
together. That closes the circuit. The bulb the foil strips to opposite
should light up. Separate the foil sides of materials, such as a
s m pieces right after that so they do penny/zinc strip or a paper
A not have a chance to heat up. clip. If the bulb lights up, the

material conducts electricity.
That means electricity flows
through it. The brighter the
light, the better the object is at
condueting electricity.

26



WHO WOULD HAVE THOUGHT?

Waltt's steam engine design led to modern
power stations. Today, roughly 86 percent
of the world's electricity is still created by
power plants with steam engines.
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His invention helped start the Industrial
Revolution. This was the period during the
late 1800s and early 1900s when major
improvements in machines changed life in
a big way. Almost every part of your life

is affected by the changes that happened
during that time.
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Glossary

amber Fossilised fluid from trees.
alternating current (AC) Electricity in
which the flow turns around many times
in a second.

atom Smallest particle of any kind
of matter.

bifocals Eyeglasses with divided
lenses; the top helps people see far
away; the bottom helps people see
things that are close.

compass Instrument that uses a
magnetised needle to show directions.

convert To change from one thing
to another,

copper A reddish-brown metal.

current In electricity, the flow
of electrons.

disk Tiny plate-shaped item.

dynamo Mechanical device that turns
movement into electrical energy.

electromagnet Magnet using the flow
of electrical current.

electrons Tiny electrically charged
particles in an atom.

30

electrophorous [tem that can store
electric charge and deliver it later.

filament Fine metal wire in a light bulb,

generator Machine that makes
electrical power,

International Space Station Space
station being built by numerous
countries, including the United States,
for use by international scientists.

kinetoscope First machine to produce
& moving Image.

Leyden jar Special jar that stores
static electricity.

lightning rod Rod placed on top
of building to attract lightning.

magnetisim The property of
one object’s being able to attract
another object.

mechanical energy The ability of
something that is moving to do useful
work.

particles Tiny units of matter.

phonograph Early machine that
played sound.



solar panels Panels that take in heat
from the Sun and turn it to energy.

static electricity Electric charge that
1s built up yet doesn’t go anywhere.

terminal A point on the battery where
current enters or leaves.

volt Unit measuring the strength
or force of an electric current.

voltaic pile First battery, named
for Alessandro Volta.

zinc A bluish-white metal.

31
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