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NEW WORDS

force
* net force
* contact force
* non-contact
force
* newton

DID YOU KNOW?

The Newton is defined
as the force needed to
accelerate Tkilogram of
mass at 1 metre per
second squared (m/s2).

1.1 Types of forces

What is a force?

Think of the following situation: You are all helping your teacher to rearrange
the classroom and she asks you to move her desk from one side of the
classroom to the other. How would you do that? The desk is too heavy for you
to lift, so how do you get it across the classroom?

That is right, you are going to either push it or pull it across the room. In doing
so, you have exerted a force on the desk to get it to move.

A force is a push or a pull on an object.
The unit in which we measure force is a
newton (N).

The newton is named after Sir Isaac
Newton, an English physicist and
mathematician. Sir Isaac Newton is
recognised as one of the most influential
scientists of all times. The unit of force is
named after him in recognition of his work
in mechanics and his three laws of motion.

Sir Isaac Newton
(25 December 1642 - 20 March 1727).




We use forces every day of our lives. Our own bodies rely on forces. Our
muscles pull on our bones to allow us to move. Our feet push on the ground
when we walk. To open doors, to pick up our food - everything we do involves
some kind of force.

What can forces do? Let's experiment with forces and see what we can do.

ACTIVITY: What can forces do?

This activity is all about experimenting with different objects and seeing what
happens to them when we push and pull them. Learners should see that
pushing on solid objects accelerates them. Pushing or pulling on sponges,
balloons and play dough distorts their shape and the ball can be made to move.
Each group will need the materials listed below.

MATERIALS:

* blocks (wooden or metal)
e sponge or piece of foam
* ball

* blown up balloon

e putty or play dough

INSTRUCTIONS:

1. Work in groups of 2 or 3 as you follow the instructions and describe the
effects of the forces that you are applying.

2. Start with the ball and place it on the ground. Push it towards your partner.
What were you able to cause the ball to do by pushing it? DID YOU KNOW?

In 1687, Newton
published Philosophae

Naturalis Principia
3. When one of you pushes the ball to the other, the third person must give

the ball another push at an angle to the direction in which it is already
moving. What were you able to do to the direction in which the ball was
moving?

Mathematica, which is
often thought of as one
of the most important
books in the history of
science. Init he

describes universal

gravitation and the

4. Exert a force in the opposite direction to its movement while it is already three laws of motion.
moving. What are you able to cause the ball to do?

5. Exert a force in the same direction to its movement while it is already
moving. What are you able to cause the ball to do?




6. Pick up the piece of putty or play dough. Exert pulling or pushing forces
on it. Try this out with the blown up balloon too. What are you doing to
the shape of the putty or play dough and the blown up balloon?

7. Push and pull the wooden blocks. Are you able to change their motion?
Are you able to change their shape?

8. Pick up the piece of sponge and twist it. This is also a type of force which
changes the sponge’s shape.

9. Press the sponge between both hands. This is called compression.

Effects of forces

From the last activity, you should have seen that forces can have the following
effects:

* Forces can change the shape of an object. This is called deformation.
e Forces can change the motion of an object. If an object is stationary, a

NEW WORDS force can cause the object to start moving. Or, if an object is already
: f/gf:c‘fty moving, a force can cause an object to speed up or slow down.
+ acceleration « Forces can change the direction in which an object is moving.

* deformation

How do we describe the motion of an object? When an object is moving, we say
it has a velocity. Velocity is the rate of change of the position of an object.
Velocity is the speed of an object and the direction in which it is moving. Speed
describes only how fast an object is moving, whereas velocity gives both how
fast and in what direction the object is moving.

An object can move at constant velocity. This means it travels at the same
speed in the same direction. For example a car travelling along the highway at
100 km/h in a straight line has a constant velocity. However, what happens
when the car moves faster or slows down?

We saw in the last activity that we could change the motion of an object by
applying a force to make it speed up or slow down. The velocity of the object is
changing over time due to a force acting on it. This is called acceleration.
Acceleration is the rate of change of a body's velocity with time. In other words,
it is @a measure of how an object's speed changes every second.

Energy and Change




ACTIVITY: Is it a push or a pull?

INSTRUCTIONS:

1. Look at the pictures in the table.
2. Describe the action in each image.
3. Decide if the force being exerted is a push or a pull.
4. Describe the effect of the force.
Action Push or pull? Effect
Kicking a ball.
Moulding clay.
Playing with a toy
wagon.

Chapter 1. Forces




Action Push or pull? Effect

A rocket blasting off
into space.

Exercising on a bar.

QUESTIONS:

1. In the example of the girl kicking the ball, which is the object experiencing
the force and which is the agent of the force (i.e. the body which is
applying the force)?

2. When moulding clay, which object is experiencing the force and which
object is the agent?

Pairs of forces

We are now going to do another practical activity to investigate another
concept about forces.

Energy and Change




ACTIVITY: Pairs of forces

INSTRUCTIONS:

1.

Work in groups of three for this activity.
First, go up to your classroom wall and push against it. Describe what you
feel below.

. When you push on the wall, do you think the wall is pushing back on your

hands? How does this force compare to the force you are exerting on the
wall?

Stand in a triangle with your two partners and hold hands. Pull on each
others' hands. Do you feel your partners' hands pulling back as you pull?

Still standing in a triangle, place your palms up against each other and
push against each others’ hands. Do you feel your partners’' hands pushing
back as you push?

Next, stand shoulder-to-shoulder with your two partners. The two learners
on the outside must push against the shoulders of the learner in the middle.

6. What happens when you both push with the same force?

7. What happens when one of you pushes with a harder force than the other?



DID YOU KNOW?

What we have
described here is
actually Newton's Third
Law of Motion. The law
states that when one
body exerts a force ona
second body, the
second body
simultaneously exerts a
force equal in strength
and opposite in
direction to that of the
first body.

8. Next, the learner in the middle must stretch out his or her arms. The

learners on the outside must pull on the middle learner's hands in opposite
directions.

9. What happens when you both pull with equal force?

10. What happens when one of you pulls with a stronger force than the other?

1. What happens when one of you pulls and the other pushes?

What we saw in the last activity is that whenever one object exerts a force on a
second object, the second object exerts a force back on the first object. You
saw this when you pushed against a wall. We say that forces act in pairs.
Newton called the one force the action, and the other force the reaction, as
shown in the following diagram.

We also saw that when you exerted a force on the wall, you experienced the
wall exerting a force back on you. Forces act in pairs on different objects. The
force exerted by the second object is equal in strength and opposite in
direction to the first force.

Energy and Change




In the last activity, we also saw that more than one force can act on an object at
the same time. For example, when two of you were pushing or pulling on your
friend in the middle. The effect of the different forces acting together depends
on how big each force is and what direction each force is acting in. When two
or more forces act on an object, then the forces combine to make a net (overall)
force.

What happened when both of you pushed or pulled with an equal force?

When the forces are equal to each other and opposite in direction, they balance
each other and we say that the net force is O N.

What happened when one of you pushed or pulled harder than the other
person?

When the forces are acting in opposite directions, but are not equal, we say that
the net force is greater than O N. There is a resultant force. If the forces are
equal and acting in the same direction there will also be a resultant force.

Imagine a tug-of-war. People on either side pull on the rope. If they exert forces
of equal size then the rope remains stationary. If one group is able to exert a
larger force than the other group, then the rope will move in the direction of the
larger force. This is because the forces are unbalanced and there is a net
(resultant) force acting in the direction of the larger force.

Playing tug-of-war

You also saw that one of you could pull and the other could push in the same
direction. In this case, there was a much larger net force as both forces were
acting in the same direction and so they add together to produce a bigger
overall net force.

We can work out the net forces acting on a body. To do this, we first need to
speak about how we represent the forces acting on a body.

Representing forces

How do we show a force? When we want to draw a diagram to show what
forces are acting, we use arrows to represent the forces. We always show
forces acting from the centre of the object on which it acts.

Chapter 1. Forces

TAKE NOTE

If you take Physical
Sciences in Gr. 10-12,
you will study Newton's
laws in more detail in
Gr. 11. You will see how
these three laws laid the
foundation for classical
mechanics, one of the
oldest and largest
subjects in science,
engineering and
technology.




If we were to draw the force on a ball when it is pushed, it could look like this:

VisIT

Discover more online as
you interact with this
simulation on forces and
motion.

bit.ly/1gme5Cr

The direction of the arrow shows the direction in which the force is acting, and
the length of the arrow is an indication of the size of the force. A small force
would be shown with a short arrow. A large force would be shown with a long
arrow.

More than one force can act on an object at the same time. The effect of the
different forces acting together depends on how big each force is and what
direction each force is acting in.

Let's look at how we can represent the following situation: Jabu pulls Rod's arm
with a force of 10 N, while Viantha pulls Rod's other arm with a force of 6 N.

TAKE NOTE

The force exerted by
Viantha is given a
negative value as it is in
the opposite direction
to the force exerted by
Jabu.

We can represent the forces acting on Rod in the following way: we use a circle
to represent Rod and different length arrows to represent the forces acting on
him. This is called a free-body diagram.

What is the net force acting on Rod? We can calculate it as follows:
net force =10 N + (- 6 N) = 4 N to the left.

If the forces all act in the same direction then the net force is the sum of the
different forces.

Energy and Change
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Imagine you are pushing someone in a go-cart, and your friend comes to help

you push harder. There are now two forces acting on the person in the go-cart. DID YOU KNOW?
These forces are acting in the same direction so they are added together to .

. . The functioning of a
produce a net force which is the sum of the two smaller forces. <oring balance

dependent on Hooke's
Law which states that
when a force stretches

or compresses a spring,
the distance that the
spring moves from its
rest position is directly

proportional to the size

of the force.

How do we measure a force?
We use an instrument called a
spring balance. A spring
balance is a simple device
consisting of a spring which,
when stretched, gives a reading
of the force used to stretch the

spring.

A spring balance.

Types of forces

So far, we have looked at forces acting on an object when the object causing
the force is in contact with object experiencing the force. Do we always have to
be in contact with an object in order to exert a force?

ACTIVITY: Can forces act over a distance?

MATERIALS:

* bar magnets
* metal paper clips

INSTRUCTIONS:

1. Place one of the bar magnets on the table.
2. Bring the north end of another bar magnet close to the south end of the
first bar magnet. What happens?

3. Bring the north end of one bar magnet close to the north end of the other
bar magnet. What happens?

Chapter 1. Forces




4. Place the paper clips on the table.

5. Bring a bar magnet over the paper clips. What do you observe?

VISIT

Learn more about Hooke's
Law and how springs
stretch depending on the
mass with this simulation.

bit.ly/lcwebT9

QUESTIONS:

1. Did you have to touch the bar magnets together before they would attract
each other?

2. Did the paper clips move towards the magnet?

3. What caused the movements?

There were forces exerted by the magnets but they did not have to touch each
other. That means that you do not have to be in contact with something in
order to exert a force on it.

There are two types of forces:

NEW WORDS » Contact forces: objects are in contact with each other and exert forces on
« friction

* normal force each other. . i . i
* tension * Non-contact (field) forces: objects are not in contact with each other and
* compression exert forces on each other.

We are now going to look at these two broad groups of forces in more detail.

1.2 Contact forces

Contact forces are forces between objects which are touching each other. Most
of the forces that we looked at in the previous section were contact forces, for
example, when you push a desk, or pull a go-cart. You are touching the object.

Friction

What happens when you kick a ball across the grass? The ball moves quickly at
first but then slows down again. Something has caused the ball to slow and stop
moving. If the motion of the ball has changed then a force must have been

exerted on it. The force which opposes motion is called friction. Friction forces
always act in the opposite direction to the motion of the object. Friction resists
movement when the object and surface are in contact. What does that mean? It
means that if the ball is moving forward then friction acts backwards on the ball.

Energy and Change
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The following image shows a ball which has just been kicked. Draw an arrow to
show in which direction friction would be acting. TAKE NOTE

As we will see later on,
there are also other
forces acting on this

system such as friction

and weight.

What factors will affect the amount of force required to move objects? We
need to look at all the forces acting on an object. Do you remember the
following diagram from the beginning of the chapter?

We only showed the forces of the two learners pushing on the go-cart. What
other forces are acting on this go-cart as it moves along?

Friction is acting on the go-cart in the opposite direction to the motion of the
go-cart. The go-cart also has a weight. As we learnt in Gr. 8 Planet Earth and
Beyond, an object on earth has weight due to the gravitational force of
attraction of the Earth on the object. This is a force acting on an object.

We can now draw the friction and weight in the free-body diagram of the forces TAKE NOTE

acting on the go-cart as follows. We will learn more
about weight and the

gravitational force in
the next section.

Chapter 1. Forces




There is another force acting on the go-cart. Think of when you stand on the
ground: you feel the ground beneath your feet. This contact force is preventing
you from penetrating the ground. This is called the normal force.

The normal force always acts perpendicularly to
the surface that the object is resting on.

In simple situations such as when you are
standing on the ground or the go-cart is
travelling along a level surface, then the normal
force is equal to the weight of the object, but in
the opposite direction. Think back to what we
learnt about forces acting in pairs. On a flat,
level surface, the normal force is the reaction
force to the weight of the object. This is shown
in the diagram for a box resting on the floor.

We can now complete the free-body diagram of the forces acting on the
go-cart as follows.

VISIT

Explore the forces at work
when you try to push a
filing cabinet in this
simulation.

bit.ly/190ewvW

Do you think there is a relationship between the friction that a body experiences
and the normal force? Let's investigate.

INVESTIGATION:  What is the relationship between
the normal force and friction?

INVESTIGATIVE QUESTION: What is the relationship between the normal force
and friction?

AIM: To determine the relationship between the normal force and the size of the
frictional force.

In the situations that we are going to investigate, the object will be pulled along
on a flat, level surface. We will increase its mass and measure the resulting
frictional force. But how does this relate to the normal force?

Where the object is on a flat level surface, the normal force is equal to the
weight. As you learnt in Gr. 8 Planet Earth and Beyond, and will see in the next

Energy and Change
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section, we can calculate the weight of an object. We can therefore calculate
the normal force acting on the object. TAKE NOTE

For this investigation, calculate the weight using the formula W = m x g, where We take three readings

m is the mass of the object in kg and g is 9,8 m/s2. We will learn more about this
in the next section.

and then calculate an

average. This increases
the reliability of the

MATERIALS AND APPARATUS: results.

« wooden blocks with different known masses or mass pieces
* wooden block with a hook

e spring balance

* triple beam balance or electronic scale

METHOD:

1. Measure the mass of the wooden block with a hook with the triple beam
balance. Record the mass in the table. Calculate and record the normal
force.

2. Put the wooden block with the hook on the table. Attach the spring
balance to the hook. Make a small mark on the desk from which to start
pulling the block.

3. Pull sideways to the point that the block just starts moving.

4. Record the force reading in the table below. Repeat this three times for
the wooden block.

5. Put a mass piece on top of the wooden block. Record the total mass.
Calculate and record the normal force. Pull it sideways to the point that it
starts to move. Record the force. Repeat this three times. In each case,
start the block from the same position and pull gently.

TAKE NOTE

We are measuring the
static friction, which is
the friction between
two objects that are
NOT moving. We
measure it as the
minimum force required
to start the block
moving.
6. Repeat the experiment for larger masses and complete the table.
RESULTS:

Table to record the force required to overcome the frictional force and move
the block.

Normal Reading 1 | Reading 2 | Reading 3 | Average

Mass (k9) | torce (N) | (N) (N) (N) (N)




Plot a graph of the average force applied to the block at rest against the normal
force of the block.

1. Which is the dependent variable?

2. Which is the independent variable?

Energy and Change




ANALYSIS:

1. Draw a labelled free-body diagram of all the forces acting on the block just
as it is about to start moving.

2. Why is the weight on the block being changed when the aim of the
investigation is to find out how the normal force affects frictional force?

3. Why are three readings taken for each setup and an average calculated?

4. What is the shape of your graph?

5. What does the shape of the graph tell us about the relationship between
the normal force of the block and the friction force?

Chapter 1. Forces

TAKE NOTE

The force applied to the
point at which the block
starts to move is equal
to the frictional force
acting on the block.




DID YOU KNOW?

Friction between two
surfaces also causes the
objects to heat up. Try

this out by rubbing your

hands vigorously
together and then feel
your palms afterwards.

VisIT

Learn more about how
friction causes a material
to heat up and melt. Rub
two objects together and
they heat up. When one

reaches the melting
temperature, particles
break free as the material
melts away.

bit.ly/190eYdz

6. What do you think would happen if the block was not placed on the
smooth desk, but rather on a rough surface, or a much smoother surface?
Will this affect the results?

CONCLUSION:

1. Write a conclusion for this investigation.

2. Repeat the investigation and take some readings from the spring balance
once the block is moving. How do the readings for the stationary block
and a moving block compare? |s there a difference?

The force of friction depends on the type of surface on which an object is
moving and the normal force. In order to get an object to move, a force greater
than the frictional force needs to be applied in order to overcome the friction
between the object and the surface.

We can now look at the example of pushing a friend in a go-cart again. There is
friction between the go-cart and the ground. The friction acts in the opposite
direction to the forces pushing the go-cart forward. Therefore, if there are two
forces of 7N and 10N pushing the go-cart forward, and the friction is 5 N, we can
show only these forces as follows:

What is the net force acting on the go-cart?

Friction is advantageous for a number of reasons. For example, the friction
between our feet and the ground enables us to move forward and prevents us
from slipping. Friction is also involved in keeping cars from skidding as the tyres
experience friction between the tread and the roadway.

Energy and Change



http://bit.ly/19OeYdz

Tension and compression

There are other forces which are contact forces. Look at the following drawing
of a boy pulling on a block with a rope.

The person is pulling the rope which is pulling the block. The person is not
touching the block directly. The person is pulling the rope and the block is
pulling back on the rope in the opposite direction. This causes a tension force
to exist in the rope. The rope is tight and so there is tension in the rope. Tension
is a contact force. The tension in the rope pulls the block across the floor.

Another example of a contact force is compression. A compression force is a
force which acts to deform or squash an object. Let's think of some examples.

If you take a ball of dough and crush it with your fingers, you are exerting a
compression force on the dough. The dough changes shape. It deforms.
Another example is crushing a tennis ball or a cooldrink can between the palms
of your hands.

Crushing dough. Compressing a tennis ball.

Can you think of some other examples?
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NEW WORDS

« gravitational
force

* magnetic force

« electrostatic
force

« field forces

« attraction

* repulsion

The following diagram summarises the difference between tension and
compression.

Tension forces are two forces acting on one object in opposite directions
(away from each other) to stretch the object. Compression forces are
two forces acting on one object in opposite directions (towards each

other) to compress or deform the object.

There are many other examples of compression forces in everyday life. A bridge
experiences both compression and tension due to the weight of the cars and
other vehicles which pass over it as shown in the following diagram.

We have been looking at contact forces, which include friction, normal forces,
compression and tension. We are now going to look at the forces that act
between bodies which do not touch.

1.3 Field (non-contact) forces

A field is a region in space where an object (with certain properties) will
experience a force. Field forces are non-contact forces. Non-contact forces are
forces which act over a distance. They do not have to be touching.
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The most common examples of fields are:

* gravitational field
* magnetic field
* electric field

When we discussed contact forces, we spoke about pushes and pulls. However,
with field forces, it is better to talk about repulsion and attraction.

Gravitational forces

Have you ever wondered why things fall down and not up?

The force which causes things to fall down towards the Earth and prevents us
from falling off the planet is the gravitational force. Gravitational forces exist
between any two objects with mass and they are forces of attraction (pull).

The gravitational force is a force that attracts objects with mass towards each
other. Any object with mass exerts a gravitational force on any other object with
mass. The Earth exerts a gravitational pull on you, the desks in your classroom
and the chairs in your classroom, holding you on the surface and stopping you

from driftin

g off into space.

The Earth's gravitational force pulls everything down towards the centre of the
Earth which is why when you drop an object like a book or an apple, it falls to
the ground. However, do you know that you, your desk, your chair, and the
falling apple and book exert an equal but opposite pull on the Earth?

Why do you think these forces on the Earth do not cause the Earth to move

noticeably?

The arrows show the direction of the gravitational field of the Earth.
The arrows all point towards the centre of the Earth because the

gravitational force is always attractive.

Chapter 1.

Forces

DID YOU KNOW?

Newton developed his
Law of Universal
Gravitation, describing
the force of attraction
between bodies with
mass in 1687. Newton's
work on describing a
theory of gravitation
may have been inspired
by watching an apple
fall from a tree.

VISIT
What is gravity?
bit.ly/1gN57fo

TAKE NOTE

Gravity is a force and is
therefore measured in
Newtons.



http://bit.ly/1gN57fo

The Earth attracts us because it has such a large mass and so we are attracted

vISIT downwards towards the centre of the Earth all the time.

Interact with this
simulation to see the
relationship between

gravity and the masses of

the objects and distance
between them.
bit.ly/16PDe2w

bit.ly/1dLLZMn

These army skydivers have just jumped
out of the back of a plane and fall
towards the Earth due to gravity.

The bigger the mass of the objects, the greater the force between them. This

means that two small objects would have a very weak gravitational attraction

and so it has no noticeable effect. However, bigger objects such as the Moon
VISIT and the Earth have a much greater gravitational force.

Move the Sun, Earth,
Moon and space station to
see how it affects their
gravitational forces and
orbital paths.

bit.ly/199wWdE

As we know from Planet Earth and Beyond, all the planets in our solar system
are held in orbit around the Sun by the gravitational force of attraction between
the Sun and planets.

VisIT

Build your own solar
system with this
simulation and
experiment with the
masses and orbits.

bit.ly/1hYfnzd

The planets move around the Sun in our solar system. There is a gravitational force of
attraction between the Sun and planets, and between planets and their moons.
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The second factor which affects the gravitational force of attraction between
objects is the distance between them. The further objects are away from each
other, the smaller the gravitational force.

All the components in our Universe are held together by a gravitational force. In
summary we can say:

« The greater the mass of the objects, the stronger the gravitational force of
attraction between them.

e The closer objects are to each other, the stronger the gravitational force
between them.

INVESTIGATION: Dropping objects

INVESTIGATIVE QUESTION:

Do different objects fall at the same rate?
HYPOTHESIS:

What do you think will happen?

MATERIALS AND APPARATUS:

* hammer DID YOU KNOW?
» feather
» two balls of the same mass, different volumes (one set per pair) D
* two balls of the same volume, different masses (one set per pair) force of attaction
between us and the
METHOD: Sun, but we do not
notice it as we are so far
1. Work in pairs, take turns to be the person who drops an object apart, and we are very
(experimenter) and the person who observes the objects dropping small

(observer).

2. Complete the "prediction” column in the table below.

3. Experimenter: stand on top of a chair or desk and take the two balls of the
same mass, with one in one hand and the other in the other hand.

4. Experimenter: hold the two balls up at the same height in front of you and
drop them at exactly the same time.

5. Observer: note what happens, in particular which lands first.

6. Swap positions and repeat the experiment using two balls which have the
same volume but different masses.

7. Your teacher will now do a demonstration for you and drop a hammer and
a feather. Before your teacher drops the hammer and feather, record the
prediction column for the hammer and feather drop.

8. Record what happened with the hammer and feather and answer the
guestions below.
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RESULTS AND OBSERVATIONS:

1. What did you keep constant in this experiment?

2. What did you change in this experiment?

VIsIT
Video of feathers and
coins falling in a vacuum
bit.ly/1gpXaiB
In the table below, record what you think will happen in the "prediction” column
before you conduct your experiment. Assuming that you drop each pair of
objects from the same height at the same time, what do you think will happen?
Which do you think will land first?
Objects Prediction Observation
Balls: same mass,
different volume
Balls: different mass,
same volume
Hammer and feather
EVALUATION:
How reliable was your experiment? How could you improve your method?
CONCLUSIONS:
T Write a conclusion for this investigation.
Misconcepms about
falling objects (video)
bit.ly/1500KyZ

QUESTIONS:

1. Which landed first, the apple or the half apple?
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2. Considering the balls of the same mass, which landed first, the larger one
or the smaller one?

3. Considering the balls of the same volume, which landed first, the heavier
one or the lighter one?

4. Why do you think the two dropped balls always landed at the same time?

5. Why do you think the hammer landed before the feather?

NEW WORDS
* weight
¢ mass
« free-fall
* gravitational
acceleration
You have probably heard the term 'weight’ used many times before, either in
your Natural Sciences classroom, or in conversation with others. Many people
use the term weight incorrectly in everyday language. For example, a relative
may say to you "My weight increased by 2 kgs over the holiday period as | ate
too much food.” What is wrong with this statement? Discuss this with your class
and teacher.
The mass of an object is the amount of matter in the object. It tells you how
many particles you have. Do you remember learning about atoms in Matter and DID YOU KNOW?
Materials? So, for example, the mass of a wooden block tells us how many The word mass comes
atoms there are. Mass is measured in kilograms (kg) and is independent of from the Greek word
where you measure it. A wooden block with a mass of 10 kg on Earth also has a maza which means a
mass of 10 kg on the Moon. Jump of dough or cake.

However, an object’'s weight can change as it depends on the mass of the
object and also the strength of the gravitational force acting on it. Weight is
measured in newtons (N) as it is the gravitational force of attraction exerted on
an object by the Earth (or Moon or any other planet). Therefore, the weight of
an object will change when weighed in different places.
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The weight of a 10 kg block on Earth will be different to that on the Moon. Why
do you think this is? Will the weight be more or less than on the Moon?

INVESTIGATION:  What is the relationship between
the mass of an object and its
weight?

INVESTIGATIVE QUESTION: What is the relationship between the mass of an
object and it's weight?

HYPOTHESIS: Write a hypothesis for this investigation.

MATERIALS AND APPARATUS

¢ four mass pieces in increments of 500 g (one of 500 g, one of 1 kg, one of
1,5 kg and one of 2 kg)

* spring balance

¢ triple beam balance

METHOD:

Measure the mass pieces on the triple beam balance.

Measure the weight of each mass piece with the spring balance.
Record the mass and matching weight in the results table.
Draw a graph of your results.

Calculate the gradient of the graph.

VISIT

Mass, weight and gravity
(video).

bit.ly/19xYTIZ

G uN

RESULTS:

Record your results in the following table.

Mass (kg) Weight (N)

Energy and Change



http://bit.ly/1gxYTlZ

1. What is the dependent variable?

2. What is the independent variable?

3. Draw your graph in the space provided below.

4. Your graph should be a straight line. Use the space below to calculate the
gradient of your graph.
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CONCLUSION:

Write a conclusion for this investigation.

TAKE NOTE

We used this formula in
the last section on
friction to calculate the
weight and therefore
the normal force acting

Weight is the force of gravity pulling you towards the centre of the Earth. It is
measured in newtons. On Earth the gravitational force causes us all to
accelerate towards the centre of the Earth. The acceleration is called
gravitational acceleration.

on an object.

On Earth it is 9,8 m/s2. The gradient that we calculated in the last investigation
should have given you a number close to 9,8 m/s? which is gravitational
acceleration.

Objects are in free-fall when the only force acting on them is the gravitational
force.

Weight (W) is calculated by multiplying an object’'s mass (m) by the
gravitational acceleration (9):

W=mxg

But what if you went to the Moon?

DID YOU KNOW?

The mass of the Earth is
5.972x10% kg.

The Moon is 6 times smaller than the Earth.

The Moon also has its own gravity. The strength of gravity on the surface of the
Moon is one-sixth that on the surface of the Earth, and so you would weigh
one-sixth of what you do on Earth on the Moon. On Jupiter you would weigh 2.5
times more than you do on Earth as Jupiter's gravity is 2.5 times that of the
Earth's. Even though you would weigh different amounts (and feel lighter on
the Moon and heavier on Jupiter) your actual mass would stay the same in both
cases.

Energy and Change




An astronaut’s mass
remains the same
wherever it is
measured. The
astronaut’s weight
however depends on
where you measure it,
as you can see the
astronaut weighs
1200 N on Earth but
only 200 N on the
Moon.

TAKE NOTE

A bathroom scale
actually measures
weight and converts it

to mass.

So how much would you weigh on the Moon? Imagine you have a mass of 60 kg.
Your weight on Earth would be 60 x 9,8 = 588 N. The gravitational acceleration
on the Moon is 1,6 m/s2, so your weight would be 60 x 1,6 = 96 N on the Moon.

ACTIVITY: Weight and mass calculations

QUESTIONS:

1. A Ferrari has a mass of 1485 kg. What
is its weight on Earth?

A Ferrari.
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2. Lindiwe has a mass of 50 kg on Earth. What is her mass on the Moon?

3. lan has a mass of 78 kg. His friend Sam says that he would weigh 24 N on
the Moon. Is Sam correct? Explain by using a calculation.

4. You have an apple with a mass of 220 g, what is its weight on Earth and on
the Moon?

VISIT

Discover more online as
you interact with this
simulation using different
mass pieces and springs.
Transport the lab to
different planets.

bit.ly/H216YA

5. If acow weighed 1340 N on the Moon,
what is its mass?

A jersey cow.

Ever wondered what it would be like to walk around on other planets? Find out
how much you would weigh on other planets in the next activity.
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ACTIVITY: How much would you weigh on other

planets?

MATERIALS:

¢ weighing scales
e calculator

INSTRUCTIONS:

1. Measure your mass in kilograms. Record the value in the table below.
2. Use the values for the acceleration due to gravity on various planets to
calculate what you would weigh on that planet.

Planet Your mass (kg) Value of g (m/s2) Your weight (N)
Earth 9,8

Mercury 3,6

Venus 8,8

Mars 3,8

Jupiter 26

Saturn 1,2

Uranus 10,5

Neptune 13,3

QUESTIONS:

1. On which planets would you feel heavier than you do on Earth?

2. On which planets would you feel lighter than you do on Earth?




The weight of a person is the force of gravitational attraction to the Earth that
person experiences. Someone in free-fall feels weightless but they have not lost
their weight. They are still experiencing the Earth's gravitational attraction.

The only reason the astronauts float is because they are in free-fall and their
moving spacecraft is also in free-fall with them, falling at the same rate.

VISIT Therefore, the astronauts appear to float when compared with the spacecraft
Watch Felix because they are both falling at the same rate.
Baumagartner's supersonic
freefall back to Earth. He
experienced free-fall or
weightlessness.
bitly/1aGbE43

Astronauts experiencing weightlessness.

Magnetic forces

NEW WORDS . . .
. magnet Certain materials have strong magnetic fields around them. These are called
+ magnetic magnets. All magnets have two poles, a north and a south pole.

material
« alloy

An example of a bar magnet with a north and south pole.

Other materials are strongly attracted to magnets. These materials are said to
be magnetic. Magnets exert forces on other magnets and magnetic materials.
Which materials are magnetic? Let's investigate.

INVESTIGATION:  Magnetic or non-magnetic
materials

INVESTIGATIVE QUESTION: Which materials are magnetic and which are not?
HYPOTHESIS:

Write a hypothesis for this investigation.
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MATERIALS AND APPARATUS:

e bar magnets
e paper

e wood

* plastic

e iron

e aluminium

o steel

METHOD:

1. Hold the different items close to the bar magnet (not touching) to see if
they are attracted to the magnet.
2. Complete the table indicating whether or not the items are attracted to the

magnet.
RESULTS:

Complete the following table.

Material

Magnetic (YES/NO)

paper

wood

plastic

iron

aluminium

steel

copper

CONCLUSION:

What can you conclude from your results?

Not all metals are attracted to magnets. Those that are attracted to magnets
are known as magnetic materials. There are very few magnetic materials. They
are iron, nickel and cobalt. Alloys which include any of the magnetic materials
can also be attracted to magnets. Steel is an alloy which contains iron so steel

can be attracted to a magnet.

So now we know that magnetic forces can act over a distance, but can they still
act if there is something in the way? Let’s find out.

Chapter 1.

Forces

VISIT

How to destroy a magnet.
bit.ly/IfEFTRg

TAKE NOTE

An alloy is a mixture of
metals.



http://bit.ly/1fEFTRg

ACTIVITY: Can a magnetic force act through
substances?

MATERIALS:

e bar magnets

e paper

e thin piece of wood
 thick piece of wood
* foil

e paperclips

INSTRUCTIONS:

1. Hold two north poles close together. What do you notice?

2. Hold two south poles close together. What do you notice?

3. Hold a north pole and a south pole close together. What do you notice?

4. Put the paper clips on the desk.

5. Try to pick up the paperclips with the magnet but put one of the other
materials between the magnet and the paper clips. Are the paperclips still
attracted to the magnet?

6. Try each of the different materials between the magnet and the paper clip.

LB QUESTIONS:

What is the magnetic
field?

S 1. Were there any materials which prevented the magnet from picking up the
it.ly,

paper clips.

2. What does this activity tell us about the nature of the magnetic force?



http://bit.ly/16PF9UB

In the last activity we saw that like poles repel each other but opposite poles
attract each other. We have also seen that the magnetic force acts over a
distance. The magnet does not need to touch something in order to exert a
force on it. So a magnetic force is a non-contact or a field force.

What is a force field? Can we see it? Let's investigate if it is possible to see a
magnetic field.

ACTIVITY: Visualising magnetic fields

MATERIALS:

* iron filings
* two bar magnets
* paper

INSTRUCTIONS:

Put the bar magnet on the table.

Put the paper over the magnet.

Shake the iron filings onto the paper.

Use your finger to slowly push the filings around the magnet.
Take note of the pattern and draw it below.

Gk ON -

6. Lift the paper away from the magnet.

7. Place a second magnet next to the first so that different poles are facing
each other.

8. Put the paper back over the magnets.

9. Move the iron filings around the two magnets, especially between the
magnets.
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As we have seen, it is possible to visualise the magnetic force field around a TAKE NOTE
magnet. We know from our previous activities that the magnetic force acts over -
a distance. The field is the space around a magnet in which it can attract or
repel another magnet.

In the last activity, the
iron filings showed a
two dimensional view
of the field but the field
is actually all around the
magnet, in three
dimensions.

The magnetic field around a horseshoe magnet.

How do we draw a force field? The pattern you saw with your magnets can be
represented by field lines. Field lines are used to show something we can't
actually see. The closer the field lines are drawn together, the stronger the field
being described. The more field lines that are drawn, the stronger the field. The
field lines go from the north pole to the south pole. The following diagram
shows the field lines around a bar magnet.

The next diagrams show the field lines between bar magnets which are
attracting and those which are repelling.

Opposite poles attract.
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VISIT

Earth's magnetic field.
bit.ly/190i293

VISIT

Where is the True North
Pole.

bit.ly/1aqlJlJ

TAKE NOTE

The Southern lights are
also called the Aurora
Australis and the
Northern lights are
called the Aurora
Boreals.

Like poles repel.

A field is strongest next to the magnet and gets weaker further away from the
magnet.

Did you know that the Earth is like a bar magnet with a North and a South Pole?
The Earth has a magnetic field. You can imagine Earth’s magnetic field as
though there is a bar magnet running through the core with the magnet’s south
pole under Earth's North Pole. No one knows for sure, but the theory is that the
superhot liquid iron in the Earth's core moves in a rotational pattern, and these
rotational forces lead to the weak magnetic forces around the Earth’'s rotational
axis.

Earth has a magnetic field, as though there is a big bar magnet running through the core,
with its South Pole under Earth’s magnetic North pole.

The Earth’'s magnetic field is the reason
why we can use compasses to tell
direction.

A plotting compass has a needle with a
small magnet. The needle points to
magnetic north because the small
magnet is attracted to the opposite
magnetic field and can be used to
determine direction.
A compass with the needle pointing North.
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Have you heard of the Southern or Northern Lights before? Do you know how
this phenomenon occurs? ViIsIT

What causes the Northern
Lights?

Charged particles escape from the bIL/IGPINOX

surface of the Sun and move outwards
in all directions. When the charged
particles reach Earth, some are
trapped by Earth’'s magnetic field in
areas in space around Earth's
atmosphere, called belts.
The Southern Lights, viewed from the
Sometimes the charged particles International Space Station.
escape the belts and spiral along the
magnetic field lines towards the
magnetic poles where they enter
Earth's atmosphere. They then interact
with atmospheric gas particles, causing
beautiful light shows.

VISIT
Magnetic liquid (video).
bit.ly/190ixQY

Some liquids can also become

magnetised in the presence of a strong

magnetic field. They are called

ferrofluids. An example of a ferrofluid, a liquid that can
become magnetised in a magnetic field.

Electrostatic forces

Do you remember learning about static electricity in Gr. 8? Let's do a quick
activity to revise some of the concepts we already know.

ACTIVITY: Charging objects

MATERIALS:

» balloons (or a plastic comb)
e glass rod

» piece of knitted fabric (wool)
 PVC rod

» plastic ruler

* small pieces of paper

* water tap

INSTRUCTIONS:

1. Work in pairs.

2. Blow up a balloon and tie it closed so the air does not escape.

3. Hold the balloon a short distance away from your hair. What do you
notice?
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4. Rub your hair with the balloon.
5. Now hold the balloon a short distance away from your hair. What do you
see?

6. Next, hold the glass rod over the small pieces of paper. What do you
notice?

7. Rub the glass rod with the knitted fabric.
8. Hold the glass rod over the pieces of paper. What do you notice?

9. Rub the glass rod with the knitted fabric again.
10. Open the tap so that a thin stream of water is flowing.
11. Hold the glass rod close to the stream of water. What do you notice?

QUESTIONS:

1. What did you do to make your hair stick to the balloon?

2. What happens when you rub the glass rod with the knitted fabric?

3. Why did the glass rod attract the stream of water?

Let's look at the example of brushing your hair in more detail to understand
what is happening. You have dragged the surface of the plastic comb against
the surfaces of your hair. When two surfaces are rubbed together there is
friction between them. The friction between two surfaces can cause electrons
to be transferred from one surface to the other.

In order to understand how electrons can be transferred, we need to remember
what we learnt about the structure of an atom.

Where are the electrons positioned in the atom?




What is the type of charge on a proton?

What is the type charge on an electron?

What is the charge on a neutron?

The atom is held together by the electrostatic attraction between the positively
charged nucleus and the negatively charged electrons. Within an atom, the
electrons closest to the nucleus are the most strongly held, whilst those further
away experience a weaker attraction.

Normally, atoms contain the same number of protons and electrons. This means
that atoms are normally neutral because they have the same number of positive
and negative charges, so the charges balance each other out. All objects are
made up of atoms and since atoms are normally neutral, objects are also usually
neutral.

However, when we rub two surfaces together, like when you comb your hair or
rub a balloon against your hair, the friction can cause electrons to be transferred
from one object to another. Remember, the protons are fixed in place in the
nucleus and so they cannot be transferred between atoms. Only electrons can
be transferred between atoms. Some objects give up electrons more easily than
other objects. Look at the following diagram which explains how this happens.

Which object gave up some of its electrons in the diagram?

Does this object now have more positive or more negative charges?

Chapter 1. Forces

VISIT

Discover more online with
a simulation on rubbing
balloons and a jersey.

bit.ly/16ht6ff

TAKE NOTE

Remember it is only the
outer electrons which
move, and not the
protons which are
located in the nucleus of
the atom.



http://bit.ly/16ht6ff

Which object gained electrons in the diagram?

Does this object now have more positive or more negative charges?

When an object has more electrons than protons, we say that the object is
negatively charged.

When an object has fewer electrons than protons, we say that the object is
positively charged.

VISIT Have a look at the following diagrams which illustrate this.

A simulation on friction
between a carpet and
John Travolta's foot.

bit.ly/1bYsHpT

We now understand the transfer of electrons that takes place as a result of
friction between objects. But how did that result in your hair rising when you
brought the charged balloon close to your hair in the last activity? Let's look at
what happens when oppositely charged objects are brought together.

ACTIVITY: Turning the wheel

MATERIALS:

¢ 2 curved watch glasses

e 2 perspex rods

e cloth: wool or nylon

* plastic rod

* small pieces of torn paper

INSTRUCTIONS:

1. Place a watch glass upside down on the table.

2. Balance the second watch glass upright on the first watch glass.
3. Rub one of the perspex rods vigorously with the cloth.

4. Balance the perspex rod across the top of the watch glass.
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5. Rub the second perspex rod vigorously with the same cloth.
6. Bring the second perspex rod close to the side of the first perspex rod that
was charged. What do you see happening?

7. Repeat the activity but instead of the second perspex rod, use the plastic
rod. What do you see happening?

8. Next, bring a rod that you have rubbed closer to small pieces of torn paper
on the table. What do you observe?

QUESTIONS:

1. What happened when you brought the second perspex rod close to the
first perspex rod?

2. What happened when you brought the plastic rod close to the first
perspex rod?

3. What happened when you brought the plastic rod close to the pieces of
paper?
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TAKE NOTE

Remember, like
charges repel and
opposite charges

attract.




When we rubbed the perspex rods with the cloth, electrons were transferred
VISIT from the perspex to the cloth. What charge do the perspex rods now have?

Opposites attract and like
repel (video)

bit.ly/174fSs9

Both the perspex rods now have the same charge. Did you notice that objects
with the same charge tend to push each other away? We say that they are
repelling each other. It is an electrostatic force of repulsion.

When we rubbed the plastic rod with the cloth, electrons were transferred from
the cloth to the plastic rod. What charge does the plastic rod now have?

The perspex rod and the plastic rod now have opposite charges. Did you notice
that objects with different charges tend to pull each other together? We say
that they are attracting each other. It is an electrostatic force of attraction.

vISIT As with gravitational and magnetic force, the distance between charged objects
Big sparks,lttle sparks. affects the strength of the electrostatic force. The closer the charged objects
bitly/bYvJdy are, the stronger the force. The more charged the objects are, the stronger the

electrostatic force between them.

We have now observed the fundamental behaviour of charges. In summary, we
can say:

* If two negatively charged objects are brought close together, then they
will repel each other.

» If two positively charged objects are brought close together, then they will
repel each other.

 If a positively charged object is brought closer to a negatively charged
object, they will attract each other.

Have you ever wondered where lightning comes from? Let's demonstrate an
electrostatic spark.

ACTIVITY: Van de Graaff generator

MATERIALS:
¢ Van de Graaff generator
INSTRUCTIONS

1. Turn on the generator.
2. Bring the small metal globe close to the generator. What do you see?
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A Van de Graaff generator.

Did you see sparks? The Van de Graaff generator can be used to demonstrate
the effects of an electrostatic charge. The big metal dome at the top becomes
positively charged when the generator is turned on. When the dome is charged
it can be discharged by bringing another insulated metal sphere close to the
dome. The electrons will jump to the dome from the metal sphere and cause a
spark.

How does this little spark relate to a massive lightning strike?

Lightning is a huge electrostatic discharge.

During a lightning storm, clouds become charged. Friction between the clouds
and the moisture in the clouds cause the clouds to become charged. The
bottom of the clouds (closest to the ground) become negatively charged and
the top of the cloud becomes positively charged. When the build-up of charge
becomes too large, the electrons move from the bottom of the cloud to the
ground where they are "earthed”. The energy transfer is massive and results in
extremely bright light, heat and sound. A lightning flash is a massive discharge
between charged regions within clouds, or between clouds and the Earth. The
thunder-clap, which we hear, is the air moving as a result of electrons moving.

Lightning is extremely dangerous. If the electrons move through a person on
their way to the ground, then the large amounts of energy cause significant
damage. That person can suffer serious injury, even death.

Chapter 1. Forces

DID YOU KNOW?

The fundamental idea
of using friction in a
machine to generate a
charge dates back to
the 17th century, but the
generator was only
invented by Robert Van
de Graaff in 1929 at
Princeton University.

VISIT

How to survive a lightning
strike.

bit.ly/GS5BTm

DID YOU KNOW?

South Africa has one of
the highest incidences
of lightning strikes in
the world.



http://bit.ly/GS5BTm

What precautions should we take during a lightning storm? Lightning can strike
far from the rain shadow of the storm. This means that even if the storm seems
to be far away, it is better to take precautions anyway. The safest place to be in
a lightning storm is indoors. Stay away from windows and metal objects. If you
cannot get inside, avoid standing next to tall objects or metal objects because if
lightning strikes it will usually hit the tallest object in the area. If you are
travelling in a car during a storm, stay inside the car until the storm subsides.

SUMMARY:

Key Concepts

» A force is defined as a push or a pull on an object.

* Forces are measured in newtons (N).

« A force can change the shape, direction and motion of an object.

e Forces act in pairs. The force acting on the object is called the action
and the force that the object exerts back in the opposite direction and
equal in magnitude is the reaction.

* More than one force can act on an object. The net or resultant force is
the sum of all the forces acting on the object.

e The forces acting on a body can be represented as a free-body diagram
where the arrows indicate the direction and magnitude of the different
forces.

* There are two main groups of forces; contact and non-contact (field)
forces.

e Contact forces act when objects are in contact (touching) with each
other. Friction, tension and compression are examples of contact
forces.

 Friction is the force opposing motion between two surfaces as they rub
against each other.

e Compression forces are two forces acting on one object, moving in
opposite directions (towards each other) to compress or deform the
object.

« Tension forces are two forces acting on one object, moving in opposite
directions (away from each other) to stretch the object.

* Non-contact forces can act over a distance and objects do not have to
be touching each other. Common examples of field forces are magnetic,
electrostatic and gravitational forces.

* Non-contact forces are known as field forces. A field is a region in space
where a certain object with certain properties will experience a force.

» Gravitational force is a force of attraction between two bodies due to
their mass. The gravitational force increases with mass and decreases
with the distance between the bodies.

* The weight of a body is the gravitational force exerted on an object by
the Earth (or Moon or other planet). The weight will vary depending on
where it is measured.

e The mass of an object is a measure of how much matter it contains. The
mass stays constant no matter where it is determined.

e Weight is calculated as W = m x g, where g is the gravitational
acceleration. On Earth, g = 9,8m/s2.
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REVISION:

1. Give one term for each of the following descriptions. [5 marks]
a) An influence that can deform a flexible object or change the motion of

an object with mass.

b) A region in space where an object with certain properties will

experience a force.

c) When the only force acting on an object is the force due to gravity.

d) The two opposite ends of a magnet.

e) A fundamental property of matter that comes in two types and is

carried by protons and electrons.

2. Four possible answers are given for each of the following questions. There
is only one correct answer. Write the letter on the line below each
question. [6 x 2 =12 marks]

a)

Which ONE of the following statements is FALSE?

A. In order for a non-moving object to start moving, a net force must
act on that object.

B. Contact forces are strongest when the objects experiencing the
force are touching.

C. Field forces act over distances, but they can also act when objects
are touching.

D. Forces always act in pairs of equal strength, but these pairs act on
different objects.

o))

Which ONE of the following is NOT a field force?

A. Gravitational force
B. Frictional force
C. Electrostatic force
D. Magnetic force




c) The correct unit for gravitational force is:

A. the newton

B. the kilogram

C. the newton per kilogram
D. the kilogram per newton

d) Which ONE of the following substances is magnetic?

A. aluminium
B. copper

C. cobalt

D. tin

e) The electrostatic force between two charged objects is F. The distance
between them is increased. How does the electrostatic force change?

A. It increases

B. It decreases

C. It remains the same

D. Not enough information has been provided.

f) An astronaut has a mass of 80 kg on Earth. Which ONE of the
following regarding mass and weight of the astronaut on the Moon is
correct?

A. The mass will be the same and the weight will also be the same.
B. The mass will be less and the weight will also be less.

C. The mass will be the same and the weight will be less.

D. The mass will be less and the weight will be the same.

3. Decide which of the following statements are True or False. If they are
False, rewrite them to make them true. [5 x 2 = 10 marks]

a) A force cannot make a motionless object move.

b) A force can make a moving object change direction.

c) A force can change the shape of an object.




d) A tension force slows down or stops an object because of the surfaces
rubbing against each other.

e) Lightning is an application of a magnetic force.

4. Have a look at the following images.

a) Which situation shows a push and which situation shows a pull?
[1 mark]

b) The boy is pulling the desk with a force of 70 N. There is a frictional
force of 20 N. Draw a free body diagram in the space below to show
these forces acting on the desk. [4 marks]

c) What is the net force acting on the desk? [1 mark]

5. A force of 50 N and 80 N act on a block. Calculate the net force acting on
the block if:
a) the forces are acting in the same direction [1 mark]

b) the forces are acting in opposite directions [1 mark]
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6. Write down three different effects that a force can have on an object.
[3 marks]

7. What is the following diagram illustrating? Explain your answer. [4 marks]

8. Tabulate the distinction between mass and weight by making use of
definitions of mass and weight and comparing the units they are measured
in. [5 marks]
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9.

Write down the formula that relates the weight of an object to its mass.
Explain what each symbol represents. [4 marks]

10.

What TWO factors affect the gravitational force experienced between two
objects? Explain the relationship. [2 marks]

1.

An astronaut performs an experiment to determine the relationship
between mass and weight on different planets. He takes a scale and sets
off in a spaceship and measures his own weight on different planets in the
solar system. The following table indicates his results.

Planet Weight (N)
Mercury 287

Venus 710

Earth ?

Mars 302
Jupiter 2076
Saturn 886
Uranus 854
Neptune 126

a) Calculate the astronaut’'s weight on Earth if his mass is 80 kg.
[3 marks]
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13. You do an experiment in class to investigate the bar magnets. You place
two magnets next to each other on the table and place a sheet of paper
over the magnets and sprinkle iron filings over the paper. You then turn
one magnet around and do it again. You see the following patterns. What

does each photo (A and B) show us? [2 marks]

Photo B.

14. Complete the table by determining the overall charge on each object.
Show your calculations. State whether the object is positively charged,

negatively charged or neutral and why. [9 marks]

Object

Overall charge

Why is it positive,
negative or neutral?




Object

Overall charge

Why is it positive,
negative or neutral?

15. A balloon is rubbed against a jersey and the balloon picks up a negative

charge.

a) Explain where this negative charge comes from. Make reference to
both protons and electrons in your answer. [3 marks]

b) Name the type of force that the balloon and jersey will experience
DURING rubbing. [1 mark]

c) Name the type of force that the balloon and jersey will experience
AFTER rubbing. [1 mark]

d) Will the force referred to in (c) be attractive or repulsive? [1 mark]

16. What do you think these two girls are touching on
the left of the photo? Explain your answer and what

is happening to them. [3 marks]

What is happening in
this photo?
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W WORDS

electric cell

* battery

* electrode
 electrolyte
« half cell
« salt bridge

Electric cells as energy systems

This term we will be investigating electricity and electric circuits in more detail.
We are going to pay attention to electric cells. You have already come across
electric cells in previous grades when looking at electric circuits. What is the
circuit symbol for an electric cell? Draw it in the space below. Indicate the
positive and negative terminal.

2.1 Electric cells

What is the source of energy in an electric circuit?

We use electric cells to supply the energy needed for electrons to move around
an electric circuit. We often talk about batteries in electric circuits or
appliances. A battery is a group of two or more electric cells that are connected
together. Where does the energy in a cell come from?

In Gr. 8 we spoke about the transfer of energy within electrical systems. We can
also call an electric cell a system. Write your own definition of a system below.

The electric cell system works to generate electricity. We have spoken before
about how electricity is generated using moving parts, such as in a power
station where the moving parts in a generator produce electricity. A cell does
not have moving parts to generate electricity. An electric cell generates
electricity from chemical reactions.




Did you know that we can create our own cell using a fruit? Let's try this out in
the next activity.

ACTIVITY: Fruit cell

MATERIALS:

lemon (or potato)

zinc strip or galvanised nail
copper strip or coin

LED bulb

ammeter

insulated copper conducting wires

INSTRUCTIONS:

1.

Gently squeeze the lemon to soften the fruit so that the juice is released
inside. Be careful not to crush the lemon or break the peel. If you are using
a potato, you do not need to squeeze it first.

. Next, puncture the peel of the lemon with the two different nails (or strips)

of different metals. If you are using a copper coin, then push it carefully
into the lemon so that it breaks the skin.

Insert each nail slowly and carefully into either side of the lemon. Push the
nails into the lemon so that they almost reach the centre of the lemon, but
are not touching.

Attach one wire to the zinc (or iron) nail and the other wire to the copper
nail or copper coin.

Connect the wires to the LED bulb and ammeter if you are using one as
shown in the diagram.

What do you notice?

TAKE NOTE

Last term in Matter and
Materials we looked at
many different types of

chemical reactions.

VISIT

Watch this video to
understand how a lemon
battery works.

bit.ly/16N076B


http://bit.ly/16N076B

DID YOU KNOW?

The lemon battery is
very similar to the first
electrical battery
invented by Alessandro
Volta in 1800. He used
salt water instead of
lemon juice.

TAKE NOTE

An electrolyte is a
special type of solution
which is able to conduct

electricity.

6. If your light bulb does not glow, connect your fruit cell with your partner’s
cell and reconnect the LED light bulb. Does it glow now? If not, connect
several more fruit cells in a series until the LED bulb glows as shown in the
diagram.

How many cells did you connect in series to cause the LED to emit light?

7. What do we call the cells connected together?

8. What happens if you replace the copper nail with another zinc nail, so that
you have two electrodes of the same metal? Are you able to light up the
LED light?

9. Experiment further by investigating the effects of pushing the nails deeper
into the lemon and placing them at different positions in the lemon (closer
together and further apart). Record some of your observations here.
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In the last activity we created a simple electric battery. A chemical reaction

takes place inside the lemon which produces electricity. The components in the VISIT
lemon battery are very similar to those used in a normal battery. The copper Discover how a car battery
and zinc nails (or stips of metal) are called electrodes. The lemon juice acts as works.

the electrolyte. Citrus fruits, such as lemons, are acidic, which helps their juice bitly/HéixWa

to conduct electricity.

When the electrodes are connected in a circuit, a chemical reaction takes place
within the electrolyte in the lemon which causes electrons to move in the
external circuit. This flow of charge is electric current. The chemical reaction
causes a potential difference which causes the flow of electrons in the external
circuit. This will only occur when the cell is connected in a circuit. Think of a
normal battery that you might use in a torch. You can store this battery for a
long time, and it will not go flat as the chemical reactions only take place when
it is connected in a circuit.

We are now going to build a more complex cell.

ACTIVITY: Zinc-copper cell

MATERIALS:

* two 250 ml beakers

e copper sulphate solution

* zinc sulphate solution

e concentrated sodium sulphate or sodium chloride solution

 salt bridge made with a U tube (this can be made from a plastic tube which
is bent) or filter paper soaked in the salt bridge solution

» cotton wool

e copper electrode

» zinc electrode

. . . . . . TAKE NOTE
* insulated copper connecting wires with crocodile clips -
« LED bulb If you do not have a
¢ ammeter U-tube or plastic
tubing, you can use
strips of filter paper or a
INSTRUCTIONS: cloth soaked in the
sodium sulfate solution
1. Pour about 200 ml of the zinc sulphate solution into a beaker and put the it e s e
zinc electrode into the solution. i cadi sl

2. Pour about 200 ml of the copper sulphate solution into the second beaker
and place the copper electrode into the solution.

3. Fill the U-tube with the sodium sulphate solution and seal the ends of the
tubes with the cotton wool. This will stop the solution from flowing out
when the U-tube is turned upside down.

4. Connect the zinc and copper electrodes to the ammeter. Does the
ammeter record a reading?

5. Place the U-tube so that one end is in the copper sulphate solution and the
other end is in the zinc sulphate solution, as shown in the diagram.


http://bit.ly/H6ixWa

DID YOU KNOW?

Anion is an atom or
molecule in which the
total number of
elec-trons is not equal
to the total number of
protons. If there are
fewer electrons than
protons, this gives an
atom a positive
charged. If there are
more electrons than
protons, this this gives
an atom a negative

charge.

TAKE NOTE

You can also use a
voltmeter to measure
the potential difference
across the cell. The
voltmeter will replace
the ammeter and LED
light.

Is there a reading on the ammeter?

6. Remove the ammeter and insert the LED bulb in the circuit. Does it glow?
If not, try connecting a few cells in series until the LED lights up.

7. Observe what is happening at the copper electrode and at the zinc
electrode.

QUESTIONS:

1. What did you notice on the ammeter (or voltmeter) when you connected
the circuit with the U-tube?

2. What does the ammeter reading tell us?

In the last activity, we demonstrated a zinc-copper cell. This is made up of a
zinc half-cell and a copper half-cell. Together, they make up the whole cell. The
purpose of the U-tube is to connect the two half cells. It is called the salt bridge.

How do we explain the chemical reactions taking place in the zinc-copper cell?
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When a zinc sulphate solution containing a zinc plate is connected by a U-tube
to a copper sulphate solution containing a copper plate, reactions occur in both DID YOU KNOW?

solutions. Rechargeable batteries

« At the zinc electrode, the zinc metal has gone into the zinc sulphate are recharged by

solution as zinc ions.
» At the copper electrode, copper ions from the solution have deposited
onto the electrode as copper metal atoms.

applying an electric
current which reverses
the chemical reactions
that take place during
In the zinc-copper cell the important thing to notice is that the chemical their use in a circuit.
reactions that take place at the two electrodes cause an electric current to flow
through the outer circuit. In this type of cell, chemical energy is converted to
electrical energy.

As we have said before, an electric battery used in appliances such as a torch
consists of two or more electric cells connected together. There are many
different battery cell types such as zinc-carbon, nickel-cadmium and nickel-zinc
batteries.

SUMMARY:

Key Concepts

e An electric cell is a system in which chemical reactions take place to
convert chemical energy into electrical energy.

e An acidic fruit can be used to construct a simple cell. The lemon juice
acts as the electrolyte.

* An electric cell can be made using two beakers with an electrolyte
and electrode in each. The electrolyte solutions in each half-cell are
connected by a salt bridge.

* When the electrodes are connected to an external circuit, chemical
reactions will take place in each of the beakers, causing a current in

the external circuit. VISIT
* A battery is a group of cells which are connected together. ReadabouTastretchy
« There are many different types of batteries, such as zinc-carbon, gooey gadget that uses
nickel-cadmium and nickel-zinc batteries. simple materials to

conduct electricity and
amplify sound.

bit.ly/17tGzAQ

Concept Map

This was a short chapter on electric cells, demonstrating how we can make
cells. Use the following space to draw your own concept map summarising
what was covered in this chapter. You can refer back to previous chapters
and also concept maps from your A workbook when thinking about how to
construct this concept map.
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REVISION:

1. Write a short paragraph to describe, in your own words, what an electrical
cell is and how it causes a current in an external circuit. [3 marks]

2. What is the difference between a cell and a battery? [2 marks]

3. You made an electrical cell from a lemon. How could you generate enough
energy from lemons in order to make a light bulb glow? [2 marks]

4. How would you test whether or not a battery or cell is producing energy?
[2 marks]

Chapter 2. Electric cells as energy systems




Energy and Change




Imagine the possibilities of a plain piece of paper. They are endless!
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W WORDS

resistance

* resistor

* electric current
« electric charge
* delocalised

« conductor

Resistance

KEY QUESTIONS:

* What is resistance?

What do we use resistors for?

* Does length affect resistance?

* Does temperature affect resistance?

» Does the type of resistor material affect resistance?

* Does the thickness of a resistor affect the resistance?

3.1 What is resistance?

Think about your school break time. All of the learners are outside on the field,
sitting in groups and relaxing. Some of you will be moving around the field from
group to group as you greet your friends. The school bell rings, signaling the
end of break. You all get up and start moving toward the school building. You
are all able to move easily because there is a great deal of space but what
happens as you enter the corridor of the school building?

Everyone now has to fit through a narrow corridor. Everyone is trying to get to
class and so some learners will bump into other learners. As you try to enter
your classroom it becomes even more difficult because the doorway is even
narrower than the corridor and so only one or two learners can pass through at
a time.

The movement of the learners is very similar to the movement of electrons in an
electrical conductor. The field offers a very low resistance to the movement of
the learners and so the learners are able to move freely. The corridor has a
higher resistance to the movement of the learners because less learners can
now pass through the corridor than through the field. The classroom doorway
offers the highest resistance as it only allows a few learners through at a time.

How can we use this to illustrate electrical resistance? Let's first revise some
concepts about electric current.

An electric current is the rate of charge flow in a closed, electric circuit. The
electrons in an atom are arranged in the outer space around the central nucleus.




In metals, the electrons are able to move freely within the metal. The electrons
are not associated with a particular atom in the metal. We say electrons in a
metal are delocalised. Have a look at the following diagram which shows this.

Conducting wire in an electric circuit is made of metal. If we supply it with a
source of energy and a complete circuit, then the electrons will all move in the
same general direction through the wire to the positive terminal of the battery.
This movement of electrons per time through a conductor is the electric current.

Resistance in an electrical circuit opposes the passage of electrons. The unit of
measurement for resistance is the ohm, with the symbol Q.

Do you remember what an electrical conductor is? Write your own definition
below.

All electrical conductors have some resistance. Some conducting materials
have a particular resistance and are used to add electrical resistance to a circuit.
An electrical component which adds resistance to a circuit is called a resistor.

Chapter 3. Resistance

TAKE NOTE

We can think of the
model of a metal as the
positive metal ions in
fixed positions
surrounded by a 'sea’ of
electrons.

TAKE NOTE

Electric charge, or
charge, is the physical
property of matter that
causes it to experience
a force when close to
other electrically
charged matter. There
are two types of electric
charges - positive and
negative. Electrons
have a negative charge
and protons have a

positive charge.




TAKE NOTE

Can you see that there
are different coloured
bands on the resistors?
This isn't just to make
them look pleasing to
the eye. The coloured
bands are actually a
code that tells us the

strength of the
resistance of the
resistor. Different types of resistors used to add resistance to an electric circuit.
Resistors are electrical components and have a symbol to represent them in an
electric circuit diagram. Do you remember the symbol from Gr 8? Draw it in the
space below.
On a microscopic level, electrons moving through the conductor collide (or
interact) with the particles of which the conductor (metal) is made. When they
collide, they transfer kinetic energy. This leads to resistance. The transferred
NEW WORDS energy causes the resistor to heat up. You can feel this directly if you touch a
+ LED cellphone charger when you are charging a cell phone - the charger gets warm
RS because its circuits have some resistors in them.

resistance

e agram 3.2 Uses of resistors

* input energy
*+ output energy i . . . .
Resistors can be used to control the current in a circuit. Think back to some of

the work that you did in Gr 8. If you increase the resistance in a circuit, what
happens to the current? Explain your answer.

Another way in which we can use resistors is to provide useful energy transfers.
Do you remember looking at energy transfers in a system in Gr 82 The input
energy enters the system and then provides an output energy. Some of the
output energy is useful to us, and some is wasted energy. For example, a
resistor can be used to transfer electrical energy into light (light bulb) or into
heat (kettle element). Energy is wasted as it is lost to the surroundings.
Resistors are used to provide useful energy transfers.
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ACTIVITY: Useful resistance

Why do we want to resist the movement of electrons? Resistors can be
extremely useful. Think about a kettle. If you look inside you will see a large
metal coil.

Looking inside a kettle.

This metal coil is the heating element. If you plug in and switch on the kettle, the
element heats up and heats the water. The element is a large resistor. When the
electrons move through the resistor, they release a lot of energy in overcoming
the resistance. This energy is transferred to the water in the form of heat. This
transfer of energy is useful to us as the thermal energy is used to boil water in
the kettle.

1. What is the input energy in this system?

2. What is the useful output energy?

Look at the photograph of a light bulb on the left. Can you see there is a small
coiled wire in the glass bulb? This is called the filament. The filament is made
from tungsten wire. This is an element with high resistance.

An incandescent light bulb. The tungsten filament glowing brightly.

DID YOU KNOW?

The ohm gets its name
from the German
physicist Georg Simon
Ohm, who noticed that
the potential difference
across a conductor and
the electric current are
directly proportional
(Ohm's Law).



TAKE NOTE 1. When the electrons move through the filament they experience high

Incandescent means to resistance. This means that they transfer a lot of their energy to the
emit light as a result of filament when they pass through. Describe the energy transfer taking
being heated. place.

2. What is the useful energy output and what is the wasted energy output in
this light bulb?

3. The filament is tightly coiled. Why do you think this is? Discuss this with
your class and teacher.

Look at the following photo of a toaster.

DID YOU KNOW?

The inventor Thomas
Edison, experimented
with thousands of
different resistor
materials until he
eventually found the
right material that
allowed the bulb to
glow for over 1500

hours.

An electric toaster.

4. Can you see the glowing filament inside? Why does the element glow?

5. What is the useful output energy in this system?

6. What is the wasted output energy in this system?
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Rheostats are another form of resistor which are commonly used. A rheostat is
a device which is able to offer a variable resistance. Rheostats are used in
electric circuits where you want to adjust the current, for example in sound
equipment to adjust the volume, in dimmer switches for lights and in controlling
the speed of motors. Let's look at how rheostats can be used in a circuit.

VISIT
The rheostat (video).
bit.ly/190xkLB

An example of a rheostat.

ACTIVITY: Make your own rheostat

MATERIALS:

» graphite rod or graphite pencil

torch light bulb

battery (AA)

* insulated copper conducting wires with crocodile clips
* ammeter

INSTRUCTIONS:

Set up a circuit as in the diagram below with the battery, ammeter, light bulb
and graphite rod connected in series. Use crocodile clips to attach the wires to
each end of the graphite rod.
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DID YOU KNOW?

The first electric light
was made in 1800 by a
man called Humphry
Davy. He invented an
electric battery, to
which he connected
wires and a piece of
carbon. Being a resistor,
the carbon glowed and
produced light.

1. Does current flow through the circuit? How do you know?

2. The crocodile clips are connected on either end of the graphite rod.
Predict what you think would happen if you moved the crocodile clips
closer towards the centre of the piece of graphite.

3. Move the crocodile clips closer towards the centre of the graphite rod.
What do you observe?

4. How do you think the length of the graphite connected to the circuit has
affected the current strength?

Energy and Change




5. Draw a circuit diagram to represent this set-up.

The symbol for a variable resistor.

The graphite rod was behaving as a rheostat. The resistance of the graphite rod
was changed by changing the length connected to the circuit. A dimmer switch
often has a dial which can be turned. Turning the dial increases the resistance of
the circuit and makes the light dim. Why do you think this happens?

TAKE NOTE

A diode is an electrical

component that has a
very low resistance to

Turning the dial in the opposite direction causes the resistance to decrease and “fffe’ftf'°W‘"?”e
so the light burns brighter. Turning the dial changes the resistance of the direction, and high
rheostat in the switch. resistance in the other

direction. Therefore,
current can only move

X X in one direction.
Another device which demonstrates

the useful application of resistance is in
an LED. LED stands for light emitting
diode.

A small LED light.
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An LED is a diode because it only allows current to pass through it in one
direction. This means that it has to be put into a circuit in a very specific way.
LEDs are very sensitive to high currents so when they are connected in a circuit,
they need to be protected by a large resistor. The resistor is used to control the
current which is allowed to travel through the LED. This is another useful
application of resistance.

Many households are choosing to replace incandescent light bulbs with LEDs.
Are LEDs a more efficient form of lighting?

ACTIVITY: Comparing an LED to a filament light
bulb

We can use a Sankey diagram to show how the energy is transferred in a
system. This gives us a picture of what is happening and shows the input
energy and how the output energy is made up of useful energy (arrow at the
top) and wasted energy (arrow going to the bottom). Have a look at the
following general example.

VISIT

Video on drawing a basic
Sankey diagram.

bit.ly/1bYKPQx

The width of the arrows tell us something in these diagrams. The input energy is
the width of the original arrow. The width of both the output energy arrows
(useful and wasted) add up to the width of the input arrow. Why do you think
this is so?

Sankey diagrams are drawn to scale so that the width of the arrows gives us a
visual idea of how much energy is useful and how much is wasted.


http://bit.ly/1bYKPQx

QUESTIONS:

1. The Sankey diagram for an LED is shown below.

a) Describe the energy transfer which takes place in an LED, based on
the given Sankey diagram.

b) Is the LED efficient or inefficient? Explain your answer.

2. The Sankey diagram for an incandescent light bulb is shown below

a) Explain the energy transfers in the incandescent light bulb.
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Sankey diagrams are
named after the Irish
Captain Matthew
Sankey, who first used
this type of diagram in
1898 in a publication on
the energy efficiency of
a steam engine.




b) Is the incandescent light bulb efficient? Explain your answetr.

3. If you are trying to reduce your electricity consumption in order to save
money, which light source would you choose? Why?

TAKE NOTE When we built our own rheostat, we were able to vary the resistance by
We can say that changing the length of the graphite rod. This tells us that the length of the rod
resistance and current affected the amount of resistance. Let's look at what other factors which affect
in an electric circuit are the resistance of a conductor.
inversely proportional,
because as the one 3.3 Factors that affect reSistors

increases, the other

decreases, and vice . . . .
What determines the resistance of a component? Let's investigate some of the

versa. factors. There are four different factors which affect resistance:

* The type of material of which the resistor is made
* The length of the resistor

* The thickness of the resistor

e The temperature of the conductor

Type of material

Conductors can be made of different materials. Do different materials have
different resistances?

INVESTIGATION: How does the material of the
resistor affect the resistance?

How can we measure the resistance? Do you remember that in a series circuit, if
we increase the resistance, then the strength of the current decreases? This
means that we can use the strength of the current in the circuit as an indication
of the amount of resistance in the circuit.

AIM: To determine whether different types of conducting materials have
different resistances.

HYPOTHESIS:

1. Write a hypothesis for this investigation.

Energy and Change




VARIABLES

1. Which variables would we need to keep constant in an investigation such
as this?

2. Which variable is the independent variable?

3. Which variable is the dependent variable?

MATERIALS AND APPARATUS:

* three 1,5 V cells

* insulated, conducting wires with crocodile clips
» conductors of different materials to test

* ammeter

light bulb

METHOD:

1. Set up a circuit with the three cells, ammeter and light bullb connected in
series.

2. Test each of the conductors by adding each to the circuit individually. Use
crocodile clips to connect each conductor to the circuit, as shown below.

A similar setup showing a light bulb, one cell and a piece of copper wire connected
in series.

3. Read the ammeter and record the reading for each test material.
4. Draw a bar graph to show your results.
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RESULTS:

1. Draw a circuit diagram of the setup.

2. Draw a table showing your results.
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3. Draw a bar graph of your results in the space provided.

ANALYSIS AND EVALUATION:

1. Which material offered the most resistance in the electric circuit? How do
you know this?

2. Which material offered the least resistance in the electric circuit? How do
you know this?

3. Are there any potential problems with the way in which this investigation
was set up, or are there any ways in which you could have improved the
design?
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CONCLUSIONS:

1. What conclusion can you reach from this investigation?

2. Why must the different conductors have the same length and thickness?

Thickness of the conductor

When we investigate the thickness of a conductor, we are looking at the

cross-sectional area of the wire, called the gauge. This is shown in the following
diagram.

Do you think the thickness of a wire
will affect the resistance? Let's do an
investigation to find out.

The cross-sectional area of a wire is
indicated by the red circle.

INVESTICGATION: How does the thickness of the
conductor affect the resistance?

AIM: To determine whether the thickness of the conductor will affect the
resistance.

HYPOTHESIS: Write a hypothesis for this investigation.

VARIABLES:

1. Which variables would we need to keep constant in an investigation such
as this?
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2. Which variable is the independent variable?

3. Which variable is the dependent variable?

MATERIALS AND APPARATUS:

e three 1,5 V cells

* insulated, conducting wires with crocodile clips
» conductors of different thickness

* ammeter

light bulb

METHOD:

1. Assess the lengths of wire that you have and arrange them in order from
thickest to thinnest. Label the thickest wire as 1, the next thickest as 2, and
so on, so that you can easily record the results.

2. Set up a circuit as in the previous investigation with the three cells,
ammeter and light bulb connected in series.

3. Test each of the different wires by adding each to the circuit in turn. Use
the conducting wires with crocodile clips attached at the ends to join each
conductor to the circuit.

4. Read the ammeter and record the reading for each wire.

RESULTS:

Draw a table showing your results.
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ANALYSIS AND EVALUATION:

1. Which thickness of wire offered the most resistance in the electric circuit?

2. Which thickness of wire offered the least resistance in the electric circuit?

visiT ' 3. Are there any potential problems with the way in which this investigation
Leath about he festance was setup, or are there any ways in which you could have improved the
simulation. Change its desig n?

length and area to see
how they affect the wire's
resistance.

bit.ly/laqYfOT

CONCLUSIONS:

1. What conclusion can you reach from this investigation?

2. Can you accept or reject your hypothesis?

The thinner the wire, the more resistance it offers. Thicker wires offer less
resistance. This is easy to understand if you think back to the example of all the
learners filing back into the classrooms after break. If the corridor is narrow (or
thin) then it is harder for all the learners to move through. A very wide corridor
would be easier to move through as it offers less resistance. This is the same in
a conducting wire. A thinner wire is more difficult for electrons to move through
than a thicker wire.

Length of the conductor

In each of the previous investigations, we have used the same length for each
conductor. It was a controlled variable. Let's now investigate how the length of
a conductor affects the resistance.
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http://bit.ly/1aqYf0T

INVESTIGATION: How does the length of a
conductor affect the resistance of
the conductor?

HYPOTHESIS: Write a hypothesis for this investigation.

MATERIALS AND APPARATUS:

piece of resistance wire (110cm) long
ammeter

two 1,5 V cells

metre ruler

* tape

* insulated copper conducting wires

VARIABLES:

1. Which variables would we need to keep constant in an investigation such
as this?

2. Which variable is the independent variable?

3. Which variable is the dependent variable?

METHOD:
1. Tape the resistance wire to the metre ruler. Make sure the wire is stretched
flat and that the numbers on the ruler are still visible.
2. Assemble a circuit according to the diagram on the next page.

3. Use the flying lead and touch it to the resistance wire at the 1 m mark.
Record the ammeter reading.

4. Use the flying lead and touch it to the resistance wire at the 0,9 m mark.
Record the ammeter reading.

5. Move the flying lead in 10 cm intervals until you have 10 readings. Record
the ammeter reading each time.
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Watch a video on this
investigation on length of
aresistor.

bit.ly/1cOcNvf



http://bit.ly/1cOcNvf

VISIT

Experiment with this
simulation by changing
the wire diameter and
length to see the effect

each has on the resistance.

bit.ly/174rdsp

RESULTS:

Record your results in the following table.

Length of wire (m)

Ammeter reading (A)

1,0

0,9

0,8

0,7

0,6

0,5

0,4

0,3

0,2

0,1
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Draw a graph to show the relationship between the length of the resistor and
the ammeter readings.

CONCLUSIONS:

1. Look at your table and graph. What conclusion can you draw?

2. What is causing the decrease in current strength?

3. What can you conclude about the relationship between the length of the
resistor and the resistance of the resistor?
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The length of the resistor affects how much resistance it offers to the circuit.
The longer the resistor, the more resistance it has. The shorter the resistor, the
less resistance it has.

Longer wires have more resistance than shorter wires. Let's take a close-up look
at the filament of an incandescent light bulb.

TAKE NOTE

We are not going to
investigate this factor as
it is difficult to control
the temperature of a
wire in an investigation.

A close-up photograph of the tungsten filament in an incandescent light bulb.
VIsIT

Factors affecting
resistance.

bity/HAXCVX You can see that the filament is made up of coils of tungsten wrapped up

tightly. We want to fit a very long wire into a small space. The electrons have to
travel through this very long, high-resistance wire. How is this more beneficial
compared to having a shorter wire? Discuss this with your class.

Temperature of the conductor

The last factor which affects resistance is the temperature of the conductor.
The hotter a resistor becomes the more resistance it has. The atoms of the
conductor vibrate much faster when they are hot due to the increase in kinetic
energy. This makes it more difficult for the electric current to move through.
Cold resistors offer less resistance to the circuit.

Energy and Change
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REVISION:

1. There are many useful applications of resistance. Give two examples of
appliances which require large resistances in order to function. [2 marks]

2. Look at the following photograph of an electric toaster.

An electric toaster.

a) Do you think the element in the toaster has a low or high resistance?
Explain your answer. [2 marks]

b) Explain the energy transfers which take place within the heating
element of the toaster. [3 marks]

c) Is there wasted energy in this system? If so, what is it and why can we
consider it 'wasted energy'? [2 marks]

3. List the factors which affect the amount of resistance in a resistor [4 marks]




4. The pictures below show two pieces of the same type of metal wire with
the same diameter.

Which piece has the higher resistance? Explain why. [2 marks]

5. The pictures below show cross sections of two pieces of the same type of
metal wire. The pieces are the same length but have different diameters.

Which piece has the lower resistance? Explain why. [2 marks]

6. Look at the image of a stove top heating element. The heating element
offers a large resistance to the flow of electric current.

a) Why is the heating element in the shape of a coil? [2 marks]

Energy and Change




Here is your chance to discover the possibilities. What can this apple become?
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Series and parallel circuits

NEW WORDS

* series circuit
* potential

difference
* voltage

TAKE NOTE

Remember that a
battery is a group of
cells connected
together.

KEY QUESTIONS:

*« What happens when we add cells in series or parallel?

« What happens when we add resistors in series or parallel?
* What is potential difference?

 How do we connect ammeters and voltmeters in circuits?

4.1 Series circuits

A series circuit provides only one path for electric current to move through the
circuit.

Draw a circuit diagram for this

Series circuit .
circuit

How many cells and how many resistors are in the above circuit?

What happens when more cells or resistors are added into a series circuit? We
are going to investigate the effects on the current and the potential difference
in series circuits.

What is potential difference?

Potential difference is the difference in potential energy per charge between
two different points in an electric circuit. Here is a simpler explanation: potential
difference tells us how much energy per charge the electrons are losing when
they pass through a resistor or how much they are gaining when they pass
through the cell or battery. The electrons "lose" energy because they have
transferred it to the resistor in the form of heat, light or sound. Electrons "gain"
energy when they pass through the cell or battery because of the chemical
energy from the battery being transferred to the electrons.




The potential difference is measured by a voltmeter. The unit of potential
difference is the volt.

The voltmeter has a very high internal resistance and must be connected in
parallel with the component you are measuring. You therefore need to connect
it to two different points (which are usually, before and after a resistor). The
voltmeter calculates the potential difference between those two points. An
example illustrating the placement of a voltmeter at two points, (A and B) is
indicated in the diagram below.

This voltmeter is connected in parallel with
the bulb and measures the potential

A voltmeter. difference between points A and B.

If you connect the voltmeter in series, there will not be two different points as
you connect it to the same wire with the same potential difference. What do

you think would happen if you connected the voltmeter in series in the circuit?
Explain your answer.

What do we use to measure the current in a circuit?

How do we connect this device into a circuit? Explain why this is so.

Do you think the ammeter has a large or a small resistance? Explain your
answer.
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TAKE NOTE

You might have learnt
about potential
difference in
Technology already, but
this is the first time we
are investigating it in
Natural Sciences.

TAKE NOTE

Some people often use
the term voltage to
describe the potential
difference. This is based
on the fact that we
measure potential
difference in volts.
Voltage is not the
scientific term, and
potential difference is
the more correct term
to use.




Draw a circuit diagram in the following space to illustrate an ammeter, a light
VISIT bulb and a cell connected in a circuit.

A simple circuit (video).
bit.ly/19nQ0tw

The following photo shows a voltmeter connected in parallel and an ammeter

DID YOU KNOW? connected in series.

The volt is named in

honour of the Italian

physicist Alessandro
Volta (1745-1827), who

invented the voltaic

pile, the first electric

battery which could

deliver a continuous

electric current.

Cells in series

When cells are connected together they are called a battery. What happens
when we put more than one cell in a circuit? Let's investigate what happens
when we add cells, in series, to a circuit.

INVESTICGATION: What is the effect of the number of
cells connected in series on current
and potential difference?

HYPOTHESIS:

Write a hypothesis for this investigation.

Energy and Change
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MATERIALS AND APPARATUS:

» three 1,5 V cells TAKE NOTE

* insulated copper conducting wires with crocodile clips If you are using a light
e ammeter bulb and not an

* voltmeter ammeter to see the
* resistor or light bulb effect, then take note of

the brightness of the
METHOD:

bulb as you add more

. . . . . . . cells in series.
1. Construct a series circuit with 1 cell, a resistor and the ammeter in series.

2. Connect the voltmeter in parallel with the cell as shown in the following
circuit diagram.

3. Record the readings on the ammeter and voltmeter in the table below.
4. Add a second cell in series with the first cell.

VISIT

A useful video to revise
electricity and circuits.

bit.ly/15XAKOK

5. Record the new readings on the ammeter and voltmeter in the table below.
6. Add the third cell in series with the other two cells.
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TAKE NOTE

Remember that the
units of measurement
are noted in the
heading for a column in
a table and not written
in each cell in the table.

TAKE NOTE

Aline of best fit (or
'trend’ line) is a straight
line that best represents

the data on a scatter
plot. To draw a line of
best fit, balance the
number of points above
the line with the
number of points below
the line. This line may
pass through some of
the points, none of the
points, or all of the
points.

7. Record the new readings on the ammeter and voltmeter in the table below.
8. Draw a graph of your results.

RESULTS:

Complete the following table:

Number of cells

Ammeter reading (A)

Voltmeter reading (V)

Use your table to draw two line graphs on the same set of axes. One graph
should be the number of cells against the current (ammeter reading) and the
other graph should be the number of cells against the potential difference
(voltmeter reading). Decide which are your independent and dependent
variables in this investigation. Draw a line of best fit through the data points.
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If you used a light bulb instead of a resistor, what happened to the brightness of
the bulb as you added more cells in series? If you did not do this, predict what

VisIT
rele] METR(EE, How to find the line of
best fit.
bit.ly/176NV39
CONCLUSION:
What can we conclude happens to the current strength and potential difference
as more cells are added in series?
What have we learnt? Increasing the number of cells connected together in
series increases the strength of the current in the circuit and the potential
difference across the cells.
INVESTIGATION:  The effect of the number of cells
connected in series on current
strength and potential difference
This is an optional investigation using PhET (Physics Education Technology)
online simulations. You might do this in class with your teacher or else you can
visit the website and interact with the simulation in your own time.
HYPOTHESIS:
Write a hypothesis for this investigation.
VisIT
Interact with this
simulation to learn more
about electric circuits.
MATERIALS AND APPARATUS: bitly/lgaqTla

* PhET circuit construction kit (DC only) bit.1ly/19eKTHf

METHOD:

1. Construct a series circuit with 1 cell, a resistor and the ammeter in series in
the PhET simulation. Drag and drop each component to create the circuit
Connect the voltmeter in parallel with the cell.

Record the readings in the table below.

Add a second cell in series with the first cell.

Record the new readings in the table below.

Add the third cell in series with the other two cells.

Record the new readings in the table below.

NOUOAGNDN
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http://bit.ly/1gqqTIa
bit.ly/19eKTHf

8. Draw a graph of your results.

RESULTS:

Complete the following table:

Number of cells

Ammeter reading (A)

Voltmeter reading (V)

Use your table to draw two line graphs. One graph should be the number of
cells against the current (ammeter reading) and the other graph should be the
number of cells against the potential difference (voltmeter reading). Decide
which are your independent and dependent variables in this investigation.
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CONCLUSION:

What can we conclude regarding the effect on the current strength and
potential difference of adding cells in series into a circuit?

Resistors in series

Let’s revise some of the work we covered in Gr. 8 about series circuits.

ACTIVITY: Increasing the resistance in a series
circuit

MATERIALS:

1,5 V cell
3 torch bulbs
* insulated copper conducting wires

e switch
s ammeter
INSTRUCTIONS:
1. Construct the circuit with the cell, the ammeter, 1 bulb and the switch in
series. visIt
2. Close the switch. R
3. Note how brightly the bulb is shining and record the ammeter reading. you add more n series.
Draw a circuit diagram. bit.y/H6suDb

Open the switch.
Add another light bulb into the circuit.
Close the switch.

Note how brightly the bulbs are shining and record the ammeter reading.
Draw a circuit diagram.

N o gk
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QUESTIONS:

1. What happened to the brightness of the bulbs and the ammeter reading as
more light bulbs were added to the circuit?

2. Explain the observations you made in question 1.

If we increase the resistance in a series circuit, by adding more resistors, then
the total current decreases. We say the current is inversely proportional to the
resistance. We are now going to look at the potential difference of each resistor.

Measuring the potential difference
across components in a series
circuit

INVESTIGATIVE QUESTION:

What is the relationship between the potential difference across the battery and
the potential difference across the resistors in a series circuit?

MATERIALS AND APPARATUS:

e three 1,5 V cells

* insulated copper conducting wires with crocodile clips
» two resistors of different resistances

three voltmeters

e aswitch

METHOD:
1. Construct a circuit with three 1,5 V cells, two resistors and the switch in
series with each other.
2. Connect a voltmeter, in parallel, across the three cells. This is voltmeter V;.

3. Connect a second voltmeter, in parallel, across one resistor. This is
voltmeter V,. Take note of whether this is the resistor with the higher or
lower resistance.

4. Connect the third voltmeter, in parallel, across the other resistor. This is
voltmeter Vz. Take note of whether this is the resistor with the higher or
lower resistance.

5. Record the readings on the 3 voltmeters.



RESULTS AND OBSERVATIONS:

Draw a circuit diagram to illustrate your circuit. Take note of which resistor has
the highest resistance.

Reading on V;:
Reading on V3:
Reading on Vz:

Record these readings on your circuit diagram above as well.

1. What do you notice about the readings on V5 and Vz when compared to
Vi?

2. Add the readings on V, and Vz together. What do you notice?

3. Which resistor has the highest potential difference, the one with the higher
or lower resistance?

CONCLUSIONS:

Write a conclusion for this investigation.
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What have we learnt? The sum of the potential differences across the resistors
in a series circuit is equal to the potential difference across the battery.

If a resistor has a high resistance then it will have a large potential difference. If
a resistor has a low resistance then it will have a small potential difference. We
can explain this because the battery provides the electrons with potential
energy. The electrons travel through the resistors and lose some of that energy
to each resistor in the form of heat, light or sound. There is only one path for the
electrons to travel and so they transfer energy to each resistor through which
they pass. The higher the resistance of the resistor, the more energy is
transferred within the resistor. Therefore, there will be a greater difference in
potential energy per charge from before to after the resistor in the series circuit.

Let's look at the following example:

If the potential difference across the cells or battery is 9 V and the potential
difference across one of the bulbs is 4 V, what would the reading on the third
voltmeter be?

We say that resistors in series are potential dividers.

ACTIVITY: Check your knowledge of series circuits

MATERIALS:

* batteries (or cells)

 torch bulbs

 insulated copper conducting wires
* ammeters
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INSTRUCTIONS:

Look at the circuit diagrams in the table. Assume that each bulb is the same.

VII. VIII. IX.

1. Predict in which circuit each bulb will glow the brightest. On what did you
base your prediction?

2. Predict in which circuit each bulb will glow the dimmest. On what did you
base your prediction?

3. Why will the brightness of bulbs I, V and IX will be the same?
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4. Now test each of your prediction by building the different circuits. Include
an ammeter in the circuits in order to measure the current.

We have now seen that the current is affected by adding more cells and
resistors in series, but so far we have only measured the current at one point in
the circuit. Let's see how the current compares at different points in the circuit.

ACTIVITY: Current in a series circuit

MATERIALS:

* insulated copper connecting wires.
* two 1,5 V cells

* two torch light bulbs

* ammeter

INSTRUCTIONS:

1. Set up a series circuit with two cells and two torch light bulbs in series with
each other.

2. Insert an ammeter in series between the positive terminal of the cells and
the first torch bulb.

3. Measure the current strength using the ammeter. Draw a circuit diagram of
this set-up.

4. Remove the ammeter and close the circuit again.

5. Insert the ammeter, in series, between the two torch bulbs.

6. Measure the current strength using the ammeter. Draw a circuit diagram of
this set-up.
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7. Remove the ammeter and close the circuit again.

8. Insert the ammeter, in series, between the last torch bulb and the negative
terminal of the battery.

9. Measure the current strength using the ammeter. Draw a circuit diagram of
this set up.

Complete the following table:

Between positive terminal of battery
and first bulb

Between two bulbs

Between negative terminal of
battery and last bulb

What can you conclude from this about the current in a series circuit?
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4.2 Parallel circuits VISIT

Parallel circuits (video).

A parallel circuit provides more than one path for the electric current to move bitly/bTRYe

through the circuit.

Draw a circuit diagram for this

Parallel circuit ..
circuit

Cells in parallel

We saw that connecting cells in series increases the amount of energy supplied
to the electrons. The potential difference increases. Let's investigate what
happens when we add cells in parallel in a circuit.

INVESTIGATION:  What happens to the current and
potential difference in a circuit
when adding cells in parallel?

HYPOTHESIS:

Write a hypothesis for this investigation.

MATERIALS AND APPARATUS:

* three 1,5 V cells

* insulated copper conducting wires with crocodile clips
e ammeter

* voltmeter

* resistor

METHOD:

1. Construct a series circuit with 1 cell and the ammeter in series.
2. Connect the voltmeter in parallel with the cell as shown in the circuit
diagram.
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3. Record the readings in the table below.
4. Add a second cell in parallel with the first cell as shown in the diagram.

5. Record the new readings in the table below.
6. Add the third cell in parallel with the other two cells. Draw a circuit
diagram for this in the space below.

7. Record the new readings in the table below.

RESULTS:

Complete the following table:

Number of cells in parallel

Ammeter reading (A)

Voltmeter reading (V)

1

2
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CONCLUSION:

What can we conclude regarding the effect of adding cells in parallel into a
circuit?

What have we learnt? When we connect two cells in parallel with each other,
the overall potential difference is the same as if we only had one cell. Therefore
if both cells are 1,5 V, then the overall potential difference for the circuit is still
1,5 V. The current is the same as if there was only one cell because the electrons
only travel through one of the cells.

What advantage would we get from connecting cells in this way? Discuss this
with your class.

Resistors in parallel

Parallel circuits have more than one pathway for the current. Let's look at how
adding resistors in parallel affects the current strength.

ACTIVITY: Adding resistors in parallel

MATERIALS:

* 1,5V cell

3 torch bulbs

 insulated copper conducting wires
* switch

* ammeter

INSTRUCTIONS :

1. Construct the circuit with the cell, ammeter, 1 bulb and the switch in series.
2. Close the switch.
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3. Note how brightly the bulb is shining, write down the ammeter reading.
Draw a circuit diagram of your circuit.

. Open the switch.
. Add another light bulb, in parallel to the first, into the circuit.
. Close the switch.

. Note how brightly the bulbs are shining and write down the ammeter
reading. Draw a circuit diagram of your circuit.

N O oA

©

Open the switch.
9. Add the third light bulb, in a parallel to the first two, into the circuit.
10. Close the switch.

11. Note how brightly the bulbs are shining and write down the ammeter
reading. Draw a circuit diagram of your circuit.
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QUESTIONS:

1. What happened to the brightness of the bulbs and the ammeter reading as
more light bulbs were added in parallel?

2. Explain your observations from question 1.

In the last activity, we only measured the current in the main branch of the
circuit. What happens to the current in a parallel circuit?

ACTIVITY: Current in a parallel circuit

MATERIALS:

* insulated copper connecting wires
* two 1,5 V cells

» three identical torch light bulbs

* ammeter

METHOD:

1. Set up a parallel circuit with two cells in series with each other and three
torch light bulbs in parallel with each other.

2. Insert an ammeter in series between the cells and the first pathway as
shown in the diagram.

3. Measure the current strength using the ammeter.
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4. Remove the ammeter and close the circuit again. Insert the ammeter, in
series, in the first pathway.

5. Measure the current strength using the ammeter.
6. Insert the ammeter, in series, in the second pathway.

7. Measure the current strength using the ammeter.
8. Insert the ammeter, in series, in the third pathway.

9. Measure the current strength using the ammeter.

10. Insert the ammeter, in series, between the first pathway and the batteries
on the opposite side to the first reading.

11. Measure the current strength using the ammeter.
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Draw a table in the following space to record your readings.

QUESTIONS:

1. What do you notice about the current in the main branch and the current
in the pathways?

2. Add up the currents in each pathway through a bulb. What do you notice?

3. Use the following diagram and write an equation to illustrate the
relationship between:
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a) Al and A4.

b) Al, A2 and A3.

c) A4, A2 and A3.

When we add resistors in parallel to each other the total resistance decreases
and the current increases. Why does this happen? Adding resistors in parallel
provides more alternative pathways for the current. Therefore it is easier for
current to move through the circuit than if all the current had to move through
one resistor.

Imagine that you are sitting in a school hall during assembly. You are bored and

VisIt waiting for the end so that you can go out to break to chat to your friends.
Wat:f:;'g:vraalflljlgﬁﬁéries There is only one exit from the hall. When you are dismissed, everyone has to
(video). exit through the same door. It takes a while because only some learners can
bit.ly/19nWOCB leave at a time.

Now imagine that there is a second door that is the same as the first door. Now
you and your friends have a choice of which door to go through. The number of
learners that exit the hall together will increase and some of you will exit
through the first door while others will exit through the second door. No one
can go through both doors at the same time.

This is similar to the way current behaves when in a parallel circuit. As the
electrons approach the branch in the circuit, some electrons will take the first
path and others will take the other path. The current is divided between the two
pathways. We say that resistors in parallel are current dividers. Although both
pathways provide resistance, the total resistance is less than if there was just
one pathway.

We are now going to look at the potential difference across each resistor in a
parallel circuit.

INVESTIGATION:  Measuring the potential difference
across components in a parallel
circuit

INVESTIGATIVE QUESTION:

What is the relationship between the potential difference across the battery and
the potential difference across the resistors in a parallel circuit?
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HYPOTHESIS:

Write a hypothesis for this investigation.

MATERIALS AND APPARATUS

* three 1,5 V cells

* insulated copper conducting wires with crocodile clips
» two torch light bulbs or resistors

* three voltmeters

* a switch

* 3 ammeters

METHOD

Construct the following circuit:

Note the readings on the 3 voltmeters and ammeters.

RESULTS:
Record the readings here in the table and write them onto the circuit diagram
above:

Voltmeter Reading (V) Ammeter Reading (A)

Vi A

V2 A2

V3 A3
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1. What do you notice about the readings on V5 and Vz when compared to
Vi?

2. Add the readings on A, and Az together. What do you notice?

3. Explain the behaviour of the electrons in the circuit based on the ammeter
readings.

CONCLUSION:

Write a conclusion for this investigation based on the investigative question.

Extension:

Do you know that we can calculate the resistance of each light bulb in the
circuit used in this investigation? We have seen that the current (1) through a

- S - resistor is inversely proportional to the resistance (R) and the potential
o esnce, difference across a resistor (V) is directly proportional to the resistance. This
bitly/Ib7ggTC relationship is summarised in the following equation:

R= "7

The unit of resistance is the ohm (Q) which is defined as a volt per amp of

current. This can be written as:

1ohm =1 Vel
amp

We can therefore calculate the resistance. An example is shown here using the
values in this circuit diagram:

py)
I
1<

(N
<

N
- P

=15
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In this investigation, you measured the potential difference (in volts) and the
current (in amps) for each bulb. Use these measurements to calculate the

?
resistance for each bulb in your circuit. IR

The relationship

described here between
current through a
resistor, the resistance
of the resistor and the
potential difference
across the resistor, is
called Ohm's Law.

What have we learnt from this investigation?

e The current in a parallel circuit divides when it enters the separate
branches. The total current is the sum of the current in the branches.

* The potential difference across the branches of the circuit is the same as
the potential difference across the battery.

ACTIVITY: Series and parallel circuits

MATERIALS:

* two 1,5 V cells
* insulated copper conducting wires
» two torch light bulbs

INSTRUCTIONS:

1. Set up a series circuit with the two cells and the two torch light bulbs. Are
both torch lights shining?

2. Disconnect one of the torch light bulbs. What happens?

3. Set up a parallel circuit with two cells and the two torch light bulbs in
parallel with each other. Are both torch lights shining?
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VISIT

Series and parallel circuits
(video).

bit.ly/1a7zvht

4. Disconnect one of the torch light bulbs. What do you notice?

QUESTIONS:

1. Why did the series circuit stop working when one of the light bullbs was
removed?

2. Why did the light bulb in the parallel circuit keep shining after you
removed the other bulb?

3. Which type of circuit, series or parallel would be more useful in a
household circuit? Why?

Parallel circuits are useful in household circuits because if one pathway stops
working then the other pathways can still work. So if your bathroom light bulb
breaks, the rest of the lights or appliances in the house can still be used. If your
house used a series circuit then all the lights and appliances in the house would
stop working if one item broke. You can also turn lights on in different rooms at
different times without having to turn all the lights on in the whole house at
once.

An example of a series
circuit is a set of tree
lights. Each light bulb is
connected in series
with the others. This
means that if even one
breaks then all will stop
working. To find the
broken one and fix it,
you would have to test
every bulb.

Tree lights are sometimes connected in series.
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d) A closed circuit with two cells in series and two light bulbs in parallel.
[2 marks]

e) A closed circuit with an ammeter and resistor in series and three cells
in parallel, with a voltmeter connected to measure the potential
difference across the three cells. [2 marks]

2. Look at the following circuit diagram. Identify the number of bulbs,
switches and cells in this circuit. Identify whether they are in series or
parallel. [3 marks]

3. lan has bought a string of Christmas tree lights and has hung them in the
tree and plugs them in. One of the light bulbs breaks.

a) What happens to the rest of the light bulbs? [1 mark]
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b) Explain your answer to question a. [2 marks]

4. Household circuits are parallel circuits. Explain why it is better to use a
parallel circuit in a house than a series circuit? [2 marks]

5. Answer the following questions on the circuit below.

Circuit

Values for each reading

Ar=3 A

A2:

a) Work out the missing values. [2 marks]
b) Explain your answer above. [1 mark]

6. Answer the following questions on the circuit below.

Circuit

Values for each reading [2 marks]

A1=

A, =3 A
Az =3 A
As=TA

a) Work out the missing values. [2 marks]
b) Explain your answer above. [2 marks]




7. Answer the following questions about the circuit below.

Circuit Values for each reading [2 marks]
Vi=12V
V,=8V
Vs =

a) Work out the missing values. [2 marks]
b) Explain your answer above. [2 mark]

8. Answer the following questions about the circuit below.

Circuit Values for each reading [2 marks]
Vi=10V
V, =
Vsz =

a) Work out the missing values. [2 marks]
b) Explain your answer above. [1 mark]

Energy and Change




c) How many bulbs will still glow if switch S1is opened? [1 mark]

d) How many bulbs will still glow if switch S2 is opened? [1 mark]

9. Work out the missing values below. [2 marks]

10.

Circuit

Values for each reading [2 marks]

Each cell in this circuit is 1,5 V. What
is the reading on V?

Answer the following questions about

the circuit below.

Circuit

Values for each reading [4 marks]

Vi=9V
Wiy =
Wi =
A =6A
Ay =2 A
Az =

a) Work out the missing values.
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W WORDS

armature

* reset

* excess

« fuse

* circuit breaker
« earthing

« earth leakage
« short circuit

Safety with electricity

KEY QUESTIONS:

* How safe is my electricity connection?
* What is a short circuit?
* Why do plugs have three wires?

5.1 Safety practices

Imagine you are at home, it is dark and you have switched on one of the
overhead lights. You then switch on a second light. Does the first light become
dimmer? No, it does not. This is because the electrical circuits in houses are
parallel circuits.

Why do we use parallel circuits in a house? Do you remember the activities you
did in the previous chapter? You saw that a series circuit stops working if one
part of it breaks, but a parallel circuit does not. If one of the branches of the
parallel circuit stops working, there are still complete pathways for the current
and so the rest of the circuit can still function. This also enables you to switch
on different lights and plugs in a house at different times.

We also saw that adding resistors to a series circuit increases the total
resistance of the circuit, causing the current to decrease. In a parallel circuit,
adding resistors does not increase the overall resistance and so the current
does not decrease.

Despite the advantages of using parallel circuits in the electrical wiring in
buildings, there is a disadvantage. Parallel circuits can become overloaded with
too many branches and become a safety hazard. The overloading can cause too
much heat which could lead to a fire starting. The fire would spread throughout
the house and cause a lot of damage.

This plug is overloaded and is a safety hazard.

Let's now look at some of the safety practices which are followed and employed.




Earthing

What does it mean to earth an electrical appliance? Let's consider the example

of a washing machine.

The electric circuit inside the washing machine has three different wires:

* a brown live wire
¢ a blue neutral wire

e a green and yellow striped earth wire

The live and neutral wires provide the potential difference needed for the motor
inside the washing machine to turn. The earth wire is connected to the metal
case of the washing machine. The three wires are encased in a plastic insulation
to form one cord which is plugged into the mains electricity supply at the wall.
The earth wires from all the electric sockets end up in one thick earth wire which
is connected to a big metal spike driven into the ground.

The earth wire usually does nothing. The only time it is used is when something
goes wrong inside the machine. If the live wire is exposed and touches the
metal casing of the washing machine, you could get an electric shock if you
then touch the metal casing. However, the earth wire is connected to the metal
casing so that the current goes through the earth wire and into the ground
instead of shocking you. The earth wire has a very low resistance and so a

strong current will easily go through it.

The earth wire completes the circuit and connects the live wire to the ground.
This is a short circuit. The washing machine will stop working because none of
the electricity will flow through the motor.

If there was no earth wire then the metal casing of the washing machine would
become part of the electrical circuit and anyone who touched it would get an
electrical shock. That is why an earth wire is an important safety feature on any

electrical appliance.
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VIsIT

Safety Dog provides some
useful safety tips in this
short video.

bit.ly/1cO4vmzZ

DID YOU KNOW?

The colours for the
different wires are used
universally, so no matter

where you are in the
world, you will be able
to identify the different
wires by their colours.

TAKE NOTE

The earth wire is
sometime just green or
just yellow instead of
striped.



http://bit.ly/1cO4vmZ

VISIT

How to deal with an
electrical shock from an
appliance.

bit.ly/1c9pGDg

The green and yellow earth wire connected to the metal casing inside an electric motor.

What are short circuits? A short circuit usually happens by mistake. An extra
electrical pathway is made. The extra electrical pathway has very low resistance
and so the current increases. This increased current can damage appliances and
cause overheating. Overheating can lead to fires. There are several safety
devices which are used to stop the flow of current if a short circuit occurs. Let's
look at some of the safety devices which are commonly used.

ACTIVITY: Making your own fuse

MATERIALS:

e three 1,5 V cells (large voltage battery)

¢ copper conducting wires with crocodile clips
» steel wool

¢ heat resistant mat or piece of wood

e torch light bulb

e variable resistor

* ammeter

INSTRUCTIONS

1. Set up a circuit according to the picture on the next page.

2. Twist a few strands of steel wool into a wire. This must not be very thick.
Just a few strands will do.

3. Use the steel wool to complete the circuit.
4. Set the variable resistor to its highest resistance.
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5. Close the switch. What do you observe?

6. Take note of the reading on the ammeter which measures the current in
the circuit.

7. Open the switch.
Set the variable resistance to its lowest resistance.
9. Close the switch. What do you observe?

®

QUESTIONS:

1. Draw a circuit diagram for your circuit.
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2. Why is the light bulb included in the circuit?

3. When you decreased the resistance, what happened to the current? In
other words, what happened to the reading on the ammeter?

4. What do you think happens to the electric current when the steel wool has
burnt? Explain your answer.

A fuse is a wire which will melt if the current travelling through becomes too
large due to a fault, such as a short circuit or overload. When the fuse wire
melts it breaks the circuit and current stops flowing. This disconnects the
appliance to prevent any further damage. Fuses are stamped with the
maximum current that they can handle. The photo is of a 5 ampere fuse. It will
melt if a current of more than 5 amperes passes through it.

Motor cars also have fuses. Can you see the
fuse in this photo showing the battery in a A 5 ampere fuse.
motor car?
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ACTIVITY: Drawing circuit diagrams with fuses

INSTRUCTIONS:

Draw the following circuit diagrams to show various places to insert fuses in
circuits.

1. A circuit diagram with two batteries and two light bulbs in series with each
other. Insert a fuse into the circuit so that if the fuse breaks all the light
bulbs will switch off.

2. A circuit diagram with a cell and two light bulbs in parallel with each other.
Insert a fuse into the circuit so that if the fuse breaks, only one of the light
bulbs will switch off.
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3. A circuit diagram with a cell and two light bulbs in parallel with each other.
Insert a fuse into the circuit so that if the fuse breaks, both bulbs will switch
off.

When a fuse melts, it has to be replaced each time. There are other devices
which are now more commonly used in households rather than fuses, such as
circuit breakers.

This fuse has blown and has to be replaced.

Circuit breakers

Circuit breakers are one of the most important safety devices in our homes
today. Without circuit breakers, electricity in our houses and buildings could be
dangerous due to the risk of fires and other safety hazards resulting from
electrical wiring faults and equipment failures.

A circuit breaker is similar to a fuse except that it can be reset. Once a fuse has
melted it is thrown away and a new fuse is put into the circuit. A circuit breaker
acts in the same way that a switch would and breaks the circuit if the current
surges. You may have seen these switches before on a circuit or distribution
board in your home or school.
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TAKE NOTE

If you want to revise
some concepts from
previous grades,
remember that you can
visit www . curious.
org.zatoseeall Gr7
to 9 content. Discover

more online!

An example of circuit breakers showing the switches.

Let’s take a look at how a circuit breaker functions. Do you remember learning
about electromagnets in Gr 8 when we looked at the effects of an electric
current? An electromagnet is a type of magnet which forms due to an electric
current around a bar. The strength of the magnet depends on the electric
current. The more current, the stronger the magnet.

A basic circuit breaker consists of a switch connected to an electromagnet.
Have a look at the following diagram.

When the switch is on, the current flows through the device, from the left
through the moving contact and across to the stationary contact. It then goes
around the electromagnet and out the other side. The iron catch is holding the
moving contact in place so that the circuit is complete. If the current passing
through the circuit breaker increases, the electromagnet becomes stronger. If
the current gets to unsafe levels, the electromagnet becomes strong enough to
pull the iron catch lever. This releases the moving contact so that the circuit
breaks and the electricity is shut off, as shown in the following diagram.

There is a reset button which can be pushed in order to push the contacts back
together when the fault has been fixed and it is safe to reconnect the electricity.
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Earth leakage

We have mentioned the dangers of electric charge in previous chapters. An
electric charge will move from where there is a lot of potential energy to where
this is less potential energy. Do you remember learning about lightning? The
excess electrons from the clouds move to the ground and transfer a large
amount of energy in the process.

The earth leakage circuit breaker is used in the electrical circuits of households
and businesses. The circuit breakers for the different parts of the circuit are put
into the electrical distribution board. The earth leakage circuit breaker is also on
the distribution board.

An example of the earth leakage and main switch on a distribution board in a house.

The earth leakage circuit breaker is a safety device which can switch off the
electricity supply to the house. The earth leakage is able to detect if any current
is moving through the earth wire. If current is moving through the earth wire
then there is a short circuit somewhere, for example as explained with the
washing machine. The earth leakage circuit breaker then shuts down all the
current as a safety measure.

Lightning is always a danger to an electric circuit. In areas where lightning
strikes are common, a lightning spike is often used. This is a metal pole which is
connected to the house with one end buried in the ground.

A lightning rod on the roof of a house.
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If lightning strikes the house then the surge in current will flow through the
metal spike and go safely into the ground. This helps to prevent electric fires in

households due to a lightning strike.

Wiring a 3-pin plug

VISIT
Wiring a plug.
bit.ly/1c057¢ck

In the first section in this chapter, we learned about the three wires that are
attached to most electrical appliances. Complete the following table to identify

the colours of these three wires.

Wire

Colour

Neutral wire

Earth wire

Live wire

The three wires that form the cable leading
to a plug.

Why are there three wires? For a
complete circuit we have wires coming
into the house and wires leaving the
house. The wire which enters our
homes is the live wire. The neutral wire
leaves our homes and is earthed as it
leaves the house. The earth wire has a
very low resistance and is connected
through the plug socket to the earth
cable of the house. The earth cable
leads into the ground. If an electrical
appliance becomes charged due an
electrical fault, it can discharge
through earth wire and earth cable and
into the ground. This prevents
someone from getting an electric
shock from a fault in an appliance.
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TAKE NOTE

The neutral wire is
earthed as it leaves the
house, as shown in the
diagram, to protect the

national grid from

lightning strikes. If
lightning strikes the
overhead cables or
transmission lines, then
the current flows into
the ground rather than
burning up the entire
network.

142

Houses and other buildings are connected to the national grid by the live wire entering
the house and the neutral wire leaving the house.

The electrical plug has three metal pins. Each pin has a hole in it with a small
metal screw. Loosening the screw opens the hole, tightening the screw closes
the hole. Let's take a look inside a plug to see how to wire it.
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1.

Which pin is the green-yellow cable connected to?

2.

Which pin is the blue neutral wire attached to?

3.

Which pin is the brown live wire always attached to?

We are now going to wire our own plugs.

INSTRUCTIONS

1.

o Uk W

10.

Cut about 2 cm of the white insulation off the electrical cord to expose the
three wires within it. Do not slice directly into the wire as though you are
cutting a loaf of bread. Move the blade carefully around the cord in a circle
until you have cut through the insulation.

Once you have exposed the three different coloured wires, cut away about
half a centimeter of insulation from each of these three smaller insulated
wires to expose the copper wire inside.

Twist the copper wires gently with your fingers so that the strand is tight.
Open the plug cover.

Unscrew the little screws on the 3 metal pins.

Insert the copper wire into the metal pins. The green and yellow wire goes
into the top pin (often labelled 'E’ for earth, or with the symbol for
earthing). The blue wire must go into the pin on the right when viewed
from the bottom (often labelled 'N' for neutral). The brown wire must go
into the pin on the left when viewed from the underneath of the plug
(often labelled 'L’ for live).

Tighten each of the little screws to trap the wires in place.

Replace the plug cover.

You have now correctly wired a 3-pin plug and attached it to the electrical
cable.

When you wire a 3-pin plug of an actual appliance, what safety precautions
do you think you need to follow? Discuss this with your partner or class
and write down your answer here.

Now that we know more about the safety practices in electrical wiring in
buildings, let's practice by designing the wiring for a house.

TAKE NOTE

When viewed from the
underneath with the
pins facing towards you,
the green and yellow
earth wire is always
connected to the
uppermost pin, the blue
neutral wire to the pin
on the right and the
brown live wire to the
pin on the left.



ACTIVITY: Wiring a house

INSTRUCTIONS:

You have made a doll's house for a neighbour’s little girl. The doll's house has 2
bedrooms, a bathroom, a lounge and a kitchen. You want to make a simple
electrical circuit for the doll's house.

Start off by drawing the floor plan of the house. Once you have this, draw in the
wiring system to show how you would put a light bulb in every room. Each light
must be able to switch on and off without affecting the other lights in the house.
There must be a mains switch located in the kitchen and a fuse to prevent
overload.

You should practice this on rough paper or in the space below before drawing
the final design in your workbook on the next page. Include the labels for each
room.
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NEW WORDS

* illegal
* provision

5.2 lllegal connections

An illegal electricity connection is made when a person attaches their home's
electrical circuit to the national grid without a meter. This is done without the
consent or knowledge of Eskom. Eskom cannot monitor the electricity
consumption and so the electricity is being stolen as these consumers do not
pay for the electricity.

Some people make money by
supplying illegal connections and
others have no legal way to access
electricity and so they resort to illegal
connections. Others have access to
legal electricity, but prefer not to have
to pay for it. Not only are these types
of electrical connections illegal and
considered energy theft, they are also
very dangerous, as you will see in the

next activity. Electricity theft is illegal and also very

dangerous due to the insecure connections
and fire risks.

ACTIVITY: Case study on illegal electricity
connections

INSTRUCTIONS:

1. Read the following newspaper article.
2. Answer the questions that follow.

Doornbach informal settlement celebrates electricity provision
WestCapeNews, July 20712

There was much celebration in Doornbach, an informal settlement
just outside of Cape Town, when the City switched on about 200 new
electrical connections over the period of a few months in 2012. The illegal
electricity connections had previously been the only supply of electricity
to the area. Authorities often encounter fierce opposition when trying to
cut down illegal electricity connections in informal settlements. But, the
Doornbach residents immediately took it upon themselves to cut down
the massive web of illegal wires in response to finally receiving formal,
legal electricity provision.

Besides the mass of wires running through the informal settlement,
many of the wires had been strung across Potsdam Road, the main
road running through. This was very dangerous as the wires hung very
low and would often catch on trucks passing through and snap. Fire
threats and electrical shocks to passers-by and vehicles was also a safety
concern. The use of legal electricity will also help to prevent shack fires
as residents will rely less on candles and paraffin stoves.
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A fifty-two-year-old Doornbach resident, celebrating the end of illegal
connections in the settlement, said that she had lived there for 18 years
and never received any municipal services from the City. The reason
being that they had originally settled on privately owned land, which
meant that the City could not, in terms of National legislation, install
services on privately owned land. However, the City bought the land
in May 2011, and Eskom could therefore begin the process of providing
electricity to households in Doornbach. The fifty-two-year old was
very excited about being able to use an electric iron and installing a
refrigerator.

As a symbolic gesture, the residents took it upon themselves to remove
the illegal wires. Many of the youth climbed up the dangerous makeshift
poles in order to collect the wire which they would then sell to scrap
yards. Not everyone was celebrating the switching on legal electricity
connections in Doornbach. Many residents in neighbouring settlements,
living in formal housing, were making money by selling and supplying
electricity illegally to Doornbach. Street lighting has also been installed
in Doornbach and it is hoped this will help to reduce the crime rate.

Lastly, the City of Cape Town extended their sincere thanks to the
community of Doornbach, as without their support, involvement and
cooperation, such a project would not have been possible.

QUESTIONS:

1. What is an informal settlement?

2. After reading this article, what do you think is the main reason that the

people of Doornbach originally set up illegal connections?

3. Why is it dangerous for youths to climb the makeshift electricity poles?

4. What were some of the physical dangers of the illegal connections in

Doornbach?

DID YOU KNOW?

These Curious
workbooks are an
example of open

educational resources

(OER). Unlike

traditional textbooks,
OER are available under
an open license, for
free!

VISIT

Why does open education
matter? Watch this video.

bit.ly/1fQgh3W


http://bit.ly/1fQgh3W
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REVISION:

1. Explain how a fuse functions to protect an electric circuit. [4 marks]

2. What would happen if you used a 3 A fuse in an electrical fan heater that
needs a current of 8A to function? [1 mark]

3. What type of fuse should you use in the 8 A fan heater? [1 mark]

4. Why are circuit breakers more convenient to use than fuses? [2 marks]

5. When a fuse "blows", why do you think it is important to fix the problem
before replacing the fuse? [2 marks]

6. What is a short circuit? [3 marks]
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7. Why is a short circuit dangerous? [2 marks]

8. What is the colour of the live wire in an electrical cable? [1 mark]

9. Write down one safety precaution that should be followed when wiring a
3-pin plug. [1 mark]

10. What is the purpose of the green and yellow wire in an electrical cable? [2
marks]

11. Draw an outline of a 3-pin plug and label where each wire is connected and
what colour each wire is. [6 marks]
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Imagine the possibilities of a plain piece of paper. They are endless!
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Energy and the national electricity grid

6.1 Electricity generation

Electricity is generated in a power station. In previous grades, we have looked
at how electricity is generated within coal-powered power stations and
distributed to the country in the national electricity grid. We are going to revise
some of these concepts.

NEW WORDS

* turbine

* generator producing electricity is to turn a turbine

« alternative . .

energy Mé;@@lad‘{’f&'h{“ %%HSFQF%eﬂ_Ho%OLFHP

* power station Africa most of the power stations use
coal for fuel. The coal is mined out of
the earth. The coal is transported to
the power station in large trucks or
trains.
Let's take a closer look at what happens
inside a coal-powered power station.
Have a look at the following diagram.

A coal-powered power station.
VisIT

Electricity generation
(video).

bit.ly/GY3JbX



http://bit.ly/GY3JbX

An overview of the steps in a coal-powered station:

1. The large chunks of coal are first crushed into a fine powder. This is called
pulverisation.

2. The coal is then transported to a furnace where it is burnt.

3. The thermal energy from the burning coal is used to boil water and
generate steam.

4. The steam pushes the blades of the turbine and so the turbine spins.

5. The turbine is connected to the shaft of the generator which then rotates
large magnets within wire coils, which generates electricity.

6. The electric current is sent through the power lines to businesses and
homes.

This is the Orlando Power Station in Soweto, which served Johannesburg for 50 years
from 1951. It is not used anymore. The painted cooling towers are seen the most
prominently, but the building to the right is also part of the power station.

Is coal a renewable or non-renewable energy source? Explain your answer.

What are the disadvantages of South Africa's reliance on coal as the main
source of energy in power stations?
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DID YOU KNOW?

The cooling tower on
the left in the photo is
covered in the largest
mural painting in South
Africa.

VISIT

Learn more about the
greenhouse effect with
this simulation.

bit.ly/16gEHQY

TAKE NOTE

In Gr. 8 you might have
made miniature
turbines and seen how
steam is able to make
the blades of the
turbine turn. You can
refer back to this by
looking online at www .

curious.org.za
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VisIT

How a coal power station
works (video)

bit.ly/1a7rqJB
A modern day steam turbine connected to a generator.
There are many different ways to get enough energy to turn the turbine. What
are some of the alternative energy sources which can be used instead of coal?
List them below.
TAKE NOTE

Do you remember how
coal is formed? Coal is a
fossil fuel, formed over
millions of years as
prehistoric swamps and
vegetation were
covered in layers of
sediment and
compressed.

The Gariep Dam on the border of the Free-State and Eastern Cape provinces is
a hydroelectric power station which uses the water falling out of the dam to
turn the turbine. How does the falling water make the turbine turn? Let's
investigate that a little more.

ACTIVITY: Hydroelectric power

MATERIALS:

e aluminium foil plate or cooking tray

e scissors

e pencil

* adhesive tape or packaging tape

* piece of string about 45 cm long

e eraser

¢ nut, bolt, or other small mass piece

e source of running water, such as a tap

INSTRUCTIONS:

1. Cut out the circular bottom of an aluminium foil plate. If it isn’t circular
then use a compass to draw a circle in the base and cut it out.

Energy and Change



http://bit.ly/1a7rqJB

2. Make eight equally spaced cuts toward the centre of the foil circle, as
shown with the solid lines in the diagram. End each cut about 2 cm from
the centre. You now have eight triangular sections.

1. Fold each of the sections upwards. Use a ruler to help you get a straight
edge. Use the dotted lines in the diagram as a guide.

2. Make a small hole in the centre of the plate. Push a pencil through the hole. vISIT
The pencil should fit tightly into the hole. Use adhesive tape to stick the St lipelae ket
wheel to the pencil so that if you rotate the pencil, the wheel rotates. works.

3. Tie a piece of string around one end of the pencil. Tie the small nut or bolt B 2T 12

to the other end of the string.
4. Hold each end of the pencil lightly between your thumls and index fingers.

5. Hold the wheel under a slow stream of water from a running tap. Make
sure to hold the wheel so that the blades are in the water, as shown in the
diagram.

QUESTIONS:

1. What happens to the aluminium wheel when it is placed in the stream of
water?

2. What happens to the mass piece when the aluminium wheel is in the water
stream?



http://bit.ly/19YgYE6

3. Explain the energy transfers between the falling water and the mass piece
lifting.

4. The following diagram shows an example of a hydroelectric power station.
Answer the questions that follow.

a) The water in the dam on the left is high up. It has the ability to fall
down. What kind of energy does the water have?

b) As the water flows down the outlet from the dam, describe the
transfer of energy.

c) The flowing water then turns the turbine. This is a mechanical system.
What energy does the turbine have?

d) The generator then transfers the energy between two systems. The
kinetic energy in the mechanical system is transferred to electrical
energy in the electrical system as it generates electricity. What parts
make up the electrical system in the diagram?

e) What is the output from this whole system? In other words, what does
the city get?




A large dam wall is often built to collect the water. The water then flows
through the hydroelectric power plant.

A large dam wall with a hydroelectric power plant.

The water then flows out the bottom of the
power station and continues down the river.

The generators inside the hydroelectric
power plant.

A turbine can be used to transfer kinetic energy from the falling water to the
generator. A generator is a device which converts mechanical energy to
electrical energy. A generator consists of large metal coils which move within a
magnetic field. In some generators the coils are stationary and the magnet is
rotated and in other generators the magnets are stationary and the coil is
rotated. Turning a set of conducting metal coils inside a magnetic field
generates an electric current.

The modern-day generator works on the principle of electromagnetic induction
discovered by Michael Faraday in 1831-32. Faraday discovered that you could
cause an electric current to flow by moving an electrical conductor, such as a
wire that contains electric charges, in a magnetic field. The movement creates a
potential difference between the two ends of the wire or electrical conductor.
This then causes the electric charges to flow through the conductor as current.
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VISIT

The largest dam in the
world.

bit.ly/1fQukXr

VISIT

Generate electricity with a
bar magnet with this
simulation. Discover the
physics behind the
phenomena by exploring
magnets and how you can
use them to make a bulb
light.

bit.ly/1gRKMpj

VISIT

How to make your own
simple generator.

bit.ly/1i2iTsn



http://bit.ly/1fQukXr
http://bit.ly/1gRKMpj
http://bit.ly/1i2iTsn

DID YOU KNOW?

The Faraday disk was

the first

electromagnetic

generator invented by
British scientist Michael

Faraday in 1831.

TAKE NOTE

Portable generators
produce exhaust fumes
which contain
poisonous gases that
can kill if in high enough
levels. When using a
portable generator,
make sureitisina
well-ventilated area,
and away from water as
much as possible.

A drawing of the Faraday Disk, the first electromagnetic generator.
It consisted of a copper disk rotated between the poles of a
horseshoe shaped magnet to generate electricity.

There are many different types of generators
used in different situations, not only in power
stations. Some yachts and boats use water or
wind-powered generators to charge their
batteries through the use of small propellers
in the water or a wind turbine. Portable
generators are often used in homes and
businesses when there are power outages to
keep certain appliances running, such as the
lights and refrigerator.

Portable generators run on fuel, such as
petrol, diesel or gasoline to turn the shaft to
generate electricity.

A portable generator used in a
home.

Small generators, called dynamos, can
be rotated by a person rotating a crank
and are used in devices such as
portable radios and torches, especially
on mining helmets. Dynamos are also
used in bicycle lights. The dynamo in a
bicycle consists of a permanent
magnet and some surrounding coils of
wire, and is attached to the wheel,
which rotates as the bicycle moves. As
the dynamo rotates it generates a
changing magnetic field that generates
electricity in the surrounding coils of

) A dynamo on the wheel of a bicycle.
wire.

As we have seen, most of the electricity generated in South Africa uses the
burning of coal to provide steam to turn the turbines. Some of the electricity is
generated using alternative energy sources. Why are they called alternative
energies? This is because they are not the main source of energy. Most
alternative energy sources are renewable forms of energy.

Energy and Change




VISIT

Alist of the different
power stations in South
Africa.
bit.ly/16gF4eg

Wind turbines out at sea are an alternative energy source.

ACTIVITY: Alternative energy power stations

INSTRUCTIONS:

1. Research the different types of power stations in South Africa.

2. Choose one of the alternative energy sources used in South Africa.

3. Alternatively, your teacher may ask you to do this as a research project
and present a poster.

4. Write a paragraph here where you discuss the alternative energy source
power station you have researched. In your paragraph, include the
following information:

a) Compare the alternative energy power station to a coal-powered
station in terms of sustainability and environmental impact.

b) Discuss the advantages and disadvantages of using the alternative
energy source rather than coal for generating electricity.

c) Include your references.

Chapter 6. Energy and the national electricity grid



http://bit.ly/16gF4eg

NEW WORDS
* nuclear pover 6.2 Nuclear power in South Africa

* nuclear fission
* nuclear fusion
« radioactive . . .
South Africa only has one commercial nuclear power station, the Koeberg Power

Station in Cape Town. We are going to take a closer look at nuclear power.

VISIT

Eskom's article on the
Koeberg power station.

bit.ly/19Yhmmé

The Koeberg Nuclear Power Station outside Cape Town.

Before we look at nuclear
fission, let's revise the model
of an atom which we have
already learnt about.

Label the following diagram
of the model of an atom.

Most atomic nuclei are stable. But, there are some elements which are not
stable. The nuclei in these unstable elements spontaneously emit particles,
which is referred to as radiation. A nucleus that emits radiation is said to be
radioactive. Radioactive decay is the process when an unstable nucleus of an
atom emits particles. It then 'decays’ into another type of atom with a different
mass.

Energy and Change
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Nuclear power was first pursued for electricity generation in the beginning of
the 20th century when researchers discovered that radioactive materials, such
as radium and uranium, release large amounts of energy when they decay. For a
long time, however, the use of nuclear power was not seen as practical or
possible to generate electricity.

This changed in the 1930's with the discovery of nuclear fission. During nuclear
fission, scientists split the nucleus of an atom into two smaller atoms. This
releases a huge amount of energy. There is also another way in which the
energy in an atom can be released during nuclear fusion. Nuclear fusion is when
two atoms are brought together to make a new, bigger atom. During both of
these nuclear reactions, huge amounts of heat and radiation are released.

Atomic bombing of Nagasaki on August 9, 1945.

Nuclear power uses nuclear fission, nuclear fusion and nuclear (radioactive)
decay. Uranium is an element which is unstable and undergoes radioactive
decay at a very slow rate. This makes uranium a good choice to use as a fuel in
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VISIT

Learn more about
radioactive decay by
playing with this
simulation.

bit.ly/19QuXtL

VISIT

How nuclear power works.
bit.ly/1612eLo

DID YOU KNOW?

Atomic bombs use the
processes of nuclear
fission or nuclear fusion.
The devastating effects
of nuclear bombs are
still seen today in
Hiroshima and Nagasaki
in Japan where two
nuclear bombs were
dropped during World
War 2.



http://bit.ly/19QuXtL
http://bit.ly/16l2eLo

VisIT

Read more about how
nuclear bombs work.

bit.ly/1laWleSR

DID YOU KNOW?

In March 2011,
thousands of Japanese
citizens evacuated the

area surrounding the
Fukushima-Daiichi
nuclear power plant
after a powerful
earthquake and
resulting tsunami
seriously damaged the
power station. The
water leaked out of the
reactor, resulting in
overheating and a
partial nuclear
meltdown.

nuclear power stations. Nuclear power stations therefore use uranium and
induce nuclear fission to release the heat and radiation. Let's take a look inside a
nuclear power plant, such as Koeberg Power Station.

The main difference between a nuclear power station and other power stations,
such as coal power stations, is the way in which the water is heated to produce
the steam.

A nuclear power station has a nuclear reactor vessel. The nuclear power station
needs to control the huge amount of energy given 