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8.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you to learn the concepts covered in this topic.

8.1.1 Introduction

FIGURE 8.1 Forces can be seen in our everyday lives as a push
or a pull

Push and pull

Push force Pull force
Object

The way in which objects move
depends on what forces are acting
on them. A force is a push or a pull.
While you are reading this, the muscles
in your eyes are pulling the lenses in
your eyes into the right shape so that the
words are not blurry.

There are many forces important in
our everyday life. Gravitational forces
ensure we do not float off into space.
Frictional forces allow use to move,
speed up, slow down and stop. What
would happen without forces?

They say that ‘what goes up must come
down’. But, when a bungee jumper’s
head is about to reach the water, as
shown in the topic opener, it’s a case
of ‘what goes down should come up’.

Resourceseses
Resources

Video eLesson Parachutist Felix Baumgartner (eles-2229)

Watch this video to see how parachutist Felix Baumgartner jumped from
the edge of space, after flying to an altitude of 39 045 metres in a helium-filled
balloon. He became the first man to break the sound barrier without the
aid of a vehicle. It took years of unthinkably expensive research, development
and testing with industry experts to perfect the equipment. One of the most
important factors for the jump was Felix’s pressure suit, because if this failed
he almost certainly would have died.

8.1.2 Think about forces

1. In what circumstances do forces cause objects to speed up, slow down, or travel at a constant speed?
2. Why doesn’t gravity cause you to fall through the floor?
3. Do you weigh the same on Mars as you do on Earth?
4. Why is it difficult to walk on ice?
5. How does a compass work?
6. Why do you sometimes get a shock when you touch a doorknob after walking on carpet?
7. Why are bicycle helmets necessary?
8. How do seatbelts, airbags and head restraints protect you in a car accident?
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8.1.3 Science inquiry

Forces in everyday life

The introduction mentioned the importance of forces in our everyday lives. There are many types of forces
—some involve direct contact, but others can occur without objects touching!
1. Using a large piece of butcher’s paper or a whiteboard, draw up a table with the terms listed in the

left-hand column of the table.

TABLE Examples and meanings of different terms relating to forces

Term Meaning Real-life examples

a Force

b Friction

c Magnet

d Magnetic field

e Mass

f Gravity

g Weight

h Lubricant

i Buoyancy

j Surface tension

k Aerodynamic

2. Discuss each term and what you think it means.
Research the meaning of each term and write the
meanings in column two of your table.

3. Discuss some real-life examples of each of the
terms, and write them in column three of your
table. Try to come up with at least three
examples of each.

4. Compare your answers with other groups in
the class.

5. Examine the figure of the ice skaters. How do you
think forces impact the way they are able to move?

Resourceseses
Resources

eWorkbook Topic 8 eWorkbook (ewbk-3932)
Student learning matrix (ewbk-3936)
Starter activity (ewbk-3934)

Practical investigation logbook Topic 8 practical investigation eLogbook (elog-0337)

Access and answer an online Pre-test and receive immediate corrective
feedback and fully worked solutions for all questions
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8.2 Forces
LEARNING INTENTION

At the end of this subtopic you will be able to explain what forces are and their effect on different objects.

8.2.1 Forces everywhere
FIGURE 8.2 Forces act on a tennis ball
when it is hit with a tennis racquet.When a tennis ball is hit with a tennis racquet, it is clear that

forces are acting on the ball. The ball not only changes its
direction of movement, but also, while in contact with the
racquet, changes its shape as well.

force a push, pull or twist

newton the unit for measuring
force

A force is a push, pull or twist. Forces are acting around you all
the time and they can cause changes to occur. Sometimes the
effects are obvious and sometimes they are not. At this moment,
forces are acting inside your body to pump blood around.
When you write, you use a force to push the pen or pencil.
The standard unit of force is the newton (N).

elog-0338

INVESTIGATION 8.1

Forces 

Aim

To investigate the effects of forces on different objects

Materials

• rubber band
• plasticine
• tennis ball

• coin
• plastic ruler or rod
• nylon or wool cloth

Method

Perform each of the following actions and record your observations in the Results table. Take note of any
changes in the motion or shape of each object and what caused the change in the motion or shape.

1. Stretch a rubber band.
2. Squash a lump of plasticine.
3. Push down on the floor with one foot.
4. Drop a tennis ball. Observe what happens:

at the moment that you drop ita. as it fallsb.
as it hits the groundc. as it goes up again.d.

5. Flick a coin with one finger so that it slides along the surface of a table. Observe what happens after
the coin is flicked.

6. Charge a plastic ruler or rod by rubbing it with a nylon or wool cloth. Hold it close to a thin stream of
tap water.
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Results

TABLE Observations of changes in motion of different actions

Action
Changes in motion or
shape What caused the change

Stretch a rubber band.

Squash a lump of plasticine.

Push down on the floor with one foot.

Drop a tennis ball. Observe what
happens:

a. at the moment that you drop it
b. as it falls
c. as it hits the ground
d. as it goes up again.

Flick a coin with one finger so that it
slides along the surface of a table.
Observe what happens after the coin is
flicked.
Charge a plastic ruler or rod by rubbing it
with a nylon or wool cloth. Hold it close to
a thin stream of tap water.

Discussion

1. When you squash a lump of plasticine and stretch a rubber band, a change in shape is observed. What
is different about the behaviour of these two materials?

2. Does the tennis ball change its shape at all when it hits the ground? What would happen to a falling
lump of plasticine when it hits the ground? Would it bounce? Check your prediction.

3. Which of the forces that you observed were able to change the motion of objects without making
contact with them?

Conclusion

Summarise the observations you made during the investigation and the effect of forces on different objects.

8.2.2 Contact or no contact?
contact forces forces between
objects that are touching

The changes in motion illustrated in figure 8.3, are all caused by contact forces.
One object is in contact with another. The golf club strikes a ball (and the sand), the
air pushes against the parachute to slow down the car and the tube of toothpaste is
squeezed to change its shape and push out the toothpaste.

But the motion and shape of objects can be changed without touching them with
anything.

gravity the force of attraction that
exists between any two bodies in
the universe that have mass

non-contact force forces
between objects that are not
touching

magnetic forces forces acting
between magnets and magnetic
objects

electrostatic forces attractive or
repulsive non-contact forces of
electric charges at rest

When you drop a tennis ball, it speeds up as it falls through the air. The force of
gravity pulls it towards the Earth. Gravity is a non-contact force. An object does not
have to be touching the Earth to be pulled towards it. Other forces that can
work without touching are magnetic forces and electrostatic forces.

Magnets can attract each other or some metals, such as iron, from a distance. If
you rub a pen with a cloth, you can pick up small pieces of paper with an
electrostatic force.
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FIGURE 8.3 Each of these photos demonstrates the action of different forces Identify as many of these forces as
you can.

8.2.3 Representing forces
FIGURE 8.4 Forces acting on a kayaker who is
speeding upArrows can be used to represent the sizes and

directions of forces. The length of the arrow shows
how large the force is compared with another force.
The arrow head shows the direction in which the
force is acting. The arrows representing forces are
usually drawn from the object’s centre of gravity.
This is where all of the weight of an object would
be concentrated if it were in one place. Your body’s
centre of gravity is at about bellybutton height when
you are standing.

The arrows in the figure 8.4 shows the upward and
downward forces on the kayaker are the same size
but in opposite directions. Gravity pulls the kayaker
down and the water pushes the kayak (and the kayaker) up (the upward push of the water is called buoyancy.)
These two forces on the kayaker add up to zero and so there is no change in her upward or downward motion.

The horizontal arrow to the right horizontal arrow to the left represent the the forward force on the kayaker
(provided by using the paddle) and the backward force (provided by the drag of the water). The forward force
is larger than the backward force and so the kayaker and kayak speed up.

8.2.4 More than one force
There is almost always more than once force acting on an object. All forces acting on an object are added
together to determine the net force acting on the object. The direction of the force is very important when
calculating net force.

TOPIC 8 Forces in action 411

net force the sum of forces
acting on an object

equilibrium balanced or equal

If the net force acting on an object is zero (the forces are in equilibrium), then the object’s motion will remain 
unchanged. If the net force is non-zero, the object’s speed and/or direction will change.UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c08ForcesInAction_PrintPDF” — 2020/8/7 — 20:10 — page 412 — #7

EXTENSION: Calculating net force

Consider the situation where a box is being pushed along the floor, as seen in figure 8.5.

In figure 8.5a the upward and downward (gravity) forces both are 50 N and left (friction) and right (push) forces
both are 30 N. All forces balance each other so the net force acting on the box is 0 N. The box will continue to
move to the right (as it was already moving) without changing its speed or direction.

FIGURE 8.5 (a) and (b) The forces at work when pushing a box across the floor

50 N

50 N

a. b.

30 N

30 N 30 N
50 N

50 N

10 N

Now consider the situation as shown in figure 8.5b, the upward (contact force) and downward (gravity) forces
both are still 50 N, however, left (friction) force is 30 N and right (push) force is 10 N. The vertical forces balance
each other out, so the box will not move up or down. The horizontal forces, however, do not balance. As the
horizontal force on the right is bigger than the left, the box will move to the right with increasing speed.

Resourceseses
Resources

Interactivity Net force (int-5894)

eWorkbook Types of forces (ewbk-3945)

Video eLessons Pushing force (eles-2230)

Additional automatically marked question sets
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8.2 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions:
1, 4, 7

LEVEL 2:
Questions:
2, 5, 9, 10

LEVEL 3:
Questions:
3, 6, 8

Remember and understand

1. MC Which of the following is not a force?
A. Gravity B. Speed C. Push D. Pull

2. Classify the following forces as either contact forces or non-contact forces:
a. friction b. electrostatic force c. magnetic force d. gravity.

3. Complete the following sentence: The force that opposes the movement of water is _____________.
4. State why drag can be referred to as a backwards force.

Apply and analyse

5. Complete the following sentence: When the net force acting on an object is zero, the object’s
motion ________________. When the net force acting on an object is non-zero, the object’s motion
__________________.

6. Where would you expect to find the centre of gravity of a plastic ruler? Explain your response.
7. Copy and complete the following table by thinking of an everyday example of each of the effects of

forces.

TABLE Everyday examples of forces

Effect Examples in everyday life

a Starting motion

b Stopping motion

c Speeding up motion

d Slowing down motion

e Changing the direction of motion

f Changing the shape of an object

g Having no visible effect

Evaluate and create

8. When you flick a coin so that it slides across a table, it slows down.
a. What is the name of the force that slows it down?
b. While your finger is still pushing the coin, there are four forces acting on

the coin. Draw arrows on the image of the coin to represent the
direction and relative size of each force.

c. How many forces are acting on the coin after your finger stops
pushing?

d. SIS Do you think that the mass of the coin affects how quickly it slows
down?
Design an investigation to answer this question, clearly stating any
independent, dependent and controlled variables.

9. There are four forces acting cyclist, as shown
in the provided diagram.
a. Which of the four forces represented is a non-contact force?
b. What would happen if forces B and D were not equal?

C A

B

D
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c. Is the cyclist’s speed increasing, decreasing or remaining steady? Explain your answer.
d. Describe what would happen to the cyclist’s motion if the size of force C increased to become

equal in size to force A?
e. What would happen if force C became greater in size than force A?

10. SIS Research Newton’s First Law of Motion and state it in your own words.

Fully worked solutions and sample responses are available in your digital formats.

8.3 Gravity

LEARNING INTENTION

At the end of this subtopic you will be able to explain what the force of gravity is, as well as the difference
between mass and weight. You will also be able to describe what it means to reach a terminal speed.

8.3.1 Gravity: an attractive force

FIGURE 8.6 If it weren’t for gravity, the Moon would fly
past us. The gravitational attraction between the Earth
and the Moon keeps the Moon in orbit around the Earth.

Moon

What causes a ball to fall to the ground after you
throw it? Why don’t you get flung from the surface
of the Earth as it spins around? What keeps the
Moon in orbit around the Earth and the planets in
orbit around the sun? The answer to all of these is
the force of gravity. Without the force of gravity,
even the Earth’s atmosphere would float off into
space.

Every object in the universe pulls on other objects
with a force of gravity. The force of gravity
towards an object depends on its mass. Mass is
a measure of the amount of material in an object
or substance, and its standard unit is the kilogram
(kg). The mass of an object is the same wherever it
is in the universe.

mass a measure of the amount of
material (or matter) in an object

The greater the mass of an object, the greater the force of gravity with which it can attract other objects. Gravity
is such a weak force that, unless the object is as large as a star, planet or moon, its pull of gravity is just too small
to notice or measure compared to other forces. That is why we can clearly see that we are pulled towards the
Earth, but we can’t see that the Earth is also pulled towards us.

8.3.2 Weight

weight a measure of the size
of the force of gravity pulling an
object towards the centre of a
massive body

The weight of an object or substance is a measure of the force of gravity pulling it
down towards the centre of a large object such as a planet, moon or star.

Because weight is a force, it is measured in newtons. At the Earth’s surface, the force
of gravity is about 10 newtons for every kilogram of mass. So a 50-kilogram person
has a weight of about 500 newtons on Earth. On Mars, however, the force of gravity
is only about four newtons for every kilogram. A 50-kilogram person would have a
weight of only 200 newtons on Mars.

414 Jacaranda Science Quest 7 Victorian Curriculum Second Edition
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SCIENCE AS A HUMAN ENDEAVOUR: Isaac Newton and the falling apple

FIGURE 8.7 An apple falling on the head of
Newton inspired the discovery of gravity.

Isaac Newton (1643–1727) was an English mathematician,
physicist, astronomer and philosopher. You might know him
as the guy who sat under the apple tree and, after being
struck on the head by a falling apple, discovered gravity.
But it probably didn’t happen that way. Many scientists and
historians believe that Newton was looking out of the window
when he saw the apple fall.

Whichever way it happened he was struck with a realisation
— apples (and everything else) always fall down, not up or
sideways. He wondered about the force that caused this to
happen. He wondered what would happen if the tree were
much taller. In fact, he was able to deduce, after much time
and many calculations, that the force that caused the apple
to fall was the same force (gravity) that kept the Moon in orbit
around the Earth. From these ideas, Newton wrote his Law of
Universal Gravitation, which describes how gravity acts in all
places, not just on Earth, as shown in figure 8.8.

Newton was able to explain many observations, including
falling apples, tides and orbiting planets with a single law
of gravity.

int-3449
FIGURE 8.8 Weight, the force of gravity on an object, decreases as it gets further from the centre of the
Earth. However, the object’s mass remains the same wherever it is.
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8.3.3 Measuring weight and mass
Mass is measured with a balance. Figure 8.9 shows an old-fashioned measuring scale on which the mass being
measured is being compared with a known mass. A two-kilogram bag of flour will balance the two standard
kilogram masses no matter what the pull of gravity is.

A laboratory beam balance measures mass by balancing the object to be measured on one side with sliding
masses on the other side.

Weight can be measured with a spring balance like the one shown in figure 8.10.

The object is fastened to the hook on the end of the spring balance. As the object falls due to the force of gravity,
it pulls down on the spring and stretches it. The distance that the spring is stretched is directly proportional to the
object’s weight.       

FIGURE 8.9 The two-kilogram bag of flour will
always balance the two standard kilogram weights.

1kg
1kg

FIGURE 8.10 A spring balance can be used to
measure weight

elog-0340

INVESTIGATION 8.2

Measuring weight

Aim

To investigate the relationship between weight and mass

Background
Grams Newtons

0 0

100

200

300

400

500

1

2

3

4

5

Tension

Force

applied

by hand

A spring is a good force measurer because, if the pulling
force on it doubles, the amount of stretch doubles. If the
pulling force triples, the amount of stretch triples.

Materials

• 5.0 N spring balance
• set of slotted 50 g masses
• retort stand, bosshead and clamp

Method

1 Pull down on the hook of a 5.0 N spring balance
until it reads 1.0 N. There are two forces acting on
the hook. As long as the hook is not changing its
motion, the upward force of tension is the same as
the downward pull of your hand.

2 Pull the hook down until the spring balance reads 2.0 N.
The downward pull has doubled.
• What is the tension in the spring?
• What has happened to the amount that the spring has stretched?

416 Jacaranda Science Quest 7 Victorian Curriculum Second Edition
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3. Hang the spring balance from a rod fixed to a retort stand and adjust the pointer so that it reads zero.
4. Attach a 50 g mass to the hook of the spring balance and record its weight in newtons by reading from

the scale on the spring balance. Record your result in the Results table. Also calculate and record the
mass in kilograms by dividing the mass in grams by 1000.

5. Add 50 g masses, one at a time, until you have a total mass of 400 g. Record the mass in kilograms as
you go.

6. Record the weight in newtons as you go.

Results

TABLE The effect of mass on the weight measured on a spring balance

Mass (g) Mass (kg) Weight (N)

50 0.05

100 0.10

150 0.15

1. Use your results to plot a graph of weight versus mass, using a grid like the one shown.
2. Draw a line through the points that you have plotted and continue your line to where you think it would

be if you measured the weight of a mass of 500 g. This process is called extrapolation.

W
e

ig
h

t 
(n

e
w

to
n

s
)

Mass (kilograms)

5.0

4.0

3.0

2.0

1.0

0

0 0.1 0.2 0.3 0.4 0.5

Graph of weight measured on a spring balance versus mass

Discussion

1. Why is it better to hang the spring balance from a rod rather than hold it in your hand?
2. Does the spring increase its stretch by the same amount each time a 50 g mass is added?
3. How would your results be different if you conducted this activity on Mars?
4. Is your line straight? Should it be straight?
5. Use your graph to predict the weight of a 500 g mass. Is this prediction accurate? Measure it and see

how accurate your prediction is.
6. How could you alter the scale on the spring balance so that you could read the correct mass from it

directly?

Conclusion

Summarise your findings and state the relationship between mass and weight.
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8.3.4 Free-fall
An object is said to be in free-fall if the only force acting on it is the force of gravity, although for objects falling
near the surface of the Earth, gravity is not the only force acting on them.

air resistance the force of air
pushing on an object as it moves
through the air

The way objects fall depends on the net force acting on them, not just on the pull of
gravity. Air in the atmosphere pushes against all falling objects. This push is called air
resistance. Air resistance is an example of fluid friction.

elog-0342

INVESTIGATION 8.3

More than one force?

Aim

To investigate the effect of air resistance on a disc

Materials

• 20-cent coin
• scissors
• paper

Method

1. Drop a coin from about chest height. The force of gravity on the
coin (its weight) pulls it down. It speeds up until it hits the floor.

2. Cut out a disc of paper about the size of a 20-cent coin.
3. Hold the paper disc in one hand and the 20-cent coin in the

other,
both at chest height.

4. Predict what will happen if you drop them at the same time.
5. Test your prediction.
6. Place the disc of paper on top of the coin and drop them

together from waist height.

Air resistance

Weight Weight

Results

1. Which object landed first? Was your prediction correct?
2. Which landed first when the paper disc was on top of the coin?

Discussion

1. How many forces were acting on the coin as it fell through the air?
2. What two forces were acting on the paper disc when it was dropped on its own?
3. What was different about the forces acting on the coin?
4. How did dropping the coin and disc together (with the disc on top) differ from when they were dropped

seperately? Explain why this occurred.

Conclusion

Write a clear conclusion for your investigation. Be sure to explain what occured when the coin and discs were
dropped separately and together, and why these results happened.

Terminal speed
When the paper disc is dropped together with the coin in the second part of investigation 8.3, the coin shields it
from the air that would normally push against it.

The air resistance on a moving object increases as the object moves faster. When cycling or running quickly, you
feel the air pushing against your face even if there is no wind. When you slow down, you don’t feel the same
push of air against you.
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terminal speed the maximum
constant speed reached by a
falling body when the force of
gravity pulling it down is balanced
by the air resistance pushing
against it

If the object travels fast enough, the air resistance can become as great as the force of
gravity on the object. Once the air resistance balances the force of gravity, the object
stops speeding up. It has reached its terminal speed. It won’t fall any faster.

int-3450

FIGURE 8.11 Forces involved in skydiving.

1. Skydivers jump from about 4 kilometres above the

    ground when the plane is over the jump site, the

    skydiver leaps from the plane.

2. When skydivers jump from a plane, the

    Earth’s pull of gravity causes them to fall

    with increasing speed towards the ground.

    At this point in the jump, the diver does not

    experience much air resistance. But, as the

    diver’s speed increases during the fall, so

    does the size of the air resistance pushing

    against them.

3. By lying flat, with their arms and

    legs out, divers increase the air

    resistance pushing against them. 

    This position decreases their acceleration.

    With their legs straight up and their head

    down, a diver falls at a faster rate.    

4. During a jump, a skydiver

    falls faster and faster. The air

    resistance pushing against a

    diver gets bigger and bigger as

    the speed increases. Eventually,

    the upward push of the air

    resistance and the downward

    pull of gravity are balanced.

    When this happens, the diver

    falls at a steady speed. This

    steady speed is called terminal

    speed. The terminal speed of

    a skydiver without a parachute

    is very fast. A diver could not

    land safely at this speed, so a

    parachute is needed.

5. When the parachute

first opens, the air

resistance is larger

than the gravity force

pulling the skydiver

down, so the diver

slows down. The

skydiver reaches a

new, slower terminal

speed soon after the

parachute opens. 6. The

skydiver

lands safely

at the drop

zone.
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8.3.5 Forces involved in skydiving
There is something about falling through the air at 190 km/h that really gets the adrenalin pumping! Skydiving
is an activity that is enjoyed by thousands of thrill seekers around the world and is an important part of military
and rescue services. The process of skydiving is explored in figure 8.11.

EXTENSION: Resistance in skydiving FIGURE 8.12 There is more than
one force acting on this skydiver.

Skydivers reach speeds of about 200 km/h before air resistance is great
enough to balance their weight. After the parachute has opened, the air
resistance is much greater than the skydiver’s weight, slowing him or her
down to about 20 km/h.

elog-0344

INVESTIGATION 8.4

The landing time of a parachute

Aim

To investigate the effect of a variable on the landing time of a parachute

Materials

• plastic from freezer bags
• scissors
• large paperclips, or plasticine
• stopwatch
• cotton or nylon thread
• metre ruler

Method

Your task is to find out the effect of one of the following factors on the
landing time of a parachute.

• Mass of the skydiver
• Size (area) of the canopy
• Shape of the canopy

1. Use plastic from freezer bags to make the canopy.
Cotton or nylon thread can be used to hold a model
skydiver, which could be

2. Ensure that you do each of the following:
• Keep all things constant except the factor

that you are deliberately changing, so that
your tests are fair. This is called controlling
variables.

• Repeat your measurements of time at least
three times and work out an average.

• Draw up a table in which to record your
results. An example is provided, where the
variable being investigated is listed in the
first column.
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Resourceseses
Resources

eWorkbooks Moon Olympics (ewbk-3937)
Gravity (ewbk-3939)

Video eLesson Isaac Newton (eles-1771)

Skydivers (eles-2554)

Additional automatically marked question sets

8.3 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 5, 8, 12

LEVEL 2
Questions
2, 4, 6, 9, 11

LEVEL 3
Questions
3, 7, 10, 13

Remember and understand

1. Describe the difference between mass and weight.
2. The force of gravity is not the same on all objects. On what property of each object does it depend?
3. If you were to land on Mars, what would change: your mass, your weight or both?
4. What is the weight on Earth of a person with a mass of 50 kilograms?
5. What is terminal speed?

TOPIC 8 Forces in action 421

Results

TABLE The effect of the area of a canopy on the time for a parachute to reach the ground

Time taken to fall (seconds)

Area of canopy (square
centimetres)

Trial 1 Trial 2 Trial 3
Average

24 × 24 = 576

21 × 21 = 441

18 × 18 = 324

15 × 15 = 225

12 × 12 = 144

Discussion

1. Identify the independent and dependent variable in each part of the investigation.
2. Explain why the mass of the skydiver and the shape and size of the canopy affect the drop time.
3. Evaluate your results and comment on how your design could be improved.

Conclusion

Summarise your findings and state how your chosen variable affects the landing time of a parachute.

Extension

As an extra challenge after the investigation has been completed, see who can make the parachute that takes
longest to reach the floor with a standard load of five paperclips from a height of two metres.
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Apply and analyse

6. If every object pulls on other objects with a force of gravity, explain why you don’t notice objects being
attracted to you.

7. a. On Earth, Belinda has a weight of 450 newtons. Calculate her mass.
b. On the Moon, the gravity is around one-sixth that of Earth. What would you expect Belinda’s weight

to be on the Moon?
8. What three forces are acting on the bungee jumper on the opening page of this topic just before

reaching the water? Which force is most likely to be the largest? Explain your response.
9. When you drop a bowling ball and a feather from the same height in the Earth’s atmosphere, they reach

the ground at different times.
a. Explain why this is the case.
b. If the bowling ball and feather were falling in a vacuum where there is no air resistance acting on

them, which do you think will reach the ground first?
c. Find out how the acceleration of a falling object is related to the force due to gravity acting on a

falling object in a vacuum. Use your research to explain your answer to part (b).

Evaluate and create

10. SIS Would a rubber band be as effective as a spring in a force measurer? Design an investigation that
would allow you to find this out.

11. SIS A number of different balls were dropped from a height of 1000 m above the ground and their
velocity recorded over time, as shown in the graph.
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a. Of the four balls, which reached its terminal velocity first?
i. baseball ii. ping pong ball iii. basketball iv. bowling ball

b. How long did it take the basketball to reach its terminal velocity?
c. What was the approximate terminal velocity of the ping pong ball?
d. Explain why some balls reached their terminal velocity faster than others.

12. SIS Find out more about the contributions to science made by Sir Isaac Newton. Write a brief report
about his achievements other than his Law of Universal Gravitation.

13. SIS Imagine that you are working in the first space laboratory on Mars. The pull of gravity is a little
more than one-third of what it is on Earth. Write a diary entry or summary report for your very first
working day in the laboratory. Your response should be an account of your day from 6 am when your
alarm rings until 10 pm when you go to bed. Emphasise the effects of less gravity on daily activities.

Fully worked solutions and sample responses are available in your digital formats.
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8.4 Friction
LEARNING INTENTION

At the end of this subtopic you will be able to explain what friction is, and identify situations where friction is
useful and others where it is a nuisance.

8.4.1 The need for friction

FIGURE 8.13 Friction is needed to start skating, and
to stop

Friction is the force applied to the surface of an
object when it moves against the surface of another
object.

Friction can slow down an object, stop it from moving
or start it moving. The skater in figure 8.13could not
start moving without friction. He starts rolling by
pushing his foot backwards against the path. Imagine
what would happen if the path was covered in smooth
ice. There would not be enough friction to get him
moving forwards. But if the skater is just rolling
forwards, the friction applied to the wheels by the
path will slow him down and eventually stop him.

friction the force applied to the
surface of an object when it is
pushed or pulled against the
surface of another object

CASE STUDY: Crickets communicate with friction

Crickets use friction to make their familiar chirping sound. The sound is made by friction as they rub the back of
the left forewing against a row of teeth on the right forewing.

You need friction to do many things. Holding objects in your hand requires friction. Have you ever dropped wet
soap in the shower or bath? Wethands and soap provide little grip. Even walking requires friction. If you have
ever slipped on ice or wet floor tiles you’ll know why.

traction a type of friction used to
assist movement

When you walk, you push your foot backwards against the ground so that the
ground pushes you forward. Without friction your foot would slip backwards as
it does on ice. This type of friction, used to assist movement, is called traction.

The force of friction is especially important to cars. On a level road, the friction
applied by the road when the wheels turn is needed to start a car moving. This
friction is another example of traction. Without this friction, the wheels would spin and the car wouldn’t start
moving. Without friction, cars would not be able to turn corners or stop. The decrease in friction on wet or icy
roads makes it very difficult to steer and stop a car.
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8.4.2 Friction is sometimes a nuisance

FIGURE 8.14 Olympic bobsled teams
spend long hours smoothing and polishing
the runners of their sleds.

Although friction is necessary for movement and control of
movement of people and vehicles on a surface, it can also be
a nuisance. Pushing objects across rough surfaces can be very
difficult. You have to push it with a force larger than the friction
force acting on it. And the heavier the object is, the greater the
friction force.

Objects can travel faster if they are smooth. Skis and surfboards
are waxed and buffed to reduce friction and make them go faster
through snow or water. Bobsled teams smooth and polish the
runners of their sleds to maximise their speed down a track.

The smoother the surface on which a vehicle moves, the faster it
can go once it gets started. Road surfaces need to be smooth so
that vehicles do not waste fuel in overcoming too much friction.
However, they need to be rough enough to allow vehicles to turn and brake safely in all types of weather.

Trains and trams run on steel tracks because they produce very little friction. That makes them cheaper to run
than vehicles that move on rough surfaces. Imagine how powerful a bus would need to be to carry the same load
as a long freight train!

8.4.3 What causes friction?
FIGURE 8.15 A close-up of a ‘smooth’,
polished surface.Even very smooth surfaces are rough when you look at them

under a very powerful microscope.

The photograph figure 8.15 shows a smooth, polished metal
surface magnified 300 times. At that magnification, you can see
that the surface is actually covered in scratches, making it rough.
It is this roughness that causes friction.

Friction is the interaction between surfaces as these scratches
and bumps rub against each other.

8.4.4 Reducing friction

Ball-bearings FIGURE 8.16 Ball-bearings reduce friction
between the axle and wheel hub of a
skateboard.

Ball-bearings are often used to reduce the friction on wheels
as they spin around an axle, as seen in figure 8.16. The ball-
bearings act as wheels, allowing the outside ring to ‘roll’
around the inside ring without sliding. (Rolling friction is much
less than sliding friction. Try rolling and sliding an object.)
The ball-bearings enable the wheels to turn faster, and reduce
wear and tear as they lessen the amount of contact between the
surfaces.
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Lubricants
FIGURE 8.17 Synovial fluid
reduces friction.

Joint 

capsule

Fibula

Femur

Tibia

What makes a door squeak? A squeaky door can be silenced with a few
drops of oil. The oil reduces the friction within the hinge. Substances like
oil, grease and petroleum are called lubricants. They reduce the force of
friction produced by the rubbing of solid surfaces.

Your joints contain a lubricant called synovial fluid to help stop bones
from scraping against each other. An example of this synovial fluid in the
knee is shown in figure 8.17.

Lubricants are needed in machines where wear and tear, heat and noise
result from surfaces rubbing against each other. Oil and grease are used to
lubricate wheel bearings on skateboards, rollerblades and bicycles.

lubricants substances with large
particles that can slide easily over
each other

8.4.5 Fluid friction

fluids substances that flow and
have no fixed shape, such as
gases and liquids

Any substance that is able to take up the shape of its container and can flow
is called a fluid. Air and water are both fluids. Objects travelling through
air and water experience fluid friction. Like rolling friction and sliding
friction, fluid friction acts against the motion of objects. Fluid friction
limits the speed of objects travelling through air and water. It increases the
amount of fuel needed by cars, planes, motorised boats and submarines.

streamlined being shaped so that
drag through a fluid is minimised

Cars, planes, watercraft and bicycles are streamlined to reduce fluid friction. The faster a vehicle needs to
travel, the more important streamlining becomes. Some athletes even shave their bodies to streamline them.

Sports scientists at the Australian Institute of Sport and universities throughout the world are constantly
searching for ways to reduce friction so that swimmers, short-distance runners and cyclists can move faster
through fluids. Tight-fitting and smooth materials such as Lycra® reduce fluid friction through water and air.
The design of bicycle helmets is always changing as scientists and engineers find new shapes and materials that
reduce fluid friction, as shown in figure 8.18.

FIGURE 8.18 A racing cyclist’s helmet, clothing
and bicycle are all designed to reduce fluid
friction.

ACTIVITY: Reducing friction in sport

Consider a sport or activity where friction is a nuisance. Design a piece of equipment or cloth that will help
reduce this friction. Draw a labelled diagram of your design and explain how the various components would
reduce friction.
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SCIENCE AS A HUMAN ENDEAVOUR: Returning safely from space
FIGURE 8.19 A recovery team locates the
Soyuz capsule after a safe landing.

When astronauts, scientists and other crew members of
the International Space Station return to Earth, the greatest
danger they face is re-entry into the Earth’s atmosphere. Until
July 2011, crew members returned on board a NASA space
shuttle. Since then they have returned aboard a much smaller
and differently shaped Russian Soyuz capsule. After travelling
through space with almost no friction, both re-entry craft enter
the upper atmosphere at speeds above 25 000 km/h. Because
they are travelling so fast, the force of fluid friction is huge,
causing temperatures on the outside of the craft to reach
more than 1500 °C, enough to make them glow red hot.

The surfaces of the NASA space shuttles were covered with
thousands of ceramic tiles to protect the crew. The Soyuz
capsule has a heat shield and a surface covered with ceramic
sheets. As the space shuttles slowed down, they zigzagged
through the lower atmosphere, cooling down and getting into the correct landing path. It landed like a plane at
speeds of about 300 km/h. The Soyuz capsules jettison the heat shield on entering the lower atmosphere and are
guided down by a system of parachutes. The capsule falls to the ground on the plains of Kazakhstan at about 5
km/h and its crew is assisted out of the capsule by a ground recovery team.

ACTIVITY: The dangers of spacecraft re-entry

FIGURE 8.20 Damage to Columbia’s
ceramic tiles was believed to have
caused it to overheat and explode on
re-entry in a tragic incident in 2003.

The dangers of the high friction re-entry of spacecraft into the
atmosphere were highlighted in 2003 when the space shuttle
Columbia broke up 16 minutes before it was due to land. All
seven crew members were killed. This tragedy is believed
to have been caused by minor damage done to some of the
ceramic tiles on the shuttle’s surface during launch. This left
a very small part of the surface unprotected from the high
temperatures caused by friction. The resulting fire quickly
reached Columbia’s fuel tanks, causing a huge explosion.

Write and present as a play an account of a discussion between
seven astronauts aboard the space shuttle as it leaves orbit,
re-enters the atmosphere and lands. The re-entry is not as
smooth as it should be, and the temperature inside becomes
dangerously hot. Be creative and dramatic, but the play must
end with a successful touchdown on Earth.

In what other situations might friction cause a dangerous
level of heat?
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elog-0346

INVESTIGATION 8.5

Friction

Aim

To compare the friction of a variety of shoes on a floor surface

Materials

• a floor
• a variety of different shoes
• equipment used to measure the friction between a shoe and the floor surface

Method

1. Design an experiment to compare the friction of a variety of
shoes and a particular floor surface.

2. Collect a variety of shoes to test. Include different types of
school shoes and runners.

3. Identify the equipment you will need to measure the friction that
exists between each shoe and a particular floor surface.

4. Collect information about each shoe to be tested, such as
length, mass, sole material and tread shape.

5. Form testable hypotheses about each variable that you decide
to investigate.

6. Write up the method used in your investigation using a scientific
report format.

Results

Record your results in a suitable table.

Discussion

1. Identify the variables that you controlled and the variables that you would have liked to control but
could not.

2. Explain what shoes had the least friction.
3. Why do you think this is important?

Conclusion

Summarise your findings and outline differences in friction of various shoes.

Resourceseses
Resources

Video eLessons Friction as a driving force (eles-0032)

Synovial fluid (eles-2231)
Model of a waterski (eles-2235)

Interactivities Moving boxes (int-3447)

Friction as a driving force (int-0054)

eWorkbook Friction (ewbk-3941)

Additional automatically marked question sets
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8.4 Exercises

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 4, 7, 10

LEVEL 2
Questions
2, 3, 6, 9

LEVEL 3
Questions
5, 8, 11

Remember and understand

1. MC What is friction?
A. A force of attraction between two objects with mass
B. A force applied to the surface of an object when it moves against the surface of another object
C. A force between charged particles
D. A force of repulsion between two objects

2. Friction can cause objects to slow down. What else can it do?

3. How is traction different from other types of friction?

4. List three ways in which friction can be reduced. Give an example of each method.

5. What is fluid friction? List some examples of fluid friction.

Apply and analyse

6. For each of the ‘friendly friction’ photos explain:
i. how the friction force is being helpful
ii. what would happen if the friction force was absent.

a b

c
d
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7. For each of the ‘unfriendly friction’ images explain:
i. how the friction force is being a nuisance?
ii. what could be done to reduce the effect of the force of friction?

a b

Evaluate and create

8. SIS Olympic swimmers wear smooth, tight-fitting suits, streamlining their bodies to reduce friction.
Some of them even shave their heads. Research at least three other sports in which athletes attempt
to reduce friction and outline how they do so.

9. Write about how frictional forces would affect astronauts aboard the space shuttle as it leaves orbit,
re-enters the atmosphere and lands.

10. SIS Imagine a world without friction. Make a list of things that would be:
a. easier to do b. harder to do.

11. SIS Research and report on each of the following questions about car tyres.
a. Why do tyres have tread?
b. Are wider tyres better than narrow ones? Why?
c. How does it affect your driving when the tread is worn away and the tyres are ‘bald’?
d. How does tread make wet weather driving safer?

Fully worked solutions and sample responses are available in your digital formats.
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8.5 Keeping afloat

LEARNING INTENTION

At the end of this subtopic you will be able to describe the upward force known as buoyancy, and explain how it
is different to surface tension.

FIGURE 8.21 The force of buoyancy pushes
upwards to keep this huge cruise ship afloat.

buoyancy an upward force acting
on a floating object provided by a
fluid

8.5.1 Buoyancy
The largest cruise ship in the world, Symphony of the Seas,
has a mass of about 228 million kilograms. The downward
pull of gravity on this giant of the sea, its weight, is huge —
over 2 billion newtons. Why doesn’t it sink?

There must be an upward force equal to its weight.
That upward force is provided by the water it is floating
on. It’s called buoyancy.

Buoyancy is the upward push on an object that is floating
on top of or submerged in a fluid. It acts in all liquids
and gases. The buoyancy on an object depends on its
density (mass per unit of volume). The less dense an object,
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the more likely it is to experience buoyancy and float. It is the force that keeps helium-filled balloons floating in
the air. It is also the force that allows submarines to rise to the surface of the ocean.

Consider figure 8.22, if the buoyancy force is greater than the weight of the balloons, they
will rise into the air if the girl lets go. If the buoyancy force is greater than the weight of the girl and the
balloons, they will take the girl with them.

The buoyancy force of the water in the Dead Sea is so large you can lie back and read a book, as shown in
figure 8.23. The unusual size of the force is caused by the large amount of salt in the water.

FIGURE 8.22 What will happen if she lets go? FIGURE 8.23 Buoyancy in the Dead Sea

ACTIVITY: Floating matches

Cut a slit in the end of a match and gently open it up
a little. Float the match in a bowl of water. Carefully
place a drop of dishwashing detergent in the split end
of the match and watch what happens. Try to explain
your observations.

elog-0348

INVESTIGATION 8.6

Are things really lighter in water?

Aim

To measure buoyancy and its effect on the apparent weight of an object

Materials

• stone
• length of string
• spring balance

• bucket
• 500-gram mass

Method

1. Tie some string around a large stone. Suspend the stone in a bucket of water without letting it touch
the bottom.

2. Use a spring balance to find the weight, in newtons, of a 500 g mass and record it.
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3. Without removing the mass from the spring balance, carefully lower it into the bucket so that it sits just
under the surface of the water.

4. Record the force measured by the spring balance.

Results

1. What did you observe when the stone was lowered into the bucket of water?
2. What was the weight, in newtons, of the 500 g mass?
3. What was the weight, in newtons, of the 500 g mass when it was submerged in water?

Discussion

1. Does the stone feel any lighter when it is in the water? Why?
2. Use the following diagram to work out the size of the buoyancy force on the 500 g mass (The total

force on the mass is zero while it is sitting still under the surface. That means that the total upward
force must be equal to the total downward force.).

Downward forces

Weight of 500 g mass =                  N

Total downward force =                  N

Upward pull of spring balance =                  N

Buoyancy force of water =                  N

Total upward force =                  N

Upward forces

3. Is the 500 g mass really lighter? Explain.

Conclusion

Summarise your findings from this investigation, explaining why an object feels lighter in water.

8.5.2 Surface tension
surface tension the ‘firmness’ of
the surface of a liquid created by
the attraction between particles at
the surface

In Investigation 8.7, the water appears to be held onto the coin by a skin. There is,
in fact, no skin. The water is held in shape by surface tension. Surface tension is
the pulling of particles in a liquid towards each other. Soaps and detergents reduce
the surface tension of water.

elog-0369

INVESTIGATION 8.7

Water drops

Aim

To investigate how dishwashing liquid affects the surface tension of water

Materials

• 5-cent coin
• small beaker of water

• eye dropper
• dishwashing detergent
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Method

1. Write a hypothesis from your investigation, related to the following questions: Do you think that adding
dishwashing liquid to water will result in you being able to get more drops or fewer drops of water onto
a 5-cent coin?

2. With great care, and from a very small height, use an eye dropper to place one drop of water at a time
onto the coin. Keep count of the number of drops.

3. Dry the coin thoroughly and try again to see whether you can improve on your first attempt.
4. Compare your result with those of others in your class.
5. Repeat this challenge using water with a few drops of dishwashing detergent added to it.

Results

1. What is the greatest number of drops of water (with no dishwashing liquid added) that you were able to
place on the coin?

2. What was the greatest number of drops placed on a 5-cent coin in your class?
3. How many drops of water did you get on the coin after the dishwashing detergent was added?
4. Did the dishwashing detergent make it easier or more difficult to get drops of water to stay on the coin?

Discussion

1. What seems to hold the water on the coin?
2. What difference does adding detergent make to your results?
3. Why do you think the detergent has changed the result?

Conclusion

Did the addition of dishwashing detergent to the water make it easier or more difficult to keep drops of water on
the coin? Briefly explain why.

DISCUSSION: Walking on water

FIGURE 8.24 The water spider walks on water. Why can’t you?
The water spider can walk on water.
Water spiders are certainly light, but is
that the only reason that they do not
sink?

Surface tension is what keeps the water
spider from sinking and drowning. The
small weight of the water spider is
well spread out over the surface and
is not large enough to push the water
particles apart.

What inventions apply the same
principles to allow humans to move
over water? What inventions apply
different principles to allow us to move
over water?

Resourceseses
Resources

Video elesson Surface tension (eles-2036)

Interactivity Density (int-0221)

eWorkbooks Buoyancy (ewbk-3943)

Additional automatically marked question sets
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8.5 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 2, 6

LEVEL 2
Questions
4, 5, 7

LEVEL 3
Questions
3, 8, 9

Remember and understand

1. MC Which two of the following forces act on you when you float on your back in a swimming pool?
A. Gravity
B. Friction

C. Surface tension
D. Buoyancy

2. Explain the difference between buoyancy and surface tension.
3. Which fluid produces the greater buoyancy force — air or water? How do you know?
4. Name the three forces acting on a water spider when it is standing on a still pond.

Apply and analyse

5. State if an object would sink, rise to the surface or not move if plunged into a fluid where:
a. if the buoyancy force is the same as its weight
b. if the buoyancy force is less than its weight?

6. Explain in terms of gravity, buoyancy and surface tension why humans can’t walk on water.

Evaluate and create

7. SIS Different fluids produce different buoyancy forces. Drop a corn kernel or pea into a glass of water
and another into a glass of soda water. (or research what would happen in this situation). Which liquid
applies the larger buoyancy force? Explain why.

8. SIS Design an experiment to compare the buoyancy and surface tension of water, olive oil and vinegar.
Write up a report using the following headings: aim, hypothesis, materials, and method. Explain your
expected results and conclusion for this investigation.

9. SIS Find out what capillary action is and how it works.

Fully worked solutions and sample responses are available in your digital formats.

8.6 Magnetic fields

LEARNING INTENTION

At the end of this subtopic you will be able to describe the magnetic fields produced by a magnet and explain
how an electromagnet works.

8.6.1 Magnetic attraction
Magnets can attract certain materials without actually touching them. Magnetic forces can therefore be referred
to as non-contact forces.

permanent magnets magnets
that retain their magnetic effect
for many years

Magnets that retain their magnetism when removed from other magnets are called
permanent magnets. Natural permanent magnets contain one or more of the
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elements iron, nickel and cobalt. The most common natural permanent magnetic substance is magnetite, also
known as lodestone.

alloys a mixture of a metal with
other elements

Most permanent magnets, however, are alloys, or mixtures, of iron, nickel or cobalt
with other elements or each other. Items made of steel are attracted to magnets
because steel is an alloy of iron, carbon and other substances.

temporary magnets magnets
that stay magneticTemporary magnets are those that lose their magnetism when removed from another

magnet. The paperclips in Investigation 8.8 are temporary magnets while in contact
with the permanent magnet. As soon as they are removed from the magnet, they lose
their magnetism.

FIGURE 8.25 Magnets that might be found at home: a. fridge magnets, b. a magnetic screwdriver and c. a
magnetic knife holder

a.

b.

c.

elog-0371

INVESTIGATION 8.8

What does a magnet attract?

Aim

To investigate the magnetic attraction of a magnet

Materials

• magnet
• selection of materials to be tested (pencil, paper straw, plastic

straw, coins, iron nail, stainless steel spoon, aluminium
foil, paperclip, copper wire)

Method

1. List the materials you think will be attracted to the magnet.
2. Place a magnet close to a range of materials to find out which ones are attracted to it.
3. Record your observations in a table.

Results

Outline which materials were attracted to the magnet and which weren’t in a table.

TABLE The attraction of different materials to magnets

Attracted Not attracted
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Discussion

1. Are all metals attracted to magnets?
2. Of the materials that were attracted to the magnet, which one was attracted the most? Why do you

think this was so?
3. Were there any forces other than the magnetic force acting on the objects? If so, what were they?
4. Were there any unexpected observations? If so, what were they?

Conclusion

Summarise which objects were attracted to the magnet?

Extension

Do some materials ‘block’ the magnetic force? Design an experiment to find out.

8.6.2 Magnetic poles

north pole the end of the magnet
that, when free to rotate, points to
the north pole of the Earth

south pole the end of the magnet
that, when free to rotate, points to
the south pole of the Earth.

All magnets, no matter what their shape, have a north pole at one end and a south pole at the other.

When a magnet is cut in half, each half still has a north pole and a south pole. If you keep cutting a magnet in
half over and over again, each half always has a north pole and a south pole. (as shown in figure 8.27). Magnet
materials are thought to be made up of small mini-magnets called domains.

FIGURE 8.26 The north and south poles of a magnet.

South pole

North pole

N

S

FIGURE 8.27 Magnets always have a north
pole and a south pole, even if broken in half.

N S N S

N

N

N S N S

S N S

S

repulsion an opposing force in
which objects are pushed away
from each other

As seen in figure 8.28, when the north poles of two magnets are brought close
together, the magnets push away (or repel) each other. This same repulsion force
is felt between two south poles.

When the north pole of a magnet comes close to the south pole of another magnet,
the opposite happens. They pull on each other, or attract one another.
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FIGURE 8.28 In magnets, like poles repel each other and unlike poles attract.

Like poles

repel.

Unlike poles

attract.
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FIGURE 8.29 When the domains are lined up, the material will behave like a magnet.

If the domains inside magnetic materials

are facing different directions, the pushes

and pulls of the ‘mini-magnets’ are cancelled

out. It results in the material not behaving

like a magnet.

If the domains are lined up facing the same

direction, the material has an overall north

pole and an overall south pole. The material

will behave like a magnet.
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INVESTIGATION 8.9

Poles apart

Aim

To investigate the forces of attraction and repulsion between the poles of a magnet

Materials

• 2 bar magnets

Method

1. Take two bar magnets and identify the north and south pole of each.
2. Position the magnets near each other in the configurations shown.
3. Take note of whether the magnets attract or repel each other in each case.

a.

N S

b.

N N

c.

S S

d.

S N
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Results

The magnetic force between different configurations of bar magnets

Configuration Attraction or repulsion

a)

b)

c)

d)

Discussion

1. Describe what you observed in your investigation.
2. Were the forces you observed contact or non-contact forces?
3. If you were able to snap the magnets in half, would you expect similar results? Explain your answer.

Conclusion

Complete the sentences to form your conclusion:

Like poles ____________.

Unlike poles ____________.

8.6.3 Magnetic fields FIGURE 8.30 Magnetic fields can be drawn as maps.

NS

Iron filings line up in the direction of the
magnetic force around a magnet. The area
where the magnetic force acts is called the
magnetic field.

The magnetic field can be drawn like a map,
as in the diagram in figure 8.30. The lines
show the direction of the magnetic force. The
lines are closest together where the magnetic
force is greatest and furthest apart where
the magnetic field is weakest. Notice that the lines of the magnetic field point away from the north pole and
towards the south: that is, from north to south. The north pole of a compass points in the direction of a magnet’s
magnetic field.

magnetic field a map of lines
showing the size and direction of
a magnetic force.

8.6.4 The Earth’s magnetic field
The Earth, like the Sun and some planets, has its own magnetic field. It is very much like the magnetic field of a
bar magnet. Scientists are not sure why the Earth has a magnetic field.

When a bar magnet is suspended by a string at its centre, it always lines up with the North and South Poles of
the Earth.

Any magnet free to turn will line itself up along the field lines. The north pole of the magnet is the pole that
points towards the North Pole of the Earth. In a similar way, the south pole of a magnet points towards the South
Pole of the Earth.

A compass is just a small magnet with its poles tapered to a point. The north pole
of a compass is usually coloured or marked. this end of the compass points
towards the North Pole of the Earth (as shown in 8.31). However, if another
magnet is brought close to a compass, the north pole of the compass points
towards the south pole of the other magnet.

The direction of any magnetic field is the direction in which the north pole of a compass needle points.
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FIGURE 8.31 A compass contains a small magnet that
aligns with the Earth’s magnetic field.

FIGURE 8.32 The Earth’s
magnetic field is strongest
closer to Earth.

Geographical

North Pole

Geographical

South Pole
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INVESTIGATION 8.10

Mapping the magnetic field

Aim

To map the magnetic field around magnets

Materials

• horseshoe magnet in a plastic bag
• overhead transparency
• 2 bar magnets in plastic bags

• iron filings
• sheet of A4 paper
• small compass

Method

1. Place a bar magnet in the centre of a sheet of white paper.
Cover the paper and magnet with an overhead transparency.

2. Carefully sprinkle iron filings over the transparency, gently tapping it to spread the filings out. Take care
not to let iron filings get under the transparency.

3. Draw a diagram of the pattern made by the iron filings. Label the north pole and south pole of your
magnet on the diagram. The pattern in your diagram is a map of the magnetic field around the bar
magnet.

4. Place a compass at several positions around the magnet. The direction in which the compass needle
points shows the direction of the magnetic field lines. Add arrows to your diagram to show the
direction of the magnetic field.

5. Use the iron filings and compass to investigate the magnetic fields around a horseshoe magnet and the
pairs of magnets shown.

N S

(a) (b)

(c)

(d)

N NS S

N SS N

S NN S
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Results

Draw a diagram of the magnetic field (put arrows on the field lines to indicate their direction) that results from four
configurations examined.

Discussion

1. Explain how the magnetic field around the horseshoe magnet is different to that of the bar magnets.
2. Does the orientation of the bar magnets affect the magnetic field? Explain your response.
3. Suggest other configurations you may explore in this investigation.

Conclusion

Summarise your findings in relation to the magnetic fields.
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INVESTIGATION 8.11

Making your own compass

Aim

To make your own compass using an iron nail

Materials

• large iron nail (about 75 mm long)
• strong magnet
• paperclips or small nails
• sewing needle

• polystyrene cup
• compass
• container of water

Method

1. Take a large iron nail and stroke it with a strong permanent magnet.
2. After each stroke, lift the magnet high above the nail before commencing

the next one. You need to make sure that each stroke is in the same
direction and made with the same end of the magnet.

3. After a total of 40 strokes, test your new magnet by trying to attract
paperclips or small nails.

4. Compare the strength of your magnet with that of others in your class.
5. Use your magnet to make a compass like the one shown. You will need a

container of water and a float. The bottom of a polystyrene cup will make a
good float. Compare the direction of the nail to the direction of a compass.

Results

Did the iron nail in your homemade compass point in the same direction as the real compass? In which direction
did it point?

Discussion

1. Is your magnet a permanent magnet or a temporary magnet?
2. Which end of your magnet is the north pole? How do you know?
3. Could you magnetise the sewing needle instead of an iron nail? Try it! Explain why or why not.

Conclusion

Write a conclusion for this investigation. Compare how your iron nail compares to a normal compass, outlining
what direction it points and why it became a magnet.
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8.6.5 Electromagnets

FIGURE 8.33 An electromagnet on a
large crane used to lift scrap metal

An electromagnet is type of magnet that only becomes magnetic
when connected to an electric current. It is often a coil of wire
wrapped around an iron core. When an electric current is passed
through the coil, the iron is magnetised. When the current is
turned off, the iron is no longer magnetised. Being able to turn
a magnet on and off at will can be very useful.

Figure 8.33 shows one such use. The electromagnet is attached
to a giant crane. The electric current is turned off while the
electromagnet is lowered onto the load of scrap metal to be
lifted. When the current is switched on, the iron or steel in the
scrap is attracted to the electromagnet and lifted to a container.
The electric current is switched off and the metal falls into the
container. This is useful to separate iron and steel (which are
attracted to magnets) from other scrap metal.

Electromagnets are also used in doorbells, metal detectors,
speakers, phones, electric motors and generators.

We use electromagnets and permanent magnets every day.
Computer hard drives store information by forming magnetic
patterns on disks. Electromagnets are used to store and read the
magnetic patterns. Phones have microphones and speakers (shown
in figure 8.34) that rely on both permanent magnets and
electromagnets. Electric motors and generators use magnets. Metal
detectors and many doorbells also contain electromagnets.

FIGURE 8.34 Cross-section through a speaker

Diaphragm

Electromagnet

Permanent

magnet
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DISCUSSION

FIGURE 8.35 Electromagnets and the maglev train.

Electromagnets

The maglev train gets its name from
MAGnetic LEVitation. It carries passengers
at speeds of up to 500 km/h and doesn’t
even need a normal engine to run! It uses
pushing forces between electromagnets
on the track and on the train to keep them
apart.

Electromagnets also propel the train
forwards. Magnets ahead of the train pull
the train forwards. Magnets behind the
train push it forwards.

The maglev train seems to float above the
train tracks. The train touches the track
only while it is building up speed before
moving.

Are there other devices or transport
systems that run on magnetic force? What devices that require power might be redesigned to use magnetic
force? Could this technology be harnessed to reduce our reliance on fossil fuels?

EXTENSION: Solenoids

The coil of wire that is wrapped around the iron core in an electromagnet is called a solenoid. Even without the
iron core inside, a solenoid produces a magnetic field. Solenoids are used in many devices, including cars, to
switch things on and off.

Think about the appliances and gadgets you have at home. Predict which of them might use a solenoid to switch
on and off. Research each of your predictions to determine whether your guess was correct.

tlvd-#####
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INVESTIGATION 8.12

Making an electromagnet

Aim

To investigate the effects of voltage and number of turns of wire on the strength of an electromagnet

Materials

• 2 insulated wires: one short, the other 1.5 m long
• power supply
• switch
• paperclips (many)

Method

1. Before you begin, answer the following questions to form your hypothesis.
• How do you think increasing the number of turns of wire will affect the strength of the

electromagnet?
• How do you think increasing the voltage will affect the strength of the electromagnet?

2. Wind 15 turns of the longer wire around the nail. There will be a lot of wire left over but do not cut it.
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3. Set up the electric circuit as shown.

+

Insulated

copper wire

Nail

Switch (open)

Power supply

–

4. Set the power supply to 2 volts and close the switch.
5. Test your electromagnet by opening the switch and seeing how many paperclips it will pick up.
6. Wind five more turns of wire around the nail. Record the number of paperclips picked up by your

electromagnet now.
7. Keep winding the wire around the nail. Record the number of paperclips picked up by 25 and 30 turns

of wire.
8. Increase the voltage to 4 volts and repeat the previous steps.

Results

Copy and complete the following table:

TABLE The number of paperclips picked up at different voltages and wire turns.

Voltage of power supply (V) Number of turns of wire Number of paperclips picked up

2 15

2 20

2 25

2 30

4 15

4 20

4 25

4 30

Discussion

1. What is the effect of increasing the number of turns around the nail?
2. What is the effect of increasing the voltage?
3. Did the iron nail retain its magnetism when the current was switched off? Explain.

Conclusion

Explain the effect of increasing the number of turns of wire and the effect of increasing the voltage on the
strength of the electromagnet.
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Resourceseses
Resources

Video elessons A Shanghai Maglev train (eles-2552)
Earth’s magnetic field (eles-2798)
Electromagnet (eles-2234)
Electromagnetism (eles-1778)
The magnetic field around a bar magnet (eles-2232)
Electromagnetism (ewbk-3435)

eWorkbook Magnetic fields and forces (3947)

Additional automatically marked question sets

8.6 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 3, 5

LEVEL 2
Questions
2, 7, 8, 10

LEVEL 3
Questions
4, 6, 9

Remember and understand

1. MC Which of the following statements is correct?
A. Permanent magnets never lose their magnetism
B. All metals are strongly attracted to magnets
C. Iron, steel and nickel are attracted to magnets
D. Iron is the only substance attracted to magnets

2. What is the difference between a permanent magnet and a temporary magnet?
3. MC How should two bar magnets be placed on a table so that they repel each other? (Hint: There may

be more than one correct answer.)
A. South poles close together.
B. North poles close together.
C. One south pole and one north pole close together.
D. All of the above.

4. Describe a magnetic field.

Apply and analyse

5. Describe what an electromagnet is and explain how it works. What is the advantage of an
electromagnet over a permanent magnet?

6. The Magnetic North Pole of the Earth can be considered as one pole of a bar magnet. Is it a south pole
or a north pole? Research this and explain your answer.

7. Explain which way would the coloured end of a compass point, if you were in a plane flying directly
above the Earth’s Magnetic North Pole?
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Evaluate and create

8. SIS Arianna made her own electromagnet to find out how
the number of windings around a nail affected the number of
paperclips that the nail could pick up. She used the circuit shown in
investigation 8.12 with the power supply set to 2 volts. Arianna then
repeated her measurements with the power supply set to
4 volts and 6 volts. She recorded her observations in a table, then
she constructed a graph as shown, which she titled ’The effect of
the number of windings around a nail in an electromagnet on the
number of paperclips lifted’.
a. How many paperclips did Arianna lift with 20 windings and the

power supply set to 6 volts?
b. Arianna lifted 12 paperclips when the power supply was set to 4

volts. How many windings were there around the nail?
c. How many paperclips could Arianna expect to lift with 50

windings around the nail and the power supply set to 2 volts?
d. Suggest a way in which Arianna would be able to make her

results more reliable.
9. SIS Design an experiment to measure the strength of different

magnets. Write a clear method for your experiment and outline your
expected results.
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6 volts
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10. SIS Design a device that uses an electromagnet to make a noise when you close a switch or push a
button. Explain how your device works.

Fully worked solutions and sample responses are available in your digital formats.

8.7 Electric fields
LEARNING INTENTION

At the end of this subtopic you will be able to describe electrical charge and the methods used to charge an
object. You will also be able to explain the behaviour of an electric field produced by a charged object and the
difference between a conductor and an insulator.

8.7.1 Charge

nucleus central part of the atom,
made up of protons and neutrons

electromagnet a magnet that
requires an electric current to
become magnetic

electrons very light, negatively
charged particles inside an atom

electric chargea property
relating to the charge (negative
or positive) on an atom or object

All matter is made up of atoms. At the centre of each atom is a heavy nucleus.
Surrounding the nucleus is a lot of empty space and tiny particles called electrons.
Electrons are constantly moving around the nucleus. Each electron carries a negative
electric charge.

Inside the nucleus are two different types of particles. The protons and neutrons
inside the nucleus are much heavier than electrons. Each proton carries a positive
electric charge. Neutrons are similar to protons but carry no electric charge. The
positive electric charge of a proton exactly balances the negative charge of an electron.
Atoms usually contain an equal number of electrons and protons.

protons tiny, but heavy, positively
charged particle found in the
nucleus of an atom

neutrons tiny, but heavy, particles
found in the nucleus of an atom
with no electrical charge

neutral having the same number
of protons and electrons

Any particle or substance that has more protons than electrons is said to be
positively charged. Any particle or substance that has more electrons than
protons is said to be negatively charged. Any particle or substance that
has equal amounts of positive and negative charge is said to be uncharged
or neutral.
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FIGURE 8.36 A neutral atom contains an equal number of protons and
electrons. This diagram represents a carbon atom. The number of neutrons is
not always the same as the number of protons.

Electrons

Protons

+

+ +
+

+ +

–

–

–

–

–

–

Neutrons

Nucleus

8.7.2 Becoming charged
Substances usually become charged by the addition or removal of electrons. This can be done in two ways: by
friction or by contact.

Friction
The rubbing of one neutral substance against another adds or removes electrons. When you rub a plastic ruler
with wool, electrons are moved from the neutral wool onto the neutral plastic ruler. The wool, having lost
electrons, becomes positively charged. The plastic ruler, having gained electrons, becomes negatively charged.

Contact
If a neutral substance is touched by a charged object, electrons can move to or from the charged object. When
the charged object is removed, the previously neutral substance has gained or lost electrons.

Electrons are the easiest particles to add to or remove from atoms, because they are not held together in the
nucleus as protons are.

8.7.3 Electric fields

electric field an area around an
electrically charged object where
objects experience an electric
force

The area around an electrically charged object where objects experience an electric force is called an electric
field. The strength of the electric field increases with the size of the charge producing it and decreases with
distance. When two charged particles are near one another, their electric fields interact to produce forces of
attraction or repulsion.

When two like charges (two positive charges or two negative charges) are placed near each other, they will
experience a force of attraction.

When two unlike charges (a negative charge and a positive charge) are placed near each other, they will
experience a force of repulsion
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8.7.4 Static electricity

static electricity a build-up of
charge in one place

insulators materials that do not
allow an electric charge to flow
through them

conductors materials that allow
an electric charge to flow through
them

The electricity that builds up on plastic rulers, balloons and the Van de Graaff generator (figure 8.37) is called
static electricity. The word ‘static’ means standing still. The charge on the objects is called electrostatic charge
(or static charge). Static charge can leak slowly through substances such as rubber and air. Substances through
which electric charge cannot move quickly are called insulators. Static charge builds up easily in insulators.
Substances through which electric charge flows easily are called conductors. Metals are good conductors of
electricity. Static charge doesn’t build up in conductors.

int-0031

ewbk-3949

eles-2553

FIGURE 8.37 a. In a Van de Graaff generator, charge is transferred from the rubber belt to the metal dome. In
this Van de Graaff generator, a positive charge builds up on the dome. A spark discharge can be produced if an
earthing wand is brought near the metal dome. b. The effects of a Van de Graaff generator

Metal comb 

in contact with dome

Plastic roller

Earthing wand

Friction produces

electrostatic charge

Charged belt

Earthing comb

Charge

transferred

to dome

a.

Objects with the same static charge repel each other while those with opposite charges attract each other. If
sufficient charge builds up in oppositely charged objects, the attraction between the electric charges is so great
that they can jump across small air gaps. Lightning is caused by the movement of electric charge between a
cloud and the ground. However, the clouds and ground are both neutral! Lightning seems to show that electric
charge can move between neutral objects as well as between oppositely charged objects.

Charged objects and neutral objects can be attracted to each other. A charged plastic pen attracts a neutral stream
of water. A charged balloon sticks to a neutral wall. A charged comb will make dry hair stand up.

This effect can be seen in figure 8.39. When the negatively charged pen is close to the paper, electrons are
repelled from the pen, leaving the top surface of the paper with a positive charge. Note that the whole piece of
paper is still neutral. If there is enough charge and the pen is close enough to the paper, the attraction is great
enough to pull the paper up. Once the paper is touching the pen, the charge moves across and arranges itself so
that it is evenly spread out.

ACTIVITY: Salt and pepper

Can static electricity be used to separate a mixture of salt and pepper? Try it! Write a report using the following
headings: aim, hypothesis, materials, method, results, discussion, conclusion.
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int-3448
FIGURE 8.38 Charged and neutral objects can be attracted to each other, such as a. Paper and b. water to a
charged pen

Neutral paper

Negatively charged pen

a.

Top surface of paper

attracted to pen

Extra negative

charge shared

b.

When static electricity is a nuisance
• When you clean and polish windows and mirrors with a cloth you leave the surface with an electric

charge. The light, neutral dust particles nearby are attracted to the surface in the same way that the paper
is attracted to the pen. Similarly, TV and computer monitor screens attract dust while they are being used.

• When you walk on carpet, the friction between the surface and your shoes gives your body an electric
charge. If the air is dry and you are wearing rubber-soled shoes, the charge does not leak away but builds
up. When you touch a metal object such as a door handle, the charge moves very quickly to or from your
body, causing a small electric shock.

• A moving car builds up static electric charge as its tyres move along the road and its body rushes through
the air. Because its driver and passengers are in contact with the car, they share the electric charge that
builds up. Sometimes you will get a small electric shock when you get out of the car and touch the metal
body, because the charge moves through your body to the ground.

When static electricity is useful
Static electricity is not always a pest. For example, photocopying machines use static electricity to make copies.
Electrostatic speakers are used with some stereo equipment. Electrostatic attraction can be used to separate light
particles from other substances. In a chimney, smoke particles are charged as they move past a metal grid. They
are then attracted to the sides of the chimney and form a layer of soot instead of passing out to pollute the air.

EXTENSION: When lightning strikes
FIGURE 8.39 Lightning takes the easiest
path to the ground.The particles of water and ice inside clouds are constantly

moving and colliding with each other. When they collide,
electrons are transferred from the smaller particles to the larger
particles. This leaves the lighter, smaller particles with a positive
charge and the heavier, larger particles with a negative charge.
Updrafts take the lighter positively charged particles closer to
the top of the cloud. The larger negatively charged particles fall
towards the lower part of the cloud.

The charges keep building up. Eventually there is so much
charge built up that huge numbers of electrons move from
the lower part of the cloud to either the upper part of a
neighbouring cloud or the ground.
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If a bolt of lightning strikes a building, it can cause a huge amount of damage. It is known that lightning takes the
easiest path to the ground, so lightning rods are attached to the tops of tall buildings. Lightning rods are made of
a highly conductive metal. It is more likely that lightning will strike the rod, keeping the rest of the building safe.
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INVESTIGATION 8.13

The attraction of electricity

Aim

To investigate static electricity

Materials

• 2 balloons
• light thread

• woollen cloth
• metre ruler

Method

1. Suspend one balloon from the metre ruler with light thread, as shown
in the diagram.

2. Rub the balloon with a woollen cloth.
3. Remove the woollen cloth and then place it close to, but not touching, the part

of the balloon that was rubbed. Observe any movement of the balloon.
4. Suspend a second balloon from the metre ruler so that it is close to, but not

touching, the first balloon.
5. Rub each of the balloons with a woollen cloth — rub on the surfaces that are

facing each other.
6. Remove the cloth and position the balloons so that they are as close together

as they can be without touching each other. Observe any movement of the
balloons.

1 m

Light
thread

Balloon

Metre ruler

Results

1. Describe the movement of the single balloon. Did the balloon and the cloth attract or repel one
another?

2. Describe the movement of the two balloons. Did the two balloons attract or repel one another?

Discussion

1. Do the balloons have the same charge as the woollen cloth after they are rubbed? How do you know?
2. After being rubbed with the woollen cloth, do the two balloons have like or unlike electric charges?

How do you know?

Conclusion

Summarise your findings from this investigation, with reference to like and unlike charges.

elog-0361

INVESTIGATION 8.14

Defying gravity

Aim

To investigate the forces between a charged object and an uncharged object/substance

Materials

• plastic ballpoint or felt-tip pen
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• woollen, cotton or nylon cloth
• balloon

Method

1. Rub a plastic pen with a piece of cloth, then hold it near a thin stream of water from a tap.
2. Observe the behaviour of the water.
3. Rub an inflated balloon with the woollen cloth and place it against a wall. (If the balloon does not stick

to the wall, try rubbing it with a different type of cloth.)

Results

1. Describe what happened to the water.
2. Did the balloon stick to the wall?

Discussion

1. Explain the behaviour of the water and balloon in your own words.
2. What is the effect of the cloth on the balloon?

Conclusion

Summarise your findings from this investigation, explaining what happens to the stream of water and the balloon
on the wall, and why this occurs.

Resourceseses
Resources

eWorkbook Electrostatic charge (ewbk-3951)
Video elesson Producing static electricity (eles-0067)

Additional automatically marked question sets

8.7 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 4, 6, 8

LEVEL 2
Questions
2, 5, 9, 12

LEVEL 3
Questions
3, 7, 10, 11

Remember and understand

1. Write down the type of electrical charge of the following particles:
a. A proton b. A neutron c. An electron

2. State how an object containing protons and electrons may be neutral (or uncharged).
3. When you rub a plastic ruler with a woollen cloth, the plastic ruler becomes negatively charged.

a. What happens to the atoms in the cloth and ruler to cause this change?
b. Choose the options to complete this sentence correctly.

As the ruler becomes negatively charged, the cloth becomes positively/negatively charged because
it has more protons/neutrons than electrons.

4. Complete each of the following sentences by choosing the words ‘attract’ or ‘repel’.
a. Two positively charged objects would be expected to attract/repel each other.
b. Two negatively charged objects would be expected to attract/repel each other.
c. A positively charged object would be expected to attract/repel a negatively charged object.
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Apply and analyse

5. Explain, with the aid of a diagram, how it is possible for a neutral object to be attracted to a charged
object.

6. Two balloons are hanging on threads next to each other, but not touching. They begin to move away
from each other. If one of the balloons is positively charged, what is the charge of the other balloon?

7. If you placed a charged pen near a whole A4 sheet of paper, would you expect the paper to rise and
stick to the pen? Give a reason for your answer.

8. Draw a labelled diagram to show how a neutral stream of water from a tap is attracted to a charged
plastic pen. Use the symbols + and – to represent positive and negative charge.

Evaluate and create

9. SIS Investigate why are you less likely to get an electric shock after walking on carpet in humid
weather than in dry weather.

10. SIS As planes move through the air, they build up large amounts of static electricity. Investigate how
this happens.
Before refuelling, a wire is used to connect the plane to the ground. Investigate why this is important.

11. Devise a model (this may be diagrammatic) to represent positive and negative charges, to show how
objects become positively and negatively charged. Use your model to demonstrate:
a. whether a neutral object contains any electric charge
b. what must happen to make an object:

i. negatively charged.
ii. positively charged

12. SIS Have you ever heard a crackling sound when you removed your clothes at night? What causes
it? Which types of clothes are most likely to cause the crackling? Explain the reasoning behind this.

Fully worked solutions and sample responses are available in your digital formats.

       
8.8 Staying safe

LEARNING INTENTION

At the end of this subtopic you will be able to apply the knowledge of forces to understand how helmets make
cycling safer, airbags and seatbelts make driving safer, and how bending your knees makes landing on the
ground safer.

Understanding forces is extremely important in ensuring health and safety. Regulations around wearing seatbelts
in cars and safety helmets while riding a bicycle have all come about from an understanding of forces and
motion. These safety measures have drastically reduced deaths and injuries.

8.8.1 Forces and safety FIGURE 8.40 The law requires that
cyclists wear a bicycle helmet, in
order to protect against injury by law.

Every year in Australia, about 1200 people die as a result of road
accidents. Many of the deaths and injuries can be avoided.

Bicycle riders account for well over one-third of road accident injuries
in the 10–14-year-old age group. The most serious injuries tend to
be to the head and face. The wearing of bicycle helmets has greatly
decreased the number of head injuries to cyclists.

A bicycle helmet has a layer of polystyrene foam at least
one centimetre thick inside a shell of hard plastic. A cyclist’s head
falling to the road hits the ground at speeds of up to 20 kilometres
per hour. Without a helmet, the head stops suddenly when it hits the
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ground. The sudden impact can cause serious head injuries. With a helmet, the head stops more slowly as the
plastic shell and polystyrene foam are crushed. The injuries are less severe.

Cycling isn’t the only sport where you need a helmet. Other activities in which helmets soften the impact of a fall
or collision include motorcycling, horse riding and a wide range of other sporting activities.

FIGURE 8.41 The plastic shell and polystyrene foam of a helmet soften the impact on the head in an
accident.

elog-0365

INVESTIGATION 8.15

Egghead

Aim

To model a bicycle helmet to observe its effect during a collision

Materials

• hard-boiled egg
• selection of packing materials, such as bubble wrap, foam rubber and newspaper
• sticky tape
• cardboard
• wire

Method

1. Design, build and test a container that will hold a hard-boiled egg. Your aim is to create an egg
container that will prevent the shell from cracking when it is dropped from a height of 1.5 metres
onto a hard floor.

2. You are actually creating a model of a bicycle accident. The egg represents the head of a cyclist. Your
container represents the helmet.

Results

Did your egg survive the fall?

Discussion

1. Draw a neat, labelled diagram of your final egg container.
2. What features of your container were included to protect the shell from cracking?
3. If your ‘egg head’ was ‘injured’, suggest how you could improve the effectiveness of your container.
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Conclusion

What aspects of the container helped to minimise damage to the egg? How does this translate into the safety
features of a helmet?

elog-0367

INVESTIGATION 8.16

Crash test dummy

Aim:

To model the effect on a crash test dummy

Materials:

• pencil sharpener or eraser
• toy car
• rubber band
• block of wood
• clamp

Method

1. Clamp a wooden block to the end of a table.
2. Place the pencil sharpener or eraser on the toy car to

represent an occupant.
3. Push the toy car towards the wooden block as fast as you

can without your ‘crash test dummy’
falling off.

4. Observe the motion of the crash test dummy after the car
collides with the wooden block.

5. Modify this experiment to include ‘seatbelts’ (by using a
rubber band).

Results

1. Describe the motion of both the car and the crash test dummy after the collision without the ‘seatbelt.’
2. What difference does the rubber band make to the motion of the crash test dummy during and after the

collision?

Conclusion

Summarise your findings and relate them to the importance of wearing a seatbelt in vehicles.

8.8.2 Safety on four wheels
In cars and other motor vehicles, padded dashboards, collapsible steering wheels and airbags reduce injuries
by allowing the upper body to slow down more gradually when a car crashes. The addition of various safety
features has greatly reduced deaths and fatalities over the year.

SCIENCE AS A HUMAN ENDEAVOUR: Safety features in cars

Airbags

Airbags inflate when a sensor behind them detects the sudden change in speed or direction that results from a
collision, as shown in figure 8.42.
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FIGURE 8.42 Deployment of an airbag

Crash sensor

Inflator

Airbag

Nitrogen gas

Seatbelts

When a car collides head on with an obstacle or another vehicle, the occupants continue to move forwards after
the car stops. In fact, they continue to move forwards with the same speed and direction that the car had before
the collision until they are stopped by a force. Without seatbelts the occupants would fly forwards through the
windscreen, or their bodies would be stopped suddenly by the steering wheel, dashboard, roof or other parts of
the inside of the car. Most deaths and injuries in car accidents are caused by a collision between the occupants
and the inside of the car. With properly fitted seatbelts, car occupants stop as the car stops and are less likely to
be killed or injured.

Your body is not the only thing that will keep moving once the car stops as a result of a collision. Any loose
objects in the car will continue to move after the car stops. You should therefore never leave any loose objects in
the car. They are much safer in the boot! In one accident a driver was killed by a paperback novel that was sitting
on the shelf behind the back seat. It continued to move after the car and driver (with properly fitted seatbelt)
stopped. A corner of the book struck the driver in the back of the head, killing her instantly. Unrestrained pets are
also dangerous in a collision.

8.8.3 Bend your knees FIGURE 8.43 It’s best to bend your
knees when landing after a high leap.In some sports, like basketball and volleyball, you need to jump

high above the ground. But, of course, what goes up, must come
down. When you land on the ground, you stop because the surface
provides a large upward force. If you land on your feet with your
legs straight and rigid, you stop very quickly, even with shoes that
cushion. The upward force on your legs is large enough to cause
damage. However, if you bend your knees as you land, you stop more
slowly and the upward force is less.
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Resourceseses
Resources

Weblink Car safety — RACV

Interactivities How an airbag works (int-5896)

How an airbag works Safety features in cars (int-5895)

Additional automatically marked question sets

8.8 Exercises

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
1, 2, 7

LEVEL 2
Questions
3, 5, 9

LEVEL 3
Questions
4, 6, 8

Remember and understand

1. How do bicycle helmets protect the head in an accident?
2. Explain how seatbelts decrease the chance of injury or death during a road accident.
3. Describe the likely motion of an unrestrained rear seat passenger in a car that collides with a tree at

60 kilometres per hour.

Apply and analyse

4. When a stationary car is hit from the rear by another vehicle, it is pushed forwards rapidly. Describe the
likely motion of a front seat passenger:
a. with a head restraint fitted to the seat
b. without a head restraint fitted to the seat.

5. SIS What is Newton’s First Law of Motion and how is it relevant to seatbelts in cars?

Evaluate and create

6. SIS Use the internet to research and report on the following questions.
a. What evidence is there that the compulsory wearing of bicycle helmets in Australia has saved lives

and prevented critical brain injuries?
b. Not everybody believes that the wearing of bicycle helmets should be compulsory. Use a two-

column table to list the reasons for and against the compulsory wearing of helmets.
7. Design a poster with the title ‘Don’t be an egghead. Wear a helmet’. Summarise the important aspects

you included on your poster.
8. SIS Use the data in the table to answer the following questions..

TABLE Comparing the use of seat belts and no seat belts in car crash survivals and fatalities

a. What percentage of car occupants killed were wearing a seatbelt?
b. What percentage of car occupants killed were not wearing a seatbelt?
c. Display your results from (a) and (b) in a pie graph.
d. What can you conclude from the data shown in this table?
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Killed 31199 47200

10550521

10597721

2791887

2823086

7758634

7774635

Seat belt No seat belt

Survived

Total

Total

TABLE Comparing the use of seat belts and no seat belts in car crash survivals and fatalities
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9. SIS Use the graph to answer the following questions
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a. What percentage of car occupants used seat belts in 1992?
b. In which year was the percentage of fatalities highest?
c. In which years did the fatality rate remain constant?
d. Using the data shown, can you conclude that there is a relationship between seatbelt use and car

crash fatalities?

Fully worked solutions and sample responses are available in your digital formats.
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8.9 Thinking tools - Cluster maps
8.9.1 Tell me

What is a cluster map?
A cluster map is used to generate new ideas and the follow-on consequences or impacts of those ideas. It is like
a collection of single bubble maps joined together to show connections around a single, central topic. While
a single bubble map only has one level from the central bubble, a cluster map can have many levels from the
centre. Cluster maps are also known as brainstorm maps or spider diagrams.

What is a cluster map for?
A cluster diagram is a way of brainstorming. It helps you to think about how a central idea might be divided into
smaller ideas or effects.

For example, you might use a cluster diagram to brainstorm:
• possible consequences of a specific action or decision
• smaller parts of one central idea.

8.9.2 Show me
To create a cluster map:

1. Write your topic in the middle. Around your topic, write down any ideas that link with it. Draw lines from
the ideas to your topic.

FIGURE 8.44 Start buildings ideas around your topic.

Topic

Idea

Idea

Idea

Idea

2. Write down new ideas that are related to your first ideas, and link them with lines.

FIGURE 8.45 Add any related ideas.

Topic

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea
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3. Keeping building levels of ideas from each new idea.

FIGURE 8.46 Continue building new ideas.

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Cluster map

Topic

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

Idea

8.9.3 Let me do it

ACTIVITIES

1. a. Copy and complete the cluster map to show the links between the types of forces described in this
chapter. Add as many links as you can to the map. Don’t forget that you can sometimes make links
between the different ‘arms’ of your cluster map.

Electrostatic Gravity

Non-contact

forces

Contact

forces

Friction Buoyancy

Forces

b. Suggest a different way of dividing the six forces into two groups and draw a new cluster map
starting with these two groups branching from the title.

2. Create a cluster map outlining and showing the links of the different forces acting on you while you are
walking between your classes during the day.

3. Create your own cluster maps to brainstorm the following topics:
• wearing bike helmets
• going into space.
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8.10 Review

Access your topic review eWorkbooks

Topic review Level 1
ewbk-3960

Topic review Level 2
ewbk-3962

Topic review Level 3
ewbk-3964

8.10.1 Summary
Forces and their effects

• A force is a push or pull.
• Forces are represented in diagrams using arrows.
• Forces can be contact forces (when one object is in contact with another) or non-contact (when objects are

not in contact).
• There is almost always more than one force acting on an object. All forces acting on an object are added

together to determine the net force acting on the object.

Gravity
• Every object in the Universe pulls on other objects with a force of gravity.
• Mass is a measure of the amount of material in an object or substance (measured in kilograms, kg).
• The weight of an object or substance is a measure of the force of gravity pulling it down (measured in

newtons, N).

Friction
• Friction is the force applied to the surface of an object when it moves against the surface of another object.
• Friction can slow down an object, stop it from moving or start it moving.
• The friction that assists movement is called traction.
• Friction also exists in fluids (fluid friction) which affects objects moving through the air and water.

Keeping afloat
• Buoyancy is a force which keeps objects floating.
• Surface tension is the pulling of particles in a liquid towards each other.

Magnetism
• Magnetism is a non-contact force.
• Magnets that retain their magnetism when removed from other magnets are called permanent magnets.

Temporary magnets are those that lose their magnetism when removed from another magnet.
• All magnets have a north pole at one end and a south pole at the other.
• The area where the magnetic force acts is called the magnetic field.

Electric forces
• All matter is made up of atoms. Electrons and protons are both charged particles in the nucleus (negative

and positive respectively).
• Substances usually become charged by the addition or removal of electrons. This can be done in two ways:

by friction or by contact.
• The area around an electrically charged object where objects experience an electric force is called an

electric field.
• The electricity that builds up is called static electricity. The charge on the objects is called electrostatic

charge (or static charge).
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Staying safe
• Helmets are vital to protect from injury. Without a helmet, the head stops suddenly when it hits the ground.

The sudden impact can cause serious head injuries.
• Airbags and seatbelts are vital for safety in cars. Without airbags or seatbelts in a crash, occupants would

fly forwards through the windscreen, or their bodies would be stopped suddenly by the steering wheel,
dashboard, roof or other parts of the inside of the car. Airbags and seatbelts help prevent this.

8.10.2 Key terms

air resistance the force of air pushing on an object as it moves through the air
alloys a mixture of a metal with other elements
buoyancy an upward force acting on a floating object provided by a fluid
conductors materials that allow an electric charge to flow through them
contact forces forces between objects that are touching
electric field an area around an electrically charged object where objects experience an electric force
electromagnet a magnet that requires an electric current to become magnetic
equilibrium balanced or equal
electrons very light, negatively charged particles inside an atom
electrostatic forces attractive or repulsive non-contact forces of electric charges at rest
electric chargea property relating to the charge (negative or positive) on an atom or object
fluids substances that flow and have no fixed shape, such as gases and liquids
force a push, pull or twist
friction the force applied to the surface of an object when it is pushed or pulled against the surface of another
object
gravity the force of attraction that exists between any two bodies in the universe that have mass
insulators materials that do not allow an electric charge to flow through them
lubricants substances with large particles that can slide easily over each other
magnetic field a map of lines showing the size and direction of a magnetic force.
magnetic forces forces acting between magnets and magnetic objects
mass a measure of the amount of material (or matter) in an object
net force the sum of forces acting on an object
neutral having the same number of protons and electrons
neutrons tiny, but heavy, particles found in the nucleus of an atom with no electrical charge
newton the unit for measuring force
non-contact force forces between objects that are not touching
north pole the end of the magnet that, when free to rotate, points to the north pole of the Earth
nucleus central part of the atom, made up of protons and neutrons
permanent magnets magnets that retain their magnetic effect for many years
protons tiny, but heavy, positively charged particle found in the nucleus of an atom
repulsion an opposing force in which objects are pushed away from each other
south pole the end of the magnet that, when free to rotate, points to the south pole of the Earth.
static electricity a build-up of charge in one place
streamlined being shaped so that drag through a fluid is minimised
surface tension the ‘firmness’ of the surface of a liquid created by the attraction between particles at the surface
temporary magnets magnets that stay magnetic
terminal speed the maximum constant speed reached by a falling body when the force of gravity pulling it down
is balanced by the air resistance pushing against it
traction a type of friction used to assist movement
weight a measure of the size of the force of gravity pulling an object towards the centre of a massive body
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Resourceseses
Resources

Digital document Key terms glossary (doc-34550)

eWorkbooks Study checklist (ewbk-3953)
Literacy builder (ewbk-3954)
Crossword (ewbk-3956)
Word search (ewbk-3958)

Practical investigation eLogbook Topic 8 practical investigation eLogbook (elog-0337)

8.10 Exercises

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1
Questions
2, 3, 4, 8, 11, 15

LEVEL 2
Questions
1, 5, 7, 12, 14, 16, 18

LEVEL 3
Questions
6, 9, 10, 13, 17, 19, 20

Remember and understand

1. Identify the forces missing in each of the images.

a.

Gravity

Ground

Gravity

b.

c.

d.

e.

Gravity
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f.

Gravity

g.

Gravity

2. Match the force to the effect it creates.

Effect Force
Pushes you up when you are swimming underwater friction

Causes all objects with mass to attract each other buoyancy

Acts on an object when it moves across the surface of
another object

surface tension

Resists the motion of all objects moving through the air gravity

Pushes up on objects on the surface of water, but not on
objects below the surface

magnetic force

Can lift a paperclip from a desktop air resistance

3. State the units used to measure:
a. mass b. weight c. force.

4. Complete the following sentence:
Like charges attract/repel and unlike charges attract/repel.

5. The arrows in the image of the cyclist represent four of the forces acting on the cyclist riding on a
smooth, flat surface.

Q S

P

R

a. Which two forces are equal in size?
b. Which arrow could represent air resistance?
c. Is the cyclist speeding up, slowing down or travelling at a steady speed? Explain your answer.
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6. Draw arrows on the following diagrams to represent the forces acting on the book:
a. while it is at rest on the desk
b. while it is falling towards the floor.

(a) (b)

7. Draw the compass needle on the diagram to show the direction in which
the needle would point.

N S

Apply and analyse

8. Explain why streamlining an object reduces fluid friction.
9. Electricians use screwdrivers and long-nosed pliers with handles that are

coated with plastic. Suggest a reason for this.
10. When you rub your shoes on some types of carpet, your body becomes negatively charged. Explain

what will happen to the extra negative charge on your body if you:
a. stand still for a few minutes
b. touch a metal door handle immediately after rubbing your shoes on the carpet
c. place the palm of your hand near a negatively charged balloon hanging from a thread
d. place the palm of your hand near a positively charged balloon hanging from a thread.

11. Use a labelled diagram to explain how a positively charged balloon can be attracted to an uncharged
plaster wall.

12. Explain why the pull of gravity is less on the Moon than it is on the Earth.
13. When a package of emergency supplies is first dropped from a plane, it gains speed rapidly.

Explain why it eventually stops gaining speed before reaching the ground, even without the use of a
parachute.

14. Explain how lubricants such as grease and oil reduce the production of heat in the moving parts of car
engines and other mechanical devices.

Evaluate and create

15. Describe three ways in which racing cyclists reduce the effect of air resistance on their motion.
16. Scuba divers wear very heavy belts when they are

diving. What difficulty would be caused if a heavy belt
wasn’t used? Use the terms buoyancy, gravity and net
force in your answer.

17. SIS Investigate some investigations that sports
scientists could undertake to improve performance
in each of the following sports:
a. tennis
b. golf
c. cricket.

18. Describe how your body would move if you were a passenger in a car that stopped very suddenly, and
you were not wearing a properly fitted seatbelt.

19. Explain how the thick layer of polystyrene foam or similar material inside the outer shell of a helmet
reduces the likelihood of severe head injuries in an accident.
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20. a. determine the size and direction of the net force acting on the object shown in the diagram.

200 N

air resistance

800 N

gravity

b. If the object is moving downwards, what will happen to its speed?
c. If the object is moving upwards, what will happen to its speed?

Fully worked solutions and sample responses are available in your digital formats.

Resourceseses
Resources

eWorkbook Reflection (ewbk-3038)

Test maker
Create customised assessments from our extensive range of questions, including teacher quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

8.1 Overview

eWorkbooks
• Topic 8 (ewbk-3932)
• Starter activity (ewbk-3934)

Practical investigation eLogbooks
• Topic 8 (elog-0337)

8.2 Forces
Video eLesson
• Pushing force (eles-2230)

8.3 Gravity

eWorkbooks
• Moon Olympics (ewbk-3937)
• Gravity (ewbk-3939)

Video eLessons
• Isaac Newton (eles-1771)
• Skydivers (eles-2554)

8.4 Friction

eWorkbook
• Worksheet 8.5: Friction (ewbk-3941)

Video elessons
• Friction as a driving force (eles-0032)
• Synovial fluid (eles-2231)
• Model of a waterski (eles-2235)

Interactivities
• Moving boxes (int-3447)

8.5 Keeping afloat

eWorkbooks
• Buoyancy (ewbk-3943)

Video elesson
• Surface tension (eles-2036)

Interactivities
• Density (int-0221)

8.6 Magnetic fields

eWorkbook
• Magnetic fields (ewbk-3947)

Video elessons
• A Shanghai Maglev train (eles-2552)
• Earth’s magnetic field (eles-2798)
• Electromagnet (eles-2234)
• Electromagnetism (eles-1778)
• The magnetic field around a bar magnet (eles-2232)

8.7 Electric fields

eWorkbook
• Electrostatic charge (ewbk-3951)

Video elesson
• Producing static electricity (eles-0067)

8.10 Review

eWorkbooks
• Study checklist (ewbk-3953)
• Literacy builder (ewbk-3954)
• Crossword (ewbk-3956)
• Word search (ewbk-3958)
• Reflection (ewbk-3038)

Practical investigation eLogbook
• Topic 8 Practical investigation eLogbook (elog-0337)

Digital document
• Key terms glossary (doc-34550)

To access these online resources, log on to www.jacplus.com.au
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