
© 2018 Hawker Brownlow Education • 9781760562267 • INA2267 iii

Objectives and Frameworks ....................................iv

Teacher’s Guide .......................................................1

Unit 1: The Big Bang ...............................................9

Unit 2: Origin of the Solar System ........................19

Unit 3: Early Earth .................................................29

Unit 4: Plate Tectonics ...........................................39

Unit 5: Oceans and the Water Cycle ......................53

Unit 6: Early Life and the Atmosphere ..................63

Unit 7: A Living Planet ..........................................75

Answer Key ...........................................................85

Table of Contents

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



INA2267 • 9781760562267 • © 2018 Hawker Brownlow Educationiv

Dr Birdley Teaches Science – Constructing the Earth

Educational Objectives

Unit Primary Objective Standards
1. The Big Bang To discuss the signifi cance of the big bang and the conditions under which 

the fi rst elements formed.

To introduce the evidence that suggests the big bang occurred. 

3

2. Origin of the 
Solar System

To describe how the Solar System formed.

To discuss how the elements formed from nuclear fusion within the stars and 
were ejected into space.

3, 6

3. Early Earth Compare the conditions on early Earth to the conditions on Earth today.

Introduce the Earth’s layers and discuss their properties.

2, 7, 14, 
15, 16

4. Plate Tectonics Illustrate how convection currents cause plate boundary interactions, which 
shape many of Earth’s features.

Explain how Alfred Wegener initially came up with the idea of continental 
drift without knowing about plate tectonics.

2, 4, 5, 15, 
16

5. Oceans and the 
Water Cycle

Illustrate how condensation of the Earth’s atmosphere resulted in the oceans.

Identify and describe the phases of the water cycle.

4, 9, 10

6.  Early Life and 
the Atmosphere

To illustrate what the likely conditions were on Earth when the fi rst living 
things emerged.

Illustrate how microbes, particularly extremophiles, were most likely the fi rst 
living things on Earth.

To discuss the composition of Earth’s early atmosphere and illustrate how 
photosynthetic microbes fi lled the world with oxygen.

4, 8, 11, 
12, 13, 14

7. A Living Planet To illustrate how oxygen and milder temperatures on Earth supported the 
emergence of aerobic organisms and multicellular species.

1, 4, 11

Central Goals: •  To describe the events that shaped the Earth over time, and understand 
when each event occurred in the Earth’s history.

      •  To illustrate how we learned of these events through various types of 
evidence.
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Obectives and Frameworks

Correlations to the Australian Curriculum

F–10 Curriculum: Science
 1. Cells are the basic units of living things; 

they have specialised structures and functions 
(ACSSU149) [Unit 7]

 2. The theory of plate tectonics explains 
global patterns of geological activity and 
continental movement (ACSSU180) [Units 3, 4]

 3. The universe contains features including 
galaxies, stars and solar systems, and the Big 
Bang theory can be used to explain the origin of 
the universe (ACSSU188) [Units 1, 2]

 4. Global systems, including the carbon cycle, 
rely on interactions involving the biosphere, 
lithosphere, hydrosphere and atmosphere 
(ACSSU189) [Units 4, 5, 6, 7]

Senior Secondary Curriculum:
Earth and Environmental Science

 5. Observation of present day processes can 
be used to infer past events and processes by 
applying the Principle of Uniformitarianism 
(ACSES015) [Unit 4]

 6. Precise dates can be assigned to points 
on the relative geological time scale using data 
derived from the decay of radioisotopes in rocks 
and minerals; this establishes an absolute time 
scale and places the age of the Earth at 4.5 billion 
years (ACSES017) [Unit 2]

 7. Earth has internally differentiated into a 
layered structure: a solid metallic inner core, a 
liquid metallic outer core and a silicate mantle 
and crust; the study of seismic waves and 
meteorites provides evidence for this structure 
(ACSES018) [Unit 3]

 8. The atmosphere was derived from volcanic 
outgassing during cooling and differentiation of 
Earth and its composition has been signifi cantly 
modifi ed by the actions of photosynthesising 
organisms (ACSES021) [Unit 6]

This page outlines the relevant Australian F–10 Curriculum and Senior Secondary Curriculum 
content descriptions that the units relate to. After each standard, the pertinent units are listed.

 9. Water is present on the surface of Earth 
as a result of volcanic outgassing and impact 
by icy bodies from space; water occurs in three 
phases (solid, liquid, gas) on Earth’s surface 
(ACSES023) [Unit 5]

 10. Water’s unique properties, including its 
boiling point, density in solid and liquid phase, 
surface tension and its ability to act a solvent, 
and its abundance at the surface of Earth make 
it an important component of Earth system 
processes (for example, precipitation, ice sheet 
formation, evapotranspiration, solution of salts) 
(ACSES024) [Unit 5]

 11. Fossil evidence indicates that life fi rst 
appeared on Earth approximately 4 billion years 
ago (ACSES025) [Units 6, 7]

 12. The characteristics of past environments 
and communities (for example, presence 
of water, nature of the substrate, organism 
assemblages) can be inferred from the sequence 
and internal textures of sedimentary rocks and 
enclosed fossils (ACSES028) [Unit 6]

 13. The diversifi cation and proliferation 
of living organisms over time (for example, 
increases in marine animals in the Cambrian), 
and the catastrophic collapse of ecosystems (for 
example, the mass extinction event at the end of 
the Cretaceous) can be inferred from the fossil 
record (ACSES029) [Unit 6]

 14. Processes within and between Earth systems 
require energy that originates either from the sun 
or the interior of Earth (ACSES045) [Units 3, 6]

 15. Transfers and transformations of heat and 
gravitational energy in Earth’s interior drives the 
movement of tectonic plates through processes 
including mantle convection, plume formation 
and slab sinking (ACSES047) [Units 3, 4]

 16. Plate tectonic processes generate earthquakes, 
volcanic eruptions and tsunamis; the occurrence 
of these events affects other Earth processes and 
interactions (for example, ash clouds infl uence 
global weather) (ACSES099) [Units 3, 4]
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Dr Birdley Teaches Science – Constructing the Earth

Overview of Source Cartoons
The diffi culty level ranges from easy (L1) to very challenging (L3).

Cartoon Central Concept
Challenge

Level
Related 
Topics 

The Big Bang
To introduce the big bang as the dawn of the universe and 
illustrate the key events that immediately followed. L2 Nuclear fusion

Red Shift
To illustrate evidence for the big bang that was revealed by the 
Hubble Telescope. L2 Doppler effect

The Stars
To describe how living and non-living matter originates from 
elements like carbon that were produced within stars. L1

Carbon
Chemistry

Origin of the 
Solar System

To illustrate how the Solar System ultimately formed from a 
nebular cloud. L1

Formation of 
galaxies

Early Earth
To illustrate the extreme temperature and magnetic properties of 
Earth shortly after its formation. L1 Magnetism

Earth’s Layers
To illustrate and describe the properties of Earth’s crust, mantle, 
inner core and outer core L1

Convection 
currents

Convection 
Connection

To describe how convection currents cause movement at plate 
boundaries. L2

Volcanoes
Mountains
Earthquakes

Plate Boundaries
To classify the three major types of plate boundary interactions 
and relate each one to its related geological events. L2

Continental drift
Seabed spreading

Continental 
Drift

To introduce Pangaea, the concept of continental drift and the 
initial evidence that supported the theory. L1 Geography

In Search of 
Water

To illustrate the geography and temperatures of early Earth when 
water fi rst emerged in its liquid state. L1 Volcanoes

Water Planet
To illustrate how oceans formed through condensation and 
precipitation. L2 Water cycle

Extreme 
Beginnings

To introduce extremophiles and the likely conditions of Earth at 
the time life emerged. L2 Microbiology

How Microbes 
Changed the 
World

To illustrate how cyanobacteria ultimately changed the 
atmosphere through photosynthesis. L3 Photosynthesis

The Oxygen 
Revolution

To illustrate how various microbes responded to the oxygen 
revolution and introduce endosymbiosis. L2 Natural selection

Going 
Multicellular

To illustrate the conditions under which multicellular life 
emerged and explain how an early multicellular species may 
have developed from a single-celled species. L2 Cell division
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Dr Birdley Teaches Science – Constructing the Earth
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Dr Birdley Teaches Science – Constructing the Earth

Questions for Discussion

Before Reading: 
 1. What do you already know about 

theories on how the universe began?
 2. How old do you think the universe is?
 3. What do you think were the fi rst bodies 

in the universe to form?

After Reading: 
 1. Compared to outer space today, how 

was space different shortly after the 
big bang?

 2. Does the big bang theory include all 
the materials necessary for the formation 
of the Earth? Why or why not?

 3. What additional materials would be 
needed for the formation of the Earth? 

Origin of the UniverseTHE BIG BANG 
Objectives

 1. To chronicle the events that immediately 
followed the big bang.

 2. To illustrate the origin of hydrogen and 
helium, which were the fi rst two elements 
in the universe.

 3. To illustrate the state of the universe in its 
fi rst two billion years of existence.

 Synopsis
Dr Birdley dreams that he is one of the protons 
that was around during the time of the big bang. 
The proton combines with tritium (a heavy 
isotope of hydrogen) and forms the element 
helium. Hydrogen and helium end up serving 
as the fuel for stars.

Main Ideas
 1. Fifteen billion years ago, all matter in 

the universe was a great deal hotter and 
more dense.

 2. After the big bang, all matter in the universe 
expanded over time.

 3. The fi rst two elements to form were hydrogen 
and helium.

 4. Helium formed from a proton combining with 
a heavy isotope of hydrogen called tritium.

 5. The proton and tritium combined despite 
their positive charge because of the high 
temperatures (50 million degrees Celsius).

 6. Helium and hydrogen became the fuel for 
stars, which were the only bodies in the 
universe for the fi rst two billion years.

Vocabulary
big bang matter hydrogen nucleus
helium proton tritium fusion

Characters
Dr Birdley, Clarissa Birdley, proton Birdley, 
tritium Owelle
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Unit 2: Origin of the Solar System 

Questions for Discussion

Before Reading: 
 1. What are the major parts of the 

Solar System?
 2. What ingredients do you think 

were needed for the formation of 
the Solar System?

 3. What do you think Earth looked like 
at the time of its formation?

After Reading: 
 1. How did the Earth form?
 2. If gravity increases with more mass, 

what happened to the gravity exerted by 
Earth as it grew and built up over time? 

AstronomyORIGIN OF THE SOLAR SYSTEM 
Objectives

 1. To explain the origin of our Solar System.
 2. To highlight the major stages of solar 

system formation.

 Synopsis
As Dr. Birdley cooks up a model of the Earth, 
he tells the story of how the Solar System formed.

Main Ideas
 1. The formation of the Solar System required 

the presence of hydrogen, helium and various 
heavy elements.

 2. Over time, the elements in stars were 
ejected into space.

 3. Elements such as magnesium, silicon, 
sulphur and iron joined together to form a 
nebular cloud.

 4. Gravity caused the cloud to condense into 
a fl at, rotating cloud called a solar nebula.

 5. The centre of the cloud became so dense 
that it became our sun.

 6. The repeated colliding and combining of 
solid particles led to the accretion (building 
up) of rocky bodies, which ultimately 
became planets.

 7. The third planet of the sun, which started off 
as a giant molten rock, was Earth.

Vocabulary 
solar nebula nebular cloud accretion 
Solar System interstellar gas elements 

Characters
Dr Birdley, Clarissa Birdley© H
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Unit 3: Early Earth

Parts of the EarthEARTH‛S LAYERS 
Objectives

 1. To illustrate the characteristics 
of Earth’s layers.

 2. To illustrate how heat travels from 
the core to the crust by convection.

Synopsis
Professor Lark has recently built a model of 
early Earth with a cutaway view that shows 
its interior. As the characters explore this new 
model they give their thoughts and opinions 
about its characteristics.

Main Ideas
 1. Earth is made up of an inner core, outer core, 

lower mantle, upper mantle and crust.
 2. The core rotates at a faster speed 

than the crust.
 3. The outer core is liquid; the inner core 

is solid due to the pressure.
 4. Electric currents in the Earth’s outer core 

generate its magnetic fi eld.
 5. Magma moves in a circular motion 

known as convection.
 6. Heat from the core travels to the crust 

via convection currents.
 7. Convection currents drive the motion of 

crustal plates on Earth’s surface.
 8. Earth’s crust is extremely thin relative to 

its other layers.

Vocabulary 
inner core upper mantle lower mantle 
outer core crust convection current
pressure magnetic fi eld electric current

Characters
Dr Birdley, Gina Sparrow, Phyll, Norman, Jaykes, 
Don, Dean Owelle, Neil, Professor Lark

Questions for Discussion

Before Reading: 
 1. What do you think the inside of the 

Earth looks like?
 2. What models of the Earth have you 

already seen?
 3. What do you think a model is?
 4. What other types of models have 

you seen? What do they all have 
in common?

After Reading: 
 1. If this were a model of modern Earth, 

what features would need to be added?
 2. How is this model accurate? 

How do you think it is inaccurate? 
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Unit 4: Plate Tectonics

Questions for Discussion

Before Reading: 
 1. What do you think causes earthquakes? 

Volcanoes? Ocean trenches? 
Mountains?

 2. What geological processes happen 
over long periods of time?

 3. What geological processes happen 
over short periods of time?

After Reading: 
 1. Which geological processes are caused 

by interactions at plate boundaries?
 2. What geological features are caused by 

movement at plate boundaries?

Plate TectonicsPLATE BOUNDARIES 
Objectives

 1. To defi ne and illustrate the three major types 
of plate boundaries.

 2. To explain the events and geological features 
that may result from a given plate boundary 
interaction.

Synopsis
Dr Birdley teaches about plate boundaries and 
towards the end of the comic experiences a minor 
earthquake due to a transform fault boundary.

Main Ideas
 1. At convergent boundaries, lithospheric plates 

move towards each other.
 2. At places where oceanic crust and continental 

crust converge, volcanoes, mountain ranges, 
ocean trenches and earthquakes may occur.

 3. At places where two plates of continental 
crust converge, non-volcanic mountain 
ranges such as the Himalayas will form.

 4. At divergent plate boundaries, plates move 
apart. This happens at mid-ocean ridges, 
where magma comes up from under the 
surface and forms new seabed.

 5. Movement at divergent plate boundaries is 
responsible for continental drift.

 6. At transform fault boundaries, plates 
slide past one another, which can cause 
earthquakes.

Vocabulary 
convergent boundary subduction 
divergent boundary continental drift
transform fault boundary earthquake
mid-ocean ridge magma

Characters
Dr Birdley, Norman
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Unit 5: Oceans and the Water Cycle 

Questions for Discussion

Before Reading: 
 1. Why is water important for living things?
 2. What are examples of different bodies of 

water that exist on Earth?
 3. How do you think the oceans formed?

After Reading: 
 1. Do you think the water Dr Birdley and 

Jaykes see can be recycled? 
Why or why not?

 2. According to the comic, where did the 
water molecules initially come from?

 3. Could we model condensation in the 
classroom? How?

 4. Do the processes Jaykes witnessed 
occur today? 

Oceans & Water CycleWATER PLANET 
Objectives

 1. To illustrate the mechanism for the 
formation of the oceans.

 2. To set up students to learn about the 
water cycle and how it operates at 
the molecular level.

 Synopsis
Having travelled to Earth four billion years ago, 
Dr Birdley has dispatched Jaykes to fi nd water 
samples. As Jaykes explores Earth’s surface, he 
witnesses steam and vapour escaping from vents 
and volcanoes. The steam and vapour condenses 
into clouds, which ultimately act as a source of 
precipitation that generates Earth’s oceans.

Main Ideas
 1. Heat is escaping through volcanoes and 

vents in the Earth’s crust, and bringing water 
vapour with it.

 2. As water vapour reaches lower temperatures, 
its molecules cluster closer together and 
condense into water droplets.

 3. The aggregation of these water droplets 
forms clouds.

 4. Rain from these clouds fi lls the ocean basins, 
resulting in the fi rst oceans.

 5. Once bodies water will form, the water cycle 
will begin (see visual exercise).

Vocabulary 
water vapour vent condensation 
molecule precipitation water droplet

Characters
Dr Birdley, Gina Sparrow, Jaykes

Teacher’s Note
This comic provides a lead-in to a lesson on the 
water cycle. The stages of the water cycle are 
explained and illustrated on the visual exercise 
in this unit.
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