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Introduction

The Summary Guides — Science series has been written by practising educators who are passionate
about creating user-friendly, accessible guides for science.

The explanations and exercises in these guides develop core science knowledge and skills for
personal, work and civic life, and provide the base knowledge to understand science
comprehensively. Science will be part of your daily life no matter what you choose to do as an
adult — understanding it will help you think critically and make sense of the world.

This book summarises key concepts clearly. It includes real-world examples, step-by-step
explanations, and exercises for you to complete. The best way to use this book is to make a habit of
it, regularly working through the material and questions, and comparing your answers with those

provided. Whether you commit to a daily, weekly or fortnightly routine, consistent practice is the key
to your success.

Rachael

About the author

Rachael Smith is a passionate educator and writer who is enthusiastic about making complex
scientific concepts accessible to all learners.

With over 20 years of experience in teaching and curriculum development, Rachael has
dedicated her career to inspiring curiosity and critical thinking in students.

Rachael has worked with teachers and students to develop engaging and effective learning
materials that align with the Australian Curriculum. Her expertise spans multiple scientific
disciplines, ensuring a well-rounded approach to science education.
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Chapter 1 - Biology

1.1 What is biology?

Biology is a branch of science that studies living things. A biologist is a scientist who studies
biology (from the Greek root word bios, which means ‘life"). Biologists try to understand the natural
world and everything that lives in it, including plants, animals, fungi, bacteria, viruses, algae and
protozoa.

So why is biology important to you? Every living thing, including you, is made up of cells. Cells
work together to help you function and produce new life!

Key term

protozoa tiny living things made up of one cell; the word means ‘first animals’

1.2 Cell theory

What are cells?

Cells are the basic building blocks of all organisms, from the smallest bacterium to the largest
animal. All living things are made up of one or more cells, which carry out essential functions to
support life.

Key term

organism a living thing

Cells vary widely in size; most are too small to be seen with the naked eye, which is why biologists
use microscopes to see cells. It is important to note that all cells come from pre-existing cells.

Types of living organisms

Unicellular organisms are made up of a single cell that performs all life processes within the one
cell. They are often so small that you can only see them under a microscope. So, they are also
referred to as microorganisms. Examples are bacteria, some algae, and protozoa.

Multicellular organisms are made up of more than one cell. In multicellular organisms, different
types of cells perform special and unique functions. Examples of multicellular organisms are
animals, plants, insects and humans. The human body consists of trillions of cells.

Fun fact

Many scientific words come from the ancient Roman language Latin. You probably already know
that uni means one and multi means ‘many’. ‘Cell’ comes from the root word cella, meaning ‘small
room’ - like a prison cell!

© Insight Publications Summary Guides - Science 8 1




Chapter 1 - Biology

L/
\ Activity 1.2.1
1. List some things that contain cells.

2. Write two facts about cells. For example, a fact about cells is that cells are the basic building
blocks of all living things.

3. Write a definition to explain the difference between unicellular organisms and multicellular
organisms.

Science as a human endeavour: The light microscope

A microscope is a device that enables you to observe objects that are too small to be seen with
the naked eye - such as cells.

Figure 1.1: Protozoa under a microscope

The microscope you use at school is called a light microscope. It is one of the most important
inventions in biology. Light microscopes focus light through a specimen to magnify it.

The microscope allowed scientists to see that life exists on a cellular level and to view
previously unseen microscopic things such as cells and bacteria. This led to many important
discoveries about cells and microorganisms, and to the development of cell theory. Microscopes
play a vital role in scientific research and innovation by helping us to understand the world
around us.

Microscopes have developed since they were invented in 1590. Key inventors and developers
of the microscope include Zacharias Janssen and his father Hans Janssen, Galileo Galilei, Robert
Hooke, Antonie van Leeuwenhoek, Joseph Lister and Ernst Ruska.

2 Summary Guides - Science 8 © Insight Publications




Chapter 1 - Biology

1. Ocular lens/eyepiece

2. Revolving nosepiece
9. Arm

3. Objective lens

4. Stage clip

10.C djustment

oarse adjustme 5. Stage
6. Condenser lens
11. Fine adjustment % 7. Iris diaphragm
knob

8. Light source

12. Base

Figure 1.2: A light microscope
Table 1.1: The difference between stereo, compound and electron microscopes
Electron

Stereo Compound

Magnifies by up to 300 times

Magnifies by up to 2000 times

Magnifies by up to

200 000 times

Can analyse whole parts

Can analyse whole parts

Can analyse thin slices

Can analyse living things

Can analyse living things

Can only analyse things that
are dead or non-living

Can show outer details of
specimens

Can show outer details of
specimens and some
structures inside cells

Can show outer details of
specimens and some internal
structures

1.3 Cell structures

Eukaryotic versus prokaryotic cells

Two main types of cells make up living organisms: prokaryotic cells and eukaryotic cells. The main
difference between the cells is in their structure.

* Prokaryotic cells do not contain a nucleus or membrane-bound organelles.

e Eukaryotic cells do contain a nucleus and membrane-bound organelles.

© Insight Publications
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Chapter 1 - Biology

Key terms

nucleus

in biology, the organelle in a eukaryotic cell that controls and regulates the
activities of the cell and carries the genes

membrane-bound

an organelle that is encased by a membrane, giving it a distinct internal

organelles environment

organelle a small organ-like structure inside a cell that has a specific job; the word
means ‘very small organs’

Key fact

Classification means to sort things into groups based on similar features. The classification of
the five kingdoms of life is based on differences in cell structure and on the presence or absence
of different organelles.

L/
N Activity 1.3.1

On a piece of paper, brainstorm all the things you can see around you that are living organisms.

Eukaryotic cells

The living organisms that you see each day are most likely made up of eukaryotic cells - cells
with a nucleus and membrane-bound organelles. These living organisms are mostly multicellular,
but some are unicellular such as protists and some fungi. An example of a unicellular protist is

green algae.

Key term

protist

a diverse group of eukaryotic organisms that are mostly unicellular;
includes algae, amoeba and slime mould, among others

Eukaryotes are organisms that are made of eukaryotic cells and include all animals, plants, fungi

and protists.

Animal and plant cells are eukaryotic cells.

Cytoplasm

Nucleus

Cell membrane

Mitochondria ——\

Cytoplasm

Nucleus

Cell membrane
Cell wall
Mitochondria

Chloroplast

Animal cell Plant cell

Figure 1.3: An animal and a plant cell
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Chapter 1 - Biology

Eukaryotic cells are more complex and generally larger than prokaryotic cells. As well as the nucleus
that contains DNA, eukaryotic cells have membrane-bound organelles - specialised compartments
separated by membranes that act as a boundary. Examples are the nucleus, mitochondria (singular:
mitochondrion), Golgi apparatus (or Golgi body), endoplasmic reticulum and vacuoles. We will learn

more about these later.

Key term

DNA (deoxyribonucleic acid) the molecule that carries genetic information so

an organism can develop and function

Prokaryotic cells

Prokaryotic cells do not contain a nucleus or membrane-bound organelles. They have a specialised
structure and their DNA is contained in the central area of the cell. Prokaryotic cells are simpler
and generally smaller than eukaryotic cells.

Living organisms that are made of prokaryotic cells are unicellular.

Prokaryotes are living organisms that are made of prokaryotic cells. Examples are all bacteria.

Ribosome

Flagellum

Endospore

Capsule

Cell wall

Cell membrane

Figure 1.4: A prokaryotic cell

L/
N\ Activity 1.3.2

Write a definition to explain the difference between eukaryotic cells and prokaryotic cells.

1.4 Introduction to animal cells

Animal cells are the basic building blocks of animals. Humans are animals; therefore, we are made
up of animal cells!

Animals are multicellular and built with various types of cells. Animal cells are eukaryotic cells
(have a nucleus containing DNA and membrane-bound organelles).

L/
N\ Activity 1.4.1

Write two facts about animal cells.

© Insight Publications Summary Guides - Science 8 5



Chapter 1 - Biology

Organelles within animal cells

All animal cells contain the same group of organelles inside the cell. Each organelle has a specific
function or job to do inside the cell. Organelles are held inside the cell by a membrane called the
cell membrane.

Figure 1.5 shows an animal cell with the organelles and other structures inside.

Endoplasmic reticulum

Cell membrane
Golgi apparatus

(Golgi body)
Nucleus

Mitochondria

Cytoplasm
Ribosome
Figure 1.5: An animal cell and its organelles

Cross-check the following information about organelles and structures and their functions with
Figure 1.5. You may like to colour code the information and the cell labels so that they match each other.

1. Cell membrane
Description: a thin, flexible layer that surrounds the cell.

Function: controls the entry and exit of different substances and provides protection and
structure to the cell.

2. Cytoplasm (pronounced: SAl-tow-pla-zm)

Description: not strictly an organelle, but a jelly-like substance filling most of the cell. It maintains
the shape of the cell.

Function: supports and protects the organelles.
3. Nucleus
Description: a large, round organelle.

Function: acts as the control centre of the cell. It contains and protects DNA that holds genetic
information for cell growth, function and reproduction.

4. Ribosomes (pronounced: RAI-buh-sowms)

Description: a tiny, round structure floating in the cytoplasm or attached to the endoplasmic
reticulum. Cells can have many of these.

Function: makes proteins for cell growth and repair.
5. Endoplasmic reticulum (ER) (pronounced: en-doh-PLAZ-mick re-TIK-yoo-lum)

Description: a network of tubules (tiny tubes) that can be rough or smooth. A rough endoplasmic
reticulum (RER) has ribosomes on the surface, while a smooth endoplasmic reticulum (SER)
does not.

Function: transports protein and other substances around the cell.
6. Golgi apparatus (Golgi body) (Golgi pronounced: gowl-jee)
Description: stacks of flattened membranes.

Function: processes, modifies and packages proteins.

6 Summary Guides - Science 8 © Insight Publications



Chapter 1 - Biology

7. Mitochondria (pronounced: mai-tow-kon-dree-uh)
Description: small bean-shaped organelles.
Function: produces energy for the cell (often described as the powerhouse of the cell).
\ Activity 1.4.2
1. What surrounds the cell and controls the entry and exit of substances?
2. What protects the DNA in a cell?
3. What packages and processes proteins in a cell?
4. What produces energy for the cell?
5. What produces proteins in a cell?
6. Label the organelles in this cell.

1.5 Introduction to plant cells

Plant cells are the building blocks of plants. They have several structures that are specialised to
help the plant grow, make food and survive. Plant cells have many of the same organelles as animal
cells, but they also have some unique organelles.

Organelles within plant cells

In addition to the organelles common to all eukaryotic cells (see information on animal cells), plant
cells contain the following structures and organelles.

1.

2.

Cell wall

Description: a rigid structure that surrounds the cell membrane.

Function: provides protection around the cell and allows substances to enter and exit the cell.
Chloroplast (pronounced: KLAW-roh-plast)

Description: an oval-shaped organelle.

Function: contains chlorophyll (green pigment). Photosynthesis takes place here.

© Insight Publications Summary Guides — Science 8 7



Chapter 1 - Biology

3. Vacuole (pronounced: VA-kyoo-ole)

Description: a large organelle filled with sap (water, sugar, salt solution). Animal cells also
contain vacuoles, but they are much bigger in plant cells and take up a large amount of space
within the cell.

Function: helps to maintain water balance and shape.

Vacuole Mitochondria

Cell membrane
Cell wall

Cytoplasm Nucleus
Chloroplast

Golgi apparatus Ribosome

Endoplasmic reticulum (ER)

Figure 1.6: A plant cell and its organelles

Key fact

The word ‘photosynthesis’ can be split in two words, ‘photo’” and ‘synthesis’. Think of a camera
flash that creates light, and synthesis as a process that builds or makes something. Therefore,
plants use the flash of sunlight (photo) to make (synthesise) energy.

"\ Activity 1.5.1

1. What has a rigid structure, surrounds the cell and controls the entry and exit of substances?
2. Where does photosynthesis take place in a cell?

3. What is the name of the organelle that stores sap (water, sugars, salt solution)?

4. Label the three organelles indicated in the plant cell diagram below.

5. On a piece of paper, draw each of the organelles in plant cells and create a symbol to help you
to remember what the function of the organelle is.

1.6 Specialised animal cells

Specialised cells are cells that have adapted to perform a specific function or job. These cells work
together in tissues, organs and systems to ensure an organism'’s survival and growth. We will look
at tissues and organs in more detail later.

8 Summary Guides - Science 8 © Insight Publications




Chapter 1 - Biology

Each specialised cell has a special function. They often have a distinctive structure and shape to
perform their job effectively.

Animals have many specialised cells - more than 200 different types. Examples are blood cells,
muscle cells and nerve cells.

Blood cells

Blood is constantly circulating around your body. It delivers oxygen and nutrients, and removes
waste. Blood is mostly made up of a liquid called plasma. In the plasma, different cells carry out
different functions.

* Red blood cells deliver oxygen to different parts of the body and remove waste such as carbon
dioxide. They contain a protein called haemoglobin, which carries the oxygen. Red blood cells
are disc shaped, or shaped like a donut without the hole in the middle. This increases their
surface area, which allows more oxygen to attach to them. They do not have a nucleus and are
very thin so they can pass through blood vessels.

e White blood cells protect the body against infections by destroying bacteria and viruses. They
are part of the body’s immune system. They are much larger than red blood cells and have a
nucleus. Different types of white blood cells respond to different types of harmful bacteria and
viruses.

e Platelets are small cell fragments that help the body form clots to stop bleeding. When you get
a cut, the platelets receive a signal to move to the site of the cut and clot to prevent further
blood loss.

"\ Activity 1.6.1

Match the specialised blood cell to its function.

Red blood cell Forms clots to prevent blood loss
White blood cell Carries oxygen
Platelet Fights infection

1.7 Specialised plant cells

As with specialised animal cells, specialised plant cells have special functions. They also often have
a distinctive structure and shape so they can carry out their job effectively.

Specialised plant cells include:

* photosynthetic cells: they have stomata (singular: stoma), guard cells and chloroplasts. This
group of photosynthetic cells is sometimes referred to as palisade cells

e root hair cells

e conducting cells.

© Insight Publications Summary Guides - Science 8 9



Chapter 1 - Biology

Photosynthetic cells

Photosynthetic cells capture light energy and convert it into food for the plant. This process is
called photosynthesis. We say that plants are autotrophic, which means they make their own food.
Photosynthetic cells are in the leaves and sometimes the stems of the plant, where they can receive
sunlight.

Plants use sunlight, water and carbon dioxide to produce oxygen and glucose (a sugar that
plants use as a source of energy or food) in photosynthesis. Glucose is an energy source or food
for plants. Photosynthesis takes place in the chloroplast organelles in plants. These contain the
green pigment called chlorophyll that helps the plant to absorb sunlight.

There is a simple word equation for this process:

- sunlight
water + carbon dioxide ———— glucose + oxygen

Sunlight
\ Oxygen
\ ) \—9‘ J
Carbon dioxide : £ Glucose

/

Figure 1.7: During photosynthesis, a plant converts
water and carbon dioxide to glucose and oxygen.

Guard cells are photosynthetic cells on the surface of leaves and are responsible for opening and
closing stomata (singular: stoma). A stoma is a small pore on the surface of the leaf that helps gas
exchange between the plant and the atmosphere. Guard cells control the opening and closing of stomata
depending on the needs of the plant. This controls gas exchange and water loss within the plant.

Guard cell

Open stoma Closed stoma

Figure 1.8: Stomata open and close to control the
movement of gas and water in and out of the plant.

Gas exchange
e Carbon dioxide from the atmosphere enters the plant through stomata.
* Oxygen leaves the plant through stomata into the atmosphere.

e Water vapour moves through stomata and leaves the plant when the stomata are open.

10 Summary Guides - Science 8 © Insight Publications



Chapter 1 - Biology

e Guard cells control the opening and closing of stomata depending on the needs of the plant.

They keep the stomata open during the day when the plant receives sunlight for photosynthesis

to occur and closed during the night when there is no sunlight, to help conserve water.

Oxygen and water vapour

Carbon dioxide

Open stoma Closed stoma
Day Night

Figure 1.9: Stomata open during the day and close at night.

"\ Activity 1.7.1

1. What do guard cells control?

2. Describe the process of photosynthesis. You may also like to write the word equation for it and

draw a picture to help you understand the process.

3. When do guard cells open so that photosynthesis can occur?

Root hair cells

Root hair cells are on the outer layer of the roots of the plant. They help the plant to absorb water
from the soil. Despite the name, root hairs are not hairs but narrow extensions of cells.

Root hair cells —

T
Z=
=<2

=
e ————swa
T —

—

Figure 1.10: A root tip showing root hair cells

Conducting cells

Conducting cells form tubes that transport water and nutrients around the plant.
There are two types of conducting cells:

e Xylem cells transport water and nutrients from the roots to the leaves.

e Phloem cells transport food produced in the leaves to other parts of the plant.

© Insight Publications Summary Guides - Science 8
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Chapter 1 - Biology

"\ Activity 1.7.2

1. On a piece of paper, draw a small plant showing the roots, stem and leaves. Label the different
photosynthetic cells you are likely to find in this plant and explain the functions of each of the
different cells.

2. Write the names of the two types of conducting cells.

1.8 Comparing animal and plant cells

Animal and plant cells have similarities and differences.

Similarities between animal and plant cells
Animal and plant cells are both eukaryotic cells, which have:
e acell membrane, which is a thin, flexible layer surrounding the cell

* the cytoplasm - a jelly-like substance that fills most of the cell and maintains the shape
of the cell

e alarge round nucleus - the organelle containing DNA

e anetwork of tubules (tiny tubes) called the endoplasmic reticulum (ER), which can be rough
or smooth

* ribosomes - tiny round structures that float in the cytoplasm or attach to the endoplasmic reticulum
e Golgi apparatus - stacks of flattened membranes

e mitochondria - small bean-shaped organelles that produce energy for the cell.

Differences between animal and plant cells

Although animal and plant cells have many of the same basic structures, plants need different
organelles to carry out functions that animals cannot perform. For example, unlike animals, plants
produce their own food through the process of photosynthesis. They therefore need different
cellular structures to help them do this.

Table 1.2: Comparing animal and plant cells

Feature Animal cells Plant cells
Cell wall X v
(only a cell membrane) (made of cellulose)
Chloroplasts | ¥ v
(with chlorophyll for photosynthesis)
Shape Irregular or rounder shape Regular, rectangle shape due to rigid
cell wall
Vacuole Small temporary vacuoles, if any Large central vacuole
Food Part of an organism that is heterotrophic | Part of an organism that is autotrophic
(consumes other organisms) (makes their own food)
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Chapter 1 - Biology

"\ Activity 1.8.1

Draw a Venn diagram and compare animal and plant cells using the labels below to help you.
Mitochondria Golgi apparatus Nucleus Large vacuole
Cell membrane Cell wall Small vacuole Ribosome
Chloroplast Chlorophyll Autotrophic Heterotrophic

1.9 Fungal cells

Fungi are eukaryotic: they have a nucleus and other membrane-bound organelles.

Fungi are a group of organisms that are different from plants and animals. They can be
unicellular (e.g. yeast used in bread making and fermentation) or multicellular (e.g. mushrooms,
toadstools and moulds).

In addition to the organelles common to all eukaryotic cells (animals and plants), fungal cells
have a cell wall that is made of chitin, rather than cellulose.

Mitochondria
Vacuole

Cytoplasm \_ Lipid granule

Cell wall
Nucleus

Membrane
Bud scar Golgi apparatus

Figure 1.11: A fungal cell

e Fungi do not have chloroplasts so they cannot photosynthesise to make food. They are
heterotrophic - they cannot make their own food. Humans and other animals are heterotrophic
as we also cannot make our own food. We must eat other things such as plants and animals.
Fungi absorb nutrients from their surroundings by breaking down dead or decaying organic
material (saprophytic) or by feeding on living organisms (parasitic).

Fun facts

Think about a time when you saw mushrooms growing on a fallen tree in the bush or in a rainforest.
This is an example of saprophytic nutrition. The mushroom is taking in nutrients from the
decaying tree while also helping it to decompose.

Athlete’s foot is a parasitic fungus that affects the skin of the feet. It makes the skin itchy with
a scaly rash. This is a form of parasitic nutrition as the fungi feeds on the keratin proteins in the
skin of the feet.

© Insight Publications Summary Guides - Science 8 13



Chapter 1 - Biology

Fungi play an essential role in ecosystems by decomposing organic matter. They also provide us
with food. Many types of fungi such as field and shiitake mushrooms are edible. If you have ever
had a bacterial infection and needed to take penicillin (an antibiotic), then you have consumed a
product made from fungi.

Key terms
saprophytic living organisms obtain food by absorbing the products of organic break-
down and decay
parasitic living organisms obtain food by living off another organism
chitin the primary component of cell walls in fungi (pronounced: KAI-tin)
"\ Activity 1.9.1

1. Explain two key differences between a fungal cell and other eukaryotic cells.

2. State whether fungi is autotrophic or heterotrophic.

1.10 Comparing different cells - animal, plant, fungi

Animal, plant and fungal cells are all eukaryotic cells. They have some features in common but
also have key differences based on their functions and the role of the organism within its
ecosystem.

Similarities between animal, plant and fungal cells
All animal, plant and fungi cells have:

e acell membrane

* acytoplasm

* anucleus

e ribosomes

e an endoplasmic reticulum (ER)

e a Golgi apparatus

e mitochondria.

14 Summary Guides - Science 8 © Insight Publications



Differences between animal, plant and fungal cells

Table 1.3: Comparing animal, plant and fungal cells

Chapter 1 - Biology

Feature Animal cells Plant cells Fungal cells
Cell wall X v v
(made of cellulose) (made of chitin)
Chloroplasts X v X

(for photosynthesis)

that is heterotrophic
(consume other
organisms)

that is autotropic (make
their own food)

Shape Irregular or round Regular/rectangular Irregular or tubular
Vacuole Small and temporary if Large and central Small or none

present
Food Belong to an organism Belong to an organism Belong to an organism

that is heterotrophic
(absorb nutrients from
other organisms)

Each of these living organisms has an important role to play within ecosystems.

e Animals are consumers (heterotrophs) — they depend on plants and other living organisms for
food and energy.

e Plants are producers (autotrophs) - they convert sunlight to food (glucose) through the process
of photosynthesis.

* Fungi are decomposers (heterotrophs) - they break down dead material and absorb the
nutrients or live as parasites on other organisms.

In summary:

e Animal cells lack cell walls and chloroplasts, making them specialised for movement and
consuming food.

e Plant cells have cell walls, providing them with structural support, and chloroplasts, allowing
them to produce their own food.

e Fungal cells are unique because they have chitin cell walls; fungi are heterotrophic, absorbing
nutrients and functioning as decomposers in ecosystems.

"\ Activity 1.10.1

Write one fact each about animal, fungi and plant cells.

1.11 Bacteria

Bacteria are single-celled organisms that live everywhere on Earth, including in soil, water, air and
inside and outside of living organisms. Unlike plant, fungi and animal cells, bacteria are prokaryotic,
having no nucleus or membrane-bound organelles.

© Insight Publications Summary Guides - Science 8 15



Chapter 1 - Biology

Bacteria are classified by their shape and how they obtain energy. They can be spherical, rod or

spiral shaped. Bacteria can be autotrophic (make their own food by photosynthesis, e.g. blue-green
algae) or heterotrophic (consume other organisms or organic matter, e.g. Salmonella).

Bacteria have:

a capsule - a protective external coating that protects them from being damaged
a cell wall

a cell membrane

a nucleoid area where genetic material (DNA) is stored.

Some also have:

flagella (singular: flagellum) - tail-like structures to help the bacteria to move

pili (singular: pilus) - hair-like structures used to attach to surfaces or other cells.

Cell wall

Cell membrane
Nucleoid
area (DNA)

Capsule

Flagellum

Figure 1.12: A bacterial cell

Fun facts

Bacteria are essential for life on Earth. They help maintain ecosystems, support agriculture and
even play a crucial role in medicine. They can be beneficial when they break down dead organisms,
recycling nutrients back into the environment.

Bacteria are used in making yoghurt, cheese and other fermented foods, and probiotics are a
type of bacteria beneficial for gut health.

"\ Activity 1.11.1

List the four structures that bacteria cells have that other cells do not.
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1.12 Extension: Cell division

All cells are derived from pre-existing cells through the process of cell division. It is the process
by which a parent cell divides into two or more daughter cells. This means that cells don't
spontaneously come into life but are created through the replication of existing cells. This
process is crucial to your body’s functioning.

When you have a cut or even a broken bone, your body heals the wound by dividing and
replicating the skin or bone cells to replace the parts of the skin or bone that were lost. We will
look at an important Australian scientist who has done amazing work in this area a bit later.

Cell division is important for the:
e growth and development of organisms
e repair and replacement of damaged or dead cells
e reproduction of single-celled organisms.
There are two types of cell division:
e Mitosis produces identical cells.
e Meiosis produces different cells.

We will be focusing on mitosis in Year 8.

"\« Activity 1.12.1

Imagine you get a small burn on your finger. Explain how your body uses cell division to heal
your skin.

1.13 Extension: Genetic material and DNA

The nucleus of a eukaryotic cell contains the organism’s genetic material. Genetic material
contains information such as hair colour, eye colour and height. Your genetic material is what
makes you, you.

The molecule that contains this information is DNA. Inside the nucleus, DNA is organised into
chromosomes. Chromosomes are long, thread-like sections of DNA. Humans have 23 pairs of
these in their cells. When cells replicate, it is important that the DNA is correctly copied and
placed in the daughter cells. When DNA replication goes wrong, it can cause disorders that can
lead to diseases or even death.

Variations in DNA replication can result in:
e cancer such as melanoma
e genetic conditions such as Down syndrome
e genetic diseases such as cystic fibrosis

e chromosome rearrangements, which means that pieces of chromosome are missing,
duplicated or moved around.

The three main structures of a chromosome are the chromatid, telomere and centromere. These
are labelled in Figure 1.13.
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Chromatid Human

'_I_l Nucleus

Telomere

Centromere

Chromosome

DNA

Figure 1.13: Chromosomes in the nucleus are made up of DNA

"\ Activity 1.13.1
1. What could happen if DNA replication goes wrong?

2. Recreate Figure 113 to help you remember where DNA and genetic material are stored.

1.14 Extension: Disorders in cells or tissues

Disorders in cells and tissues occur when normal cellular functions are disrupted, leading to
disease or damage in the body.

As we already know, cells are the building blocks of life Tissues are groups of cells working
together. Damage or dysfunction in these can lead to organ failure and disease.

Types of disorders in cells and tissues

e Cellular disorders occur when cells fail to die when damaged, leading to abnormal growth.
Cancer is a type of cellular disorder that occurs when cells divide uncontrollably to form
tumours, which spread into surrounding tissues.

e Degenerative disorders occur when cells lose function over time, leading to diseases such as
arthritis, which affects the tissues in the joints.

e Infectious disorders occur when cells and tissues are damaged by pathogens. Malaria is a
disease that destroys red blood cells, and is spread by infected mosquitoes.

"\« Activity 1.14.1

Explain what can happen when there are disorders in cells or tissues.

18 Summary Guides - Science 8 © Insight Publications



Chapter 1 - Biology

Science as a human endeavour: Adjuvant immunotherapy - cancer

Melanoma is a type of skin cancer that forms when abnormal cells in the skin grow out of control.
Australia has the highest rate of melanoma in the world. Professor Georgina Long and Professor
Richard Scolyer created a treatment that has saved thousands of people from succumbing to
melanoma.

Less than a decade ago, advanced melanoma was fatal, but thanks to advances in immunotherapy
(a type of treatment that uses a patient’s own immune system), it has become a curable disease.

In 20009, the first human trials were conducted using immunotherapy drugs designed to
stimulate the body’s immune system to fight melanoma. The treatment worked, and the five-year
survival rate jumped from 5 per cent to 50 per cent in patients with advanced melanoma.

Drug combinations are administered to prompt an immune response before surgery to remove
the cancer. The cancer is then removed and more drugs are given to ensure the immune system
is trained to continue to fight the cancer. This is called ‘adjuvant immunotherapy’.

Both Georgina and Richard were named the 2024 Australians of the Year for their revolutionary
and groundbreaking work in cancer research.

1.15 Tissues, organs and organ systems

Cells are the smallest functional unit of an organism and have a specific structure and function.
Cells make up tissues, organs and organ systems.

Tissues

A tissue is a group of similar cells working together to perform a specific function. For example:
* muscle tissue contract to produce movement

* nervous tissue transmit signals for communication in the body

epithelial tissue line the gastrointestinal tract and other hollow organs

connective tissue support and bind other tissues.

Muscle tissue Nervous tissue

Brain

5
Cardiac muscle S 80
= Spinal cord

===== T Nerves 0

Muscle cells | e Nerve cells-/ \

Bone
Fat and other
soft padding ~
tissue L (f‘
Fat cells/
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Organs

An organ is a structure made up of two or more types of tissue that work together to perform a
specific function. For example, the:

e heart is made of muscle tissue, connective tissue and nervous tissue. It pumps blood
throughout the body

* lungs are made of a special sponge-like tissue that stretches easily to keep its shape without
damage; it also has epithelial tissue to enable gas exchange

e stomach contains muscle tissue to churn food, epithelial tissue to secrete digestive enzymes,
and nervous tissue to control its functions.

Reproductive

system (female)/\/ { B y
\/ \\ / Stomach

Bladder Intestines

Figure 1.15 Human internal organs

Organ systems

An organ system is a group of organs working together to perform complex functions in the body.
Key organ systems include the:

e digestive system, which breaks down food to absorb nutrients.
Key organs: mouth, oesophagus, stomach, intestines, liver, pancreas

e circulatory system, which transports oxygen, nutrients and waste products.
Key organs: heart, blood vessels

* respiratory system, which facilitates breathing and gas exchange.
Key organs: lungs, trachea, diaphragm

* nervous system, which sends signals and controls body functions.
Key organs: brain, spinal cord, nerves

We will be examining each of these systems. It is important to note that these are not the only
systems in the human body.
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Tissue Organ system Living organism

Figure 1.16 Levels of organisation

It is important to note that systems are interdependent. This means that they need each other
to function properly. For example, the respiratory system and circulatory systems work together to
deliver oxygen to cells.

"\ Activity 1.15.1

Define the terms ‘tissue’, ‘organ’ and ‘organ system’.

Science as a human endeavour: Dr Fiona Wood - spray-on skin

Have you ever scalded your hand with boiling water, got sunburned or accidentally burnt your
hand putting wood on a fire?

A burn is damage to the skin and underlying tissues. Burns can be on the outer layer of the
skin, but severe burns can go down to the muscle and bone. Severe burns are called third- and
fourth-degree burns; the skin may not be able to heal, and new skin must be applied to the burn
area. This procedure is called a skin graft and involves surgically removing a layer of skin from
elsewhere on the body and applying it to the burn site.

Enter Dr Fiona Wood, 2005 Australian of the Year. Fiona developed a spray-on skin in 1993.
Skin cells are taken from the person, grown (cultured) in a laboratory and then sprayed onto the
site of the burn. The new skin cells grow to replace the damaged skin cells.

There are many benefits to spray-on skin. Compared to ordinary skin grafts, spray-on skin:
* heals faster

e heals smoother and flatter

e has a more even colour.
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1.16 The digestive system

The digestive system is a group of organs that work together to break down food into nutrients the
body can use for energy, growth and repair.

Humans and other animals are heterotrophs (consumers). We obtain food by consuming other
organisms such as plants, animals and fungi. The food we consume is not directly usable by the
body. It needs to be converted into a usable form by the process of digestion.

Key functions of the digestive system
* Ingestion: food is taken in via the mouth.

e Digestion: food is broken down into smaller, absorbable molecules. Digestion can occur through
mechanical or chemical processes.

Mechanical digestion: food is broken down physically by chewing in the mouth and churning in
the stomach. This increases the surface area of food, which helps its chemical breakdown.

Chemical digestion: food is broken down by enzymes and stomach acids. This occurs in the
mouth, stomach and small intestine.

e Absorption: nutrients are absorbed into the bloodstream to be taken to cells.

e Elimination: undigested waste is removed through the rectum and anus.

Digestion
Ingestion (mechanical, Absorption Elimination
chemical)

enzyme a protein that speeds up chemical reactions in living things

Key term

Main organs of the digestive system

1. Mouth - food enters the body here. Mechanical digestion occurs with the teeth chewing the
food. Chemical digestion occurs when food mixes with saliva, which contains a special enzyme.
This enzyme is called amylase and begins the process of breaking down carbohydrates.

2. Oesophagus - a muscular tube that transports food from the mouth to the stomach by peristalsis,
which involves wave-like muscle contractions that push the food downwards.

3. Stomach - stores and breaks down food by using enzymes and stomach acid. In the stomach,
proteins in the food begin to break down. Food is also physically broken down by strong muscle
contractions in the stomach. Depending on the food, it will stay in the stomach for four to
six hours before moving to the small intestine.

4. Small intestine - the main site of nutrient absorption. Enzymes from the pancreas continue
digestion. The small intestine is lined with villi and microvilli, which increase the surface area
of the small intestine, which helps it to absorb nutrients into the bloodstream. The small
intestine can be up to 7 metres long and 2 cm in diameter.
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5. Large intestine (colon) - absorbs water and minerals, and forms and stores faeces. Bacteria
in the large intestine help break down any remaining food and produce vitamins such as
vitamin K. The large intestine is about 1.5 metres long and 8 cm in diameter.

6. Rectum and anus - store and expel waste materials (faeces) from the body.

Other organs that are not part of the digestive pathway also help with digestion:

e Liver - cleans the blood, helps digest food by producing bile and stores energy.

e Gallbladder - releases bile into the small intestine to help break down fats.

e Pancreas - releases many enzymes that further break down fats, DNA and proteins.

e Saliva glands - release enzymes to break down starch.

Mouth — &
Tongue

Epiglottis

Salivary

glands
Pharynx

Oesophagus

Liver
Gallbladder

Stomach

Pancreas

Small
intestine

Rectum

Large
intestine

Appendix

Figure 117 The human digestive system

Key terms
villi tiny finger-like projections made of cells that line the small intestine to
increase the surface area, which helps to maximise the absorption of
nutrients (pronounced: Vl-lee)
microvilli extensions of villi, which help to maximise the absorption of nutrients

The digestive pathway

Mouth — oesophagus — stomach — small intestine — large intestine — rectum — anus

Why is the digestive system important?
The digestive system is important because it:

* enables the body to absorb nutrients such as carbohydrates, proteins, fats, vitamins and
minerals needed for energy, cell repair and growth

e removes waste from the body

* works with other systems such as the circulatory system to distribute nutrients.
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\. Activity 1.16.1
1. List the four key functions of the digestive system and explain why the digestive system is
important.

2. Draw the digestive pathway, explaining the function of each of the organs.

1.17 Digestion in other animals

Animals need to be able to obtain nutrients from the environment and use them to create energy.
Humans are omnivores, which means we can eat plants and animals. Other omnivores include pigs,
black bears and seagulls, among many others. Some animals eat only plants (herbivores) or only
animals (carnivores). In this section, we'll take a look at the digestive systems of these kinds of
animals.

Digestive systems of herbivores

Herbivores only eat plants. Plants have a large amount of cellulose - the material that makes up
their cell walls. Cellulose is hard to break down, but some herbivores can digest this material and
have special enzymes to get the energy from the plants.

Herbivores must eat a large quantity of food and eat often to obtain the nutrients they require.

Fun fact

Since plant materials are more difficult to digest, herbivores often graze and chew food for many
hours a day. Pandas, cows and koalas are all known for eating all day long.

Table 1.4: Features of herbivore digestive systems

Feature Purpose

Teeth Adapted for grinding and pulverising plant material (mechanical digestion).
Teeth are large and flat to break down plant material between them. Jaws can
move from side to side (think of a cow chewing grass).

Length Generally, it is longer and more complex than the carnivore digestive system.

Enzymes Special enzymes break down cellulose into smaller molecules such as glucose.

There are two major types of herbivore digestive systems: hindgut and foregut fermenters.

Hindgut fermenters (non-ruminants)

e Plant material moves from the mouth, down the oesophagus and into the stomach. The stomach
does not do much digestion and is more of a storage area for the food.

* Food moves to the small intestine. This is where most of the chemicals and enzymes break
down the food and nutrients are absorbed into the bloodstream.

e The main digestion of cellulose occurs in the caecum. This is a pouch-like extension of the large
intestine, located where the small and large intestines join. Cellulose-digesting enzymes and
bacteria live here.
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e Any digested cellulose is then absorbed in the large intestine, which also absorbs water and
forms faeces to be eliminated by the rectum.

e Examples are horses, koalas, mice and rabbits.

Foregut fermenters (ruminants)

e Food is chewed and then swallowed into the four-chambered stomach. The first chamber is
called the rumen. The food sits here and is digested both mechanically by churning, and
chemically by enzymes from bacteria. The animal will sometimes regurgitate chunks of
food from the rumen as cud, which requires further chewing before being swallowed again
for further digestion.

e Food moves to the second chamber in the stomach called the reticulum and the same process
occurs.

e The food then moves to the omasum, the stomach’s third chamber. The main purpose of the
omasum is to remove water from the digested material.

e The final part of the stomach is the abomasum, which behaves like our stomachs. Additional
enzymes here break down food further.

e Food moves into the small intestine and nutrients are absorbed. The food then moves into the
caecum (less important than in non-ruminants) and some fibre is digested here.

e Food moves to the large intestine where more water is removed, and waste is ready to be
eliminated from the rectum.

e Examples are cattle, deer and sheep.

Fun fact

‘Hind" means ‘behind or ‘after’ - digestion occurs after the stomach.

‘Fore’ means ‘before’ or ‘in front of’ - digestion occurs before the stomach.

Digestive systems of carnivores
Carnivores mostly eat meat. Meat is easier to digest than plants because there is no tough cell wall
to break down.

Table 1.5: Features of carnivore digestive systems

Feature Description

Teeth Sharp canines and incisors to rip meat into small chunks. These chunks
are then swallowed whole. Canine jaws can only move up and down.

Mouth No enzymes in the mouth for breaking up food. Most digestive enzymes are
in the stomach.

Stomach Larger than herbivore stomachs. Most digestion occurs here. More acidic
than human or herbivore stomachs.

Small intestine Shorter than a herbivore’s small intestine. Most absorption of nutrients
takes place here.

Large intestine Water is absorbed and faecal matter is eliminated.
and rectum
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"\ Activity 1.17.1

1. Explain the main differences between the digestive system of a herbivore and a carnivore.
Describe why they are different.

2. Discuss the main differences between a hindgut fermenter and a foregut fermenter.

Explain why some herbivores have large flat teeth and jaws that can move from side to side.

1.18 The respiratory system

The respiratory system is a group of organs that work together to take oxygen into the body and
remove carbon dioxide from the body. This is essential for energy production in cells.

Key functions of the respiratory system

e Gas exchange - oxygen from inhaled air diffuses from alveoli into the blood and binds to red
blood cells. Carbon dioxide is expelled from the blood into alveoli to be exhaled. This is done by
the physical process of breathing and occurs between the alveoli and surrounding capillaries
(microscopic blood vessels).

e Energy production - cells use glucose and oxygen to produce energy. This is called cellular
respiration and is a chemical process.

N2

Alveoli

Red blood cell high

in carbondioxide Oxygenated blood

cell

Carbon dioxide diffuses Red blood cell
from blood cell takes oxygen

Figure 1.18: The process of gas exchange in the alveoli

Key terms
alveoli tiny air sacs in the lungs (pronounced: al-vee-ow-lai)
diffusion movement of molecules from an area of high concentration to one of low
concentration

Cellular respiration

All cells need energy to perform the functions that keep us alive. Cellular respiration takes place
in every cell, specifically, in the mitochondria where glucose and oxygen are turned into usable
energy. Carbon dioxide is also produced, which we breath out as a waste product.
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Cellular respiration can be represented by the following word equation:

Glucose + oxygen — carbon dioxide + water + energy

Main organs of the respiratory system

e Mouth and nose - air enters the body through the nose or mouth. The nasal cavity is warm and
moist and filters air with tiny hairs called cilia, and mucus, which traps dust and pathogens
(organisms that can cause diseases).

e Pharynx - the throat, which directs air from the nasal cavity to the larynx. The larynx is the
voice box; it contains the vocal cords and protects the trachea. A small flap called the epiglottis
closes off the larynx during swallowing to prevent food entering the respiratory pathway.

e Trachea (windpipe) - a tube that carries air from the throat to the lungs. It is made from
C-shaped cartilage to keep it open, even when the neck is bent or turned.

e Bronchi (singular: bronchus) and bronchioles - the bronchi are two tubes (left and right) that
each branch off the trachea and lead to a lung. The bronchioles are smaller airways that branch
from the bronchi into the lungs.

e Lungs - the main organs (left and right) where gas exchange occurs. They contain millions of
tiny air sacs called alveoli.

e Alveoli (singular: alveolus) - microscopic, sac-like structures that are one cell thick and the site
of gas exchange. They give lungs their spongy texture.

e Diaphragm - a dome-shaped muscle beneath the lungs that contracts to inflate the lungs and
relaxes to deflate the lungs.

Nasal cavity Oral cavity

Nostril Pharynx

Larynx
Left main

Trachea bronchus

Right main
bronchus

Right lung

Figure 1.19: The respiratory pathway

The respiratory pathway

Mouth and nose — pharynx — larynx — trachea — bronchi — bronchioles — alveoli

Why is the respiratory system important?
The respiratory system provides oxygen for cellular respiration, which produces energy for the body.
It also removes carbon dioxide, which is a waste product, to prevent it from building up in the body.

The respiratory system works closely with the circulatory system to deliver oxygen to and
remove carbon dioxide from the body.
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"\ Activity 1.18.1
1. Write the word equation to explain cellular respiration.
2. List the two key functions of the respiratory system and explain why it is important.

3. Draw the respiratory pathway and explain the function of each of the organs.

1.19 The circulatory system

Animals, including humans, require a system to move substances around the body. The circulatory
system is a network of organs and blood vessels that transports oxygen, nutrients, hormones and
waste products throughout the body.

Key functions of the circulatory system

e Transportation - delivers oxygen and nutrients to cells and removes waste products such as
carbon dioxide.

e Regulation - helps to regulate body temperature and maintain homeostasis.

e Protection - circulates white blood cells and antibodies to fight infections.

Key term

homeostasis the process through which a living thing maintains a stable internal
environment, even when external conditions change
(pronounced: ho-me-oh-STAY-sus)

Main components of the circulatory system

The circulatory system consists of the heart, blood vessels and blood.

Heart

The heart is a muscular organ that pumps blood to the lungs and then throughout the body. It is
divided into four chambers. The atria (singular: atrium) are the upper chambers of the heart, and
the ventricles are the lower chambers of the heart.

e The right atrium receives deoxygenated blood from the body.

e The right ventricle pumps deoxygenated blood to the lungs.

* The left atrium receives oxygenated blood from the lungs.

e The left ventricle pumps oxygenated blood to the rest of the body.

Oxygenated and deoxygenated blood do not mix. In a resting adult, the heart typically beats
70-100 times per minute to pump blood.
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Figure 1.20: The heart

Blood vessels
Blood vessels are the arteries, veins and capillaries in the body.

e Arteries are made of thick muscle with elastic walls to handle high pressures. They
carry oxygenated blood away from the heart (except for the pulmonary artery, which carries
deoxygenated blood from the right side of the heart to the lungs).

e Veins have valves to prevent backflow. They carry deoxygenated blood back to the heart (except
for the pulmonary vein, which carries oxygen-rich blood from the lungs to the heart).

* Capillaries are microscopic vessels where nutrients, oxygen and waste exchange occur
between blood and tissues.

Blood
Blood contains red blood cells, white blood cells, platelets and plasma.

* Red blood cells make up about 99 per cent of the blood cells in our body. They contain
haemoglobin, a protein that carries oxygen. Red blood cells transport oxygen from the lungs
throughout the body. They are disc shaped for easier movement through narrow blood vessels
and to maximise surface area for gas exchange.

e White blood cells form part of the body’'s immune system. They help to fight infections and
protect the body.

e Platelets help the blood to clot to stop bleeding when the body is cut or injured.

e Plasma is the liquid part of blood and is mostly water. Plasma transports nutrients, hormones
and waste products.

How does the circulatory system work?

Humans have a double circulatory system. This means that the blood flows through the heart twice
in one cycle.

e Pulmonary circulation is a short loop from the heart to the lungs and back again. It carries
deoxygenated blood from the heart to the lungs for oxygenation and back to the heart.
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e Systemic circulation carries blood from the heart to all the other parts of the body and
back again. It carries oxygenated blood from the heart to the rest of the body and returns
deoxygenated blood to the heart.

Pulmonary artery Pulmonary vein

Right atrium —_|
T
Left atrium

Right ventricle — Left ventricle

Vena cava Aorta

Figure 1.21: Blood circulation

Pathway of blood flow
e Deoxygenated blood:

Body — veins — right atrium — right ventricle — lungs (to pick up oxygen)
* Oxygenated blood:

Lungs — left atrium — left ventricle — arteries — body

Why is the circulatory system important?

The circulatory system ensures that all cells in the body receive the oxygen and nutrients they
need to survive, while removing waste products such as carbon dioxide. The circulatory system
works closely with the respiratory and digestive systems, and:

e fights disease - white blood cells and antibodies combat infections and pathogens

e regulates temperature by adjusting blood flow to maintain a stable body temperature

\, Activity 1.19.1
1. Draw a diagram of the heart, showing the four chambers, and the direction of blood flow.

2. Describe the differences between arteries and veins.
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Describe the differences between red blood cells and white blood cells.
Draw a diagram to show pulmonary and systemic circulation.

Write the word equations to explain the pathways of blood flow.

o g & w

List the three key functions of the circulatory system and explain why it is important.

Science as a human endeavour: Dr Daniel Timms

Australian scientists are developing an artificial heart. They hope that their invention is going to be
an alternative to organ donation. Currently, the supply of donor organs does not meet the demand -
there are not enough hearts being donated to supply the number of people who require a heart.

People need heart transplants for many reasons, including heart disease, heart failure and
heart defects. Unfortunately, many people die while waiting for a heart transplant.

Bioscientist Dr Daniel Timms says his BiVACOR Total Artificial Heart, an artificial heart made
of titanium, will be a durable long-term alternative to heart transplants. His invention began as a
PhD project at the Queensland University of Technology more than 20 years ago. A handful of
patients have had the titanium hearts implanted, with an Australian man the first to be able to go
home from hospital. He had the heart in place for 100 days, which gave him enough time to finally
receive a heart transplant. However, researchers hope this invention will provide an alternative to
heart transplants and one day replace the need for donor hearts altogether.

1.20 The nervous system

The nervous system is a complex network of neurons that transmits signals between different parts of
the body and the brain. It controls and coordinates all body activities, including voluntary (e.g. solving
math puzzles) and involuntary (e.g. breathing) actions. Think of it as the control centre of your body!

Key functions of the nervous system
e Sensation - detects changes in the environment such as sound, light, heat and smell.
e Integration - processes and interprets sensory information.

e Response - triggers actions, such as muscle movement.

Main components of the nervous system

The nervous system is made up of two main parts: the central nervous system and the peripheral
nervous system. Each of these parts contain special cells known as neurons.

Central nervous system (CNS)

The central nervous system is the control centre of the body. It consists of the brain and the spinal
cord.

e The brain is an extremely complex organ that controls memory, emotions, motor skills, senses,
speech, breathing, sleep, hunger and basically every single process that regulates the body!

The brain receives information messages from the body, processes them and redirects them back
out to the body.

e The spinal cord is a long, tube-like bundle of nerves that runs from the brain down the back,
connecting the brain to the rest of the body, and transmitting signals to and from the brain.
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Peripheral nervous system (PNS)

The peripheral nervous system is a long network of nerves that connects the central nervous
system to the rest of the body. Messages are passed through the body to get a response or action
from the central nervous system.

The peripheral nervous system is made up of two parts:

e The somatic nervous system controls voluntary actions or actions that you have control over
(e.g. deciding to move) as well as the sensory signals you get from touching objects (e.g. feeling
heat when touching a hot saucepan).

e The autonomic nervous system controls everything in your body that is automatic such as
breathing, your heartbeat, digestion and blinking.

The autonomic nervous system has two more parts:

e The sympathetic nervous system prepares your body for ‘fight or flight" when you encounter a
stressful or scary situation. Fight or flight responses make you jump into action or run and hide.

e The parasympathetic nervous system promotes ‘rest and digest’ activities. This system helps
us to return to a calm and relaxed state by reducing the heart rate and stimulating digestion so
the body gets back to normal after experiencing stress.

Nervous
system
Central
nervous
system
Central nervous Peripheral nervous
system system
Peripheral
nervous
system
Autonomic Somatic
Sympathetic Parasympathetic

Figure 1.22: The parts of the nervous system

Neurons

The special cells that make up the nerves and brain tissue in the nervous system are called
neurons. Neurons pass or transmit electrical signals to the neurons next to them until the signal
reaches the target neuron.

Electrical signals travel rapidly, which means we can have very quick reactions. For example,
when we touch something hot with our hand, we move our hand away quickly. For this, we can
thank the sensory neurons in our skin!
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Figure 1.23: A neuron (nerve cell)

Parts of the neuron

Dendrites: receives messages from neuron

Cell body: holds nucleus

Nucleus: controls and processes information

Axon: carries impulse

Axon ending (terminal): passes message to next neuron

Myelin sheath: insulates axon and protects impulse

The three types of neuron

1.

The sensory neuron transmits messages from sensory organs in the peripheral nervous system
to the central nervous system; for example, taste or touch messages.

The interneuron transmits messages within the spinal cord and the brain.

The motor neuron transmits messages from the central nervous system to effectors in the
peripheral nervous system to initiate a response; for example sending messages to a muscle to
contract.

Receptors

Receptors are specialised cells that can convert phyiscal stimuli into electrical signals that the
nervous system can interpret. When you smell the scent of a rose or bump your head on a shelf,
your sensory receptors help your brain perceive what is happening to you.

Some receptors include:

chemoreceptors - these are sensitive to chemicals, for example, the receptors in your nose that
can detect the smell of sulfur

mechanoreceptors - located in skin, muscles and the inner ear, these are sensitive to touch,
pressure, sound and motion

pain receptors - these are sensitive to chemical changes in damaged cells, mostly located in the
skin

thermoreceptors - these are sensitive to temperature changes and are mostly located in the
skin

photoreceptors - located in the eyes, these receptors are sensitive to light.
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Figure 1.24 shows the stimulus-response model, a summary of how the body reacts to something.

Stimulus ——— > Receptor ————> Sensory neuron

Interneuron
Response (spinal cord
and brain)

Effector (muscles or glands) «——— Motor neuron «—

Figure 1.24: The stimulus-response model

There is another response model - the reflex arc. When you need to react quickly, this response
skips the brain. For example, when you pick up something very hot, you will drop it immediately
without even thinking.

Parts of the brain

As already discussed, the brain is an extremely complex part of the nervous system, and is the
command centre for many different functions in the body.

The brain has four rounded parts, called lobes, that control different functions and actions
(although some functions overlap). These are the frontal lobe, the parietal lobe, the occipital lobe
and the temporal lobe. Their general functions are shown in Figure 1.25.

Intelligence
) language
sensation
reasoning

Sight

visual reception
a8
memory
hearing Balance

emotion Brain stem muscle control
Breathing a 3

swallowing

Movement ‘

behavior
problem solving
speech

Figure 1.25: The four lobes of the brain, the brain stem and the
cerebellum.

Other parts of the brain include:

e the brain stem, which controls basic life functions and reflexes

e the cerebellum, which controls movement, balance and posture

e the corpus callosum, which helps connect the left and right hemispheres of the brain

e the cerebrum, which is the area of higher-order functions such as thinking.
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"\ Activity 1.20.1

1.

a s 0D

What are the two main parts of the nervous system?

What are the main components of the central nervous system?

Explain what the peripheral nervous system is.

Describe the differences between the autonomic nervous system and somatic nervous system.

The autonomic nervous system is made up of two parts. State what they are and describe their
functions.

List the three key functions of the nervous system and explain why it is important.
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2.1 What is Earth and space science?

Earth and space science is a branch of science that studies Earth’'s systems - such as geology,
the weather and the oceans - as well as the universe beyond, including planets, stars and galaxies.

Studying Earth and space science is crucial for understanding and protecting our planet,
preparing for natural disasters, managing resources and exploring the universe. It equips us to
tackle global challenges and inspires us to learn more about Earth and beyond. In this chapter, we
will learn about the rocks and layers that make up Earth, and about the processes that formed the
continents as we know them today.

Rocks aren't just lumps that look good in your garden or that you skim across the water. Rocks can
tell us about the past in the form of fossils, and coal, a type of rock, provides us with a common
source of electricity.

Rocks are solid masses made up of one or more minerals or mineral-like substances. They form
Earth’s crust and can vary in composition, texture and colour depending on how they are formed.

Properties of minerals

Minerals are a natural substance usually found as crystal
within rocks. A common mineral you might have seen is the
white mineral known as quartz.

Table 2.1: The Mohs hardness scale

Mineral Hardness

The properties of minerals include: Talc - easy to

colour - different minerals are different colours but, on scratch with a 1

its own, this is not enough to identify a particular mineral fingernail

as impurities can affect colour. For example, rose quartz G 5

is pink because of trace amounts of titanium, iron or ypsum

mangnese in its crystal structure. Calcite 3

hardness - we measure hardness on the Mohs scale. This Fluorite 4

scale tests the hardness of minerals based on their ability

to scratch softer materials (Table 2.1). Apatite 5

lustre - lustre means the way light interacts with the Orthoclase 6

surface of a mineral; for example, shiny, dull, pearly,

metallic or glossy. Quartz 7

streak - this is the coloured trail of powder left behind Topaz 8

after a scrape; for example, chalk leaves a clear white

streak when you scrape it Corundum 9

cleavage - this is how a mineral breaks along a plane of Diamond - can

weakness. cut glass and 10
other rock

"\ Activity 2.2.1

Explain how rocks are significant in our lives.
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2.3 Layers of Earth

Earth is not just one solid rock; it is made up of four main layers that all have different properties,
forms and purposes. The four main layers are the crust, the mantle, the outer core and the inner
core.

Crust
e |t is the outermost layer of Earth and the thinnest. Think of it like the crust on a loaf of bread.
e |t is made of rock, including underneath continents and ocean floors.

e The crust is thinner underneath oceans and thicker underneath continents. It is usually between
35 and 80 km thick but can be as thin as 5 km under the ocean.

Mantle
e |t lies beneath the crust and is much thicker, about 2900 km thick. It is the thickest layer.

e |t is made of superheated and softened rocks called semimolten rock. This creates convection
currents (circular movements of liquid or air caused by differences in temperature). Hot melted
rock comes up to the surface and then cools slightly before falling back towards the centre of
Earth. This carries the crust on it like a boat being carried along the surface of water (see
Figure 2.16 on page 56).

Outer core

* The outer core is a liquid layer of molten nickel and iron that mixes rapidly in convection
currents. This is what creates Earth’s magnetic field.

e |tis extremely hot and very dense.

Inner core

e The inner core is solid. This is because it is being squeezed and placed under immense
pressure by the rest of the planet and the atmosphere around it.

Inner core

Quter core

Mantle

Crust

Figure 2.1: Earth’s layers
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"\ Activity 2.3.1

On a piece of paper, draw and label the layers of Earth. Be careful to accurately show the varying
thicknesses of the different layers. Describe some key facts about each of the layers.

2.4 Types of rocks

There are three main classifications of rock:
e sedimentary

e igneous

e metamorphic.

Their classifications depend on the processes used in making them.

Sedimentary rocks

Sedimentary rocks make up a large part of Earth’s crust. They generally form close to Earth’s
surface. They act like a giant history book of our planet! These rocks are formed in layers with the
oldest layers at the bottom and the youngest at the top. By studying these layers, geologists can
learn about Earth’s past climate, geography and life forms. Fossils, which are the preserved remains
of ancient plants and animals, are mostly found in sedimentary rocks.

Sedimentary rocks can be categorised into two types depending on how they were formed:
physical and chemical.

Physical

e These types of sedimentary rocks are formed over millions of years when sediments (e.g.
rock pieces, sand, mineral grains, shell fragments) are compacted and cemented together.
Essentially, they are rocks formed from other rocks.

e They can be shaped by weathering where they break down through contact with water,
atmospheric gases, sunlight and biological organisms. This happens in place, with little or no
movement. Or they can be broken down via the process of erosion, which involves pieces of
the rock being transported by water, ice, snow, wind, waves and gravity.

e During erosion, the broken-down rock travels (transportation) away from the source and collect
elsewhere (deposition). The broken-down rock collects over time in this location and the
sediments on the bottom are compacted by the force of the weight on top of it. This begins to
form layers of compacted rock matter.

e Pressure from the top layers compacts the lower layers and forces water out of the lower
layers.

e Cementation occurs where minerals harden in the pores of the rock and ‘glues’ the rock
together to form a solid.
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Erosion
particles break and are carried
away by wind or water

Deposition

)
loosely packed sediments "\.

Compaction
closely packed sediments

Cementation ‘
tightly packed sediments

Figure 2.2: Formation of sedimentary rocks

Key term
erosion the process of larger rocks breaking into smaller pieces and being
carried away
Chemical

* Inthis process, chemical weathering dissolves the less stable minerals in rocks. These minerals end
up as a solution (water + mineral) and the water evaporates into the atmosphere by the Sun's heat.

e The minerals that are left behind crystallise.

e Rock salt, also called halite, is an example, where the salty water evaporates, leaving behind
concentrated salt rock crystals.

ae Evaporation
% :

- Calcite

— Gypsum

_ — —— —— —— /—— — Rocksalt (halite)

Lake basin

Figure 2.3: Rock salt is formed when salty water evaporates.

Examples of sedimentary rocks
Sedimentary rocks can be formed from inorganic or organic materials.
e Inorganic materials are not living, such as minerals and other rocks.

e Organic materials are formed from previously living organisms such as plants and animals. For
example, coal is a sedimentary rock formed from the remains of plants that were buried and
compressed over millions of years (Figure 2.4).
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Table 2.2: Some sedimentary rocks, how they form, and their characteristics and uses

Example How it forms Characteristics Uses
Sandstone | Forms from compacted | Gritty texture, usually tan, In gardens as landscaping;
(physical) | and cemented sand brown, red or yellow, with can be made into sturdy,

particles, typically in visible sand grains heavy and durable outdoor
riverbeds, deserts and furniture
beaches
Chalk Forms from the calcium | Soft, powdery texture, can be | For writing and drawing
(physical) | carbonate remains of scratched easily, white to on blackboards;
microscopic marine light grey sometimes used in
organisms agriculture to adjust the
acidity of the soil
Rock salt Forms from the Crystalline texture, translucent | In cooking; to melt ice on
(chemical) |evaporation of salt-rich |to opaque, usually colourless, | roads
water in shallow seas or | white, or shades of pink, grey
salt lakes, leaving halite |or orange
crystals
Coal Forms from compressed | Shiny or dull appearance, Burnt in coal-fired power
(physical) | plant material in swampy | lightweight, often brittle, stations to create steam,
environments over black or dark brown which then spins a turbine
millions of years to generate electricity
Key term
crystalline having the characteristics or structure of crystals

300 million years ago

Sedi

100 milliioﬁ yéars ago

Heat and
pressure

diment
gnite

Heat and
pressure

CEr—

Figure 2.4: Coal formation - peat (partially decayed organic matter) is
compressed under heat and pressure and becomes a type of coal called
lignite. After further heat and pressure, it turns into different types of coal

AN Activity 2.4.1

1. Draw and label the process of the formation of physical sedimentary rocks. Write dot points to
explain the process.

2. Write key words to describe the appearance of sedimentary rocks.
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Describe the difference between organic and inorganic materials.
4. Name an example of an organic sedimentary rock and an inorganic sedimentary rock.

Name two examples of sedimentary rocks that are physically formed and one example of a
sedimentary rock that is chemically formed.

6. Write some dot points explaining how we use sedimentary rocks in our daily life.

Science as a human endeavour: Coal

Coal is a controversial topic, mainly because when it is burnt, it produces carbon dioxide -
a greenhouse gas.

Coal is the remains of plant material that has been covered in sediments and subjected to
heat and pressure over millions of years.

Humans mine the coal and burn it to create steam to turn the turbines in power stations to
create electricity. However, when coal burns, it releases large amounts of carbon dioxide gas into
the atmosphere. This not only creates air pollution but also creates an effect that traps heat within
Earth’s atmosphere, causing warming beyond natural biological processes - global warming.

Unfortunately, this has led to climate change, which is affecting our planet at a rapid rate.
Fortunately, there are cleaner options for many of us to now use to produce electricity.

Igneous rocks

Igneous rocks form from magma beneath Earth’s surface. Magma is the semimolten material in
Earth’s mantle. The liquid is extremely hot, approximately 1000°C, and when it cools, it hardens to
become igneous rock.

The type of igneous rock is determined by its location and the time it takes to cool. The
formation of igneous rock can occur at the surface, around or in volcanoes, or within Earth's crust.

Fun fact

The word ‘igneous’ comes from the Latin word ignis, which means ‘fire’.

There are two main types of igneous rocks: extrusive and intrusive.

Extrusive (volcanic rocks)

These rocks form when magma rises from the mantle, erupts on Earth’s surface as lava, then cools
and crystallises to form rocks.

The molten rock cools very quickly and crystallises (in minutes to months) on the surface of
Earth’s crust.

Key terms
magma molten rock below the surface of Earth
lava magma that rises to the surface and erupts from a volcano
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Table 2.3: Some extrusive igneous rocks, how they form, and their characteristics and uses

Example How it forms Characteristics Uses

Basalt Forms from lava cooling Fine-grained, dark-coloured Crushed and used in
quickly on Earth'’s (black to dark grey), with a concrete and asphalt
surface smooth or vesicular texture

Obsidian | Forms when lava cools Glassy, shiny and often Cutting tools
extremely quickly, black, but can also appear
preventing crystal growth | reddish or greenish

Pumice Forms from gas-rich lava | Light, porous and frothy, with | Polishes, toothpaste,

that cools rapidly, trapping
gas bubbles

a very low density; often
light grey to white in colour

concrete and even ‘stone
wash’ jeans

Intrusive (plutonic rocks)

These rocks form when magma cools and solidifies beneath Earth’s surface. This process occurs
when magma from Earth’s mantle rises into the crust but does not reach the surface.

The cooling time for intrusive rocks is thousands or millions of years. This means that generally

the grains in these rocks are much larger.

Table 2.4: Some intrusive igneous rocks, how they form, and their characteristics and uses

Example How it forms Characteristics Uses
Granite Forms when magma cools | Coarse-grained, light- Monuments, flooring and
slowly beneath Earth’s coloured with visible kitchen benchtops
surface crystals of quartz,
feldspar and mica
Diorite Forms when magma cools | Coarse-grained, speckled | Curbing, cobblestones, base
slowly beneath Earth’s black and white material for construction
surface appearance with visible of roads, buildings and
crystals parking areas
Gabbro Forms when magma cools | Coarse-grained, dark- Flooring, kitchen benchtops,
slowly beneath Earth’s coloured, often black or construction projects and
surface dark green, with visible road base
crystals
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Extrusive igneous rocks
(cool quickly,

\

| \ (f/ ’

Intrusive igneous rocks
(cool slowly)

Figure 2.5: Formation of igneous rocks

"\ Activity 2.4.2

1. Write key points for how extrusive igneous rocks are formed, then describe examples, including
their characteristics and uses.

2. Write key points for how intrusive igneous rocks are formed, then describe examples, including
their characteristics and uses.

3. Draw a diagram to show how igneous rocks form.

Metamorphic rocks

Metamorphic rocks are rocks that have changed (metamorphosed) from their original form because
of heat, pressure or chemical processes.

They form deep within Earth’s crust when sedimentary, igneous or other metamorphic rocks
experience intense heat and pressure over time. (The original rocks they form from are known as
parent rocks.)

Metamorphic rocks can be formed by pressure from the layers above them and from the
extreme heat from magma as they are closer to the heat within the mantle.

They can also be made where Earth'’s crust rubs together as the tectonic plates move.

Key term

metamorphose to change into a completely different form or type

Fun fact

The word ‘metamorphic’ comes from the Greek words meta (change) and morph (form), meaning
‘to change form’.
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Table 2.5: Some metamorphic rocks, the rock that they formed from, and their characteristics
and uses

Example Original rock Characteristics Uses
Marble Limestone Crystalline, often white, can Monuments, flooring and
be polished kitchen benchtops
Slate Shale Fine grained, splits into thin Flooring, roof tiles
layers
Quartzite Sandstone Hard, crystalline, often white Flooring, kitchen benchtops,
or pink construction projects

Pressure of parts of Earth’s
crust rubbing against
each other

Extreme pressure from many layers
of sedimentary rock

Magma heating
surrounding rock

—— Metamorphic
rock

Figure 2.6: Formation of metamorphic rock

N Activity 2.4.3

1. Write key points on how metamorphic rocks are formed, then describe examples, including their
characteristics and uses.

2. Draw a diagram to show how metamorphic rocks form.

Using a trustworthy online resource of your choice, find examples of different types of rocks.
Use the information in this chapter to identify the rocks as sedimentary, igneous or
metamorphic.

2.5 First Nations peoples’ knowledge and use of rocks

First Nations cultures tend to classify rocks on Country according to how they are used culturally,
which is often connected to the natural properties of the rock. In some First Nations cultures,
people believe that rocks are imbued with spiritual essence. First Nation peoples’ knowledge of
rocks is deeply rooted in a holistic understanding of Country, its resources and their significance to
community life and cultural heritage.
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The way rocks are classified varies among different groups and is often linked to the specific
uses and symbolic meanings of the rocks.

Practical use

Some rocks are valued for making tools.

e Greenstone (dolerite) is used for making axe heads.

e Silcrete and quartzite are used for making sharp-edged tools such as knives.

* Ochre is used for ceremonies as a pigment for body painting and in rock art.

Physical properties
The characteristics of rocks, such as hardness, colour and texture, are used for classification.
e Hardness and durability: rocks that are harder and more durable are preferred for toolmaking.

e Texture: the texture of a rock can determine its purpose; for example, sandstone was often used
for making grindstones and millstones because it provides a rough surface for grinding food.

e Colour: these properties can determine the use of the rock in art and for ceremony.

Cultural and spiritual significance
Rocks are sometimes classified according to their cultural and spiritual meanings.
e Certain rocks may be considered sacred and associated with Dreaming stories and songlines.

e Rocks were once used as currency.

N Activity 2.5.1

Write dot points about how some First Nations people categorise rocks and what they use the
different rocks for.

First Nations quarries

First Nations quarries included rocky outcrops that First Nations people took stone from to make
stone tools. Rocks that were quarried for tools included greenstone, silcrete, basalt and quartzite.
These rocky outcrops have scars from where the rock was flaked, crushed or bashed out.

Pigments were made from quarried ochre, and grinding tools were made from quarried
sandstone.

These quarries are usually on slopes where erosion has exposed the stone; for example, the
slopes above creeks and rivers, on the sides of old volcanoes and on ridges.

First Nations people used two main methods to quarry the stone:
e striking the surface of the outcrop with a hammerstone

e digging around and under the outcrops to find buried stone.
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2.6 The rock cycle

All rocks are part of a continuous natural process called the rock cycle. The rock cycle describes
how rocks change from one type to another over time, breaking down (erosion), changing through
heat and pressure, and re-forming into different rocks.

Temperature, pressure and changes in environmental conditions at and beneath Earth’s surface
drive the rock cycle.

Processes in the rock cycle

The rock cycle involves several key processes that drive the transformation of rocks.

Melting

Rocks are melted into magma because of intense heat in Earth’'s mantle.

Cooling and solidification

Magma and lava cool to form igneous rocks.

Weathering and erosion

Rocks are broken down by wind, water and other natural forces, creating sediment.

Transportation and deposition

Sediments are moved (transportation) by rivers, wind or ice and deposited in new locations
(deposition).

Compaction and cementation

Layers of sediments are pressed together (compaction) and hardened (cementation) into
sedimentary rocks.

Heat and pressure

Rocks are transformed into metamorphic rocks as a result of the high temperatures and pressures
within Earth.

Uplift and exposure

Rocks are pushed to the surface by tectonic forces (we will discuss this later), exposing them to
weathering and erosion. And so the cycle continues.

46 Summary Guides - Science 8 © Insight Publications



Chapter 2 - Earth and space

Surface rocks break down
by weathering
and erosion

Transportation and
deposition under water

e
& P

\/

Sedimentary rock / \
\ Metamorphic rock

Figure 2.7: The rock cycle

You can also remember the rock cycle this way:

Igneous rock — weathering — sediments — sedimentary rock — heat and pressure —
metamorphic rock — melting — magma — cooling — igneous rock
The rock cycle is important to the Earth because:
* it ensures that Earth’s materials are reused and reshaped
e the weathering creates soil for plants

e it provides us with useful minerals and fossil fuels.

"\ Activity 2.6.1
1. Draw and label the rock cycle. Add dot points to remind yourself of each process.

2. Explain why the rock cycle is important.

Science as a human endeavour: James Hutton

James Hutton (1726-1797) was a Scottish geologist, sometimes referred to as the ‘father of
modern geology'. His work and ideas helped to revolutionise our understanding of Earth’s
processes and its history.

One of his main contributions to geology was developing the theory of uniformitarianism.
He proposed that the processes shaping Earth in modern times - erosion, sedimentation and
volcanic activity - have been occurring in the same way throughout Earth'’s history. This idea is
summed up as ‘the present is the key to the past’. He laid the foundation for modern geology and
our understanding of the rock cycle and Earth'’s processes.
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Science as a human endeavour: Mining

Mining is the process of extracting minerals and ores from Earth so we can use them. Extracting
them from Earth often requires skilled geologists, ecologists and engineers because these
resources are normally found deep under the ground or under an ocean. This requires drilling
and large-scale removal of earth and rocks.

The many reasons we use ores and minerals include, for:
e building materials (limestone and cement)
e energy sources (coal and uranium)
e manufacturing (metals for electronics and cars).
There are two main types of mining: surface and underground.

Although mining is important and necessary, it does significantly affect the environment,
including by:

e destroying habitats

e eroding soil

e producing water and air pollution
e creating waste.

In Australia, after all the ores or minerals have been taken from a mine, some mining companies
rehabilitate the area to try to get it back to its original state, creating wetlands, farmlands, bushlands
and semi-arid ecosystems. Or they may reuse the land for something completely different, such as
solar farms or parks.

Mining is essential for modern life but can harm the environment. To balance economic
benefits with environmental care, rehabilitation programs and sustainable practices are crucial.

Key term

ore a mineral that contains a more valuable mineral, such as gold or coal, inside it

2.7 Continental drift theory

Have you ever noticed that on a map of the world, some of the continents such as South America

and Africa could fit back together like a jigsaw puzzle?

More than 100 years ago, the German scientist Alfred Wegener made a bold suggestion. He
suggested that Earth’s continents were once joined together in a single landmass and have drifted
apart over millions of years. This is known as continental drift theory. Wegener suggested that the
continents broke apart from each other and drifted about like giant ships, moving around the
surface of the earth.

Key ideas of the theory

e Pangaea - Wegener proposed that all continents were once part of a supercontinent called
Pangaea, meaning ‘all Earth’, which existed 250 million years ago and broke apart over time.

e Continental movement - continents slowly drifted to their current positions by forces in Earth.
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Evidence supporting continental drift theory

Fit of the continents — some coastlines fit together like puzzle pieces.

Fossil evidence - identical fossils of ancient plants and animals have been found on continents
separated by oceans, which suggests the land was once connected (e.g. Mesosaurus and
Glossopteris fossils).

Rock and mountain correlation - similar rock formations and mountain ranges are found on
different continents (e.g. the Appalachian Mountains in North America and the Scottish
Highlands in Scotland).

Climate evidence - fossils of tropical plants found in Antarctica and evidence of glaciers in now
warm regions suggest the continents were once in different locations.

Pangaea

Figure 2.8: The theory of continental drift

Early challenges to continental drift theory

Although Wegener's theory revolutionised our understanding of Earth’s history, Wegener could not
explain how or why the continents moved.

AN Activity 2.7.1

1.

Explain the evidence supporting continental drift.

2. What was Wegener's biggest challenge with proving continental drift?
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2.8 Plate tectonics

Wegener's continental drift theory was initially considered controversial; however, his work became
more accepted following the development of the plate tectonics theory, which answered the
question of how and why the continents moved.

Plate tectonics explains that Earth's outer shell - the lithosphere - is divided into large pieces

called tectonic plates. The tectonic plates move over the semi-fluid layer - the asthenosphere.

Key terms
lithosphere Earth’s rigid outer layer, composed of the crust and the uppermost part of
the mantle
asthenosphere a partially molten layer of the upper mantle that lies beneath the litho-
sphere and behaves like a viscous fluid

This movement results in earthquakes, volcanoes and mountains, and is responsible for shaping
Earth’s surface. This is where your knowledge of the layers of Earth is useful (Table 2.6).

Table 2.6: Earth’s layers revisited

Layer Description

Crust Thin, outer layer where all life lives; includes continents and

ocean floors

Mantle Semi-solid layer beneath the crust; convection currents here

drive plate movement

Core (outer) A liquid layer

Core (inner) Solid composed mostly of iron and nickel

Figure 2.9 is a map of most of the tectonic plates.
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