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Welcome

Some bacteria develop resistance to all antibiotics that are commonly used to treat them. This means
that infection by these types of bacteria is a threat to public health. They are also extremely common
and millions of cases are reported annually worldwide. Finding an alternative way to treat these
infections is crucial for everyone.

The research I am currently conducting is concerned with these kinds of bacterial infections. Using
an approach that involves the use of molecules or substances obtained from sharks, we are trying to
develop an alternative way to treat this and other infections caused by bacteria that represent a serious
threat to human health.

I find what I do extremely exciting and rewarding, not only because of everything I have learned
since working in this field, but also because of the satisfaction of knowing that I am trying to do
something to improve the quality of life of many people.

Gabriela Constanza Martinez Ortiz completed a Bachelor of Biology at the National
Autonomous University of Mexico (UNAM) and did her Honours year at the Centre for
Scientific Research and Higher Education at Ensenada (CICESE). After graduating as
the top student of her class she started working at a pharmaceutical company, called
PROBIOMED, in Mexico City. She moved to Melbourne a few years later, to study a Master
of Biotechnology and Bioinformatics at La Trobe University. After completing her Masters
as the top student, she started a PhD at La Trobe University, which she plans to have
completed by the time you are reading this!

Gabriela is also a keen scuba diver, enjoys underwater photography and has an interest
in conservation of ocean environments.

ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



Contents

Welcome iii
Authors and contributors Vi
How to use this book Viii
Acknowledgements Xi

The scientific method: questioning, predicting and

conducting 4
The scientific method: recording, processing and
analysing results 15

The scientific method: evaluating and communicating 29

Microscopes and cells 41
Organelles 571
Eukaryotic cells 59
Function and malfunction 71
STEM: Design a city 82
Cells to systems 87
The human respiratory system 94
Other respiratory systems 103
The human circulatory system 112
The human digestive system 121
Other digestive systems 134
Organ repair and replacement 144
STEM: Clearing a blocked artery 156
Asexual and sexual reproduction in animals 1671
The human reproductive system 171
Plant reproduction 176
STEM: Help or hinder seed dispersal 190
Particles
5.1 Atomsand elements 195
5 5.2 Organising elements 204
5.3 Compounds and mixtures 212
STEM: To mine or not to mine? 226
ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press

Photocopying is restricted under law and this material must not be transferred to another party.



Chemical change

6.1 Evidence of physical change 231
6 6.2 Evidence of chemical change 240
6.3 Investigating reactions 252
STEM: Building a rocket 266
Rocks
7.1 Rock formation 271
7.2 Types of rocks 285
7.3 Classifying rocks 296
7.4 The mining process 304
STEM: Underground bunkers and asteroids 314
What is energy? 319
Energy is conserved 330
Applications of energy 344
STEM: Wind power 356
Light 361
Absorption, reflection and refraction 370
Sound 389
Seeing and hearing 401
STEM: Accessible musical instruments 410
Glossary 412
Index 419
ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press

Photocopying is restricted under law and this material must not be transferred to another party.



Authors and contributors

ISBN 978-1-108-61069-8
Photocopying is restricted under law and this material must not be transferred to another party.

Evan Roberts

Evan Roberts is a keen biologist and, prior to teaching, worked in
conservation and environmental management. He has taught in both
public and private schools and is dedicated to instilling his passion for
science into his students. He believes that, just like science, education
should be dynamic, exciting and forever changing to keep up with the
world around us.

Christopher Humphreys

Chris Humphreys is currently Head of Mathematics and Physics

at a tertiary college for international students. He graduated from
Nottingham University in the UK and completed his MSc in Physics
at the University of Waikato in New Zealand. He has over thirty years’
experience as a teacher in state and private schools in the UK, New
Zealand and Australia.

Victoria Shaw

Victoria Shaw has been committed to sharing her love for science

with Year 7-12 students for the past 18 years and previously studied
pharmacology. She was Head of Science at an independent school for a
tew years and volunteers as an educator for Wildlife Victoria. She has also
been an assessor for the VCAA and IBO and runs workshops in Biology
and Psychology.

© Roberts et al. 2019 Cambridge University Press



Authors and contributors

Jonathan Blair

Jonathan Blair graduated from the University of New South Wales with
a Bachelor in Science, majoring in Pharmacology. He has worked in both
research and commercial laboratories, specialising in cardiac regeneration
and vaccine manufacturing, respectively. Jonathan is currently working as
a laboratory technician for an independent school.

Erin Checkley

Erin Checkley has taught Biology, Junior Science and Mathematics at a
Catholic secondary college for the past six years. While completing her
Masters of Education at The University of Melbourne, she developed a
passion for curriculum development, and aims to instil a sense of curiosity
and critical thinking skills in students. She previously worked as a
cardiorespiratory and sports physiotherapist.

Sarah Chuck

Sarah Chuck teaches Science in Years 7-10. She completed a Biomedical
Science degree at Monash University and a Masters of Teaching Practice
at RMIT. During her studies, Sarah worked in a genetics laboratory at
the Australian Regenerative Medicine Institute, modelling disease in
organisms, such as the zebrafish. She hopes students will also find their
experiences in science to be extremely interesting and rewarding.

Laura Swann

Laura Swann completed Bachelor degrees in Science and Education

at Monash University and has been teaching Years 7-12 for 13 years.
Her passion is teaching Physics, and she also enjoys conducting Physics
lessons with primary and ELC students. She has been an assessor for
the VCAA and hopes to continue inspiring young people to pursue their
interests in science.

The publisher would like to thank Mark Birney, Paulo da Silva, Isaac Pang, Dr Sydney Boydell,
Dr Roger Slade, Harry Leather, Jan Leather and Ariel Laughlin for their help in reviewing and
contributing to this title.

ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



How to use this book

Overview of the print book

These are short facts

that contain interesting

information.

Students are encouraged to
conduct research online to
find and interpret information.

Did you know?

Explore!

checks for recalling
facts and understanding content.

Short activities encourage a
hands-on approach to concepts
that are currently being covered.

Glossary \
definitions of >
key terms are
provided next — Practical investigations consolidate student
to where the
VIDEO WIDGET )

key term first ) ) Iearmng.
appears in the Videos are found Widgets are found
chapter. in the Interactive in the Interactive

Textbook. Textbook.

These are recent developments in the particular area of

Science as a human endeavour
science being covered. They may also show how ideas in

science have changed over the years through human discovery and inventions.

Section questions

Review questions to check students’ understanding and application of the section content.

STEM activities encourage
students to collaboratively
come up with design and build

Clearing a blocked artery

solutions to problems and

challenges.
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How to use this book

Overview of the Interactive Textbook (ITB)

The Interactive Textbook (ITB) is an online HTML version of the print textbook powered by the
Edjin platform, included with the print book or available as a separate digital-only product.

Quizzes contain

Definitions pop . Worksheets are provided
automarked questions that

up for key terms . as downloadable Word

) enable students to quickly

in the text documents

check their understanding

Camoniagy
Science for VIC

Cambridge Victoran Sclence 7 ~

Classification

2.1 Classification and keys

Cantent Resources Scorcher

You do it all the time!
Classification is the process of arrarging similar things into groups. You do this
every day without even thinking about it.

Videos summarise,
clarify or extend student
knowledge

When you are kooking for a show on a streaming platform you automatically scroll
through dffersat genres such as comedy, horror, drama, theiller or sci-f to fing what
yOu want, Justimagine if al the shows that are available 10 you were just placed
online in ro particular order. it would be nex: to impassidle to find what you were
fo0king foe, This Is why classification is necessary.

Peaple are also classified in many different ways. How many times have you been
asked year level, school name or date of birth? These are all ways that people can
gaher Information about you and place you Into a group.

Widgets are accompanied | 5=
by questions that encourage o
independent learning and

observations

Aim

You will work in groups, allocating each person with at least one role covered in this chapter. Your group will
Practicals are available as a act as a team of consultant engineers, working towards finding a solution to a problem by using the engineering

design loop.
Word document download,

. Define th bl
with sample answers and - oty o oo
guides for teachers in the Redesign \
(as needed)
Online Teaching Suite ’ Research
the problem
Communicate the
design and the process
Engineering
1 design loop
Brainstorm/develop
solutions
Test and evaluate
prototype I
Select the
Build/construct solution
prototype «
Figure 1.9 The engineering design loop
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How to use this book

Workspaces enable students
to enter working and answers —
online and to save them. Input L sl
is by typing, handwriting and e
drawing, or by uploading

images of writing or drawing.

Question 1.

Defioe the term ‘classification in your own words. Add the term to your giossary,

Self-assessment tools enable N Workspoce | [+ Check s | [ A

students to check answers, Y N N
mark their own work, and ’

rate their confidence level in

C[-I=[+H [El=[=~R [[e][-H

their work. This helps develop
responsibility for learning and ow a1 gor
communicates progress and K

performance to the teacher.

Student accounts can be linked
to the learning management
system used by the teacher in
the Online Teaching Suite.

Overview of the Online Teaching Suite (OTS)

The Online Teaching Suite is automatically enabled with a teacher account and is integrated with the

teacher’s copy of the Interactive Textbook. All the assets and resources are in one place for easy access.

The features include:

* The Edjin learning management system with class and student analytics and reports, and
communication tools.

* Teacher’s view of a student’s working and self-assessment.

* Chapter tests and worksheets with answers as PDFs and editable Word documents.

 Editable curriculum grids and teaching programs.

* Teacher notes and downloadable Word document guides to Practicals and STEM activities

Cambridge
Science for VIC CAMBRIDGE

Cambridge Victorian Science 7 ~

\x b
Ex:  Dashboard -

My text

This is the portal for you to access all of your
Cambridge Victorian Science 7 content.

Last unit accessed
Classification

2.1 Classification and keys
15/03/2019 02:48 PM
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Chapter 1 Being scientific

j5 .y

Chapter introduction

By now, you know a bit about science as a discipline and the many different fields that scientists work
within. In this chapter, you will be introduced to the scientific method, which is a type of framework for
how science is practised. You will focus on carrying out research and analysing sources of data, learn
how to record and process your own experimental data, and discover how to communicate your scientific

findings to the world.
|
» |

Identify questions, problems and claims that can be investigated scientifically and 1.1
make predictions based on scientific knowledge (VCSIS107)

Curriculum

Construct and use a range of representations including graphs, keys and models to 1.2
record and summarise data from students’ own investigations and secondary sources,

and to represent and analyse patterns and relationships (VCSIS110)

Use scientific knowledge and findings from investigations to identify relationships, 1.2
evaluate claims and draw conclusions (VCSIS111)

Reflect on the method used to investigate a question or solve a problem, including 1.1
evaluating the quality of the data collected, and identify improvements to the method
(VCSIS112)

Communicate ideas, findings and solutions to problems including identifying 1.3
impacts and limitations of conclusions and using appropriate scientific language and
representations (VCSIS113)
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bar graph
bias
continuous data
controlled variable
dependent variable
discrete data
extrapolation

hypothesis primary source

independent variable qualitative data
interpolation quantitative data
line graph secondary source

nominal data trend

ordinal data

outlier




The scientific method:
questioning, predicting
and conducting

If The scientific method: review

Last year you looked at what science is, lab Remember that the scientific method is a

WORKSHEET o
safety, how scientists gather data and how to tramework for how to plan, conduct and

use certain pieces of equipment. You were also report on scientific research. The steps in
briefly introduced to the scientific method. the scientific method are shown here.

The scientific method

STEP 1: OBSERVE AND ASK QUESTIONS
Define a good research question that can be tested.

\

STEP 2: DO BACKGROUND RESEARCH
Conduct some background research on the question. You will also assess the quality and reliability of
your sources of information.

STEP 3: CONSTRUCT A HYPOTHESIS
Construct a hypothesis, which is a testable prediction about the outcome of the experiment. It is an
educated guess that is formulated from your research.

\

STEP 4:TEST BY CONDUCTING AN EXPERIMENT
Test your hypothesis by conducting an experiment. You will need to write a method that is fair and
reproducible. It should include both the materials/apparatus used and the procedure in steps.

\

STEP 5: RECORD AND PROCESS THE DATA
During the experiment, you will collect important data. It might be numerical data or categorical data.
You will display this data in a meaningful way, using graphs, tables or diagrams.

v

STEP 6: ANALYSE THE DATA
Examine the tables and graphs of data. Analysing data can reveal relationships, trends and patterns.

v

STEP 7: EVALUATE THE DATA AND DRAW CONCLUSIONS
You will draw valid conclusions that relate to the aim and the hypothesis of your experiment. You
should refer to the data as evidence to support your conclusions.

v

STEP 8: COMMUNICATE YOUR FINDINGS
Scientists share their findings with the broader scientific community by writing a scientific report
or presenting a scientific poster. Sometimes the conclusions raise more questions, and can lead to
further research.

Figure 1.1 The scientific method
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Section1.1 THESCIENTIFIC METHOD: QUESTIONING, PREDICTING AND CONDUCTING

Asking questions can be about anything, such as: ‘Why do

people prefer red lollies over green lollies?’

Asking questions is the first step in the o .
54 P or ‘Does listening to music help students

scientific process, as there needs to be a . .
P ’ focus in class?’. Both these questions can

question asked before we can try to find . .
. lead to a possible experiment.
an answer. You probably just google most
questions you have, but the answers you
find online are often the result of a lot of

scientific research. A question to research

Brainstorming can be a great way to draw
out all possible questions that might be
tested.

Figure 1.2 Brainstorming can help you develop questions.

Think of a question you would love to know the answer to. The question Explore! 1.1
could be anything at all.
Use the following question starters to help you:

What would What are the
changeif...? reasons ...?

What if ... ? What is the

purpose of ... ?

How does this Why does this

9
work...| happen...?
Figure 1.3 Begin by
thinking of a question.
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Chapter1 BEING SCIENTIFIC

Background research

Now that you have a question to answer, do
some research to find out what people already
know about the question. For example, say
you are investigating the red lolly question.
In nature, red generally indicates that a fruit
is ripe, and green indicates that it is not

ripe. It is more beneficial for animals to eat
ripe fruit, and therefore they are attracted to
red fruit rather than green fruit. This is one
possible explanation for why we are attracted
to red foods.

When you are given a task to research, it
can seem overwhelming. However, if you
tollow the steps below, it can make the
whole process much easier.

1 Identify key words

l

2 Develop questions to answer

l

3 Search for sources of information

1 Identify key words

A simple technique you can use to break
down a research question is reading with
a pen. See Ty this 1.1 for ways to do this.

Reading with a pen

2 Develop questions to answer
Questions you could investigate from the
inquiry question shown in 77y this 1.1
below are:

What is palm oil?

What is palm oil used for?

Who farms palm oil?

Where is Indonesia?

Why is palm oil farmed in Indonesia?

AN Ul AW DN

What is the age range of the ‘young

people’ we are focusing on?

7 How can farming in another country
affect Australia?

8 What are the effects of palm oil farming?

9 How do these effects relate to me?

3 Search for sources

Often when we have a question, other
people have asked the same question and
have conducted some form of research to
find answers.

A primary source of information is one

that comes from your own

primary source

a source of information
that comes from your own
findings or experiments

findings and experiments.
A secondary source is when

you search for other people’s
secondary source

a source of information that
comes from someone else's
research or findings

research and use their

findings.

There are many types of resources that you
can use to gather secondary data.

While reading about your research question, keep a pen handy.
Underline key words or phrases.
words or phrases you don't understand.
? Put this next to something that raises a question.
I Put this next to something that surprises you.
Write important thoughts in the margin or around the question.

For example:

How does(p farming in Indonesia affect young people? living in Australia?

ISBN 978-1-108-61069-8 © Roberts et al. 2019
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Section1.1 THESCIENTIFIC METHOD: QUESTIONING, PREDICTING AND CONDUCTING

Answers

Figure 1.4 Resources for gathering secondary data

Using the internet

The internet is an amazing tool filled
with lots of information. The problem
is, there is so much information that

sometimes it can be hard to
tind exactly what you are
looking for. It can also be
hard to decide whether
the information you are
reading is actually correct

and free of bias. bias

when a source of information
is influenced by personal
opinion or judgement

Information is biased
if the writer has let their
personal opinion or their own

agenda influence their judgement. For

example, if you search the website of a
coffee company for information about the
effects of caffeine, you are more likely to
get information that is biased in favour
of drinking coffee — there might be less
information about the negative effects
of caffeine and more about the positive
effects.

Searching

When searching for information, there are
techniques you can use to help refine your
search. For example, if you were researching
the question, ‘What are the effects of palm
oil farming?’, you might use the techniques

listed in Table 1.1.

Table 1.1 Search techniques

ISBN 978-1-108-61069-8
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8 Chapter1 BEING SCIENTIFIC

File type should use that information. The CRAAP
test takes into account the currency,

relevance, authority, accuracy and purpose

of the information.

Table 1.2 Common file types and their uses

When you use the CRAAP test, you give
each of these factors a score out of 10
Secondary sources (where 1 = unreliable and 10 = excellent).
When you find some information, you can Table 1.3 explains how to apply the

use the CRAAP test to check whether you CRAAP test.

Description

e TE—

e o
ERNP S R = c
Y, g abou da Ol

ac

on linked to
: How correct or truthf

Table 1.3 The CRAAP test
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Section1.1 THESCIENTIFIC METHOD: QUESTIONING, PREDICTING AND CONDUCTING

Using the CRAAP test Try this 1.2

The aim of this activity is to research an inquiry question and use the CRAAP test to assess the

usefulness of the resources you find. Use library resources to complete this activity. You are to handwrite your
answers and submit this document for marking. You will be given two lessons in the library to complete this task.
Do not use Google to answer the questions.

1 Define the term ‘adaptation’.

2 Qutline one reason why it is important for animals to have adaptations.

©  Copy and complete the table below.

Australian animal
characteristics

4 Compile a sources list.
o List the search terms you used for searches (at least three terms).
' Name and score three of your sources.
< ldentify the best source of information you have accessed.
< Compare the best source to the worst source.

Writing an aim Variables
Now that you have both a question and Next you will need to choose one factor you
some research information, you can are going to change, and one factor you are
formulate an aim for your experiment. An going to measure. These are known as your
aim is a mission statement that tells the experimental variables. The factor
reader of the scientific report what your you change is the independent dependent variable
. . . . . . the variable in an experiment
experiment will be focusing on. This should variable and the one you measure is that you measure
be a short statement, no more than two the dependent variable. Everything independent variable
. . the variable in an experiment
sentences long. For example, in the lolly else must stay the same, in order that you manipulate, change
. . . . . test
experiment, the aim could be written like to ensure that your experiment e
. . . . . . controlled variable
this: “The aim of this experiment is to find tests what it sets out to test. All avariable in an|experiment
. that must be kept constant,
out whether people are attracted more to the variables you keep the same are i :st i
red foods than to other colours’. known as controlled variables. dependent variable
ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
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10 Chapter1 BEING SCIENTIFIC

hypothesis
a prediction,

If you fail to control these variables, they hypothesis is a short statement about the
might affect the dependent variable, which expected effect of the independent variable
would make it not a fair test and might cause on the dependent variable, and it should
you to draw false conclusions. relate back to the aim of the experiment.
You do not need to give a reason for your

In the lolly experiment, the variables are as prediction. Two good ways to set out
tollows: a hypothesis are shown in Figures 1.5

Independent variable: colour of lolly and 1.6.

Dependent variable: number of lollies

eaten Points to remember when writing a

Controlled variables: time taken to eat hypothesis:

lollies, type of lolly, starting number of
all lollies. * A hypothesis is a prediction about the
outcome of the experiment.
Writing a hypothesis * It must be written as a statement that
can be tested.

You can use the variables ) ) )
or educated guess, * Predict how the independent variable

about the effect that the independent 1N an experiment to make a

variable will have on the dependent dicti hi dicti will affect the dependant variable.
variable; a prediction of the outcome Pre 1ction — this pI‘C iction R DO not use ‘I think )
of an experiment is called the hypothesis. The e
It is hypothesised that as increases/decreases, the will increase/decrease.
Choose Choose
Write Write
independent dependent
variable here variable here
For example:

It is hypothesised that as temperature in the backyard (°C) increases, the time taken for
clothes to dry (seconds) will decrease.

Figure 1.5 Setting out a hypothesis: example 1

It is hypothesised that will the
Insert Insert predicted Insert
independent effect here dependent
variable here (increase or variable here
decrease)
For example:

It is hypothesised that letting people choose between different-coloured lollies
will increase the number of red lollies eaten.

Figure 1.6 Setting out a hypothesis: example 2
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Arrange these steps in the order in which they should be done.
Conduct experiment
Record and process the results (data)
Ask a question
Do background research
Construct a hypothesis
Analyse the data
Communicate your findings
Evaluate the data and draw conclusions
Describe the role of an experimental aim.
Define these terms:
Independent variable Dependent variable Controlled variables
What must a hypothesis contain?

Bouncing ball activity

Background information
In this experiment you will be measuring the bounce height (in centimetres) of different balls. You may use all
the balls in the Materials list, or just a couple. The bounce height is the dependent variable. You will need to
identify the other experimental variables.
Aim
To design an experiment using bouncy balls
Materials
1 metre ruler
bouncy ball
ping pong ball
tennis ball

Method
Decide what you would like to test, and enter this in the table below as the independent variable. Also
brainstorm three other variables you will need to keep constant, and enter these as your controlled variables.

Independent variable
Dependent variable Ball bounce height (cm)
Controlled variables

Construct a hypothesis for your experiment. Predict how the independent variable will affect the dependent

variable.
Write detailed step-by-step instructions that explain how to conduct the experiment you have chosen.
Remember to include repeat trials for your independent variable, to make the data you collect more reliable.

Results
Record your results in a table. Use the table below as a guide.

Independent variable Bounce height (cm)

continued...
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Chapter 1

...continued

Evaluation

Explain why you chose the independent variable you focused on.

BEING SCIENTIFIC

Suggest one more variable you could have controlled.
Explain why adding more trials and averaging the results would increase the reliability of the results you

collected.

Conclusion

Make a claim regarding the effect that your independent variable had on the height of the ball bounce. Begin
your sentence with: ‘This experiment suggests that ... .
Support your claim by using the data you gathered and include potential sources of error. Begin your brief

summary with: ‘The results show that ..." . Include: ‘Possible sources of error were ...". Also mention whether
or not your hypothesis was supported.
Explain how the data supports your claim. Begin your sentence with: ‘This means that ...".

Writing a method

A method is a detailed description of the
process involved in an experiment. It is a set
of step-by-step instructions that will enable
anybody to repeat the experiment exactly as
you conducted it.

It is important to be as precise as possible,
as this will allow you to identify any flaws in
your process when you look at your results.

When you are writing a scientific method,
think about how you would write the

Figure 1.7 Always follow the method exactly!

ISBN 978-1-108-61069-8
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method for making a cake: the baker needs
to know exactly how much flour, sugar and
butter to add, in which order to add them,

how long to cook the cake for and at what

temperature, otherwise the cake could be

a disaster.

Points to remember when writing a method:

1 Write the steps in order.

2 Include safety instruction/s.

3 Start each step with a verb.

4 Include specific names of equipment
used and quantities measured.

5 Outline what results will be measured
and how this will be done.

6 Identify how the results will be
presented.

7 Include the number of repeats that will
be carried out. (Will averages be taken?)

8 Write in third person (no mention of
you/I/we).

When you are writing your method, it is

important to decide how many trials you will

undertake. A reliable and fair experiment

should have at least three trials, so that

these can be averaged to minimise the

uncertainties of measurements in the results.
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Section1.1 THESCIENTIFIC METHOD: QUESTIONING, PREDICTING AND CONDUCTING 13

You should also consider how many in direct sunlight and in a flame uses four
different levels or situations of the different levels of ‘temperature’, which is
independent variable you want to test. For the independent variable. This experiment
example, timing how long a substance takes is therefore said to have four experimental
to melt in the fridge, at room temperature, conditions.

Practical 1.2

Writing a method to test the strength of shapes

Background

In this experiment, you will be measuring the strength under compression of different shapes of paper. You may
choose any shapes you wish, but they all have to be the same height and made of the same materials (one sheet
of A3 paper).

Aim

To measure the strength under compression of different shapes of paper

Materials

© 3 A3 sheets of paper

« 1 piece of cardboard

©  several 50g masses

< sticky tape

©  scissors

Method
1 Define your variables for this experiment and list them in a table. Use the table below as a guide.

Independent variable
Dependent variable

Controlled variables

2 Construct a hypothesis for your experiment. Predict how the independent variable will affect the dependent
variable.

©  Write detailed step-by-step instructions that explain how to conduct the experiment you have chosen.
Remember to include repeat trials for your independent variable, to make the data you collect more reliable.
Here are some possible design ideas.

o
i

Figure 1.8 Some possible shapes to use (shown at left) and one way to test their strength
(shown at right)
continued...
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14 Chapter1 BEING SCIENTIFIC

...continued

Results
Record your results in a table, using the table below as a guide.

Independent variable Dependent variable

Evaluation

1 What was the strongest shape you tested?

2 Did anyone in the class have a stronger shape?

©  Suggest one more variable you controlled or should have controlled.

4 Explain why adding more trials and averaging the results would increase the reliability of the results
you collected.

Conclusion

1 Make a claim regarding the strength of different shapes. Begin your sentence with: ‘This experiment
suggeststhat ... .

2 Support your claim by using the data you gathered and include potential sources of error. Begin your brief
summary with: ‘The results show that ..." . Include: ‘Possible sources of experimental faults were ...". Also
mention whether or not your hypothesis was supported.

©  Explain how the data supports your claim. Begin your sentence with: ‘This means that ...".

Section 1.1 questions

I
o=0

Remembering
QuUIZ 1 Define the three types of experimental variables.
2 State the purpose of the aim.
3 List three starters you could use to develop a question.

Understanding
4 Explain why variables have to be controlled.
5 Explain the domains a CRAAP test assesses, by copying and completing the table.

m What is being assessed?

Currency
Is the information fact or opinion? Are the author’s intentions clear?
Is the information free from bias?
Authority Who is the author and are they appropriately qualified?
Accuracy
continued...
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...continued
Applying
Explain why a method that includes quantitative measurements should be carried out as accurately as possible.
A student wants to see if writing all homework in his diary every day will increase his homework scores. For
one term, he records all homework in his diary daily. In the next term, he does not record any homework. He
compares his homework scores for each term.
Identify the:
independent variable in this experiment
dependent variable in this experiment.

Analysing
Contrast a primary source of data with a secondary source of data.

Evaluating
Erika says her scientific research satisfies the scientific method, because she performed all the steps of the
method. She carried out the following steps:

She asked a question.

She conducted an experiment.

She recorded her data.

She analysed her data and created some graphs.

She did some background research to explain her data.

She came up with a hypothesis.

She evaluated the data and found that it supported her hypothesis (she drew a conclusion).

She published a report to communicate her findings.

O 4 OO O A W N —

Assess Erika’s claim. Do you agree that she has followed the scientific method? Explain your answer.

The scientific method:
recording, processing
and analysing results

As you have already learned, the early steps * record the data during and after the

of the scientific method involve asking experiment f
a question, doing background research, * process the data by displaying it in tables WORKSHEET
constructing a hypothesis, and designing and graphs

and conducting the experiment to test the * analyse the data by looking for patterns.

hypothesis.

Displaying data in tables

Hopefully, the experiment will yield some . .
HHOpey, PEHIS Y It is a good idea to construct a table before
interesting data. You will need to: . .

the experiment begins, so you can record

* collect the data during the experiment the data as you go.
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Chapter 1

All tables have:

 atitle that describes what is in the table
(not ‘Results table’).

* lines ruled in pencil (if on paper)

* column headings showing the unit that
is measured.

Data for all trials should be included in

the table, as well as averages, differences or

changes (if appropriate to the experiment).

Example of how to set up a table

An example of a table of data is shown in
Figure 1.9. The title of this table is: Height
of bubbles produced over time when vinegar
is mixed with bicarb’.

The values in a table should all be written
to the same number of decimal places

(or significant figures, if appropriate). In
Figure 1.10, the table on the left is correct,
but the table on the right is wrong, as the
third value, 139, is not given to the same
number of decimal places as the other data.

Once you have recorded your data in a
table, it is good practice to write a short
sentence summarising what the table
shows, without drawing any inferences
from your data.

For example, from the table in Figure 1.10,

you could say:

‘The results show that as time (s) increases,
the volume of liquid (mL) also increases.’

Evaluating your data

Before you pack away the equipment, check
your data to make sure you do not have any

gaps or outliers. An outlier
is a measurement that is
very different from the data
gathered in your other trials.

outlier

an extreme data value that is
very different from the other
data, and could be the result
of faulty procedure

If you see an outlier, perform that trial

again, as the outlier could be the result of

faulty procedure.

The dependent variable is placed in the top
row, and results for each trial are shown.

'

The independent
variable is placed
in the left-hand
column.

Independent
variable:
Amount of
bicarb (g)

Trial 1

Dependent variable:
Height of bubbles (mm)

Trial 2

Average

89 91 90 90
105 104 106 105
139 141 140 140
162 165 169 162

Figure 1.9 How to set up a table of data

Time (s) Volume of
liquid (mL)
1 O = .

89.1

O e 1052

T — ~

= 139.0
ey g o225

X

If multiple trials
are recorded, then
you should also
include a column
for the average
value.

Time (s) Volume of
liquid (mL)

1.0 g

BT i 10520
= 139
o L8250

Figure 1.10 Data values in a column should all have the same number of decimal places.
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Section 1.2 THE SCIENTIFIC METHOD: RECORDING, PROCESSING AND ANALYSING 17

1 Identify the mistake in each of the following tables.

Table 1 Table 2
Time
0 40°C (km) [©)
60 50°C 1 66.6
120 60°C 2 140.00
180 70°C 3 293.45
4 603.32

2 Construct a table to show the following data.
Max is making toffee. He is using a thermometer to measure the temperature of the sugar. He measures the
temperature after 5 minutes and finds that the temperature of the sugar is 100°C. At 10 minutes it is 108°C, at
16 minutes it is 115°C and at 20 minutes it has reached 122°C.

3 Anna places a bottle of water in a freezer set at different temperatures, and measures how long it takes the
water to freeze at each temperature. She records her results in the table below.
Identify the mistake in the table.

Time to freeze (hr) Freezer temperature (°C)

6 -2
4 —4
3 -6
2 -8

Practical 1.3

Testing paper planes

Background information

In this practical, you will record data from multiple trials in an appropriate results table.
Aim

To test the distance a paper aeroplane can travel when thrown from different heights

Materials
© A4 paper
© measuring tape

Method
1 Define your variables for this experiment using the table below.

Independent variable  |NANNNEEE
Dependent variable [

~  Construct a hypothesis for your experiment. Predict how the independent variable will affect the dependent
variable.
= Follow the steps shown in Figure 1.11 to produce a paper aeroplane using A4 paper.

continued...
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18 Chapter1 BEING SCIENTIFIC

...continued

Fold along the dotted lines.
1 2 3

Fin

%7

Figure 1.11 How to make the paper aeroplane

Choose four different heights to throw the paper aeroplane from.

Throw the aeroplane from the first height and measure the distance travelled until it hits the ground.
Copy and complete the table in the Results section, and use this to record your results.

Repeat throwing from this height for two more trials, recording your result each time.

Repeat steps 5-7 for each of the four different heights.

Average and record the results.

© 0~ O O A

Results
Record your results in the table, and average the data from the three trials for each height.

Independent variable: Dependent variable:

Evaluation

1 Identify other variables that you should have controlled during the experiment.

2 ldentify one variable that you were not able to control, that could have affected your results (one potential
source of error).

©  Suggest two other independent variables that you could change, other than height thrown from.

4 Explain the reason for conducting multiple trials and averaging your results.

continued...
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Section 1.2 THE SCIENTIFIC METHOD: RECORDING, PROCESSING AND ANALYSING

..continued

Conclusion

1 Make a claim regarding the distance a paper plane will fly when flown from different heights. Begin your
sentence with: ‘This experiment suggests that ... ".

2 Support your claim by using the data you gathered and include potential sources of error. Begin your brief
summary with: ‘The results show that ..." . Include: ‘Possible sources of measurement uncertainties or faults
were ...". Also mention whether or not your hypothesis was supported.

©  Explain how the data supports your claim. Begin your sentence with: ‘This means that ...".

Displaying your data in graphs quantitative data
data values that are numerical in nature
Now that you have raw data from your continuous data
. e . . quantitative (numerical) data points that have a value
expenment, it 1s 1mportant to dlsplay the within a range; this type of data is usually measured
data in a way that shows any possible discrete data
d h . h quantitative (numerical) data points that have whole
patterns or trends that your experiment has numbers; this type of data is usually counted
uncovered. qualitative data
data values that are worded/descriptive/categorical in
nature
The type of graph that is appropriate ordinal data

qualitative (categorical) data where the categories have an
order, e.g. small, medium, large
collected. Quantitative data (numbers) is nominal data

qualitative (categorical) data where the categories have no
order, e.g. male, female

depends on the type of data you have

classified as either continuous or discrete.
Qualitative data (descriptions or worded
categories) is classified as either ordinal or Quantitative data: continuous vs
nominal. discrete
Quantitative data relates to numbers.
Table 1.4 lists the differences between
continuous and discrete quantitative data.

_ Contmuous data Discrete data

-Fea!ure&___ Usually measu—red Usually counted ...r_ “

il ‘Takes any value within a range, e.g. Usually takes whole-n
e ‘might have decimal places - Y "

Examples —Human height A —— Num e —
--r If you measured the height (in metres) If you counted the num

— of ever pér‘!wclassroom the %
—— might look like: might look like:

i 175, 1.77, 1.8, 1.835, 1.99 .. %ﬂ% ————
= - Thedatacan be placed ina dei% Itis im ole te 1.39 plants. You

order. T — w-‘can only have whole numbe‘rs The data : ”_'
Other examples: \ ~ can be placed in : orde %

time, weight, temperature (measured Other examples: —
thermometer m_pg_ekature number of siblings, | rofe S

formed after a chemical reaction

Table 1.4 The differences between continuous and discrete quantitative data
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20 Chapter1 BEING SCIENTIFIC

Line graphs how the data points continue on from one

A scatter plot is a way of displaying how another.

one quantitative variable changes in

response to another quantitative variable, The lines at the side and bottom of a graph
line graph by plotting points. When the points are called the axes. When you transfer data
gﬁsyppljy"ﬁg@a;’ ';gﬁf,ﬁjgus are connected, it is called a line from a table, place the independent variable
gﬁ:rr]‘;';zt(xeervﬁﬁbﬁ 0 graph. Line graphs are generally used on the x-axis (horizontal axis). The dependent
reference toanothervariable  with continuous data, as they show variable goes on the y-axis (vertical axis).

(©) (m/s) /
e o, T

Speed (m/s)
I

Time (s)

Figure 1.12 Note that in this graph, very small crosses have been used to mark the
data points.

Practical 1.4

Pendulum practical

Background information
In this practical, you will gather continuous data and convert it into a line graph.

Aim

To test the effect of string length on the time it takes a pendulum to complete one swing
Materials

© retort stand ©  protractor

©  bosshead and clamp ©  stopwatch

© 120cm of string ©  Blu Tack

©  weight for pendulum

Method
1 Define your variables for this experiment and record them using the table below.

2 Construct a hypothesis for your experiment. Predict how the independent variable will affect the dependent
variable.

graph paper or graphing application such as Exce/

continued...
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Section 1.2 THE SCIENTIFIC METHOD: RECORDING, PROCESSING AND ANALYSING 21

...continued

& Attach the weight to the bottom of the piece of string.
Tie the string to the bosshead and clamp attached to the retort stand, and measure 20cm from the join of the
bosshead to the base of the weight, as shown in Figure 1.13.

5 Using the protractor, hold the string tight at 46 degrees and release the pendulum.
Start the stopwatch as soon as you release the pendulum and count three full swings (across and back, as
shown in Figure 1.13.

7 When the pendulum returns for the third time, stop the stopwatch and divide the time by 3.
Record the time for one swing in the results table.

Blu Tack

= Protractor
Bosshead

String

Retort stand

Starting
position

Table

Half a
swing

Full swing \//
Pendulum

Figure 1.13 Experimental set-up. Left: setting up the pendulum. Right: timing the swing of the pendulum

Results
Copy and complete the table below, to record your results.

Length of Time taken for one whole swing (s)

sting (cm)
-----. A A4 6 - -
e
- A AN
|
o0

Use the average from each of your trials to produce a line graph. Remember the following points:
©  Plot the independent variable on the x-axis.

©  Plot the dependent variable on the y-axis.

©  Label each axis with the variable name and the unit of measurement.

«  Write a title for the graph.

© Use an even scale (equal spaces between the numbers on the axes).

continued...
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...continued

Evaluation

1 Describe the shape of the line of best fit produced in your graph.

Z  Explain whether your results supported or disproved your hypothesis.
© ldentify one way in which this experiment could have been improved.

Conclusion

1 Make a claim regarding the length of a pendulum and the time taken for a swing. Begin your sentence with:
‘This experiment suggests that ... .

2 Support your claim by using the data you gathered and include potential sources of measurement
uncertainty and faults with your method. Begin your brief summary with: ‘The results show that ..." . Include:
‘Possible sources of error were ...". Also mention whether or not your hypothesis was supported.

©  Explain how the data supports your claim. Begin your sentence with: ‘This means that ...".

Qualitative data: ordinal vs nominal (for example, heart rate) changes in
Qualitative data involves categories, scales response to a qualitative independent

or descriptions. This type of data is in the variable (for example, breed of animal).
form of words (rather than numbers). The Categories are listed along the x-axis and
differences between ordinal and nominal numbers along the y-axis.

data are listed in Table 1.5.
Bar graphs have spaces between the
Bar graphs bars — the bars are not positioned next to

eramen A bar graph (or column graph) each other.
a type of graph used to display
the frequency of a qualitative
variable (category)

is a way of displaying how a
quantitative dependent variable An example is shown in Figure 1.14.

_ Ordinal data Nominal data

i

—F. e_a!urqq:;__ Categories have a natural order. Categories do not _hmwer. X

Examples A chemical reaction is performed and A survey is comple
e ?amount o@%ed is research and iCi GERCl— |
: w— escribed as 'low’, ' d or ‘high’. ‘m their favourite co oma
> Five trials are completed and the data  list. The data might_lbmﬁ
e %m&mmedium, low, low ink, yel , : =

; k
" Y s = -l
fmm makem%tegories could b%
are displayed in a certain order. an —— :

- Other examples: e ples:

month of the year, size of the t gender (male brfemale)—,ﬁood s
tube (small, medium, Iarge),th (A, B, O, AB), eye colour ( ylue, broy
participant's response on a scale geen . .
ngly agree, agre ne_utFaI,

Table 1.5 The differences between ordinal and nominal qualitative data
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Heart rate 80
(beats/min)
I == L — —
Camel 35 £
- - g 60
= b %)
Horse 1"';—41 S §
[~ ' % 40
ﬂgman ‘__..-ﬁ-?ﬁ"-«’: £
— 4
I o 10— s 20
o T
Mouse 670
Rat 750

b__ -,

Figure 1.14 A bar graph and its data table

Guidelines for drawing graphs

*  Always use a sharp, dark pencil (if drawing
on paper).

¢ Usually the independent variable goes on
the x-axis and the dependent variable on
the y-axis. Sometimes you may be asked
to plot variables on specific axes in a way
that contradicts this rule.

* Axes should be labelled with the
quantity being measured and the units.
The units should be in brackets after the
quantity name — for example, time (s) or
volume (L).

¢ Use the full width of the graph paper (if
drawing on paper) and choose a scale that
spreads the data points out over most of
the grid. If you are measuring quantities
where 0 does not mean ‘no quantity’ (for
example, temperature), then you do not
have to start the axes at zero. If the range

0

Heart rates of different mammals

0

0

0

Camel

Horse Human Rabbit Mouse Rat
Animal

of values does not go to zero (for example,
85-115), then don’t start the axes at zero.
In this example, you could start the axis
at 80 and continue the numbers to 120.
If the quantities on both axes go to zero,
then the origin (where the axes meet)
should be at (0,0).

The scale needs to increase evenly,
preferably with each grid square used to
represent multiples of 1, 2, 5 or 10. Do
not have breaks in the scale — for example,
you can’t show 0 to 20 in intervals of 5
and then skip straight to 60.

Data points can be marked with an

%', not a dot, because dots (unless
surrounded by a small circle) often
disappear under a line of best fit. If you
are plotting multiple sets of data on

the same graph, use different-coloured
points for each data set.

23

Practical 1.5

Insulating water

Background information

In this practical, you will gather data in order to produce a bar graph. You will test the effect of foil, paper and

cotton wool as insulating materials, and measure how this affects the cooling rate of water.

Aim

To test the effect of different materials on the cooling rate of water
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...continued

Materials
4 x 260mL beakers
kettle
4 thermometers
foil
cotton wool
paper
stopwatch
elastic band

Method
Define your variables for this experiment and record them using the table below. Also include the type of data
that each variable will yield.

Variable yields what
type of data?
Independent variable

Dependent variable
Controlled variables N/A

Construct a hypothesis for your experiment. Predict how the independent variable will affect the dependent
variable.

Cover the sides of three beakers with either cotton wool, paper or foil, and use elastic bands to secure the
covers in place. Leave one beaker without covering.

Place one thermometer in each of the beakers.

Boil the kettle and pour 100mL of boiling water into each of the beakers. Start the stopwatch immediately.
Time for 5 minutes using the stopwatch, and then measure and record the temperature of the water in

each beaker.

Gather data from two more trials, from other groups in your class. Add these to the results table and calculate
the average temperature after 5 minutes for each insulating material.

Results
Copy and complete the following table to record your results.

Temperature after 5 minutes (°C)

Foil

Paper
Cotton wool
No cover

Create a bar graph for the average data in your results table. Put the independent variable (insulating material)
on the x-axis and the dependent variable (temperature after 5 minutes) on the y-axis.

Evaluation
Explain why your results supported or disproved your hypothesis.
Suggest a reason for using a beaker with no cover material.
Suggest a reason for putting your data into a bar graph, rather than just leaving it in a table.
|dentify potential sources of measurement uncertainties or experimental faults in this experiment.
Suggest one way you could improve the experimental design if you were to repeat this experiment in the future.
continued...
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...continued

Conclusion

1 Make a claim regarding the insulating properties of the materials you tested. Begin your sentence with: ‘This
experiment suggests that ... "

2 Support your claim by using the data you gathered and include potential sources of error. Begin your brief
summary with: ‘The results show that ... " . Include: ‘Possible sources of error were ... ". Also mention whether
or not your hypothesis was supported.

©  Explain how the data supports your claim. Begin your sentence with: ‘This means that ... "

Analysing data Describing patterns trend
a pattern in a graph
that shows the general
direction/shape of the
relationship between
the dependent and

independent variables

. . - We refer to patterns in graphs as trends.
Analysing data involves examining the

. The graphs below show some common
tables and graphs and looking for patterns ) .
. . trends you might observe and describe.
and relationships.

Age vs clothing size Amount of water vs time

12 A 4
5
10 - X —
X X %4-
® 8 - X X Qo
N x S 3
@ g5 X X E
=2 o
£ X X X = 9
S 44 X X 5
e x X X )
&) € 14
2 1 X X X X <
x
0 X 0 T T T T —>
0 1 2 3 4 5
-2 T T T T T 1 Tlme(h)

-2 0 2 4 6 8
Age of child (years)

10
Figure 1.16 This graph shows a steady

decrease. You would describe this by

Figure 1.15 This graph shows a steady increase. You would
describe this by saying, ‘As the age of the child (in years)
increases, the size of clothing also tends to increase’.

Total number of customers over months

saying, ‘As time (in hours) increases,
the amount of water in the tank (in
litres) tends to decrease’.

Figure 1.17 This graph

3000 shows a rapid increase
that reaches a plateau
® (flat line) and then

o remains constant. You
g 2000 would describe this by
§ / saying, ‘Initially during

o the first 60 months or

° Plateau so, as the number of
8 1000 months increases, the

g number of customers
Z increases rapidly from
0to0 2000. Then, for the

0 : : : . next 100 months, the

0 50 100 150 200 number of customers

Number of months
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Number of bacteria vs time

Figure 1.18 This graph shows an exponential

100 increase. For the first 10 hours, the number
» 90 / of bacteria increases slowly from 10000 to
2 / 30000. After 10 hours, the number of bacteria
§ 80 /4_ increases more rapidly.
° 70 7/
g /
o 50
© /r
3 40 j
—
;¥ /
[¢5]
JED 20 M
2 10 }

0 T T T
0 5 10 15 20
Time (hours)
Temperature vs time

38.5 /\ /\
. A x :
® 375 ]ﬁ
=)
©
g a7
IS
@

36.5 i

36 T T T T T
day 1 day 2 day 3 day 4 day b day 6

day 7

Figure 1.19 This graph doesn't show a clear pattern. There are seemingly random fluctuations over time.

Drawing a line of best fit

Once you have plotted your data, you
may see a pattern (trend) in the results,
such as a straight line or a curve. To
highlight this pattern we can use a curve
or line of best fit. Connecting every data
point suggests that there are absolutely
no errors in the data, whereas a line of
best fit approximates the relationship
between the two variables. You can also
use the line of best fit to predict missing
measurements. If you make predictions
inside the data set you originally

interpolation

using existing data (such as
a line of best fit) within the
original data set to make a
reliable prediction

extrapolation

using existing data (such as
a line of best fit) outside the
original data set to make a
prediction

ISBN 978-1-1

collected, this prediction is called
interpolation can be reliable in
some circumstances, but not always.
Care should be taken. If you predict
outside the original data set, this
prediction is called extrapolation
and is less reliable.
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When drawing a line of best fit, make sure
that there are as many points on one side of
the line as on the other. You do not need

to join each data point with the line. The
line of best fit is like an ‘average’ that runs
smoothly through the middle of the data

points and makes the trend obvious.

A line of best fit:

* should be continuous and flow in a
general direction

* can be straight, curved or any other
shape that fits the data points. Do not
try to draw a straight line of best fit over
data that is clearly curved

* should not be forced through a (0,0)
origin if one is used on the graph

* should not be drawn beyond the range
of the data points. It can, however, be
linked back to the axes with a dotted or
dashed line, as shown in Figure 1.20.
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Reaction start time vs concentration of acid Figure 1.20 A scatter plot with a line of best
y fit, drawn in red. Note how the line runs
Predicting in here = interpolation through the 'middle’ of the data, like an
r . Al average. The dotted regions are where the
~ line has been continued past the original
data set. If you use the line in these regions
Line of best fit (for example, to predict the reaction time for
/ 0.1M acid), then it is extrapolation and is less
reliable.

60 -

Actual data points
/from experiment

30 A
Predicting in

dotted regions
= extrapolation

Time for reaction to start (s)

0 T T T = >
0 1 2 3

Concentration of acid (M)

Practical 1.6

Balloon popping

) ) Be careful
Background information e

In this practical, you will gather data that can be turned into a scatter graph. must for this bfrfe{é{ifcfélf. fffffffff
Aim

To test the effect of number of breaths on the circumference of a balloon

Materials

*  balloon ©  meterruler

© string © safety glasses
©  permanent marker

Method

1 Lie the balloon flat on the workbench. Using the string, measure the circumference at the widest part of the
balloon.
Using a permanent marker, draw a line on the balloon to indicate where you took the first measurement.

& Use one breath to inflate the balloon. Without tying the balloon, measure the circumference along the line you
have already drawn.

4 Repeat step 3, adding more volume to the balloon by one breath at a time, recording your results until the
balloon pops.

5 Use your results to draw a line graph.

Results
Record your results in a table like the one below, then use your results to draw a line graph.

Number of breaths Balloon circumference (cm)

continued...
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...continued

Evaluation
Outline one trend that you observed in your graph.
|dentify the dependent and independent variables.
Identify two controlled variables in this experiment.
Suggest possible experimental uncertainties and faults in this experiment.
Suggest one way to improve the experimental design, if you were to conduct this experiment again in the future.

Conclusion
Make a claim regarding the relationship between number of breaths and balloon circumference. Begin your
sentence with: ‘This experiment suggests that ... "
Support your claim by using the data you gathered and include potential sources of error. Begin your brief
summary with: ‘The results show that ... " . Include: ‘Possible sources of error were ... ". Also mention whether
or not your hypothesis was supported.
Explain how the data supports your claim. Begin your sentence with: ‘This means that ... ".

Section 1.2 questions

Remembering
QuIZ 1 State where units of measurement go, in a results table.
2 List four features of a correctly drawn results table.

11
] (]

3 Recall the term used when a measurement is repeated.

Understanding
4 Explain what to look for when evaluating your data.
5 Describe where the independent and dependent variables should be placed, in a table.
6 Describe where the independent and dependent variables should be placed, on a graph.

Applying
7 Compare qualitative and quantitative data.
8 Compare continuous and discrete data.

Analysing
9 Identify two things wrong with the following table.

Height Bounce height (cm)

m 20 20 20 20

2m 40.5 41 40 40.5

3m 80 90 85 85
Evaluating

10 Martin had a bag of lollies of different colours. He found that, when he offered them to
friends, he was always left with black lollies. He decided to conduct an experiment to test
people’s favourite lolly colours. He shared a bag that had 20 of each colour and recorded
what was left at the end. From this he worked out how many of each colour had been eaten.
The results are shown in the table.

continued...
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...continued
Black 4
Green 13
Yellow 18
Red 20

a Suggest the type of graph that should be used to represent this data.
b Identify which column would be used as the dependent variable.
¢ ldentify the independent variable in this experiment.

The scientific method:
evaluating and
communicating

After you have conducted an experiment, * adescription of how you could improve

recorded the data in a table and interpreted the experimental method (e.g. use j
the data in a graph, it is time to explain different equipment or change the order WORKSHEET
what the data is showing. This is done in of the steps)

the discussion and conclusion sections of a * an explanation of how this would

scientific report. improve either the accuracy (e.g.

measurements with lower uncertainties
Evaluation/discussion lead to more accurate measurement),

The evaluation or discussion section of your the reliability (e.g. more trials would

L . . improve confidence in the results) or
scientific report is where you outline any

the validity (how well the variables were

problems you faced during the experiment
controlled) of the results.

and offer suggestions for changes to the

method. )
Here is an example.

Any suggested improvements should

. . . Some students conducted an investigation
include the following information: &

« a brief description of the problem into the effect of salt on the boiling point of

water. They used a thermometer to measure
encountered

the temperature at boiling point after salt
had been added.

* adescription of how the problem
affected the results
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Description of the problem

The thermometer did not allow accurate
readings, because the boiling point is

found when the temperature stays the same
for a period of time even though more

heat is added. Depending on the type of
thermometer and the size of the gradations,
it may be difficult to see changes on a
thermometer.

How the problem affected the results

It was unclear whether the temperature
was staying the same, so the students had
to make a judgement about when this
occurred. This judgement could vary from
person to person.

How it could be improved
Using a temperature probe, a data logger or
an electronic thermometer could allow more

accurate measurements.

Explanation of how this would improve
accuracy/reliability/validity

ISBN 978-1-108-61069-8
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The data collected would be digital and
more accurate, as there would be lower
measurement uncertainties.

Writing a conclusion

A conclusion is a short paragraph in a
scientific report, and should always include
three key ideas:

* what claim can be made from the
experiment regarding the independent
and dependent variables

* the evidence that supports this claim

* an explanation of whether the data
supports or disproves the hypothesis.

Remember, a hypothesis is never right or
wrong. It is only supported or disproven,
which leads to more questions that need to
be answered.

Here is an example.

Stuart conducts an experiment to see if
taking his dog Jimmy for more walks reduces

the number of socks Jimmy destroys.

Stuart’s hypothesis is: ‘It is hypothesised
that the more walks Jimmy has per day, the
tewer socks he will destroy.’

Stuart put his results into a graph and
produced a line of best fit, shown in

Figure 1.21.

From the graph, Stuart developed the

tollowing conclusion:

“This experiment suggests that there is a
relationship between the number of walks
Jimmy has per day and the number of
socks he destroys. The line of best fit of the
results shows that as the number of walks
per day increased, there was a decreasing
trend in the number of socks chewed. This
supports my hypothesis.’
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Socks chewed vs number
of walks per day

Number of socks chewed
w

0 1 2 3 4 5 6 7
Number of walks per day

-4

Figure 1.21 Stuart tested his hypothesis and
graphed the results.

Gen conducted an experiment to see if the distance from a window would affect the growth of
her potted plants.

Gen's hypothesis was: ‘It is hypothesised that, as distance from the window increases, the growth of the
plants will decrease.’

Gen measured her plants before the experiment, placed them at different distances from the window and
measured them two months later. She then graphed her results and obtained a line of best fit.

Develop a conclusion based on Gen's results.

Suggest three controlled variables that Gen would have used, to make this a fair test.

Propose two possible causes for the increase in plant height for the plant that was placed 6 m from the window.

Plant height growth vs distance
from window
16

\

14

pl N\
o\

Plant height growth (mm)
(o]

oN & o
/
N

Distance from window (m)

Figure 1.22 Gen's graph

ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



32 Chapter1 BEING SCIENTIFIC

Communicating your findings An example of a scientific report and a

) scientific poster are shown on the following
Two common ways of presenting your .

0 pages.
findings from an experiment are: L

* scientific report

+ scientific poster. Scientific report

Each time you conduct an experiment in

Both forms show all the steps of the science, you should construct a scientific
scientific method, and should include: report. This is a quick and easy way to
« the question document what you have learned, for future
o the aim revision.
* variables (independent, dependent and

controlled) Scientific poster
* the hypothesis If you conduct a special experiment or
* amaterials/equipment list develop a research project, it is a good idea
* diagrams of the set-up if necessary to produce a scientific poster. This will still
* the method used contain all the relevant parts of the scientific
* aresults section (with tables and graphs) method but it is much more appealing to
* adiscussion/evaluation section look at, and will expose a wider audience to
* a conclusion. your findings.

_ Peive | Newive

e R by o D i

_anm&pﬁ"‘o n experlment Can U’e’compllcateﬁ for a
"f“"'/;:-n- e i person tofollow
es not require additional explanation
contaﬁeé)_:?

e — -

Table 1.6 The positives and negatives of a scientific report

TN e T .
_M@g[ seT"nthber of people Who will Need‘g'a place to bs dlspl

Manén :
|mmm%oWr — —

Table 1.7 The positives and negatives of a scientific poster
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Scientific report
Title: Bouncing ball

Aim
To test the bounce height of a ball being dropped from different heights

Variables

Change: Drop height (cm)
Measure: Bounce height (cm)
Controlled:

Use the same ball

Bounce on the same surface
Same person taking the readings

Hypothesis
The ball will bounce higher (cm) when dropped from a taller height (cm).

Equipment
1 tennis ball

1 metre ruler

Method:

1 Hold the ruler at a right angle to the floor.

2 Drop the ball from the first height and measure
the height of the bounce.

3 Record results in the table and repeat two

°

Metre
stick

more times.
4 Repeat steps 2 and 3 for each drop height.
5 Average the results gathered from each trial.

SlvlelllllOLSSLQSVSZLO‘
Lutudtdtihotod it wtedobebuebetedodato o

Floor

Results

Drop height Bounce height (cm)
(cm)

’155
— fé_d!z&L "ﬁ;—a e
Discussion

The person taking the reading was standing. This meant that the measurement was not accurate.
Next time, the person taking the readings should sit on the floor so their eyes are parallel with
the ball and the ruler.

Conclusion
The results support the hypothesis: as the height that the ball was dropped from increased, so
did the height of the bounce.
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Section 1.3 THE SCIENTIFIC METHOD: EVALUATING AND COMMUNICATING

Section 1.3 questions

Remembering

1 Name the part of a scientific report that states whether the hypothesis was supported.

2 Name the part of a scientific report where you can talk about problems you faced and
changes you would make.

Understanding
3 Explain how to draw a line of best fit.
4 Explain why graphs are used.

Applying

5 Compare the use of a scientific report with that of a scientific poster.
Analysing

6 ldentify the general trend shown in the graph in Figure 1.23.

Population vs time
1000

900
800
700
600
500
400
300
200 ®

100 ——-L.—.To—Oﬁo—'..—
0 T T T T T 1
1750 1800 1850 1900 1950 2000 2050

Year

Population

Figure 1.23

7 Identify the general trend in the graph shown in
Figure 1.24.

N
o
|

Evaluating
8 Use this table of data to answer the questions below.

Time (s) Temperature (°C)
60 80 83 82

120 63 66 65
180 30 32 65 Figure 1.24

Velocity (m/s)

Olt-———m e e e = —

Time (s)

Calculate the average for the results in the table.
Identify the outlier in the results.

Suggest the appropriate type of graph for this data.
Draw a graph for the data presented above.

o 0 T 9
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36 Chapter1 BEING SCIENTIFIC

Review questions

> Remembering
@ 1 When conducting background research, what is the difference between a primary source and

SCORCHER a secondary source?
2 List what should be included in a hypothesis.
3 List what should be included in a conclusion.
4 The CRAAP test assesses the quality of a secondary source of information. State what the
letters stand for.
5 Define the terms ‘independent variable’, ‘dependent variable’ and ‘controlled variables'.

Understanding

6 Classify the type of data in each of the following data sets.

age of students: 12, 13, 13, 14, 12, 18

name of chemical compounds: copper chloride, lithium chloride, sodium chloride
heat output: high, low, high, low, moderate, high

time taken for a reaction to occur (seconds): 8.51, 3.29, 5.59, 1.24, 1.27

location of a pot plant: full sunlight, partial sunlight, shade, darkroom

7 Explain how a well-constructed bar graph should look.

® o 060 T 9

Applying
8 Students were timed on how long they spent on chapter review questions, and then their exam
score was recorded. The results were graphed and are shown in Figure 1.25.

Exam score vs review time

100
) [ ]
X 75 *—eo °®
o °
S 50
1S
@©
S 25 °
0 T T T T T T
0 30 60 90
Time spent on chapter
review questions (minutes)
Figure 1.25

What is the independent variable and what is the dependent variable?

Analyse the data and identify which data point appears to be an outlier.

Describe this person’s performance in terms of the independent and dependent variables.
d Describe the pattern evident in the data.

9 Organise these steps of the scientific method into the correct order.

Do background research

Construct a hypothesis

Communicate your findings

Record and process the data into tables and graphs

Ask a question

0o T 9

Conduct an experiment
Analyse the data and look for patterns
Evaluate the data and form conclusions
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Chapter1 REVIEW QUESTIONS

Analysing
10 Copy and complete the table, to compare the advantages and disadvantages of presenting your
scientific findings in a scientific poster versus a scientific report,

_ Advantages Disadvantages

—
— h e
Lo | e

11 Inspect this table of experimental data, and identify two errors in how it has been constructed.

New growth Amount of water provided
in plant (cm) to plant daily

—_— _L p—
= e B = e

——=

%’rﬂ.— EO ”L — dn:-:"
-

Evaluating
12 Estimate values using the scatter plot of data below.

Mass of bandicoot vs time
1000

500

Mass of captured
bandicoots (grams)

0 1 2 3 4 5 6
Time (months)

Figure 1.26

a What were the masses of the two bandicoots captured after 3 months?
When was a 500 gram bandicoot captured for the first time?
Draw a line of best fit for the data. Use this line of best fit to predict the mass of a bandicoot
captured after 6 months.

d Propose a reason why there appears to be an increasing trend.
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Everything can be broken down into its smallest components. A house is made of bricks, pipes and
wires; cakes are made of flour, eggs and sugar; and all living organisms are made of cells. Cells are the
basic building blocks of life, meaning that they are the smallest unit that can, potentially at least, carry
out the processes that we know all living things do, such as moving, producing energy, sensing their
environment, growth, repair, excretion and consumption of nutrients. In this chapter, you will explore the

basic components of cells and the many types of cells that can be found in the natural world.

LSRN T

Curriculum

Cells are the basic units of living things and have specialised structures and functions (VCSSU092)
+ examining a variety of cells using a light microscope, by digital technology or by 21,23
viewing a simulation
distinguishing plant cells from animal and fungal cells 2.3
identifying structures within cells and describing their function 2.2
recognising that some organisms consist of a single cell

Victorian Curriculum F-10© VCAA (2016)




Glossary terms

antibiotic endoplasmic reticulum pluripotent stem cell
bacteria genetic material protist

binary fission Golgi body ribosome

cell membrane mitochondrion unicellular

cell wall mitosis vacuole

chloroplast multicellular

cytosol nucleus

' —
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Concept map

==
S—
=

21
22
.23
24

*some bacterial, protist and animal calls
have vacuoles
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Microscopes and cells

The microscope

Throughout this chapter you will explore
cells, their structure and function. However,
you would not have been able to learn
this information without the invention

of the microscope. It all began about

500 years ago, when scientists used hand-
held magnifying glasses to view small
macroscopic specimens — these were large
enough to be visible to the naked eye.
Scientists wished to view smaller and
smaller specimens, and soon found that
using two lenses together enabled them to
do so. This discovery led to the invention
of the first light microscope. The light
microscope that you use today in school

is not very different from those used by

The scientist who Did you know? 2.1

first discovered

single-celled organisms was Antonie van
Leeuwenhoek. He called these organisms
‘animalcules’, meaning ‘little animals'.

We now call these animalcules ‘micro-

organisms’.

Figure 2.1 Animalcules

scientists hundreds of years ago, although
the technology used to produce today’s

lenses is more advanced and enables us to WORKSHEET
see things at higher magnifications.

The history of the microscope Explore! 2.1
In 1665, Robert Hooke published a book

based on his observations of the microscopic world. He was
able to do this because he had built a compound microscope
with a twist-operated focusing mechanism —this had never
been seen before. He further improved the microscope by
placing a water flask beside the microscope to focus light from
an oil-lamp onto his specimens to illuminate them brightly.

Eyepiece

Focusing
screw

Objective

Specimen
holder

Figure 2.2 The Hooke microscope (circa 1660)

Find out about the role of each of the following scientists
in the development of the microscope: Robert Hooke,
Antonie van Leeuwenhoek, Frits Zernike, Marvin Minsky,
Ernst Ruska, Gerd Binnig and Heinrich Rohrer.

Using A3 paper, draw an annotated timeline showing
who developed what and when.
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42 Chapter2 CELLS

Parts of a microscope
Although some microscopes are more
advanced than others, most of those you
will use at school are light microscopes
that have the same basic components. The
microscopes you will use have at least two
lenses: the eyepiece lens and the objective
lens. They also have a light source, a stage
on which to place specimens, and knobs to
adjust the focus. The monocular microscope
shown here is for use with one eye. Binocular
microscopes can be used with both eyes.
Parts of the microscope

Try this 2.1
Draw up a table with the parts of a

microscope in the left column. Find out the function of each
part, and put this information in the right column.

Low

magnification

Eyepiece

Revolving nosepiece

Arm Objective lens

Stage clip Stage

Coarse focus Iris adjustment

Fine focus Light source

Base

Figure 2.3 The parts of a monocular microscope

Microscope terms
When you use a microscope, you will
often encounter special terms. Table 2.1

summarises some key terms.

Medium High
magnification magpnification

(i.e. how easy itis
 totell >

Poor resolution

Better resolution Best resolution

Human flea

Table 2.1 Some key terms used in microscopy

ISBN 978-1-108-61069-8
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bacteria

very small organisms with
prokaryote cells that are
found everywhere and are
the cause of many diseases

Advances in technology

Binocular light microscopes

Binocular microscopes have an eyepiece

for each eye. There are two types: simple
binocular microscopes have one light path
from the specimen, which is split and

led to both eyepieces, so each eye has the
same view. The image looks flat (2D).
Stereoscopic (‘stereo’) microscopes, which are
much more expensive, lead two separate light
paths from the specimen to each eye, so they
have different views, the image has depth
(3D). This is useful for manipulating or
dissecting specimens, and the magnification
does not have to be very large.

Light microscopes are limited in their
usefulness. They can magnify a specimen

up to 1500x, which is enough to make a
bacterium visible. However,
the resolution at this
magnification is not very
high, and so light microscopes
do not enable you to view anything smaller
than bacteria in any great detail.

In order to see things that are smaller than
bacteria, scientists invented a different type
of microscope, called an electron microscope.
This microscope uses tiny particles called
electrons, instead of light, to view an object.

Types of microscope

Electron microscopes have a magnification
of around 10 million times and very high
resolution. Since the invention of the
electron microscope in 1933, we have been
able to observe the structure of extremely
small objects in high detail. There are now
two types of electron microscope:
* transmission electron microscope
(TEM) — the specimen to be viewed
is sliced very finely and the internal
structure can be seen
* scanning electron microscope (SEM) —
the specimen to be viewed is not sliced,
and the external surface can be viewed.
Unfortunately, electron microscopes are
extremely expensive and all specimens that
are observed have to be prepared in a way

that kills them.

Figure 2.4 An electron microscope

Do some research into the different types of microscope that are used today:

light microscope, stereo microscope and electron microscope.

Copy and complete the following table.

Monocular light
microscope
Stereoscopic
light microscope
Electron
microscope

The different types of microscope and their characteristics

ISBN 978-1-108-61069-8

© Roberts et al. 2019

Photocopying is restricted under law and this material must not be transferred to another party.

Explore! 2.2

Cambridge University Press



Compare the maximum magnification of the light microscope, the stereo microscope
and the electron microscope.
State what micro-organisms were originally called.

Define the following key terms, in your own words: magnification, resolution, field of view.
Name the different types of microscope, in order from most powerful to least powerful.
Using your smartphone as a microscope

Most cameras on smartphones are not designed to produce

high-resolution microscopic images. Researchers in the USA recently published their work on an attachment
they had designed to place over the smartphone lens to increase the resolution and the visibility of tiny details
of the images they take, down to a scale of approximately one-millionth of a metre. The new attachment uses
artificial intelligence to create the level of resolution and colour required for laboratory analysis.

This attachment could help bring high-quality medical analysis into resource-poor regions, where people do
not have access to expensive technologies. In addition, the attachment can be produced with a 3-D printer, at
less than $100 each.

Using a microscope

Aim
To become proficient in using a microscope

Materials

Be careful
Ensure that the microscope is carried
appropriately. Carry it with one hand

light microscope holding the arm and one hand under

newspaper the base. Do not use the coarse focus

SCISSOrS knob to cause the objective lens to

glass microscope slide touch the glass slide and damage it.

sticky tape

Method
Cut one word out of a newspaper.
Attach the word to the centre of a glass slide, using sticky tape.
Set the lowest magnification or smallest objective lens in place. Turn the coarse focus knob until it is as close
to the stage as it will go.
Place the slide on the stage of the microscope and secure it in place with the clips.
Using the coarse focus knob, focus on the word.
Draw what you can see in the field of view at this lowest magnification. Record the magnification next to your
drawing. In order to calculate the magnification, you will need to multiply the magnification of the eyepiece
lens by the magnification of the objective lens. For example, if the eyepiece is 10x magnification and the
objective lens is 4x magnification, then the overall magnification is 10 x 4 = 40x,
Try moving the stage left and right, forwards and backwards, and note what you observe about the movement
of the image.
Repeat steps 3-6 for each of the optical lenses. You no longer use the coarse focus knob to focus now; use
only the fine focus knob.

continued...
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Section2.1 MICROSCOPES AND CELLS

...continued

Results

Your results will consist of:

« yourdrawings of the field of view using the different objective lenses. Include the magnification of each
drawing.

© your notes about what happens when you move the stage left and right, forwards and backwards.

Evaluation

1 Explain what happened to the word when viewed under the microscope at low magnification.

2 Describe what happened when you increased the magnification using the different objective lenses.

~  Describe what you observed as you moved the slide — did the word go in the same direction as the direction in
which you moved the slide?

4 What did you notice about the orientation of the letters in the word? Were they the right way up? Back to
front? Explain.

5 Asthe magnification of an image increases, the resolution decreases. State the magnification at which you
would have had the lowest resolution.

& Explain what happened to the field of view as you increased the magnification of the objective lens.

7 Qutline a safety precaution you would use when observing a specimen using the highest magnification
objective lens.

¢ Summarise the advantages and disadvantages of using a light microscope.

Cell theory

As you read earlier, a scientist called Robert
Hooke built a compound microscope that
lit up the specimen he was viewing. Because
of this invention, in 1665 he was able to
observe that a dead cork plant appeared to
be made of small blocks. He named these
blocks ‘cells” because they looked like the
small identical ‘cells’ that monks lived in at
the time.

Nearly 200 years later, after many other
scientists had observed and catalogued many
more types of cells, a ce// theory was proposed.

This first cell theory stated that:

* Cells make up all living things.

*  Cells are the basic building blocks of all
living things.

+ All cells form spontaneously from their

environment, in a similar way to crystals
forming. Figure 2.5 Cork cells as Hooke would have observed them
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The third part of this theory we now
know to be incorrect, as cells do not just
pop into existence. Modern cell theory

Egg cells
Cells come in

Did you know? 2.2

many shapes and sizes. The largest cells

states that:

*  Cells make up all living things.
* Cells are the basic building blocks of all

in the world are eggs — an unfertilised egg
is a single cell. Each egg holds the genetic
information for the female of the species,

living things. and if fertilised will eventually grow into
* All new cells are produced from existing a new individual. Egg cells are ‘macro’
cells. cells. Macro means that they can be seen
* All cells contain genetic information, with the naked eye —that is, without a
which is passed from cell to cell during microscope.

cell division.

Size of a cell

Cells are extremely small and most cells
cannot be seen with the naked eye. That
is why it was not until the invention of the
microscope, around 350 years ago, that we
even knew cells existed. If you take a look

at your arm you can see skin and hair, but

Figure 2.6 The largest cells in the world are
eggs, and the largest of all is the ostrich egg.

it is impossible to see the individual skin
cells. Anything that you need a microscope
to be able to see clearly can be described as

microscopic.

You many wonder why cells come in many
sizes. The main reason is simple: their size
depends on their job. Red blood cells are
flat and small, and carry oxygen in your
blood to different parts of your body. When
mature, they don’t have a nucleus,
nucleus .
part of a cell that contains and so there is more space to carry
the genetic material .
haemoglobin, a red compound that
holds oxygen. Being flat and small allows

the red blood cells to squeeze through tiny

blood vessels, in order to deliver oxygen
throughout your body.

Figure 2.7 Red blood cells

Name the largest cell in the world.
Compare the terms ‘'micro’ and ‘macro’.
Explain why cells come in many shapes and sizes.
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Cell size

In science, it is important to use appropriate units when measuring different objects. You

would not measure the size of a bedroom in kilometres, or the size of an ant in metres. Therefore, when you
measure cells, it is important to use a very small unit. This is usually a micrometre (um). A micrometre is
1000 times smaller than a millimetre (mm).

%100 %1000

/\/\m
\/L/\J

/100 /1000

Figure 2.8 Conversions needed for different measurements

Using Figure 2.8, convert the cell sizes below into millimetres (mm) or micrometres (um).

Cell type _____ size(mm) | Size (um)

0.0065
100
0.05
Figure 2.11 Sperm cells
ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
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Estimating size
Be careful

Ensure that the microscope is carried
appropriately. Carry it with one hand

Aim
To use a microscope to estimate the size of objects

Materials holding the arm and one hand under
light microscope the base. Do not use the coarse focus
transparent ruler knob to cause the objective lens to
sesame seeds, poppy seeds, salt crystals, fennel seeds touch the glass slide and damage it.
glass slides

Method

Part 1: Calculating size
Estimate the size of each of the objects using your naked eye, and record your estimate in the results table
(shown in the Results section).
Using a ruler, attempt to measure each object to the closest millimetre (mm), and record your measurement
in the table.
Place the transparent ruler on the stage of the microscope.
Starting on the lowest magnification, focus on the ruler.
Measure the diameter of the area you can see under the microscope (field of view) using the ruler. Record this
measurement in the field of view (FOV) table (shown in the Results section).
Calculate the FOV size in micrometres (um) by multiplying the measurement in millimetres you recorded in
step 5 by 1000.
Calculate the FOV for each of the higher magnifications, by repeating steps 4-6.

Part 2: Estimating the size of the object
Place your first object or specimen on a glass slide and then place the slide on the stage of the microscope.
Focus on the object using the lowest magnification objective lens.
Estimate how many of those objects would fit in a straight line across the middle of the FOV. For example,
perhaps 20 poppy seeds look like they would fit across the centre in a line.
Divide the total FOV size that you have already calculated (in Part 1) by the estimated number that will fit
across the FOV. For example, if in Part 1 you found the FOV at the low magnification was 10 mm, which you
converted to 10000 um, then your calculation would be 10000/20 = 500. That is, each poppy seed is 500 um
insize.
Record your estimated size for the specimen in the results table.
Repeat steps 8-12 for each object.

Results
Copy the two tables below and use them to record your results.

Magnification FOV size (mm) FOV size (um)
(eyepiece lens x objective lens) (mm x 1000)

Field of view (FOV) table

continued...
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...continued

Estimated size | Measured size Number of FOV diameter | Estimated size
(Part1) (Part1) times it would size of object

fit across the (FOV/ number
FOV of times object
fits across)

Sesame seed
Poppy seed
Fennel seed
Salt crystal

Results table

Evaluation
Compare your observed, measured and magnified estimated size results.
Explain how you could increase the accuracy of your results.
Sometimes FOV is calculated using a mini-grid instead of a ruler. A mini-grid has extremely thin lines that can
show um. Suggest why a mini-grid would produce more accurate results than a ruler when estimating size.

Conclusion
Make a claim about using a microscope to estimate size. Begin your sentence with: ‘This experiment
suggests that the size of an object ... ".
Support your claim by using the data you gathered and include potential sources of error. Begin your brief
summary with: ‘The results show that ... . Include: ‘Possible sources of error were ... .
Explain how the data supports your claim. Begin your sentence with: ‘This means that ... ".

11
] (m]

Remembering
Define the term ‘microscopic’. QuIZ
State the modern cell theory.

Name what each of the following parts of the microscope does.

Stage

Eyepiece
Objective lens
Coarse focus knob
Fine focus knob

Understanding
Outline the structure and function of a red blood cell.
Summarise the advantages of using:
a monocular light microscope
a stereo microscope.

continued...
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50 Chapter2 CELLS

...continued

6 QOutline the contribution of Robert Hooke to our understanding of the cell.
7 Fill in the magnification of the microscope when using the following objective lenses:

Objective lens Magnification of specimen

x 10 x 10
x 10 X b
x 10 % 80

Applying
8 Suggest the reason that different units are used to measure different-sized objects.
9 A nanometre (nm) is 1000 times smaller than a micrometre (um). Generally, a virus is around
0.0225 um in size. Calculate this size in nanometres.
10 Summarise why it is important to turn the coarse focus knob until it is as close to the stage
as it will go, before putting the slide on the stage. (Think about the safety notes).
11 Copy and complete the following table.

Nanometres(nm) Micrometres (um) | Millimetres (mm)

Atom 0.1

Bacterium 1

Virus B

Animal cell 10

Chicken egg 50

Analysing

12 Distinguish between a TEM and an SEM.

13 Demonstrate how you would determine the size of a cell.

14 Classify the following specimens into three groups: those that can be seen easily with the
naked eye; those that can be seen with a light microscope; and those that can be seen only
with an electron microscope. (Some might belong in more than one group.)

plant cell (100 um)
frog egg (1 mm)

red blood cell (7um)
phytoplankton (2 um)
chicken egg (60mm)
virus (35nm)
bacterium (1um)

Evaluating

15 Create a detailed set of step-by-step instructions for a Year 7 student, on how to use a
microscope safely.

16 Justify the statement ‘the development of microscopes has changed our understanding
of cells’.
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Section2.2 ORGANELLES 51

Organelles

All cells
Everything that we classify as living is

made up of one or more cells. People,

trees, fish and mushrooms are made up of
many different cells working together, and
are known as multicellular. These cells
depend on each other and cannot survive
alone. Organisms in the kingdoms Bacteria,
Protista and Archaea are
made of single cells, and are

multicellular
made of many cells

unicellular referred to as unicellular.

made of just one cell

Each of these single cells

cell membrane

the barrier that separates
the inside of the cell from the
external environment

carries out all the processes
needed to stay alive, by

genetic material

the code that allows the cell
to produce copies of itself
and to regulate the functions
within the cell

cytosol oldest forms of life found on

the water-based mixture .

that fills the cell, containing  Eearth, whereas multicellular
cells are specialised and much

itself. Generally, unicellular
organisms are quite simple
and are similar to some of the

different molecules large
and small; many chemical
processes that happen within

acell occur in the cytosol more complex.

All cells, no matter how simple, contain the
same three components:

* a cell membrane

* genetic material

* cytosol.

Cell membrane

Genetic
material

Cytosol

Figure 2.12 All cells, no matter
how simple or complex, contain
these three components.
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terms and
include examples of each: unicellular, WORKSHEET
multicellular.

2 List the three components of all cells.

Organelles

Simple and complex cells

All cells can be grouped into two main
categories: prokaryote (simple) and eukaryote
(complex). Prokaryotes are unicellular,
while eukaryotes can be unicellular or
multicellular. These two categories of cell
type are based on the structures found
inside each cell. As you read earlier, all

cells have a membrane, cytosol and genetic
material. Eukaryotic cells are more complex
and may also have many membrane-bound

structures, including a nucleus, that carry > \
out specific functions. The term ‘prokaryote’

—_—
means ‘before (pro) nucleus (karyon)’. VIDEO
The specialised structures inside cells are Wnat three

. components
known as organelles, because they are like doall cells
[FNEeY) . . . have in
mini’ organs with specific jobs, such as the common?
brain, stomach and heart. ;

Figure 2.13 Eukaryotic cell (left) vs prokaryotic cell (right). Can you identify the cell
membrane, genetic material and cytosol in each cell type?
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Prokaryotes vs eukaryotes
For the following list of organisms, identify which are examples of prokaryotic cells and which
are examples of eukaryotic cells.

Mushrooms Archaea Cyanobacteria Tapeworms

Grass Potatoes Fruit flies Escherichia coli
The cell city Nucleus
Although all cells contain the structures The nucleus is a large structure that holds
described previously, only complex the genetic material of a cell. It is like
eukaryotic cells contain the specialised the brain of the cell and controls all its
membrane-bound organelles that you are functions. In a city, the nucleus would be
going to read about in this section. It is the top level of government, which keeps all
helpful to think of the cell as a city. A city the plans and blueprints and makes all the
has many needs, and each organelle caters important decisions.

for those needs. This idea is developed
turther in the STEM task for this chapter.

=5

Figure 2.14 Imagine the cell as a busy city. Figure 2.15 Top left: Graphic representation of a nucleus. Top right:
an electron microscope image of a nucleus within a plant cell.
Bottom: The nucleus makes all the major decisions for the cell city.
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Genetic material A DNA molecule is shaped like a twisted

The genetic material, or deoxyribonucleic ladder, and this shape is called a double helix.
acid (DNA), is found in every cell. DNA In the cell city, DNA would be the plans and
is the coded information that makes you blueprints which the top level of government
who you are and tells every cell what to do. uses to keep everything running smoothly.

Figure 2.16 Left: Graphic representation of a DNA molecule. Right: Senators in discussion in a Federal Parliament

Cell membrane
The Moon Did k 2.3
1d you Know The cell membrane is a thin double layer of

and back!
We have trillions of cells in our body and
each one contains DNA. If you lined up the

DNA from all your cells, it would reach to the
Moon and back approximately 1500 times! cell membrane is like a protective border

around the cell city, controlling who enters

molecules that separates the inside of the
cell from its external environment, and
controls what enters and leaves the cell. The

and leaves.

Figure 2.17 The cell membrane (shown at left) provides ‘border security’ for the cell.
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Practical 2.3

Modelling membrane activity

Aim

To model the movement of substances across a cell membrane

Materials

For the class:

< 2litres of bubble solution (1800 mL water, 200mL dishwashing liquid, 60 mL glycerol)
Per group:

« 4 straws for frame

« shallow tray

«  20cm cotton thread -

© clean straw

+ 30cm string

Method \

1 Create a square frame using four straws, as shown in
Figure 2.18.

2 Pour bubble solution into the shallow tray.

2 Place the straw frame into the solution.

4 Lift the straw frame out of the solution gently, to create a

Figure 2.18 How to construct

your square straw frame
bubble layer across the inside of the frame.

5 This bubble layer represents the cell membrane.

Dry hand
© Have one of your group members place their dry hand through the bubble membrane.
7 Record your observations of this in the results table.

Hand covered in bubble solution
4 Form the bubble membrane again (repeat steps 2-5).
9 Cover one hand with bubble solution and slowly pass the hand through the bubble
membrane and back out.
10 Record your observations of this in the results table.

Cotton hole

17 Form the bubble membrane again (repeat steps 2-5).

12 Create a small loop (2cm diameter) in the cotton thread by knotting the thread.
19 Soak the cotton thread in the bubble liquid.

14 Carefully place the cotton loop into the membrane bubble.

15 Use a pencil or pen to pop the bubble membrane inside the cotton loop.

16 Record what you observe in your results table.

17 Pass the pencil through the bubble membrane hole you have created.

Double bubble
1% Using a clean straw, gently blow into the bubble solution.
19 Slowly lift the straw out of the solution, continuing to blow, to create a large single bubble.
20 Slowly return the straw to the bubble solution at the base of the bubble, and try to create a
smaller bubble inside the bigger one.
21 Record what you observe in your results table.
continued...
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Section2.2 ORGANELLES 55

...continued

String (dividing a membrane)

22 Knot together both ends of the string, to create a circle.

2% Place the string in the bubble solution and slowly remove it, to create a bubble membrane
in the centre.

24 With a partner, hold both sides of the string circle and twist in opposite directions, to create
a ‘figure eight’.

25 Now you have created two isolated bubble membranes. Pop one of the membranes and
record your observations.

Results
Record your observations in the following table.

| Observations

Evaluation

1 Explain your observations when your dry hand passed through the membrane bubble.

2 Membranes are self-repairing. Using your observations of the hand covered in bubble
solution, describe how you modelled this ability.

o Cell membranes have some large openings to allow bigger molecules to move into and out
of the cell. Explain how you modelled this feature.

4 Some organelles use small membrane ‘bubbles’ to transport materials into and out of the
cell. Using your observations, suggest why materials needing to be transported through a
cell membrane must be packaged inside their own membrane.

Cytosol

Cytosol is a water-based mixture of small Using the city analogy, we would say the

and large molecules that fills the cell. In cytosol makes the city to be like Atlantis,
eukaryote cells, it refers to the liquid outside or a coral reef — it is an underwater city.

the organelles. Although it appears mostly The water fulfills the same functions for
transparent in a light microscope, it has a the cell city that the air does for us.

very complex structure, with regions that

vary greatly in concentration and viscosity, Ribosomes

so parts of it may resemble jelly. Many of Ribosomes are very small ribosome

the chemical reactions that cells require structures that ‘read’ the codes sent Zritgﬂ?ei“;,io”t;ﬁ?’!;ﬁmmo
to function take place between molecules to them in the genetic material acids
dissolved in the water of the cytosol, and produce proteins that the cell needs
controlled by enzymes that may form very to create structures and carry out different
complex structures. Many nutrients and functions. Ribosomes would be the

other materials may be factories of the cell city, producing bricks,

stored in the cytosol. cars and different tools for the city to use.
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Mitochondria

mitochondrion

a structure in a cell that
converts the energy from
food into the form needed
by the cell

Mitochondria are where sugars from
food are turned into energy, in a
process called ce/lular respiration. The
output is a substance called ATP,

the cell’s fuel, that is then used to power its
chemical reactions and movement. Cells use
this energy for many tasks, such as moving
things into and out of the cell, growth,
repair and reproduction. The mitochondria
can therefore be thought of as the power
station of the cell.

Endoplasmic reticulum
endoplasmic reticulum 1 he endoplasmic reticulum (ER) is a
a network of tubes within
a cell that transports
substances inside the cell

large folded membrane attached to the
nucleus. Many ribosomes are located
along the ER, and its main job is to transport
the proteins made at the ribosomes around
the cell. The name ‘endoplasmic reticulum’
might sound complicated but it is just a
description of what it does: endo (inside),
plasmic (cytoplasm), reticulum (network).
The ER is basically a highway that connects
and delivers proteins to different parts

of the cell.

Figure 2.19 Top: Graphical representation of a
mitochondrion (left image) and an electron
microscope image of mitochondria (right image).
Bottom: The mitochondria ‘burn’ fuel (sugar) to
generate power (as ATP molecules, not electricity)
for the cell.

Figure 2.20 Left: Graphical representation of the endoplasmic reticulum around the outside of the nucleus.
Right: The endoplasmic reticulum is the highway network of the cell city.

A— o
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Golgi body

Golgi body The role of the Golgi
a structure in a cell involved .
in transport between the bOdy is to fold and paCkage

inside and outside of the cell the proteins made by the

ribosomes, for export from the cell. Golgi

bodies are like the post office of the cell.
They place proteins into small sacks of
membrane, called vesicles (postal vans), and
send them out of the cell to other parts of

the body.

Figure 2.21 Left: Graphical representation of a Golgi body. Right: Golgi bodies act as the postal system of the cell city.

Organelles

Draw up atable with three columns. List all the organelles covered in this section in the left

column. Give a description of their role in a cell in the middle column, and provide a simple picture or diagram in

the right column.

State the terms used for simple and complex cells. ﬁ
Define the term ‘organelle’. >
Copy Figure 2.22 and label the following organelles: cell membrane, cytosol, nucleus e
(includes genetic material), ribosomes, endoplasmic reticulum, Golgi bodies, mitochondria. vvhavt‘DEo

organelles do
all eukaryotic
cells contain?

\

Figure 2.22 Diagram of a eukaryotic cell, ready

for you to label it
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L1 Chapter2 CELLS

The cell’s internal scaffolding Explore! 2.3
Eukaryotic cells have a cytoskeleton.

A cytoskeleton is a structure that helps the cell
maintain its shape and internal organisation.
It also provides mechanical support that enables
things to move around inside the cell.
Research and summarise the roles of the
following structures within cells: microtubules,
intermediate filaments, microfilaments. These
are tricky terms to understand and explain, so
keep your answer simple.

Figure 2.23 A graphical representation of a microtubule

A new cell structure discovered Science as a human endeavour 2.2

In 2015, scientists published their research about a cell structure

that they had discovered. The brilliant thing about this discovery is that it could help scientists understand why
some cancers develop. The structure is called ‘the mesh’ and it helps to hold cells together. This discovery has
changed biologists’ understanding of the cell’s internal scaffolding.

—5 Section 2.2 questions
o
'__D

Remembering
1 List three organelles found in all cells.

2 List three organelles found in all eukaryotic cells (not including the three from Question 1).

Understanding
3 Explain the function of the nucleus.
4 Qutline why the Golgi body can be thought of as the post office of the cell.

5 What am |?

a | produce energy in the form of ATP for cells.

b |am a barrier between the inside and the outside of cells, and | control who enters
and leaves.

c |am a water-based mixture that fills the cell, and many chemical processes happen
within me.

d I make proteins using the code in the genetic material of the cell.

Applying

6 Compare the function of the cell membrane with that of the nucleus.
7 Summarise the role of the ER and the Golgi body.

Analysing
8 Distinguish between unicellular and multicellular, using examples.

Evaluating
9 Different cells have different numbers of mitochondria. Suggest a reason why muscle cells

contain more mitochondria than skin cells do.
10 Give a reason why cells would contain many ribosomes.
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Eukaryotic cells

All eukaryotic organisms have many of the pluripotent stem cells. Once a stem cell has
same organelles as each other. Eukaryotes differentiated into a specialised cell, such as
can be found in the kingdoms Animalia, a nerve cell, it can only ever replicate into WORKSHEET
Plantae, Fungi and Protista. In this section, another cell of the same type.
you will look at the differences between the
cells of animals, plants, fungi and protists. Stem cells don’t only exist in pluripotent stem cell

. a cell that is able to develop

embryos. You still have some stem into many different types
or ce

cells in your body today that are ready

to turn into any type of cell you need. They
can be found in different tissues around
your body and are activated by certain
triggers, such as an injury. For example, if
you cut yourself, stem cells below the layers
of your skin turn into skin cells to help
replace the damaged cells. This replacement
is not always perfect and, if the damage is
too extreme, it can leave a scar.

Figure 2.24 Plants and fungi living together

Animal cells

Animal cells contain all the organelles

you learned about in the previous section.
However, the numbers of organelles in a
cell may vary, depending on what type of
animal cell it is. Multicellular organisms like
yourself are made up of many different types
of specialised cells. Each of these different
cell types has a specific job that allows your
body to function properly. All the cells in
your body start off as one cell, the fertilised
egg, and then this cell differentiates into all
the specialised cells around your body.

Cells that have the potentlal to turn Figure 2.25 Olympic coach Justin Grace showing
into any other type of cell are called his scars following liver transplant surgery
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' Blood cells Neurons ‘
. L:\ T /
Cardiac cells

Muscle cells “ / \

o

.

Fat cells Stem cells

Epithelial cells g ﬁﬁ Bone cells

Intestinal cells

Figure 2.26 One cell becomes many types of cells, in a process known as cell differentiation.

Stem cell therapy Explore! 2.4
Because stem cells are able to turn into
any type of cell, they have the potential
to be used in treating and curing many
types of diseases and conditions. These
treatments are known as stem cell therapy or
regenerative medicine.
Find out about the blood cancer called
leukaemia.
Investigate how stem cell therapy is used
to treat leukaemia, and summarise your
findings.

Genitalia

Figure 2.27 A stem cell can replicate and become
any one of the 200+ types of cells in the body. Brain
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Exciting uses of stem cells Science as a human endeavour 2.3

Late in 2018, the results of two exciting research projects were

published by scientists in Europe. First, in Germany, scientists succeeded in generating beating heart muscle
cells from stem cells. Their work may provide a new approach for the treatment of heart attacks. Second, in
Sweden, scientists developed a faster method of generating functioning brain cells from embryonic stem cells.
The new method reduces the time required to produce the cells from months to two weeks, and may help in the
treatment of neurodegenerative diseases such as dementia.

organelles
that are found in animal cells.
2 Multicellular organisms are often

made up of specialised cells. What
does the term ‘specialised cells’ mean?
3 Use the term ‘differentiation’ to explain
how specialised cells form.
4 Describe what stem cells are and their
use in medicine.

Plant cells

Plants are different from all other eukaryotic
organisms in many ways. Most noticeably,
they do not need to move in order to search
for food, because they can make their own
food in the process you met in Year 7 called
photosynthesis. This difference means that
plants have some organelles that animals and

fungi lack. The special organelle in plants Figure 2.29 Plant cells: the green blobs are chloroplasts.
that carries out photosynthesis is Also note the thick cell wall that surrounds each cell.

chloroplast
astructureinaplantcell  called a chloroplast. Chloroplasts
that contains chlorophyll

contain a green pigment called Chloroplasts are found in plant cells that are
chlorophyll, and this pigment captures exposed to light (e.g. leaf cells) but not in
the Sun’s light and makes plants green. cells of the roots.
ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press

Photocopying is restricted under law and this material must not be transferred to another party.



Figure 2.30 Eucalyptus trees can only grow as tall as they do because of the rigid cell wall that surrounds each of their cells.

Because plants do not need to move, they lack

a skeleton and muscles, but they still need to

be able to support their weight so they can
grow tall, towards the light from the

cell wall

a rigid structure that
surrounds each plant cell,
shaping and supporting
the cell

Sun. This is why plant cells have a cell
wall. The cell wall is a rigid structure
that surrounds each cell (sitting outside
the cell membrane) and provides shape and
support for the plant. The cell wall is made of

a substance called ce//ulose.

Plant cells also contain an organelle called a

vacuole vacuole. This organelle stores water
a structure in a plant cell
that stores water and
nutrients

and other nutrients for the plant. It
also works with the cell wall to help
support the plant and give it shape. If you
have ever forgotten to water your plants at
home, you might have noticed that they
droop and wilt, becoming floppy, and if not
watered will start to die. This is because the
vacuoles in each cell are losing water, the

cells become flaccid, and so the plant cannot
hold its shape. Animal cells also contain
vacuoles, but they are much smaller and are
mainly used for storage of nutrients. The
cells of some fungi, protists and bacteria may
also have vacuoles.

Figure 2.31 A thirsty plant: the vacuoles are no longer full
of water and so they cannot help to support the plant in
standing upright.

Name the organelles in a plant cell that an animal cell does not have.

Explain why plant cells have each of these ‘extra’ organelles.
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Section 2.3 EUKARYOTIC CELLS 63

Distinguishing animal cells these multicellular organisms have different
from plant cells structures and functions.
You have seen that animal cells and plant e L WIDGET
. P In addition, it is generally easy to identify I
cells have many organelles in common, ) o
i plant cells under the microscope, because organelles
as they are both eukaryotic cells that have . .
the cell wall usually gives them a shape

many processes in common. However,
you have also learned about the additional
organelles that plant cells have, because

with rigid straight lines and a thick outline,
whereas animal cells have a less uniform
shape and a much thinner outline.

Mitochondrion

Golgi body

Golgi body Cell membrane

Endoplasmic —Ribosome

Cytosol reticulum
) . Nucleus — — Vacuole
Mitochondrion

Ribosome Nucleus Chloroplast —

Cytosol

Cell membrane
Endoplasmic
reticulum

Cell wall

Figure 2.32 Animal cells and plant cells have many organelles in common, but because of their different
structures and functions, there are also some different organelles.

Figure 2.33 Left: Animal (oesophagus) cells at x100 magnification. Right: Plant cells at x100 magnification
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Making a wet mount
When you want to observe cells under a microscope, you need to prepare
what is called a wet mount. Let’s practise using pond water.
Use a pipette to place a drop of pond water in the centre of a glass slide. Then gently lower
a cover slip onto the water, as shown in Figure 2.34. If the cover slip drops too quickly, it can
trap air bubbles and then you won't be able to see your specimen as easily. Use a tissue or
blotting paper on the edge of the cover slip to soak up any extra liquid.
Note: Some specimens may be dry and so you would need to add a drop of water. Some may
be transparent, so you would need to add a stain instead of water.

Figure 2.34 Lowering the cover slip slowly is very important when preparing a wet mount.
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Observing cells under a microscope

_ Be careful
Aim Ensure that the microscope is

To observe the characteristics of plant and carried appropriately. Carry it with

il el one hand holding the arm and one

Materials hand under the base. Do not use
light microscope iodine solution the coarse focus knob to cause the
glass slides and cover slips ripe and unripe bananas objective lens to touch the glass
toothpick prepared animal slides slide and damage it. No food items
onion and celery are to be consumed.

Method

Prepare wet mounts:

Peel a translucent (see-through) piece of tissue from the onion.

Place the piece of onion tissue on a glass slide and add a drop of iodine solution.

Cover the slide with a cover slip, using your wet mount technique.

Repeat steps a—c for the celery.

Use the toothpick to collect some ripe banana cells and smear them as thinly as you can across a

glass slide.

Add a drop of iodine solution and then cover with a cover slip.

Repeat steps e~f for the unripe banana.
Observe the cells: starting with the microscope on the lowest magnification, turn the coarse focus knob until
itis as close to the stage as it can go. Place on your first slide and focus using the coarse focus knob. Once
focused, turn to the next objective lens. Use only the fine focus knob to focus now. Once focused, move to the
highest magnification and again focus using the fine focus knob.
Draw a diagram: using a pencil, sketch diagrams of an onion cell, a celery cell, a ripe banana cell, an
unripe banana cell, and four animal cells from the prepared slides. Label all the organelles you can see,
using a ruler and labels at the side of the diagram. Record the name of the specimen, the magnification the
drawing was drawn at, and determine the cell size.

Results
Your results will be in the form of four plant cell diagrams and four animal cell diagrams.

Evaluation
Explain why stains are needed.
Compare the onion and celery cells: what similarities and differences did you observe?
Compare the ripe and unripe banana cells: what similarities and differences did you observe? Can you
explain the differences?
What characteristics did you observe in the plant cells? In the animal cells? What did they have in common?
Explain why there are differences.
Were the plant and animal cells all the same size? If there are differences, can you explain why?

Conclusion
Make a claim regarding this experiment. Begin your statement with: ‘This experiment suggests that plant and
animal cells ... ".
Support your claim by using the your observations. Begin your summary with: ‘It was observed that ... "
Explain how the data supports your claim. Begin your sentence with: ‘This means that ... ".
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Practical 2.5

Making a model: 3D cell
Aim

To create a 3D model of a plant cell and an animal cell using the materials provided
Materials

©  Dblack beans

©  white beans

©  ping pong balls

© zip lock bags

© red food colouring

< green food colouring

© takeaway food container
© poppy seeds

©  balloons
© glueandtape
Method

1 Look at the materials your teacher has provided for you and decide what you are going to use to represent
each part of the plant cell and the animal cell.

2 Copy and complete the table below to indicate how each organelle is going to be represented in your model.

& Construct your 3D model of the cell.

4 Explain to the class and your teacher how your model represents all the parts of a cell.

Results

Table summarising the materials you will use for constructing each of your model cells

Evaluation

1 Explain why models are used in science.

2 Assess two strengths and two limitations of your model.
~  Propose a way to make your model more accurate.

ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



Fungi you only really notice a fungus when it

develops a fruiting body when conditions
Fungi are similar to both plants and animals, P 18 Doy
. are perfect. This fruiting body can be seen

and most are multicellular, but they also
. ] . as 2 mushroom or a toadstool, a truffle
have their own unique cell wall. Fungi are ..
) . ) or a puftball. This is why you often see
heterotrophs, like animals, which means they i
) ) ) . mushrooms appear soon after heavy rainfall.
have to digest other organisms in order to gain o .
. , The fungus makes these fruiting bodies to
nutrients. Fungal cells therefore don’t have .
produce spores in order to reproduce.

chloroplasts like plant cells do. They do have a
cell wall, but it is made of chitin, not cellulose. Figure 2.37 Fungi: (top) toadstool, (middle)

chanterelle mushrooms, (bottom) puffball

Nucleus  cytosol

Chitin cell wall

Cell g
membrane

Golgi body

Figure 2.35 Diagram of a fungal cell

Fungi and
beetles
The cell wall of fungal cells is made of
chitin, and this is the same chitin that
makes up the exoskeleton of insects such

as beetles.

Figure 2.36 Beetle exoskeletons and fungal cell
walls are made of the same substance: chitin.

The main body of a fungus is called the
mycelium; this is a large network of small
filaments, called Ayphae, that can stretch
for over 10 kilometres! You don’t often

see hyphae, as they are very small, and
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Observing mould

. Be careful
Aim s

To observe the structure of citrus mould under oo oo
alight microscope ool

Materials the base. Do not use the coarse focus
prepared slides of a mould sample ~ knob to cause the objective lensto
(preferably citrus) ~ touch the glass slide and damage it.
microscope

Method

Focus the microscope onto the mould, starting on the lowest power.
Draw the observed specimen, remembering to estimate size and record the magnification.

Figure 2.38 Citrus mould, a type of fungus

Results
Drawing of your specimen, including magnification and an estimate of size.

Evaluation
Describe the structure of the mould.
|dentify whether the mould is unicellular or multicellular.
Are all the cells you are observing identical? What does this suggest?
Often some fruit in a fruit bowl can go mouldy while other fruit is not affected. Suggest a
reason for this.
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1 State whether EOITTA A 1GA ¥N|

fungi are
prokaryotic or eukaryotic.

2 Name the organelle that fungal cells
have that animal cells do not.

3 Contrast the cell wall of a plant with
the cell wall of a fungus.

4 Explain the function of the cell wall.

Protists

Protista is a kingdom that consists solely of
unicellular organisms that are eukaryotic.
This means they contain the organelles that
you learned about in the previous section.
However, scientists have changed the
classification of many of these organisms
several times, because they display

protist characteristics of both plants
a unicellular, eukaryotic
organism that is part of the
kingdom Protista

and animals. All protists
need to live in a moist
environment and so are very common in
most aquatic environments. If you look at a
sample of pond water under the microscope
in the warmer months of the year, you will
likely see many types of protists, such as
euglena, rotifers, amoebas and paramecia.
Each of these types of protists is slightly
different in structure, depending on their

Section 2.3 questions

Remembering

1 State the organelle involved in photosynthesis.

2 Name the three key differences between plant cells and animal cells in terms of their
organelles.

3 Listthree examples of protists.

4 Define the term ‘specialised cells’ and provide examples.

Understanding

5 Qutline the two parts of a plant cell that provide support and explain how they work
together.

6 Explain why fungi are known as heterotrophs.
Summarise the steps you need to take when preparing a wet mount.

8 Stem cells are currently of massive interest to scientists. Research why this is the case,
using what you have learned about their use in therapy and other medicinal applications.

continued...

ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press

Photocopying is restricted under law and this material must not be transferred to another party.

Figure 2.39 Protists: (fop) amoeba, (middle) rotifer,
function. (bottom) Euglena

1
o=O

QuIZ



70 Chapter2 CELLS

...continued

Applying
9 a Name the organelles labelled A to E in the eukaryotic cell shown in Figure 2.40.

=] [*]

(=] [o] [e]

Figure 2.40 Eukaryotic cell

b What type of cell is shown in Figure 2.40? Explain your answer.

10 Identify where you are most likely to find protists.

11 Explain how the shapes of various cells help them to carry out their function within the body. You may like to
refer to red blood cells, sperm cells and muscle cells.

Analysing

12 a Draw a Venn diagram to compare an animal cell to a fungal cell in terms of the cell's structure and organelles.
b Draw a Venn diagram to compare a plant cell to a fungal cell in terms of the cell's structure and

organelles.

13 Yeast are unicellular eukaryotic cells, and belong to the Fungi kingdom. A student conducted an experiment
to test the effect of temperature on the activity of yeast, which will produce a gas when added to a solution of
sugar in water. The student placed 2 g of yeast and 10 g of sugar into a glass apparatus full of water, designed
to trap any gas produced in a narrow closed vertical tube at the top. The amount of gas can be measured
by the height of the column of gas that collects in the tube. They did the experiment three times with the
apparatus containing water at three different temperatures, and measured the height of the column of gas
produced after 1 minute.

Temperature (°C) Height of column of gas produced in the tube (mm)

10 60 64 62 62
30 102 98 100 100
60 20 14 17 17

a Using the student’s results, assess the effect of temperature on yeast function.
b Identify the optimum temperature for yeast.
¢ Suggest the effect that an even higher temperature, such as 100°C, would have on the yeast being tested.

Evaluating
14 Justify this statement: ‘Fungi are all around us but you can’t always see them.’
15 Propose reasons why humans need muscles and a skeleton, whereas plants do not.
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WORKSHEET

mitosis

the type of cell division in
which one cell divides into

Function and malfunction

Cell division

At the start of this chapter you learned
about cell theory. The development of cell
theory was made possible by the invention
of the microscope, which allowed scientists
to observe and prove certain characteristics
that all cells display. One of the most easily
observable parts of cell theory is that ‘all

cells come from pre-existing cells’. This is

referring to cell division, when

two cells that are exactly : .
the same identical cells, called daughter
binary fission cells. The scientific term for

a mode of asexual
reproduction by bacteria,

this process in eukaryotes is

where genetic information mitosis In roka otes. it is
is copied and the cell splits ' p Ty ’

in half

known as binary fission.

Figure 2.41 A simplified representation of mitosis: one cell
forms two new daughter cells

Why do cells divide?

Mitosis happens for a number of reasons:
repair, growth and reproduction.

Repair

If you cut your skin or break a bone, your
body can close the wound or set the bone
over time. This happens because millions
of new cells are produced to replace the
damaged cells. Some cells in your body,
such as your red blood cells and skin cells,
need to be replaced regularly.

Growth
In order to grow, your body needs to
make more cells. You first started out as

one cell splits to form two new

80

Figure 2.42 A cut heals because mitosis occurs,
creating new cells to replace the damaged ones.

Skin

You lose about 40000 skin cells

every minute of every day. This means that, over a lifetime,
you will lose at least half of your body weight in skin cells.
Have you ever wondered where dust comes from? Most of
the dust in your house is made up of your dead skin cells.
No wonder mitosis happens a lot!

a single cell, which was a fertilised egg.
By the time you become an adult, you
will be made of around 37.2 trillion cells.
A massive amount of cell growth occurs
before you are born and in your first few
years of life, but you will still be growing
until your late teens. This means your
bone cells need to reproduce in order for
you to get taller, your muscle cells need
to keep up with your bone cells, and your
nerve cells need to grow in order to extend
throughout your body.
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Reproduction

Unicellular organisms such as bacteria
remain one cell their entire life. They
don’t undergo cell division for growth and
repair, because their whole body is just one
cell. The only reason bacteria divide is for
reproduction. This form of reproduction

is known as dinary fission and involves

the bacterium splitting in half to produce
an identical copy of itself. Because this
process does not require a mate and is fairly
simple, bacteria can reproduce around

every 30 minutes. This means that, in one
day, a single bacterial cell could become

Figure 2.43 Plants need to grow too, and so their

cells also undergo mitosis. 140737 488355328 cells.
v . e
[l A/
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Figure 2.44 Bacteria, under the right conditions, can reproduce very quickly by binary fission.

Cancer Explore! 2.5
Cancer is a disease of the body's cells. Cells normally grow and multiply
in a controlled way, but if there is a change in someone’s genetic
material, this control can be lost. Cancer is the term used to describe
uncontrolled cell division. Because cancerous cells can arise from almost
any type of cell, there are about 100 different types of cancers.

Research and define the terms ‘benign’ and ‘malignant’.

Select atype of cancer to investigate — for example, prostate, breast,

bowel, skin, lung. Summarise the cause, prevention and treatment of

the chosen cancer. ‘
Figure 2.45 Doctor checking a mole for

signs of skin cancer

Cervical cancer Science as a human endeavour 2.4

You may have seen in the news in late 2018 that Australia is on

track to be the first country in the world to eliminate cervical cancer.
This prediction has been credited to the introduction, a decade

ago, of the human papillomavirus (HPV) vaccination program for
schoolchildren. The Cancer Council NSW has shown that, if vaccination
and screening levels are continued, rates of diagnosed cervical cancer
will drop.

Figure 2.46 HPV vaccination
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1 Cell division is a normal process that occurs in your body. List the three reasons

it occurs.

2 Explain why skin cells need to divide regularly.

Section2.4 FUNCTION AND MALFUNCTION

3 What is the name of the process that bacteria undergo to reproduce?
4 Describe a disease that results from a malfunction of the normal process of cell division.

Micro-organisms

Micro-organisms are organisms that are

so small they can only be viewed using

a microscope. Bacteria, some fungi and
some protists are examples of such small
organisms. As you know, most bacteria
(such as those in your intestines) and fungi
(such as the yeast used to make bread) are
harmless and can actually benefit us in some
way. However, some are dangerous. ‘Germ’
or ‘pathogen’ is the general term used to
refer to a micro-organism that can cause a
disease or infection. When you go to the
toilet you probably wash your hands straight
away. This is because you were taught

from an early age that washing your hands
kills germs. This might seem like common
sense, but until about 150 years ago, people

didn’t know that diseases came from
micro-organisms and that the air is full of
micro-organisms. Before this time, people
believed that mould on bread appeared
spontaneously — this theory is known as
spontaneous generation.

A scientist known as Louis Pasteur was a
microbiologist who used microscopes to
study the microscopic world. He conducted
a series of experiments proving that food
went off because it was contaminated by
micro-organisms in the air. His experiments
led him to invent pasteurisation, which is
the process of heating food or drink to a
high enough temperature to kill any micro-
organisms, before sealing it. This drastically
increases the shelf life of foods and prevents

the spread of disease.

Heated mp

Fresh
milk in

Figure 2.47 The process of pasteurisation
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Observing ‘friendly’ bacteria under the microscope

Using your microscope and wet mount preparation skills, look at some bacteria under the

microscope. You will need the stain called methylene blue, and a sample of yoghurt or probiotic drink containing
live bacteria strains. Look at the size and structure of the bacterial cells, and consider how similar/different they
are to eukaryotic cells like plant and animal cells.

Modelling pasteurisation

Be careful

Aim Ensure benches are
To test the effect of temperature on the growth of bacteria cleaned and hands are
Materials washed before leaving

probiotic drink tripod, heatproof mat, the laboratory.

4 agar plates pipe clay triangle

sterile swabs sticky tape

evaporation dish disposable gloves

Bunsen burner

Method

Part 1: Boiled probiotic
Place 10 mL of probiotic drink into the evaporation dish.
Heat to boiling point using a Bunsen burner.
When the mixture starts to boil, turn off the heat.
Dip the sterile swab into the heated mixture and spread the mixture over
the agar sheet, as shown in Figure 2.48 and explained below.
Swabbing technique
When you use the sterile swab, gently rub the swab over the agar in tight
lines to start with, and then slowly spread the lines apart as you move Figure 2.48 How to rub the swab over
down the agar plate. the agar
Place the lid on the plate and, with 2 to 4 pieces of sticky tape, tape down opposite edges of the plate.
Label the agar plate. Write your group name, date, and the independent variable. Keep your writing small,
and write around the outside edge of the agar plate.
Place the agar plate in the incubator with the agar side up, at 30 degrees, for two days.

Part 2: 30 degree probiotic
Dip a new sterile swab into the original probiotic mixture (unboiled).
Swab an agar plate as you did previously.
Seal the agar plate with sticky tape around the outside and label the agar plate underneath.
Place the agar plate in the incubator with the agar side up, at 30 degrees, for two days.

Part 3: Refrigerated probiotic
Repeat steps 8-10 and place the agar plate in the refrigerator for two days.
Identify the following variables in your experiment: independent variable, dependent variable and controlled
variables.
Write a hypothesis or prediction about how each condition will affect the growth of bacteria.
After two days, remove the agar plates from the incubator and refrigerator, and count the number of colonies
that you can see on the agar plates. A colony should look like a slightly raised round dot on the agar plate.

continued...
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Section2.4 FUNCTION AND MALFUNCTION 75

...continued

Results
Copy and complete the table, to record your results.

Probiotic treatment Number of bacterial colonies

Summary of the experimental results

Evaluation

1 Did your results support or disprove your hypothesis? Explain your results for each treatment.

~  Suggest two ways that your results could be useful for controlling bacterial growth.

©  Propose another independent variable that could have been tested, to expand on your results.

4 Consider whether you had a control in this experiment. If so, which treatment was the control? Explain
your answer.

5 Describe three possible sources of error and suggested improvements for this experiment.

Conclusion

 Make a claim regarding this experiment. Begin your statement with: ‘This experiment suggests that
temperature ... "

2 Support your claim by using the data you gathered and include potential sources of error. Begin your
summary with: ‘The results show that ... ". Also include: ‘Possible sources of error were ... ".

©  Explain how the data supports your claim. Begin your sentence with: ‘This means that ... ".

Following on from Pasteur’s experiments, By following simple hygiene practices,
other scientists used microscopes to help humans are living much longer and

them link micro-organisms to disease. healthier lives. Some ways in which you
This led to the realisation that washing our can prevent the spread of micro-organisms
hands, cleaning our homes and cooking and prevent diseases from passing from one
food properly can limit the spread of person to another are:

disease. 1 Cover your mouth and nose with a tissue

or your elbow pit when you sneeze.

2 Wash your hands regularly, especially if
you cough or sneeze into your hands.

3 Avoid touching your eyes, nose or mouth
after touching contaminated surfaces such
as hand rails or door handles.

4 Do not share drink bottles or cutlery
with other people unless the bottles or
cutlery are clean.

5 Quarantine — this is when a sick
person is kept away from the healthy
population, to prevent the illness from

spreading. If your doctor has ever told
you to stay home from school, that is a

Figure 2.49 Washing hands can prevent the spread
of micro-organisms. form of quarantine.
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Disease

When someone says ‘disease’ it might
seem obvious what they mean. However,

a disease can be many things: it can be a
viral, bacterial or fungal infection, it can be
inherited from your parents, or it can be a
condition that develops over time due to
your environment. That is why we say that
a disease is any condition that negatively
affects the normal functioning of any part
of a living thing. Because this definition

is very broad, we classify diseases into two

Figure 2.50 Always sneeze into a fissue categories: infectious and non-infectious.

Having a deeper understanding of cells allows

Touching your face is one of Did you know? 2.6 us to understand and treat many diseases.

the easiest ways to allow micro-

organisms into your body. On average people touch their In the past, if you were very sick and had to
face around 2000 times per day. See how many times you go to the doctor, you many have been given
touch your face in the next 20 minutes — it may shock you! antibiotics. Antibiotics kill most of the

bacteria they come into contact antibiotic

. a medicine or chemical that
with, but do not harm the cells ¢z, destroy harmful bacteria

in the body or limit their
growth

of your body.

Figure 2.51 How many times do you touch your face?

Figure 2.52 Antibiotics kill most of the bacteria
they come into contact with.

1 Define the following terms: Quick check 2.9

pathogen, micro-organisms, Before the invention of modern antibiotics,
pasteurisation. there were limited ways to treat bacterial
Explain the link between the three terms in Question 1. infections, so if you had a cut that was

Why is it better to sneeze into your elbow and not into infected, you had two choices. You could
your hands? either try the limited treatments, wait and

hope that the infection got better and did
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Section2.4 FUNCTION AND MALFUNCTION 7

scientist Howard Florey shared the Nobel
Prize with Alexander Fleming and one other.

Today we have developed many other types
of antibiotics. Some work in the same way
as penicillin, and others slow or prevent the
reproduction of bacteria, which gives the
body’s immune system a better chance to
deal with the infection itself.

Figure 2.53 Infected mouth ulcer

not spread, or you could cut that part of
your body off, to prevent the infection from
spreading to the rest of your body.

Alexander Fleming accidentally discovered
the first antibiotic effective against a wide

range of bacteria in 1928, when he was

growing some bacteria in a laboratory. The Figure 2.55 Sometimes rest is all your body needs,

bacteria became contaminated with a mould to help heal itself.

from some fruit, and he noticed that the

mould was killing the bacteria. This led to It is important to remember that antibiotics
the discovery of the first antibiotic, called only work on bacteria. If you are infected
penicillin. Penicillin works by breaking by a virus or some other type of micro-
down the cell wall of bacteria, which causes organism, taking antibiotics will not cure
the cells to burst and die. For his work on you. In fact, taking antibiotics when you
developing penicillin and being the first to don’t need them can kill all the good

use it to treat an infection, the Australian bacteria in your digestive system, and in the

long term can help to create bacteria that
are resistant to antibiotics.

Figure 2.54 Testing antibiotics Figure 2.56 Antibiotic-resistant bacteria are a very real threat.
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Fighting antibiotic-resistant bacteria Science as a human endeavour 2.5
According to the World Health Organization, around 700000 people

die every year as a result of antibiotic resistance. Antibiotic-resistant bacteria cannot be killed using antibiotics.
In 2017, scientists in the UK and Germany published the findings of their discovery: a new way of targeting the

processes that bacteria carry out. This discovery could lead to the development of new antibiotics and help

overcome antibiotic resistance.

O N =

State the definition of ‘disease’. Quick check 2.10

State the categories of disease.
Name a type of antibiotic.
Describe how antibiotics work.

Fungi-fighting bacteria

Background information
Some bacteria produce an antifungal substance —this is a substance that can kill fungi. Soil is a good source of

antifungal bacteria, and so your aim in this experiment is to test the effectiveness of different soil dilutions on the
growth of fungi.

Aim
To test the effectiveness of different soil dilutions on the growth of fungi Be careful

. Ensure benches
Materials

|
4 dilutions of soil: 10% (1 g soil), 20% (2 g soil), 30% (3 g soil) and 40% (4 g soil) with are cleaned and

water added up until the 10 mL mark for each dilution
yeast solution (1 tablespoon yeast in 260 mL warm water)
1 agar plate per group

sterile swab

hands are washed
before leaving the
laboratory.

4 plastic pipettes
sticky tape
disposable gloves

Method

Identify the independent and dependent variables for this experiment.
Using the variables you identified in step 1, write an experimental hypothesis or prediction to be tested.
Draw a cross on the bottom of the agar plate, creating four quadrants.
Thoroughly swab the agar plate with the yeast solution, horizontally and then vertically, to get full coverage.
Using a pipette, place a few drops of each soil dilution in each quadrant and label the agar plate lid.
Allow time for the drops to be fully absorbed into the agar.
Cover the agar plate with the lid and with 2 to 4 pieces of sticky tape, tape down opposite edges of the plate.
Label the outside edge of the plate on the agar side.
Place in an incubator at 30°C for two days.
Observe the growth of the yeast in each quadrant and record the results.
continued...
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...continued

Results
Record your results in the table below.

Soil dilution (%) Amount of yeast growth as a % of the quadrant

Evaluation

Did your results support or disprove your hypothesis? Explain.

Suggest an application in real life for your findings.

Identify three variables you controlled in this experiment. Explain the importance of each of these controlled
variables.

Identify sources of error in this experiment, and suggest ways in which the experiment could be improved.

W N =

E=S

Conclusion

Make a claim regarding this experiment. Begin your statement with: ‘This experiment suggests that soil ... ".
Support your claim by using the data you gathered and include potential sources of error. Begin your
summary with: ‘The results show that ... ". Also include: ‘Possible sources of error were ... ".

N =

w

Explain how the data supports your claim. Begin with: ‘This means that ... "

Section 2.4 questions

1]
] (m]

Remembering
1 Define the term ‘mitosis’.
2 State the three reasons that cells divide.
3 Why are antibiotics only useful in treating bacterial infections?

Understanding
4 Explain how bacteria reproduce.
5 Sometimes cells are described as clones. Explain what this means.
6 Demonstrate the difference between infectious and non-infectious diseases, using examples.

Applying
7 Summarise the process of pasteurisation, illustrating how it is beneficial to humans.
8 |ldentify the reasons why you should never remove the sticky tape from your agar plates after
carrying out an experiment investigating bacteria and its antifungal properties.
9 Explain in what way cancer relates to the control of cell division.

Analysing

10 Distinguish between malignant and benign cancer.

11 Compare how the development of different microscopes has led to our current understanding
of cells.

Evaluating

12 'Pasteurisation has led to improved human health.” Assess the truth of this statement.

13 Design an experiment that investigates hand washing. Your aim is to determine the effectiveness
of washing hands on preventing bacterial growth. You may like to begin by identifying your
independent and dependent variables, and consider using agar plates for this task.
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Review questions

= Remembering
@ 1 Of the four kingdoms — Animal, Plant, Fungi, Protist — which consist of unicellular organisms

and which consist of multicellular organisms?

SCORCHER
2 Name two examples of protists.
3 Name three types of specialised cells.
4 Name the common components of the monocular light microscope.
Understanding
5 a Whatisthe role of the following organelles in the cell?
Role in the cell
b Copy the cell diagram below, and label the organelles listed in part a.
Figure 2.57 Eukaryotic cell

c Isthe cell shown in part b a plant cell or an animal cell? Explain how you know.
6 Identify the role of the mitochondria in cells and why they are so important.
7 ldentify the type of cell that can turn into any other type of cell.
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Chapter2 REVIEW QUESTIONS 81

8 Place the following microscope instructions in order by numbering the steps in the left column.
Step 1 has been done for you.

9 After going on holiday, you come home to find that all your plants are wilted. Explain why this
has occurred, referring to parts of the cell.
10 Identify two disadvantages of the electron microscope.
11 Identify the type of microscope that needs to be used to view objects smaller than a cell.
12 a Use 'yes' or 'no’ to complete the table below, which summarises the organelles that are
found in each cell type.

b Classify animals, plants and fungi as unicellular, multicellular or both.

Analysing

13 Peroxisomes are small organelles found in eukaryotic cells. Their job is to break down waste in
the cell. Using the ‘cell as a city’ model, suggest an appropriate analogy for peroxisomes.

14 Contrast the terms ‘resolution” and ‘magnification’.

15 Draw a Venn diagram that compares prokaryote cells (such as bacteria) to eukaryotic cells
(such as plant and animal cells).

Evaluating
16 Create a flow diagram to describe the process involved in a stem cell transplant for leukaemia.
17 Evaluate the use of models when explaining the structure of the cell.
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STEM activity: Design a city

Background information

All'living things, from humans to dogs, trees and
bacteria, are made up of cells. Cells are the smallest
unit of life and are so small that you cannot see
most of them without a microscope. While some
organisms, such as bacteria, are made up of only
one cell, multicellular organisms can be made up of
trillions of cells. Cells work together to form organs,
which work together to form body systems (e.g.
respiratory, circulatory), which are vital in working
together to form complex multicellular organisms.
Although cells are small, they are complex. For
example, today we use microscopes to see inside
a cell and observe even smaller components of the
cell, called organelles. These organelles all have
different functions and work together to keep the
cell alive. Cells also reproduce via a process called
mitosis, in which each cell divides and produces

0000

two identical cells. Unicellular organisms reproduce
by mitosis, and multicellular organisms use mitosis
for growth and repair.

Analogies are often used in science to explain,
in simple terms, how processes work. An analogy is
a comparison with something familiar. The way in
which organelles in a cell function together can be
compared with the way in which the components of
a city work together to make the city function well.
Cities all need to have structures and processes
in place, to manage functions such as transport,
sanitation, utilities, housing, construction and food
production. There also needs to be a governing
body that oversees all these activities.

Figure 2.58 A cell can be compared to a city.
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Design brief: Design a city using cells as a model

format
Activity instructions « Poster

« PowerPoint
Your task is to design a city, based on the structure « Video

and functions of a cell. Your model should address
some of the challenges that we face in modern cities
(e.g. transportation, overcrowding). You will first
need to think about all the major organelles and their 1
functions, and then try to relate them to a feature

of a city. For example, the mitochondria are often

described as being like the power plant of a cell. 2

Once you have determined all the analogies,
brainstorm some of the major challenges faced by
people living in modern cities. Research the ways in
which a cell might solve the various challenges you

have come up with, and put together a presentation 3

illustrating your solutions.

This is an opportunity to be creative. Your
presentation could include sketches or diagrams,
and should it propose solutions to a number of

problems encountered in modern cities.

ISBN 978-1-108-61069-8
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Evaluate and modify
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Analyse the solutions you have come up with,
and comment on how achievable they would be
in the real world today.

Explain any problems that might be encountered
when implementing your solutions in the real
world today. What types of technologies could
be incorporated into your solutions (e.g. artificial
intelligence, renewable energy)?

Evaluate the effectiveness of your analogies by
examining what features of how a city works are
different from how a cell works. For example,

if you have mentioned that chloroplasts are

like solar panels, explain how the process of
photosynthesis is different from the process of
converting light energy into electricity.
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Chapter 3 Organ systems

&%’h \

You are a large and complex multicellular organism. You eat, move, sleep, think, breathe and fight
disease every day, and you can only do this because of all the different types of cells and tissues in your
body. Throughout this chapter, you will learn about how the cells, tissues and organs in your body work

Chapter introduction

together to allow you to function effectively. You will also explore how scientific advances have allowed
/Y
H) Y ¢

Multicellular organisms contain systems of organs that carry out specialised functions that enable
them to survive and reproduce (VCSSU094)
» examining the specialised cells and tissues involved in structure and function of 3.1

humans to repair and replace parts of the body.

Curriculum

particular organs

describing the structure of each organ in a system and relating its function to the 3.2,3.4,3.5
overall function of the system

identifying the organs and overall function of a system of a multicellular organism 3.2,3.4,3.5
in supporting life processes

comparing similar systems in different organisms, for example, digestive systems 3.3,3.6

in herbivores and carnivores, respiratory systems in fish and mammals

Victorian Curriculum F-10 © VCAA (2016)
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Glossary terms

alveoli

anus

aorta

artery

atrium

bile

bolus

bronchi
bronchioles
capillaries
carnivore

cellular respiration
chemical digestion
chyme

diaphragm
duodenum

ISBN 978-1-108-61069-8

enzyme

ethical

function

gall bladder

guard cells
haemoglobin
herbivore

ileum

jejunum

lenticels

mechanical digestion
neuron

organ

organ rejection
organ transplantation

pancreas

© Roberts et al. 2019

pharynx
plasma
platelets
rectum
saliva
sinoatrial node
sphincter
stomata
structure
tissue
trachea
vein

vena cava
ventricle
villi

xenotransplantation
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Concept map

N
. 32
. 33
. 34

3.5
. 36
.37

Systems

Digestive
L
system
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Cells to systems

‘f Specialised cells

Humans are animals, and our cells contain
WORKSHEET
a nucleus, cell membrane, cytoplasm,
mitochondria and all the other organelles
discussed in the previous chapter. Even
though most of our cells contain the same
basic components, the different types of
specialised cells within our bodies all have

certain features or structures

structure
the shape of an object that allow them to perform a
function specific function. A structure
the job that an object does

is any physical part of an
object, and a function is an activity that the

structure helps the object to complete.

Figure 3.1 Neurons are shown on the left, and on the right is the main
organ of the nervous system, the brain.

All the cell types in your body begin as

unspecialised stem cells. As the cells grow Red blood cells

and develop, they differentiate, forming Red blood cells transport oxygen to all the
over 200 different types of cells that are you. cells in your body. These blood cells have
These cells then replicate to produce more to pass along tiny blood vessels and so they
copies of each type of specific cell. are flat and have a bi-concave shape, like a

flexible disc or a donut.
Neurons

Nerve cells or neurons allow all the parts of
your body to work together, by transferring

neuron signals to and from your brain

anerve cell to each part of your body via ,‘4 ,
the nervous system. Nerves are important . "‘
because they allow us to interact with the ‘: >
world around us via our senses. Neurons are
long, thin cells that connect to each other e
via their highly branched ends. They have )
long axons, which are specialised to carry w—
electrical signals over long distances, at very w
fast speeds. The longest nerve cell in your e
body stretches from the bottom of your hw
spine to your big toe. Figure 3.2 Red blood cells travelling through a blood vessel
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When they reach maturity they do not have
a nucleus, which gives them extra room

to carry oxygen around the body. As they
do not have a nucleus, they cannot undergo
cell division, and so all red blood cells are
produced in the bone marrow. Your red

blood cells are replaced every 120 days.

Sperm cells

Sperm cells carry half the genetic
information of a normal human cell.
Their purpose is to combine with an egg
cell in a process known as fertilisation,
which is the first step of reproduction.
This means that the sperm cells have to
be able to move. That is why they have
a specialised tail, called a flagellum,
which beats in a corkscrew motion and
allows the sperm cell to swim. Sperm

cells also have many mitochondria at
the top of the tail, to provide energy for
fast movement.

Figure 3.3 A sperm tries to penetrate an egg. Note
its long whip-like tail.

How many different types of cells are there in the human body?

What are unspecialised cells called?

List one structural feature of each of the following cell types:

Neuron
Red blood cell
Sperm.

Specialised cells
Aim
To observe specialised cells under the microscope
Materials
compound microscope
transparent ruler
prepared slides of blood

prepared slides of neurons
prepared slides of blood vessels

Be careful

Ensure that you

carry the microscope
appropriately. Carry it
with one hand holding
the arm and one hand
under the base. Do not
make big changes in
magnification, so the

Method glass slide does not get
damaged.
Estimating the field of view 9
Place the transparent ruler on the stage of the microscope.
Starting on the lowest magnification, focus on the ruler.
continued...
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...continued

Measure the diameter of the area you can see under the microscope (field of view) using the ruler.
Record this measurement in the field of view (FOV) table.

Calculate the FOV size in micrometres (um) by multiplying by 1000.

Calculate the FOV for each of the higher magnifications by repeating steps 2-5.

Estimating the size of the object
Place your first prepared slide on the stage of the microscope.
Focus on the object using the lowest-power lens.
Estimate how many of the cells will fit in a straight line across the middle of the FOV.
Divide the total FOV size that you have already calculated by the estimated number that will fit across the FOV.
Record your estimated size for the object in the results table.
Draw a scientific drawing of the cell you are observing.
Repeat steps 8-12 for each slide.

Results
Copy the following tables and use them to record your observations and measurements.

Magnification FOV size (mm) FOV size (um)
(ocular lens x objective lens) (mm x 1000)

FOV table
Cell Scientific Number of times FOV diameter Estimated size of object
drawing and cell would fit (FOV/number of times
magnification across the FOV object fits across)
Blood
Neuron
Blood vessel

Results table

Evaluation
Describe how the size of each of the cells you observed benefits its function.
Assess the accuracy of your estimated sizes.
Suggest a way of improving your size estimates.

Conclusion
What claim can be made from this activity regarding the size of cells and how this relates to their function?
Begin your sentence with: ‘This activity suggests that ... ".
What evidence did you gather? Begin your brief summary with: ‘The observations reveal that ... " and
remember to include possible sources of error.,

Explain how the data supports your claim. Begin your sentence with: ‘This means that .... "

ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



90

Chapter3 ORGAN SYSTEMS

Levels of organisation

Cells are organised into tissues, tissues into organs, organs into organ systems. An example is

shown in Figure 3.4.

Cell —) TiSSUE sy

Example:

Neuron — Nerves =P

Organ

) Organ system wmp Organism

Brain =) Nervous system m—) Human

Figure 3.4 The nervous system is an example of cells being organised into an organ system.

Cells
A cell is the basic unit of life. Every living

organism is made up of at least one cell.
Unicellular organisms are made up of only
one cell and this cell interacts directly with

its surroundings. Humans are multicellular,
and are composed of many specialised types
of individual cells that carry out specific
functions. Because of this, the cells inside
your body cannot gain nutrients and get rid

its environment. This means that the cell of wastes without the help of other cells.

can absorb nutrients from the substance it This is where tissues, organs and organ

is on or in, and excrete waste directly into systems come into play.

Nervous system

Skeletal system /

Person (organism)

\ Digestive system

Circulatory system Muscular system

Figure 3.5 A multicellular organism such as a human is composed of many specialised cells, which are
organised into tissues, organs and organ systems.
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tissue

a group of cells performing

Tissues

When a group of cells of the same type
work together in a body, we call them a
tissue. One of the most
obvious tissues in animals is

the same function

muscle tissue. These groups
of cells contract and relax in order to
generate movement by the animal. Muscle
tissues require lots of energy, and so each
cell has many mitochondria to carry out
cellular respiration and provide that energy.
Muscle cells also have a good supply of
blood, to deliver oxygen and glucose for
cellular respiration and to remove waste
products such as carbon dioxide. Other
types of tissue include lung tissue, liver
tissue, and connective tissues such as
tendons and ligaments. Even blood is
considered a tissue.

Figure 3.6 A high-magnification photograph of human cardiac
(heart) muscle, seen through a light microscope. Note that
each of the long, thin muscle cells has a purple nucleus.

organ

a group of tissues working
together to perform a

function

Organs

A group of different tissues working
together to perform a specific function is
called an organ. The brain is one of the
most important organs in

the body and is made up

of different nerve tissues

that make up the grey and white matter.
There are also many blood vessels that flow

through the brain.
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Figure 3.7 The human brain is a complex organ composed of neurons,
blood vessels and other cells.

91

The largest organ in the human Did you know? 3.1

body is actually our skin. On

average, skin weighs around 2.7kg and, if stretched out,
would cover over 1.5 square metres. If you look closely at a
small area of skin — say, the palm of your hand — you will see
tiny holes, called pores. What you can’t see is that there are
over 6 metres of blood vessels, thousands of nerve endings
and hundreds of tiny glands secreting oil onto your skin.
The skin cells themselves are replaced every 10-30 days,
which means that, on average, we each get through around
900 complete skins in a lifetime.

Practice Science as a human endeavour 3.1
makes
perfect

In late 2017, a research team from the University of
Minnesota used 3D printers to produce lifelike artificial
organs for training surgeons to practise on. While the use
of models and computer simulations in surgical training is
not new, these fake organs are much more realistic, as they
perfectly mimic the anatomical structure, look and feel of a
patient’s organ. It is even possible to embed soft sensors in
them, to give the surgeons feedback about their technique,
with the aim of minimising surgical errors and improving
patient outcomes.
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Organ systems How many human organ

A group of different organs working systems can you name?

together is called an organ system (or body Brainstorm with a partner and make a list.
system). The structures of the system each A helpful starting point might be to think
perform distinct processes or functions. of organs in the body and then classify
Your digestive system is one of the most them according to what organ system they
diverse organ systems in your body, with belong to.

around twelve main organs, such as the
mouth, stomach, liver, pancreas and
intestines, along with many other smaller Organisms

organs and glands that help to break down A group of organ systems working together

food and absorb nutrients into your body.

supports a living being, called an organism.
Each day, we eat food, breathe air and
excrete waste products from our bodies.
The many organ systems in our bodies
work together in integrated ways to detect
and respond to changes and complete the
processes required to keep us alive.

Figure 3.9 A couple show an ultrasound image of

Figure 3.8 The human digestive system is essentially a their unborn baby. It is amazing to think that inside
long tube from the mouth to the anus. Many accessory this tiny organism (within another organism!) all
glands assist in the digestive process. the body's essential organ systems are developing.

1 Place the following structures into the correct level of m

organisation, from largest to smallest.
cell, organ system, organism, organ, tissue
2 Why don't unicellular organism have organs?
Name five components of the human digestive system.
What is a tissue?
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Section3.1 CELLSTO SYSTEMS

Plants are people too! Explore! 3.1
Well, not exactly, but they are eukaryotic organisms, just like us. This means their cells have
complex membrane-bound organelles, such as the nucleus. We tend to think that, because plants are usually
sessile (stationary), they are less complicated than animals, but plants also have specialised cells that are
organised into tissues, organs and organ systems.

Research one plant of your choice and list one example of each of the levels of organisation:

Cell: Tissue: Organ: Organ system: Organism:

Levels of organisation study mate Try this 3.2

Step 1 Hold a piece of A4 paper in ‘portrait’ (upright) orientation.

Step 2 Fold it in half vertically — from left to right.

Step 3 Cut the front page only into six horizontal sections, and label the front of these six flaps ‘organelle, cell,
tissue, organ, organ system, organism’ from the top down.

Step 4 On the back of each flap, add the definition of each of the six levels of organisation.

Step 5 On the back page of the brochure, add some examples of each of the six levels of organisation.
When you look at the front of the brochure, you should see the names of the levels of organisation.
As you open each flap, you should see the definition and examples.

Section 3.1 questions

Remembering
1 State the function of red blood cells.
2 State one structure of a nerve cell that allows it to complete its function.
3 Define the term ‘tissue’.

il
[m]c(m]

QuIZ

Understanding
4 Explain how the sperm cell’s tail relates to its function.
5 Explain why multicellular organisms need multiple specialised cell types working together to
function properly.

Applying
6 Sketch some simple diagrams that model the difference between a cell, a tissue, an organ
and an organ system.
7 Choose which of the following statements are correct.
A Anorgan is composed of different types of tissue.
B Atissue is composed of only one type of cell.
C If you look at a tissue under the microscope, you will see many different organs.

Analysing
8 Compare and contrast a sperm cell and a red blood cell.
9 Categorise the following terms as either cells, tissues, organs, organ systems or organisms:
liver, neuron, sperm, dog, digestive, human, eucalyptus, brain, muscle, blood.

Evaluating

10 A new organism is discovered, and a study of its internal anatomy reveals that nutrients
enter via a hole and are transported through a long tube into a storage area, before being
excreted through a sphincter. Justify whether this is evidence of a tissue, an organ or an
organ system.
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7

WORKSHEET

cellular respiration

a process that occurs inside
the mitochondria, where
oxygen and glucose react
to form carbon dioxide and
water, producing useable

energy

The human respiratory

system

Breathing vs respiration

You can probably hold your breath for
about a minute, maybe two, but after that
your body forces you to take a huge gulp of
air. This is because the cells in our bodies
need a constant supply of fresh oxygen,

in order to produce energy and function
efficiently. Cellular respiration is
the process that happens inside the
mitochondria in our cells, which
turns glucose and oxygen into useable
energy. The process also produces the
waste products of carbon dioxide and water.
If you stop breathing, you are preventing
oxygen entering your body and therefore
depriving your cells of oxygen.

Key idea :
¢ Tosummarise: breathing is a physical
. process, respiration is a chemical process.

Figure 3.10 \WWhen you breathe out on a cold day, you can see your warm
breath start to condense in the cold air.

ISBN 978-1-108-61069-8
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Freedivers Did you know? 3.2

While you or

| might be able to hold our breath under
water for about 30 seconds, people who
practise freediving can hold their breath
for more than 20 minutes! Freedivers

do not use equipment like scuba gear.
Instead, they have developed techniques
such as hyperventilation, which allows
them to reduce the concentration of
carbon dioxide in their blood. Special
breathing exercises aim to increase
their lung capacity, and their bodies

are adapted to dealing with prolonged
periods of low oxygen. In 2012, German
freediver Tom Sietas held his breath
under water for 22 minutes and 22
seconds, breaking the Guinness World
Record by 22 seconds.

Figure 3.11 Freediving in the ocean
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diaphragm

a dome-shaped muscle
that separates the chest
and abdominal cavities; it
contracts to cause us to

inhale

The respiratory system

The main job of the organs in the
respiratory system is to get oxygen into
your body cells and release the waste
product carbon dioxide into the air. The
respiratory system works very closely with
the circulatory system, which transports
the oxygen you breathe in and removes
the carbon dioxide you breathe out.

Big breath in!

When you breathe in (inhale), a large
muscle at the base of your ribs, called the
diaphragm, contracts and
pulls down. At the same
time, the intercostal muscles
between your ribs contract,
moving the ribs upwards and outwards.
This reduces the pressure in your lungs
and draws air in through your mouth and
nose as the pressure outside is higher than
in the lungs. As you breathe out (exhale),
the diaphragm relaxes and air is passively

Air inhaled

Lung
Ribcage
Diaphragm

Diaphragm
contracts

Section 3.2 THE HUMAN RESPIRATORY SYSTEM

released through your nose and mouth
because the pressure has increased in
the lungs.

Nasal
cavity

Epiglottis

Larynx

Trachea

Lung

Aveoli

Figure 3.12 Structure of the human respiratory system

Air exhaled

Diaphragm
relaxes

Figure 3.13 The movements of the chest during inhalation and exhalation
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Diaphragmatic breathing

Diaphragmatic breathing involves paying close attention as you breathe, in a slow and

controlled way. It is commonly used during mindfulness activities and meditation. Let's have a try!

Step 1 Find a comfortable position where you are standing up straight against a wall, or seated in a chair with
your feet flat on the floor. Close your eyes.

Step 2 Relax your shoulders. Place your hands over your stomach, around the level of the base of your ribs.

Step 3 Close your mouth and begin to breathe in and out slowly through your nose. Notice how, when you
breathe in, your stomach seems to swell under your hands and your rib cage expands upwards and
outwards. As you breathe out, you can feel the diaphragm relax and your ribs sink back in.

Step 4 Practise breathing in and out through your nose, in a slow and controlled way. Pay attention to the noise
of your breath, and try to notice the sensation as the air enters and exits your nose. If you are aware of
any tension you are holding in your body, for example in your shoulders, try and relax, and breathe out
the tension with each exhalation.

Practising diaphragmatic breathing is a great way to refocus and allow yourself to be present in the moment. It

can slow your heart rate, boost oxygen levels and even reduce blood pressure.

Mouth and nose Trachea and bronchi

The two main openings to your respiratory
system are your mouth and your nose. It is
best to breathe through your nose, as the
function of your nose is to warm up and
moisten the air coming into your body, filter
out any particles via the hairs in your nasal

The trachea is a wide tube with thick
protective rings of cartilage that keep

it open. You can feel the rings if you

teel your throat. Warm, moist air from
the nose and mouth enters the lungs by
travelling down the trachea. The structure

of your lungs is very similar
to a tree. The trunk of the
tree is the trachea, and this

cavity and also stimulate your sense

bronchi

the two branches of the
airways that split off the
trachea, one main left
bronchus to the left lung and
one main right bronchus to
the right lung

pharynx of smell. If you close your mouth and
the throat region where . . .
exhale, the air will be directed out

the nasal cavity and oral
cavity meet, leading into the o .
. ¢ through your nose. This is because the

trachea

e nose and the mouth are connected in a

the tube that carries air
down to the lungs; also
known as the windpipe

large tube splits into two
smaller tubes called bronchi,
region called the pharynx, which leads
to the trachea or windpipe.

Snoring
Snoring can be an annoying habit and
can prevent people from getting a good night's rest. You

Explore! 3.2

snore because parts of your throat relax and vibrate as you
breathe once you're asleep. However snoring can also be
a symptom of bigger medical problems. Do some research
into why snoring occurs and what can be done to stop it.
Your research should answer the following questions.
What are some risk factors for snoring (things that
increase your likelihood of snoring)?
Which structures in the respiratory system are involved
in snoring?

Snoring can be a warning sign of a medical condition
called sleep apnoea. Describe this condition.
What treatments are available to reduce snoring?

Figure 3.14 This drawing of the lungs shows the
blue central trachea dividing into the left and right
bronchi. The orange bronchi then branch into
bronchioles.
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which are similar to branches and lead
into the left and right lungs. The bronchi

then branch into smaller
bronchioles

smaller branching tubes and smaller tubes called
that branch off the two large . .

bronchi and lead to the bronchioles, which are
alveoli

similar to small twigs.

Alveoli
When the air gets to the end of the

smallest bronchiole, it enters small sac-

el like structures called alveoli.

the tiny sacs at the end of
bronchioles in the lungs; the
site of gas exchange with
capillaries

The alveoli are only one cell
thick and are surrounded

by a net of very small blood

capillaries

the smallest blood vessels, . .
ome coll thick and the aite of vessels, called capillaries.

gas exchange with cells This is where gas exchange
occurs: oxygen diffuses out of the
alveoli and into the capillary (into the
bloodstream). Carbon dioxide moves in
the opposite direction, from the capillary
into the alveoli. As the diaphragm and

Modelling the pressure changes in the lungs

Aim

intercostal muscles relax, the carbon \\

dioxide-rich air is released back out >
through your nose and mouth. oo

Describe what
happens in an
alveolus

Figure 3.15 Gas exchange occurs between the alveoli and the
capillaries. The oxygenated blood is returned to the heart, and the
carbon dioxide-rich air is exhaled.

To model how contraction of the diaphragm creates negative pressure inside the lungs

Materials
plastic bottle, 500mL or 1L
straw
2 rubber bands
2 balloons
putty
SCissors
sticky tape

Method

Tie a knot in one of the balloons and then cut off about a quarter of the other end.

Cut the bottle in half and only use the top half.

Put sticky tape around the cut edge of the bottle.
Stretch the cut balloon over the cut bottle opening, and secure in place with an elastic band and sticky tape.

Put a straw into the second balloon and use an elastic band to hold them together.
Place the straw with balloon attached through the neck of the bottle and seal the hole with putty.
Pull down on the bottom balloon covering and describe what you observe.

continued...
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...continued

Figure 3.16 Experiment set-up. Breathing in: pressure in the lungs is lower than the atmosphere, so
air flows in. Breathing out: pressure in the lungs is greater than the atmosphere, so air flows out.

Results
Draw your model of the lung in your book and label each of the parts that represents the following structures:
lungs, ribs, diaphragm, trachea, mouth.

Evaluation
Describe the flow of air when you pull down on the balloon at the bottom of your model.
Explain what happens to the balloon lung when you push the balloon at the bottom of your model upwards.
Create a story board that explains how your model reflects the function of the respiratory system.

Conclusion
What similarities can you draw between your model and the actual human respiratory system? Begin your
sentence with: ‘This activity demonstrates that ... "

Asthma Science as a human endeavour 3.2

Asthma is a chronic lung condition that involves
inflammation of the airways, tightening of the bronchioles
in response to certain triggers, and hypersecretion of
mucus in the airways. People who suffer from mild asthma
might feel slightly tight in the chest when they exercise

or breathe in cold air, but some severe sufferers must

take medications such as steroids every day to treat the
inflammation.

A recent development has seen asthma patients
benefitting from using an antibody that has previously
been used to treat eczema (an inflammatory skin condition
that causes dry, itchy rashes). The antibody appears to

block a protein that causes some of the inflammation in

Figure 3.17 An asthma sufferer uses a reliever medication
(an inhaler or puffer) to open up their airways.

the airways, and results in improved lung function in the
participants and less reliance on steroid medications.
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Define the main function of the respiratory system.
2 Describe what happens to air as it passes through the nose.

Section 3.2 THE HUMAN RESPIRATORY SYSTEM

3 Arrange these terms in order so that they represent the direction of airflow during
inhalation: alveoli, pharynx, nose/mouth, bronchus, trachea, bronchiole.
4  Explain how the diaphragm is involved in breathing in and out.

Your lungs float!

Did you know? 3.3

Each of your lungs contains around 300 million alveoli, which you can
imagine as tiny balloons. When ‘inflated’, the lungs are the only organ in the human body that

can float on water.

Gas exchange in animals

Deep in the lungs, the alveoli are the site

of gas exchange in humans and other

species that have lungs. But some members

of the animal kingdom have developed

very different specialised structures for

gas exchange, such as gills in fish, skin in

frogs and tracheoles in insects. All these

structures share common features to allow

for efficient function. These features are:

* avery large surface area. This is usually
achieved by folding or layering many
small cells together, which increases the

amount of gas that comes into contact
with the animal’s blood.

a moist surface that gases dissolve into
before they enter or leave the body. This
makes the process of diffusion much
easier for gases.

a thin surface and small barrier between
the inside and the outside of the body.
This means that the gas has to travel a
smaller distance.

a transport system near these structures,
such as blood vessels, to transport the

gases to all parts of the body.

99

The alveoli in our lungs have all the
features listed above, which makes them an
extremely efficient gas exchange surface.
Their surface area is so large that if you
were to pop your alveoli open and spread
them out flat, they would cover 18 table
tennis tables. That is a lot of surface area for
gas exchange, squeezed into your chest.

1 Recall the

Quick check 3.4
site of gas

exchange in the lungs.

2 State three gas exchange structures
found in the animal kingdom.

3 What is the advantage of having a
moist surface for gas exchange?

Figure 3.18 Gas exchange between the alveolus
and the capillary. Note the direction of diffusion as
oxygen enters the bloodstream and carbon dioxide
leaves the bloodstream.
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The products of breathing
Aim
To demonstrate the products found in exhaled air
Materials
air pump
straw
conical flask
glass Petri dish

bromothymol blue
water

Method

Bromothymol solution
Add 50mL of water to a conical flask.
Add a few drops of bromothymol blue and record the colour in the ‘Observations before’ column of your
results table.
Using a pump and a straw, blow air slowly through the solution for 30 seconds.
Record your observations in the ‘Observations after’ column.
Using your breath and the same straw, blow air slowly through the bromothymol solution for 30 seconds,
being careful not to suck up any of the solution.
Record your results in the ‘Observations after’ column.

Petri dish
Using a pump, blow air directly over the Petri dish.
Record any changes in the results table.

Pump
Exhaled

Bromothymol solution

Observations Observations Observations Observations
before after before after

Using your breath, exhale directly over the Petri dish.
Record any changes in the results table.

Results

Evaluation
When carbon dioxide is dissolved in water, it becomes acidic. Bromothymol blue turns from blue to green/yellow
when it is exposed to acid.
Using the information above and the results you collected, explain your bromothymol blue before and after
results.
State the independent variable (the one you changed and tested) in this experiment.
Discuss your observations of the Petri dish portion of the practical, and relate your findings to the products of
respiration.
Identify two potential sources of error in this experiment.
Limewater turns from translucent to opaque when exposed to carbon dioxide. Using this information, explain
one way you could improve the experiment if you repeated it in the future.
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Frog business Explore! 3.3
Life began in the oceans, and gills were the first form of respiratory organ. As animals began
to move onto land, a new gas exchange surface was needed. Evidence of this gradual change from aquatic life to
terrestrial (land) life is present in amphibians today. In amphibians such as frogs, newts and salamanders, there
are several ways in which gas can be exchanged. Unlike mammals and birds, amphibians are cold blooded. This
means that their level of respiration can be lower, compared with a warm-blooded animal, and so their cells need
less oxygen to function properly.

Tadpoles spend all their time in water. Find out how they get oxygen, and explain how the features of gas

exchange (thin, moist surface etc.) relate to this process.

As tadpoles transition into adults, the process they use to gain oxygen changes. Explain how it changes.

Find out what ‘cutaneous respiration’ is and how it relates to a frog getting oxygen. Link this information to

the features that gas exchange surfaces exhibit.

Figure 3.19 A frog keeping its nostrils above water to breathe Figure 3.20 A frog with an extended buccal cavity

Modelling an animal respiratory system
Using whatever materials you can find (suggestions: plastic bags, string, sawdust, bucket,
rubber tubing), construct a model of an animal’s respiratory system.

- . % ‘
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173 Chapter3 ORGAN SYSTEMS

=5 Section 3.2 questions
=0
QuIZ Remembering
1 Name the gas that is absorbed into the body by the respiratory system.
2 Name the gas that is removed from the body by the respiratory system.
3 State the correct name for the ‘windpipe’.
Understanding
4 Describe the features necessary for effective gas exchange.
5 Explain how the parts of the respiratory system are similar to a tree.
6 Outline the functions of each of the following parts of the respiratory system:
__ Function
Applying
7 Summarise the movement of the diaphragm during inhalation and exhalation.
8 Identify how the structure of the alveoli facilitates gas exchange.
9 A person suffers a spinal cord injury at a level that paralyses their diaphragm. What effect
would this have on their ability to breathe?
10 Construct a flow chart showing the route taken by an oxygen molecule, starting from the air
in your classroom and finishing in a body cell.
Analysing
11 Contrast the term ‘breathing’ with the
term ‘respiration’. Respiratory rate vs treadmill speed
12 The graph In Figure 3.21 shows a 50
person’s respiration rate when resting < R
and when exercising. £ 40 ///
a What was the person's respiration % 30 ,,A’
rate at rest? E - -
b What was their respiration rate at the % 20 ’/”
maximum treadmill speed? 'é 10 o
¢ Infer why their respiration rate &
increased during exercise. 0 T T T T )
0 3 6 9 12 15
Evaluating Treadmill speed (km/h)
13 Suggest why it is better to breathe
through your nose than through Figure 3.21
your mouth.
14 Cystic fibrosis is a disease that causes over-production of mucus in the airways and can
be life-threatening if the person catches a cold or the flu, resulting in a chest infection.
Suggest a reason why a build-up of fluid in the lungs can be harmful, and why the person
may experience shortness of breath.
ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
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Other respiratory systems

Respiratory systems in plants

Gas exchange is important for all living
organisms, including plants. Plants carry out
cellular respiration as well as photosynthesis,
and so they need organs that allow their
internal structures to exchange gases with
the environment. The main gas exchange
organ in plants is the leaf. It is in the leaf
that plants take up carbon dioxide (one of
the reactants in photosynthesis) and release
oxygen (a waste product of photosynthesis).

Each plant has many leaves, in the same
way that your lungs have many alveoli.
Leaves are usually flat, which increases the
surface area not just for light absorption
but also for gas exchange.

are mainly on the underside of the leaf, and
they control the entry and exit of gases from
the plant. Guard cells in the stomata enable
them to open and close.

guard cells

cells on either side of a
plant stoma that control gas
exchange by opening and
closing the stoma

The guard cells of stomata contain
large vacuoles that, when filled with
water, hold the stomata pores open.
However, when the plant begins to dry
out in periods without rain, or in high
temperatures or low humidity, the vacuoles
inside the guard cells empty out and the
cells become floppy or flaccid. This closes
the stomata pores and reduces the amount
of water vapour lost through the leaf. Plants
need to allow gases to move in and out,

but they also need to minimise the loss of

7

WORKSHEET

stomata

tiny pores (holes) in leaves
that allow entry/exit of gases
such as oxygen and carbon
dioxide

Each leaf has tiny mouth- water vapour through the stomata. Itis a

like structures, called balancing act, and plants do an amazing job

stomata. The stomata

Figure 3.22 Leaves are like lungs for a plant.

ISBN 978-1-108-61069-8
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(especially those that live in the desert).

Figure 3.23 Swollen guard cells have forced open this stoma, allowing
gases to enter and exit the leaf.

Photocopying is restricted under law and this material must not be transferred to another party.
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Stomata lab
Be careful

Carry the microscope appropriately,
with one hand holding the arm and
one hand under the base. Do not make

Aim
To observe plant stomata using a compound
microscope, and estimate their size

Materials big changes in magnification, so that
leaves the glass slide is not damaged.
compound microscope
transparent ruler
sticky tape
glass slide
transparent nail polish

Method

Calculating FOV and estimating the size of the object

Refer to Practical 3.7 for the methods of calculating the size of the field of view and estimating the
size of the object.

Creating a stomata slide
Either pick three leaves from a walk around your school grounds or choose from leaves
provided by your teacher.
Identify the top and bottom of the leaf.
Use the nail polish to paint a thin layer of varnish on a small section of the bottom side of
the leaf.
Allow the polish to dry completely.
Place the sticky tape over the dry polish and pull off.
Place the sticky tape with the polish impression onto a microscope slide, and use the
compound microscope to focus on the stomata impression.
Focus on the highest possible magnification and sketch an image of the stomata. Use the
FOV calculations to estimate the size of the stomata.
Repeat for each leaf.

Results

Magnification FOV size (mm) FOV size (um)
(ocular lens x objective lens) (mm x 1000)

FOV table
continued...
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...continued

m Sketch, magnification and size estimate

Evaluation
State the estimated size of a stoma.
Outline how you could improve the reliability of your estimate.
Explain why different plants are likely to have a different number of stomata.
Suggest a reason why some stomata are open while others are closed.
Suggest one possible source of error in this experiment.
Suggest one way to improve this experiment if you were to repeat it in the future.

Figure 3.24 One stoma open and two stomata closed

sity Press




106 Chapter3 ORGAN SYSTEMS

Modelling stomata with a balloon
Using a twist balloon, blow it up and fold it in half but do not tie a
knot in the end.
Keeping the balloon folded, allow some air to escape slowly from
the balloon.
Notice how the two sides of the balloon begin to come together.
This is similar to what happens in the stomata as they lose water. By
closing the stomata, the plant is able to limit water evaporation and

save water.
Inflated folded Deflated folded
balloon balloon
Figure 3.25
Thirsty plants Science as a human endeavour 3.3

At present, agriculture consumes 90% of the world’s fresh water,

in order to irrigate (water) crops. Scientists have found a way to genetically alter crops so that they are only
able to partially open their stomata. This means the plants lose less water vapour when they open their stomata
to gain the carbon dioxide they need to carry out photosynthesis. In a study conducted on tobacco plants, the
modification improved crop water use by 26% but did not affect the yield of the crops —that is, the same amount
was produced. Tobacco plants are easier to genetically modify, but now the research team hope to apply their
discoveries to food crops.

Although the stomata on leaves do a great
job of providing gases for the leaves, other
parts of the plant need to respire, using
oxygen. The thick woody parts of trees,
such as the branches, stems and trunks

lenticels have structures called lenticels. You
small slits on trunks or

branches of trees that allow
G2 DETENgE they look like small dots or stripes.

Lenticels allow the thick woody parts of the

can often see these in the bark —

plant to exchange gases with the air.

structures in
leaves that allow gas exchange.

2 List three environmental factors that
could cause stomata to close.

3 Explain the process involved in closing
the stomata.

4 Identify how plants conduct gas
exchange through their trunks.

Figure 3.26 The small horizontal slits in this tree
trunk are lenticels. You may have seen these on
trees but not known what they are.
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Respiratory systems in fish that can be exchanged between the fish

) and the water around it. Each filament

Lungs cannot function under water, and e s
) . also contains individual capillaries that
gills do not function on land. However, . ,
) increase the blood’s exposure to the

both these structures take in oxygen from ..
) o water around the fish, and this increases

the surroundings and excrete carbon dioxide

from the body. the amount of oxygen that the fish

can absorb.
It might seem strange to think of water ) .
5 i & Because the gills are very delicate, they are
containing gases such as oxygen and . .
o ] protected by a hard shield known as the gi//
carbon dioxide, but it does. These gases are ) )
. ] . . cover, which has an opening at one end to
dissolved in the water, just like sugar can
. ] . allow water to flow out.
dissolve in water. Interestingly, colder water
can contain more dissolved oxygen than

warmer water does.

Most fish respire through their gills,
which are on either side of their head,
near the mouth. The sections of gills look
very similar to feathers and are called
filaments. Filaments are like the alveoli in
your lungs. They provide a large surface

area, to maximise the amount of gas

Lamella

/

Filament
Gill arch Gill raker
Figure 3.27 The highly folded inside of fish gills
maximises the surface area available for gas
exchange. Figure 3.28 The complex structure of fish gills
ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press

Photocopying is restricted under law and this material must not be transferred to another party.



Counter-current flow Explore! 3.4
Fish also have another way of increasing the level of diffusion in their gills, known as counter-
current flow. This process maximises the exchange of gases, because a guiding rule for diffusion is: the bigger
the difference between the concentration of a gas in two areas, the faster diffusion occurs.

Research what counter-current flow is and explain how it works.

Draw a picture to demonstrate counter-current flow in a fish gill.

Axolotls
You may think axolotls have a super stylish headdress, but it actually has a very
important job. It is their gills!

Figure 3.29 The gills of an axolotl stick out from the side of its head to
maximise gas exchange with the surrounding water.

True or false: warm water holds more dissolved oxygen than cold water.

State the gases that fish need to exchange with their environment.

Outline the features of gills that allow efficient gas exchange.

List three ways in which gills speed up the diffusion of gases into and out of a fish.

Fish dissection
Be careful

Carry the microscope
appropriately, with one hand

Aim
To observe a fish dissection and view gills under a microscope

Materials holding the arm and one hand
dissection microscope dissecting scissors under the base. Do not make big
Petri dish probe changes in magnification, so the
1fish per class small knife glass slide does not get damaged.
2 disposable gloves
continued...
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Section 3.3 OTHER RESPIRATORY SYSTEMS

...continued

Method

Retrieving the gills

1 Your teacher will make incisions with dissecting scissors, as shown in Figure 3.30.

Figure 3.30 External incisions

This will expose the internal anatomy of the fish.
“ Your teacher will identify the structures shown in Figure 3.31.

Backbone

Kidney
Swim bladder

Gonads Heart

Intestine Liver
Stomach

Figure 3.31 Internal organs of the fish

Structural features of each organ

continued...
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...continued

Your teacher will cut open the gill arch to expose the gills. You will be able to see that the gills are stacked on
top of each other.

Your teacher will cut the gill arches and pass one to each group.

Gill
filaments

rakers

Head Tail
D _—

Figure 3.32 Observe the structures: gill filaments are the site of gas exchange; gill rakers are
appendages along the front edge of the gill arch; gil/l arches support the gills.

Observing the gills
Take one of the gill filaments that your teacher has cut from the fish and place it in a Petri dish. Observe the
structure of the gill filaments — each filament has many plates, called lamellae.
Add a small amount of water to the Petri dish and observe how the gill filaments and lamellae separate when
they are in water.
Use a dissecting microscope to focus on the structure and draw a sketch.

Notice that there is a yellow/red sticky substance on the gills. This is a protective mucus similar to the mucus
in your lungs.

Evaluation
Name the organ involved in water regulation in fish.
The insides of humans are protected by skin. What structure do fish have?
Explain what you observed when you added water to the gill arch.
Using your observations, suggest why fish cannot ‘breathe’ out of water.
Identify how you might improve this practical if you were to repeat it in the future.

Conclusion
What conclusion can be made from this activity regarding the structure of fish gills and how this relates to
their function? Begin your sentence with: ‘This activity suggests that ... "
What evidence did you gather to support the conclusions you have drawn? Begin your brief summary with:
‘We observed ... . Therefore ... ".
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Super crab! Science as a human endeavour 3.4

The invasive green shore crab has surprised
researchers by demonstrating that it uses its gills
not only for obtaining oxygen, but also for getting
nutrients. Because crabs have a hard shell, it was
assumed that they obtained their nutrition by eating
food and digesting it. However, crabs have been
observed to absorb amino acids (which make up
proteins) through their nine sets of specialised gills.
This might explain why crabs are able to thrive in
tough environmental conditions.

Figure 3.33 The green shore crab

Remembering
Define the term ‘gas exchange'.
List three gas exchange structures found in nature.
State the location of stomata.

Understanding
Explain how stomata open and close.
Outline the reason for lenticels on a tree.
Summarise how surface area is maximised in gills.

Applying
Identify the conditions likely to promote high levels of dissolved oxygen in water.
Graph the following data to produce a line graph showing the amount of dissolved oxygen
(in milligrams/litre) in fresh water and sea water at different temperatures. Use temperature
as the independent variable (on the x-axis of the graph) and dissolved oxygen (mg/L) as the
dependent variable (on the y-axis of the graph). Use different coloured lines for fresh water
and sea water.

Water temperature (°C) 0 10 20 30 40 50
Dissolved oxygen in fresh water (mg/L) 14 1 9 38 7 6
Dissolved oxygen in sea water (mg/L) 12 9 7 6

Analysing
Compare the structure of the lungs to the structure of a tree.
Contrast the structure of human lungs with the structure of frog lungs.

Evaluating
Imagine a world where plants ceased to exist. Outline the impact this would have on
humans in terms of the gases that we each require and produce when breathing.
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The human circulatory
system

The partner of most of the organ systems

&

WORKSHEET

in the body is the circulatory system. This

is a transport system that moves oxygen,
nutrients, hormones, immune cells, waste
and heat throughout the body, in one
continuous loop, for your entire life. Without
the circulatory system, none of the other
organ systems would be able to function.

Heart

The heart is a powerful muscular pump.
It has one job: to maintain pressure in
your circulatory system, which moves the

blood around your body. It generates hlgh Figure 3.34 The heart is the main organ of the

pressure, which pushes blood out of your circulatory system.

heart into the arteries. Blood continues

moving because of muscles around the Once in your heart, blood is ready for

veins putting pressure on the veins. Blood is
pushed towards the heart because valves in
the veins prevent back-flow.

recirculation. Your heart does this by
contracting and relaxing about 60-90 times
per minute.

Testing your heart rate
Your heart rate responds to the oxygen requirements of your body. For each
of the following test conditions, follow the procedure below and record your
heart rate (in beats per minute) in the table. You will need a stopwatch.
Find your pulse by gently pressing two fingers over your radial artery
(on the soft side of your wrist, slightly off centre towards the thumb).
Count the number of beats you feel in 15 seconds, using the stopwatch,
and then multiply by 4 to find your heart rate in beats per minute (bpm).
Test your pulse under the following conditions, then copy and

b
/’\

complete the table.

Test condition Heart rate (bpm)

Lying down
Sitting
After jogging for 3 minutes

Figure 3.35 Feeling for the radial pulse

Graph your data as a bar chart, and answer the following questions.
During which test condition was your heart rate:
at its highest at its lowest?

For each answer you gave to Question 1, propose a reason why this was the case.
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Your heart is located near the centre of your
chest, and it is about the same size as when
you form a fist with your hand. It is made up
of four main sections: the right atrium and
left atrium (top parts

of the heart), and the
right and left ventricles

atrium
one of the two upper chambers of the
heart, the left atrium and right atrium

ventricle
one of the lower two chambers of the

(v-shaped bottom part

Unlike other muscles in your body, the
heart contracts (beats) without having to
receive instructions from the brain. This
is because it has a natural pacemaker,
called the sinoatrial node, in

the wall of the right atrium. The
sinoatrial node sends an electrical

sinoatrial node

a natural pacemaker that
controls the heartbeat and
is located in the wall of the
right atrium

signal throughout the heart, causing

heart, the left and right ventricles ofthe heart). it to contract.
To upper Figure 3.36 The human heart and
body its major vessels, chambers and
Aorta valves. The heart is labelled as it
Superior T sits in your chest, but it is drawn

vena cava

To
right
lung

From —
right
lung

Right
atrium

Tricuspid valve

Right
ventricle

[Inferior vena
cava

f

From lower
body

Semilunar
valve

The human circulatory system is like a
double pump: the left side sends blood out
to the body, and the right side sends blood
to the lungs. Let’s follow the path of a red
blood cell through the circulatory system,
using Figure 3.37 on the following page.
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Pulmonary as if it were visible to someone
artery facing you. This is why the left
To ventricle is located on the right-
7 left hand side of the diagram.
. lung
. rom
left
lung
Left
atrium

Bicuspid valve

Left
ventricle

el

>

0——

VIDEO

Describe how
the heart
chambers

contract
Red or blue?

Did you know? 3.5
When you look at your wrist, you

might be tempted to think that your veins are blue. The light
passing through our skin makes our veins look blue, but this

l Semilunar
valve

To lower
body

is just an illusion!

Your veins contain deoxygenated blood (lower levels
of oxygen) which is actually still red, just a darker shade.
Some diagrams use blue to indicate areas of the circulatory
system containing deoxygenated blood, but this is just a
colour choice. Your blood is always red.

Cambridge University Press
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114 Chapter3 ORGAN SYSTEMS

Blood returning to the heart from the As the blood passes through the lungs, it
body enters the heart though the superior releases the carbon dioxide it has stored
vena cava and goes into the right within it and gains oxygen from the alveoli
vena cava atrium. This blood has low levels of the lungs. Notice that, in Figure 3.37,
the large vessel that returns . . .
deoxygenated blood tothe  Of oxygen and high levels of carbon the blood coming from the lungs is now
heart, emptying into the right .. . . .. .
atrium dioxide, and so in the diagram it is coloured bright red.

coloured dark red.
The oxygenated blood then returns from

The blood then passes into the right the lungs through the pulmonary veins into
ventricle, and is prevented from travelling the left atrium, where it passes into the left
backwards by a valve between the atrium ventricle and is then pumped
. . . . aorta

and the ventricle. Once in the ventricle, the out via the aorta to all the the largest vessel leaving the

. . heart, from the left ventricle,
blood is then pumped out of the heart and different parts of the body, ceriig o Hoes o
travels via the pulmonary artery to the lungs. delivering oxygen to the cells "%

and picking up the waste carbon dioxide.

1 Name the four Quick check 3.7

‘5 chambers of

= the heart.

Y 2 Which structure is the heart's natural
pacemaker?

3 Foreach of the vessels listed below,

Pul
uimonary state whether it carries oxygenated or

artery
deoxygenated blood.
a Venacava
b Pulmonary artery
Pulmonary veins ¢ Pulmonary vein
d Aorta
Aorta
Vena cava
Left atrium
Right atrium
Left ventricle
Right ventricle
[l Low oxygen, [ High oxygen,
high carbon dioxide blood low carbon dioxide blood
Figure 3.37 Blood flows in the following loop: right atrium = right ventricle =
pulmonary artery = lungs = pulmonary vein = left atrium = left ventricle = aorta >
body tissues = vena cava = right atrium ... and the loop starts again.
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Sheep heart dissection

Aim
To identify the path of blood flow through the heart and become familiar with the structures
Materials
lamb heart, preferably with aorta and two blue and two red pipe cleaners (or straws)
vena cava attached wash bottle
dissecting scissors dissecting tray
disposable gloves
Method

Place the heart on the dissecting tray, and identify

the front (anterior) and back (posterior).

Before cutting into the heart, identify:
the vena cava — place a blue pipe cleaner into the
vena cava (representing deoxygenated blood)
aorta — place a red pipe cleaner into the aorta
(representing oxygenated blood)
pulmonary artery — place a blue pipe cleaner here
(representing deoxygenated blood, note that this
connects to the same chamber as the vena cava)
pulmanory vein — place a red pipe cleaner here
(representing oxygenated blood, note that this
connects to the same chamber as the aorta)
right/left side (remember, these will be opposite
your left and right).

Place your finger into the vena cava and then into the aorta. Notice the difference in strength and thickness of

the walls of the blood vessels.

Left side of heart

Right side of heart

Right atrium
To open the right side of the heart, place the dissecting scissors into the vena cava and cut down the wall of
the heart, stopping about a quarter of the way down the heart.
Open the atrium chamber and locate the valve joining the right atrium to the right ventricle.
Using water from a wash bottle, fill the right ventricle through the valve.
Gently squeeze the heart and observe as the water moves up and tries to re-enter the atrium.

Right ventricle
Continue to cut down the same line you made earlier, to expose the right atrium.
Locate the ‘heart strings’ within the ventricle.

Left side of the heart
Repeat the process above to expose the left side of the heart.
Compare the thickness of the walls of the heart on the left and right sides.

Evaluation
Identify which chambers of the heart receive the blood and which pump the blood.
Describe the action of the valves in the heart.
Compare the wall thickness of the right and left sides of the heart. Suggest a reason why they differ.
Describe how the vena cava and aorta felt on your finger.

ISBN 978-1-108-61069-8 © Roberts et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



Mapping the heart
The electrical signals generated in

Science as a human endeavour 3.5

your heart usually keep it beating

in a way that allows the atria to

fill, then the ventricles to fill, and
then the blood to exit via the major
vessels. But occasionally, the
electrical signals go haywire. In
some cases, the heart can go into
arapid, dangerous arrhythmia. In

a recent study, scientists created

3D simulations of a patient’s heart,

to allow them to tailor medical
treatment. A 3D simulation can allow
cardiac surgeons to identify the exact
location of the electrical problem,
and destroy the tiny areas of heart
muscle that are causing the problem,
to prevent the heart from going into a
fatal arrhythmia.

Figure 3.38 A CT scan of a patient's heart

artery

a thick, muscular elasti
vessel that carries bloo
away from the heart

ISBN 978-1-108-61069-8

Vessels of the circulatory
system

There are three main types of blood vessels
in the body: arteries, veins and capillaries.

Arteries

(0}

g Arteries take blood away from the
heart. They usually carry oxygenated

Smooth Elastic
muscle —‘ layer —‘

Figure 3.39 The structure of an artery

© Roberts et al. 2019

blood to all the cells of the body, with one
exception: the pulmonary artery, which
carries deoxygenated blood to the lungs.
The blood in arteries is pumped out of the
heart with a lot of force and this means that
the artery walls have to be thick, muscular
and strong to withstand the great pressure

being pushed upon them.

Outer layer
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Section 3.4 THE HUMAN CIRCULATORY SYSTEM 117

Capillaries

As the blood travels away from the heart,

it enters smaller and smaller blood vessels,
eventually leading to the capillaries. Just
like the alveoli in the lungs, all other tissues
in the body are surrounded by a network

of tiny capillaries that allow nutrients and
gases to be delivered to cells while removing

waste. The walls of capillaries are extremely

thin, only one cell thick, to allow nutrients Figure 3.40 A capillary is only slightly wider in

and gases to pass into the tissues. diameter than a red blood cell.

Veins much less pressure and so the vein walls

As the blood travels away from the body do not need to be as thick and muscular

tissues and back towards the heart, it moves as artery walls. However, the veins need
vein from the capillaries into the to prevent blood from flowing backwards,
@ ihinwalled vessel Wit veins. At this point in the and so they have special valves that prevent
backtothe heart cycle, the blood is under blood from flowing backwards.

Figure 3.41 The structure of a vein

1 State the vessel type that matches each feature listed below. Quick check 3.8

a thick, muscular walls

b diameter one cell wide

¢ valves to prevent backflow of blood

d carry oxygenated blood (except for the pulmonary vessel)
2 Why do arteries carry blood at high pressure?

Circulatory system technologies Explore! 3.5
There are a number of surgical procedures and devices that can assist people who have
malfunctioning hearts. Choose one or more of the following to research, and answer the questions below.
coronary artery stents
automatic external defibrillators
implanted pacemakers
mitral valve replacements

How does this device or technique work?
What problems of the heart does it assist with?
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Examining vessel types

Your teacher can provide some prepared slides showing cross-sections of arteries, veins and

capillaries. Observe these vessel types under the microscope, and try to identify all the features discussed in
this section.

Blood molecules. They are shaped like a doughnut
without a hole in the centre. We call this
shape a bi-concave disk. This shape provides

The human circulatory system is structured
around a pumping heart and connected

> ] . . a greater surface area for gas exchange, and

vessels, but the third part is the tissue that is .

also allows them to be extremely flexible and

actually circulated: blood.

fit through small capillaries easily.

You have around five litres of blood
circulating around your body all the time.
This blood contains dissolved nutrients,
gases and several types of cells.

Most of your blood is made up of a liquid

called plasma. Plasma is a yellowish liquid,

made up mainly of water, that contains all

the dissolved nutrients and hormones ]
plasma Figure 3.43 Red blood cells

the yellow liquid component  that are travelling to the tissues

that makes up 55% of blood;

carries water, dissolved around your body. White blood cells make up about 1% of
gases and hormones

the overall volume of blood. This varies

haemoglobin _
e o The second-largest component of

binds to oxygen, allowing red - blood is the red blood cells. These . ]
blood cells to carry oxygen white blood cells are part of the immune

cells contain a molecule called

depending on whether you are sick, because

system. White blood cells are generally much

haemoglobin, which gives blood its red bigger than red blood cells. They help the
colour. Haemoglobin allows red blood cells . . . .

body fight infection by foreign organisms, by
to hold many more oxygen particles than
they could without it. Red blood cells are

unusual, as they do not have a nucleus.

eating these organisms and breaking them
down, or by using special chemicals known

o as antibodies to destroy the invaders.
This gives them more space to carry oxygen

Plasma (55%)

White blood
cells and platelets
(>1%)

Zok

Red blood cells
Figure 3.42 The (45%)
components of blood,
separated into layers

R W <N
Figure 3.44 A large white blood cell (called a
macrophage) eating and destroying bacteria
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The third component of your blood is the too few platelets, then you wouldn’t be

platelets. These tiny fragments of cells able to stop bleeding if you had an injury.
. help blood to clot and help On the other hand, if you have too many
L'Qgé;avaftﬂhegltgocg gleo't‘?tmgat scabs form. Platelets are platelets, clots can form inside the blood
much smaller than red blood vessels and stop the blood from flowing
cells. They help to seal any punctures properly. These internal clots can lead to
along the blood vessels. If your body had heart attacks or strokes.

Figure 3.45 Platelets in the blood, sealing a hole in a Figure 3.46 Platelets help a scab to form over a wound
blood vessel

Changing blood composition Did you know? 3.6

The composition of your blood can change, depending on many environmental factors.

At higher altitudes there is less air, and so there is less available oxygen. People who live at higher altitudes have
more red blood cells to cope with this. If you were to go and live on the top of a mountain, after about a week your
blood would have adjusted too.

On average, how much blood is in your body?

What are the three components of the human circulatory system?

Name three types of cells found in the blood, and state their approximate % composition of blood.
What is contained in the plasma?

Remembering
State the function of the heart.
Recall how many times a healthy human heart beats per minute.
State the components of blood.
Name the smallest type of blood vessel.
continued...
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...continued

Understanding
5 Explain how heart muscle is different from a muscle in your arm.
6 Explain the function of a platelet.
7 Explain how the structure of a capillary allows it to exchange nutrients and gases with cells.

Applying
8 Identify the point in your circulatory system where your blood pressure would be highest.
9 ldentify the point in your circulatory system where your blood pressure would be lowest.
10 The image below is an ECG readout of a person’s heartbeat. The ECG machine captures the electrical signals
of the heart. The section between the arrows represents one full cardiac cycle (heart beat + refilling stage).
If the person’s heart rate is 120 beats per minute, how much time does this full cycle take?

1.00v —0.00s Auto

——
Toh b bbb b4
s

T T N R 120[

One full
cardiac cycle

Figure 3.47 ECG printout of a person's heartbeat

Analysing

11 A baby is diagnosed with ‘patent foramen ovale’, a condition distinguished by a hole in the wall of the heart,
between the left and right atria. Identify what effect this hole would have on the blood that is being pumped
out the aorta.

12 Construct a flow chart showing the path of an oxygen molecule, from when it diffuses from the alveoli into the
capillary, until it reaches a muscle cell in your leg.

Evaluating
13 Suggest a problem that would be faced by someone who has too few platelets in their blood.
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The human digestive system

The nutrients we need * proteins — the building blocks of life and f

) the main structural component of most
Humans are heterotrophs, which means .
of the living parts of your body. Meat, WORKSHEET

we cannot produce our own food, as
) } cheese, eggs, seeds, nuts and legumes are
plants can. We need to obtain nutrients .
great sources of protein.

* lipids — also called fats and oils. Fats

transport vitamins around our bodies, are a

from the environment around us by eating
other living organisms. The main types of

nutrients that humans need can be grouped
i ] . good energy source, and also help protect
into four main categories: . . .
. the delicate organs inside our bodies.

* carbohydrates — the main source of o . .
] ) e vitamins and minerals — essential for the

energy in the human diet. Bread, . ..
. efficient functioning of our body. There

pasta, rice and oats are all great o .
) are many vitamins and minerals that

sources of carbohydrates. The simplest ,
) we can’t make ourselves, so we have to

carbohydrate is glucose. .
consume them in the food we eat.

Where does vitamin C come from? Did you know? 3.7

Vitamin C helps the body to hold on
to iron in the blood, which increases
the amount of oxygen the blood can
carry. It also aids in the production
of collagen, which helps heal cuts in

your skin.

You would get most of your
vitamin C from red, yellow and orange
fruits and vegetables. But where do
carnivores get their vitamin C from?
Dogs and many other animals can
actually synthesise their own vitamin C
inside their bodies. This adaptation
could come in handy if you do not like
eating your vegetables!

Figure 3.48 All citrus fruits have a high level of vitamin C.

1 What is the simplest carbohydrate? Quick check 3.10

2 What might you know lipids as?
3 What are some sources of protein?
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Parts of the human digestive
system

The role of the digestive system is to acquire
all the nutrients the body needs. Food is
broken down into its smallest components
by chemical and mechanical digestion, and

o the nutrients are absorbed into your
mechanical digestion

a series of mechanical
processes that breaks food
down, such as chewing with cells that need them.
teeth, mixing in the stomach

and emulsification with bile

bloodstream and transported to the

chemical digestion Mechanical digestion involves
a series of chemical
reactions that breaks food
into simpler chemical
substances that can be

used by the body

physical changes — that is, breaking
food into smaller components but
not changing the chemical structure

Mouth

Oesophagus

Liver

Gall bladder

Dudodenum

Large
intestine

Small
intestine

Figure 3.49 The human digestive system

ISBN 978-1-108-61069-8

of the food. Examples include breaking
tood apart with your teeth and tongue, and
bile acting to emulsify (break up) fats.

Chemical digestion involves chemical
changes that occur when acids, enzymes and
other chemicals break the food down into
its most basic chemical components.

The human digestive system is essentially
a long tube from your mouth to your
anus! Let us take a closer look at the
structure and function of this vital

organ system.

Tongue

Stomach

Pancreas

Rectum

© Roberts et al. 2019
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Mouth and tongue

The mouth has many specialised structures
that start the digestive process. First, your
teeth snip, tear, chomp and grind the food,
breaking it down into smaller pieces. This

helps with chemical digestion later. The

tongue moves the chewed food around the

mouth and coats it in saliva. It forms e

a lump of partially broken-down a lump of partially digested

food, called a bolus. food

increases the surface area of the food, which

Premolars

Incisors

Canine

Molars

Figure 3.50 The different kinds of adult teeth: incisors for
cutting, canines for tearing, and molars for grinding

The average person's tongue is around 8.5¢cm long and has 20004000 taste buds Did you know? 3.8

on it. A quarter of the population have 4000 taste buds and have a superior sense of

taste. Your taste for certain foods can change throughout your life, because as you age you lose some taste buds
and your sense of smell decreases, meaning that you become less sensitive to food. As a teenager, your sense of
smell and taste are much stronger than an adult’s.

Figure 3.51 An average human tongue (left); an
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average sun bear tongue (right)
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saliva Saliva lubricates the food to make

liquid secreted by the .

digestive system to lubricate 1S movement thfough your bOdY S "
) ; . . tarc

;bzoy‘rumsegftlosss"?ffhce%?iza;s smoother. It also contains special

digiesittien chemicals, called enzymes, that

neyme begin to break down the food at a

a protein that can help speed
up chemical reactions molecular level.

The main enzyme found in your saliva is

called amylase and it begins to break down

carbohydrates, such as starch, into glucose Glucose 46 O O
in your mouth. Many more enzymes are O O O O O
found along the digestive tract, and each
is designed to break down a particular Figure 3.52 Amylase breaks the bonds in
food type. starch to form smaller glucose molecules.

Thanks, enzymes!

Ask your parent/guardian if you can try this at home. Place a small piece

of bread or a dry savoury cracker on your tongue and leave it to sit there for a while. As the
amylase in your saliva begins to break down the carbohydrates, you should be able to taste the
sweeter glucose sub-units.

Testing enzymes

Aim
To test the function of amylase in the digestion of carbohydrates
Materials
3test tubes amylase powder
starch solution hot water bath set to 60°C
Benedict's solution stopwatch
Method

Construct an appropriate hypothesis for this experiment. The independent variable (the one you will change
and test) is the presence of amylase enzyme. The dependent variable (the one you will measure the effect on)
is whether or not glucose is present, as indicated by the colour change.

Label the test tubes 1, 2 and 3.

Intube 1, add 10mL water.

In tubes 2 and 3, add 10 mL of starch solution.

Add }4 tsp of amylase powder to test tubes 1 and 3.

Place a stopper on test tubes 1 and 3, and shake.

Leave for 2 minutes.

Add 3mL of Benedict's solution to each test tube and place in the hot water bath at 60°C for 5 minutes.

Note any colour changes in the Results table. If sugar is present, the solution will turn yellow or brick-red,
depending on the amount of sugar.

continued...
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...continued

Results

Test tube Colour after heating Glucose present?

Evaluation

1 Explain whether your results support or disprove your hypothesis.

Suggest the reason that water was used in test tube 1.

Suggest a way that the reliability of this experiment could be improved.

Amylase is found in saliva. Explain why food may become sweeter if you chew it for longer.

State at least three variables you needed to control during this experiment, to ensure that it was a fair and
valid test of the independent variable.

& Suggest two potential sources of error in this experiment.

7 Suggest one way you could improve the experiment, if you were to repeat it in the future.

(3~ JUR )

Conclusion

1 What claim can be made from this experiment regarding amylase and the chemical digestion of
carbohydrates? Begin your sentence with: ‘This experiment suggests that ... ".

2 What evidence did you gather? Begin your brief summary with: ‘The results show that ... " and remember to
include possible sources of error.

©  Explain how the data supports your claim. Begin your sentence with: ‘This means that ... ".

Oesophagus T/ 0\
When you swallow food, a wave-like >
contraction of your oesophagus pushes E
the food down towards your stomach. Describe
This movement is known as peristalsis, peristalsis
and it continues all the way along your N

digestive tract to constantly keep the food
moving along. Peristalsis is so effective
that you could actually eat upside down
and the food would still be pushed

against gravity, up your oesophagus! Figure 3.53 Peristalsis moves food down the oesophagus.
Modelling peristalsis 1 Describe the m
Find a nylon stocking and function of saliva.
cut off the toe end of the leg. Place a tennis 2 Name the enzyme found in saliva.
ball at the toe end and gently squeeze 3 How many taste buds does the average
behind the tennis ball, to move it along person have?
the length of the stocking. This is how the 4 Is chewing food an example of mechanical
muscles of the oesophagus push a bolus of or chemical digestion?
food along. 5 Define 'peristalsis’.
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Stomach
At the bottom of your oesophagus is a
sphincter that opens to allow food to

AT enter your stomach. The stomach
a muscle that surrounds an
opening in the body and can
tightentoclose it e.g.atthe  3]ong with very strong hydrochloric
bottom of the oesophagus, gwW ry gy

leading into the stomach

contains many types of enzymes,

acid — these are known as the
gastric juices. The sphincter at the
opening of the stomach is very important,
as it prevents these enzymes and acids
from entering the oesophagus and
burning the tube, causing a symptom
called indigestion or ‘heartburn’.

Oesophagus

Lower oesophageal
sphincter closed

Pylorus

Stomach

Diaphragm

Liquid

Food stays in your stomach for 2—6 hours,
depending on the size, amount and type

of food. During this time, the stomach
contracts and churns the food (mechanical
digestion), helping to further break up the
large particles, while mixing the bolus with
the gastric juices (chemical digestion). The
acid in your stomach also performs another
important function: it kills many of the
harmful bacteria that might be found on the
food you eat. The stomach wall is a mucosal
membrane, which produces mucus to protect
the stomach tissue from the strong acids.

Lower oesophageal
sphincter open,
allowing reflux

Figure 3.54 When the oesophageal sphincter fails to close, gastric juices can irritate the bottom of the

oesophagus.

How do antacids work?

Antacid tablets are taken during episodes of heartburn, to try and neutralise

Try this 3.10

some of the acid in the stomach. Let's observe how they work.

You will need the following: pH data logger and probe, 1M hydrochloric acid, antacid
tablets (such as Rennie®), 200mL beaker, 3mL pipette, mortar and pestle, distilled water.
Step 1 Crush one antacid tablet using the mortar and pestle. Place in the beaker with 50 mL of

distilled water and mix well.
Step 2 Measure the pH using the probe.

Step 3 After a minute, add around 1mL of 1M hydrochloric acid and monitor the change in

pH. Stir the beaker regularly.
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Enzymes act to catalyse (speed up) chemical
reactions. The main enzyme in your gastric
juices is called pepsin and its role is to begin
the digestion of protein. Each enzyme has
a specific shape that fits only one type of
molecule, and therefore each food type has
a special enzyme dedicated to breaking it
down in the body. For example, pepsin can

Section 3.5 THE HUMAN DIGESTIVE SYSTEM

The stomach absorbs some substances into
the bloodstream, such as water, medicines
and alcohol. The digested bolus is now
called chyme and it leaves the stomach by
passing through the pyloric sphincter into
the small intestine.

chyme

127

only break down protein. a partially digested mass of food after it leaves the stomach

Food particle

Figure 3.55 Each enzyme fits a specific type of molecule, like a key fitting a lock. An enzyme attaches itself
to a food particle and speeds up the chemical reaction that breaks down the food particle, and then it
releases the broken-down food particle.

Direction
Lower oesopageal ) ( of food
sphincter opens

Arection

S—— N ) of food

Pyloric . /

sphincter
Duodenum opens

Figure 3.56 The pyloric
sphincter controls the flow

of chyme out of the stomach
and into a region of the small
intestine called the duodenum.

Direction
of food

State two sites of mechanical digestion.

Define ‘chyme’.

Which enzyme catalyses the digestion of protein?
Explain why the stomach wall is lined with mucus.

WO N =
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Small intestine, liver, gall bladder
and pancreas

The small intestine is only called ‘small’

because it is narrower in diameter than

the large intestine. It is actually very long,

measuring nearly six metres. Because it is

duodenum
the first section of the small
intestine

jejunum

the second section of the
small intestine, where food
breakdown and nutrient
absorption occur

ileum

the third section of the small
intestine, where further food
breakdown and nutrient
absorption occur

bile

a substance produced in
the liver and stored in the
gall bladder that helps break
down fats

gall bladder

a small gland near the liver
that stores bile, and secretes
it into the duodenum

so long, the small intestine is divided
into three main parts: duodenum,
jejunum and ileum.

The duodenum is the first part of
the small intestine. Many digestive
enzymes are secreted into it, to
continue digestion of the chyme.
Peristalsis is still propelling the
chyme forwards and continues all the
way along the digestive tract.

The liver produces bile, which
helps to break down fats or lipids
mechanically. The bile is stored in

the gall bladder and is excreted into the
duodenum if you eat a fatty meal. Bile acts

like a detergent — it emulsifies or breaks big
globs of fats and oils into little globs that can
be easily moved and broken down further.

Liver

Gall
bladder

Duodenum of

small intestine

Intestinal

Stomach

Pancreas

Figure 3.57 The liver, gall bladder and pancreas all contribute to the
digestion of food and connect to the duodenum.
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The pancreas secretes pancreatic juices,
which help to neutralise the harmful acids
from the stomach and prevent damage to the
intestines. The pancreatic juices also contain
more enzymes to keep chemically working
on different food types.

pancreas
an organ that secretes
pancreatic juices containing
enzymes into the duodenum
to assist with the digestion
of food

middle section of the small villi

finger-like structures in the
digestive system that have
a high surface area and rich
blood supply for absorption
of nutrients

Most of the nutrient
absorption takes place in the

intestine, the jejunum. This
section is lined with millions
of finger-like structures,
called villi. These structures have a large
surface area and a high flow of blood,
which increases the efficiency of nutrient
absorption into the bloodstream.

The end section of the small intestine is the
ileum. The main function of this portion of
the intestines is to finish off any absorption
of nutrients, and to compact the remaining
digested food and pass it through into the
large intestine.

Figure 3.58 Finger-like villi in the intestines are
specialised for absorption of nutrients.
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Large intestine useless organ that is a remnant of evolution,
The large intestine is 1-2 metres long and but there is ongoing debate about what its
has five parts: caecum, appendix, colon, actual role is, other than getting inflamed
rectum and anus. Its function is to absorb and having to be surgically removed! As
most of the water from the material left waste enters the large intestine and passes
over from digestion. The large intestine through the colon, water leaves the waste,
also has large numbers of friendly bacteria resulting in a solid mass called faeces.  rectum

. . . . . the second-last section of
that can produce vitamin K and vitamin B Faeces are stored in the rectum and the large intestine; stores
for your body to use. In humans, the when the rectum is full, it sends a facces

. . . anus
caecum is a pouch at the end of the large signal to your brain to tell you to go the opening at the end of
. ) ) , . the digestive tract, through
intestine, where it joins the small intestine. to the toilet. The faeces then pass out = 5951 7aeh 02 0
The appendix has long been considered a through a sphincter called the anus. ~ hebody
Transverse
colon

Descending
colon

Ascending
colon

Sigmoid
colon

Caecum

Appendix

Rectum Anus

Figure 3.59 The five sections of the large intestine

A lot of you is not you! Did you know? 3.9

The average person’s body has around the same number
of human cells as bacterial cells.

Until recently, it was thought that the number of
bacteria in our bodies outnumbered our own cells 10:1.
However, recent research in Canada suggests that the
average person is more likely to have a 1:1 ratio of bacteria
and human cells. Most of these bacterial cells are ‘friendly
bacteria’ found in our digestive system that help our body
break down and digest nutrients from the food we eat.

So next time you eat a meal, think about all the bacteria
hard at work in your digestive system, helping you break
it down.

Figure 3.60 Most bacteria in your body are in the intestine.
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State the three sections of the small intestine. m

2 The liver produces bile, which is stored in the gall bladder. Which type of food does
bile help to mechanically digest?

3 Explain how villi improve absorption of nutrients.

4 Arrange the following sections of the large intestine in the correct order that faeces pass through:
rectum, colon, anus, caecum, appendix.

Is your stomach rumbling? Did you know? 3.10

Ever heard those gurgling stomach noises when you are hungry? Well, they are
actually the sounds of hyperactive peristalsis in the intestines, and are named borborygmi.

Practical 3.8

Modelling the human digestive system
Aim
To create a model of the digestive system that simulates the passage of food through the body

Materials

© asandwich/food source ©  paper towel

©  blueliquid ©  zip lock bag

© red liquid ©  metal spoon

< yellow liquid « elastic band

© scissors © ice cream container
© one stocking leg

Method

Using the materials provided, create a model to demonstrate the function of the parts of the digestive system
listed in the table.

Digestive Item used to represent Explain why you used the item
system part body part

Evaluation

1 Identify three features of the digestive system that your model was not able to show.

2 Evaluate the effectiveness of your model in explaining digestion to a primary school student.

& Suggest two ways you could improve this activity (e.g. two new materials that could be used, or extra organs
that should be included).

continued...
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...continued

Conclusion

Section3.5 THE HUMAN DIGESTIVE SYSTEM 131

1 What connections did you make while completing this activity? Begin your sentence with: ‘During this activity

| showed/learned that ... ".

2 Describe some of the shortcomings of the model. Begin your sentence with: ‘Some shortcomings of the

model were ... ".

© In what way is the model still useful? Begin your sentence with: ‘The model is still useful because ... ".

Digestion gone wrong

Food poisoning

Your body is very smart — it can detect
hazardous substances in the food you eat.
Sometimes food can be contaminated with
toxins or micro-organisms that could do
harm to your body. If your body senses

the presence of these harmful substances,
it signals your digestive system to empty
fast. This causes the stomach to contract
violently, causing vomiting, and it also
causes the intestines to contract, causing
diarrhoea. Even though getting sick is never
tun, it is your body’s way of protecting you
from a much worse fate.

Digestive disorders

Many people cannot eat certain foods,
because of intolerance or allergy. An
intolerance is when a food cannot be
properly broken down by the body and

results in an adverse reaction.

One of the most common intolerances in
humans is lactose intolerance. Lactose-
intolerant people are unable to digest the
sugar in milk and dairy products, called
lactose. Normally when somebody eats

food containing lactose, the enzyme lactase
is released in the small intestine to break
down the carbohydrate into simple sugars.
People who are lactose intolerant do not have
lactase, and this means that the sugars do
not get digested and absorbed. Instead, the
bacteria in the intestines ingest these sugars,
leading to bloating, lots of gas and diarrhoea.

Figure 3.61 Vomiting is not pleasant, but it is an important protective
mechanism.

Figure 3.62 All mammals produce milk, but not all adult humans
can digest it.
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Because humans are mammals, we can

all drink milk as babies. This means that

the enzyme called lactase, which breaks

down lactose, is found in everybody when
we are young. Anyone can become lactose
intolerant at any stage in their life, although
there are certain groups of people who are
more likely to become lactose intolerant.

Some examples:

* People of Asian, African, Indigenous
and South American backgrounds are
more likely to develop lactose intolerance
at a young age.

Coeliac disease

People who already have problems

with their digestive system caused

by disorders such as coeliac disease

or Crohn’s disease are more likely to
develop lactose intolerance.

Certain antibiotics can trigger temporary
lactose intolerance, by interfering with
the intestine’s ability to produce the
lactase enzyme.

As people get older, their bodies can
stop producing lactase.

If you go for a long period of time
without eating dairy, your body may stop
producing lactase.

Explore! 3.6

People are becoming more aware of foods that contain gluten, and many people have started

to follow gluten-free diets. Gluten is a protein in wheat, rye and barley-based products such as bread, pasta,
pastry, cakes and biscuits. Bread has been a stable part of the human diet for thousands of years, and so many
people view gluten intolerance and coeliac disease as new phenomena, but humans have been affected by these
conditions throughout history. However, it was not until about 100 years ago that doctors began to diagnose and
treat coeliac disease.

Figure 3.63 Foods such as this bread dough are high
in gluten.

Find out how many people suffer from coeliac disease and how many people have gluten intolerance. You
may like to find out the statistics for the world or investigate different countries.

Outline the symptoms of coeliac disease.

Research and then summarise what it is about gluten that makes people sick. Include an explanation of how a

coeliac sufferer's body responds to gluten.
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Figure 3.64 Coeliac disease is an immune disorder triggered by
eating gluten.
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Seeing you from the inside Science as a human endeavour 3.6

Imagine swallowing a pill-sized camera that captures images over
the next 24 hours as it makes its way through your digestive system. Well, this technology is not new, and it gives
doctors a unique view of what is going on inside your oesophagus, stomach and intestines. But there is a lot that
a camera can't do: it can't deliver drugs, it can't grab a foreign object and remove it, and it can't perform a biopsy
(slice off a tiny piece of tissue for analysis). This is why medical researchers are working with engineers to design
tiny robots that can be put to work in your digestive tract. These robots need motors, sensors and smooth outer
surfaces so they can pass through your digestive organs without damaging them, before finally being excreted
just like any other waste product.

Figure 3.65 An artist's impression of a tiny robotic device crawling Figure 3.66 An illustration showing the scale of

through an intestine a robot frozen inside some ice, which the patient
swallows. Once warmed up in the digestive tract,
the robot unfolds into the shape on the left.

Section 3.5 questions —25
=M

Remembering =0O
QuUIZ

1 State the food group that glucose belongs to.

2 Recall the route that food waste/faeces takes after it leaves the stomach. List the three
sections of the small intestine and the five sections of the large intestine it passes through.

3 State the function of the tongue in digestion.

4 Name the type of acid that is found in the human stomach.

Understanding
5 Describe the role of the stomach in food digestion.
6 Explain how the structure of villi assists in the absorption of nutrients.
7 Explain how food is transported along the digestive tract.

Applying
8 Certain nutritional deficiencies in the body can be linked to damaged digestive organs.
Suggest what deficiencies could be linked to a damaged large intestine.
9 Develop a hypothesis about what might happen if the large intestine was removed from the
digestive tract.
10 A friend who is coming to your house for dinner suffers from coeliac disease and lactose
intolerance. Suggest a meal you could cook that would be suitable for this friend.
continued...
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...continued

Analysing

11 Compare the duodenum to the jejunum.

12 Classify the processes listed in the table as mechanical or chemical digestion.

Stomach churning and contracting
Chewing food

Bile released from gall bladder into
duodenum to emulsify fats

Evaluating

13 Crohn’s disease is a bowel condition that causes flare-ups of inflammation in the ileum, which leads to
impaired nutrient absorption. It also causes inflammation of the large intestine. Propose what effect this
might have on the faeces.

14 Create a poster about the digestive tract that compares what happens to the portion of food that is digested
and absorbed, versus the portion of what we eat that is not digested.

Other digestive systems

4

WORKSHEET

ISBN 978
Photocop

Have you ever had food poisoning? If so,
it was probably from that time when you
ate undercooked chicken or you finished
the slightly questionable leftovers from
several nights ago and ended up spending
the following day on the toilet. Well, that

Figure 3.67 Vulture eating a rotting corpse

was because the food that you ingested
had too many bacteria on it for your
body to deal with. But why does that
happen to you, when some scavenger
animals can eat half-rotten corpses and
not get sick?




How is it that some animals eat only leaves
and still manage to get all the protein, fats
and iron they need to be healthy?

The answers to both these questions can be
found in their specialised digestive systems.

Carnivores

The human digestive system is designed
to process and break down both animal
and plant products. However, unlike other

animals, we have learned to cook our " . e
. Figure 3.68 Make sure you check the use- ate
food, which vastly reduces the amount of ? / !

of meat.
harmful bacteria our digestive system has
. to contend with. Carnivore the consumer’s digestive system. Because
e — and scavenger species such the food spends less time in the body of the
hatfeedsonanmalmatter ¢ vultures have several traits carnivore, any harmful bacteria on the food
that have evolved which allow them to eat have less chance to grow and cause illness.
food containing large amounts of bacteria
that could kill a human. Stomach acid
The stomach acid in humans is around
Digestive system length 1.5 on the pH scale. This is quite strong
A carnivore’s digestive system is shorter and allows our bodies to kill many harmful
than a herbivore’s or an omnivore’s. Because micro-organisms, but not all of them. In
animal cells do not have a cell wall (cell comparison, a vulture’s digestive acid is 0-1
walls contain cellulose which is hard to on the pH scale, which is strong enough to
digest), they are easier to digest and so it dissolve certain metals and so is more than a
takes less time for them to pass through match for any bacteria.

Bird vomit Did you know? 3.11

As a defence mechanism when

threatened, vultures and other birds, such as some seagulls,
can projectile vomit onto predators. As you know, vomit smells
bad at the best of times but just imagine how it would smell if
you had been eating rotting flesh! If you add to that the corrosive
levels of acid in the stomach, vomit makes a very effective
warning system.

Figure 3.69 Vultures and many gulls use vomiting as a defence technique.
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Stomach

Small intestine

Hindgut

Figure 3.70 Cat (carnivore) and sheep (herbivore) digestive systems
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Figure 3.71 The pH scale

© Roberts et al. 2019 Cambridge University Press

ISBN 978-1-108-61069-8
Photocopying is restricted under law and this material must not be transferred to another party.



Acid and bacteria

Aim
To test the effect of acid on the growth of bacteria
Be careful
Materials Ensure benches are cleaned
probiotic drink hydrochloric acid 1M and hands are washed
agar plate hydrochloric acid 2M before leaving the laboratory.
sterile swabs lemon juice
incubator sulphuric acid 2M
pipette sticky tape
Method

Identify the following variables in your experiment: independent (the variable you change and test),
dependent (the variable you measure) and three controlled variables (variables you must keep the same).
Construct a hypothesis for your experiment: predict what effect the four different acids will have on
bacterial growth.

Preparing the agar plate
On the underside of the agar plate, draw a cross using a permanent marker. This cross should intersect in the
middle of the agar plate and form four equal quadrants.
Label each quadrant A, B, C or D on the outer edge of the plate.

‘Lawn plate’ technique
To create a lawn plate, dip your sterile swab into the probiotic mix and gently spread the probiotic over the
agar plate, as shown in Figure 3.72 on the next page.
With each 90 degree turn, dip your swab into the probiotic mixture to ensure full coverage.

Adding the acid
After creating the lawn plate, carefully lift the lid off of the agar plate and, using a pipette, place three drops
of lemon juice into the quadrant labelled A.
Repeat step 6 for each of the acidic substances, as indicated in the results table.
Place the lid on the plate and, with 24 pieces of sticky tape, tape down opposite edges of the lid.
Place the agar plates in an incubator for two days. Never open them again.

Gathering results
After two days, remove the agar plates from the incubator and count the number of colonies that you can see
on the agar plates. A colony looks like a slightly raised round dot on the agar plate.

Results
Bacterial colony numbers
A Lemon juice

B Hydrochloric acid 1M
C Hydrochloric acid 2M
D Sulphuric acid 2M

continued...
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...continued
Aw .
avA
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Step 1. Swab the entire surface of Step 2. Turn the plate 90° and swab
the plate in one direction. the surface of the plate in the
second direction.
Step 3. Swab diagonal to the Step 4. Ring the entire plate.
first two directions.
Figure 3.72 Making a lawn plate
Evaluation

Did your results support or not support your hypothesis?

Use your results to explain how different animals could eat dead organisms without getting sick.

Suggest how you could use this experimental design to test the effectiveness of different antibacterial
products such as hand wash, mouthwash and surface sprays.

In this experiment you used probiotics that are found in the human body. How could you alter this experiment
to increase its validity in the natural world?

Conclusion
What claim can be made from this experiment regarding the effects of different acids on bacterial growth,
and how this relates to different organisms’ stomach acids? Begin your sentence with: ‘This experiment
suggests that ...’
What evidence did you gather? Begin your brief summary with: ‘The results show that ... " and remember to
include possible sources of error.
Explain how the data supports your claim. Begin your sentence with: ‘This means that ... "
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Explain how vultures defend themselves from predators.
How is the vulture’'s stomach acid different than a human’s?
Who has a shorter digestive tract: carnivores or herbivores?

Carnivorous plants Explore! 3.7
Not all plants rely solely on sunlight and water for their food. Some add meat to their diet to
give them a nutrient boost. Most carnivorous plants live in swamps and marshes, where the soil doesn’t have
many nutrients such as nitrogen, and so they rely on breaking down insects to create their own nutrients.

Find out about each of the following carnivorous plants and summarise how they catch their prey, the
structures they have that allow them to catch their prey, and how they digest their prey.

Venus flytrap

Sundew Pitcher plant

[

Figure 3.74 A sundew wrapping around an insect Figure 3.75 A pitcher plant, and its
possible prey
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Herbivores

Eucalyptus leaves are toxic for humans. In
fact, if you ever tried to eat some you could
find yourself struggling to breathe, losing

Koalas are herbivores, and so  herbivore
they have many adaptations
that allow them to obtain the
nutrients that they need from eucalyptus
leaves. They have a long digestive tract with

a consumer (heterotroph)
that feeds on plant matter

our balance and feeling very dizzy. Leaves .
Y gvery ) .y a special organ, called a caecum, that can
are also made of cellulose, which is not easy . .

digest cell walls. In herbivores, the caecum

for humans (or carnivores) to digest and . - . .
] ( . ) . g . contains millions of friendly bacteria that
obtain any nutrients from. So it is surprising - .
are specialised to break down certain plant

that eucalyptus leaves are the koala’s .
P materials (such as eucalyptus leaves). Koalas

rimary source of nutrition. .
primaty get most of their water from the leaves they
eat, and so they do not often need to climb

down from the tree they are living in.

Eucalyptus leaves are very low in nutrients
and so, even with a caecum, koalas need
to eat for five hours a day to get enough
food to sustain them. They spend most of
the rest of their day sleeping, to conserve

energy and to allow their bodies to digest
their food.

In total it can take around four whole days
for a leaf to pass through a koala’s digestive

system. This maximises the amount of

Figure 3.76 Koalas can digest eucalyptus leaves, which are toxic to nutrients and water that are absorbed from

humans. the food.

Average food
transit time = 5 days

Average food
transit time = 4-22 hours

Average food
transit time = 50 hours

1 Oesophagus
Stomach (gizzard in
the vulture)

Liver

Pancreas

Small intestine
Caecum

Large intestine
Rectum/anus (cloaca
in vulture)

N

N olh W

Figure 3.77 Food transit times for koalas, vultures and humans
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Eating Mum'’s faeces

Did you know? 3.12

Baby koalas are not born with the special friendly bacteria they need to digest

eucalyptus leaves. They need to eat their mothers’ faeces (called pap) in order to start their own colony

of bacteria in their caecum.

Figure 3.78 A mother and baby koala

Cows and the climate

Cows burp a lot of methane gas,
which is a naturally occurring
product of fermentation in their
rumen. The micro-organisms that
colonise their digestive tract assist
in breaking down the plant matter,
producing methane as a waste
product. Unfortunately, methane
is also a potent greenhouse gas —
cows account for about 26% of the
methane produced in the USA.

A recent study has
experimented with supplementing
the diets of dairy cows with a
chemical compound that inhibits
micro-organisms from producing
methane. It showed a 30%
reduction in methane, and the
cows actually gained more weight

Figure 3.79 Dairy cows being fed as they are milked

without eating any extra feed, meaning they were extracting more energy. The feed supplement is in the early

stages of development, but could be a helpful tool in the fight against climate change.
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\ Ruminants
.!@.
530 If you've ever seen a cow, it was probably category of herbivores, called ruminants.
WIDGET chewing. Cows are herbivores, just like Ruminants, including antelope, sheep,
e koalas, so they need to eat for most of the buffalo and goats, deal with being a
digestive day to gain as much nutrition from their herbivore in a unique way. Figure 3.80
system
food as possible. Cows are in a special shows the path of food through a ruminant.
2 Stomach round 1
The grass passes into the largest part of the four-part
stomach, called the rumen (this is where the term
‘ruminant’ comes from). The rumen, like the caecum,
I contains bacteria that digest cell walls.
[ |
6 Colon
The food passes (large intestine)  Caecum

through the small
intestine, caecum
and large intestine in
much the same way
as it does in any other
herbivore. The only
difference is that the
extended amount of
time the food spends
in the cow's stomach
allows maximum
nutrient absorption by
the intestines.

1 First chewing

Cows graze on plants using their incisor
teeth to snip leaves and then chew
their food using their molar teeth briefly
before swallowing it for the first time.

T‘he duodenum, jejunum and ileum
together make up the small intestine

3 Second, third and fourth chewing
Food from the rumen is regurgitated
back up into the mouth, with the help
of the second chamber of the stomach,
called the reticulum. This assists the

5 Stomach round 4 4 Stomach rounds 2 and 3 bacteria in breaking the grass down
Finally, the food passes into When the cud is sufficiently ready to be digested. The regurgitated
the abomasum, or ‘proper broken down, it passes into the food is called ‘cud’. Cows ‘chew the
stomach’, where enzymes third chamber of the stomach, cud’ for around 6-8 hours during times
and digestive juices start to called the omasum, where of the day when they are not grazing.
properly digest and absorb most of the excess water and

the nutrients. saliva are absorbed.

Figure 3.80 The passage of food through a cow's stomach

1 Outline the role of the m Digestive flow charts ‘\m

caecum. Construct three flow charts on a
2 Define the term ‘friendly bacteria’. poster showing the digestive tracts of a carnivore
3 How does the length of the digestive tract of a (not a human), a herbivore and a ruminant.
herbivore differ from a carnivore’s? Annotate the structures of the digestive tract,
4 Describe the way a ruminant digests plant showing their specialised functions so that the key
matter. differences between these organisms are obvious.
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Section 3.6 OTHER DIGESTIVE SYSTEMS

Section 3.6 questions —
=
'__D

Remembering
1 Recall the four parts of a herbivore's digestive system.

2 How many chambers are there in the stomach of a cow?

3 Name the substance that leaves are composed of, which is difficult for humans to digest
and gain nutrients from.

4 Fill in the gaps: Acids have a pH and bases have a pH.

Understanding

5 ldentify the product in the stomach that kills bacteria.

6 Outline one way that the vulture uses its stomach acid other than for digestion.
7 Explain how the vulture's digestive system is adapted to eat rotting meat.

8 Describe how baby koalas gain their friendly bacteria.

Applying
9 Identify two ways in which a vulture's digestive system is different from a human's digestive
system.
10 Copy and complete the table, by comparing the digestive system of a koala with that of a human.

Human Koala

Analysing
11 Use the images in Figure 3.81 to answer the following questions.
a Contrast the digestive system of a dog and a sheep.
b Suggest which two of the animals in Figure 3.81 probably have a similar diet.

Human Dog

N

Figure 3.81 Digestive systems of a human, a dog and a sheep

Evaluating
12 Carnivorous plants tend to prey on small insects or amphibians. Give reasons why attracting
larger mammals rather than insects might be a problem for carnivorous plants.
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Organ repair and replacement

j Each of the organ systems in your body relies

on the specialised function of many different

WORKSHEET organs working together to keep you healthy.
But what happens when one of these organs
is damaged, infected or cannot do its job
properly? If one organ in a system cannot
function at full capacity, it results in a chain
reaction that can result in people becoming
very ill and having to go to hospital.

Organ transplants

- \
Damaged organs can sometimes be given / \
the chance to repair through certain Figure 3.82 Most of us have two healthy kidneys. If they are
medications, diet and lifestyle Changes. damaged through disease, one option is a kidney transplant.
However, if an organ becomes so damaged

that it can no longer work at all, the your lower back. It filters waste products

organ transplantation only option may be to completely out of your blood and produces urine.

the process of removing . L. . .

a donor organ and then replace it. This is done through a Diseases and environmental factors that can

Z“!egcifp"?!%{”?ﬁ ‘.?Q;LZ%Q'QQS medical procedure known as organ damage your kidneys include medications,

girg:;swg%o;nor eplaced  transplantation, in which a healthy alcohol and diabetes. We have two kidneys

organ from one body is used to in our body, but we can manage with only
replace the damaged organ in another. one. Therefore, some people volunteer
to donate one of their healthy kidneys to
One organ that is a commonly transplanted a friend or family member who needs a
is the kidney. The kidney is located near replacement one.

Figure 3.83 Human organs being transported for transplant
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In order for an organ transplant to be
successful, the donor (person giving the organ)
and the recipient (person receiving the organ)
must have similar matching markers on

their cells. If these markers are not matched,
the body will recognise the new organ as a
foreign invader and attack the organ using

the immune system. This is known as organ
— rejection. Unfortunately, the
organ rejectlon

when an organ transplant
recipient's immune system

recognises the organ as
foreign and attacks it

chances of two people being a
match is extremely low, even
within families. This means
that there is a high demand for organs but a
very low supply available.

Organ donation is sometimes possible when
a person dies, and has previously indicated
that they would like to donate their organs.
This amazing gift can save multiple lives,

as organs such as heart, lungs, kidneys,
liver, large intestine and pancreas and

some tissues such as skin and corneas from
the eye can all be donated. In 2017, 1675
Australian lives were transformed by organs
donated from 510 deceased donors and 273

living organ donors.

Figure 3.84 A surgeon performing a kidney transplant

Not many deaths occur in a way that allows
organ donation. For example, the person
must pass away in a hospital, and very strict
procedures must be followed to ensure

the health of the organs being donated.
Sometimes the families of registered organ
donors refuse to give consent. This is why
it is very important that people discuss their
wishes with their families and consider
registering their intentions on the Organ
Donor Register.

If an organ is damaged, what are the first treatment options before a transplant is

considered?

Name some of the organs and tissues that can be donated in Australia.
Describe what would happen if a transplanted organ came from a donor who was not a good match for

the recipient.

Kidney transplants

Explore! 3.8

A kidney transplant is a life-prolonging surgery but it does not provide a cure for end-stage
kidney disease. The recipient must be medically suitable, and an available matching organ needs to be found.
Conduct some research into kidney transplants in Australia and answer the questions below. The ‘Kidney Health

Australia’ website is a great resource.

What are the steps involved in transplanting a kidney?

Where is the donor kidney positioned in the recipient’s body?

What influences the success of the organ transplant? Give some statistics in your answer and discuss the
anti-rejection drugs the person will need to take.
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xenotransplantation
transplanting organs from
one species into another

Chapter3 ORGAN SYSTEMS

Organ replacement

Because of the high demand but low supply
of organs available for transplantation,
scientists are developing new ways to
overcome this problem. One new technique
is xenotransplantation. This is the
process of transplanting organs from
a different species than the recipient.

Figure 3.85 Pigs are mammals, just like us. Tissues from pigs have
been successfully transplanted into humans.
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Photocopying is restricted under law and this material must not be transferred to another party.

Harmful retrovirus is
cut out of DNA

- j

Doctors have been transplanting porcine
(pig) heart valves into humans since 1965.
Now scientists are trying to find a way to
transplant entire pig organs. Pig organs are
a similar size and shape to human organs.
There are two main biological challenges
that scientists face with this procedure.

* The biological markers on pigs’ cells and
organs do not match those in humans,
and so the human recipient’s body would
reject the organ.

* There are 64 viruses in pigs’ genetic
material that could infect and harm
humans who receive a pig organ.

The first challenge that scientists are

focusing on is to remove the viruses from

the genetic material of pigs. This can be
done using technology known as CRISPR,
where an enzyme is used to cut out the parts
of the genetic material of pigs that contain
the viruses. CRISPR acts like a cut-and-
paste tool, where the harmful parts of the
genetic material are cut out and then a non-
harmful section of genetic material is pasted
in its place.

Scientists have used the CRISPR process to
produce several healthy genetically modified
pigs that do not contain the harmful
viruses. Scientists now have to overcome the
problem of the markers on pig organs that
cause human bodies to identify the organs
as foreign.

Safe genes are used to
replace the dangerous ones

a N

. j

Figure 3.86 In the CRISPR process, the virus is cut out, and harmless genetic material is

pasted in.
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Section 3.7 ORGAN REPAIR AND REPLAC